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B koncnekre nekiui «®u3nKa TOPHBIX MOPOJ» KPATKO M3JIOKEHBI Pa3eibl,
BKJIIOYAIOIIUE IIOTHOCTHBIE, MEXaHWYECKUE, AKYyCTHYECKHE, THUIPABINYECKUE U
ra3oMHAMUYECKHE, TEPMOJAMHAMUYECKHUE, DJIEKTPOMATHUTHBIE W PaJUALMOHHBIE
CBOMCTBA IT'OPHBIX IIOPOJ U MAaCCUBOB.

IIpuBeneHbl YUCIEHHBIE METOABI PEIICHUS 3a1ad: KOHEUHBIX, PAHUYHBIX U
JUCKPETHBIX DJJIEMEHTOB, BapUalMOHHBIE METOJbl, a TAaKXE MaTeMaTU4eCKoe U
¢buznyecKoe MOAEINPOBAHNE TEOMEXAHUUECKUX MPOLIECCOB

KOHCIEKT nekuuii NoAroTOBIEH Ha OCHOBAHWHM MHOTOJIETHETO ONBITA YTECHHUS
JEKUUH MO JNUCUUIUIMHE MPENoJaBaTesIMU TOPHOTO (akylbTeTa U MOXET OBITh
IOJIE3HBIM  JUI1 ACHUPAHTOB U COTPYAHUKOB IIPU  BBIIOJIHEHUM HAYYHBIX
HUCCJICTOBAHUM.



1. BBEJJEHHUE

[lepBbie 00o6IIAtONIME TPYABI MO TEOPETUUECKUM U SKCHEPUMEHTAIBHBIM HC-
CJI€IOBAaHUSIM TOPHBIX TOPOJ, HA OCHOBAHWH KOTOPHBIX C(HOPMUPOBAIIOCH OCHOBHOE
comepxaHue (PU3UKU TOPHBIX MOPO/I, MOSBIIUCH TOJBKO JIUIIh BO BTOPOW MOJTOBUHE
JIBAJIIIATOTO CTOJETHS. BoNbIIoi BKIIag B pa3BUTHE M CTAHOBIEHUE (DU3UKU TOPHBIX
IIOPOJ KaK CaMOCTOsATENbHON Hayku BHecau B.B. Pxesckuii, H.B. Mensnukos, B.H.
Ko6panoBa, A.W. 3a6oposckuii, B.H. [{laxaos, B.M. Jlo6peun, 2.1. [lapxomenko,
M.II. Bomaposuu, M.M. Ilpotoassikonos, I1.M. [{simbapeBud, FO.A. Bekcnep, [LA.
Peounnep, A.C. Cemenos, A.I'. Iranos, b.H. Kyty30B, A A. Bopobses, I'.51. Ho-
BUK, @. bepu, @. ['accman, H. KpucTteHceH 1 MHOTHE APYTH€ YUCHBIE.

Hayunble u npakTtuyeckue 3aiadyu (U3UKUA TOPHBIX MOPOJ, CPOPMYIHPOBAH-
HbIE BO BTOPOM IOJIOBMHE MPONUIOr0 BeKa akaaeMuKkoMm B.B. PxeBckum, sSBISIOTCS
aKTyaJbHBIMM W Ha COBPEMEHHOM OJTall€ pa3BUTHS TOPHOTO MNPOW3BOACTBA. be3
onpeneyeHus] 3HaUeHU (PU3MKO-TEXHUYECKUX MapaMeTpoB MOPOJ, 3aKOHOMEPHO-
CT€ M3MEHEHUS MX CBOMCTB B YCIIOBUSIX BHEIIHHX BO3JECWCTBUM NMPUHIMUITAAIBHO
HEBO3MOXKHa pa3paboTKa HOBBIX 3()(PEKTUBHBIX METOJOB pa3pylIEHUS MOPOI U
YIOPABJICHUS dTUMU METOJaMH, HOBBIX TEXHOJOTHUN TPOW3BOJICTBA TOPHBIX padoT,
CO3J]aHUsI CUCTEM KOHTPOJISI COCTaBa, COCTOSTHUS M OCOOCHHOCTEH TOBEICHHUSI TTOPO/T
B MIPOIIECCE BEICHHS TOPHBIX PadOT.

Cpenu ropHbIX HayK (hu3uKa TOPHBIX MOPOJ 3aHUMAET 0CO00€ MECTO, SBIISISICH
HE TOJIBKO CaMOCTOSITeJIbHOM, HO, MOXKaJlyd, M €IMHCTBEHHOW (pyHIaMeHTaIbHOU
HAyKOH, 000raTuBIlIei MUPOBBIE 3HAHUS 1EJIBIM PSIZIOM HayYHBIX OTKPBITUH.

ba3oBbIMM AMCHUIUIMHAMM SIBIIIIOTCS OOILAs TE0JIOTHSl, MUHEPAIOrusi, Kpu-
cramorpadusi, nerporpadusi, puznka, MaTeMaTHUKa, XUMHUS U CONMPOTUBJICHUE MaTe-
pHAJIOB.

B mporpamme moAroToBKH cCHelUaiIMcTa TOPHOTO MPOQuUiIsl OAHOW U3 OCHOB-
HBIX Y4€OHBIX JUCLUMIUIUH SIBisieTCsl (PU3MKa TOPHBIX MOPOJ, M3ydaromas (usnye-
CKHE CBOWCTBA MOPOJI, 3aKOHOMEPHOCTH M3MEHEHUSI YCTAHOBIICHHBIX CBOWMCTB, IPO-
TeKaronue GU3NIEeCKUe MPOIECChl U TPOUCXOISIINUE MPU ATOM (PU3HUECKHE SIBJICHUSI.
KomMrieke momydeHHbBIX 3HAaHUW KCIIONB3YIOT MPU pa3paboTKe HOBBIX METOJOB BO3-
JEUCTBUS HA TIOPOJIBI, KOHCTPYUPOBAHUH MAIIIMH U MEXaHU3MOB, Pa3pabOTKE HOBBIX
TEXHOJIOTHIA MPOU3BOJICTBA TOPHBIX padOT u T.1. PU3HMKA TOPHBIX MOPOJ HE TOIHKO
JAeT 3HAHUS O TeX WIM WHBIX (PU3NUECKHX OCOOCHHOCTSAX IMOPOJ, HO W IMpeAJiaracT
HauOosiee 3(PPeKTUBHBIE MYyTH PEIICHUsS] TEXHOJIOTMYECKUX 3aJ]lay, MOCTABJICHHBIX
TOPHBIM [TPOU3BOJICTBOM.

Takum oOGpazom, Ipu U3y4eHUH Kypca (GU3UKK TOPHBIX MOPOJ OCHOBHBIE 3a]1a-
4M, CTOSIIIUE Mepesl OyayIIMMH CTIeIMAIMCTaMUA B 00JIACTU MHYKEHEPHOU MEXaHUKH,
r€0JIOTMH, YKOJIOTUH U TOPHOTO JIEJIa, CBOJATCS K CIEAYIOLIEMY:

* YCBOUTH OOIIIME MOHATHUS U TEPMUHOJIOTHIO (PU3UKU TOPHBIX MOPOJI, 3HAHUS O
(bU3UYEeCKUX CBOMCTBAX TOPHBIX MOPOJI M YHCIICHHBIE 3HAYCHHSI (DU3MIECKUX TTOKa3a-
TeJIeN OPOI;

* OBJIQJICTh 3HAHHMSAMHU OOIIMX BOMPOCOB (DM3UKH TOPHBIX MOPOJ, YCBOUTH OC-
HOBHBIC TIOJIOKECHUSI U HAYYUTHCS PUMEHSITh UX B PEIICHUN Pa3HOOOPAa3HBIX BOMPO-



COB TEOPHUH U NPAKTHUKU;

* YCBOMTb METOJBI NPOTHO3a H3MEHSIEMOCTH CBOMCTB IIOPOJ B PE3YNIbTATE
BHEIIIHUX BO3JCHCTBUM, OBJIAIECTh NIPUHIMIIAMU BO3ICUCTBUS HA IIOPOLY;

* W3Y4YUTb OCHOBHBIE METOJBI MUCCIIEIOBAHUS IIPOLIECCOB, IPOTEKAKUIUX B I10-
poJiax Mpu BO3AEUCTBUM BHEIIHUX (PU3MUECKUX MOJIEH;

* U3YYUTh U NOHATH (PHU3UYECKUE ABJICHUS, IPOUCXOASIIUE B TOPHBIX MOPOJAX,
YMETh PACKPBITH CYyTh X MEXaHU3MOB;

 Hay4uTbcs 0000IIaTh, aHAIM3UPOBATh M YCTAHABIMBATH CBS3b MPOTEKAIO-
IIMX SIBJICHUM C Pa3NUYHBIMU (PU3HMUECKUMU MTapaMeTpaMH TOPHBIX TOPO/I.

Mexanuka 20pHbix ROPoO — 4acTh PU3UKU TOPHBIX TOPOJI, U3yUaroias mpoy-
HOCTb, YCTOMYHBOCTD U J1€()OPMUPYEMOCTh AUCKPETHBIX 0OBEMOB TOPHBIX MOPOJ U
MAacCCHBOB TOPHBIX MOPOJ U TOPHOTEXHOJIOTHUECKUX OOBEKTOB B MOJIE MPUPOIHBIX U
BBI3BAHHBIX BIMSHUEM FOPHBIX pa0OT CHJI TOPHOTO JABJICHHUSL.

HNHTEpECHO OTMETUTh, YTO UCTOPUYECKH, Kak U obOmas ¢usmka, ¢pusnka rop-
HBIX MOpPOJ pa3BUBalach ¢ (GOPMUPOBAHHMEM M pa3BUTHEM MexaHuUkH B XIX B. u
odopmuIack B caMOCTOSTENbHYIO HayKy B 60 rogsl XX B. Ocj€ pa3BUTHS OCHOBHBIX
IIOJIOKEHUN MEXAHUKHU TOPHBIX IIOPOJ.

®dus3uka TOpHBIX MOPOJ ONUPAETCA Ha JOCTHIKEHMs TaKUX HayK, Kak (usmka
TBEPAOTO TeJla, TEOPUS IIJIACTUYHOCTH, PEOJIOT S, T€OJOTUYECKNE HAYKH.

CucremaTu3upysi CBOICTBa I'OpPHBIX MOPOJ, pa3padarbiBasi METOAbI KOJIMYE-
CTBEHHOM OLIEHKM CBOMCTB M COCTOSIHHSI TOPHBIX MOPOJ U MACCUBOB, MEXaHHUKA TOP-
HBIX NOpOA ABJsieTCs 0a30i JUIsl CO31aHHs WHKEHEPHBIX METOJIOB pacdeTra TOpHOM
TE€XHOJIOTUU.

N3ydenue CcTyaeHTaMH TAKHX AMCLUIUIMH, KaKk «MeXaHHMKa MOA3EMHBIX CO-
OpyXeHHI», «Paspylienre ropHeix nmopoa», «YIpaBlIEHHE COCTOSIHUEM ITOPOIHBIX
MaccuBOB», «TexHonorus pazpaboTKu MECTOPOKACHUN MOJE3HBIX HCKOMAEMbIX» U
Ip. 6a3upyeTcs Ha MIyOOKHUX 3HAHUAX (PU3UKU TOPHBIX MTOPOJ,.

1.1. O0beKT M MeTO MCCIACAOBAHUA (PUIMKHU T'OPHBIX MOPO/I

Ob6vexmom uccnedosanun HU3NKU TOPHBIX MOPOJ SBISETCS TOpHAs MOpoja
BOOOIIE ¥ TOPHBIA MACCUB B YaCTHOCTH, & UMEHHO (DPU3HKO-TEXHOJIOTHYECKUE CBOM-
CTBa MacCHBa W TMPIIECCHI, BO3HUKAIOIINE B HEM, JIO BO3JICUCTBHS Ha HETO TOPHBIMH
paboTaMu ¥ MPOIECCHI U3MEHEHHS 3TUX CBOWCTB IOCJIC BO3HHUKHOBEHHUS B HEM 3a-
KPETUICHHBIX U HE 3aKPETNIEHHBIX TOPHBIX BEIPAOOTOK.

['opHast mopozia ¥ MPOIECChl, MPOUCXOASIINE B MAacCCHBE TOPHBIX MOPOJ HA
Pa3IUYHBIX CTAagUsAX pPa3pabOTKH MECTOPOXKIACHHS TPEICTABISIIOT W3 ceOs O4YeHb
CJIOXKHYIO Cpey, CBOMCTBAa KOTOPOH 3aBUCAT OT COCTaBa M CTPOSHUS TOPHBIX MOPOI,
HaJIMYUsl B HUX JePEKTOB, )KUIKOCTEH W ra30B, BOSHUKHOBEHUS M Iepepacipeese-
HUS aHOMAJIMH HaNPSHKEHHO-Ie(OPMUPOBAHHOTO COCTOSHUSI MAaCcCHBa MOPOJ, METO-
JIOB TIPOBEICHUS U KPETIJICHUSI TOPHBIX BEIPAOOTOK U T. II.

Y4uuTHIBas BHIICU3II0KEHHOE, MEMO0 ucciedo8anus B GU3NKe rOpHBIX MOPOJ
0OBIYHO KOMIUIEKCHBIA M BKIIIOYAET B CeOsl: M3y4eHHE CBOMCTB 00PA3IOB TOPHBIX TTO-
poIl B TaOOPATOPHBIX YCIOBUSIX, HATYPHBIC HAOIIOACHUS, MoaenupoBanue (pusnye-
CKO€ W MaTeMaTUYeCKOe) MEXaHUYECKUX TPOIECCOB B JTAOOPATOPHBIX YCIOBHUSX H
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AaHAJIMTUYECKHE METO/bI ONMMCAaHUsl GU3NYECKUX MPOLIECCOB HA OCHOBE OOIIUX 3aKO-
HOMEPHOCTEN TEOPUH YIPYTOCTH, INIACTUYHOCTH U IIPEJIEIBHOIO PAaBHOBECHH.

OOBbeKT HuccnenoBanus B (pU3MKE TOPHBIX MOPOJ O0Jee CI0KEH U 3aBUCUT OT
0O0JBILIOTO KOJIMYECTBA CIy4YalHBIX (PAKTOPOB, 4eM, HANpUMEp, B (PU3HKE TBEPAOIO
tena. [lo 3Toil mpuunHe npu 0O6pabOTKE pe3yibTATOB MCIBITAHUM CBOMCTB T'OPHBIX
IOpPOJT U HATYPHBIX HAOJIIOJEHUH MIMPOKO UCHOIb3YHOTCS METOJIbl TEOPUH BEPOATHO-
CTEll U MaTeMaTUYECKON CTATUCTHKH, IIMUPOKO HCIONb3YIOTCS IMIMPUUYECKUE 3aBH-
CUMOCTHU, GU3NYECKUE TMPOLECCH YACTO OMUCHIBAIOTCS (PEHOMEHOJIOTUYECKHU.

®dusnka ropHeIX MOPOJ, U3ydaromias MHOTO(a3HbIE CUCTEMBbI CIOKHOU CTPYK-
Typbl, C()OPMUPOBAHHBIE B MPHUPOAE MPH KOMILJIEKCHOM BO3JEHCTBUU PA3TUUYHBIX
($u3MYECKUX M BEIIECTBEHHBIX MOJICH, SBISETCS OTPACibi0 €CTECTBO3HAHUS, OCHO-
BAaHHOTO TJIABHBIM 00pa30M Ha SKCIIEPUMEHTAIBHBIX JaHHBIX, TOJYYEHHBIX MIPH U3Y-
YeHHH 00pa3l0oB TOPHBIX MOPOJ TUO0 HEMOCPEACTBEHHO NPU UCCIIEI0OBAaHUH (u3nYe-
CKHUX MPOLIECCOB, IPOTEKAIOUINX B MACCUBE MOPO/I.

CoBpeMEHHbBIE METO/bl SKCIIEPUMEHTAIBHBIX HCCIEJOBaHUM, pa3BUBacMbIE B
(u3KKe TBEPAOTro Tea, TEOPETUUECKUE padOThI U METOABI (PU3UKO-MAaTEMATHYECKOTIO
MOJICJIMPOBAHUSI C HCIOJb30BAHUEM KBAaHTOBO-MEXAHUYECKUX 3aKOHOMEPHOCTEM,
BBIUMCIIUTENbHBIE METO/IbI PELICHUS 3a7ad HapsKEHHO-1e(OpMHUPOBAHHOTO COCTO-
SIHUSL TOPHOTO MACCHBA, JaHHbIE KOMIUIEKCHBIX M€O(pU3NYECKUX HUCCIEN0BAaHUN, Qu-
3UKO-MEXaHMUYECKOT0 U T'€0JOrMYeCKOro MOJECIUPOBAHMUSI FOPHOTO MAacCHBa, HOBBIE
JOCTHKEHHUSI B OOJIACTH 3JEKTPOT€OXUMHH, MEXAaHOXMMHHM U JAPYTUX HWHTEHCUBHO
Pa3BUBAIOIIMXCS HAYK 3TOTO HANPAaBIEHUS YCIEIIHO MCHOJB3YIOTCS B (DPU3HKE TOp-
HBIX MOPOJ IPU PEUICHUH MHOTHUX 3a7a4 (yHJaMEHTAIbHOTO U MPUKJIAJHOTO Xapak-
Tepa.

OKCIepUMEHTANIbHBIE HUCCIEA0BAaHUSI MPUYMH U MEXaHU3MOB, BBI3BIBAIOIIMX
pa3InyHble T€OMEXaHUYECKHE MPOIeCcChl, (a30Bble U CTPYKTYPHBIC MPEBPALICHUS U
npyrue GU3NKO-XMMHUYECKUE SIBICHUS B MOPOAAaX U MUHEpajax, TpeOyIOT ri1y0oKoro
U3yYEHHUs XapakTepa, 0COOCHHOCTEN MOBEACHUS U B3aUMOJAECUCTBUS YacTULl B MUHE-
paJbHOM BEIIECTBE, MEX(PA3HOM U MEX3EPHOBOM IpocTpaHcTBe. C 3TOM 1IeNbIo uc-
HOJIB3YIOT METOJbl TYHHEJIBHONM MHKPOCKOIMH, SIAEPHOTO MarHUTHOIO pPE30HaHca,
PEHTIEHOCTPYKTYPHOTO aHaju3a, 3JEKTPOHOrpapuu, sSAEpHOrO TaMMa-pe30HaHCa,
3JIEKTPOHHO-30H/I0BOT0 MHUKPOAHAJIN3a, AJIEKTPOHHOM MHUKPOCKOIIUHU, ONTHYECKOM,
JIFOMUHECIIEHTHOW, CBETOBOU U .

YcnemHoe peneHue TeXHOIOTMUECKHX 3a/1ad U BOIIPOCOB MOBBIIICHUS TPOU3-
BOJUTEIBHOCTU TPyZa B TOPHOM MPOHM3BOJACTBE HEBO3MOXHO MPEACTaBUTH O€3 3Ha-
HUSl PU3UKO-XUMUYECKUX MPOIECCOB, MPOTEKAIOIINX B TOPHBIX MOPOAAX, SBICHUHN U
3aKOHOMEPHOCTEH, XapaKTepU3YIOLIUX U3MEHEHUE CBOICTB OPOJI B pe3yjIbTaTe BO3-
JCHCTBUS Ha HUX Pa3NUYHBIMU (pr3uueckuMu nojsiMu. OnHOM U3 crenuuyecKux
0COOCHHOCTEI TOPHOTO MPOU3BOJACTBA MPAKTHUECKHU Ha JIFOOOM 3Tare TeXHOJIOThYe-
CKOMH LIeTH SIBJIAIOTCS IOCTOSIHHO B3aMMO/IEHCTBYIOIINE MEKIY COOOM TaKue riaBHbIE
AJIEMEHTHI KaK TOPHBIE NTOPObI, MAIIMHBI U MeXaHU3Mbl. C 3TOM TOUYKHU 3peHus pado-
Ta CIELHUAIUCTA TOPHOTO Mpoduiss MOKeT ObITh 3()(PEKTUBHOW U MOJE3HON B TOM
cllydae, €Clid OH BJIQJIEET JOCTATOYHO IITyOOKMMU 3HAHMSIMHU O CBOICTBaxX M OCOOEH-
HOCTAX (DYHKLIIMOHUPOBAHUS OSTUX DJIEMEHTOB B PA3JIUYHBIX MPOU3BOACTBEHHBIX
YCIIOBUSIX.

Haubonee spkuM mpumepoMm cBsi3u (U3MKHM TOPHBIX MOPOJ C IpodsieMaMu
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TOPHOTO JieJia SIBJISIETCSl TECHBIM COI03 9TOW HAayKH C TJIaBHBIMH TEXHOJOTHUECKUMHU
3JIEMEHTaMH TPOIECCOB MPOBEIECHHS BHIPAOOTOK M BHIEMKH IMOJIE3HBIX MCKOIIAEMBIX:
paspyleHueM, JApoOJiCHHEM, TOAJEpKaHUEM BBIPAOOTOK, TPAHCIIOPTHPOBAHHEM
TOPHOW Macchl, 00OTALICHUEM TOJIE3HBIX UCKOMaeMbIX. MacmTaObl 3THX padoT (eciu
UX BBIPa3UTh B TOHHAX WM KyOoMeTpax NOOBITOH TOPHOM MaccChl) COCTABISIOT He-
CKOJIbKO COTEH MHJUIMOHOB TOHH B rojl. VICIonb3ysi MpoOCThIe pacyeThl, MOXHO yOe-
IUTHCS HACKOJIPKO 3HAYUTEIBHBIMH MOTYT OKa3aThCsi SKOHOMUYECKHE TOKa3aTelH
IIPU KUCIIOJIB30BAHUU JOCTHKEHHUM (PU3UKU TOPHBIX MOPOJ, OCOOCHHO B 00JacTH pe-
Cypco- ¥ 3HeprocOeperaonmx TeXHOIOTHH.

OnHaKo HE CTOUT CYHTATh, YTO CBSI3b (PM3UKU TOPHBIX MMOPOJ OTPaHUYHNBACTCS
TOJILKO KPYT'OM TEXHOJIOTHYECKUX MPOOIeM, BOZHUKAIONINX MPHU TOOBIYE TOJIE3HBIX
uckonaeMsIx. [lapamiensHo pemaroTcss BONpOChl OXpaHbl OKPY’KaloIIel cpesbl, 6e3-
OIMaCHOCTH TPYJa W MHOTHE JPYTUe MPAKTHUECKUE W HAYYHBIE 3a/a49M, PEICTaBIIs-
IOIIKE B LIEJIOM MHTEPEC ISl [IUKJIA TEOJOrHYECKUX TUCIUIUINH U (PU3HYECKUX HaYK.

Takum 00pa3om, u3ydasi CBOMCTBA TOPHBIX TIOPOJ U SIBICHHSI, TPOTEKAIOIINE B
TI0pO/ie, 3aKOHOMEPHOCTH, MPOSBISIONINECS KaK B Pe3yJbTaTe e€CTECTBEHHBIX (hU3H-
KO-XMMHUYECKUX B3aUMOACHCTBHI MEXIy €€ KOMIIOHEHTaMH, TaK U TIPU TEXHOTEHHOM
BIIMSTHUH, (PH3HKA TOPHBIX TIOPOJ aKTHBHO CIOCOOCTBYET YCHEITHOMY PEIICHUIO BO-
IIPOCOB, CBSI3aHHBIX C COBEPILIEHCTBOBAHUEM TOPHOTO TIPOHU3BOJICTBA.

1.2. 'opHbie mopoabl

['eonmornueckast ucTopus 3eMid XPaHUT OTPOMHOE KOJMYECTBO pazHOOOpa3s-
HBIX COOBITHH, OTBETCTBEHHBIX 32 BO3HUKHOBEHHE U (DOPMHUPOBAHKE TOPHBIX TTOPOI.
Cuiel TpaBUTAIIMU M COTHEYHASI SHEPTHsI, CBEPXBBICOKUE TABJICHHS] U TEMITEPATYPHI,
BBI3BAHHBIC yJapaMHU KPYIMHBIX KOCMHUYECKUX TEJ, ICUCTBUE BYJIKAHOB, OOJIbINAST WH-
TEHCHUBHOCTb aTMOC(EPHBIX MPOILECCOB U AKTUBHASI TEKTOHUYECKAs NEATEIbHOCThD -
JTAJIeKO He TMOJHBIN MepeyeHb Hanbosiee BEPOSATHBIX BO3JIEUCTBUM, KaK HA MEPBUYHOE
BEIIECTBO 3eMJIM, TaK U Ha C(HOPMHUPOBAHHBIA COCTaB M cTpoeHue nopoj. Kpymno-
MaciTabHbIe U JOKaJIbHbIE (U3MUYECKUE, XUMUYECKUE, (PU3NKO-XUMUYECKUE U MeXa-
HOXMMHYECKHE MPOLIECCHI, MPOTEKAIoLMe Ha 3eMJie, CO3[ali YHUKaIbHbIE U HEorpa-
HUYEHHBIE BOZMOXHOCTH ISl Pa3BUTHS YEJIOBEUECTBA: HAYMHASL OT CO3/IaHMS MEPBO-
ro IPUMHUTHUBHOTO KAMEHHOI'O OpYAMs O MCIOJb30BaHUSA TOPHBIX MOPOJA U COJEp-
KAIUXCS B HUX KOMIIOHEHTOB BO BCEX O0JIACTSIX €r0 MPAKTHYECKOU NESITEIIbHOCTH.
SABnsisch TIABHBIM OOBEKTOM TOPHO-METAJUTYPTHUECKOTO MPOMBIIUIEHHOTO KOM-
TJIeKCa, TOPOBI MOTYT OBITh KaK HETIOCPEJACTBEHHO TOJIE3HBIM HCKOTAEMBIM, TaK H
coJiepaTh B CBOEM COCTaBe (B TOW WJIM MHOW KOHIICHTPAIIUN) HEOOXOAMMBIC JIJIS Ye-
JIOBEKa KOMITOHEHTHI — METaJUIbl, MUHEPAJIBI, )KUJIKUE U Ta3000pa3HbIe YIIIEBOIOPO-
Ibl U apyrue BenlectBa. [[poru3BOACTBEHHBIN UKL, CBSI3AHHBIN C JOOBIYEH MOJE3HBIX
MCKOIAEMbIX M TEXHOJIOTHSIMU UX MepepabOTKU B TOBAPHYIO MPOAYKIIMIO, 3aHUMAET
WHOTJIa JOCTATOYHO CJIOXKHBIM M JJIMHHBIA IMyTh, BKJIIOYAIOIIMNA TaKU€ OCHOBHBIC
TEXHOJIOTUYECKHE CTaJuU Kak pa3pylIeHue, BblIeMKa, TPAHCIOPTUPOBAHUE, CKIIAIuU-
poBaHue, o0paboTka 1 odoraiienune. IHPEeKTUBHOE UCIIOIB30BaHNE MATEPUAIBHBIX U
HKOHOMHUYECKUX PECYpPCOB, TEXHUUYECKUX M TEXHOJIOIMUECKUX PEIICHUM Mpu J00bI14e
MOJIE3HBIX HMCKOIMAEeMbIX BO MHOIOM 3aBHUCAT OT 3HAHMS YCIOBUH (HOPMHUPOBAHUS
TOPHBIX MOPOJ, UX XMMHUYECKOTO ¥ MHUHEPAILHOTO COCTaBa, PU3NUYECKUX U (HUBHKO-



TEXHUUYECKUX MMapaMeTPOB, CTPYKTYPHO-TEKCTYPHBIX OCOOCHHOCTEIA.

I'opnvie nopoovt — mnpuponHbie 00pa3oBaHUs, Cllararollue pa3HOOOpa3HbIe
re0JIOTUYECKUE TeJla, U3 KOTOPBIX MOCTpOeHa 3eMHasi Kopa. OHU MPEACTABISIIOT CO-
OOl 3aKOHOMEpPHBIE COYETAHMS WM MEXAHHMYECKHME CMECH Pa3IUYHBIX MO COCTABY
KPUCTAJUIMUECKUX MUHEPAJIbHBIX 3€PEH, HApSAAy C KOTOPHIMUA MOTYT IIPUCYTCTBOBATH
amMop(HOE BEIECTBO M OPraHMYECKHE OCTAaTKH; K TOPHBIM IMOPOJaM OTHOCSTCS
BCTpPEYAIOUIMECS B 36MHOM KOpPE CMECH KUJKUX MUHEpaIbHBIX BEUIECTB (HEOpraHU-
YECKUX U OpraHNuecKux). TepMuH "2opHsble nopoowt" BiepBbie ObLI BBEJIEH B 00MXO
poccuiickuM akagemukom B.M. Ceseprunsim B XIX cT.

Munepan — npupoHOE, KaK MPaBUiIO, TBEPAOE TENO, OTHOCUTEIHHO OJHOPOI-
HOE€ 0 XMMHUYECKOMY COCTaBYy U (PM3MUYECKHUM CBOMCTBAM, BO3SHHKIIEE KaK MPOIYKT
(U3UKO-XMMHUYECKUX MPOLECCOB, MPOTEKAIOUIMX Ha TMOBEPXHOCTH M B TIIyOMHAX
3emiu. [1o mpoucx0okI€HNIO0 TOPHBIE TOPOIbI IESAT Ha TPU TPYTIIbL:

— Mazmamuueckue, 00pa30BaHHbIE U3 3aCTHIBILICH B HEIpax WA HA MOBEPXHO-
CTH 3eMJIA MarMbl;

— ocadounbvle, 00pa30BaHHbIC B pe3yJbTaTe HAKOIUICHHS M MpPeoOpa3oBaHUs
MPOJIYKTOB pa3pyllieHHs], paHee BOZHUKIIUX TOPHBIX MOPOJ HA MOBEPXHOCTU 3EMIIH
IIpU OOBIYHBIX TEMIIEpATypax U HOPMaJIbHOM JIaBJICHUU;

— mMemamopguueckue — 3a CUET U3MEHEHMSI OCAJIOUHBIX U MarMaTHYEeCKUX
NOpoJl B pe3ysibTaTe JACHCTBUS BBICOKMX JABJICHHM, TeMIepaTyp, €CTeCTBEHHOIO
AIIEKTPUYECKOTO TOJISA, Ta3000pa3HbIX BEIIECTB, BHIACISIIOIMIMXCS U3 MAarMbl U T..

Bce ropHble moponbl XapakTepU3YIOTCS OMPEICICHHBIMH OCOOEHHOCTAMU
CTpoeHHS ¥ (U3NYECKUMHU CBOMCTBaAMH, KOTOPbIE OTPa)KalOT YCJIOBUSA UX 00pa3oBa-
HUS ¥ U3MEHEHHs. DTO IUIOTHOCTHBIC, YIPyTUe, IPOYHOCTHBIE, TEIIOBBIC, IIEKTPH-
YEeCKUE U MarHUTHBIE CBOMCTBA.

["opHbIE TOPO/BI, TEPEUUCIEHHBIX TPEX TPYII, PAa3INYaIOTCs MEXAy co00H 1o
YCIIOBUSIM 3aJIETaHUsi, XUMHUUYECKOMY M MHUHEPAJIbHOMY COCTaBYy, CTPYKTYpe U TEK-
CType, OOYCIIOBJIEHHBIMU OCOOEHHOCTSIMU PACIIONOKEHUS B MOPOJAX MHUHEPAJIOB U
UX pa3MepaMH, HATUYHUIO PYJIHBIX U HEPYHBIX MOJIE3HBIX UCKOMIAEMBbIX.

Cmpykmypa (ot nat. struktura — pacrnosio)keHue, CTpOEHUE) — COBOKYITHOCTb
MPU3HAKOB, ONpeaesieMbIX (OpMOH, pa3MepaMu U B3aUMHBIM PAaCIOJIOKEHUEM OT-
JETbHBIX KOMIIOHEHTOB MOPOJBI, T.€. MUHEPAIbHBIX 3EpEH, 00JIOMKOB mopoji. B mo-
HSTHE CTPYKTYPbI BXOJAST CTENEHb KPUCTAIUIMYHOCTU TMOPOJIbI, pazMepbl U ¢dopma
KPUCTAJUTMYECKUX 3€PEH, B3aMMOOTHOIICHHE PACKPHUCTAJUIN30BABILIEIOCS U CTEKJIO-
BaTOr0 MaTepuaia u Jp.

YcnoBus OXITaKIACHUS U BA3KOCTh MarMbl OMPENENSIOT CTeNEeHb KPUCTalIn3a-
UM TOpHOM nopobl. Tak, Ha OONBIINX MIyOMHAX MPHU MEIJICHHOM OCTBhIBAaHUU 00pa-
3yeTcsl MOPO/ia, COCTOAIIAS MOJTHOCTHIO U3 MUHEPAIOB KPUCTAIITMYECKOTO CTPOCHHUS.
OHa MMeeT KPUCTaUTMYECKU-3EPHUCTYIO CTPYKTYPY (TPaHUTHI, CHEHUTHI, JUOPHUTHI,
rab0Opo, nepuoTUTHI U T.1.). Eciu mopoma oOpasyercst mpu OBICTPOM OXJIaXKICHUH,
TO OHa MOXET LEIMKOM COCTOSITh U3 CTEKJIa U OMpEeNEAThCs Kak cTekioBaTas. [Ipu-
MepaMu CirykaT 0a3alibTOBbIE CTEKJIA, OOCHUIUAHBI.

['MaBHBIMH CTPYKTYpaMu MarmMaTHue€CKUX MOPOJ SABISETCS: MOHKO3EPHUCMAS
(pa3mep 3eped ot 0,1 mo 0,001 Mm), meaxozeprucmas (oxkono 1 Mm), cpeonesepHu-
cmas (ot 1 10 5 Mmm), kpynnoseprucmas (0T 5 1o 10 Mmm) u eueanmozeprucmas (60-
aee 10 mMMm), pasnomeprozeprucmas (IPUMEPHO OJIMHAKOBBIA pa3Mep 3€peH) U He-
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pasnomepHozepHucmas, nopguposudHas (C KpymHbIMU BKpPAIICHUSIMU — TOpUpo-
BBIMU BBIICJICHUSIMH, TTOTPYKEHHBIMHU B 00JI€€ MEJIKO3EPHUCTYIO OCHOBHYIO Maccy),
neamamumosas (€€ Ha3bIBaIOT TaKXKe MUCbMEHHAsl WK Tpaduueckas), XapaKTEepHYIO
JUTsl CBOEOOpa3HBIX KBAPIIEBO-TOJEBOIINATOBBIX MPOPACTAHUN B IPAHUTHBIX TErmMa-
TUTaxX U JIp.

JIJist U3MBLIMXCS ¥ TUITAOMCCANbHBIX UHTPY3UBHBIX TIOPOJI OCHOBHOTO COCTaBa
(6azanpTOB, MMaba30B U JAp.) XapakTepHbl ouTOoBas U AMAOa30Bast CTPYKTYpPhl {TH-
nabuccanabHble MOPOJAbI 00Pa30BaIUCh Ha HEOOJBLIONW TIIyOMHE B pE3ylbTaTe KpH-
CTAJUTM3AINHU TIOPIIUHA MarMbl; HHTPY3UBHBIE MMOPOJIbI 3aKPUCTATUTM30BAINCH U3 Mar-
MBI, KOTOpasi BHEJPUJIACH B MIOPOJIbI 3€MHOM KOPBHI).

B crpykrypax metamMopuuecKkux MOpOJ pa3iudaroT: IPaHOOIaCTOBYIO — C
npeo0IaIaronel n30MeTpUudHON (POopMOIl 3epeH MHHEPAOB, JEMUI00JACTOBYIO C
IUTACTUHYATON WK YenryiuaToi (popmoii OONBIIMHCTBA 3€pEeH, HEMATOOIACTOBYIO C
IIECTOBAaTOM, cToJI04aTo (Qopmoii 3epeH, (uOpoOIaCTOBYI0O — C BOJIOKHHUCTOM,
UroJIbuaTor (popMom 3epeH u Jp.

CTpyKTyphl OCaIoOYHBIX TOPOA OYAYT PACCMOTPEHBI IPU ONMUCAHUM OTIEIBHBIX
UX Pa3HOBHUIHOCTEHN U TPYMII.

Texcrypa (ot nat. textura — TKaHb, CIJIETEHUE) — COBOKYITHOCTH MPU3HAKOB,
ONPEEIAIONUX BHEIIHUNA OOJUK OPOABl U XapaKTEPU3YIOUIUXCSI B3AUMHBIM pPacIio-
JIO’)KEHUEM U OPUEHTHPOBKOM MUHEpabHBIX arperatoB B o0beMe. Takum oGpazom,
XapaKTEPUCTUKU OTACIBHBIX 3€PEH UMEIOT 3HAUCHUE /IS ONPEACIICHUS CTPYKTYPHI, a
XapaKTEPUCTUKA MUHEPATBHBIX arperaToB W WX PAaCHOJIOKCHHE B MPOCTPAHCTBE —
JUTSI OTIPEICIICHUS TEKCTYPHI.

Boigensior crnemyromme OCHOBHBIE TEKCTYPBI: MAacCHBHYIO (OJHOPOIHYIO),
CJIOMCTYI0, CJIaHIIEBaTYI0, (DIIOMIANBHYIO (CO CIelaMy TeYEHHs B CTEKJIOBATHIX BYJI-
KaHMYECKUX MOPOJax), TAKCUTOBYIO (C HEpAaBHOMEPHBIM 1 HEMPABUIHHBIM PaCIIOJIO-
KEHUEM YYaCTKOB Pa3jIM4HOU CTPYKTYphl) U ap. CraHueBasl TEKCTypa CBOWCTBEHHA
OONBIIMHCTBY MeTamopduyeckux nopoa. OHa oOycioBlieHa MapajlieIbHON OpHeH-
TUPOBKOM TUIACTUHYATHIX U YEIIyHYaThIX BbIIECIEHUN MUHEPAJIOB.

B 3aBucuMocTH OT ycioBHs 00pa30BaHUsl TEKCTYPhl TOPHBIX TOPOJ MOApa3ie-
JSI0TCS HAa TIEpBUYHBIE U BTOpHUYHBbIE. [lepBUUHBIE TEKCTYpbl U3BEPKEHHBIX MOPO
00pa3yroTcst B epuoJi OCThIBaHMSI MarMbl. [Ipu ee nBUMKEHUU, KOTJAa HApSAy C KUM-
KoM (pa3oil HAXOAATCS BBIACIMBIIMECS U3 MAarMbl TBEPAbIC KPUCTAIUIbI, IPOUCXOAUT
OPUEHTHUPOBKA TBEPJBIX KPUCTAIUIOB B MpocTpaHcTBe. Cpenu MepBUYHON TEKCTYPHI
M3BEPKEHHBIX MOPOJI U3BECTHBI JIMHEHHBIE U MOJIOCYaThie (MM cloucThie). JInHen-
HBIC XapaKTEePU3YIOTCS IMapauIeTbHBIM PACIIOIO0KEHUEM WTOJLYAThIX, TpU3MaTHIe-
CKMX WU TaOMUTYATHIX KpUCTALIOB. CIOMCTOCTh BBIPAXKAETCS B MOCIONHOM uepe-
JIOBaHUM TOPOJ] PA3IUYHOTO COCTaBa, WIM B IUIOCKO-MAPAIIIEIBHOM PaCHOI0KEHUH
Ta0IMTYATHIX MUHEPAJIOB.

BropuuHas TekcTypa ropHbIX MOPOJ 00pa3yeTcs MpU TEKTOHUYECKUX MPOolLiec-
cax. OHa xapakTepHa JUIsl TAaKUX METaMOP(PUUYECKUX MOPOJ KaK THEWCHI, KBAPILUTHI,
MpaMophbI U JIp.

B TekcType moponbl pazauyaroT JBa TUIA 3aKOHOMEPHOW OPUEHTHUPOBKU MU-
HEpaJioB: MO (opMe 3€peH U M0 BHYTPEHHEMY cTpoeHHuI0. OpreHTHpOBKa 1Mo (opme
3epeH BO3MOJKHA IMPU HAJIMYUU 3€PEH YAJIMHEHHOW WJIU TUIACTMHYATON (OpMBbI KpH-
CTaJJIOB; OHA MOJKET OBITh MEPBUYHON WJIM BTOPUYHOMU 3a cueT AedopMaiiiu 3epeH.
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Bcerpeuaercs B rHelicax u cnmaHmax. Yacto B KBapUMTax, KHJIBHOM KBapue, COIEp-
KaIUX 3€pHa U30METPUUECKO (OpMbl, 0OHAPYKUBAETCS OPUEHTUPOBKA IO ONpe/ie-
JIEHHOMY PAacIoOJIOKEHUIO KPUCTAJUIOrpaPUUYECKUX oceil (OpUEHTHpPOBKA MO BHYT-
PEHHEMY CTPOEHHIO).

B 3aBUCMMOCTH OT CTE€NEHH OPUEHTHUPOBKH MHUHEPAJIOB TEKCTYpa MOMKET ObITh
MOJIHOM MJIM OorpaHuyeHHON. Yem Oomble paccessHbl MUHEpalbl B MOPOJE, TEM B
MEHBIIIEN CTENEHHU MPOSBIISIETCS AHU30TPOIUS MOPOABI 3a CUET TEKCTYPHI.

JUIsl yCTaHOBIEHUSI CTPYKTYpPbl U TEKCTYPhl TOPHBIX MOPOJ Yallle BCEro HcC-
NOJIB3YIOT ONTUYECKHE MUKPOCKOIIBI, OJHAKO B OTAEIBHBIX CIIy4asX 3TH MapaMeTphl
ONpENENATCS U BU3yalbHO. [l0 OpHeHTaluu 4acTUll ¥ HAJIMYUIO ITYCTOT IOPOJBI
JEJST HA MACCUBHBIE, IOPUCTHIE U CIIOUCTHIE.

TBepmocts mopoa ompenensercs TBEPAOCThIO TIaBHBIX MOPOA000Pa3yIOMINX
MuHEpasIoB. [0 TBEpIOCTH MOPOJBI Pa3aMyaroT: HU3KOM TBEPAOCTH, CPENHEH, TBEP-
IIbIE U BECbMa TBEPAbIE.

[InotHoCcTh. PaznuuaroT serkue mopoabl ¢ 0OBEMHBIM BECOM MeHee 3 r/cM,
cpenHue, uMmeroniue oobeMHubii Bec 1,5...2,9 r/cMm , u TAxKeNble, y KOTOPhIX 00bEeM-
HBII BeC cocTasiser 6osee 2,9 /e’

YacTuupl TOPHBIX MOPOJ — MUHEPAIBHBIE arperaTbl, MUHEPAIbl — UMEIOT Pa3-
JUYHYIO0 CUIIY CLEIUIEHUS, KOTOpas 3aBUCUT OT CTPYKTYPHBIX CBA3EH MEXKAY HUMHU.
[IpeoOnamaronuili TUM CBA3U MEX]Yy YAaCTULAMU MOPOJAbl XapaKTepU3yeT MOPOJbI C
TOYKH 3PEHUS UX POYHOCTH:

* pbiXJible, colnyyue WIA pa3zoenbHO-3¢PHUCHIble — CBSI3U MEXKY YaCTHULAMU
MOJIEKYJIIpHBIE. DTH TOPOAbI MPEACTABIEHB MEXaHUYECKON CMEChIO YacTull (IECOK,
rpaBuil, TaleyHUK). HEeKoTopble U3 PBIXJIBIX MOPOJ JIETKO pachaJaroTcsl Ha cllararo-
mue ux yactuubl. [Ipu yaape B Takux mopojax, Kak MmpaBuio, oopaszyercs yriyose-
HUE.

* C/1a00C8A3AHHbIE — TIIMHUCTBIE MOPOJbI, CYTJIMHKHU, JIECCHI — CBSI3M Yy HHUX
CUJIBHO 3aBUCAT OT BJIAXKHOCTHU.

* NPOUHOCEA3AHHbIE, MEEpOble, CKAlbHble. B dTON KaTeropuu mopoj pasiu-
4aroT @A3Kue u xpynkue nopopl. CBsI3b MEXKIy YaCTULIAMU 3TOrO THIIA MTOPOJ - XU-
Muueckas. K mpo4HOCBS3aHHBIM MOPOJIaM OTHOCSITCS TIECYHAHUKH, THEWCHI, TPAHUTHI
U 1p.

['opHast mopona, B 00111eM ciyyae, SBJIsSIeTCs MHOTOKOMIIOHEHTHOM, MHOTO(a3-
HOU TETEPOre€HHOU CUCTEMOW. HEOMHOPOAHOCTh FOPHBIX MOPOJ ONPEAEISAETCS Clie-
OYIOIIMMH BUIAMMU.

@Da3zoewtn coctas. [lopona MoxkeT OBITH PEICTABICHA HECKOJIBKUMH (a3zamu,
HanpuUMep, TpeMs — TBEPJOH, KUAKOM, ra3000pa3HoOil; AByMsI — TBEPIOM U ra3zo00-
pa3HoI, KHUAKOU U Ta3000pa3HOil.

Komnonenmmnutit (munepansustit) coctaB. Kaxnas ¢daza MoxeT ObITh Tpe/-
CTaBJICHA OJJHUM, JIByMs WJIM HECKOJIbKUMHU TBEPAbIMU MUHEpasiaMu (TBepaas (aza),
YKUJKOCTSIMU Y Ta3aMM (GKHJIKas U ra3000pa3Hasi).

Xumuueckuii cocta. TBepaas, *Kujkas U razoo0pasHas (a3bl UMEIOT BIIOJTHE
ONPENCIICHHBIM COCTAaB U3 XUMUYECKHX JJIEMEHTOB. [ €T€pOreHHOCTh MOPOJBI OIpe-
JENSAETCS Pa3INYHbIM MPOUCX0KIECHUEM COCTABIISIIOIINX KOMIIOHEHTOB.

CmpyKkmypHno-mexcmypHoe CTpoeHue. ITOT napameTp 0OyCIOBIEH CIOXKHBIM
00pa3oBaHKeM, COCTOSIIIIMM U3 ABYX U 00JIee pa3IMUHbIX TOPO/I.
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da3oBass HEOJHOPOJHOCTH — 3TO TOBEPXHOCTH pazjaena Mexay dazamu.
Hampumep, B IIIMHUCTOM KOJIIEKTOpE TBepjas (aza m cBoOOIHAsS BOAA 3aHUMAIOT
000c00IeHHbIE 00BbEMBI, @ MEKIy HUMHU MMOBEPXHOCTHIO pas3jena sSBseTcs Guinye-
CKH CBSI3aHHAs BOJIA, T.C. HOBBI KOMIIOHEHT, KOTOPBI CTAHOBUTCS MHOTI/IA BEChbMa
3aMETHBIM W BIIUSIOIMIMM Ha HW3y4daeMble IMapamMeTpbl. KOMIIOHEHTHas HEOIHOPOI-
HOCTh XapaKTepHU3yeTcs cocTaBoM (a3 mopojsl. K TeKCTypHOM HEOTHOPOIHOCTH OT-
HOCST pa3JIMYHbIC BKIIFOUCHUS B BUC MPOCIIOEB, JTUH3.

YpoBHU HEOTHOPOJAHOCTH MOTYT OBITh BEChMa Pa3IMYHBI, U 3aBUCSIT OHU OT
IPUPOALI HEOTHOPOAHOCTH. B Tabn. 1 mokaszaHpl MacmTadbl HEOTHOPOIHOCTH TOP-
HBIX TTOPO/JI, KOTOPHIE HEOOXOIUMO 3HATH MPHU JIAOOPATOPHBIX U MOJIEBBIX UCCIIEIOBA-
HUSX TOPHBIX mopoa. Heo0XoauMoCTh 3Ta BOSHUKAET B CBS3U C BHIOOPOM METOIOB
HCCIIEIOBAHHUS: BU3YaJbHBIX, aKyCTUYECKUX, OIITUYECKUX, AJIEKTPOHHO-
MUKPOCKOITUYECKUX, SIACPHBIX U .

Tabmura 1

Maciradsl HeogHOopoHOCTH (10 B.M. J106pBhIHNHY)

CocTtaBHbIE YaCTH TTOPO/IbI Pazmepsl, M
ATOMBI, NOHBI (0,5.. .2,0)-10'10
MoJieKkyabl 10'°-10”
MoHO- ¥ TOJIMMOJICKYISIPHBIC CJIOU (TOJIIIMHA) 10"°-10”
ITopel, 3aM10THEHHBIC KUAKOCTHIO UJIM Ta30M 101°-107
3epHa KPUCTAINYECKOTO CKeJIeTa 10°-10"
[Tonoctu BRIIIIEIaYNBAHUSI 10*-10"
ITpociioun, TMH3bI, BKIIOYECHUS 10°-10'

KonebarTenbHble TEKTOHUYECKHE MABIXKEHHS MEPEMEIIaloT OCaJKU Ha BCe
OosbIMe TIyOUHBI, MOITHOCTh OCAJI0YHBIX OTJIOXKEHUI pacTeT. BMecTe ¢ TeM pacter
TEMIIEpaTypa U AaBieHue. B ocagkax MpOUCXOINUT ITOCTEIEHHOE YIUIOTHEHUE, TOSIB-
JSIFOTCSL MOJICKYJISIpHBIE M afCOPOLIMOHHBIE CBSI3M, CO3/AlOTCS YCJOBHS ISl HOBOTO
MUHEPANO00pa30BaHus, MPOUCXOIUT TaK Ha3blBaeMas IpaBUTAIIMOHHAS KOHCOJIM/A-
LS.

Bo3Hukaromue mpu 3TOM HOBBIE BHYTPEHHUE CBA3U, MHOTJA 1aK€ KPUCTAIUIU-
YecKre, KOHEUHO, HE cpa3y MPHOOPETAOT 3HAYUTENbHYIO KeCTKOCTh. OQHAKO MOsB-
JIEHUE AK€ OTHOCHUTENIbHO TMOKMX MOCTOSIHHBIX CBSI3€M 3aMeNJIsieT, a 3aTeM U Mpu-
OCTaHABJIMBAET MPOLIECC TPABUTAMOHHON KOHconuaauuu. GopMUPYIOTCS B JaHHBIX
YCJIOBUSIX YCTOMYMBBIE CTPYKTYPBI, KOTOPbIE B JaJbHEWUILEM, IPU OKOHYATEIbHOM
3aTBEPACBAHUM M BO3HUKHOBEHUH HOBBIX MUHEpAJIbHBIX BUIOB 00Pa3yloT KpHCTa-
JIM3AIMOHHBIE CBA3HU, XapPAKTEPHBIE I CKAJIBHBIX IOPO.

3aKII0UUTEIBHBIM ATAIOM METPOTreHe3a MOKET ObITh 3HAUUTEIHLHOE METaMop-
¢udeckoe n3MeHEeHUE yke CHOPMUPOBAHHBIX OCAJOYHBIX MOPOJ U MPEBpalleHUuEe HX
B MOPOJIbI METaMOP(PUUECKUE C KPUCTAJUIU3AIMOHHBIMU CBS35IMH, OU€Hb HU3KOMH IO-
PUCTOCTBHIO M BBICOKOM ITPOYHOCTBIO U YIIPYTOCTHIO.
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Du3uueckoe c60liCME0 TOPHOU TOPOJIBI — 3TO OTBETHASI PEAKIUS Ha BO3JEH-
CTBHUE TE€X WJIA UHBIX (U3HUYCSCKUX ITOJICH WITH BEIIECTB.
Kaxxnoe cBOHCTBO MOXKET OBITh KOJIMYSCTBEHHO OIIEHEHO OJJHUM WJIH HECKOJIhb-

KHMH TIapaMCTpaMu.

MexXHUYeCKUMU XapaKkmepucmuKamu.
Ilapamemp buzrueckoro cBOMCTBAa TOPHOW MOPOJBI — pa3MepHOE Uiu Oe3pas-
MEpHOE CKaJISIPHOE WJIM BEKTOPHOE YKCIIO; KOJTMYECTBEHHAs! MEpa CBOMCTBA.
B nacrosiee BpeMs U3BeCTHO U Ucnolib3yercs 0onee 100 mapaMeTpoB rOpHBIX
opoJ, U3 KOTOPBhIX 12 OoTHeceHbl K 0a30BbIM WU OOA3ATEIBbHBIM K OIPEACIICHUIO

COBOKYITHOCTh BCEX IIapaMeTPOB HA3BIBACTCS (pu3UKO-

(Tabm. 2).
Tabnuma 2
bazoBbie mapaMeTpbl FTOPHBIX MOPO/T
No Knacc I'pynna HaumenoBanue O60- Enu-
3Haye- | HUIA
HUE Cu1
1 [1noTHOCT- - OObeMHast macca p Kr/M°
HbIE
2 ITopucrocts P %
3 Mexanunye- | I[Ipo4yHOCTHBIE [Ipenen npounocTr O ox I1a
CKHE Ha OJTHOOCHOE CKaTHe
4 IIpenen npouHocTH Gy ITa
Ha OJTHOOCHO€ PACTSKEHUE
5 Jlepopmarmonnbsie | Moaysb ynpyroctu E ITa
6 Koad-t I[lyaccona L el
7 | TeruoBble Koad-t A Br/m'K
TEIJIONPOBOAHOCTHU
8 VY ienbHas TEMI0EMKOCTh C JOx/Kr
°c
9 Koa(-1 mMHelRHoro Temo- o 1/°K
BOT'O pacIIUpPEHUs
10 | Dnextpomar- | DaEKTpUUYECKHUE VY 1eNIbHOE DIEKTPUUECKOE P, Om'M
HUTHBIE CBOMCTBA CONPOTUBIICHUE
11 OTHOCUTENBHAS TUDJIEK- €; el.
TpUYECKasi IPOHUIIAEMOCTh
12 MarauTHblie OTHOcCHUTENIbHAsT MAarHUT- U8 el
CBOWCTBA Hasi IPOHULIAEMOCTH
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2. MIOPUCTOCTDB U CTPYKTYPA TIOPOBOI'O ITPOCTPAHCTBA

2.1.0cHOBHBIE MapaMeTPhI

B crpoenunu ropHeIX Mopoa OTMEYaeTcs TBepaas, KHIKas U Ta3oBasi (asbl.
TBepnas (a3za cnaraet MUHEPANTBHBINA CKEJET, a XKUAKAs U Ta30Bas 3aM0JIHSIOT MyCTO-
Thl, UMEIOIMECS KaK MEXJy MUHEpPAIbHbIMHU 3€pHAMU, TaK M BHYTPU MHHEPAJIOB.
OTH MyCTOTHI, B KOTOPBIX 3aKJIIOYAETCs Ta30BO-KuAKas (aza, Ha3bIBAIOTCS MOPOBBIM
IPOCTPAHCTBOM IOPOJIBI.

Cpenu mOpUCTOCTH Pa3IMYAIOT: MOPUCTOCTh 0O0IIyt0 (abCoNOTHYIO, hu3nye-
CKYIO TOJIHYIO), T.€. CYMMapHbIi 00bEM BCEX MyCTOT HE3aBUCHUMO OT (OPMBI, BEIH-
YUHBl W B3aUMHOI'O PACIOJIOKEHUS; MOPUCTOCTh 3aKPHITYIO (OTpUIATENbHYIO, 3a-
MKHYTYI0) — COBOKYITHOCTh 3aMKHYTBHIX, HE HMEIOIIMX MEXIy CcO00il cooOIIeHus
MOp; MOPUCTOCTh OTKPBITYIO (HACBHIIMIEHHYIO, 3((EKTUBHYIO) — COBOKYITHOCTh CO00-
MIAIOIIKUXCS MEXKAY COOOW MOp W MYCTOT, T.e. 00bEM TOM MOPHUCTOCTH, B Mpeaenax
KOTOPOW BO3MOXKHO JABM)KEHHE KHJIKOCTH M Ta30B MPU ONMPEICCHHBIX JaBICHUSIX U
TEeMIEpaTypax.

['opHyI0 MOPOAY MOKHO paccMaTpUBAaTh KaK €CTECTBEHHYIO MOPUCTYIO CPELY C
KECTKUM MHUHEpAIbHBIM KapkacoM. KonnmuecTBeHHO 00beM BCeX BUAOB MOpP B MOPO-
Jax oleHuBaeTcs Kod(pPHUireHTaMu COOTBETCTBYIOIIUX TOPUCTOCTEMH.

Tak KOIMUYECTBEHHO OOIIYI0 MOPUCTOCTh PACCUMTHIBAIOT IO COOTHOIICHHIO
IUIOTHOCTEW CYyXOH MOPOABI 1 MUHEPATbHBIX 3€PEH:

kn :(Vc _VTB)/VC :l_pc/pTB’

rie V; U p; — COOTBETCTBEHHO 00BEM M ILUIOTHOCTH CyXOii mopomsl; Ve, u Pot — co-
OTBETCTBEHHO O0BEM U IUIOTHOCTHh TBEpAOH (haszbl B MOpoae; k; — KoIppuyuenm
obweu nopucmocmu 00pa3UOB TOPHBIX NOPOA (MCHOJB3yeTCs MpH J1a0OPATOPHOM
cnocobe Menpuepa myTeM B3BEUIMBAHUS CyXOTo napauHUPOBAaHHOTO 00pasla u To-
0 e pa3apoOIeHHOro 00pa3a B TUKHOMETPE).

O06beM mop, cooOIIAIIIUXCS MEXAY CO00i B MOPOJE U C OKpYXKarIIeH cpe-
JIOW, OLIEHUBAETCS KO3 P PuyueHmom omxpolmou nopucmocmu: ky ;

kn.o. = VK/VC’

rne: V, — o0bem mop, 3anojJHEHHbIX KepoCcHHOM. OTKphITas NOPUCTOCTh ONpeaes-
eTcst o memooy [lpeobpasicenckoeo TyTeM B3BEIIMBAHUS CYXHX U HACHIIICHHBIX Ke-
pOocHHOM 00pa3IoB MOPOJ C TOCISAYIONINM HaX0XIeHHEM 00beMa mapaduHUPOBAH-
HBIX 00Pa3I0B B3BEIIMBAHUEM HX B KEPOCHHE.

OTKpBITYIO TIOPUCTOCTH OLICHUBAIOT TaKKE U KO3 uyuenmom 3¢hghexmusHoti
nopucmocmu ki g,

kn.ad). = (VK - I/B.CB.)/I/C :kn.o.(1 - kBH)’
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rne: ky, — Koaguyuenm gooonacwiujenus, ONpeAesIoINN cofepKaHue CBSI3aHHOM
BOJIbl B €IMHULIE 00BbeMa 1op; V, ., — 00beM CBSA3aHHOM BOBI.

Koaddumuent r¢ddexTuBHON MOPUCTOCTH XapaKTEPHU3YET MOJE3HYI0 €MKOCTh
nopoAsl 171st HepTr wim raza. [Ipencrabiser co60it 00bEM OTKPBITHIX TTOP 33 UCKITIO-
qeHneM 00beMa, 3al0THEHHOTO (PU3NYECKU CBS3aHHOW M KaMWUISIPHO- YACpKaHHOU
T1acTOBOM BOOM. OT TOYHOCTH OMpeAesieHUs BeIWYMHBI k,, OyAeT 3aBHCETh CTe-

INICHb JOCTOBCPHOCTU BCIINYHHBI kn.a(b. Inpu FGOCI)I/IBI/I‘-ICCKI/IX HCCICAOBAHUAX.

Kosgppuyuenm ounamuyeckoti nopucmocmu k; ; ONpPEneNsroT C LEIbI0 yCTa-

HOBJICHHMS TOW 4acTH oObeMa IMOopoAbl IIpU 3aJaHHOM I'PaAUCHTC HABJICHHA, B KOTO-
pOﬁ MOXKCT Ha6JII-O,Z[aTLCH ABHKCHHC ) KMAKOCTH WJIU I'a3a.

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

rae Vj x; — 00beM a3 dextuBHbIX nop: V, —V, ., — o0beM mop, B KOTOPBIX OCTaJIC
KEPOCHH TIOCIIE €r0 BBITECHEHHUS M3 TIOPOJIBI BO3IyXOM MJIHM a30TOM. Benmmuuna k;

3aBUCHUT HE TOJILKO OT CBOMCTB IopoAbl, HO U OT BCIIMYHHBI ITPHUJIIOKCHHOT'O I'PAITUCH-
Ta JAaBJICHUA U BPCMCHHU BBITCCHCHUA KCPOCHUHA BO3AYXOM HUJIN a30TOM.

IIo YUCJICHHOMY 3HAYCHUIO KOC—)(i)(i)I/ILII/ICHTBI MMOPUCTOCTU, OIIPCACIICHHBIC Ha
OJHOM 06pa3ue, IHOJUHNHAIOTCA CJICI[YIOIHCﬁ 3aKOHOMCPHOCTH:

k.l' > kn.0.> kn.aq).> kn.a. )

[To mpOUCXOXKACHUIO TOPHI JENIATCS Ha HepeuuHvle, cHOpMHUpPOBABIINECS B
npolecce 00pa3oBaHUs TOPHOU MOPOJBI, U 6mMOpUUHbIe, KOTOPbIE BO3HUKIIM IOCIE
oOpa3zoBanus nopoAsl. [Ipumep moposa ¢ mepBUYHBIMU OPAMH — MECKH, TECYAHUKH,
[JIMHBl U BTOPUYHBIMH — TPEIIMHHBIEC, TPEIIMHHOKABEPHO3HBIE, TOJIOMHUTHI. BoJib-
IIMHCTBO (PU3NYECKUX CBOMCTB FOPHBIX MOPOJ 3aBUCAT OT MOPUCTOCTH, KOH(pUTYpa-
Uy WM Buaa nosioctei. Ilo ¢popme nepBuyHbIE MOPHI MOTYT OBITH POMOO3ApAb-
HBIMH y XOPOILIO OTCOPTHUPOBAHHBIX PBIXJIBIX M OKATAHHBIX IIECKOB, TE€Tpaj’apHye-
CKMMHU y CUJIBHO YIUIOTHEHHBIX IECKOB, ILEJIEBUAHBIMU Yy TJIMH, CIIOJ, rpapuTa U
IPYTrUX MHHEPAJIOB C IJIACTUHYATON CTPYKTYPOW, B BHJI€ KAHAJIIOB PACIIHUPSIOIICHCS
WIN cyXaroliencs GopMbl, B HEHAPYIIEHHBIX MarMaTHYECKUX MOpoJax — Iy3blpya-
TBIMU.

Bropuunsie mopsl MOTYT 0aTh TPEUIMHOBATHIMHU (XapaKTEPHO ISl CKaJIbHBIX
MeTaMOp(UIECKIX U MarMaTH4YEeCKUX MOPOJ), B BUJE KaBEpH (TUIICHI, KaApOOHATHBIE
pa3HOCTH), KaHAJIOB (JIECCHI), sTueeK (y U3BECTHSIKOBBIX M KPEMHUCTHIX Ty(OB).

B3anmonenicTBre TBEpAOM NOBEPXHOCTH € HACBIIIAOIIEN ITOPHI IIIACTOBOM BO-
JI0M TI0JI0KEHO B OCHOBY KJIACCHU(HUKALMU MOP 110 pa3MepaM:

Ceepxkanunnaphule — TUaMeTp dy, > 10* m (dgys — 9 dexTnBHBIN AHaMeTp —

TUaMeTp Kpyra ¢ IUIONIablo, PaBHOM IUTOIIAIM n3y4yaeMoil nopsl). [InactoBas Boaa B
ITUX MOpPaX MOXKET NEPEMEIIAThCS O IEUCTBUEM CUJIBI TSDKECTH, T.K. CUJIa afcopo-
UM ¢ TBepAoH ($a30il M KaNMIUISIPHBIE CUIIBI CPAaBHUTENIBHO HEeBeTUKU. CBEpXKamuJ-
JSIpHBIE TIOPBI XapaKTEpHBI ISl CIa0OCIEMEHTHPOBAHHBIX TaJeUYHUKOB, TpaBHS,



14

KpPYITHO-, CPEIHE3EPHUCTHIX MECKOB W JIp. B 30HaX BhllleNaunBaHusi KapOOHATHBIX
MOPOJ MOTYT TOCTUTaTh OOJIBIIUX Pa3MEPOB — KABEPHbI, KAPCTHI.
.10
Kanunnapunsie — nuamerp d,, > 107-10" m. Bona B aTnx mopax ynepxusaet-

Cs KamWJUIAPHBIMHU CUJIAMH, TPETSTCTBYIONIMMHU JIBIDKCHHIO BOJBI TIOJ JIEHCTBHEM
CWJIBI TSDKECTH. DTH TOPHI XapaKTePHBI I CIIEMEHTHPOBAHHBIX IMECYaHUKOB, 00JI0-
MOYHBIX M KPHCTAJUIMYECKUX HM3BECTHIKOB, MOJOMHUTOB. CBEpXKaNWIUISIPHBIC M Ka-
MWUISPHBIE TIOPBI SBISIOTCS OCHOBHON €MKOCTBIO TPAHYJISIPHBIX KOJUIEKTOPOB.
Cyoxanunnaphsle — TaMETp d,qg, = 2:(107...107) M. 31ech BeHKa GO BO-

JIbI, Ha KOTOPYIO JICUCTBYIOT aJCOPOLIMOHHBIE CHUJIBI CO CTOPOHBI MOBEPXHOCTH 3€pEH
nopo/ibl. [Topbl 3amoJIHEHBI PHIXJIO- U TPOYHOCBSA3AHHOM BOJOM, KOTOpas MpaKTHYe-
CKHM HE CIOCOOHA NepeMeniaThcsl HU B TOJI€ CUJIbI TSHKECTH, HU T0J] BIMSHUEM CHIT
MOBEPXHOCTHOTO HATSHKEHHS. DTHU MOPHI CBOMCTBEHHBI TJIMHAM U JIPYTUM TOHKO3€p-
HUCTBIM MOPOJIaM.
Muxkponopor — d_, < 2:10° ™ JlnaMeTp MUKPOIIOpP COU3MEPHUM C TOJIIUHOMN
‘ponop . : Y porop 1Y 101

CJI0s MPOYHOCBsI3aHHOM BoAbl. [lnacToBas Boja mpu Temrmeparypax, He MPEBbIIIA0-
mmx 340 K npaktudecku HenoJBH>KHA. MUKpPONOPHI ObLIIM YCTAaHOBJIEHBI Y HEKOTO-
PBIX IPUPOIHBIX [[EOJIUTOB.

2.2. OcHOBHBIE METO/bI OTIPe/IeJIeHUs] MOPUCTOCTH 00PA3LOB MOPOJ

XapakTep pacrpeaeneHus mop no pasMepam Ha3bIBalOT CTPYKTYPOl TOPOBOTO
npoctpanctBa. CTpyKTypy MOpPOBOTO MPOCTPAHCTBA TOPHOM MOPOJBI YaIle BCETO
U3y4aloT Ha NUIM(ax ¢ UCHOJIB30BAaHUEM ONTHUYECKUX MHUKPOCKOIMOB WM 3JIEKTPOH-
HOW MHUKpOocKonuu. OCOOEHHOCTh METO/OB 3aKJII0YaeTCsd B TOM, YTO HCCIEAOBAHUS
pacrpejiesieHds Mop MPOBOAAT Ha IJIOCKON MoBepXHOCTH. [loaromy 1iisi yctaHoBe-
HUSL XapakTepa paclpeselieHusl op U MpeACTaBIeHUs 00 M3MEHEHUU UX B 00beMe
HEO0OXOJAMMBbl MHOTOKpATHBIE HCCIEIOBAHUS Ha MapauieldbHBIX IUIOCKOCTAX. [lpu
U3YYEHUU CTPYKTYpBl MOP TPEIIMHOBATHIX U TPEHIMHOBATO-KABEPHO3HBIX MOPOJ
HamOoJIee MUPOKO MPUMEHSIETCS METO/I OKPAIIEHHBIX IUTHM(OB, npeioxeHHbii E.W.
barpuniieBoit, KoTopblii 6a3upyeTcs Ha UCIOJIb30BAHUU JIIOMUHOPOPOB, 000pYAOBa-
HUS, KOTOpO€ TEeHEpUpYyeT YIbTpapuOJIETOBbIE JTy4d, U HPUOOPOB PErUCTpALUU
YYaCTKOB TOBEPXHOCTH HCCIEIyeMON TMOPOAbI, MPOSIBISIOMHUX (PIyopeciieHTHOe
JICHCTBHE.

Haub6onee 3¢ hekTHBHBIMA KOCBEHHBIMUA METOJaMH UCCIEIOBAHUS CTPYKTYPHI
IIOPOBOTO MPOCTPAHCTBA B 00bEeME SABISAIOTCS Kanmmuisipabie. C TOMOIIBIO UX MPOU3-
BOJATCS pacdeThl pa3MepOB, OCYIIECTBISIOTCS M3MEpeHusi o0bemMa Mop, yCTaHABIIH-
BAETCS XapaKTep UX paclpeiesieHus: B 00beMe, ONpeAesaioTes o0beMHast (Kaxyrasi-
csl) IJIOTHOCTh U yJIeldbHasl MOBEPXHOCTh. K KammuIApHBIM METO/JaM HUCCIEeI0BAHUS
OTHOCSATCSI METOJ] PTYTHOM MOPOMETPHUH, KAUJUISIPHON MPOMUTKHU U MOTYIIPOHUIIAe-
MO MEMOpaHBI.

Memoo pmymmnoit nopomempuu OCHOBaH Ha CBOWCTBE PTYTHU MOJI IaBJICHUEM
MPOHUKAThH B MOPUCTHIM MaTepuai. Y YUTbIBas, YTO pa3Mep Mop oOpaTHO MPOIMOPIH-
OHAJICH MPUJIOKEHHOMY JIaBJICHUIO, a TAKXKE TO, YTO PTYTh MPAKTHYECKU HE CMayH-
BaeT OOJIBIIMHCTBO MHUHEPAIOB (KpaeBoi yroia @ OOBIYHO JIKHUT B JUAMA30HE OT
110° mo 160°, nyis kBapa ® =140°), tuameTp U 00BEM MTOP MOTYT OBITH HAMICHBI U3
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COOTHOIIEHUS] PAaBHOBECHOI'O JABJEHUS, NMPU KOTOPOM PTYTh MNPOHUKIA B TIOPHI
OTIpeNIeJICHHOTO TUaMeTpa, U 00beMa MPOHUKIIEH pTyTH. JMamMeTp mop BHIYUCISIOT B
COOTBETCTBUM C YpaBHEHUEM Y alliOepHa:

D:4ycos®,
P

rae P — nanenue, [la; y — moBepxHOCcTHOe HaTshbKkeHue, H/M; ® — kpaeBoi yrou,
D — nnametp nop, M.

JnanazoH wW3y4aeMbIX MOp MpU padboOTe€ 3TUM METOJOM pacIIMpAETCS 10
(0,001...1000)-10° M. Takum 06pa3oM, H3ydarOTCs TAPAMETPBI CBEPXKAIHILISAPHBIX U
CyOKanmuUISIpHBIX 1Op. B coBpeMeHHBIX MprOopax Bce U3MEPEHHsI C PTYTHBIM MOPO-
METPOM aBTOMATHU3UPOBAHBI, BKJIOUAs W BBIYHMCIICHHUS XapaKTEPUCTHK pacrlpejese-
HUS IIOP B MOPOJIE.

K HemocTaTkam 3TOro METoJa MOKHO OTHECTH ClIa0yr0 M3yYEHHOCTh 3aBUCH-
MOCTH KpaeBoro yria ® OT BIaXHOCTH M JINTOJIOTMHU IOPOJ B LIEJIOM, a TaKXKe He-
BO3MO>KHOCTb MCIIOJIb30BaHMsI 00pa3LioB I MOCIEAYIOIUX UCCIIET0BaHUM.

N3mepenre NOBEPXHOCTHU II03BOJIAECT MPOBEPATh CTENEHb XUMUYECKOTO B3aU-
MOJIEHCTBUSL MEXy MOPOJOH U Ia30M WM KUAKOCTHIO U SBJISIETCS OCHOBHBIM (pak-
TOPOM KOHTPOJIS BO MHOTHX IPOMBIIIJIEHHBIX MPOLEccax. 3HAYCHHUE yIEIbHOM II0-
BEPXHOCTH I103BOJIICT, HAIpUMEp, KOHTPOJIMPOBATH CrOPAEMOCTH YIJIEH, CTEIICHb
pPacTBOPSIEMOCTH MTOPOJIbI (MUHEpasa) B )KUJIKOCTH U JIP.

Memoo nonynponuyaemoil memopanpl BKIOYAET HACBIIICHHE BOJION HcCIe-
JyeMoro oOpasiia rOpHOHM MOpOAbI, YCTAHOBKY €ro Ha BOJIOHACHIIICHHYIO HCKYC-
CTBEHHYIO MeMOpaHy ¢ pazmepoM rop 2-10° M u BeITecHeHHeM Bojbl a3otoM. CTpo-
AT 3aBUCUMOCTb BEJIMYHMHBI BOJOHACBIIIEHHOCTH 00pa3la OT BEJIMYMHbI KallWJUISIPHO-
ro gaBiaeHus. DPGEKTUBHBIE TUAMETPHI MOP HAXOIAT MyTEM BBIUHUCICHHI, a MO HU3-
MEHEHHUIO BOJIOHACBHIIIEHHOCTH BBIYUCISIOT OTHOCUTEIBHOE COAEPKAHNUE ITUX IOp B
o0Beme uccaeayemMoro oopasua nopojibl. Pe3ynbraTel BBIYMCIEHUH NPECTABIAIOT B
BUJE rpaduka pacrpeneneHus mop B odpasue 1no ux pazmepam. M3 ycnosus abco-
JIOTHOM CMAauMBAaEMOCTH BOJOM KBapLEBOI'O KallMJUIIpa KPacBOM yroia CMayMBaHMUS
IIPUHUMAIOT PaBHBIM HYJIIO, & BEJIUYMHY ITOBEPXHOCTHOI'O HATSKEHUS NMPUHUMAIOT
PAaBHOM BEIMYMHE, COOTBETCTBYIOLICH MUl I'PAaHHUIl pa3jerna BOJBI C BO3LYXOM IIpU
TaHHOM Temneparype. HegocraTrkoMm 3TOro mMertona sIBJISETCS TO, YTO JUIMTEIbHOCTH
OJIHOTO OTIbITA MPH UCCIIeOBaHUM 00pa3ia gocturaet 30 CyTok, B TO BpeMs Kak Me-
TOJ PTYTHOW MOPOMETPUU 3aHUMAET BCETO HECKOJIBKO YaCOB.

Memoo kanunnapuoil nponumku COCTOUT B CMAYMBAHUU JIFOMUHECLMPYIO-
e B YO cBeTe )KHUIKOCTBIO, KOTOPAasi O BO3JEUCTBUEM KANWJUIAPHBIX CHJI BIIU-
ThIBaeTCs 00pa3noM moponabl. M3MeHeHne OKpacku BEpXHEro Topia olpasua moj
BJIMSTHUEM BIIUTBHIBAIOMICHCS >KHJIKOCTH HAOMIONAIOT C MOMOUIBI0 aBTOMAaTHYECKOU
(doToOMEeTpUYECKON YCTAaHOBKU. DTOT METOJ] MOKa HE MMEET IIMPOKOTO PacrpocTpa-
HEHUS.
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2.3. IlopucToCTh 0CAIOYHBIX MOPOJ

[TopucTocTh 0CaOUHBIX MOPOJ] U3MEHSETCS B IIMPOKUX Mpe/iesiax U ee 3Haue-
HUE, HallpuMep, I 00JOMOYHBIX, KApOOHATHBIX U TIMHUCTBIX MOPOJT ONPEACIIIECTCS
MHOTUMH (haKTOpaMu: COAEP’KaHUEM TIMHUCTBIX MUHEPAJIOB, TIIyOMHOW 3ajeraHus,
BO3pAcTOM MOPOJ U TemmnepaTypoil. Tak, JUisl CllaHLIeB CPEHsIsl TOPUCTOCTh COCTAB-
asiet 8 %, u3BecTHSAKOB — (5...10) %, necuanukoB — 15 %. CunbHasi 3aBUCUMOCTD
MOPUCTOCTU HAOIIOAACTCS TPH YBEIMYCHUH TIyOWHBI 3aJIeTaHUsS TOPHOW TTOPOIBI.
XOopoI1o BUIHO, YTO C YBEIIMYEHUEM TITyOWHBI OTKPHITAsi TIOPUCTOCTh YMEHBIIASTCSI.
VY CTaHOBJIEHO, YTO MOPUCTOCTh YMEHBIIIACTCS, TJITABHBIM 00pa3oM B pe3yJbTaTe He-
oOpaTtuMbIX AedopMalvii, B CBSI3U, C YeM U3MEHEHHUS €€ MOXKHO HaOJ0/1aTh, U3ydast
KEPHBI TIOPO/I, U3BJICUEHHBIE C PA3IMYHBIX TITyOHH.

[TnoTHOCTH TOPOO00OPA3YIONTNX MUHEPATIOB C TIIYOHMHOW Majio M3MEHSETCSI, a
MO3TOMY HU3MEHEHHE 00beMa MOPOJbl MOKET MPOUCXOAUTHh TOJBKO 332 CUET YMEHb-
HIEHUS] TTIOPOBOT0 MPOCTPAHCTBA. B 0CafioyHBIX MOPUCTHIX MOPOAAX B TEUCHUE JIJTU-
TEJILHOTO BPEMEHU MX CYHIECTBOBAHUS Ha OOJIbIIUX TIIyOMHAX HeoOpaTUMbIe Aedop-
MallMy MOJAOOHBI IJIACTUYECKUM, MPU KOTOPBIX HAONIOAAETCs pelakcalus KacaTelb-
HBIX HaIpsOKEHUH, U BCE TJaBHbIE HOPMaJbHbIE HANPSIKEHUS OKa3bIBAIOTCS PaBHBI
Mexay coboil. C 1enbio onpeieseHus: 3aKOHOMEPHOCTH YIJIOTHEHUSI OCAI0YHBIX T10-
POl BBOOUTCS KO3PPHUIIMEHT HEOOPATUMOTO YIUIOTHEHUS IOpOo [3; , BEIMUMHA KOTO-

pOro 3aBUCHUT HE TOJBKO OT CTPYKTYpPbl NOPOABI U JIMTOJOTMH, HO U OT BPEMEHH
YIUIOTHEHUs Ocajika ¢ W ero temmeparypsl 7. Jpyrumu cioBamu, [3; 3aBUCHUT OT

KOHKPETHBIX I'€0JOIMYeCKHX ycioBUU. Tak KoA(pPUUUEHT HeoOpaTUMOIo YIUIOTHE-
HUS IOPOJIBI JUTS TIIMHKUCTBIX MOPOJ] B CpeaHeM cocTasiser 33107 MIIa™, ms mec-
uaHukoB — 16,4-10° MITa"' B uuTepBane riy6us 3aneranns 1500...2500 M.

CnenyeT OTMETUTH, YTO KOIPPHUIIMEHT HEOOPATUMOTO YIJIOTHEHHSI 3aBHCUT
TaK)K€ U OT THUIA MOPOJ: HauOoJIblIee 3HAYCHHE y TJIMHUCTBIX MOPOJA M Meprenei,
HauMEHbIlIee — y KBapIeBbIX MECUYaHWKOB M YIUIOTHEHHBIX M3BECTHAKOB. HecMoTps
Ha JINTOJIOTUYECKOE pa3inyure MOopoJl, IepBUYHAS MOPUCTOCTh MOPOJ HEOOPATUMO U
3aKOHOMEPHO yMeHbIaeTcs ¢ riayouHoi. [lpu stom J{ u3MeHseTcss HEe3HAYUTENBHO —
ot 16,3:107 110 48-10” MITa ™.

JUis IPOrHO3HOM OLEHKU MOPUCTOCTH Ha TNyOMHAX, KOTOpbIE HE BCKPBITHI
CKBAKMHAMHU, I0JIb30BAaThCsl JAHHOW 3aKOHOMEPHOCTBIO HEXEJATelIbHO, T.K. M3-32
0011b1I0TO pa30poca 3HAUEHUI MOPUCTOCTH HAa OJHOM U TOM K€ INIyOMHE CYIIECTBEH-
HO CHMKAeTCsl JOCTOBEPHOCTh SKCTPANOJsLUKM 3HaueHui. [IpornosupoBanue nopu-
CTOCTH aJIEBPUTOBBIX MOPOJ 3aTPYIAHAETCS TAKXKE U TEM, UYTO NMPAKTUYECKU HEMPE-
CKa3yeMbIM SIBJICHUEM SIBJISIIOTCS TJIMHUCTOCTh M BTOPUYHBIE U3MEHEHHUS MOPOBOTO
IPOCTPAHCTBA.

CBsi3p MEXly HHTEHCUBHOCTHIO YIUIOTHEHHS aJIeBPUTOBBIX MOPOJ U TeMIIepa-
TypOH C y4€TOM HIMPOKOIO BO3PACTHOTO JMAINA30HA MPOSIBISIETCS YETKO, B CIIydae
COTOCTaBICHUA KO3(()UIMEHTOB HEOOPAaTUMOrO YIUIOTHEHHUS AN 3THX MOPOJ CO
3HAYEHWEM F€OMETPUYECKOIO IPAIUEHTA B KaXKIOM paiioHe.
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2.4. IlopucTrocTh MArMaTH4YeCKUX M MeTaMOPQUYECKHX OPO/

N3 Tabn.3. BUAHO, YTO KBapLIEBBIA MECOK, SABJISIIOUIUICS MEPBUYHBIM OCAKOM,
0 Mepe YIUIOTHEHMs MpEBpalllaeTcs B MECYAHUK — OCAJOYHYI0 MOPOAY, a 3aTeM B
KBapLUT — MeTaMopPuueckyto. COOTBETCTBEHHO TJIMHUCTBIN W1, SIBISIOIMIUICS TaKXKe
NEePBUYHBIM OCAJKOM, CHayasa MpeBpallaeTcs B IIUHY U apTUJUIAT — OCaJ04YHYIO T0-
pojy, U Jlajee B TJIMHUCTBIN ClIaHel] — MeTaMop(prUecKyto Mopoay.

B meramopduueckux moponax oTMe4aeTcs HM3Kas MOPUCTOCTb, CIIaHIIEBa-
TOCTb, MOTEPSI OOJBIIOrO KOJIMYECTBA MEXKCIOCBOW M KPUCTAITM3ALMOHHON BOJBI.
BonpmuHcTBO MeTamopduueckux mopoa 00JadaroT HU3KOM MEPBHUYHON MOPHUCTO-
cThio. O0Ias MOPUCTOCTh ATUX MOPOJ YBEIUUMBACTCS MPU BBIXOJE UX HA MOBEPX-
HOCTb 32 CUET Pa3BUTHUS MPOILIECCOB BTOPUYHOTO MOpoodpazoBanusi. Haubomee Brico-
Kas MOPHUCTOCTh HAOIIOJaeTCsl B MOPOJAAX, COAEPKAIIMX KapOOHATHbIE MUHEPAIIbI —
CaCO3, MgCO03 u ap.

Bo3zaeiictBue GuiIbTpyOMUMUCS THAPOTEPMATIBLHBIMU BOJIAaMU CO3/Ial0T YCJIO-
BUS JJIs1 00pa30BaHuUsl BEICOKOTIOPUCTHIX pazHOCTeW MeTamopduyeckux nopoa. Kpo-
M€ 3TOT0, MOJ BJIMSHUEM TEKTOHHYECKUX IBUKEHUN MeTaMOpPPUUYECKUE IMOPOIbI
IpPUOOPETAIOT TPEIIMHOBATOCTb, YTO HAPSIy C BHICOKOM MOPUCTOCTHIO CO3AAET yCIo-
BUS ISl aKTUBHOI'O MUHEPAJIBLHOTO MAacCOlepeHoca B TOJIIE MeTaMOop(hUUecKuX Mo-
poJI, BeayIlero K 00pa3oBaHUIO HOBBIX MUHEPAJIOB U CKOIUICHHUM MOJE3HBIX MCKOIa-
eMBIX.

Kak u3BecTHO B pe3ynbTare OCTHIBAHUS U 3aTBEP/IEBAHUS MarMbl WK MPUPO-
HBIX CUJIMKATHBIX PACIUIaBOB, BOSHUKAIOUINX B TITyOMHHBIX 30HAX 3€MHOM KOpPBI, 00-
pa3yroTcsi MarMatudeckue mopoisl. OCThIBaHME Marmbl Ha TIyOWHE MPOUCXOIMT
MeJJIEHHEE, a MO3TOMY HHTPY3UBHBIE TIOPOJIbI 00J1a/1al0T XOPOIIO BHIPAKEHHON KpH-
CTAJTMYECKON CTpYKTypoi. M3-3a HEOONbLIIOT0 BpEeMEHHU OCThIBaHMS 3(PQy3UBHBIC
OpoAbl B OCHOBHOM COJIepKaT KPUCTAJUIbl B BUJE€ MUKPOJIUTOB, aMOp(HOE ByJIKa-
HUYECKOE CTEKJIO, & TAK)KE BYJIKAHUYECKHUE TY(BbI.

[IponomkuTensHOE HAX0XKACHUE MOPOJI Ha MOBEPXHOCTU 3EMJIM U CBSI3AHHBIE C
ATUM MPOLECCHl BHIBETPUBAHUS ONPEACNIAIOT UX MOPUCTOCTh. Y CTAHOBIIEHO, YTO 00-
11asi MOPUCTOCTh yJIBTPAOCHOBHBIX MOPOJI (IYHUT, MEPUIOTUT, MUPOKCEH, CEPIICHTH-
HUT) U OCHOBHBIX (Trab0po, PKJIOTUT, JIAOPaTOPUT, aHOPTO3UT) UHTPY3UBHBIX TOPOJT
He mpeBblmaet 2%, cpeHuX (IMOPUT, CUEHHUT) U KUCHBIX (TpaHUT, aisickut) — 3%.
JlJis MHTPY3UBHBIX MOPOJ XapaKTepHa B I1eJIOM HU3Kas 00I1asi TOPUCTOCTh, @ OTKPHI-
Tas, KaK MpaBUJIO, BEChbMa MaJla WJIK OTCYTCTBYET BOOOIIIE, PU 3TOM MOPHI ¢1ado Cco-
00IIat0TCSI MEXKTY COOO.

bazanbTel, qnabassl (ocHOBHBIE) U TopGupHT (cpeanue 3¢ ¢y3uBHbBIE TOPOIbI)
UMEIOT HEOOJIBIIYIO MEPBUYHYIO MOPUCTOCTh, HE NpeBblmaronyro 3%. OmHako mo-
PUCTOCTh 3TUX MOpoJ MoxeT gocturatb 20-40% B CBSI3M ¢ Pa3BUTHEM IPOLIECCOB
BBIBETPUBAHUSI.

Tydsl 3aHUMAIOT MPOMEXKYTOUHOE MOJOKEHHUE MEXKAY OCaTOUYHbIMU U 3D Dy-
3UBHBIMH TOpPOJIaMHU, UX O0OIasi MepBUYHAS MOPUCTOCTH MOMKET COCTABIISTH
(40-60)% u MeTh 3HAYUTEIBHYIO OTKPBITYIO TOPUCTOCTb.

XKenezucro-mMarHeTUTOBAasI, CKApHOBAsI, MOJMMETAITINYECKAs U MeAHasi PyAbl,
00pa3oBaBIIKeCs U3 MarMaTHYEeCKUX MOPOJI, UMEIOT MEPBUYHYIO OOIIYIO0 OPUCTOCTD
10 5%, a o0111ast MOPUCTOCTH BEIBETPEHHBIX Pa3HOCTEH 3TUX ke mopo — 20%.
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Ta0Omuma 3

[Tpenensl n3MeHEHUs OO MOPUCTOCTH U TUIOTHOCTH CYyXUX 00pa3ioB
nepBuuHbIX ocaakoB (I10), ocagounsix (O),
Metamopduaeckux (M) mopoj 1 HEKOTOPBIX Py

Tun noponx [IepBuyHBIN OCaIOK O6mias mopu- | IlnoTHOCTH
WX 1IOpOJa TOCTb, k; p;-10° xr/nme’
[Tecuanwie |Ilecok (ITO) u (O) 4-50 1,3-2,2
[Tecuanuk (O) 0,5-40 1,3-3,6
KBapuut (M) u »kene3ucTslii KBap- 0,2-20 2,2-4.4
I'muaucteie | ['munucteiit un (I10) 50-60 0,8-1,8
I'muna (ITO) u (O) 4-75 1,2-3,18
Aprummut (O) 1-30 1,6-3,35
Oumut(M) 0,5-0,6 2,4-2,76
Cnanern rnmuauctoiid (M) 1-25 1,3-3,2
N3Bectko- | M3BecTkoBsiit mi (I10) 65-87 —
Men (O) 10-55 1,85-2,6
PP issecrusx(0) 0,5-48 1,3-3,5
Mpamop (M) 0,1-2,2 2,3-3,0
Pynbl boxkcur 0-44 1,3-3,4
Kene3ucrtelii nareput 29-56 —
Maptut u Oypblii )KeJe3HIK 0,2-28 3,8-4,3
Vran KamMeHnHsbIii yroiib 3-12 1,2-1,35
AHTpauut 1-2 1,4-1,8

2.5. IlopucTocTh NPUPOJHBIX YIJIei

VYToap NPOXOAUT CHOKHBINA MyTh Pa3BUTHs, 0OOYCIOBIMBAKOIINI €r0 XUMHYE-
CKYIO CTPYKTYpY, MUKPOIIOPHCTOCTh U COPOLIMOHHBIE CBOWCTBa. B pe3ynbrare peru-
OHAJIBHBIX U3MEHEHMI B YTOJIBHBIX IUIACTAX Pa3BUBAlIach TPEIIMHOBATOCTh, CBS3aH-
Hasl ¢ U3BMEHEHUAMU KOJUIOUAHOU CTPYKTYPBI U C TEKTOHUYECKUMHU JIBHYKCHUSIMU.

[TycTOoTBI, KOTOpPBIE BCTPEUYAIOTCS B YIVIAX, C TOUKH 3pEHUS TeHe3nca u Mopgo-
JIOTUM JIEJATCS. Ha TPELUHBI U CTEPEONOpbl, 00pa3yeMble KpUCTALIMTaMU U MULIET-
JaMHu.

B ocHoBy wiaccuukanuy nop mojaoXeHO pa3Iudue B BUAAX JABMIKCHMS rasa
yepes MOphl B 3aBUCHMOCTH OT UX Pa3MEpOB.

Tops! nuamerpom Meree 10” M Ha3BaHBI MONEKYIIAPHBIME, T.K. HX Pa3Mep CO-
U3MEPHUM C JUAMETPOM MOJIEKYJ I'a30B, HACHIIAIOIINX YIJIH.
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ops! ¢ nuamerpom ot 107 1o 10™° M Ha3BaHsl MuKponopamu. [lepeHoc rasa
B TaKUX MOpax OCYLIECTBISETCA MyTEM MOBEPXHOCTHOM JByMepHOU nuddy3uun. Itu
MOPbI aBTOPHI HA3BIBAIOT TaKke (HOIBLMEPOBCKMMHU (Ha3BaHbl B uecTb Makca dosb-
Mepa).

ops! ¢ guamerpoM ot 10 10 107M Ha3bIBAIOT KHYACEHOBCKUMH (II0 HMECHH
Knyncena). ITo onpenenenuto A.Jl. AnekceeBa (1981) atu mopbl BBIICTSIOTCS B OCO-
Oyro Tpymmy, TaKk Kak XapaKTepHbI pa3Mep MOp CpaBHUM C JJIUHOM CBOOOJHOIO
mpoOera MOJIEKYJl afacopOupyeMoro rasa. J[Br>kKeHHe Ta3a B 3THUX IMOpPaxX SBISIETCS
MOJIEKYJISIPHBIM TEUECHUEM.

ops! ¢ guamerpoM oT 107 10 10° M OTHOCAT K Kiaccy GPOYHOBCKHX (T10
uMmenu Pobepra bpoyHa).

Tops! ¢ pasmepamu 10°-10” M Ha3BIBAIOT CYyOMaKPONOPAMH MM Mya3eiiieB-
CKHMMHM (T€UEHHUE ra3a B 3TUX 0pax ONUChIBaeTCs ypaBHeHUEM llyaiizens).

MakponopaMu Ha3bIBAIOT IOPHI ¢ pa3mepoM Goiee 107 m.

OO6mumit 00BeM MOp B UCKOIMAEMBIX YIUISIX pa3HOW cTaauu Meramopdusma Ko-
nebnercs B mmpokux mpenenax: or 0,058 10 0,176 m’/T. BHYTpeHHSS TOBEPXHOCTh
mop A yrell pa3HBIX MapoK pasiMuHa W coctaBuser ot  4-107  jo
2-10° M*/1.

Mukponopsl, COU3MEPUMBIE ¢ MEKMOJIEKYISIPHBIMUA PACCTOSHUSIMHU, SIBIISIOTCS
OTJIMYHBIMU COPOCHTAMU U OTPEACISIIOT B CBSI3U C ATUM BO3MOXKHBIE 3amachl raza B
kaMeHHOM yriie. ITopsl pasmepom Gonee 107 M M TpelMHE 06pa3yioT B yIie CHCTe-
My ¢uibTpyromero oobema. OAHAKO B LIETIOM TPEUIMHOBATOCTh B OOJBIION CTEIEHU
onpeaenseT MPOYHOCTHBIE CBOWCTBA YIS, €r0 YCTOMYMBOCTh K TOPHOMY JIaBJICHUIO.
Yrto kacaeTcs mop, TO B yCIOBHUSIX 00BEMHOI0O CxxaTHsl, Omarogaps cBoeil opme, OHH
SIBJISIFOTCSl YCTOMYUBBIMH B OTHOILICHUM JIEHCTBUSI BHEITHUX CHUJI,  TPEIIUHBI — IJIOC-
KOCTSIMH OCJIA0JIEHUS YIJIsl, 10 KOTOPBIM MPOUCXOIAT €ro pa3pylIeHUue IpH U3MeEHe-
HUSX HAPsDKEHHOTO COCTOSTHUS TlacTa.

['eomeTpusi cucteM TpeuH MOXET ObITh Pa3IMYHOM, OJHAKO MPH pacyeTax,
HaIrpuMep, MPOHUIIAEMOCTH YIJIEH MPUHUMAETCS CIEIYIOIIee YyCIOBUE: OHA CUCTeE-
Ma TOPU30OHTAJILHBIX TPEIUH, IBE BEPTUKAIbHBIC B3aMMHO MEPICHIUKYISIPHBIE CH-
CTEMBbI TPEIIUH, TPH B3aUMHO MEPHEHANKYJISPHBIE CUCTEMbI TPEIIUH U Xa0TUYECKas
TPEIIMHOBATOCTh. B yrisix yvaiie Bcero HaOMI0JaeTCsl BTOpasi U Y€TBEPTasi CUCTEMBI.

VYriu HeHapylmeHHOM CTPYKTYphl MPEICTaBISAIOT COOOM MOHOAMCHEPCHBIN
THII, XapaKTEPU3YIOLUICS MPEUMYIIECTBEHHBIM COACPKAHUEM MHUKPOIIOP, IPU ITOM
coJiep)KaHue MePEeXOHbIX Mop coctaBisieT okoyo (30-40)%. YV takux yrieil Ha Kpu-
BOI1 pacmpeneneHus mop mno pa3MepaMm BUACH OJUH MAaKCUMYyM B 00JIaCTH MUKPOTIOP.
B yrnsx HapyieHHOW CTPYKTYphl YBETHYEH 00beM CyOMaKkpoIop Mpu TOM ke 00be-
M€ MHUKpOIIOp U nepexoHbix nop. ComepxaHue NepexoqHbIX NOP YMEHBIIAETCS 10
8-20%. Ha xpuBo#i pactpeneneHus nop no pazMepam NosiBISETCS BTOPOM MaKCUMyM
B 00JacTu cyOMaKporop, XapakTepu3ymoluil CTpYKTypy Kak OumaucnepchHyro. [1pu-
MEpPOM TakKOW CTPYKTYpPbl MOTYT CIY>KUTb NEPEMSThIE YIJIM U3 TUIacTOB JlOHEIKoro
Oacceiina.

PaccmarpuBasi Bonpoc 00 M3MEHEHHM Ta30€MKOCTH, KOTOpas OmpeaesseTcs
COpOIIMOHHBIM OOBEMOM YTJIs, B 3aBUCUMOCTH OT CTaauu MeTamopdusma, ciemayer
NPUHUMATh Ha KPUBOM pacripeielieHus! IOp MUHUMYM B O0OJIaCTH yTrieill cpeaHuX Ma-
POK, a uccienysl ra3ornpoHUIIAEMOCTh YIS, 3aBUCSIINYIO OT (DUIBTPAIMOHHOTO 00be-



20

Ma, — KpUBYIO pacrpeesICHHsI IO 0 pa3MepaM ¢ MAKCHMYMOM B TOH k€ 00JIacTH.
3. IJIOTHOCTbB I'OPHBIX TIOPO/J
3.1. OcHOBHbBIE MapaMeTPbl MATMATHYECKUX U MeTAMOP(PUUECKHX MOPOJ

[110THOCTD ABNIACTCS OJMHUM W3 BAKHEUITNX CBOWCTB MHHEPAJIOB M TOPHBIX
MOpO/JI, XapaKTEePU3YIOIINX COOTHOIICHHE MEXTy Maccoil u oobemom. CoriacHo co-
BPEMEHHBIM TIPEACTABICHUEM, TUIOTHOCTHIO HA3BIBACTCS Macca m €IWHUIBI 00beMa
V' BemiecTBa, T.€. OTHOIIEHHE MAacChl OTHOPOAHOIO BEIIECTBA K €ro 00beMy IpH J1aB-
nennu 1,0-10° ITa u Temmeparype 293 K.

po=mfV . (3.1)

B Mexnynapoanoi cucreme equuui] CU miIoTHOCTh U3MEPSIETCS B KF/M3, WA
B IpaMMax Ha KyOW4eCKUN CAHTUMETP — r/em .

O6beM, 3aHUMaeMbIil TOPOAOH V, MOXKET COCTOsITh U3 00BbemMa TBepaoi (pa3bl
V.,u nop V.. Teepaas (aza ciaraercss U3 pa3iUyHbIX MHUHEPAIOB, a IOPbl MOTYT

ObITh 3amojHeHbl Bogo V,u razom V.. II10THOCTH Takoil mopoxasl B 00LIEM BHE
HAXOJAT 10 hopMyIie

pH:pTB'VTB/V+pB'VB/V+pr'Vr/V9 (32)

TI€ Pgs» Ps» Pz — MIOTHOCTH COOTBETCTBEHHO TBEPJOM, KUAKOW U Tra3oBoi da3. C
y4eToM Ko3((UIMEHTOB BOJOHACHIIEHHOCTH k; U Ta30HACBILIEHHOCTU kj ILIOT-
HOCTb MO>KHO OIPEIEINUTh CIEAYIOIINM 00pa3omM

pn:(l_kn)pTB+kn'(kBpB+krpr)9 (33)

W13 ypaBHeHus (3.3) BUAHO, YTO INIOTHOCTh TOPHBIX MOPOJ CYIIECTBEHHO 3aBH-
CUT OT Kod(pduuueHTa oOme nmopuctoctu. s OOJBIIMHCTBA MOPOJ MarMaTHye-
CKUX M MeTaMOp(pUYECKUX C NEepBUYHON mopuctocTero oT 0 10 (2...5)% BenuuuHa
IUIOTHOCTH OYZAET ONpPENesAThCA INIaBHBIM 00Pa30M IUIOTHOCTBIO MUHEPAIBHOTO CO-
ctaBa. Orcroza cnenyer, uro npu k;, — 0 p,— Py

JUI1 BOJOHACBILIEHHBIX MOPOA B ypaBHEHUU (4.3) MOXHO HpHUHATH k,= 1,
k.= 0, Torna

Pn :(l_kﬂ)pTB +kan’ (34)

s cyxux o6pasuoB nopox p;=0wu p;=0, Torna

pH:(l_kH)pTB’ (35)
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B ¢opwmyne (3.5) npunumaercs ponyuieHue, 4yto p; = 0. OgHako M3BECTHO,

9YTO TLIOTHOCTH BO3JYyXa IIPH HOPMAJIGHBIX YCIOBHAX paBHa 1,2 kr/m’, Metana — 0,7
Kr/M°, eHTaHa — 3,17 kr/m’. TIocKONBbKY HPHPOJIHEIH Ta3 NMPeICTaBIAET CMECh YIile-
BOJOPOJIOB, TO IUNIOTHOCTh PEAJIBHOr0 raza B nopoaax OJIM3Ka K IUIOTHOCTH BO3/ayXa.
OpHako B MaccHBax TFOPHBIX MOPOJ MPU MOBBIIIEHHBIX JABICHUSIX MJIOTHOCTH rasza
pe3ko Bo3pactaet (10 300 Kr/M ) B CBsI3U C BBICOKOM CKMMaeMOCThiO. [1oaToMy momb-
30BaThCs BhIpaKeHHEM (3.5) MOKHO B Ciydasx, KOT/Ia HET He0OOXOAMMOCTH B OIpe-
JIEJIEHUU TTIOTHOCTH C BBICOKOM TOYHOCTBIO.

Uto Kacaercs MIOTHOCTH NPUPOIHBIX IUIACTOBBIX BOJ, TO BEIMYMHA €€ U3MeE-
HSIETCS B 3aBHCUMOCTH OT COJCPIKAHHS PACTBOPEHHBIX coieil B mpexenax ot 1,0-10°
(mpecHbie Bozbl) 10 1,24-10° kr/m’ (LU MOTHOM HACHIIIECHUH COJISIMH).

BonabmmHCTBO MOpPO1000pa3yOMIUX MHUHEPAIOB HMEIOT HOHHYIO WM KOBa-
JIEHTHYI0O XHUMHYECKYI0 CBSI3b M XapaKTEpU3YIOTCS CPEIHEW IUIOTHOCTBIO OT
2,2-103 hi (o} 3,5-103 kr/». TIIOTHOCTE MUHEPAJTIOB OIPEEIICTCI OTHOCUTEIBbHOU
aTOMHOM Maccod COCTABJISIIOIIMX 3JEMEHTOB U CTPOCHHUEM 3JIEKTPOHHBIX 000JI0YEK
aTOMOB, OOYCJIOBIMBAIOIIUX KPUCTAIIOTpapuUIecKie OCOOEHHOCTH CTPYKTYpPhl MH-
HepanoB. IIIOTHOCTh GONBIIMHCTBA PYAHBIX MHHEpanoB (3,5:10°...7,5)-10° xkr/m’.
Ot MuHepanbl 007aJal0T KOBAJIEHTHO-METAUIMYECKOW CBA3BI0 WM HMOHHO-
MeTaTMYecKor. J[Js1 caMOpOIHBIX METAIOB, MMEIOIIUX METANTUYECKYI0 (Qopmy
CBsI3H, IIOTHOCTH fgocturaer 18,3-10° kr/m (y 30mota). Takue MUHEpambl, KaK rpa-
¢buTt, cepa, OOJIBIIMHCTBO CHJIMKATHBIX MHUHEPAJIOB U XJIOPUAOB (TalHUT, CHIIbBHUH),
MMEIOT MAIYIO IJIOTHOCTb, T.K. 3TH MUHEPAJIBI COCTOAT U3 JIEMEHTOB C MAJIOM OTHO-
CUTENbHOM Maccou. MuHepanbl AENATCS Ha TSKENbIE C P> 4-10° xr/v’, CpenHen

MJIOTHOCTH pO=(2,5...4,O)-103 KI/M’ ¥ MaJIoil IIIOTHOCTH C p0<2,5'103 kr/M’. OKOJIO

53% Bcex MHHEpalIOB UMEIOT CPEOHIOK IUIOTHOCTbh, 34% — OTHOCSATCS MUHEpAJb
HanOoJiee TIOTHBIE.

[110THOCTH OCaJOYHBIX TOPOJA B €CTECTBEHHOM 3ajJleTaHWU 3aBUCUT KaK OT
MJIOTHOCTHU TBEPOM (a3bl U MOPUCTOCTH, TaK U OT TUIOTHOCTH HACBHIIAIOIMIUX (PIIFOU-
0B U ux cooTHomieHusi. Kak yxke ckazaHo BbIlIe, TUIOTHOCTH (piironaoB (Ta3, Boja
WM pyTas KUJKOCTb, HallpuMep HedTh) ONpeaessieTcs UX COCTaBOM U MHHEpalu-
3anuedt Boabl. B mabopaTopHBIX YCIOBUSX OOBIYHO ONPEAEISIOT IJIOTHOCTh CYXHUX
o0pa3IoB METOJOM THUIPOCTATHUYECKOro B3BemMBaHHUs. lcrmons3ys ypaBHEHUs
(3.2)-(3.4), mpou3BOJAT MepecyeT Ha KOHKPETHBIE IIACTOBBIE yCiOBUs. [IMOTHOCTH
CYXHUX IOPOJ 3aBUCUT OT IJIOTHOCTH MHHEPAJIBHOTO CKEJIEeTa M OOILIel MOPUCTOCTH
(3.4). IlTOTHOCTh MUHEPAIBHOTO CKEJIETA MPU HAJIMYMU COCTaBAa MUHEPAJIOB, BXOJS B
NOPOAY, PACCUATHIBAIOT 110 ypaBHEHUIO (3.5).

Jlyist pacyeTa ¥ ONMCcaHus MIIOTHOCTU MOPOJ HA Pa3IMUHBIX TTyOMHAX 3ajera-
HUS 1 MOXHO T0JIb30BaThes hopmynon MJI. Ozepckoit

Pu.c. :pT.B.l_l_k(H)hZO CXp(— 0945h)J' (36)

OcobeHHOCTH YIUIOTHCHUA IIOPOA PA3HOI'0 JIMTOJIOTHUYCCKOI'O COCTaBad, HAXO-
AU XCA B pa3HbIX YCIIOBUAX OCAIKOHAKOINICHHA, PACCYUTHIBAIOT C YUCTOM Hozx60pa
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kodpuumenTa k), =0.

OcatouHble TOPOBI U CyXUE OCAAKH IO IVIOTHOCTH JEJIAT Ha 5 TpyI:

1 — BbICOKOMOpHMCTBIE WIBI, MeN, Tpenen, Typsl, Topd u yrim,
P o =(05...1,5)10° kr/m’;

2 — KaMEHHas CoJlb, TUIIC, OOKCUTBI, MeTaMOP(UUECKUE YIJIM U JIp. 0cal0u-
HBIE TIOPOABL, P, = (1,5...2,5)'10° kr/m’;

3 — NJIOTHBIE OCAlOYHBIE, MarMaTU4YECKUE U MeTaMOphUUECKUe MOPOIbl, 13-
BECTHAKM M JIOJIOMUTBI C PpYJHBIMM BKJIIOUCHMSMH, aHTHUAPUTHI M T.IL,
Py 5=(2,5.. .3,5)-10% kr/v’;

4 — BHIBETpEHHBIE METAILTHYECKHUE PY/IBL, P; 5 = (3,5...4,5)-10° kr/m’;

5 — moaMMeTaIIMYECKUe PyJbl C BBICOKUM COJIEpKaHMEM PyIHBIX MHHEpa-

N0B  (CBUHLIOBBIE,  OJIOBSHHBIE,  MEIHO-HHMKEIEBblE U JAp.  PYAbI);
3
Py > 45 kr/M.

Baxneiime ocaioyHble TOPOJIBI MOXKHO Pa3AeIUTh MO IJIOTHOCTH (B KF/M3)I
KaMEeHHas CoJib, TUIIC (2.. .2,3)-103 , AIeBPOJUTHI (2,1.. .2,5)-103, TJIMHBI U apTUJUIATHI
(2,2...2,5)'103, W3BECTHIKHU (2,4...2,6)-103, JIOJIOMUTBI (2,5...2,6)-103, AHTUPUTHI
(2,8...2,9)10°.

[110THOCTH MOPOJIBI P, OTANYAETCA OT MACChl €AMHUIBI TOPOJLI B €CTECTBEH-
HOM 3aJIEraHuy, IIOCKOJIBKY IUIOTHOCTh P — Macca €AMHUIbI 00beMa MUHEPAIBHOTO

CKEJIeTa, a B €CTECTBEHHOM 3aJleTaHMM YYHUTBIBAE€TCA MNOpUCTOCTh. Ha mnpaktuke
Hapsy C IUVIOTHOCTHIO MCTIONB3YIOT MOHATHE 00beMHOM Macchl p. OObeMHON Mac-
COl Ha3bIBAIOT MACCy €JIMHUIIBI 00bEMA CYXOW MOPOJIbI IPH JAHHOW MOPUCTOCTHU B €€
€CTECTBEHHOM COCTOSIHUU. [103TOMY MIOTHOCTH OPOJT BecerAa O60biie ux 00beMHON
Macchl. 3Hasg KOA(Q(UUUEHT MOPUCTOCTH K, U IUIOTHOCTb, JIETKO HAWTH OOBEMHYIO
Mmaccy

p:po[l_(kn/(l+kn))'100] (3.7)

nin
po =p(l+k,). (3.8)

O0beMHas Macca MaJIOTIOPUCTHIX MOPO 3aBUCUT B OCHOBHOM OT MHUHEPAITBLHO-
ro cocrara. [Ipu yBenu4eHNM KeIe3UCTO-MarHe3UaIbHBIX MHHEPAJIOB — OJMBUHOB,
MUPOKCEHOB, POTOBOM OOMAaHKH U JP. — CIArarolIuX MarMaTH4eCcKue Mopoabl 00bheM-
Has Macca yBenunuuBaercs. OObemMHas macca OOJBIIMHCTBA TOPOJ COCTABIISICT
(1,5...3,5)-10° xr/m’. Takue pymbl Kak FeMaTHT, MACHETHT, CHACPHUT, COACPIKAILUC B
cOCTaBe KeJjie30, 001a1ar0T O0JIBIIIONH 00BEMHOM MACCOA.

Ha npaxTrke OnpenessitoT TakxKe yACIbHbBIN BeC HOPOABL ¥, , T.. BEC C/IHHHLIBI

o0Bema TBepoil (ha3bl KPUCTAIIIMYECKOTO CKesleTa mopoabl. Bec cyxoit moponsl B ee
€CTECTBEHHOM CIIO’KEHUH, 3aKIIOYCHHON B €IMHUIE 00beMa Ha3bIBalOT 00BEMHBIM
BECOM Y4 . Y AEIbHBIN Bec Bceraa 0osiblie 00beMHOI0, OHAKO, IPU OTCYTCTBUU TOP

HE3HAYUTEIILHOU IMMOPHUCTOCTU YUCJICHHOC 3HAYUCHHUC 00BEMHOI'0 BeCa MOMKET Impu-
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OJI>KAThCS K BEJIMYMHE yIEJIBHOTO Beca.
VY nenbHbINA BeC — BeC €AMHUIIBI 00beMa TBepoi da3bl (MUHEPATIBHOTO CKEJETa)
OPObI

Gm
Yo :V_ (3.9)

m

[1noTHOCTHBIE MapaMeTpbl B3aUMOCBSI3aHBI MEXAY COOOM CIEAYIOUIMMH 3aBU-
CUMOCTSIMU

p=po(1-P); pﬂf%; (3.10)
K1 p_Po=P j00u.

1+K; Po

3.2. [110THOCTHBIE CBOWCTBA PHIXJIBIX U Pa3PbIXJIEHHBIX MOPOJ

OCHOBHBIE napamempsi NIOMHOCMHBIX CE0UCME PBIXIBIX U Pa3phIXJICHHBIX

3 . 3

TOPHBIX MOPOJ CIEAYIOIIME: HACBITHAA Macca, Py, KI/M; HaChIMHOU Bec, Y,, H/M;
ko3¢ ueHT paspbixieHns, K, ex.; mycrorHocts, M, ex. nim %.

CTpyKTypHOI OCOOEHHOCTBIO ATOIO THIIA MOPOJ SBISETCS OECHOpsAA0YHOE
PACIIOIOKEHUE KYCKOB M YACTHUIL ITIOPOJBI M 3HAYUTEIIBHBIE ITPOCBETHI MEXAY TOYKA-
MU OIIOPBL.

OCHOBHO# CTPYKTYpHOUH XapaKTEPUCTUKOMN PBIXJIBIX OPOJ SABISAETCS 2paAH)IO-
MempuuecKkull cocmae — NPOLEHTHOE BECOBOE, MAaCCOBOE MM 00BEMHOE COJepKaHNE
B PBIXJION MOPOE pa3INYHbIX MO BEIWYHHE KJIAcCOB ((ppakimii).

BripaxkaeTcst rpaHyIOMETpUYECKHI cocTaB B BUAe TaOIuIlbl, rpadurka, yucia
uiu OPMYIIBIL.

B Bujie uncna — yaiie BCero 4epe3 cpeoHes38euleHnblll ouamemp KycKa

d. = 2d;m
cp zmi ’
r7e d; — CpeHuI TuaMeTp Kilacca; m; — Macca 1-ro Kjacca.

B Bune rpaduka — yaie Bcero 4yepes epagux KymyIssmueHoU KpYRHOCMU T0-
ponbl, [1=f(d/Dy.x). B mnanaom ciydae II; — mporieHTHOE MaccoBOE€ COMEp)KaHHE B
JaHHOM 00beMe MOopo/bl KyCKOB ¢ pasmepaMu OT 0 10 d;, a Dy — MAKCUMAJIbHBIN
pa3Mep KyCcKOB B JaHHOM 00beMe IIOPOIbI.

B Buzne gopmynsl — yaiie BCEro ghopmynbl onmuManibHo20 cpanyiomempuye-
cK020 cocmasa, 00ecreYnBaroIer0 MUHUMAJIbHYIO ITyCTOTHOCTh IaHHOM Macchl I0-
poJibl, Hapumep, popmyina Dynnepa
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dl %,

I, =100

max

re n — 3KcnoneHTa kpusoit (n = 0,4 + 0,5 ns mapoBuUIHbIX 3epeH u n = 0,3 ns
OCTPOTPaHHBIX).

Hacvinnas macca — macca eIMHUIBI 00beMa pa3pyIIEHHONW TOPHOM MOPOIbI B
€€ €CTECTBEHHOM (HACHIITHOM) COCTOSIHUU

HaceimHoit Bec — Bec emuHMIBI 00BheMa pa3pylICHHONW TOPHOW IMOPOIBI B €€
€CTECTBEHHOM (HACBIITHOM) COCTOSIHUU

Yu = %
H
Vp
Koagguyuenm paspvixnenus — OTHOIIEHUE 00bEMa Pa3pyIICHHON TTOPOJIBI K

cC O6’I>CMy B MAaCCHBC.

”
K =L
.

Ilycmomnocms — OTHOIIIEHHE 00BbEMa MyCTOT K 00bEeMY pa3pbIXJICHHOM MOpo-
B

% (3.11)

V V
M =—2% gy M =—22.100
2 V

[Ipenenbl U3MEHEHUs IJIOTHOCTHBIX NApaMETPOB PBIXJIBIX U Pa3pbIXJICHHBIX
HOPOJ CIENYIOIIHUE:

— Pp; 3aBUCHUT OT IPaHyJIOMETPUUYECKOI0 COCTaBa, BIAXXHOCTU U YCJIOBUN 00Opa-
30BAHMS M COCTOSIHMS Pa3phIXJICHHO TOPOIBI H M3MeHseTcs oT 1500 1o 4000 kr/m’.
Bnaxnocts, Hanpumep, B npenenax ot 0 mo 8+11% wurpaer ponap cBoeoOpa3zHOTO
«KJIe» B Pa3phIXJIEHHOM MOpOJE, HE MO3BOJISSL € KOMIIAKTHO 3alOJHUTh JAaHHBIN
0o0BeM U, TEM caMbIM, YMeHbIIas p; . JlaipHelilnee yBiIa)KHEHHE MOPOAbI HA000pOT
YMEHBIIAET CHJIBI MOJIEKYJSIPHOIO CLEIUICHHS] MEXIy YaCTHIAMH MOpPOJAbI U B KO-
HEYHOM UTOTE YBEITUUMBACT P, . BuOparus BbI3bIBacT 3PPEeKT yIIOTHEHNUS, a 3HAYUT
U yYBEJIMYEHUS p;, YTO Mbl M HAOIIOJAEM B IIaXTaX KOTJa BarOHETKH, MOJIHOCTBHIO

HAITOJIHCHHBIC B MCCTC IMOTPY3KH, BBIC3KAOT HAa ITOBCPXHOCTH C MCHBIINUM 00BeMOM



25

nopojpl. B 3aBUCHMOCTH OT mapaMeTpoB BHOpanuu 0OBEM Pa3phIXJICHHON MOPOIBI
MOXET YMEHBIIIUTHCS Ha BEIUYUHY OT 5 110 35%.
— Kp 3aBucur or Tex ke (pakTOpoB M MOXKET MMeTh 3HaueHus ot 1,05 mo 2,5.
Hamnpumep, OyToBas mojoca, BO3BeJeHHAS BPYYHYIO0, UIMEET KOAI(DPHUITUCHT pa3phIx-
JaeHus nopoasl 1,5, a K03 GUIMEHT pa3phIXJCHUS MOPOABI B BEIPAOOTAaHHOM TIPO-
CTpaHCTBE JIaBbI — 1,7.
— M 3aBuCHT OT BeaMYHHBI KO (PHUIHEHTa pa3phIXJICHUS U MOXKET UMETh 3HAUCHUS
oT 4 10 60%.

[110THOCTHBIE MapaMeTPhl PHIXJIBIX M Pa3pPhIXJIECHHBIX MOPOJ B3aWMOCBS3aHBI
MeXIy coO0H M C MmapaMeTpamMy CKaJIbHBIX M CBSI3HBIX IMOPOJI CIEIAYIONUMU 3aBUCH-
MOCTSIMH

K =P M=1-P 100 %. (3.12)
Py P

[1moTHOCTHBIE TTapaMeTPhl PBHIXJIBIX M Pa3pPhIXJICHHBIX TOPHBIX MOPOJ OIMpeie-
JISIOT CJICTYIOIUMHU METOIaMHU.

Jlns onpezienieHus: HaChIITHOM MacChl UCIOJIB3YIOT TOCTUPOBAHHBIE MEPHBIE CO-
cyabl (Tadm. 3.1), B KOTOpBIE 3aChINAIOT MOPOAY, YOUPAIOT U3JIUIICK U 3aTeM B3BEIITH-
BalOT. 3Hasi 00bEM M MacCy MOPO/IbI, BEIYUCIISIIOT HACBHIITHYIO Maccy.

KoadduimeHT paspbixjieHuss ¥ MyCTOTHOCTh OOBIYHO BBIYUCISIOT MO (POpMY-
aam 3.12.

['panynomMeTrpuyeckuii coCTaB OMNPENETSAIOT MO Pa3HOMY B 3aBUCUMOCTU OT
KPYITHOCTU KYCKOB: JJIS 4YaCTHUI[ KpyHOCThIO d > 0,1 MM HCIIOJIB3YIOT CUTOBBIN aHa-
JIN3 C UCTIOh30BAHUEM CHUT C PA3HBIMU pa3MepaMu sueek. J[s 6oee MeIKux 4acTHil
— CEMMEHTAIIMOHHBIN aHaIN3, CMBICI KOTOPOTO 3aKJIIOYAETCS B U3MEPEHUU TOJIIH-
HBI CJIOSl OCaJiKa B MYJIbIIE U3 BOJABI U OPOJBI 3a aHHOE BpeMs. Ha pynHukax u ka-
phepax 4YacTo MPHUMEHSIOT (POTOTUTAHMMETPHUECKHI METOJ, KOTAa pPa3pbIXJICHHAS
MOpOJia B HACKIITHOM COCTOSIHUM WJIM B BaroHeTkax ¢otorpadupyercs, Ha doTorpa-
(GbUI0 HAaHOCAT MAcCIITAOHYIO CETKY M MOACYHMTHIBAIOT MPOLIEHTHOE COJICpKAHUE KYC-
KOB Pa3JIMYHON KPYITHOCTH.

Ta0muma 3.1

MepHsble coCyabl 11l ONPEIEICHNUs HACBIITHON MacChl PBIXJIBbIX
Y Pa3pBIXJIEHHBIX TOPHBIX TTOPOJ

MakcuManbHBIN
O6meM cocyna, Pazmepni
pa3Mep KyCKOB dopma cocyaa
b cocyaa, MM
opoAbl, Dy, MM

<10 10 I_II/IJII/IH,IIp:I/I;ZIeCKaH, d 234

<20 20 TO XK€ 294

<40 50 TO XK€ 400

2 40 100 KyOuueckas 465
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3HaHMA O IJIOTHOCTHBIX CBOMCTBax T'OPHBIX ITOPOJ MIMPOKO HCIIOJB3YIOTCA B
FOpHOM ACJIC. T'paBUTAIMOHHAA pPA3BCAKaA MCCTOpO)K,IICHHfI; pacucCThl IMapaMCTpOB
TPAHCIIOPTHBIX YCTAHOBOK; paCdYCThbl T'OPHOI'O0 AABJICHHA; paCUCThl TCXHOJIOTHMYCCKUX
CBOMCTB T'OPHBIX IMOPOA; PACUCTHI AKYCTHYCCKUX ITAPpaMCTPOB I'OPHLIX ITIOPOI; pacyc-
ThI ITPOTCCCOB O6OFaIHCHI/IH.

3.3. Meroas! onpeesieHUs MJIOTHOCTH MUHEPAJIOB M TOPHBIX IOPO/

B nanHOM pa3zziene pacCMOTPHUM CIIEYIOIINE OCHOBHBIE METOAbI ONIPEICIICHUS
IJIOTHOCTH: MMMKHOMETPUUYECKHH, 00bEMOMETPUUECKHH, TTO JAaHHBIM PEHTTeHOTpadu-
YECKOr0 U XMMUYECKOTO aHAJIM30B.

[TukHOMETpHUYECKUI METOJ| SBJISETCA OJHUM U3 HauboJiee TOUHBIX U IIUPOKO
npuUMeHsieMbIX Ha mpakTuke. CyThb 3TOr0 METO/JAa COCTOMT B OMpPEAENIEHUH 00beMa
TOYHO B3BEUICHHOW MpPOOBI MOPOBI UM MUHEpaia B TIIATEILHO OTKAIMOPOBAHHOM
cocy/ie, Ha3bIBa€MOM MTUKHOMETPOM, M pacyeTe YMCIOBOrO 3HAYEHUS MJIOTHOCTHU IO
COOTBETCTBYIOIIEH popmyiie.

Maccy, 06beM mpoObl U MIOTHOCTh ONPENENSIOT caeAyomuM oopasom. B te-
yenue 30...40 munyt npu temneparype ( 90...100)°C BpICylIIMBaIOT TUKHOMETP, a
3aTeM B3BEUIMBAIOT €ro. DTH ONepaliy MOBTOPSIOT HECKOIBKO pa3 /10 TeX IMOop, MoKa
pacXOKICHHE B M3MEpeHHsX Oyrer He Gomee 2-10™ r. Cpenmee 3HaueHHE MAcChl
MUKHOMETpa 3alUCHIBAIOT M 3Ta BEJIMYMHA SIBJISIETCS. KOHCTAHTOM. Maccy BOIbI B
IUKHOMETPE ONPEACIAIOT KAK Pa3HOCTh MEXKYy MACCOM IMMKHOMETpa C BOJOU m, U

Maccou m; .
Maccy ob6pa3sia onpenenstoT Kak pa3sHOCTb MEXAY MacCoOl m; MUKHOMETpa C
oOpa3iom u Maccoil m;. Obpazel; BHOCAT B TMKHOMETP NOCJIE MPOCYIIMBAHUS U KOH-

TPOJBHOTO B3BEIIMBaHUA. J[anee ompenensoT Maccy MMKHOMETpa ¢ 00paslioM U BO-
JIOM, TIPH 3TOM JIJIsI yIaJeHUsI BO3yXa U3 TIOp U TPEUH o0pasiia, a TaKKe 13 BOJIBI
MUKHOMETP BaKyyMHUPYIOT, TIOCJIC 3TOTO HArpeBalOT, BPEMsI OT BPEMEHHU TMOTPYKasi B
ropsiuyro Boxy obpaseu. PazHocts (m, — m5) gaet Maccy Bojbl B 00beMe MMKHOMET-

pa.
[1710THOCTB BBIYHCIISIOT MO popmyIie:

(m3 —m )PB
(m2 -y )(’7”’4 - ””3),

p:

3
rae p; — INIOTHOCTBH BOABI IIPU TEMIICPATYPC B3BCIIMBAHUA, r/c™m .

Ob6bemomerpuueckuii Meroa. IIIupoko mpuMeHsieTcsl B MUHEPATOTHYECKUX
naboparopusax. O0beM 00pasia onpeAesaioT B 6apoMeTpuIecKkoil Tpyoe, y KOTOpOit
C BBICOKOM TOYHOCTBIO OIPENIEIEHA IUIOMIA/lb ONEPEYHOT0 CEYEHUS, 10 U3MEHEHUIO
BBICOTBI CTOJI0A KUJKOCTU MPU MOTPYKEHUH B Hee o0paslia nopoabl WM MUHEpaa.
HcenenyemMplii MaTeprail CiaeayeT B3BEIIMBATH C BBICOKOM TOYHOCTBIO, IIOITOMY MC-
MOJIB3YIOT aHAIUTUYECKUE BeChl. [IIOTHOCTH paccUMTHIBAIOT 1O PopMyIIie
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p=4-m/n-D -k-n,

rae D — BHYTpEHHUH nuaMeTp Kanwuisipa; k— LeHa JAeJIeHUs JIuMOa OKYJISpMUKPO-
METpa; 1 — YUCIIO JeJeHUN IuMOa; m - Macca MUHEpajia UM TOPHON MOPOIBL.

Onpeodenenue niomnocmu Munepanog no OAGHHLIM PEHMZEHOZPAPUUECKO20
U XUMUYECKO20 aHanu306. B TaHHOM METOJE UCIOJIb3YETCs CBSA3b 3HAYEHUS ILIOT-
HOCTM MHHEpaja ¢ aTOMHBIMU MacCaMH COCTAaBIIIOIINX €r0 XUMHUYECKHUX 3JIEMEHTOB
1 00beMOM, KOTOpPbIE OHM 3aHUMAIOT. B popmyre ans onpeneneHus miIoOTHOCTH y4H-
THIBAETCS 00bEM 3JIEMEHTAPHOU STYEHKH U €€ AIeMEHTapHas Macca:

p=Z-M -my/V,

rae Z — 4iciio MOJIEKYJ (MJIM aTOMOB JJIsi OJHOATOMHBIX MHUHEPAJIOB) B 3JIEMEHTap-

HOU stueiike; M — MoJekyssipHas Macca MUHepasia (Macca CTPYKTYPHOU €IUHUIIbI);
227

my— artoMHasg (yrieponaHas) €AMHHMLIA Maccel, paBHas 1,6603-10 KT;

J — 00BbeM d1eMeHTapHOM STUelKU MUHEpaJa, M.

YUucno MOJEeKy UM aTOMOB MUHEpPAJIA C U3BECTHOM KPHUCTAJUIMYECKON CTPYK-
TypO HaxXOJAT B CHOPABOYHOM JMTeparype. MONEKYISIpPHYI0O MacCy pPacCUUTHIBAOT
10 JaHHBIM XUMHUYECKOTO aHalIn3a, a 00bEM AJIEMEHTApPHON SYEHKH PACCUUTHIBAIOT
110 TaHHBIM PEHTTE€HOCTPYKTYPHOI'O aHalIM3a MapaMeTpoB ssuerku. I10CKOIbKYy peHT-
I€HOBCKas MJIOTHOCTh OTHECEHa K MUKPOOObEMY, TO OHa OyAeT BCEria BhIIIE OIpe-
JENsIeMON HEMOCPEACTBEHHO HAa PEaJbHOM KPUCTAJUIE U3-3a TOTO, YTO HU MAKpO-, HU
MUKPOJIe(hEeKThI KPUCTAIITNYECKOTO CTPOCHHSI HA PEHTTEHOBCKYIO MJIIOTHOCTh HE OKa-
3bIBAIOT BIMSAHUA. OHAKO €CIM U3y4YaeMblii MUHEpal UMEET MEXAHUUECKUE IPUMECH
¢ OoJplIEd IUIOTHOCTBIO, TO, BO3MOXKHO, YTO PEHTI€HOBCKas IUIOTHOCTH Oyner
MEHBIIIE KCIIEPUMEHTAIBHOM.

3.4. TpelmiMHOBATOCTH MOPOJIHBIX MACCHBOB

B pe3ynbraTe TEKTOHMYECKUX JIBUKEHHM B 36MHOW KOPE BO3HUKAKOT HANpPs-
KEHUS, KOTOPhIC TPH JOCTHIKEHUU Tpeesia MPOYHOCTH TOPO MPHUBOIAT K 00pa3o-
BAHUIO B HEM Pa3pbIBOB. Pa3phiBbI CIVIOMIHOCTH HOPOJ NPOSIBIAKOTCS, MPEKIE BCETO,
B Bujae TpemuH. [locneqnrne npu nanbHEWIIEM IEUCTBUU CUJ MEPEPACTAIOT B pas-
pBIBHBIC HapyIieHus. Takum 00pa3oM, MoJ| pa3pbIBHEIM HAPYIIEHUEM TTOHUMAIOT pe-
3yJIbTAaT TEKTOHUYECKUX ABHKEHUW, IPU KOTOPOM TOPHBIE MOPOABI PA3PHIBAIOTCS 110
HEKOTOPOU MOBEPXHOCTU M PA3bEAUHEHHBIE YACTU CMEIIAKOTCA OTHOCUTEIIBHO APYT
apyra.

TpeurHaMy Ha3bIBAlOT PAa3pbIBbl B TOPHBIX MOPOAAX, MEPEMEILICHUS 110 KOTO-
PBIM COBEPILIEHHO OTCYTCTBYIOT WJIM HE3HAYUTENIbHbI. COBOKYIHOCTh TPEUIWH, pac-
YJICHAOIIUX TOT UM MHOM y4aCTOK 3€MHOW KOpBI, IPUHSATO Ha3bIBaTh TPEIIMHOBA-
TOCTBIO.

HcnpiThiBaEMOE TOPHBIMU MOPOJAMU BCECTOPOHHEE CHKATHUE WM MOCIECAYIO-
mas HEMEHTAU NPUBOJAT K HEKOTOPOMY BOCCTAHOBJIEHHUIO CBSI3HOCTH MO MOBEPX-
HOCTSIM pa3pbiBa CIUIOLIHOCTH, MO3TOMY OHHU Yallleé BCEr0 OO0Jagal0T HEKOTOPHIM
CLEIUIEHUEM U CONPOTUBIICHUEM OTPBIBY M HA3bIBAIOTCS YK€ HE TPEIIMHAMH, a MO-
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BepXHOCTsIMH ocnabnenus. OIHAKO yXe B HayalbHOM cTaguu JedOpMUPOBAHUS
MaccHBa TOPHBIX MOPOJ MO MOBEPXHOCTAM OCIa0JIeHUsT BOSHUKAIOT HOBBIE Pa3pbIBbI
CIUIOIIHOCTH — TPEIINHBI.
TpemunHOBaTOCTD, KaK 3JIEMEHT CTPYKTYPBI, TAKKe SBISIETCS OTHON U3 Xapak-
TEPHBIX 0COOEHHOCTEH MOPOTHOTO MACCHBA.
Tpemunsl, HaOMIOaeMble B TOPHBIX MOPOJAX, MPUHATO JAEIUTH MO T'€HETHYe-
CKOMY MPHU3HAKY Ha:

- eCTeCTBeHHbIe (IIPUPOKICHHBIE, MEPBHYHBIE), BO3ZHUKAIOLIUE B MPOLECCE
(bopMUPOBaHUS F€OJOTHUECKHX TElT;

- TEeKTOHHYeCKHUe, 00pa30BaBIIMECS B pe3ylbTaTe TOpo0Opa30BaTEIbHBIX MPO-
LIECCOB;

- UCKYCCTBEHHbI€ — TOSBIISIONINECS B MPOIECCE OCYIIECTBICHHS MOATOTOBH-
TEJNBbHBIX U OUYHUCTHBIX pabOT B IIaXTax, 0ypOB3PBIBHBIX pabOT, 00pa30BaHusl 3aKOJIOB,
a TaK)Ke BCIIEICTBUE IPYTHX MPUYKH.

EctecTBeHHBIE TpEIIMHBI SBISIOTCS MOBCEMECTHO PACHpPOCTPAHEHHBIMU, HO
Han0oJiee YETKO OHU BBIPAKEHBI B OCA/I0YHBIX MOPOAAX B 00JACTAX C TOPU30HTAIb-
HBIM 3aJieraHneM. EcTecTBEHHbIE TPEUIMHBI HE MEPEeceKaroT CKOJIbKO-HUOYAb MOII-
HbIE€ CJIOM TIOPOJ], & TECHO CBSA3AaHbI C OTACIBHBIMU JIMTOJOTMYECKH OJHOPOIHBIMU
ciosiMi. [lo OTHOIIEHUIO K CIIOMCTOCTH OHM MOTYT pacloyiaratbCs pasinyHO, HO
IPEUMYIIECTBEHHO SBJISIOTCS HOPMATbHOCEKYITMMH TPEUIMHAMU OTpPhIBA.

TexToHMYeCKHE TPEUIMHBI Pa3BUBAIOTCA B TOPHBIX MOPOJAaX MOJ BIUSHUEM
TEKTOHUYECKHUX CHJI, MPOSIBISIOMIMUXCS B 36MHOM KOpe B Mpolecce ee 00pa3oBaHMUsL.
Bosznukatomue npu 3ToM aedopMaliy MOUTH BCET/Ia COPOBOXKIAIOTCS PA3BUTHEM B
TOPHBIX MOPOAaX TPEUIHH, 00pa3yroIINXCs KaK Ha CPAaBHUTEIBHO MAaJIbIX IUIOMIAJISX,
TaKk U Ha OTPOMHBIX MpocTpaHcTBax. OTIUYME UX OT HETEKTOHMYECKUX TPEIIMH 3a-
KITIOYaeTCsl, MPEXk/Ie BCEro, B TOM, YTO TEKTOHHUYECKHUE TPEIIMHBI 00JadaroT 00Jb-
el BbIIEPKaHHOCTHIO B OPUEHTUPOBKE M Pa3BUBAIOTCS OJJMHAKOBO B PA3JIMYHBIX IO
cocTaBy nopojax. TekToHnYecKre TPEIMHbI HAKJIIOHEHBI K TIOCKOCTSIM HarlacToBa-
HUS TOJ Pa3HBIMU YIJIAMU; 3THM OHH M OTJIMYAIOTCA OT TPELIUH MPUPOKICHHBIX
(ectecTBeHHBIX). HampaBneHne TEKTOHUYECKUX TPELIMH COBIAAET C HAIlPaBICHHEM
OCHOBHBIX Pa3pbIBHBIX HapYIICHUH NAaHHOTO paifoHa. Tak, Hampumep, JUIs LEeJIOro
psana paiioHoB JloHOacca NPUPOXKICHHBIE TPEIIMHB HMEIOT MEPHIUOHAIBHOE
HarpaBJieHHe ¢ oTKJIoHeHueM (15-20)°.

TexToHnueckue SBICHUS COACHCTBYIOT PACKPBITUIO paHEE CKPBITHIX ecTe-
CTBEHHBIX TpeluH. [[oBepXHOCTH TEKTOHUYECKUX TPEIIMH OOBIYHO TOKPBITHI 00pO3-
JAMU CKOJIbKEHHSI, TaK KaK OYEHb YaCTO OHU SBIISIOTCS IUIOCKOCTSIMU CMEILCHHS T10-
pon. Ilpu TeKTOHNYECKHUX TOJBMKKAX MOXKET MPOUCXOIUTh CABMKEHUE OJIOKOB JIPYT
OTHOCHUTEJIBHO JpyTa.

Kaxnas otaenbHast TpelMHA XapaKTepU3yeTcs ATMHOW, HIMPUHOU, W3BHIIH-
CTOCTBIO CTEHOK, & TaK)Ke MOJIOKEHUEM TPELIMHBI B IPOCTPAHCTBE, KOTOPOE B T'€0JIO-
T'MY TIpUHATO 0003HAYaTh YIJIOM HaJCHUS M a3UMYyTOM HaIlpaBiieHUs najeHus. Tpe-
IIMHBI PA3INYaIOTCs TaKXKE HAJUYUEM WM OTCYTCTBHEM B HHUX 3aIlOJIHUTENEH, B CO-
OTBETCTBUHU C YEM OHH MOAPA3ICISIIOTCS HA OTKPbITHIE (3UAIONIKE) U 3alI0JTHEHHbIE.

[To pacKpbhITOCTH WM MOIIHOCTH 3aIlOJIHEHUS BBIACISAIOTCS CIEAYIOUINE BU-
JIbl TPELIWH: BUIUMbIE HEBOOPYKEHHBIM IJIa30M (OTKPBITHIE, 3aKPBIThIE M «BOJIOC-
HBIE») U MUKpOTpemMHbl. [llupruHa OTKPHITHIX TPEIIMH WM MOIIHOCTh WX 3amOJIHE-
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HUSI OMNpPENEseTCS HEMOCPEICTBEHHBIMU 3aMepaMy, LIMPUHY 3aKPBITHIX TPEIIUH
MOxkHO cunTaTh paBHoH (0,8...0,5) MM, «BomocHbIx» — (0,5...0,2) MM.

3anoaHUTENb B TPEUIMHAX MOXET ObITh MPEICTABIICH PHIXJIBIMU OTIOXKEHUS-
MU THUIA MECUYaHO-TIMHUCTHIX TPYHTOB JIMOO 0Opa30BaHUSIMU, OTIUYAIOUIUMUCS OT
MIOPOJT MAaCCUBA N0 MUHEPATIOTHYECKOMY COCTABY, HO CXOAHBIMU C HUMU I10 CTPYKTY-
pe u GU3HUEeCKUM CBONCTBAM.

YacToTa TpeumH 3aBUCUT OT MOIIHOCTH M cocTaBa Iacta. Hampumep, yem
MEHBbIIIE MOIIIHOCTh IJIACTOB M MPOYHOCTh MOPOJ, TEM Hallle TpeluHbl. [10 1aHHBIM
MHOTHX HCCIIeZioBaTeNiel B KapOOHATHBIX TOPOJaX MHOTHUX PAOHOB B TIACTaX MOIII-
HOCThIO OT 0,5 10 2,0 M 3Ta cBs3b npsimonnHeiiHa. M.B.Pany cuutaeT ee mapaboiu-
YECKOMU.

B 3aBucuMocTH OT TOr0 Kak TPEUIMHBI OPUEHTUPOBAHBI PA3IMYAIOT YIOPSA0-
YeHHYI0 (0JHO-, ABYXCUCTEMHYIO) U HEYHOPSIOUEHHYIO TpEUIMHOBATOCTh. [lepece-
KasiCh, TPEUIMHBI pa30UBAIOT MOPOAHBIA MAaCCUB C HEKOTOPBIM XapaKTEpPHBIM pa3me-
poM H Ha OTAEIbHBIE CTPYKTYpHBIE OJIOKH CO CPEIHMM PasMepoM /g, . OTHOImEHnE
H/h., Ha3pIBaeTCsi HHTEHCHBHOCTBIO TPeMMHOBATOCTH. KpoMe Toro, as Konude-
CTBEHHOW OLICHKH TPEIIMHOBATOCTH HUCHOJIB3YIOT JMHEHHBbIN, MJIOIIAAHON U 00b-
eMHbI K03 PUIHEeHTHI HHTEHCUBHOCTH TPeHIMHOBATOCTH. OHU NPEACTABISIOT
co00l COOTBETCTBEHHO OTHOIIEHUE €MHULIbI JUIMHBI, TJI0MIAU, 00beMa K CpeaHeEMY
PAaCCTOSHUIO MEKAY COCENHUMH TPEIIUMHAMU [¢,, K IUIOMAIU S, U 00bEMY CTPYK-
TypHOro 0110Ka Vo, .

M.M. IIpoToAbSIKOHOB, YKa3bIBasg Ha pa3IMuue MEXIY NPOYHOCTHIO Jabopa-
TOPHBIX O0pa3OB M MPOYHOCTHIO MACCHBA, B KAu€CTBE OCHOBHOW MPUYUHBI pac-
CMAaTPUBAJI HMEHHO TPEIIMHOBATOCTH MTOPOJ U YTJICH.

I'.JI. ®ucenko ykaspIBaeT, YTO IPU U3YYECHUH MEXAHUYECKUX CBOMCTB MAaCCH-
BOB F'OPHBIX MOPOJ KaK Cpelibl, B KOTOPOU MPOBOASATCSA FOPHBIE BBIPAOOTKH, T.€. CO-
3/1al0TCS MOJIOCTH, HEOOXOJAUMO Pa3INyaTh MOBEPXHOCTH OCIAOJIEHUs: a) OOJIBIION
MPOTSKEHHOCTH, MO0 KOTOPBIM MPOUCXOJIUT CKOJBKEHUE OJHOM yacTu AedopMmupye-
MOIO0 MacCuMBa OTHOCHUTEIIBHO JPYTOW, SBJSIOIIMECS IMOBEPXHOCTAMH pa3pbiBa
CIUIOLIHOCTH MaccuBa, U 0) HEOOJBIION MPOTSHKEHHOCTH, PACIIOIOKEHHON CTYyMeH-
4aTO OTHOCUTEJIBHO APYT JApyra U oOpasyrollue CUCTEMBI OMpEe/eICHHBIM 00pa3oM
OpUEHTHUPOBAHHBIX TpemuH. [lpu negopmupoBaHum OoJsblIUX OOJacCTel MaccuBa
(JIuHeWHbIE pa3Mepbl KOTOPBIX Ha MOPAIOK OOJbIIe JIMHEHHBIX pa3MepoB OJIOKOB,
OTPAaHUYCHHBIX CMEKHBIMHU TPEIINHAMH) CTPYKTYPHBIE OCIIa0ICHUS HEOOBIIION TPO-
TSOKEHHOCTH HE SIBJISIFOTCS MOBEPXHOCTSIMU CKOJIBXKEHHSI U Pa3pbiBa HEMPEPHIBHOCTU
nedopmarii 1 CMEIICHH, a SABIISIOTCS JUIIH MIEMEHTaAMHU CTPYKTYpPhl MacCHUBa TOP-
HBIX TTOPOJI, CHUKAOIIUX IMTPOYHOCTh MOPOJHOTO MAaCCUBA.

CrnenyeT OTMETUTb, YTO TPEUIMHOBATOCTH MPUBOJUT K CYIIECTBEHHOMY CHU-
YKEHUIO MPOYHOCTHBIX XapaKTEPUCTUK MOPOJHOTO MaccuBa. OTin4ure MPOYHOCTH MO-
poxa B o0paslie 1 MacCUBEe MOXKET OBbIThb BECbMa 3HAYMTEIBHBIM. B 3TOM CBs3M mpu
BBITIOJTHEHUH T€OMEXAHUYECKUX PACUYETOB YUYETy TPEIIMHOBATOCTH MacCUBa MpUIa-
eTcsi 0c000€ 3HAUCHHE.
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KoHTpoJibHBIE BONIPOCHI

1. Kakne BemecTsa Ha3pIBatOT TOPHOU ITOPOJIOM.
2. B 4eM 3akiro4aeTcs OTJIMYME TOPHOU IOPOJIbI OT MUHEpaia?
3. Ha xakue rpynmsl AesAT TOPHbIE OPOJbI IO YCIOBUSAM UX 00pa3oBaHus?
4. Yo Ha3BIBAIOT CTPYKTYpoM nmopoasl? Kakue oHu O6b1BatoT?
5. Kakue riaBHble CTPYKTYpbl BBIJEIECHB B MarMaTU4eckux U B MeTaMop(pu-
YeCKHUX nopoaax?
6. Uto Ha3bIBAIOT TEKCTYpPOil opoabl? Ha30BUTE OCHOBHBIE TEKCTYPHI.
7. Kakve OCHOBHBIE THIIBI IOPOJ BBIAEISAIOT B 3aBUCHMOCTH OT Mpeodiagaro-
IIIEr0 TUIIA CBSI3E?
8. KakuMu 0COOEHHOCTSIMU OTIPEAEIIAETCS HEOJHOPOIHOCTD MOPOA?
9. laiiTe XapakTepUCTUKY KaKJIOMY BHY HEOJHOPOIHOCTH T'OPHBIX MOPOI.
10. Kakyto CBsI3b MEXKy MUHEpPATIaMH HA3bIBAIOT XUMHUYECKOM?
I1. Kak hopMUpyeTCss MEKTy MUHEpAJIaMU CTPYKTYpPHAs CBSI3h?
12. Ha xakue BBl JENATCS YHAOTCHHBIE TPOLIECCHI?
13. Kakue mnpoueccsl Ha3bIBAIOT OCAZAOYHBIMU U Kakue 0Opa3yroTCsl THUIIbI
OCaJIKOB IIPH 3TOM?
14. JlaiiTe XapaKTEpUCTUKY 3HIOT€HHBIM ITPOLIECCAM.
15. Kakue mpouecchl Ha3bpiBaloT MeTtamoppuyeckumu? Kakue mopoasl moj-
BEPraroTCs TUM Ipoueccam?
16. Yto Ha3bpIBaIOT MOPOBBIM TPOCTPAHCTBOM HOPOABI?
17. Ha KakWe BHUJBI ACIATCA NOPHI B 3aBUCMMOCTH OT YCJIOBUU II€peMe-
IIEHUS B IOPOAAaX BOABI U ra30B?
18. Kak penarcs nmopsl 1o MPOUCXOXKACHUIO U IO BEJIMYUHE?
19. Kakue CymecTBylOT OCHOBHBIE METOJbl OMNPENEICHUS MOPUCTOCTH U
TPEIMHOBATOCTH ITOPOA?
21. Kakue ¢usnueckue nporeccsl 3aJ0)KEHbl B OCHOBY KJacCH(QHUKAUHU MOP
10 pa3MepaM B KAMEHHBIX YIUIAX?
20. B ueM cocTOUT 0COOEHHOCTH MTOPUCTOCTH OCAIOUHBIX TOpOa?
21. Ha xakue rpynnsl AeJIAT OCAI04YHbIEC IIOPOJABI U CYXHE OCAJKH IO INIOTHO-
ctu?
22.YeM oTnuyaeTcs yJeiabHbINA BEC MOPOJbl OT 00bEMHOTO?
23.B 4eM 3akitoyaeTcsi CyTb METOJOB OINPEAEIICHHS INIOTHOCTH?
24. [lepeuncinte napaMeTpbl IIIOTHOCTHBIX CBOMCTB CKAJIbHBIX U CBSI3HBIX
TOPHBIX MTOPO/I.
25. Ilepeunciure mapameTpsl INIOTHOCTHBIX CBOMCTB PBIXJIBIX U Pa3pPbIXJICH-
HBIX TOPHBIX MOPOJ.
26. Yto GompIiie 10 BEIWYUHE: YACIbHAs Macca WU TNIOTHOCTh OJTHOM U TOU
K€ TOPHOU MTOPOBI?
27. Yto GosiplIe 110 BEJIMYUHE: INIOTHOCTh WJIM HACBIITHAS Macca OAHON U TOH
K€ TOPHOU MTOPOBI?



31
4. MPOYHOCTHBIE CBOMCTBA ITOPO/I

4.1. MexaHu4yecKne HANPSIKEHUs1 B TOPHBIX MOPOAAX

[IpoyHOCTP M YCTOMYMBOCTH COOPYKEHHI, BO3BOJAMMBIX Ha NOPOJAX WIHU
HEIMOCPEACTBEHHO B MX TOJILIE, ONPEACISIOTCS HAMPSKEHHBIM COCTOSIHUEM, BO3HU-
KaIoIIeM KakK pe3yJibTaT IeWCTBHs BHEIIHUX CUJI (Harpy3ok). be3 onpenenenus Benu-
YUHBI HAMPSDKEHUN U 00JIaCTH WX PaCIPOCTPAHCHUS HEBO3MOYKHO PACCUUTATh OCAKY
COOPYKECHHM, OIEHUTh YCTOMYMBOCTH CKJIOHOB M OTKOCOB, a TaKXe 0€30mMacHOCTb
AKCIUTyaTallMi MOJ3EMHBIX BBIPAOOTOK. B CTpoUTEIHbHON MEXaHUKE M COMPOTHUBIIC-
HUU MAaTepUalioB, TEOPUHU YIPYTOCTU PACCMATPUBAETCSA CPEAbl, KOTOPhIE 00JIaat0T
CBOMCTBaMHU CIUIOIIHOCTH U OJHOPOJHOCTH, T.€. Cpela Ha3bIBAETCs CILUIOMIHOW. Pe-
aJbHBIC MTOPOABI C UX CIIOXKHBIM CTPOCHUEM HA MAKpO- U MUKPOYPOBHE 3aMEHSFOTCS
HEKOTOPOW MOJIEJIbIO CIUIOMIHOM, OAHOPOAHOW, U30TPOITHOU, YIIPYTOU CPEIBL.

[lon ympyzocmwio moHMMAIOT CBOMCTBO MaTepuaja BOCCTaHABIMBATh CBOMU
NepBOHAYANIbHBIE pa3Mepbl U GopMy mociie CHATUSL Harpy3ku. Kpome toro, npenaro-
JararoT, 4To Ae(opMaluy MpornopIoHaAIbHBI HAPSDKEHUIM (3aKkoH ['yka).

B MexaHuke ropHsIX MOpPOJ IPHU PacyeTe TOPHBIX MOPOJ UCIOIB3YIOT MOJIOKE-
HUSL TEOPUM YNPYTOCTH, KOTOPbIE MOTYT OBbITh MPUMEHEHBI Jisi JIOOBIX JIMHEWHO-
nedopmMupyeMbix Tell. ['opHbIe MOPOJBI NMPHU OINpPEACICHHbIX AaBICHUSIX aepopMu-
pyIOTCS MO 3aKOHy, Onu3komy JjuHeWHoOMy. CleloBaTeIbHO, MPHU ONPEICICHUU
HaMpPsHKEHUH B MOPOJIaX MOYKHO MPUMEHSITh MOJIEh JIMHEHHO-1ePOopMUpPyEeMOi cpe-
nel. B mopogax 4acto 30HBI mIacTHYECKuX aedopmariiii 1100 OTCYTCTBYIOT, JIMOO
MMEIOT HE3HAYUTEIbHYIO 00JIaCTh Pa3BUTHSI.

Teopust ynpyroctd MCHOJIb3YETCS ISl ONPEACICHUS HANPSHKEHUW MPU YCIIO0-
BUM CTaOWimM3anuu aegopManuii moa JeiCTBUEeM BHemHeH Harpy3ku. CiemoBaTeib-
HO, NIPU pacyeTe HANpPsHKEHUW TOPHBIE MOPOJABI PACCMATPUBAIOTCS KaK JMHEWHO-
nehopMUpOBaHHbIE TeJa, Ipolecc Ie@opMUpPOBaHUS KOTOPHIX MOJ Harpy3kou 3a-
KoHUmJICA. [Ipy Takux AOMYIIEHHUSIX BEIMYMHA KOHEUHBIX HAIPSKEHUI B TOPHOIL TTO-
poJie OT NEUCTBUS BHEUTHUX CUJI OYJIET onpeiesieHa ¢ JOCTaTOYHOW TOYHOCTHIO.

4.2. IlonsiTue 0 HANIPSKEHUSAX U JePopMAUAX

PaccmoTpum Ha mpocteitiem Buae aedopManuu — pa30oEeKHBIE — IEMEHTap-
HbI€ BHYTPEHHUE YCHIIMS U TMEpPEMEIEHUs, BO3HUKAIOIINE NP JEHCTBUU Ha Opyc
npoJosIbHOM cuibl F (puc. 4.1).

Pa3zpesaem MbIcIeHHO OpyC CEUEHUEM Ha JIBE YacCTH, JEHCTBUE OJHOM 4acTH Ha
IpYryro 3aMmeHsieM ycuiaueM N (IpoJoJibHas cuiia). DTa MpOoJIoJIbHAS CUjla OIpeaess-
€TCsl U3 YPaBHEHUS CTaTUKU

SZ=0,N=F 4.1)

IIpononbHas cuita ABIIAETCS PaBHOAECUCTBYIOWIEH 3JEMEHTAPHBIX CHJI, OIIpE.Ie-
JAOIMX B3aMOJEHUCTBUE MEXAY 4YacThnamu tena. Ilpyu pacTskeHHH eCTECTBEHHO
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MNPCAIIOJOKUTDb, YTO 9JICMCHTAPHBIC CHUJIbI PABHOMCPHO PACHPCACIIAOTCS 10 IJIOIIA-
AU CCUYCHUA U HA3BIBAIOTCA HAIIPAKCHUCM.

F F
«— —»
Z
F N N F
<+ e e E— —>
Z Z
(¢}
F > N
— —> —
—>

Puc. 4.1. K pacuety 6pyca npu pacTsKeHUN

[IpomonbHas cuia sBISETCS PaBHOACHCTBYIONIEH AJIeMEHTapHBIX CHJI, OTIpe/ie-
JSIFOIMX B3aWMOJICHCTBHE MEXAY yacTHLaMu Tena. [Ipu pacTsKeHWu eCTECTBEHHO
HPENOI0KUTh, YTO AJIEMEHTAPHBIE CUJIBI PABHOMEPHO PACHPEEIISIOTCS 10 TUIONIa-
T CEYCHUS M Ha3bIBAIOTCSI HAIPSIKCHHUEM.

Hanpaxcenua — Mepa WHTEHCUBHOCTU BHYTpeHHHX cuil. Ilpu pactsokenuun
BO3HUKAIOT HOPMAaJbHBIC HANpsOKEHHs (NMEPIEHIUKYIIPHO K CEUYEHHUI0) G, KOTOPHIC
OTIpeeIAoTCA 1o GopmyIe

c=—,Ila, (4.1)

N
S
rae N —npopoisibHas cuna, H; S — mimoniaas nonepeyHoro ceueHus, M.

OOGBIYHO MPUHHUMAIOT CIICIYIOIIEE MPABUIIO 3HAKOB:

® ¢CJIM HOpMAJIbHOE HANpsiKEHUE (CHJIa) HAMPaBJICHO OT CEUYCHUS, OHO BbI-
3BIBAET PACTSKCHUE U CUUTAECTCS MOJIOKUTEIIBHBIM;

® ¢CJIM HOpMaJIbHOE HaIpsDKEHHE (CHiia) HalpaBieHa K CEYEHUI0, TO OHO
BBI3BIBAET CHKATUE U CUUTACTCS OTPULIATEIBHBIM.

Mexnay stumu Bujgamu aeopMainuii COXpaHSIETCS €IWHCTBO TMPU aHAIN3E
BHYTPEHHHUX CUJI, HO U OOHApY>XKMUBAIOTCA KAYECTBEHHBIC OTIWYMS, HAIpUMEp, MPHU
V3YyYEHUH TPOLECCOB Pa3pyLICHUs MaTepHUaIOB WIHM MPU UCCICIOBAHUU MOBEACHUSA
JUTMHHBIX ¥ TOHKUX CTEP)KHEH, JISI KOTOPBIX CKaTHUE COMPOBOXKIACTCSI U3THOOM.
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VYcnoBue NPOYHOCTH: HAMpPSIKEHHWE, BO3HUKAIOIIEE B OIMACHOW TOYKE KOH-
CTPYKIIMH, CPEAbI, TOKHBI ObITh MEHBIIIE UJTH, 0 KpaliHEe! Mepe, paBHBI JOIyCKae-
MBIM HalpsHKEHUSIM

G max < (0] (4.2)

I[OHYCKaeMBIe HaIpsHKCHUS OIPCACIIAIOT 110 3aBUCUMOCTHU

[o] = 2meen 4.3)
n

TIE€  GOppey — MPEIEIBHOE HANPSHKEHHUE, ONPENENIIEMOE B PE3YNIbTaTe HCIBITAHUN 00-
pasLoB IpU pa3IMyYHBIX YCIOBUSAX HAPYLIEHUS; 1 — KO3 PUIIMEHT 3amaca MpoYHOCTH,
n>1.

[lon meiicTBHEM MPHIIOKEHHBIX CHJI OpyC M3MEHSET CBOU pa3Mmepsnl (puc. 4.2).
o nedopmaruu nnuHa ero Obuia £ mocne aedopmarmu £; = € + AL. Benuuuna Al
Ha3bIBaeTCs a0COIIOTHHIM YUIMHEHUEM Opyca.

OTtHo1IeHNE

g=" (4.4)

Ha3bIBAIOT OTHOCHTEIBHBIM yATUHEHHEM Opyca. Ho mpaBunbHOE Ha3BaHHE — JuHel-
Has dehopmayus, THOT A IPOJOJIbHAS AehopMaliusl.

v

A
A 4
A
A 4

{

A
A 4

Puc. 4.2. I3meHenue pazmepoB Opyca

B nonepeyHoM HampaBie€HUU NPOU30LUIO YMEHBIIEHHE MONEPEYHOro pa3Mepa
U nonepeunas oegopmayus paBHa
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Mexay nonepedHor u mpoJoJibHOM AedopMalreil CylniecTByeT 3aBUCUMOCTb.
OTHollleHHe nonepeyHo AedopMali K IPOJOJIbHON HOCUT Ha3BaHHUE KOIP@uyu-
enma Ilyaccona u SBIAETCS MEXaHUYECKON XapaKTEpUCTUKONW MaTepHalia u ornpee-
JISI€TCSL HKCTIEPUMEHTAIbHBIM ITYTEM.

g (4.5)

B nmpeaciiax MaJlbIxX y,Z[JII/IHCHI/Iﬁ JJI IIOJaBJIAIOIICT O OOJIBLIIMHCTBA Marcpua-
JIOB, B TOM 4HUCJIC U AJIAA TOPHBIX IIOPOI, CIIPABCIJINB 3dKOH FyK'Cl, KOTOpBIﬁ yYCTaHaB-
JINBACT IIPOMOPHHUOHAIIBHYIO 3aBUCUMOCTD MCIKAY HAIIPAKCHUAMHA U ,IIG(I)OpMaHI/I}IMI/Il

c=¢E, (4.6)

rae E —Moaynb ynpyroctu nepBoro poja uiu mooyiae ynpyeocmu, Mlla.

Ota Benu4MHA SBISICTCS (PU3NUECKONW KOHCTAHTOW Marepuaia U OmpeaesieTcs
AKCIEPUMEHTAIIBHO.

OnpenenuM HanpsKeHUs, BOSHUKAIONIUME B Opyce MpU PACTSKEHUU B HEKOTO-

pOM CeUYeHWH, HOpMaldh K KOTOPOMY pAacHoOJIOKeHa IOJA YIIoOM o K ocu Opyca
(puc. 4.3, a).

O
E—
L
L.
—

-

1 Gn..
éﬁ =
oL >
—
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Puc. 4.3. HanpsikeHust B HAKJIOHHBIX TUTOIIAIKaX

HanpsbkeHnust p paBHOMEpPHO pachpeesieHbl MO HAKJIOHHOMY CEUYEHUIO U UX
MO>KHO OTIPEJIETTUTh U3 YCIOBUS paBHOBECHSI MPaBOW 4acTH Opyca

>Z =0 PA, =CA>
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rae A — miomaab MONepeyHoro ceueHus opyca; A, — IIomaas HAaKJIOHHOTO cede-
HUs Opyca.
Takum o6pa3oM, HaNPsHKEHUE B HAKIIOHHOM CEYCHHUH

p =0ccosa-

OOBIYHO 3TO HANPsHKECHUE PACKIIAABIBAIM Ha JBA HAMPABIICHHUS: IO HOPMAJH K ceue-
HUIO, HOPMAJIBHOE HAMPSKEHHUE G, ¥ BIOJb IJIOMAJAKU — KacaTeIbHOE HATPSHKEHUE T,
(puc. 4.3, B) 1 OHH PaBHBI

2
G, = PCOSC = GCOS Q> (4.7)

. c .
T, = pecino = asm 20

Kak BumHO U3 ypaBHEHMi, B 3aBUCUMOCTH OT OPUEHTAIIUU CEYEHHUsI MMOJTydaeM
pa3HbIC MO BEJIMYMHE M HAIIPaBJICHUIO HOPMaJIbHBIE M KacaTeJIbHbIC HAPSHKEHUS.
0
B ceuenusix nipu o =0, 6, = 6, 1,; B cedyeHusix o. = 90", 6, =0, 1, = 0; B ceueHu-

0 (e)
AX IIpU oL = 45 , BOBHUKAIOT HauOOJIbIINE KacaTEIbHbBIE HampsKCHUA T, = -

Uepe3 naHHYIO TOYKY B KOHCTPYKIIMHM, B MACCUBE TOPHBIX MTOPOJ, MOKHO IIPO-
BeCTU 0ECUUCIIEHHOE MHOXKECTBO CEYEHUH, B KOTOPBIX JEHCTBYIOT pa3IMyHbIC MO Be-
JIMYMHE U TI0 HAIPABICHUIO HOPMAJbHBIE U KaCaTEJbHbIC HAIPSKEHHS, KOTOPBIE OT-
pakaroT B3aUMOJIeHCTBIE OECKOHEYHOTO0 MHOKECTBA YaCTHUI] Ha TAHHYIO TOUKY.

Hanpsokenus, nelcTBYIOMIME MO JTIOOBIM TPEM B3aUMHO NEPIEHIANKYISIPHBIM
IJIOIIA/IKAM ONPENEIIOT HANPANICEHHOE COCMOAHUE 6 moyKe. Y CIIOBHO HAIPSKEH-
HOE COCTOSIHHE B TOUYKE MPEJACTABISAIOT CIEAYIOMMM 00pa3oM: BOKPYT TOUKH BbIpe3a-
eM »dJeMeHT OeCKOHEYHO Majoro pasMepa B ¢opMe napauielenunena
(puc. 4.4, a).

IIpn ymensmenuu cropoH, B npegene (dy, dy, d, — 0) 3TOT mapamrenenumnes
CTATUBAETCS B TOUKY, Y€pe3 KOTOPYIO MPOXOIAT TPU B3aUMHO NEPHEHIAUKYISPHBIE
mwiomaaku. Ilo rpaHsam sjeMeHTa MOIyT A€WCTBOBaTh Hampsbkenus Py, Py, P,
(pucyHok 4.4, a).

PacknanpiBaeM 3TH HanpsiKEHUsI HA COCTABIIAIOLIME, TPOEUUPYIOT UX HA OCH X,
Y, Z, TI0JIy4a€M HOPMAJIbHBIE HAIIPSKEHUS Oy, Oy, G, U KAaCATEIbHBIC HAIIPSIKEHUS Tyy,
Tyx: Tyz: sza Tzxs Txz-

WNHpexc HOpMabHOTO HAIPSKEHHS] COOTBETCTBYET HOPMAJIM K IUIOIIAJKE, Ha
KOTOPOW OHM AEUCTBYIOT. KacaTenbHple HAIPSHKEHNUSI UMEIOT J1BA MHAECKCA: TIEPBBIN —
HAIIpaBJICHUE OCH, NMAPAJIIECIBHON HANPSLKEHUIO, BTOPOM — HANPABIEHUIO OCH, IEp-
NEHAUKYJSIPHOM K Tuiomaake. Takum o0pa3oM, Ha IpaHsAX 3JEMEHTApHOTO Iapaijie-
JIENIATIEIA TEUCTBYIOT JEBITh KOMIIOHEHT
HAIPSHKEHUH, KOTOPBIE TPENICTABIISIOT COO0M meH30p HanpsaiceHuil, 3aTUChIBAEMBbIH
B BUJIE
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GxTyxTZX

T O, Ty 1 (4.8)

szryzcz

rac B CTPOKax pacCIIOJIOKCHBI COCTABJIAOIINC HaHp}I}KCHI/Iﬁ COOTBCTCTBCHHO Ha IIJIO-
maaKax, ICPICHAUKYJLAPHBIX OCAM X, Y, Z.

Z p
A ¥
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\ /_/ -
, /’ X
/'/
SO | > X
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4 O Y
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‘ Ty 7
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O, E — 0,
T | ®
dz o t‘i e —T <l > X
v z
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Va8 .
/ dx
6 Y
0-:

Puc. 4.4. HanipsikeHHOE COCTOSIHUE B TOUKE

Cucrema cuil, NPUWIOKEHHBIX K 3JIEMEHTY, JOJDKHA YAOBIETBOPATH YCIOBUSM
paBHOBecHs. [10CKoJIbKY Ha MPOTUBOIOJOKHBIX TPaHsIX BO3HUKAIOT MPOTUBOIOJIOXK-
HBIE 10 HAIIPaBJICHUIO CUJIBI, TO MEPBBIE TPU YCIOBUS PABHOBECUS — JUISl POCTPAH-
CTBEHHOW cucTeMbl cwil. M3 ycioBUsI paBHOBECUS CyMMbl MOMEHTOB OTHOCHTEJIBHO
OCH X, ITOJIy4aeM

t,dd,d, =1,dd,d,,

AHAJIOTUYHO MOKHO 3aIlIUChIBATHL OCTAJIbHBIC YPABHCHMNA.
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Toraa nonydaem

Tyl = TZY; Tix = sz; ’ny = TYX (49)

Takum 00pa3om, Ha OBYX B3aWUMHO TMEPHEHANKYJSIPHBIX IUIONIAIKAX COCTAaB-
JISTIOIIME KaCaTeNbHBIX HAMPSHKEHUH, IEPICHANKYIISIPHBIE K 00IIeMy pedpy, paBHBI U
HarpaBJIeHbl 00e 00 K pedpy, 11b0 oT pedpa. DTO ecTh 3aKOH MAPHOCTH KacaTesb-
HBIX HanpspkeHud. CrejoBaTeNIbHO, HAa TPAHSX BBIJIEJICHHOTO 3JIEMEHTAa UMEEM He Jie-
BAThb, @ LIECTh HE3AaBUCHMBIX KOMIIOHEHT HAMNpPSHKEHHWM, TMOCKOJIbKY KacaTelbHbIe
HaIpsHKEHUS TOMapHO paBHBL. TeH30p HanpsbkeHui (4.8) SBIsSeTCS CHMMETPUYHBIM.

AHanu3 HaNPsS>)KEHHOTO COCTOSIHUS B TOUKE HAYMHAETCS BCETa C ONpeIeIeHUs
HaIpsHKEHUI Ha TPaHAX BBIIEJIEHHOTO B OKPY>KHOCTH TOYKH 3JieMeHTa. Yepes ToukKy
IMPOBOJUTCSA TPU B3aUMHO NEPHEHAMUKYJSPHBIE IUIOCKOCTH, OPHEHTAIUS KOTOPBIX
MOJKET OBITh MPOU3BOJIBHON M YacTO OmpenaenseTcs 0oee MPOCThIM PacueToM KOM-
IIOHEHT HAIPSKEHUM.

Hampumep, HampsikeHHE B TOJIIE TOPHOW MOPOIBI OTPEASIISEM CIICTYIOITIM
oOpa3om. BriOupaemM HEKOTOPYIO TOUKY, MOJIOKEHHE KOTOPOU OMpeessieM C TOMO-
MIbI0 MPSMOYTOJPHOW CHCTEMBI KOOPJMHAT, HAYaJOM KOTOPOW CUHMTAIOT TOUYKY Ha
TPaHMIIEC ICUCTBUS BHEITHUX CHJI U TOPHOU mOposl. OCh Z HampaBiieHa BHHU3, OCh Y —
cJieBa HaIpaBo, OCh X — MEPIEHIUKYISIPHO K ocu Y (puc. 4.5, a).

Q
¥ Y ¥ ¥ ¥ Y ¥ Y YY¥YY _Y
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Puc. 4.5. HanpsikeHHOE COCTOSTHHE B TOUKE O TOJIIIE TOPHOUM TOPOIBI
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JI1s1 OLEHKM CKMMAeMOCTH F'OPHOM NOPOJBI MOJ IEUCTBUEM BHEIIHEN HATPY3-
KA OOBIYHO pacCMaTpPUBAIOT FOPU3OHTANIBHBIE U BEPTUKAJIbHBIE MJIOMAAKU. B TakoM
Clly4yae pelICHHE 3a/1a4d O CKAaTUU IOPHOM IOPOJbI B HEKOTOPOM TOYKE CBOJAUTCS K
PELICHUIO O CKaTHM 3aMEHSIOLIErO ATy TOYKY 3JIEMEHTAPHOTO MapauIeIICHUIE/a,
CTOPOHBI KOTOPOTO MAapaJUIEIIbHBI OCU KOOPAUHAT, YTO JOIYCTUMO B CHILy €r0 MaJlo-
CTH.

Hamnpsixenuss B mopogax MOTYT CO34aBaTbCs HE TOJBKO JEWCTBUEM BHEIIHHUX
HArpy3okK, HO U ApyruMu ¢Gu3nYecKuMu moismMu. Hampumep, Tepmudeckue Hampsi-
YKEHUS BBI3BIBAKOTCS HEOJHOPOIHBIM HArPEBOM MOPOJ.

[Ipu n3MEeHEHNN OpUEHTALUK I'PaHEl BBIICIEHHOTO 3JIEMEHTA WM, UHA4Ye, IPU
IPOBENCHUH PA3JIUYHBIX IJIOMAJ0K YEPE3 JAHHYIO TOUKY U3MEHSIOTCS HalpsLKEHHUS,
JeicTByIOIIME 1O ATUM TpaHsiM. Cpean 6eCUnCIeHHOTO0 MHOKECTBA TUIOIIAI0K, PO-
XOJAIIMX Yepe3 JaHHYI0 TOYKY, UMEETCS] TPH B3aMMHO MEPIEHIUKYISPHBIX IO -
KM, Ha KOTOPBIX KacaTeJIbHbIC HAIIPSDKEHUS PABHBI HYJIO. Takue IUIOIAIKU Ha3blBa-
I0TCSL 27A8HBIMU NIOWAOKAMY, 3 HOPMAJIbHbIC HANPSIKEHUs HAa ITHX IUIOIIAJKAX —
2N1a8HbIMU Hanpsadcenusmu. ' TaBHbIe HanpsKeHUs1 0003HAYar0TCs Gy, Gy, G3 B OPA-
Ke yObIBaHUS B aJIr€OpanvdeckoM CMBICIIE, T.€. G| > G, > Oy,

Ecnu no Bcem Tpem IrpaHsaM napajulesIeNuAIe1a JIeHCTBYET TPU HAIPSDKEHMS, TO
HaNpsUKEHHOE COCTOSIHUE Ha3bIBAETCSl 0ObEMHBIM UIIU TPEXOCHBIM (puc. 4.6, a).

Ecnu Ha rpaHsax 3jeMeHTa ACUCTBYIOT J1Ba HANPSIKEHUS G, G, TO HANPSKEH-
HOE€ COCTOSIHHE HAa3bIBACTCS MJIOCKUM WJIH JABYXOCHBIM (puc. 4.6, 6). Ecnu Ha rpansax
JJIEMEHTA JIEUCTBYIOT HANPSLKEHHS Gy, TO HANPSHDKEHHOE COCTOSIHUE Ha3bIBAETCS JIU-
HEWHBIM WJIK OJHOOCHBIM (puc. 4.6, B).

O, o)
o

G O G
-« —— | —— ' ] ———
dy /
(8] 3 a'z
dx l l
8 0 B

Puc. 4.6. Buapl Hanps>KeHHBIX COCTOSTHUIM

B nanbHeiiem mnpu ucciae10BaHUU HAMPSHKEHHOTO COCTOSIHHMSI B TOUKE HEOO-
XOJIUMO OIPEAENATh [NIABHBIE HAIIPSKEHUS, [IOTOMY YTO PacdeTbl HA MPOYHOCTH IO~
CTPOEHBI HA OCHOBAaHUH IIABHBIX HAIIPSKEHUIA.

PaccMOTpuM HamnpsbKeHHs, BO3HHMKAIOIIME B HAKIOHHBIX IUIOMIAJKaX IpHU
IJIOCKOM HAmNpsKEHHOM COCTOSIHUU. [lo rpaHsaAM 3jieMeHTa JEHCTBYIOT TIJIABHBIE
HaIpsKEHUS G U G,. OnpenenseM HanpspKEHUS Ha IUIOLIAJIKE, HOpMallb K KOTOPOM
COCTAaBJISIET YTOJl 0L C TOPU3OHTAIBHOM OChIO (puc. 4.7).
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[IpuMeHM NPUHLKUIT HE3aBUCUMOCTH ACHCTBUS CUJl (IPUHLIMI CYIIEPIO3ULIAN)
U Ha OoCHOBaHUM (popmyin (4.7) onpenenuM HOpPMaJlbHbIE M KacaTeJIbHbIE Hampsike-
HUS.

2

2
G, =0;¢€08 O +0G,ycos -(90+a);

T = Lgin 20+ 22 sin 2 - (90 + )
“ 2 2 >

90 +a

Puc. 4.7. IInockoe HanpsiKEHHOE COCTOSTHUE

OTKyHa CJICAYCT

2 2
G(X = Gl cosS O + Gz sSin O (410)

61 — 6,

T, = —=sin 2a
a .
2

[Toce mpeoOpazoBaHmii MOXKHO 3aMKCaTh

+ —_
o, =217% 01 7% 20, (4.10, a)
* 2 2

G, — 0,
T, = ——2sin2a.
2

OTU 3aBHCHUMOCTH NPEACTABIISIIOT YpaBHEHHWE OKPYXHOCTH B IapamMeTpHye-
CKOM (popMe B cucTeMe KOOpAUHAT G U T. TakuM 00pa3oM, HalpsKEHHOE COCTOSIHUE
B TOYKE MOXHO MPEACTaBUTH Ipapuecku B BUAE OKPY>KHOCTH, KOOPAUHATHI TOUEK
KOTOPOM ONPENEISIOT HAIPSDKEHHS HA COOTBETCTBYIOLIECH IIOMAKE, a YIOJl O OIIpe-
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JEeNseT OPUEHTALMIO IUIOIAAKU. LIEHTp OKpYKHOCTM HAXOIWUTCS HAa PACCTOSHUU
o, +0, C;— 0,
———= OT Ha4aJIa KOOPJMHAT I10 OCH 6. Pagnyc OKpy>KHOCTH paBeH

OTa OKpYXHOCTh HOCUT Ha3zBaHHe Kpyr Mopa uiaum KpyroBol auarpaMMoi
HaIIpsSDKEHHOTO cocTosiHuA. Kaxnas ruromanka UMeeT KOOpAUHATH G, T. TOYKH, CO-
OTBETCTBYIOLIUE BYM B3aUMHO NEPHEHAMKYJSIPHBIM ILIOIIAJKAM, HAa Kpyre Hamps-
JKEHUN PAacCIOJIOKEHBl JUAaMETPAJIbHO IPOTHBOINOJIOXKHO. ClenoBaTesbHO, 3Has
HAIIPSDKEHUS HA JABYX B3aMMHO NEPIEHAMKYJSPHBIX IUIOLIAJKAX MOKHO IOCTPOUTH
OKpYKHOCTb. KoopauHaTsl BEpPTHKaIbHOU Hnomazu(va (o1; 0), ropusoHTaIBHOU
— 7777~ (062 0).

B cucrteme koopauHar 6y, T Touka B COOTBETCTBYET BEPTHKAIHLHOM TUIOMIAIKE,
Touka C — ropu3oHTaIbHOM momaake (puc.4.8).

-+
o]
=)
Q

2o

Puc. 4.8. Kpyrosas tuarpamma Hanpsi>Ke€HHOTO COCTOSIHUS

Touka A COOTBETCTBYET IUIOIIAJKE, HOPMaTh K KOTOPOHW pacHoiOKeHa IMOJ
yIJIOM O K TOpU30oHTaIU. i onpenesieHust HampaBlIeHUs HAIPSDKEHUH G, U T, HaXo-
UM Ha Kpyre HalpsDKeHUH TIONI0C Kpyra, TOUKY, T/Ie TIEPECeKarTCsl BCe HOpMaH K
wionaakaM. Haxonum mosroc crieayromuM 00pa3om, B Touke B HopMamb K mtoma-
K€ — TOpU3OHTaJIbHas JUHUS, B Touke C HOpMaslh K TUIOMIAJKE — BEPTHKAIbHAS JIH-
HUsI, OHU TepecekaroTcs B Touke C, 3Ta Touka U siBisieTcs morocoMm. CoeIMHUB TOY-
ku A u C mpsMoii, TIOJlydrM HaNpaBJICHUE HANPSDKCHHUS G, U COOTBETCTBEHHO T,
(puc. 4.8).

Ecnu 3amanpl TUtOMaaKu OOIIETO TOJIOKEHHS, 10 KOTOPBIM JEHCTBYIOT HOP-
MaJbHBIC W KacaTeIbHBIC HANPSDKCHUS, OMpPENeIsseMble MPU TOM WJIM WHOM METOJC
pacdera, TO KOOpAMHATHI TOYEK, COOTBETCTBYIOIIUX BEPTUKAIBLHBIM U TOPU30HTAIb-
HBIM TUIOIIAJKaM COOTBETCTBEHHO a (Ox, Tyx), TOPU3OHTAIBHON 777~ (Oy Tyx)
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(puc. 4.9, a). Jlia nocTpoeHUsl Kpyra HanpsyKEHU NPUMEM, YTO B JJAaHHOM Cllydae
c,+0

Ox > Oy. LIeHTp Kpyra umeeT KOOpAUHATY Ty , paInycC Kpyra paBeH
6.-6,) (4.11)
2 .
R= [ =]+, .

TY}- T_IT__ U P Y 43‘
b

ot |

‘ ¥x

(e}

y
a T_n
o D C Ky o
Fy | =
M 0 Ts
g
max

Txy

6 Gmin
rg _/
41 - min B
G,
+ . »O,+0, | O, -0,
2 2
O max =

Puc. 4.9. Kpyrosas nuarpamma Hanps>Ke€HHOTO COCTOSIHUS

I'maBHBIM mIOIIagKaM COOTBETCTBYIOT ToUukrd K m M, B 3THX momaakax aeu-
CTBYIOT HAauOOJIbIIINE U HAUMEHBIIINE HATTPSAKEHUS.
Hanbonpiue 1 HaMMEHbIINE HAMPSXKEHUST PABHBI

Gmax = 001 +01K = 001 +R)

[Tocie NoaCTaHOBKYU OTPE3KOB IOJIYy4aeM

2
Gx-l-Gy c,—0O ’ (412)
cFmax:—i N +Tyx
min 2 2

3aTeM 0003HaYaeM HaAIIPSKCHUA COTTIACHO HpHHHTOﬁ 3aBUCUMOCTH G| > G) > Oy,
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HanpaBneHHe T'JIaBHBIX HaHp}DKeHI/Iﬁ onpeaAcIsACTCA Ha OCHOBAHUH 3aBUCHMO-
CTH

2T,
tq2a = —

Gy — Oy

(4.13)

HaunOounbiine kacaTenbHble HAPSHKEHUS YUCIEHHO PABHBI PAJNYCy OKPYXKHO-
CTHU HaIPSKEHUN

2
T _ Omax “Omin _ Sx~9) + ‘52 .
max 2 - 2 X

(4.14)

IIpn ucnslTaHuM 0Opa3LOB MOPOJ HAa MPOYHOCTb NPHU PACTIKEHUH, CHKATUU
[0JTy4yaeM JIMHEMHOE HalpsKeHHOE cocTosiHMe. KpyroBele nuarpaMMbl HampsikeH-
HBIX COCTOSIHMM IpeacTaBiaeHbl Ha puc. 4.10.

PaccmoTpum mocTpoeHHME nuarpamMmbl HalpsDKEHUN JJIT 0OBEMHOTO HAIps-
YKEHHOT'O0 COCTOSIHUSI.

Jns  miom@agok mapaliedbHbIX OCAM X, Y, Z CTpouM Kpyru Mopa
(puc. 4.11).Kaxnoit Touke a1000i OKPY>KHOCTH COOTBETCTBYET OMpEJICJICHHAs ILIO-
maaka. OaHaKo, TOYKH, PACIOJIOKEHHbIE HAa TpeX Kpyrax HE HMCUYEpHbIBAIOT BCErO
MHO>KECTBA TUIONIA/I0K, TPOXOASIINX Yepe3 3aJaHHYI0 TOUKY.

a
P Puc. 4.10. Kpyrosas
4 auarpaMma Hanps-
/ \
\ KEHHOTO  COCTOSTHUS
c c [ b
— . g 2480 pH pacTsHkenuu (a) u
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Touku, COOTBETCTBYIOLIME IUIOMIAJKaM, HE MAapaJJIEIbHBIM HU OJHOW M3 TJIABHBIX

OCeil, PacMoJIOKEHbl BHYTPU 3AIITPUXOBAHHOTO KPHUBOJWHEHHOTO TpPEYTrojIbHUKA

ABC, o6pa3oBaHHOTO TpeMs COBMEIIEHHBIMU Kpyramu Mopa (puc. 4.12).
HauOonbiive kacaTenbHble HAPSHKEHUS paBHBI PaJNyCy HAaMOOJBIIETr0 Kpyra

Gy — 063
Tmax — 2 .

(4.15)

| Yé N C B A
c
4 X
Y }
a G.{ -
G,

F Y

Puc. 4.11. KpyroBsie quarpamMmmsl Jisi 00EMHOTO HAPSKEHHOTO COCTOSTHUS

Z| 403

N AR
= e sk

Z| 1\63 Z 63

=g
Q
A

?ﬁ%«p&'
l

x0T,

¢ 5 l ¥ l ;

Jlna nnoimanok
Hapanne/IbHBIX OCH X

Jns nnomanok
napanielbHEX 0cH Y

NN

Jng nnomanox
MapainenbHLIX ocH Z

) G S S
7 Al £ X
[ \ r \
.\\ Y. \ fl
\
g, R Fris ) S -q—-o- 2
" g . " g " G B

Puc. 4.12. KpyroBas auarpaMmmMa HarpspKeHUH J1J11 00bEMHOI0 HANPSKEHHOTO

COCTOSAHUA
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P ACCMOTpPHUM C€UIC OJJHO HAIIPAKCHHOC COCTOSAHUEC, KOTOPOC MOKCT BO3BHUKATH B
HCCICAYCMOM TCJIC, ITIOPOAHOM MACCHUBC, IIPU HCIIBITAHWHU Ha CPC3. Ecau no Ir'paHsiaM
9JICMCHTA, BBIPC3aHHOI'O BOKPYI' TOYKH, I[CﬁCTBYIOT TOJIBKO KaCaTCJIbHBIC HAIIPAKC-
HHA, TO TAKOC HAIIPAKCHHOC COCTOAHHUC HA3BIBACTCA YUCTBIM CABUT'OM (pI/IC. 413)

T
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Puc. 4.13. YncTelil ciBUT

[Ipu peiicTBMM  KacaTeIbHBIX HAMPSHKEHUH  dJIeMEHT  AehOopMHUpYyeTCs
(puc. 4.13, 6), BepTUKaAJIbHbIE TPAHU MOBOPAUMUBAIOTCS HA YIrOJ Y, 3TOT YIroJ €Ilie
HA3BIBAIOT )21080U deghopmayueli.

3akoH ['yka nipu caBure uMeeT BUJL

T =7vG> (4.16)
rne G — moxyIb cABUTA,

B E
2.1+ (4.17)

[ aBHbIC HANPABICHHS PACIIONOXKEHBI MOA yriaoM o = 45 u paBHbI 6, = T
0,=0;03=-T1.

['paduueckoe mpeacTaBieHHEe 3TOr0 HAMPSKEHHOTO COCTOSHUS (KOOPIUHATHI
TOYEK COOTBETCTBYIOIIMX TUIOLIAIOK 4 (0; - 1), 777 (0; 1)) naxo Ha puc. 4.14. Ilo-
JIFOC Kpyra HaXOJUTCS B TOUKe B, HampaBiieHue TIaBHBIX HATPSDKCHUA OMIPEACISICTCS
npsmeivu BC u B/1.

[Ipu 06beMHOM HAMPSIKEHHOM COCTOSIHHHM MEXTY KOMIIOHCHTaMH HAMpPSKCH-
HOTO U Je(hOPMHUPOBAHHOTO COCTOSIHUS CYIIECTBYET OINpEAe/ieHHAs 3aBUCHUMOCTh. B
npenaenax Majibix AedopMaliuii 3Ta 3aBUCUMOCTD SIBJISICTCS TUHEHHON U HOCUT Ha3Ba-
Hue obOobOmieHHoro 3akoHa ['yka. HaumbGomee mpoctyro hopMy 0O0OOIICHHBIM 3aKOH
['yka nmpuHHUMaeT AJi1 U30TPOIHOIO Teja, B 3TOM ciiydyae Ko3Q(PHUIIMEHT Mponopiuo-
HAJIBHOCTH MEXAY KOMIIOHEHTAMHU HANPSXKEHHOTO U 1e(OpMUPOBAHHOTO COCTOSIHUM
HE 3aBUCST OT OPUEHTALIUU OCEHN B TOUKE.
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Puc. 4.14. Kpyrosas nuarpaMma npy 4ACTOM CIIBUTE

YToOBl NOJIyYUTh AHAJIUTHYECKOE BBIpaKEHHE OOO0OIIEHHOro 3akoHa ['yka,
HE0O0XO0IMMO BOCIIOJIb30BAThCSI MPUHIIUIIOM HE3aBUCUMOCTH JeicTBus cuil. JIunei-
Hble JleOpMalliK B HAIIPaBJICHUH JIEHCTBHE HANPSDKEHUH G|, O,, G3 ONPENeNSIIOTCs
o ¢hopmysiam

€1 =%[01 —p- (o, +03)],
€ =%[02 — - (o3 "‘01)], (4.18)

€3 =%[03 —p-(oy +0,)]

JlJis1 OLIEHKH OMAaCHOCTH HANPSHKEHHOTO COCTOSHHUS HEOOXOIUMO OMpEACIIUTh
NOMEHYUAIbHYIO IHepeuto degopmayuu TP 0O0bEMHOM HAIPSHKCHHOM COCTOSIHUH.
[loreHnmanpHasi SHEPrusi, HAKOIUICHHAs B JJIEMEHTAPHOM OOBEME, ONpEeaeisIeTCs
CyMMO# pabOT cHJl, paclpelieJICHHBIX 10 TTOBEPXHOCTH 3TOro obdvema. HopmanbHas
cuna o, dy, dz (puc. 4.6, a) Ha iepeMeleHnH €, dX coBepiiaeT padoTy

% c,dydze,dx .

AHaNoruuHble BbIpaXXEHUs padOT JalOT U OCTAJIbHbIE HOPMAaJIbHBIE COCTaBIIs-
foure. Eciiu noTeHIManbHy0 SHEPTUIO0 OTHECTH K €IMHUIE 00beMa C YUETOM BbIpa-
xeHul (4.13), To NoMyYuM yIEeIbHYI0 TOTEHIUAIBHYIO SHEPTHIO Ae(OpMALIMU
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Uzi- 612+G§+G§—2M-((5102 + 06,03 +030;)| (4.19)

[Tosyurm BbIpaX€HUS 1JI TaK HA3bIBAEMOM 3HEPIHMM W3MEHEHUs (POpMbI U
SHEPrUM W3MEHEHUA OoO0beMa. DTHU BBIPAXKECHHS MOTPEOYIOTCA B JalbHEHIIEM Npu
U3YyYE€HUHU BOIPOCOB, CBSI3aHHBIX C IJIACTUYECKUMU J1e(hOPMALUAMU U MPEAETbHBIMU
HaIIPSHKEHHBIMU COCTOSIHUSIMU.

Jlenenue BHYTpEHHEN NMOTEHLMAJIBHON YHEPIUM HA JIBE YKa3aHHBIE COCTAaBJISA-
IOLLUE SIBIISAETCS YCIOBHBIM U BBIIIOJHACTCS 110 CIECAYIOLIEMY IIPUHIIUITY.

Kaxxioe u3 riiaBHBIX HaMPsDKEHUH TIPEICTaBIsIEM B BUIE CYMMBI JBYX BEJIHUUH
(puc.4.15)

G| =Gy +0]; Gy =Gy +0h; G3 =G, +03, (4.20)

B PC3YJIbTATC YCTO HAIIPAKCHHOC COCTOAHUC PA3ACIICTCA HAa ABA. HepBoe HaIps-
JKCHHOC COCTOAHUC IIPCACTABIIACT coOou BCCCTOPOHHCC PpACTAKCHUC

Gy = A2 +G32 9, 4.21)

a BTOPOC ABJIAACTCA JOIMOJHCHUCM K HCMY A0 3a/ITaHHOI'O HAIIPAKCHHOI'O COCTOAHMA.

Q
Q

Puc. 4.15. IlpeacraBiieHue HANPSIKEHHOTO COCTOSAHUS

[Ipu yka3zaHHOM YCIIOBUM CHUCTEMa CHUJI NIEPBOIO HAMPSHKEHHOTO COCTOSIHUS
(6p) HE MPOU3BOAUT PAOOTHI HA MEPEMEIICHUAX, BBI3BAHHBIX CUJIaMU BTOPOTO COCTO-
stHUsl. TOYHO Tak K€ U CUJIbl BTOPOTO HAIPSKEHHOTO COCTOSIHUSI HE MPOU3BOASAT pa-
OOTHI Ha MEPEMEILICHUSX TIEPBOTO.

W BHYTpeHHSIsI SHEpTUs pa30MBaeTCsS Ha JBE YaCTH, COOTBETCTBYIOIINE JBYM
HaIpPSKEHHBIM COCTOSHUSM

U=U06 +Uq)’
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rae U, — MOTeHIManbHasA SJHEPIusa u3MeHeHusa 00bema; Uy, — IOTeHInaNbHas
SHEPrus u3MeHeHus: (GOPMbI, UIH SHEPTUs HOPMOU3IMEHEHUSI.

[loacraBnsis 3HaueHUsT HaNpsDKEHUM B ypaBHeHue (4.14), moimydaem aiia mep-
BOT'O HAIPSKEHHOTO COCTOSHUS

1-2-p 2

U (o0 +0, +0
06 GE (6 +0, +03) , (4.22)

AJIs1 BTOPOI'O HAIIPAKCHHOTO COCTOAHUNA

1+p 2 2 2
=~ GE (6; —0;) +(0, —03) +(03 —0y) (4.23)

Hpe,IICTaBJICHHbIG BBIIIC 3aBUCHUMOCTH IIHUPOKO HUCIIOJBb3YIOTCA B pvaeTHOﬁ
IMPAaKTHUKC.

4.3. Teopun mMpoO4YHOCTH MOPO/

[IpoyHOCTE TOPOABI ONpPENAECHACTCS BEIMYMHOM KPUTUUYECKUX HANPSLKEHUU,
[IPU KOTOPBIX MTPOUCXOAUT €€ pa3pylieHHE. ITU HANPSKEHUS PA3IMYHbI U1l Pa3HbIX
NOPOJ ¥ Pa3HbIX CIIOCOOOB MPUJIOKEHUS HArpy3ku. OHM Ha3bIBAKOTCS npedeibl npou-
Hocmu (8pemennoe conpomueienue). PaznuyaroT npeaesbl TPOYHOCTH MOPOA IpH
CIKATUH Ope, PACTSIKCHHUH Gy, CABUIE Ty

Pazpymienne — 310 paspbIB CBA3EH MEXIAYy aTOMAMH B KPUCTALINYECKOW pe-
HIETKE.

Kaxk nokassIiBatoT pacdersl, peies MPOYHOCTH PH PACTSIKEHUU JT0JKEH ObITh
pasen 10* MITa.

OpxHako B CBSA3M C T€M, UTO pealibHbIE Tella 00J1aJal0T MHOKECTBOM J1€(DEKTOB,
3HAYEHUsI IPEJeNia TPOYHOCTA B COTHH ThICSAY Pa3 MEHbIIE TEOPETUUYECKOrO 3Hayde-
HUSL.

JHedexTsl MOTyT ObITh pa3iauuHbie. B Kpucramie — 3To ToueuHble (BaKaHCHH) U
JMHEWHbIC (IUCIIOKAIMU) UCKAXEHUE KPUCTAIUIMYECKOU pelieTku. B mopone — rpa-
HULBI 3€peH (IUIOCKOCTHBIE) U MOPHI (0OBEMHBIE UCKAKEHUSI) U HAPYLIEHUSI CTPOCHHUS
OPOBI.

B 3aBucuMocTtu oT Macitada pa3pylieHus mopoabl MpeodI1aiatoT T€ U UHbIE
nedeKThI.

Cy1iecTByeT HECKOJIBKO MacTaboB (ypoBHEHN) pa3pylieHus nopoa. Meracko-
MIMYECKUN YPOBEHb pa3pylICHUs XapaKTEPEH Il B3pPbIBAHHMS MACCHUBOB IOPOJ,
CABMXKEHUN 1 00BaJIOB MX. B ToM cityyae Hanbosiee CHIIBHO Ha pa3pylIaeMOCTH CKa-
3BIBAOTCS] KPYIHBIE TPEIIUHBI.

bonee Mmenkue TpelIMHBI, MOPbI, KOHTAKThl MEXIY arperaraMi 3€peH Mpej-
ompeeNsieT pa3pyluieHue MaKpocKkonuyeckoe — BBIEMOYHBIMH arperatamu (3KCkaBa-
Topamu, KoMOaitHaMu ), 0ypOBBIMU HHCTPYMEHTAMHU.

Muxpockonuueckuii ypogensb pa3pylIeHUs] XapaKTePeH I U3MEIbYEHUS I0-
JIE3HBIX HCKOIMAEMBbIX B MEJBHUIAX M, YACTUYHO, IpH OypeHuH ckBaxkuH. Ha sToii
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CTaJNM MPOUCXOIUT Pa3pblB CBs3el B KpUcTaulax W 3epHax. [Ipu aToM cymiecTBeH-
HYIO POJIb UTPAIOT AUCIOKAIMN U BAaKaHCHUH.

Pazpymenue nopoa umeer aub0 Xpynkuid, 1nO0 miacTUyHbli xapakrep. [Ipu
XPYIKOM pa3pyLIeHUU TPOUCXOJUT OTPBIB ATOMOB JAPYT OT JpYyra MO BCEM MIOCKOCTH
pa3pylIeHHs], Ha YTO TPEOYIOTCS OOJIBIINE YCUIIUS, YEM MPH MIIACTUYECKOM.

Menkue TpenyHbl, MOPbI, HEOJHOPOJHOCTH, IJIOCKOCTH OCHA0JIeHUs Mpe-
OTPENEIAI0T MPeodIa Ao XPYNKUK XapakTep pa3pylieHus TOPHBIX MOPOJ, MO-
TOMY MEXAHHM3M MX Pa3pyLIECHUs MOXKET ObITh OMMCAaH MOCPEACTBOM Meopuu Xpyn-
K020 pa3pyuienus, COrIacHO KOTOPOW pelIarollee 3Ha4eHNE I Hadaja pa3pylieHus
UMEIOT KPUTHYECKHE TPEUIMHBI B 00BbEME TBEPIOTO TENA.

Ha kpasx TpemnHbl OOBIYHO BO3HHMKAIOT HAIPSKEHUS, 3HAYUTEIBHO IMPEBbI-
[IAIOUIUE CPEAHUE HANPSKEHUS G. DTO SIBJIEHUE HA3bIBAETCSl KOHIIEHTPALUEH Hanpsi-
xeHui. Tak, npu JyMHe TpeuuHbl 2/ U paguyce ee 3aKpeluieHHs Ha KOHIE T (puc.
4.16) HanpspDKEHHS Ha KParo TPEIIWMHBI PaBHBI
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Puc. 4.16. Konuentpanus HanpsKEHUH HA Kpasx TPEIHUHBI JIIMHON 2{ U ¢ paguycoM
3aKPYIJICHHS T (YHCIIA YKA3bIBAKOT KPATHOCTD PEBBIIICHHS HAPKCHUH G' HaJl O):

a — IIpY Harpy>KCHUM MEPIICHIUKYIISIPHO TPEIIMHE;

0 — pu Harpy>KE€HUM MapajviebHO €il.

1
Kak Toabko HAIIPSOKCHUE 6 AOCTHUTHCT OIIPCACICHHOI'O 3HAYCHUS, TPCIIMWHA
HAaYHCT Pa3BUBATHCA, IIPCOLOJICBAA IIPHU 3TOM MOJICKYJIAPHBIC CUJIbI CHCTIJICHUA (HpO-

u3Bos paboty Wy, IpOMOPIIMOHAIBHYIO yAEIbHON MOBEPXHOCTHON YHEPTUU €, JaH-
HOT'O TeJa)

Ws =(p€-es,
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rae ¢/ — miomaas AByX NOBEPXHOCTEH TPEIIUHbI, IPUXOSIIASICSA HA SUHUILY 10-
MIEPEYHOTO pa3Mepa MOPOJIbI.

VYrpyras sHeprus, 3anaceHHasi B NOpPOJE B PE3yibTaTe ACHCTBHUS BHEIIHEU
HArpy3Ku 1 HeoOXoIuMast JIj1s1 00pa30BaHUs TPEIIUHBI

2 2
Wg =oc nl /E> (4.24)
Tpemuna Oyner pacTu, eciu

dW.
AWy, aWs | (4.25)
d/ d/

OTCIOILa mpcacii IpOYHOCTH IIPHU PACTAKCHUN

Gyp = 2Bl / Tl (4.26)

[Ipy newicTBUM CKUMAIOIIEN HATPY3KH TPELIMHBI CMBIKAIOTCS U HA UX MOBEPX-
HOCTH IOSIBJSIIOTCS CWIBI TpeHHs. B TOM ciydae mnpenen IMPOYHOCTH HA CHKaTHE
OoubLIe Npeena MPOYHOCTH IPU PACTIKEHUU Gy, > Gy M UX OTHOLICHUE TOJYUHSAET-
Cs1 YPaBHEHUIO

Ope 4

2 , 4.27
%% \1+tq ¢ - tqo @27

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

O ax
Hanpumep, 1 rpanura 6, = 141 Mlla, o,, = 11 MIla, —* = 13, necyanuka
Oas
Oax
KBapIeBOro G, = 164 MIla, 6,, = 6,6 MIla, —* = 26.
Oas
O ax
Ha ocHOoBaHMU TeOpHH XPYIIKOTO Pa3pylIeHUs mojydaeM —+ =5...17, 4to B psje

Oas

cnyqaeB 6J'II/I3KO K 3HAa4YCHUAM, HOJ'IyT-IeHHI)IM BKCHepI/IMeHTaHBHO.

Kunemuueckasa (mepmogaykmyayuonnas) meopus pazpyuieHus TBEPIBIX
Ten, pazpadboranHas akagemukom C.H. XXypkoBbIM mocTpoeHa Ha TOM, 4TO pa3pyIie-
HUE B HEKOTOPOH 30HE HE SBJISCTCS KAKMM-TO KPUTHUYCCKUM COCTOSIHHEM Tena. B co-
OTBETCTBUU C TOW TEOPHUEH B TBEPJBIX TEJaX HEMPEPHIBHO UICT MPOIECC HAKOILIC-
HUS MTOBPEXKJICHUH, KOTOPOE MPUBOIUT K MOJHOMY pa3pylieHuto Tell. Bpems cyie-
CTBOBaHHUS TeJla MPHU JCHCTBUU HArpy3Kd B HE Pa3pyIICHHOM COCTOSHUHU OTpEIeIs-
eTCs 10 clieAyroIIei Gpopmyiie
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(Uo - GV)

- (4.28)

t =t exp-

riae  t, — KOHCTaHTa, COBITAIAOIIAS IO MOPSIAKY C MEPUOAOM KOJICOAHMI aTOMOB H
HE 3aBUCAIIAs OT XMMHYECKOTO COCTABa M CTPYKTYphI Tena (t,=~10"°c); U, — sueprus
aKTHUBAIIMKM TIpOllecCca pa3pylIeHHs, CTPYKTYPHO-HEUYBCTBUTEIbHAS BelMYMHA (15
rpanutoB U, = 2,9-10'19 JIx; nna kBapiurtoB U, = 5,8-10'19 JIx); V — akTUBaIMOHHBII
00beM, 3aBUCSIIUIA OT CTPYKTYpHI Tea u coctapisuommii 10°...10* aroMubIx 00be-
MoB (st rparuToB V = 1,5-10%7 M°, mst kBapruroB V = 1,9-10% »); kT — mepa
SHEPTHH TEILIOBBIX (BIyKTyauuit; k — mocrosiHuas boasumana k = 1,38 - 107 Jhx/x;
T — abGconoTHas TemMneparypa Tena.
[Ipenen mpoYHOCTH MpH PACTSKECHUHU PaBeH

_ (IJ0 — KkT/nt / to) , (429)

GBp v

T.€. IpeJie] IPOYHOCTH 3aBUCUT OT napameTrpoB U, u V, Temneparypsl Teiaa U 1Ju-
TEJIBHOCTH JIEUCTBUS HA HETO HATPY3KHU.

DKCHepUMEeHTHI, MPOBEACHHBIE HA MOPOAaX, MOATBEPKIAIOT CHUKEHUE MPOY-
HOCTH C YBEJIMUEHHUEM JIJTUTEILHOCTH JIeUCTBUS Harpy3ku (puc. 4.17).

ALG

&6C

100 _

Puc. 4.17. KpuBble yinTeNbHON NpOYHOCTH MecuanucToro cianna Jlonbacca (1)
U U3BECTHSAKA (2)

[TpouHOCTH MOPOJI, COOTBETCTBYIOIIAS TOW WJIM MHOW JJIUTEILHOCTH JEHCTBUS
HArpy3KH, Ha3bIBACTCS UX OJIUMENbHOU NPOUYHOCBIO Gy C yBETUYEHUEM BPEMEHH
NEUCTBUS HArpy3KH BEJIMYUHA JIUTEIIbHON MPOYHOCTHU G, MAJAET 10 KPUBOM, aCUM-
METPUYECKU MPHUOJIMKAACh K HEKOTOPOMY IpPEAEIbHOMY 3HAY€HHUIO, Ha3bIBAEMOMY
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npeoenom OnIUmenbHolU NPOYHOCMU Gy, 1Ipeaen IINTensHOM TPOYHOCTH JJI1 MHOTHX
nopoJ paseH 6, = (0,7...0,8) oy.

JlJiss OIeHKH TPOYHOCTH TOPHBIX MOPOJ B CIIydae CJIOXKHOTO HAIMPSKECHHOTO
COCTOSTHUS HCIIOJIB3YIOT KPUTEPUH, IMO3BOJISFOIINE 3aMEHUTh CJIOKHOE HANPSHKEHHOE
COCTOSTHUE OJHOOCHBIM HAIPSHKCHHBIM COCTOSIHUEM, JIJIi KOTOPOTO TMpeAebl Mpod-
HOCTH MOTYT OBITh OIpEAeTeHbl MyTeM TEOPETUYECKUX HCCIICIOBAHUM, THO0 MyTeM
IKCIIEPUMEHTA.

["opHBIE TIOPOBI B MOJABISIONIEM OOJIBITHHCTBE MOXXHO OTHECTH K XPYIKHM,
MIO3TOMY TIPU pacyeTax MOKHO MCIOJIb3oBaTh Teoputo Cen-Benana (2 Teopus mpou-
HOCTHU) — meopur) Haudoabuwiux Juneinnvix oegpopmayuit. Ecnu HanbOonpiias au-
HelHas aedopManus JOCTHUTIIA MPEASTHHOTO 3HAYCHHSI, TO HAMPSKEHHOE COCTOSTHHEC
CUMTACTCS OMACHBIM.

I
Cyp =01 — U (0 +03) = Ogp> (4.30)

rae | — ko3pdumuent Ilyaccona.

JUiss  OolleHKM pa3pyll€HusT IUIACTHYHBIX MOXHO NPHUMEHSTh meopuro
Hauodobwux Kacamenvuvlx Hanpaxycenun (teopus KynoHa; TpeTbs Teopus Mpod-
HOCTH).

HanpspbkeHHOE COCTOSIHUE CUMTAETCsl ONAacHbIM, €CJIM HauOOJIbIIME KacaTelb-
HbIE€ HAIIPSDKEHUS JOCTUTIIN TPEAEIbHOIO 3HAYECHMSL.

11

Oyp =01 — O3 < Ggp (4.31)

SKCHepI/IMeHTaHBHaH ITPOBCPKa ATON THUMIOTE3BI II0Ka3ajia, 41O OJd IIJIaCTH4-
HBIX MAaTCpHaIOB OHa IIPUBOJIUT, B O6H_ICM, K YAOBJCTBOPUTCIbHBIM PE3YyJIbTaTaM.
HCpCXO,II OT yIpyroro CoCTtosdHus K INIaCTUYCCKOMY JNIEMCTBUTEIILHO C JOCTaTOYHOM
TOYHOCTBIO OIIPEACIIACTCA Pa3HOCTHbIO MCKIY HauOOIBIIMM U HANMCHBIIINM M3 TIJIaB-
HBIX HaHpiI)KCHI/Iﬁ 1 c1abo 3aBUCHT OT IMPOMCEIKYTOYHOI'O I'NIIaBHOI'O HAIIPSIXKCHUSA O).
Hanoxenune BCCCTOPOHHETO JAaBJICHUA HA r000¢ HAIpsHKCHHOC COCTOAHHNEC HE MCHACT
BEJIMYMHBI HAUOOJIBIINX KacaTeJIbHBIX HaHpH}KCHI/Iﬁ Tmax U, CICOOBATCIIbHO, HE OKa-
3bIBACT BJIMAHHC Ha BOZHHKHOBCHUC INIJIACTHUYCCKHX I[G(I)OpMaHI/If/'I. B YaCTHOCTH, IIPpH
BCCCTOPOHHCM T'MAPOCTATUICCKOM HABJICHUH Tiax o6pamaeTc;1 B HYJIb, CJICAOBATCIIb-
HO, B Marcpuajic HC BO3HUKAIOT IINIACTHUYCCKHUC I[eCI)OpMaHI/II/I. Hanoxxenue Bcecto-
POHHCTO AaBJICHUA BJIWACT HC HA YCJIIOBUC IINIACTHYIHOCTH, a4 HAa YCJIOBHUA PA3pYyHICHH.
FpaHHua paspymcHusd OTOABHUIACTCA, U MaTCpHall HpH06peTaeT CIIOCOOHOCTH ILjIa-
CTHUYCCKHU I[erOpMI/IpOBaTI)CH oe3 paspyuicHus, 4TO OOBSICHSET IMOBCJACHHC T'OPHBIX
IopoJd Impu OonpeaACJICHHBIX YCIIOBUAX.

PaCCMOTpI/IM OHepzeMmuUUeCKyr meopuio npoinocmu (4 meopus npouuocmu)
HpC,IICTaBI/IM HAIpsHKECHHOC COCTOSIHUEC (pI/IC 415)B BH/IC IBYX HaIIPSXKCHHBIX COCTO-

o 0| + O, + 03

SAHHH: BCCCTOPOHHEC PACTAKCHUC, I'IC C, = 3 W BO BTOPOM HAIIPSKCHHOM
COCTOsIHMM, T A€ TII0 TIpaHAM DJJICMCHTA ,HCfICTBy}OT HAIIpsHKCHUA G; — O,
Oy — Oy, 03 — Op.
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[TepBOe HampsKEHHOE COCTOSIHUE BBI3BIBACT M3MEHEHHE 00bheMa dIeMeHTa 0e3
u3MeHeHust ¢popmel (Ky0 10 nedopmariuu ocTaeTcs KyOoM W mocie jaedopmalun),
BTOpPOE HAIPSHKCHHOE COCTOSIHME BBI3bIBACT M3MEHEHHE (DOPMEI dlieMeHTa (KyO mpe-
BpalaeTcs B napasuienenwures) 6e3 n3MeHeHus oobema.

HampsbkeHHOE COCTOSIHME CUYHMTAETCsl OMACHBIM, CJH yAeNbHas TMOTEHIUAb-
Hasl SJHEPTHsI U3MEHEHHS (DOPMBI JTOCTHUTIIA MPEACILHOTO 3HAYCHUS.

DOKBUBAJICHTHBIC HAMIPSHKCHUSI ONIPEISIISIFOTCS 110 opMyJIie

v 1 2 2 2
O ks =$' (64 —03) +(0, -03) +(03 —0y) = GOgp (4.32)

DTa Teopus XOpOUIO COIIACyeTcsa C aKkcnepuMmeHToM. Kpome toro, mepecra-
HOBKa MECTAMU HHJAECKCOB HampspKeHWil 1, 2, 3 B BBIpAKEHUN HE MEHSIET BEJIWYMHBI
SKBUBAJICHTHBIX HANIPSKCHUMU.

K Bompocy npounocTu, corinacHo meopuu npounocmu Mopa, MOXKHO TOJIOW-
TH ¥ C OPYTUX MO3ULHUM — C IO3MIUHN YIPOUIEHHOM CHUCTEMATU3alMKU JKCIIEPUMEH-
TaJbHBIX JAHHbLIX.

JInst Xpynkux Ted, K KOTOPbIM OTHOCSITCSI CTEKJIO, O€TOH, TOpPHBIE MOPOJBbI,
KPUTEpUM pa3pymICHUs] MOXKET ObITh CHOPMYJIHMPOBAH B MPUHIMIE TaK XK€, Kak U
KpPUTEPUI MJIACTUYHOCTH, B BUJE HEKOTOPOTO COOTHOIICHUS MEXIY KOMIIOHEHTaMU
TEH30pa HANPSKECHUI

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

Ecmu R-(c-i-j) <0, To Mmatepuan He pa3pymiaercs. [Ipu BeIMOJHEHUH YCIIO-

Bus (4.33) x0T OBl B OJIHOM TOYKE — MPOUCXOAUT JOKaIbHOE pazpyuieHue. [lox no-
KaJIbHBIM pa3pylICHUEM MOHUMAIOT JHOO pa3phiB, pa3pylIeHUE U CPe3 HEKOTOPHIX
CTPYKTYPHBIX 3JEMEHTOB, JTUOO MOSIBJIECHUE 3apOJIbIIIEBON TPEIIMHBI WIIA CIUSHUE C
TpEUMHAMM, BO3HUKIIMMH B COCEIHUX TOYKax, /i€ BbINOJHSETCA ycinoBue (4.33).
O061acTh JIOKAJIBHOTO Pa3pylICHUs] CIY>KUT MCTOYHHUKOM KOHIIEHTpAIlMU Hampsixke-
HUM, TO3TOMY BEPOSITHO MCIIOJIH30BaHUE HOBBIX OYAroB Pa3pyILICHUS [0 COCEJICTBY C
y>K€ BO3HUKILIUMH.

YcnoBue Mopa: paspylleHre NpOUCXOAHUT TOTa, KOTJAa Ha HEKOTOPOM IIO-
HIaJIKE€ BEJIMYMHA KAacaTeJbHOIO HANpPsHKEHUS JTOCTUTAeT KPUTHUYECKOTO 3HAYCHMS,
3aBUCUMO OT JICHCTBYIOIIETO HA ATOM IJIONIAIKE HOPMAIBHOI'O HAMPSKEHUS

t =f-(c,)- (4.34)

Oto ycinoBue (4.34) HeoOXOAMMO 3alucaTh B 3aBUCHMOCTH OT TJIABHBIX
HanpspkeHui. [l 3Toro BOCHoJib3yeMcsl TEOMETPUYECKUM TpEeACTaBICHUEM Hampsi-
KEHHOTO COCTOSIHMSI B BUJE KpyroBod auarpammbl Mopa. [Ipu oObeMHOM Haripsi-
KEHHOM COCTOSIHMM, C YY€TOM TMPHUHATHIX OO03HAYEHUW, MOXKHO TOCTPOUTH TpPH
oKpyxHOCTH Mopa (puc. 4.18).

Touka, COOTBETCTBYIOIIAsI ONPEAEICHHOMY HANpPsHKEHHOMY COCTOSIHHIO, C KO-
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OpJIMHATaMU Gy, T, JISKUT B 3alITPUXOBAHHON 00JIACTH, T.€. HE MOXKET BBIITH 3a Tpe-
JIeJIbl OOJIBIIIOTO KPyTa, MOCTPOSHHOT'0 Ha HANIPSKEHUSX Gy U O,

AT

-
-

I 3
h 4

Puc. 4.18. Kpyrosasi nuarpamMmma it 00bEMHOT'0 HAMPSHKEHHOTO COCTOSHUS

[Ipennonokum, 4TO Mbl pacloJiaraéM HUCHBITATEIbHON MAlIMHOM, HA KOTOPOU
B 00pasiie MOXHO CO3/1aBaTh JIOOBIC HAIMPSKEHHBIE COCTOSHUS C MPONOPLHUOHAb-
HBbIM U3MEHEHHEM BCEX KOMIIOHEHT. BriOepeM HEKOTOPOE HANPSKEHHOE COCTOSIHUE U
OyZeM OJHOBPEMEHHO YBEIMYHMBATh BCE KOMIIOHEHTHI. [IpH HEKOTOpBIX 3HAUYEHHSIX
HaIPsHDKEHUI HANpSKEHHOE COCTOSIHUE CTaHeT npenenbHbiM. OOpazen nmbo paspy-
IIUTCS, MO0 B HEM BO3HUKHYT IUlacTHUeckue nepopmauuu. Haueptum onuH u3
HanOOJbIIMX KpYroB Mopa aJi 3TOro Hanps>KeHHOro coctostHus (kpyr 1, puc. 4.19).

Ha oGpa3ue u3 Toro xe Marepuana IpOBOJUM HCIBITAHUE MIPU IPYTrOM Hamps-
KEHHOM COCTOSTHUH, TOOMBAEMCs, UYTO HAINPSIKEHHOE COCTOSHUE CTAHOBSITCS Ipe-
neabHbIM (KpyT 2, puc. 4.19).

B pe3ynbpTrare ucnblTaHUN MOJy4aeM cEMENCTBO KpyroB Mopa [uisi pa3inuHbIX
NpelesbHbIX COCTOSTHUM. BhryepkuBaeM ux oOIyr0 OrHOarollyl0 KpUBYO. JTa Oru-
Oaromiasi KpuBas SIBJISIETCS €AMHCTBEHHOM, HE3aBUCUMO OT TJIABHBIX HAMPSXKEHUN G).
DTO OCHOBHOE JOMYIIEHUE B 3TON TEOPUH MPOYHOCTH.

®dopma orubaroieit npeaeabHbIX KpyroB Mopa 3aBUCUT OT CBOMCTB MaTepHa-
Ja ¥ SIBJISIETCSI MEXAHMYECKOW XapakTepUCTUKOW marepuaina. [IpoBepka mpodHoCcTH
IPOBOJUTCS JOCTATOYHO NpocTo. Eciu okpykHOCTh OousbiIoro kpyra Mopa He kaca-
eTCa MpEeAEIbHOW KPUBOM, pa3pylieHue He npousonaet. Ecaum kpyr Mopa KocHeTcs
orubaroniei KpUBOii, TO MPOUCXOJIUT JTOKAJTILHOE pa3pylICHUE.

YacTo NMpoBOAAT UCHBITAHUS HA PACTSKEHUE, CXKATUE, CTPOAT alMPOKCUMUPY-
IOLLYIO IIPEIENIbHYIO OIMOAOIIYI0 B BUAE KACATEIbHOM K ABYM OKPY>KHOCTSIM M TOT'/1a
YCJIOBUE ITPOYHOCTH MPUHUMAET BHU]L

*O3 = Oy, (4.35)
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IZle Oy, — BDEMEHHOE COIPOTHUBIICHHE (TIPEAEI IPOYHOCTH) IIPU PACTSKECHUU;
Gz — BPEMEHHOE COTPOTHUBIICHUE (TP MPOYHOCTH) MPU CKATHH.

v

Puc. 4.19. Orubaronias kpupas

OCHOBHOE OrpaHMYEHHUE, KOTOPOE HAKJIAAbIBAETCS HA IMPUMEHEHUE TEOpPUHU
Mopa, cBsI3aHO C HETOYHOCTBIO OIpPEAEIICHHUs] Orudaroneil KpuBoM B YCIOBHSIX BCe-
CTOPOHHEIO PAaCTSKEHUSA. IJTO OTrPAaHUYEHHE HE CTOJb CYIIECTBEHHO, IOCKOJBKY
HaIPSHKEHHOE COCTOSIHUE TaKOTO poJa MpU PELIEHUH MPAaKTUYECKUX 3a7ad BCTpeya-
ercst penko. HemoctatouHo u3BecTeH BHJI OrvOaromiei KpuBOM B 00JACTH BCECTO-
POHHETO C)KaThsA. 3JeChb BCJIEACTBUE NMPHUHATBHIX YIPOIIEHUNA BO3MOXHBI IIOTPEIIHO-
cti. Hannyumme pesynpraThl pacuerHas ¢opmyiia (4.35) maer Ui HanpsKEHHBIX
cocrosaHuit ipu 6; > 0, 63 < 0. Torna npenenbHbI Kpyr Mopa pacnoJiaraeTcs B UH-
TepBaJe MEXY IPEIEIbHBIMU KPYTraMU IIPU PACTSKEHUN U CKATHU.

[Tonxon Mopa xopolil TeM, YTO MO3BOJISET OOBAICHUTh OTHOCUTENBHYIO YCIIOB-
HOCTb JICJICHUS MaT€pUaJOB HA IJIACTUYHBIC U XPYIIKHE.

JIist ogHOTO M TOrO e MaTepuaia MOYKHO IOCTPOUTH JABE OrMOarouIve Ipe-
nenbHbIX KpyroB Mopa. [lepBasg orubaromias xapakTepu3yeT Nepexoi OT ynpyroro
COCTOSIHMSI K IJJACTHYECKOMY. DTa ormoarouiasi MpeacTaBisieT co00il mpsmyro, mna-
paienbHyto ocu 6 (puc. 4.20). Bropas ormbaromasi COOTBETCTBYET Pa3pyLIECHUIO
obOpasua (kpuas 2).

Jlnst mnacTUYHOro MaTtepuasa mpsmas 1 B mpaBOiMl 4acTH JuarpaMmsl (puc.
4.20, a) NpoXOUT HUXKE KPUBOH 2. DTO O3HAYAET, YTO MPU OOBIYHOM MCIBITAHUH 00-
pasna Ha pacTsbkeHue Kpyr Mopa 3 1o Mepe yBeIMYeHHMs pACTATMBAOLIErO HaIps-
KEHUS G, CHayasla repeceder npsmyto 1. B oOpaslie BOSHUKHYT MJIACTUYECKHUE Jie-
dbopmaruu. 3aTeM Kpyr 3 KocHeTcs KpuBok 2. O0pasell pa3pyImTcs.

Jns xpynkoro matepuana (puc. 4.20, 0) mpsmas 1 pacnoyio’keHa BBIIIIE
kpuBoil 2. Ilpu ucnbiTanuun odpasla Ha pacTsbkeHue Kpyr Mopa 3, He Kacasich Hpsi-
Moit 1, compuxacaetcst ¢ KpuBoi 2. Pa3pyiieHue npoucxoauT 0€3 OCTaTOYHBIX Jie-
(dopmanmii, Kak U MOJIOXKEHO JUIsl XPYNKUX MaTEPUAIIOB.
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B Hacrosiee Bpemsi nacnopmom npounHocmu 20pHbIX ROPOO HA3BIBAIOT KPU-
BYI0, Oru0aroiias Bce Kpyru HampsDKeHHUM Ui mpeenbHbIX cocTosHuM (puc. 4.21).
[Ipu wuccrnenoBanuy HANPsHKEHHOTO COCTOSIHUSL B TOPHOM MAacCCHBE CXKUMAIOIIHE
HAMpPSHKEHUS! CYUTAIOT MOJIOKUTEIbHBIMHU.
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a Puc. 4.20. Orubaromue Kpu-
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Puc. 4.21. Orubaromas KpuBas NpPeNENIbHbIX HANPSHKEHHBIX  COCTOSIHHIMA:
I — BcecTOpoHHEE HEPABHOMEPHOE PACTSHKEHUE; 2 — OHHOOCHOE PACTSKEHUE; 3 — YH-
CTBIA CABUT; 4 — OJHOOCHOE C)KATHE; 5 — BCECTOPOHHEE HEPABHOMEPHOE CHKATHUE;
Gpc — BCECTOPOHHEE PABHOMEPHOE CIKATHUE; Gy, — BCECTOPOHHEE PABHOMEPHOE PacTs-
KEHHE
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[Tonoxxenue ormbaroiieil KprUBOil OTHOCUTENLHO Hayanaa KOOPIWHAT XapaKTe-
pHU3YET CTENEHb XPYNKOCTU UJIU BI3KOCTH MOPOJ.

Ha puc. 4.22 npuBenensl orudaroiye KpuBble AJis ChIMYYUX, XPYIKUX U TIa-
CTUYHBIX TOPHBIX MOPO/I.

Puc. 4.22. Orubaroiue KpuBble Uil pa3IMYHbIX MaTEPUAIIOB: @ — CBHITYYHX;
0 — XpyIKHX; B — IUIACTUYHBIX.

[IpoBoasT ucnbITaHUE 00pa3lia Ha pacTsHKEHUE, CKATHE U IPU 0OBEMHOM CKa-
TUH, CTPOAT orudaroiyro Kpupyio (puc. 4.23). OCHOBHbIE MapaMmeTpsl, OINpenese-
MBI€ I10 MACIOPTy MPOYHOCTH:

- Ipele’abHOE CONPOTUBICHUE YUCTOMY cIBUTY (cpesy) T. (cuemnenue C,) u

COOTBETCTBYIOILUN yroJl BHyTPEHHET0 TpeHus ¢, (Ko3hpULuHeHT BHyTpEeH-
HEro TPEHUS 1qQ,);

- ycinoBHoe cuerieHue C mpu pa3iauyHbIX HANPSIKEHUAX G, T U COOTBET-
CTBYIOUIUH yTOJ BHYTPEHHETO TpeHUs (KO3()PUIMEHT BHYTPEHHETO TPEHUS
tqe), 3TH mapaMeTpbl — IEPEMEHHBIE BEJIUYUHBI.

K orubaromieit kpuBoii B TOUKE €€ MEPECeYeHUs C OChI0 T MEPEBOAUM Kaca-
TenabHyro nn. KoopanHaTta TOUKH nepeceyeHus KacaTelbHOW NN € OCBIO T ONPEEseT
IpesiebHOE CONPOTUBIEHUE MaTepralla IPU YUCTOM CJBHIE, YIOJ MEXIY FOPU30H-
TaJbHOM JINHUEH U KacaTeJIbHOM Nn — yroj BHYTPEHHETO TPEHMUSL.
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Puc. 4.23. IlacnopT npoYyHOCTH FOPHOM OPOABI: 1 — KPyT OAHOOCHOTO PACTSKEHUS,;
2 — KpyT OJAHOOCHOTO CXKaTHsl; 3 — KPYT IPU 0OBEMHOM C3KATHUHU.

Kacartenprass mm k orubaromieid B JIF000H TOYKe C KOOpAWHATaMHu (G; T) CO-
CTaBJISIET C TOPU3OHTAIBIO YTOJI () — YTOJI BHYTPEHHETO0 TPEHUs, KOOPJAWHATA TOYKU
MePECEUCHHsI KacaTeIbHOU ¢ OChI0 T, C — YCIIOBHOE CIICIIIICHUE.

Metoa moCTpoeHus macnopTa MPOYHOCTH O JaHHBIM ONIPEICTICHUS TIPEICIOB
MPOYHOCTH MPU 0OBEMHOM CKATHUHU, OJJHOOCHOM CKATHH M PACTSHKEHUHU CIICTYIONIUN.

JIyst ToCTpoeHUsT acnopTa MCIOIB3YIOT PE3yJbTaThl ONMPEAeIICHUs TPEIeIOB

IIPOYHOCTH IIPHU 00BEMHOM CIKaTHUH Ggaa HC MCHCC 4YCM IIpU TPCX PA3JIMIHBIX 3HAYC-

HUSIX OOKOBOrO jaBieHusi. [0 3HAYCHHI0 Opy, =G, U OOKOBOTO [aBICHHS

o o Ojie —
P = G in CTPOSIT CEMEICTBO MOIYOKPYXHOCTEH paanycamu %pc KOOpMHATA-

~

1
G-, +
MU IICHTPOB (—=—— P ;0).
2
CTposT Kpyru HanpspKEHUM Mpu OJTHOOCHOM PACTSXKEHUU U CKAaTUU pajudyca-
Oap Oy; Oas
MU ——,—C KoopauHaTamMu 1eHTpoB (————;0) u (

22 2
KPUBYIO, OTUOAIOITYIO BCE MATh MOIYOKPYKHOCTEH (cM. puc. 4.23).

MeToa nMocTpoeHUs acnopTa MPOYHOCTH MO JAHHBIM ONPEACIICHUS MPEIEIIOB
MPOYHOCTHU MPHU CPE3€ CO CHKATUEM, OJJHOOCHOM CKATUM U PACTSKEHUU TAKOB: IO CO-
BOKYIMHOCTH MapHBIX 3HAYEHUN HOPMAIbHBIX G, U KacaTelbHbIX T, HAMPSKEHUH,
ONPEAECTICHHBIX IPU UCIBITAHUH HA CPE3 B KOOPAMHATAX G, T OTMEUYAKOT TOUKH 1, 2, 3

cootBercTBytomue yriaam o = 25°, 35°, 45° naxinona mpusm (puc. 4.24).

G

;0). IIpoBondaT miuaBHYyIO
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Puc. 4.24. TlacnopT npoYHOCTH MPU UCIIBITAHUH HA PACTSKEHUE, CIKATHUE, CIABUT

CTposIT KpyrH HanpspDKEHUH NPU PACTSHKEHUU M CHKATHM, IIPOBOJAT ILIABHYIO
KPHUBYIO, OTHOAIOIIYIO0 MOTYOKPYKHOCTH U TPOXOSIIYIO uepe3 Touku 1, 2, 4.

PacueTHbIil METOA MOCTPOEHUS MACTIOPTA POYHOCTH IO TAHHBIM OIPEIETICHUS
IPEAEIOB IMPOYHOCTH IIPU OJHOOCHOM CXKATHMM M PACTSHDKEHUU NPETyCMATPHUBAECT
orpezesieHue KOOPAMHAT TOYEK OTMOArOIIe KPUBOW PACUETHBIM IYTEM IO Pe3yib-
TaTaM MCIBITAHUA NPH OJHOOCHOM DPACTSIKEHMM U CXKATHHA 0 SMIIMPUYECKOMY
YPAaBHEHUIO

) 3/8

Oy

max "y , 4.36
c, +a (4.36)

TAE  Tmax — MAKCUMAJIBHOE COMPOTUBIIEHUE TOPOJIbI Cpe3y (CABUTY), IPU TUIIOTETHU-
YECKH MOJIHOCTHIO 3aKPBIBIIMXCS MO/ ICHCTBUEM HOPMAJIBHOTO JIABJICHUS TPEIIMHAX
U TOpax; G, — HOPMAJIbHOE HAINPSXKEHUE OTHOCUTENILHO Hauyalla KOOpAUHAT, IepeHe-
CEHHOI'0 B TOUKY INepecedyeHus: orudaronieil KpuBoil; a — napameTp Gopmbl orudaro-
el KPUBOM.

Hnst ynobctBa pacueta ¥ TaOyJIMpOBaHMs, YpaBHEHHE OTHOAOIIe KPHUBOM
MPEACTABIAIOT B 6e3pa3MepHbIX koopauHarax £ u K

) 3/8

K
2 M
K +1

0 =0,73- (4.37)
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rae ¢ — 6e3pa3mMepHas KOOpAMHATA COOTBETCTBYIOLIAs KacaTeIbHbIM HAPSKEHH-
T

aMm, ¢ =—; K— 0e3pa3MepHasi KOOpJIMHATa, COOTBETCTBYIOIIAsi HOPMAJIbHOMY HaIllpsi-
a

KCHUIO.

S+, (4.38)

0, — 3HaYEHUeE MapaMeTpa IepeHOca Havajla KOOpAUHAT.
BBoasrcs Oe3pa3mepHble panychl MPEAEIbHBIX KpyroB Mopa J1si 0JJHOOCHO-
IO pacTsHKEHUS (; U OJHOOCHOTO CXKATHUSA (z, KOTOPBIE CBSI3aHbI OTHOIIEHUEM

q, _ Cge

qdq GBp

3HaueHHe rapaMerpa orudarouieil KpuBoi onpezaensercs no Gopmye

Cp (o) Cp (&)
P+ BC P+ BC

Q= 2q; 2q, _q q;
2 4

ITapameTp mepeHoca Hauaia KOOpAHHAT
c, =a-f(q,/qp)- (4.39)
KoopauHathl 6 1 T Touek orubaromieil KpuBoil onpeeNsioT 1o popMyiam

c=Ka-o (4.40)

0>
T=/a

JUi TOCTPOEHUS] KPUBOM BBIUUCIISIIOT KOOPAUHATHI HE MeHee 10 Touek, CcTposT
KpuByto (puc. 4.25).

KoHTpob npaBUJIBHOCTH OCTPOEHUSI KPUBOM BBIMOJIHSAIOT IIOCTPOEHUEM KpY-
roB Mopa npu pacTsDKEHHH U CKaTUM. Eciu OKpYXHOCTH KacaroTcsi orumoarorien
KPHUBOM, TO MOCTPOEHMSI BHIIIOJIHEHBI [TPABUIIBHO.

[IpenensHOE CONPOTUBIEHUE CPE3Y T, (cuermienue C,) onpeaenstorT Kak opau-
HaTy TOYKH IepecedeHHs Orubaroliell ¢ OCblo T, @ COOTBETCTBYIOIIMM Yrojl TpEeHUs
(o, KaK yroJl HaKJIOHA KacaTeJIbHOW NN K KPUBOM B ATOM TOUKE.

VYcnosroe cuemienne C B 11000i1 Touke oru0aroieil KpuBoi ONpenessoT KaKk
OpJIMHATY TOYKH MEPECEUCHUs] KacaTeIbHOM K orubaroiieil B Touke (G, T) ¢ OChIO T,
yroJl BHYTPEHHET O TPEHUs
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Puc. 4.25. TlacnopT npoYHOCTH, TOCTPOCHHBINA PACYETHBIM CIIOCOOOM

t-C
¢ = aI'CI'C'T. (4.41)

YcnosHoe cuemienue Ci, B 3a1aHHOM JIMara3oHe HanpsbkeHu# (oy..., 6;) WIH
(ty, ..., T) ONpPEAENSAIOT KaK OpPAMHATY TOYKH MEPECEUCHUS MPSIMOM, MPOBEICHHOM
yepe3 COOTBETCTBYIOLIME TOYKHM OTMOAIOIIEH, C OCbIO T U COOTBETCTBYIOLIUNA YIoJl
BHYTPEHHETO TPEHUS (1., KAK YroJI MEX1y ATOM MPsIMOM U OCBIO G.

¢, = arerc. 21 (4.42)
G, — 04

Ynpowennuiti memoo nocmpoenus nacnopma npoyHocmu 10 TaHHBIM OTIpeJie-
JIEHUS TPEJIETIOB MPOYHOCTU IIPU OJHOOCHOM CKaTUU U PACTSKEHUU 3aKJIH0YAeTCs B
TOM, YTO Ha OCHOBAHHUH HKCIIEPUMEHTAJIbHBIX JAHHBIX MPEENa TPOYHOCTH MIPU pac-
TSDKEHUU Gy, U CKATHH Gy, CTPOST NpENENbHbIE Kpyru Mopa (puc.4.26).

K 3TuM OKpy>XHOCTSM IPOBOJIMM KacaTeabHYI0, KOTOpast OyJeT SIBISTHCSA OrU-
Oarolel npeaeabHbIX KpyroB Mopa.

YpaBHEHHUE ITOU NPSIMOUN U €CTh NACIIOPT IPOUYHOCTH
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vq
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el

t=C+otqe, (4.43)

L 4

I 3

Puc. 4.26. YnpouieHHbI METO/1 MOCTPOCHHUS MMACTIOPTa MPOYHOCTH TOPHBIX
nopoJ

4.4. CtangapTHble METOBI ONpe/ieSIeHUs MPOYHOCTHBIX
NapaMeTpoB CKAJbHBIX OPOJ

4.4.1. OCHOBHbBIC MOKA3aTeJIN MEXAHUYECKUX CBOMCTB
TOPHBIX NOPOJA

MexaHuveckue CBOMCTBAa TOPHBIX MOPOJI ONPEILISIIOT UX MMOBEICHUE MO/ BJIU-
SHUEM BHEUTHUX HArpy3o0k — ycusinid. OHU MPOSIBISIOTCS M HEMOCPEICTBEHHO OIICHU-
BAIOTCS IPOYHOCTHIO U 1I€POPMUPYEMOCTHIO TOPHBIX TTOPOJI.

[Ipo4HOCTH — CBOMCTBO TOPHBIX MOPOJ (MaTEpUAIOB) COMPOTUBIISTHCS pa3py-
HICHUIO U 00pa30BaHUIO OOJIBIINX AehOpMalIHii, T.€. HE pa3pyIIaThCs MO JeHCTBUEM
OTpeIeJICHHOM Harpy3KHU.

Hedbopmanusi — CBOWCTBO MaTepuana MoJ JECHCTBUEM HArpy3Kd H3MEHSTh
cBOIO GOopMY U O0BEM.

[IpouHOCTH MaTEpHaia MOKET U3MEHATHCA O/ BIUSAHUEM Pa3IMYHBIX (HAKTO-
POB B IIMPOKHUX MpPEAESaX: OHU MOTYT ObITh OYEHb IMPOYHBIMH, IPOYHBIMH, CPEAHEH
IIPOYHOCTH, MAJIOW IMTPOYHOCTH U OYEHb MaJON NMPOYHOCTH. Paspyienne ropHsIx mo-
PO/l MOXKET MPOUCXOJUTH Cpa3y, 0e3 oOpazoBaHus OONbIIUX AedopMaluid, T.e. IPO-
UCXOJUT XPYNKOE pa3pylIeHHE, B TOM CIy4ae TOBOPST O YCJIOBHO-MTHOBEHHOM
MPOYHOCTH WJIM CTAaHAAPTHON U JJIUTEIHHON MPOYHOCTH.
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Jlepopmarn 1 HaIpsOKEHUST B TOPHBIX MOPOJAxX, KaK M Ui APYTUX MaTepua-
JIOB, CBA3aHbI MEX]ly COOOM ONpeaeeHHBIMA COOTHOILIEHUSIMU.

OnHuM M3 CBOWCTB MaTepuasa, TOPHOW MOPOMBI SIBISETCS CBOWCTBO YIIPYTroO-
CTU. YIIPYrocTh 3TO CBOMCTBO MaTepuaja BOCCTaHABIMBATH [IEPBOHAYAIbHBIE pa3Me-
PBI IIOCJIE CHATHUS Harpy3KH.

CkanibHble TOpoAbl 001a/1at0T BHICOKON MPOYHOCTBIO, YIIPYTOCThIO U MaJIbIMU
nepopManusaMu U IEpEMEUICHUsIMH, c1aboil BOJONPOHUIAEMOCThIO. Pa3pyiatorces
OHM XPYINKO, MTHOBEHHO, C IOTEpEN CILTOMHOCTH. JleopManiny, pa3BUBarOLIKECS BO
BPEMEHU, T.€. YIPYIOBSI3KME WM YIPYrOIUIACTUYHBIE JJIsI HUX HeXapakTepHbl. [
ATUX MOPOJ ONPEAEISIETCS TaK Ha3blBa€Masi MTHOBEHHAs IPOYHOCTh

[TomyckanbHbIE TOPOABI OTJIMYAKOTCS OT CKaJbHBIX MEHBLIEH NPOYHOCTHIO U
YCTOWYMBOCTBIO, OOJIbIIEH N1€(POPMUPYEMOCTBIO, 3HAUYUTEIBLHON BOJONPOHULIAEMO-
cTbt0. OHM UMEIOT XPYNKOIIACTUYECKUM WM IUIACTUYECKUN XapaKTeP pa3pyLICHUS.
JUig HUX XapaKTepHO pa3BUTHE JehopMaluii BO BPEMEHH, T.€. SABJICHUE MOJI3YUYECTH.
JUig Takux mopoJi HeoOXOUMO YUYUTHIBATh HE TOJBKO MTHOBEHHYIO, HO U JUIMTEIb-
HYIO MPOYHOCTh, YUUTHIBATh PEOJOrHUEcKUe cBOoMcTBA. [ oOecnieueHus ycTonuu-
BOCTH COOPYXEHHH, KaKk B CTPOMTEJIBHOM, TaK U B TOPHOI IpakTHKE TpeOyrTCs
CJIO’KHBIE MH)KEHEPHBIE MEPOITPUATHS.

ITopoasl pBIXJIBIE HECBA3HBIE U MATKHE CBA3HBIE 110 CPABHEHMIO C IPEIbINY-
UMY XapaKTEPU3YIOTCsS 3HAYUTEIBHO MEHBIIEH MPOYHOCTBIO U YCTOMYMBOCTBIO M
OombLIel 1e(OPMUPYEMOCTBIO, CUIIBHON BOJIOIPOHHUIIAEMOCTHIO.

JInsi moHMMaHusg TPHUPOABI CBOMCTB KPYMHOOOJOMOYHBIX, NECUYAHBIX U OCO-
OCHHO TIJIMHUCTBIX TOPOJ BaXHO YYMUTBIBATH HE TOJBKO HX T€0JIOro-
nerporpapuyeckue 0COOEHHOCTH, HO U CBOMCTBA, OOYCJIOBICHHBIE JUCIEPCHOCTHIO,
TaK KaK 3TU OPOJbl — MHOTO(Aa3HbIE CUCTEMBI, COCTOSIIME U3 MUHEPAJIBHBIX YaCTHULl,
BOJIbI U BO3/lyXa WUJIU IPYTHUX T'a30B.

[Tpu u3yyeHUu 1 OLIEHKE MPOYHOCTH, YCTOMUMBOCTH, A€POPMUPYEMOCTH U BO-
JOTIPOHULIAEMOCTH TOPHBIX MOPOJ Ba)KHO YUYUTHIBaThb UX aHU3OTPOINHIO, O0YyCIIOB-
JICHHYIO TOBEPXHOCTSIMH U 30HaMH OCJA0JIEHUS, YMEHbIIEHUEM HANpPsDKEHUN MpU
pasrpys3ke, COIpPOBOXKJIAOLIEHCS 00pa30BaHUEM 30H PA3TPy3KH, TPELIUMH YIPYroro
ornopa. [lo3TomMy InepednciIeHHbIE CBOMCTBA FOPHBIX MOPOJ BaXXHO OXapaKTEPHU30-
BaTh HE TOJBKO CPEJHUMU IIOKA3ATEISIMU, HO U JUPEKLIHUOHHBIMU, ONPEACIIIEMBIMU
II0 XapaKTEpPHBbIM HAIPABJICHUSAM. OTH IOKAa3aTeIU MOTYT HCIIOJIb30BAaThCS B Kade-
CTBE€ PacUETHBIX.

[ToBbIlIEHHOE COAEpKAHNE TOHKOJUCIIEPCHBIX YACTHUI] B IOPOJIAaX OMPEAEISIOT
B 3HAYUTEJBHON CTENEHU MX IIMHUCTbIE CBOWCTBA M MPUHLMUIHAAIBHBIE OTIUYUS 110
CBOMCTBaM INIMHUCTBIX MOPOJ OT MECUYAHBIX U IPYTUX 00JIOMOYHBIX.

OOpaszen, MpUMEHSEMbIN NPU UCMBITAHUU, UMEET 00Jie€ OJHOPOJHYIO CTPYK-
Typy, MEHbIIEE KOJUYECTBO N€(EKTOB, MOITOMY HPOYHOCTh OOpa3ua BHILIE, YEM
IPOYHOCTh MOPOJIbI, B 3TOM CIy4yae HEOOXOAMMO YYHUTHIBATh MAacIITaOHBIA (pakTop.
Ho npu ucneiTaHum o6pasla HyXKHO YUWUTBHIBaTh PACIHOJIOKEHUE CIIOEB, HAJINYHE
BHEUIHUX J1€(DEKTOB, MOBEPXHOCTEHN OCIabiieHNs, MHOT1a IPYU UCTIBITAHUU [1OJIy4aeM
3aHM)KCHHYIO IIPOYHOCTb.

Ecnu nmopona Oyner Ciy)XUThb €CTECTBEHHBIM OCHOBaHMEM JJIsi KaKoro-iuoo
COOPY’KEHHSI WM CPENOH IS HETO, €€ CBOMCTBA JOJDKHBI M3Y4aThCs IPU €CTECTBEH-
HOM CJIO)KEHMH M BJIAXXHOCTH (Ha MOHOJMTAX). Eciu oHa OyJeT ncrosib30BaThes Kak
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CTPOUTENIbHBIN MaTepua AJis OTCBHIIKA HAChINEH, 1aM0, 3eMIISTHBIX IJIOTHH, €€ CBOIi-
CTBa HYKHO M3ydaThb Ha 00pa3liax HapyILIEHHOI'O CJIOXKEHUS, IPU BJIAXXHOCTU OJH3-
KOW €CTECTBEHHOM.

IIpy pemeHuM pasIMYHBIX HMHYKEHEPHO-TEOJOIMYECKUX 3a/ad, CBSI3aHHBIX C
IPOEKTUPOBAHUEM U CTPOUTENBCTBOM COOPYKEHUH HEOOXOAMMO MUMEThH CIIEIYIOIINE
XapaKTEPUCTUKHU: BELIECTBEHHBIM COCTaB, OCOOEHHOCTH CTpOEHUs, (usnueckue
CBOMCTBA, BOJHBIE CBOMCTBA, MEXaHWYECKHE CBOMCTBA, ITOKA3aTENId CIELUAIBHOIO
Ha3HAYEHHUS.

K MexaHuuecKruM CBOMCTBaM TOPHBIX MOPOJ OTHOCSTCS MPOYHOCTH MPH CXKa-
TUU U PACTSIKEHUH, CONPOTUBICHUE CKAJIBIBAHUIO M CABHUTY, oOwwas aedopmupye-
MOCTb, CKHUMAE€MOCTh W MPOCATOYHOCTh, MOJIBYYECTh M JJIMTENbHAS MPOYHOCT.
[TpoYHOCTh TOpPHBIX MOPOA OOBIYHO XapaKTEpU3yeTcs MpelejaMu IMPOYHOCTH Ha
CIKATHUE Oy, CIBUT, U3TUO Gy U PACTSKEHUH G,

['opHble MOpPOABI B YCIOBHUAX OJHOOCHOIO CXKaTHUsl, M3rM0a M PACTKEHUS
0OBbIYHO 00J1aJIal0T BBICOKOW MPOYHOCTHIO HAa C)KaTUE M HE3HAYUTEJIbHOM MPOYHO-
CTBIO Ha PacTsHKEHUE, U3TrUO, CABUT.

ITpu 3TOM, KaK NMpaBuIIO, BO BCEX TBEPABIX IOPOJAX Ccy > Gys™> Op.

Hampumep, s rpaHura npenen IPOYHOCTH IIPU PACTSDKEHUM COCTaBIISET
0,02...0,04 npenena nmpoyHOCTH Ha cxkaTue, Ha caBur — 0,08, Ha u3rud — 0,09. Crou-
CTbI€ T'OPHBIE MOPOJBI JAOT Pa3JIMYHbIC 3HAYCHUS IIPOYHOCTH IIPU CKATHH U PaCTsi-
KEHUU UX MapajulelIbHO M NEPHEHAMKYJIAPHO CIOMCTOCTU M, KaK MPaBUIIO, CKATHE
NEPHEHANKYJIAPHO CIOUCTOCTH AAaeT 0ojee BBICOKME MOKa3aTesd MPOYHOCTH, a IpH
pacTsHKEHUU — Ha00O0POT.

WcnpITaHust TOPHBIX MOPOJ B YCIOBHSIX BCECTOPOHHETO PABHOMEPHOTO CHKATHS
NOKa3aJld, YTO MPHU JOCTATOYHO OJHOPOJHOM M CIUIOLIHOM CTPOCHHH NOPOABI pas-
pYLIEHUE €€ HE IPOUCXOIUT JaXKe MPU OYEHb OOJIBILINX JTABICHHUSIX.

XPpYNKOCTh — CBOMCTBO T'OPHOM IOPOJBI CPABHUTENBHO JIETKO Pa3pyllIaThCs
IIPU CTATUYECKON Harpyske 0e3 3aMeTHOH 0CTaTOuHOM Jehopmaliuu.

[Toutn Bce ropHble MOPOABI MPHU CYIIECTBYIOIIMX CIIOCO0aX pa3pylICHUs U
CKOPOCTSIX NPHUJIOKEHHS Harpy3Ku paspyliarorcs Xpynko. st atux mopon npeznen
TEKY4YECTH PABEH MPEIEIy IPOYHOCTH.

JItst cKaJbHBIX MOPOJ XAPAKTEPHBI YIIPYTHME CBOMCTBA, a MOJYCKAJIBHbBIC SBIIA-
I0TCS TOJIBKO YaCTUYHO YIIPYTUMH.

B pbIxuibIX 00JIOMOYHBIX HECBSI3HBIX M TJIMHUCTBIX MSTKUX CBA3HBIX MOPOJAX
yIpPYTrHe CBOMCTBA UMEIOT MOAYUHEHHOE 3HAUYEHHUE.

JIns n3ydeHus NMOJyCKaIbHBIX MOPOJX KPOME IOKAa3aTeslied YINPYTMX CBOMCTB
OOJIBIIOE 3HAYEHWE MMEIOT MOKa3aTeNH, XapaKTEPU3YIOUIUE UX CIIOCOOHOCTh COIPO-
TUBJIATBCS OOUIMM AedopManusaM: oOpaTuMbIM (YIIpyTMM) U HeoOpaTUMBbIM (OcTa-
TOYHBIM).

Pa3nuuHble Tpynnbl FOPHBIX MOPOJ MMEKOT HEOJMHAKOBBIM XapakTep paspy-
LICHUS, [I03TOMY I OLEHKHM UX MPOYHOCTU IPUMEHSIOT Pa3jIu4HbIC BUJbI UCIIbITA-
HuM. I CKaJIbHBIX, OJYCKAIbHBIX U CBA3HBIX INIMHUCTHIX MIOPOJ OCHOBHBIMM ITOKa-
3aTeJsIMU MPOYHOCTH SIBJISIIOTCS BPEMEHHOE CONIPOTUBIICHHE CXKATHUIO (IIpeses Mpoy-

HOCTH IIpH C}KaTI/II/I) Imopoaax O, BPEMCHHOC COIIPOTHBJICHUEC PACTIKCHHUIO (HpC,IICJI

IMIPOYHOCTHU IIPpH paCTSDI(eHI/II/I) O35> COIIPOTHUBIICHUEC CKAJIBIBAHUIO. I[JISI MATKHUX CBA3-
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HBIX WU PBIXJIBIX HCCBA3HBIX ITOPOA — IMOKA3aTCIIN COIMPOTUBJICHUA CABUTY: YI'OJI BHYT-
PCHHCTO TPCHHUA, O6H_ICC CHOCINICHHUC U B HCKOTOPLIX CJIIydasaXx KOC—)(I)(I)I/IHI/IGHT CABHUTIA.

4.4.2. OnpeneseHue npeaesaa NPOYHOCTH NPU OJHOOCHOM C:KATHH

Onpenenenue npenenaa IPOYHOCTH MPU OJHOOCHOM CKATHHU Ha Mpodax, oTje-
JIEHHBIX OT MACCUBA MPOBOJAUTCSA CICAYIOIAMH METOAAMMU:

— OJJTHOOCHOE C)kKaTue o0pasia MpaBUIbHON (POPMBI MIIOCKUMH MITUTAMH
(OpoIbI C MpeeIoM MPOYHOCTH TIPU OAHOOCHOM CxkaThH He MeHee 5 MIla);

— pa3zpyuieHue o0pa3loB — IUJIUTOK TUIOCKMMH COOCHBIMH ITyaHCOHaAMHU
(mopobI ¢ MpeIes oM TPOYHOCTH MPU OAHOOCHOM cxkatuu ot 10 1o 150 MIla).

Memoo o00no0CHO20 cocamusn 00pa3xyO8 NPAGUNLHOU HOPMBL NIOCKUMU
naumamu TPEJHA3HAYEH I OLEHKW INPOYHOCTH NPHU HCCIECIOBAHUAX U CPAaBHU-
TEJIbHON OLEHKU IPOYHOCTH.

CymHoCTh METOJa 3aKJIF0YAETCS] B UBMEPEHUH MAKCUMAJbHOM pa3pyliaronieit
CHJIBI, TIPHJIO’KEHHOM K Toplam o0pasiia mpaBHIIbHON (pOpMBI uepe3 cTaabHbIe TIIOC-
Kue TKTHI. [Ipu ucnbpITaHuu 00pa3loB HAa CKATUE HCIIONIb3YIOTCS OOBIYHBIE UCIIBITA-
TeJIbHbIE MAIIMHBI YHUBEPCAJIBHOIO TUIIA WM Mpecchbl. MakcUMallbHbIE YCHIIUS, KO-
TOpPbIE OHU MOTYT CO3/1aTh, 10JKHBI Ha 20-30% mnpeBblaTh NpeaeabHYI0 Harpy3Ky
Ha oOpa3zell.

JUIs ucnpITaHUsI Ha CKaTHE W3TOTABJIMBAIOT OOpa3Ubl LWIMHIPUYECKUE WITU
NPU3MaTUYECKHE C KBaJpaTHBIM IMOIMEpPEYHbIM ceueHueM. [Ipu ucnpiTanuu oOpasisl
JOJKHBI IOMENIAThCA MEXK/y IUIOCKUMU TUIMTaMU TOJIIIMHOK He MeHee 0,3 auamer-
pa WM CTOPOHBI KBajipaTa oOpasiia U AUaMETPOM, MPEBBIIIAIOIIEM pa3Mepbl 00pasia
¢ tBepaoctbio noBepxHocth HRC 55-60. DTu miauThl NPUMEHSIOT B Ka4€CTBE IPO-
KJIQJIOK MEeXAy 00pasiiaMu ¥ ONMOPHBIMU IJIUTAMU UCIBITATEIIbHOW MAaIIUHBI, B CITy-
Jae, €CJIM MaIllliHa OCHAIlleHa BEpXHEH MO IBECHOM chepruUIeCKON IITUTOM.

OOpasupl CI0XKHOW TEKCTYPhI AOJDKHBI OBITh JIBYX KOMIUIEKTOB: /IS MCIIBITA-
HUS IPU JAEUCTBUU HArpy3KU BIOJIb CIIOEB M NMEPHNEHANKYIAPHO UM. Pasmepsl 00Opas-
OB JIOJDKHBI COOTBETCTBOBATh 3HAYEHUSIM, YKa3aHHBIM B Ta0uie 4.4.

Tabnuua 4.1.
Pa3mepsb1 00pa3ion
Pasmepsl, MM, ipu
[Tapametp MCCJIEIOBATENIbCKUX UCTIBITAHUSIX CpPaBHUTEb-
oOpasia HBIX  HCIIbI-
MPEAMOYTUTETHHBIC JIOTTYCTUMBIE
TaHUAX
Jlnametp d (cTo- 42+2 30...60 42+2
pOHa KBajpara)
m=h/d(1) 1,0...2,0 0,7...1,0 2+0,05

N3mepenne pazmepoB 00pasiia MPOU3BOAUTCS IITAHTCHIIMPKYJIEM B TpEX Me-
CTax MO BBICOTE U B JABYX B3aUMHO MEPIECHIUKYISIPHBIX HAIMpaBICHUSAX. 32 pacyerT-
HBIM JMaMeTp NMpUHUMAETCS cpenHeapudMeTnyeckas BeanunHa. Beicoty onpenens-
I0T MO IEeHTpY 00pa3iia. MoIHOCTh U3TrOTOBICHUSI 00Pa3Il0B KOHTPOJIUPYETCS UHIM-
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KaTopaMu 4acOBOTO THIIA M MOBEPOYHBIM YroJibHUKOM. KonmdecTBo 00pasmoB mpu
UCCJIeIOBATENLCKUX MCMBITAHUAX JOJDKHO OBbITh HE MeHee 6, MpU CPaBHUTEIIbHBIX
ucnbITaHusIX He MeHee 10 mrTyk.

OO6pazen; noMemawT JM00 MEXAYy CTAIbHBIMU IJIMTaMH, JUOO B yCTaHOBOY-
HOM ycTporcTBe (puc. 4.27), COBMEIIAIOT OCh 00paslia ¢ IIEHTPOM HIDKHEHN OMOPHOI
IJIUTHI UCIIBITATEIbHON MAIIMHBI U HArPYKAKOT 10 pPa3pylIE€HUs C PABHOMEPHON CKO-
pocteio 1...5 MIla/c.

- &

NN

B #

Puc. 4.27. Cxema npucnoco0ieHus 1151 UICIIBITaHUS HA cKaTue: | — HakilagHas nATa;
2 — noakJaaHas msaTa; 3 — BepXHsis mmTa; 4 — o0oiima; 5 — oOpasert;
6 — HYDKHSS TIJIUTa

OnpenensdroT BEIMUMHY pa3pyliatonieil cuibl P, 3apukcrupoBaHHyIO CHIION3-
MepuTeseM MalrHbl. [Ipr He0OXOAMMOCTH ONIPENEISAIOT BIAKHOCTh IPOOBI.
[Ipenen npoYyHOCTH MPH CKATUU ONPENEtOT o (popmyie B [1a

P
Oex = ¢ " Ka, (4.44)

rie P — cuna, paszpymaromnias oopasen, H; S — rmmomaas nonepedHoro ceyeHus, Mz;
K, — ko putiueHT, yauThIBaIOIINI OTKJIOHEHHUE BBICOTHI 00pasiia OT CTaHIapTHOTO
3Ha4YeHus paBHOrO 2d.

Koadpunment K, onpenensercs no tabnuiie 4.2 B 3aBUCUMOCTU OT OTHOIIIE-
aus m = h/d.
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Tabnuma 4.2
Benmnunna xoadunmenta K,

m 0,7 0,8 0,9 1 1,2 1,4 1,6 1,8
K, | 068 | 072|076 | 0,8 | 0,86 | 0,9 | 0,94 | 0,97 1

Memoo pa3pywienus oopa3yoe — naumMoK COOCHbIMU NYAHCOHAMU TIPEAHA-
3HAYeH ISl UCCIEOBATEIbCKUX HUCIBITAHUM M 3aKJII0YaeTCsl B U3MEPEHUM MaKCH-
MaJbHOM pa3pyliarouiell CHIIbl, IPHJIOKEHHOW K TopuaM oOpaslia yepe3 CTajbHbIE
MJIOCKUE COOCHO HAIPaBJICHHbBIE TyaHCOHBI.

OO6pa3iibl BRIMOJHSIIOTCS B BUJIE TUCKOB auameTpoM — oT 30 g0 100 MM, BBICO-
Tou — OoT 10 10 12 MM.

JlommyckaeTcsi IPUMEHSTh 00pas3iibl — IUIMTKH HEMPABUJIBHOTO OYEpPTaHUS TIPU
YCJIOBUH, YTO KOHTYPBHI MX TOPIIOB M OOKOBBIX MOBEPXHOCTEH IO3BOJISIIOT BIMCATh
JMCK HEOO0XOIUMOro pasmepa. ToplieBble MOBEPXHOCTH OOpPa3lOB JOJDKHBI OBITh
IJIOCKUMH U MapajiyiedbHbIMU IpyT Apyry. KomudecTBo 00pa3iioB OKHO OBITH HE
MeHee 6.

3HaveHue IIOIAaU Sy BBIOMpaeTcs U3 Tabnuiel 4.3.

Tabnuma 4.3
3HayeHue moiaau oopasua

JluameTtp 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

Ilepen ucnplTaHMEM NPOU3BOAUTCS HU3MEPEHHE 00pa3la ¢ MOMOUIbIO IITAH-
TEHUUPKYJISL.

JIns pOBENEHUSI UCIBITAHUST IPUMEHSIIOT YCTPOMCTBO Harpy3ouyHoe bY-11
(puc. 4.28), KOTOpOE YCTAHABIMBAETCS HA OMIOPHYIO IUIUTY UCIBITATEIbHOW MAIIUHBI.
OOpazenr moMemiaroT MeXAy IIyaHCOHaMH Harpy304HOro YCTPOWCTBA, CKOPOCTb
Harpyenus oopasua (0,1...0,5) kH/c.

[Ipenen npodHOCTH ONPENEIAIOT 110 (hopMyJIe

Ok = —, (4.49)

Sy

rae P —paspymaromas Harpyska, kH; Sy — ycaoBHas 1momaap NonepeyHoro ceve-
2
HUS, M.
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Puc. 4.28. CxeMa yCTaHOBKM JJIsl UCIIBITAHUSI 00PA3IOB ¢ OMOIIBIO COOCHBIX ITyaH-
COHOB: 1 — BepxHM MITOK; 2 — oOpa3zelr; 3 — MyaHCOH; 4 — BKJIAJBIIL, 5 — HXKHUI
HITOK; 6 — KOPIYC

4.4.3. MeTtoa onpeaesieHus! Mpeaesia MPOYHOCTH NMPHU OJJTHOOCHOM PACTAKEHUHU

Onpenenenue npejena NPOYHOCTH MPU PACTHXKEHUU OCYIIECTBIISIETCS KOCBEH-
HbIM MeT010M. CYIIIHOCTh METOIa 3aKII0YACTCS B ONPEIEICHIN MaKCUMaIbHOU pa3-
PYILIAIONIEH CUJIbI, MPUIIOKEHHON TEPICHIUKYJIISIPHO K OCH 00pasiia Mmopo/ibl LHUIUH-
npudeckoil (GopMmbl, B pe3ydabTaTe 4ero B o0Opasie BO3HUKAIOT PACTIATHBAIOIINC
HaIPSHKEHUS, IPUBOIAIINE K €0 Pa3pyIICHUIO B TIIOCKOCTH MPEACIBHOTO CEUSHUS.

O6pazenr nunuuapuieckod Gopmsl, nuametpom 40...50 MM yCTaHaBIMBAIOT
TaK, 4YTO OCh €T0 HapajuiejbHa MIOCKOCTAM Ipecca (puc. 4.29) u npuKIagbIBaOT CU-
ay P. Iocne pa3pymienus oOpasia u3MepsIoT pa3Mepbl TOBEPXHOCTH Pa3pyIICHUS B
JIBYX HaIlpaBJICHUSIX: BJ0JIb oOpa3ytromieit h u nuamerpa d.

[Ipeaen mpoYHOCTH MPHU PACTSHKEHUH OIpeAesiseTcs mno Gopmyse

P
o, = 0,64 -2 4.45
p hd (4.45)

rie d — nquameTp o6pasua, M; h — BeicoTa oOpasna, m; P« — pa3pyiaronias cuia,
H.
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Puc. 4.29. UcneiTanue Ha pacTsbkeHue: 1 — obpaserlr; 2 — IIIKMTHI IIpecca;
3 — IpoeKIMs TIOCKOCTH pa3pylIeHUs

Pe3ynbTaThl HCTIBITAHUS IPUMEHSIOTCS TIPU TOCTPOCHUH TACIIOPTa MPOYHOCTH.
4.4.4. Metoa onpeesieHus nmpeaeia MPOYHOCTH NPHU CABUIe

CymHOCTh METOJIa 3aKJII0YAETCs B ONPEACICHUH MAaKCUMaJIbHOIO pa3pyllaro-
IIETO KacaTeJIbHOTO HANpPSHKEHUS MPH AEUCTBUU Ha 00pasell MOpoj CIBHUTAOUINX U
HOPMAJIBHBIX C)KUMAIOIIMX HAIPYy30K B MaTPULIAX UCHBITATEILHOIO YCTPOMCTBA.

3aroToBKH A1 00pa3loB MOJIYYArOT BBIOYpHBAHUEM M3 MPOO KEpHA HAMET-
pom 44 MM M 00TayMBaHMEM Ha TOKApPHOM CTaHKE 10 HyXHOro nuamerpa. OOpas-
bl JOJKHBI OBITh C SIBHO BBIPAXKEHHOW CIOMCTOCTBIO MJIM YHOPSJOUYECHHON TPEIIu-
HOBATOCThIO. BricoTa 00pasna paBHa nuamerpy. TopieBbie U O0KOBbIE TOBEPXHOCTH
THIATEIBHO NUTM(PYIOTCS CHEIUATBHBIM MTOPOIIKOM.

O6pazer; 1 moMemaercsi B CrielMalbHOE YCTPOMCTBO, COCTOSIIEE U3 TPEX Map
CMEHHBIX MaTpHIL 2 ¢ yrioM HakioHa o = 30°; 45 u 60°, mapa GPOH30BBIX Pa3PE3HbBIX
HUIMHAPUYECKUX O000MM — BKIIAJbIINICH 3 ¢ BHYTPEHHUM AuameTpoM 44 MM, JiBe
wuThl 4 1 posuku 5 (puc. 4.30).

BokoByr0 TTOBEpXHOCTH 00pa3iia 000paurBalOT METHON (POJBIOM, YCTaHABIIN-
BalOT 00pa3el BO BKJIA/IBIIIM, YCTAHABIMBAOT BEPXHIOIO MATPULLY, 3aTEM POJIMKOBYIO
OMOpy, pacrnojaras OCH POJIMKOB MapajuieIbHO Cpe3arolleld KpOMKE MaTpull. YcTa-
HAaBJIMBAIOT YCTPOMCTBO MEXIY IUIMTAMHU IIpecca U HArpyKaroT CUIIOW 0 pa3pylie-
HUs o0pasiia.

HopwmanbHoe naBieHue Ha MIOCKOCTh CABUTA

P, SiD QU

i hd (4.46)

rne  P..x — BepTUKalbHAs pa3pylnaroias Harpyska, H; o — yroix Mexmay IIoCKo-
CTBIO CJIBUTA W HaIlpaBJICHUEM JieHCcTBUS CHlbl; d — quameTrp oOpasima, M; h — BeicoTa
obpasna, M.
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Puc. 4.30. IIpucnocoGieHue 1151 UCTIBITAHUS HA CABUT

[Ipenen mpoYyHOCTH HpPU CABHUIE, COOTBETCTBYIOIIMM OMNPEAECICHHOMY HOp-
MaJIbHOMY JaBJICHUIO

P COoS O

max

‘ hd (4.47)

[To pe3ynbpTaTam CTPOST MPEASTbHYI0 KPUBYIO MPOYHOCTH TOPHBIX TOPO MPU
CIABUTE B 3aBUCHUMOCTH OT HOPMAJIBHOTO MaBJICHUS, NEUCTBYIOIIETO Ha IJIOCKOCTH
caBura, B koopaunatax ¢ u T (puc. 4.31). Ilo ocu abcuucce OTKIAIBIBAIOT AJIsSI KaXK]10-
T'0 U3 YIJIOB HAKJIOHA MATPUIL 0. 3HAYCHUSI HOPMAIBHBIX JaBJICHUH, a TI0 OCH OpJUHAT
COOTBETCTBYIOIIME UM 3HAYCHUS MPEIEIIOB MPOYHOCTH TIOPOBI pu caBure. Kpupas
Ipe/ICTaBICHA HA PUCYHKE, TJE T, — MPEeN IPOYHOCTH IIPU YHCTOM CJIBHTE.

T, K2 jcMt

g5t

6a°

[} & Kfemd

Puc. 4.31. IlpenensHas KpuBasi IPOYHOCTU TOPHBIX OPOJI TIPU CABUTE
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4.4.5 MeToa onpeaesieHUs nmpejaesia NPOYHOCTH P U3rude

O6pa3upbl nonydaroT u3 npod kepHa, auamerpom 90...100 mm. Ot nonyden-
HBIX 3aroTOBOK OTPE3al0T C MOMOIIbI0O KaMHEPE3HON MAalluHbI JIUCKUA TOJIIHHOIO
10+ 1 mm.

O6pazen; 1 ycTaHaBIMBaIOT Ha OMOPHOE KOJIBLIO 2, @ CBEPXY CTaBSIT HA HETO
KOJIbLIeBOM myaHcoH 3 (puc. 4.32), NpUKIaIbIBAIOT CUIY U ONPEICTSIOT pa3pylliaro-
Y0 Harpy3Ky.

[Ipeaen npoyHOCTH MpU U3rUOE ONMPENEISAIOT 0 PopMyIie

c, =75 %9 Ha) (448)

)4 |

rae  Pn.c — MakcumanbHas paspymatonias cuia, H; h — ronmmunaa obpasia, m.

/‘I' E\\SSQ'\\
N o

&30

o
7

c__ear
Lttt
@irg

Puc. 4.32. Cxema yCTaHOBKH JJIsl UICIILITAHUS HA U3TUO
4.4.6. MeToa onpeaeneHus npejeaa NPpOYHOCTH MPH 00bEMHOM CKATHH

CymHocTh MeTOAa 3aKJII0YaeTCss B M3MEPEHUHU pa3pylIaroled CoKumaromen
CUJIBL, MPUJIOKEHHON K TOpIiaM o0paslia uepe3 CTalbHbIe TUIOCKHUE MIIUTHI TPU OOKO-
BOM CKaTHH THIPOCTATUYECKUM JIABJICHUEM.

JUJisi vCTIbITaHUSI U3TOTABIMBAIOT LUJIMHAPUYECKUE WM MpU3MaTHYECKUue 00-
pasiibl KBaAPAaTHOTO MONEPEYHOT0 CEUCHHSI.

B xamepy o6wemHoro cxatus (puc. 4.33) ycranaBiauBaroT oopaszer 10, KoTo-
PBIN U30IMPYIOT OT pabouei KUAKOCTU. [ 'epMeTH3npyIOT pabouyro MOJI0CTh KaMephl,
MOJIAI0T B KaMepy pabouyro KUAKOCTb U JTOBOJAT JaBICHUE €€ J0 3HAUCHUS, 3aJaH-
HOTO YCJIOBHUSIMM pemraeMoi 3axaud. [Ipu 3amaHHOM JaBieHuM B KaMmepe oOpasel
Harpy>karT OCEBOM COKMMAIOIIEH CUJION U JOBOJAT €T0 JI0 Pa3pyLICHHUS.

[Ipenen mpouHocTr 00pasia mpu 00bEMHOM CHKATUU ONPEACIISIOT 10 (hopMmyie

, (4.49)
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rie P — paspymaromas oceBas cuina, H; S — miomaap momnepeuyHoro ceueHus 00-
pasma, M”.

VAR

_L\Q\
i-“"" ] / /H‘H

BT AR

Puc. 4.33. YcranoBka a1 UCibITaHUs 00pasiia TOPHOW MOPOIbl TP 0OBEMHOM CKa-
TAU: 1 — BIYCKHOW BEHTWIb;, 2 — MaHOMETP; 3 — BEHTWIb BBITYCKa BO3]yXa;
4 — cTajbHBIE TUIUTHI; 5 — MITOK; 6 — KpPBIIIKa; 7 — Kopryc; 8 — chepuueckas IsiTa;
9 — nakuaHas raiika; 10 — oOpazerr; 11 — uzomnsnus; 12 — BBITYCKHOM BEHTUIIb

4.4.7. MeToA KOMILJIEKCHOI0 ONpe/ieIeHUs NpelesiOB IPOYHOCTH
NP¥ MHOTOKPATHOM PaCKAJIBLIBAHUM U CKATUH

MeTo KOMIIJIEKCHOTO OINpPEAEIICHHS TPEAEIOB MPOYHOCTU FOPHBIX MOPOJ IIPU
PaCTSHKEHUU M CHKATHHM, MPUMEHSETCS MPU MACCOBOM OIPEICICHUH MPOYHOCTHBIX
CBOMCTB T'OPHBIX MOPOJI.

CymHocTh METOJ]a 3aKJII0YAETCsl B ONpPEACICHMH MAaKCUMAaJbHOM pa3pyliaro-
1€l CUJIBI MPU MHOTOKPATHOM pacKajibIBAHUM 00pa3IOB MOPOAbI MIIACTUHYATON WIIH
OpycuaToit (OpMBbI M CXKATHUU TOJYUYCHHBIX MPU pacKaiblBaHUU 00pa3lioB Ky0000-
pazHoil GOPMBI.

[Ipu ucnpITaHUU PUMEHSETCSA PACKANIBIBAIOIIEE YCTPOMCTBO B BUAE CTATbHBIX
KJIMHBEB C JUIMHOMW JIE3BUSI, TPEBBIIAIONICH HANOOJIBIINI TMHEHHBIN pa3zmep oOpasia
(puc. 4.34). Yron 3aroukn knurbeB 90°.

OOpasupl 11 UCHBITAaHUS PACKAJIBIBAHUEM M3rOTaBIMBAIOT HA KaMHEPE3HOM
MalIuHe, 0Tpe3as OT NPO0 AMCKU WM IIACTUHBI TOJIMHOK 20 MM. J[MamMeTp 1UCKOB
JOJKEH OBITh HE MeHee 75 MM, a pa3Mep 1uiacTul — He meHee 100x100 mm.

JI1s1 ucnibITaHUS HA CXKaTHE MCHOJIb3YIOTCSI 00pasiibl KyOuueckoil (hopmbl, Mo-
Jy4EHHbIE B IIPOIECCE pACKAJIbIBAHUSI, C JIMHEUHBIMU pazmepamu 20x20x20 mm.

[lepen ucnpITaHMEM Ha OJHY M3 IJIOCKOCTEH oOpaslia HAaHOCAT KapaHAalioM
KBaJIPaTHYIO CETKY CO CTOpoHOM kBaapaTta 20 mM. OOpaselr yCcTaHaBIMBAIOT MEXKITY
KJIIMHBSIMH, KOTOPbIE COBMEILAIOT C OJIHOW U3 IMHUN CETKH.
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Puc. 4.34. K onpezaenenuro npejeia mpovYHOCTH IPU pacKajabIBaHUU

CHayvasia oOpa3el pacKkaJlbIBaloT Ha OpYCKH, 3aTEM I10 IIONIEPEUYHBIM JIMHUSAM Ha
KyOouku. [Ipu kaxxaom packanblBaHUM 00pa3na (PUKCUPYIOT pa3pylIaronlyl0 Harpy3Ky
Y U3MEPAIOT IITAHTEHIUPKYJIEM JUIMHY JUHUU PACKOJIA.

[locne packaibiBaHuss 00pa3la, KyCOUYKH KyOnuyeckor (hopmbl, IpeABapUTEIIb-
HO M3MEPHB HX, MOMEIIAIOT MEXAY IUIMTaMH IPEcca, ONPEACIIOT pa3pylIArOIyIo

HarpysKy.
[Tpenen npouynocTy 00pa3La IpU PacKaablBAHUH G, OIPEACIAIOT 110 GopMyIIe

G = max (4.50)

rne  P..x — MakcuMalbHas paspyiaronias Harpyska, H; £ — niiuHa JIMHUM packodia,
M; h — TonmuHa 0o6pasia, M.
[Ipeaen mpouyHoCcTH 0Opa3iia TOPHOU MOPOJIBI MPU CKATHU

P
o] — max )

CIK S

rae  Pu.c — MakcumanpHas paspymaronas Harpyska, H; S — cpennsia miomans no-

MEePEYHOTO ceueHus o0pasiia Mopobl, paBHAS MOJIYCyMME IUIOMIAEH MapauiesibHbIX
. 2

NOBEPXHOCTEN 00pa3La 10 ero pa3pylieHus, M .
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4.4.8. MeToabl onpe/esieHNs MEXaHUYECKHX CBOICTB CKATHEM
00pa3uoB BCTpPeYHbIMU chepuyeCKUMHU MHAEHTOPAMM

JUig ¥cHbITaHUST UCHOJIB3YIOT 00pa3iibl MPaBUIBHONW (OPMBI, BHIPE3aHHBIE U3
mTypoB U KepHOB. OOpa3ubl HENpaBUWIbHON (DOPMBI MOIYYAOT U3 OOHAKEHUU U
TOPHBIX BBIPA0OTOK IyTEM JaJbHEHIIEr0 OTKalblBaHUS, OTHHIMBaHUA. OOpasibl
JTOJDKHBI OBITH ¢ pazMmepamu 10 100x100x80 mMm. KonmdecTBo 06pa3iioB mpaBUiIbHON
(dopmMbl HE MeHee 6, HelpaBUIIbHON (popMbl HE MeHee 10 mTykK.

JI1st poBeIeHHsI UCIIBITAHKS] TPUMEHSIOT Pa3JIMYHbIE CTAHKH U UHCTPYMEHTHI,
00ecreunBaroIMe U3rOTOBIEHHE OOpa3loB, a TaKKe M3MEPUTENIbHbIE YCTPOWCTBA:
ITAHT€HLIUPKYJIb, HHAUKATOPHI YaCOBOI'O TUIIA, IIPECC, YCTPOMUCTBO HAIPYy304HOE.

OOpazen ycranaBnuBaroT (puc. 4.35) Mexay cpepruuecKUMU HHIECHTOpaMU
TaK, 4TOOBbl 00ECNEYUTh HArpykXeHue B TpeOyeMOM HaIpaBiI€HUH, YTO JIOCTUIAETCS
COOTBETCTBYIOILIEH OpHeHTaluel ocu HarpyxeHusi. Hanbonee palmoHaibHble CXEMBI
UCIBITAaHUI 00Pa310B HEKOTOPBIX TUITUYHBIX (HOPM C COOTBETCTBYIOIIEH N30TPOITHON
[I0pOJiaM OpPUEHTALMEN U OYEepPTaHUEM BEPOSITHBIX MIOBEPXHOCTEN pa3phiBa MpPECTAB-
JIeHbl Ha puc. 4.36.

]
|
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Puc. 4.35. YcranoBka o0pa3ioB Mpu UCHBITAHUH HA MPOYHOCTH: 1 — KOpmyc;
2 — HUKHUY WITOK; 3 — BKIAABI; 4 — UHACHTOP; 5 — BEPXHU IITOK

OO6paszern Harpy>karT 70 pa3pylleHUs B BUJE CKBO3HOI'O pPacKoJia U OMpeness-
10T pa3pyLIAIOIIYIO CUITY, TJIOMAb (DaKTUYECKOM MOBEPXHOCTH pa3phIBa.

[Ipu pazpymieHuu oOpasiia Ha JABE YaCTH OMPEAEISIOT IUIONIA b MONEPEUYHOTO
ceueHus S, a P pa3pbiBe 00pa3La Ha OOJbIIee YUCIO YaCTEH IIOMIAb NOBEPXHO-
CTH pa3pblBa ONPEAEISIOT 110 (hopmyJie

S =2.SOI +SOZ+.0.+SO4, (4.51)
P
n
rae  Soi, Soz, -+ So4 — IIIOLIAN MTOTYIIOBEPXHOCTEH pa3pbiBa MO KAKIOMY U3

o 2 o
HarpaBJICHUHA Pa3pbiBa, M ; N — YUCJIO YACTCH pa3pbiBa.
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Puc. 4.36. XapakTep pa3zpymieHust 00pas3Ion

[Ipenen mpouHOCTH TOPHON MOPOABI PU OJTHOOCHOM PACTSHKCHUU OTIPEICIISIOT
o gopmyiie

(4.52)

rie K, — 6e3pa3zmepHbiii MmacmiTaOHbIN KOADPUIIMEHT, TPUHUMAEMbIN PaBHBIM |
42
IpY IUIOIAAM cedeHus S, = 15 - 107 m™.

JIIst IpyruX 3HAYSHUH TUIONIAM 3TOT KOAPGUIIMSHT TPUHUMACTCS U3
tadmn.4.4.

Tabnuua 4.4.
3nauenue ko3ppuuuenta K,

107 3 4 5 8 10 | 15 | 20 | 30 | 40 | 50 | 80 | 100

Ky 0,6710,72 10,76 1 0,85 10,90 | 1,00 | 1,08 | 1,19 1,28 | 1,35 | 1,52 | 1,61

4.4.9. HecranaapTHbie METObI ONpe/ie/ieHHsI IPOYHOCTHBIX
MapaMeTpPoOB CKAJbHBIX NIOPOJ

OmnpeneneHre MEXaHMYECKUX XApaKTEPUCTHUK YTIIEH M TOPHBIX MOPOJ Ha 00-
pasmax npaBUIBHONW ()OPMBI CBS3aHO C OOJIBIIMMH TPYJIHOCTSIMHU IIPH UX H3TOTOBJIC-
Hun. Kpome toro, mexanndeckas oOpabOTKa CTaHAApPTHOTO OOpaslia Mpu €ro U3ro-
TOBJICHUM MOXKET BHOCHTHh HMCKa)KCHUS, BBI3BaHHBIC M3MEHCHHUEM ITOBEPXHOCTHBIX
CBOMCTB oOpa3iia.

B cBsI3u ¢ 3THM TOJYyYHIIM PACIPOCTPAHEHUE METOJbI ONPECIICHUS MEXaHH-
YECKUX XapaKTEPUCTHK FOPHBIX MMOPOJ U YIJICH Ha oOpa3liax HelmpaBHIbHONH (OPMBI.
K 5TUM MeToaM OTHOCSITCS UCIIBITAHKS 00Pa3IloB Ha CIABUT, Pa3phbiB U CIKATHE.
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MeTtoauka ucTbITaHUS 00PA3I0B HEMPABUIHLHONW (POPMBI Ha CIIBUT CO CIKaTHEM
U pa3pbIB 3aKJIIOYaeTcs B cienyronieM. McnplTyemble KyCKu MOPOAbl WK YIUIs, OpH-
€HTUPOBaHHbIE HY>KHBIM 00pa30M (10 MPOCTUPAHUIO, IO MAJCHUIO WIN 110 HAIIacTo-
BaHMIO), YKPEIUIAIOT B OeToHHBIX Osokax pasmepom 200x200x200 mm (pwuc.
4.37, a), 3a30p A MeXIy HUMHU BO BpPEMs 3aJIMBKU COXPAHSIOT C IOMOILIBIO KapTOH-
HBIX IPOKJIaJI0K

MuHumanbHOe 3HaYeHHE 3a30pa A OIpenessieTcss pasMepaMu CTPYKTYPHOIO
anemenTa. Ecnm 3a30p A 3HAUMTENBHO MEHBIIE BEIWYUHBI DJIEMEHTA, CKa3bIBACTCSA
BIIMSIHHE MacIITaOHOTO (paKkTopa, TaK KaK pa3pylIeHHE MPOUCXOIUT MO dJIEMEHTaM.

[Tocne cHATHS KapTOHHBIX MPOKJIANOK 00pas3lbl MOABEPralOT COOTBETCTBYIO-
[IEMY HaIIpSKEHUIO — Ha CABUT CO CHKaTHEM WIIM pa3phiB (pucyHok 4.37, 0, B).
Bo Bpems ucnblTaHUN (PUKCHPYIOT YCUIIME, TP KOTOPOM MPOU30LUIO pa3pylICHHE
(coBur wiay paspeiB) P,, a 3aTeM ¢ IOMOLIBIO IIAHUMETPUPOBAHMS OINpPENEIsieTCs
IUIONIA/(b TOBEPXHOCTHU pa3pyllieHus S.

Puc. 4.37. OnpeneneHue MeXaHUIECKAX XapaKTEPUCTHK TOPHBIX TOPOJ HA 00pa3Iax
HemnpaBwibHON (opMbl: a — cxema ucnbitanuii o BYI'U; 6 — cxema npubopa ®u-
ceHko: 1 — marpuipl; 2 — ponuku; 3 — oOpaser; B — cxema npubdopa MnbHULIKO:
1 — MaTpulibl; 2 — CTEPXKEHb; 3 — BKJIAIBIIII

HOpMaJ'IBHBIC IMPCACIIbHBIC HAIIPSAXKCHUSA B IINIOCKOCTH PA3PYIICHUA

Pp CcoS oL
Owp = — o> (4.53)

Sye

MNpCACIbHBIC KaCAaTCIIbHBIC HAIIPAXKCHUS B INIOCKOCTH PA3PYHICHUA

Pp sin o
Top = — o> (4.54)

Sye

rae P, — paspymaromee ycumue, H; S, — npoexuus ngomazm MMOBEPXHOCTH pa3-
PYILIEHUS Ha IJIOCKOCTh pa3beMa IIEMEHTHBIX OJI0KOB, M~; 0 — YT'0JI HAKJIOHA TJIOCKO-
CTH pa3beMa.
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[Ipu ucnpiTanusix Ha casur (puc. 4.37) yroi IJIOCKOCTH pazbema OJIOKOB O
MOJKET U3MEHATHCS B LIMPOKUX IpPEJesax, 4To 00ecrneyrBaeT BO3MOKHOCTh IpPOBeE-
JICHUS] UCHBITAaHUS IPU PaA3IUYHBIX COOTHOUIEHMSIX HOPMAJbHBIX M KacaTelIbHbBIX
HaNpsDKEHUH, BO3HUKAIOUIUX B MIOJIOCTH pa3pyLICHMUS.

[Tpu ucnbiTaHuM 00pa3LOB HA pa3phlB yroJl HAKJIOHA IIJIOCKOCTH pazbema 0J10-
KOB 0l IPUHUMAETCS PaBHBIM HYJIIO, pa3pylIEHUE IPOUCXOAUT B BEPTUKAJIBHOM MJI0C-
KOCTH U HapyLIEHUsI pa3pbliBa ONPEIEISIOTCS 110 popMyJie

6. =_P, (4.55)

rae S — IUIOILIAJb IOBEPXHOCTU Pa3pbiBa, 3aMEPEHHAS TUIAHUMETPUPOBAHUEM.

ITpoBenenubie BYI'U onbIThI 110 ONPEAEIICHUIO MEXAHUYECKUX XaPAKTEPUCTHUK
yIJIsi METOJIOM HCIIBITaHUSI HEOOpaOOTaHHBIX 00PA3II0B HA PAa3PbIB U CABUT MOKA3AIH
XOpoIllee COBMAJCHUE MOJYYCHHBIX PE3YyJIbTAaTOB C JAHHBIMU MCHBITAHUA 00pa3lioB
paBUIBLHOU POPMBI.

Jlst ornpenenenus IPOYHOCTHBIX I0Ka3aTeNel TOPHBIX IOPOJ Oy, M Tyy IPH
UCIIBITAHUHM 0Opa3I[0B HEMPABUILHON (POPMBI HAa CIABUT CO CKATHUEM MOTYT OBITH MC-
noJib30BaHbl pudopsl (puc. 4.37, 6, B), npennoxenusie 1'.JI. Gucenko u E.W. WUnb-
HULIKOM 71 ONpeJeieHus aHaJOTUYHBIX IOKa3aTesied Ha o0pa3liax MNpaBUIILHOMN
(OpMBL.

B npubope (puc. 4.37, 6) yroy caBura o ONpeaesieTcsl yrioM MaTpuilbl, a B
npudope (puc. 4.37, B) — IepecTaHOBKOU BKJIaabllIa 3 ¥ yrnopHoro crepxHs 2. [lpu
UCIIBITAHUSIX HA 3TUX NpUOOpax M3rOTABIMBACTCS HYXKHBIX (CTAaHAAPTHBIX) PA3MEPOB
dbopmouka u3 aByx MoioBuH. JItobGas mosoBMHA (OPMOYKH 3aJIMBAETCS PACTBOPOM
[IEMEHTa BBICOKOW MapKH, U B Hee BKJIAJbIBAE€TCs 00pasel] Mopojbl MPOU3BOILHOM
dbopmbl, Tak, YTOOBI 3a/laHHAsi OPUEHTHUPOBAHHAS TJIOCKOCTh CABUIa COBIAJa C TO-
BEPXHOCTHIO LIEMEHTHOI'O pacTBopa B noiygopme. [locne Toro kak 1eMeHT CXBaTUII-
Csl, Ha €ro MOBEPXHOCTh HAKJIABIBAIOT CJIOM TOHKOM OyMaru ¢ BHIPE30M ISl IPOITyC-
Ka BBICTYNAIOIIEH YacTu 00pasa.

3aTeM BTOpas moJiyhopMa 3aaMBaeTCs TAKXKE [IEMEHTOM M HaKJIaJbIBaeTCs Ha
NEpPBYIO, TaK YTOOBI Kpas UX COBMAJaJiM, a BBICTYIAIONIAsl 4acThb 00pa3la morpys3u-
J1ach B [IEMEHT, 3aMOJIHSIOMNKN BTOPYIO noityopmMy. M3roToBiIeHHbIE TAKUM 00pa3oM
00pa3ipl 3 BBIAEPKHUBAIOTCS J0 TE€X MOp, MOKa PacTBOP MPUOOPETAET yCTAHOBJIECH-
HYIO JIJI1 HETO MPOYHOCTh, U 3aTE€M MOJIBEPratOTCsl UCIBITAHUIO HA CABUT CO CIKATHEM
00pryHBIM criocoOoM. Ilokaszarenu Gy, U Ty, ONPEACIAIOTCS MO BBIIIECIPUBEACHHBIM
dbopmyram; IOMAAL CABUTA ONPEACIISICTCS IIaHUMETPUPOBAHUEM.

Meronuka onpeneraeHusi BpEMEHHOTO COMPOTUBIIECHUSI CXKATUIO (pa3JaBiuBa-
HUI0) Ha oOpa3nax HempaBwiIbHOU (popmbl (puc. 4.38) aHallorMuHa METOIUKE OIpe-
JIeJICHUs] BPEMEHHOTO CONPOTHBIICHUS Pa3/IaBIMBAaHUI0 HAa oOpaslax MpaBUIILHOU

(OpPMBL.
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Puc. 4.38. Onpenenenre BpEMEHHOTO CONPOTUBIICHNS PA3JaBINBAHUIO TOPHBIX I10-
poz Ha oOpa3lax HelnpaBUIbHON (POPMBI

Jnst atix wmcmbitanuin 6epyt (15...20) 00pas3moB HENMPaBWIBHOW OKPYTIION
(GopMbI Tak, YTOOBI 3 B3aMMHO MEPHNEHIUKYJISIPHBIE Pa3Mephl HE OTJIMYAIUCH OoJiee,
geM B 1,5 pasa. Pexomenxyemsiii 06bem o6pasia — 100+2 cm’.

[Ipeaen mpoYHOCTH NPU OJHOOCHOM C3KAaTHUX BBIYUCIISIIOT IO (popmyJie

— 52 6Pi
Tew = 9% 2, Mlla, (4.56)
3V
cp
rne P, — cpeaneapudmerndeckoe ycuiame pasnaBiauBaHMAg 00pasunos, KH;

o 3
V¢ — cpenneapudmeTndecknii 00beM 00pasLoB, CM
4.4.10. MeTox yaapa py4YHbIM U NPYKMHHBIM IIAPUKOBUMH MOJIOTKAMH

OnpeneneHue MPOYHOCTH METOJIOM yjAapa IIAPUKOBBIM MOJIOTKOM PYYHOTO
WM aBTOMATUYECKOrO JEHWCTBUS OCHOBAHO HAa M3BECTHOM IPUHIIMIE MOTPYKEHUS
CTaJbHOIO IIapHKa B HCHOBITYEMbId Marepual IOJ JEUCTBUEM CTAaTUYECKOW WU
yIapHOU Harpy3ku (Metoj bpuHens — ucnblTaHue Ha TBEPAOCTD).

[[TapukoBbIfi MOJIOTOK pyuHOro AeicTBus (puc. 4.39) uMeer HEOOJIBIION BeC
(250 rpammoB) u yaoOHyto uisl ucnbiTanus Gopmy. B ynapHoil yactu MOJIOTKA B
chepuyeckoM THe3Jle 3aBaliblIOBaH BpalllalolIuiics crajabHOM mapuk. duamerp mia-
puka paBeH 17,463 MM. MOJIOTOK U3roTOBIAETCA U3 cTainu Y-7 u ¥Y-8. TBepaocTs 3a-
ocTpeHHO# yactu MojoTka 1no Poxseny (49...56) (mkana C). [lapuxk kanutcs 10
TBepoctu (62...66) RC. Pyuka uzroraBauBaeTcs U3 JiepeBa TBEPAON MOPOIbI.

[Ipu ynape mapukoBbIM MOJIOTKOM Ha MOBEPXHOCTH UCHBITYEMOTO0 MaTepualia
oOpa3zyeTcsi chepuueckasl JiyHKa, TUAMETP KOTOPOM M3MEHSIETCS B 3aBUCHUMOCTH OT
npouHoctu matepuana. Hanocurcs (6...10) yaapoB mo 3auiuiieHHON OBEPXHOCTH.

JlnameTp JyHKU U3MEPSETCS C MOMOIIBIO IITAHTCHIUPKYIIS, C UCIOJIb30BAHU-
€M JIYIIbI CO IIKAJIOMN.
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Puc. 4.39. PyyHoli m1apuKOBBIA MOJIOTOK

[IpouHocTh MaTepHana OIEHUBACTCS IO CPEAHEMY aTuaMeTpy JIyHOK. Ha ocHo-
BaHWHM KPWBOW, TMOJYYEHHOW OIBITHBIM IMyTE€M M yCTAHABIMBAIOMICH 3aBHCHUMOCTH
MEXIy MPOYHOCTBHIO MaTepuaia Ha CKATUE Oy, TOJYUYCHHBIC TIPH UCTIHITAHUU CTaH-
JApTHBIX 00pa3lloB Ha CoKaTUE U AUAMETPOM JIYHOK (puc. 4.40).

JIRY
N,
IX
.\.\,

G MII

Puc. 4.40. KpuBasi 3aBUCUMOCTH MEX]1y TPOUYHOCTHIO OETOHA Ha CXKaTHE
U IMAMETPOM JIYHOK IPHU OLIEHKE TPOYHOCTH OETOHA IAPUKOBBIM MOJIOTKOM

Omnpenenenre NpOYHOCTA MaTepuala MpyKMHHBIM MOJIOTKOM (puc. 4.41) npo-
U3BOJIUTCA 110 aHAJTOTUYHOMY METOJY.

Puc. 4.41. I1lapukoBbIi IPY>KUHHBIA MOJIOTOK: @ — IOJIOKEHNUE MOJIOTKA 110
yzapa; 0 — IojoKeHre MOJIOTKa IoclIe yaapa
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Pa3zauna coctouT B TOM, 4TO B JAHHOM CIy4ae Py4YHOM yAap 3aMEHSETCS Me-
XaHUYECKUM, T.€. C IOMOILIBIO NIPYKUHBI.

OTOT METOJl, B OCHOBHOM, MOXET OBITh MPUMEHEH JIJIsl ONPEICIICHHS MPOYHO-
CTU TOPHBIX MOPOJ Ha OTKPBITHIX TOPHBIX pa3pabOTKax, a TAKXKE JJIs ONpPEAeTICHUS
MPOYHOCTH OETOHHBIX U3JIETTUN HA CTPOUTENbHBIX TUIOMIAAKAX.

4.4.11. Metox BAaBJIUBAHUS CTAJIBHOI0 HIAPUKA
C MOMOLIBIO NMPYKUHHOTO MUCTOJIETA

OTOT METOJ aHAJOTrM4eH NPEeABIIYIIUM, TOJbKO BAABIMBAETCS CTAJIBHOM IIa-
PHUK C TOMOILBIO PY>KUHHOTO MHUcTOJeTa (puc. 4.42).

[lo onbiTHON KpuBOH (puc. 4.43) onpexnensercs Npeaea IPOYHOCTH MPHU CxKa-
TUH Gy

t

D |
S TR I R

‘
=

135

Puc. 4.42. Ilpubop BuibsimMca [ UCHOBITaHUS MPOYHOCTH OETOHA:
1 — BBIKJIFOYATENb; 2 — MUKPOLIKAJIA; 3 — CIIyCKOBOW KPIOYOK; 4 — CTaJbHOU
mapuk; 5 — 0oek; 6 — cTBOJ; 7 — TWpyKHHA; 8§ — yKazareib;, 9 — BUHT;
10 — Oarapest; 11 — anekTpruyeckast JaMIo4ka
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Puc. 4.43. KpuBas 3aBUCUMOCTH MEXK]ly TPOUYHOCTHIO OETOHA HA CKATHE U
JIUAMETPOM JIYHOK MPHU OIIEHKE MPOYHOCTH C MOMOIIBIO MPY>KUHHOTO MUCTOJIETA

Ot HpI/I60pI)I C HCIIOJIb30BAHHUECM BJAaBJIMBAHUS HIApWKa IIPOCTHIC, JICTKHUC U
IMPUMCHATIOTCA IJIA Hpez[BapHTeanoﬁ OIICHKH! ITPOYHOCTH ITOPOJI.

4.5. OnpeaesieHue MPOYHOCTHBIX IAPAMETPOB PHIXJIBIX H Pa3pPbIXJIEHHBIX MOPOJ

[Ipu cTpouTenbCTBE 3/1aHUM, COOPYKEHUI HEOOXOIWMO 3HATh MPOYHOCTHHIE
XapaKTEPUCTUKHU ITIMHUCTBIX U MIECYAHBIX ITOPOLI.

JUIsL MSITKUX TJIMHUCTBIX HOPOJ ONPENEISIOT MPEEI MPOYHOCTH MPH CKATHUH,
PACTSKEHUU U CABUTE.

4.5.1.MeTox onpeaesieHUs1 MEXaHUYECKUX CBOICTB
TJIMHUCTBIX MOPOJ NPHU OTHOOCHOM C:KATHH

JUist onipeiesieHrst MEXaHUYECKUX CBOMCTB MIMHUCTBIX OPOJ PU MHKEHEPHO-
re0JIOTHYECKUX padoTax MPUMEHSAETCS UCIBITAHUE MPU OJHOOCHOM cxkaTuu. [1pu uc-
NBITAHUM ONPEIEISAIOTCA Npeesa IPOYHOCTH MOPOA, MOIYJIb YIIPYTroM U o0uiei ae-
dopmanyu, Tym aehopMalMOHHOIO MOBEAEHUS U TOCTPOEHUE AUArpaMMBbl CHKATHSL.

HcnpiTanust poBOJIAT ¢ MOMOUIbIO pubopa ogHoocHoro cxatust UI'TI-10 nnm
[1-12M nnm npecca.

OOpa3upl HHIMHAPUYECKOW (OpMBI BBIOMpAIOT U3 MOHOJMTA WIM KEpHA pe-
AKYLIUM KOJIBLIOM C IIOMOIBI0 BUHTOBOTO Ipecca. O0paszer J0HKEH UMETh OJHOPOI-
HYIO CTPYKTYDY.

OOpazen nmomemarT MexAy IVIMTaMU MIPecca U HarpykaroT CKUMAKOLIEH cu-
joi. IIpy UCHBITAaHUM 11O COKPAILEHHON IIPOrpaMMe ONPEACIAIOT BEIUYHUHY Pasrpy-
JKAIOIEH CHJIbI, IPY UCIBITAHUM 110 IIOJIHOM IpOrpaMMe Ui ONPENEIICHUS MOIYJIS
yIpyroctu oOpaszel] Harpy>karT A0 HANpPsHKEHUs! Op, PABHOTO IPUMEPHO IOJOBUHE
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pa3pymamIIero HanpspKeHHs, ¢ TOCIeAyIoNIe pa3rpy3koi 1o 0, mocie yero obpa-
3e1] Harpy>karoT JI0 pa3pylIeHUsI.
[Ipeaen mpoYHOCTH ONPEAEISIOT O (PopMyiam:

P <
Ok =OR = SR (ipu ER = 0’1);
0
P
Ok =OR = SR (HpH Er > 0,1),

rae  Pr — cuna, npu koTopoil mpoucxonut paspyiuenue, H; S, — nepBoHavasibHast
2
IUIOLIAb MONEPEYHOT0 CEYEHUs, M ; S — IUIONIa/lb ONEPEYHOr0 CEYEHUS MPHU UCIIbI-
2
TaHUU, M~; ER — MPOJI0JIbHAS AePOpMalsl B MOMEHT pa3pyILLICHHUS.

OO6pa3ibl 10 ¥ TIOCJIe UCTIBITAHUS TIPEeACTaBIeHbI Ha puc.4.44.

Ay
A
s 8 2 s - > b
d, B i d |
it = =1 =

Puc. 4.44. O0pa3iipl 10 UCTIBITAHUS U TIOCII€ UCTIBITAHUS

[Inomane obpasua S onpenesstoT Npyu U3MEPEHUH TMaMeTpa IITAHT€HLIUPKY-
JeM, Tn0o 1Mo MPOIOIBbHON AeQopMaIiK € B MPEANOIOKEHUHA O HECKIMAEMOCTH T10-
poabI o hopMyTIam:
B Cllyyae COXpaHEHHUs IIHIMHAPHYEcKoi Gpopmbl oOpasia

B ClIy4ae, Korja o0pasel] mocje UCIbITaHus pruodpeTaeT 604Ko00pa3nyio hopmy
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/ 2
S=l.(3 1 -1)
S, 4 1-¢

Monyns ynpyroi nepopmanuu E 8 MIla onpenenstor mo gpopmye

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

el ,e! — mpomonbHas nedopmarius B HaualIe ¥ KOHIIE Pasrpy3KH (puc. 4.45).

o

=

Puc. 4.45. Onpenenenrie Moayist yopyrocTu (a)
1 Moayis obmieit negopmarun (0)

Monyns o6mieit nepopmanuu E, onpenensrot mo hopmyie

G, — 0O
E, =X " (4.57)
€k — &y

rie O, U O, — HalpsOKEHUsS B KOHIIE U B HadyaJle BBIOPAaHHOIO y4acTKa KpUBOIi;
€5 &, — IPOJOJIBHBIC Ae)OPMALNH B KOHIIC M B HAYaJIC TOTO XKE y4acTKa KPUBOIL.
OO6pazer; MOXKET MO pa3HOMYy JAePOpPMUPOBATHCA U TUIl JeHOPMUPOBAHUS

YCTaHABIMBAIOT IO BUIY IUArpaMMBbl CKaTusi: Xpynkui (puc. 4.46, a), Xpymnko-
nacTuyeckuit (pucyHok 4.46, 6), miuactuueckuit (pucyHok 4.46, B).
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Puc. 4.46. Tunb! nepopMaiMOHHOTO MOBEACHUSI TTIMHUCTHIX TTOPOJT
IIPY OJJHOOCHOM CoKaTHH

[Ipu uccnenoBaHuM CBOMCTB TJIMHUCTBIX MOPOJ MPOBOAAT U JPYrUe BUIBI UC-
NBITAHUS TIPU OJJHOOCHOM CxkaTuu. Onpenensitor Kod3PEGUIUEHT CTPYKTYPHOR Npod-
HOCTH, WCTIBITHIBAsI CTaHAAPTHBIE 00paslbl U 00pa3libl C HAPYIIEHHOW CTPYKTYpOM
3a/IaHHON BJIQXXHOCTU U MPOYHOCTHU; MPOBOJUTCS UCHBITAHHUE IO ONPEACICHUIO JIJTU-
TEJIbHON MPOYHOCTH. 32 BEIMUUHY TIpejiena JJIUTeIbHON IPOYHOCTU G, TPUHUMACT-

Ci TaKO€ HaIpsKEHHE, NMPU KOTOPOM B TEUEHHME CYTOK MpoJojbHas aedopmaiius
yBenuuutca meHee yem Ha 0,1%.

4.5.2. UcnibiTaHMe IIIMHUCTBIX MOPOJ NMPH PACTSKEHUH

Ha pe3ynbTar ncnblTaHus Ha pacTsyKEHUE KpOMe METporpapuueckux ocoOeH-
HocTel mopoj OoJbllIoe BIMSHUE OKa3biBaeT (opma obOpasuoB. Hambonee paumo-
HanbHas (opMa — B BUJE TpamneneuJalbHOH BOCBMEPKH WM yCEYEHHBIX KOHYCOB,
CJIOKEHHBIX BepmMHamMu. M3rortoBiieHne Takux o0Opa3lOB CBSI3aHO C OOJBIIMMH
TpyAHOCTAMU. YacTo MCHOJB3YIOT 00pa3lbl HMWIMHIPUYECKON (DOpMBI (KEpH) WM
IPU3MAaTUYECKOM (OPMBI; MHOTAA JUIsl MATKMX TJIMHUCTBIX NOPOJA H3rOTaBIMBAIOT
(dacoHHble 00pa3lpbl, HO U JAJIA 3TUX HOPOJA AOIYCTUMO NMPUMEHEHHE 00pa3LoB IH-
JUHAPUYECKON U KyOM4ECKON (opM.

OpHuM U3 npocTtedmux TpuOOpOB JJIA ONPEAEIICHUS] COMPOTUBICHUS TIIHMHU-
CTBIX IOopoX pa3peiBy siBisiercss npubop H.A. LpitoBuua (puc. 4.47). Ucnbitanue
IPOBOAUTCSA JUIs 00pa3LoB, UMEIOIINX (GopMy TpanelueBUIHON BocbMepku. Obpasern
JIOJKEH UMETh JUIUHY 76 MM, mupuHy 20 MM, BBICOTY 25 MM. J[JIMHA pa3pbIBHOM Ya-
cti (25...30) MM, [UIOLIAb CEUCHHS 5 CM .

Puc. 4.47. Ilpubop H.A. l{piTOBHYA AJis1 OnIpeieTeHuUs
MPOYHOCTH TJIMHUCTHIX TTOPOJ] HA PACTSIKEHUE
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PaBPBIB 06pa3ua IMPpOU3BOAUTCA C IIOMOIIBIO CIICHHUAJIBHOTO IIPUBOJA, UMCHO-
mero ,HBYXCTYHCanTBIﬁ IIKWB C OTHOICHUCM ITUAaMCTPOB IIKHBOB 1:10. B xauecTBe
rpy3a 1ipu UCIBbITAHUAX MOKCT OBITH MCITOJIb30BaHa BOJa UJIIN ILpO6B.

HpC,IICJI IMPOYHOCTHU IIPHU OAHOOCHOM PACTKCHUU paBCH

rae P, — paspymaromas Harpyska, H; S, — nepBonauanbHast miornaip nomneped-

2
HOTO ceueHus oOpasia, M”.
4.5.3. MeTroa ucnbITAHUSA ITIMHUCTHIX OPO/I HA CABUT

B nmecuaHbIX U Jpyrux phIXJbIX 00JOMOYHBIX NOPOAAX BHYTPEHHUMHU CHIIAMH
CONPOTUBIIEHUS CABUTY (pa3pyLUEHUIO) SBISIFOTCSA CUJIbI TPEHUS, BOZHUKAIOLIUE TIPH
CIABHIE YaCTH ITOPOJBI IIPY B3AMMHOM MEPEMELICHUN CIIATAIOIINX €€ YacThll. TpeHue
BO3HHMKAET BHYTPH MOPOJbl U HAa3bIBAETCSI BHYTPEHHUM TpeHHEM. B CBS3HBIX (TJIMHU-
CTBIX) IIOPO/IaX BHYTPEHHUMHU CUJIAMHU SIBJISIIOTCS €I1I€ M CHUJIbl CLEIUICHUS, T.€. CHUJIBI
CTPYKTYpPHBIX CBsA3ed. CHIbl CLEIUICHUS CIIy’KaT KOJHMYECTBEHHBIM BBIPAKEHHEM
IPOYHOCTU CTPYKTYPHBIX CBSI3€H, JAEUCTBYIOUIMX B 00BEME MOPOJbI MO MOBEPXHO-
CTSIM CKOJIBXKEHUS WIH B IIpeJieiax 30H CKOJIbXCHUS.

MakcumanbHOE CONPOTUBIIEHUE MTOPOJ CABUTY IPOSBIIAECTCS MIPU TUAPOCTATH-
4EeCKOM PAaBHOBECHH, T.€. KOI/Ia UX BIAKHOCTh U IJIOTHOCTb OYJYT COOTBETCTBOBATH
JNEUCTBYIOLIEH YIUIOTHSIOIIEH HArpy3Ke M YIUIOTHEHHE IOCTUTHET CTaOMIM3aluu.
CreoBaTesbHO, MMPOYHOCTh MOPOJ IPU CABUTE CYIIECTBEHHO 3aBHCUT OT PEKHMaA
ucnbITaHust. CXeMBI UCIIBITAHUS IPUMEHSIOTCS CIEAYIOLIHE.

1. WcnelTanue mopoa MO cXeMme ObICTpOro caBura 0e3 MpeaBapUTENIbHOIO
YIUIOTHEHUS, IPH YIUIOTHSIOIUX HArpy3Kax, HE NMPEBBIMIAIOIUX CTPYKTYPHOU ITPOY-
HOCTHM IIOPOJ, NMPUPOJHOW HArPy3KM WJIM Beca CoopykeHni. CIOBHTrarpIee yCUIHe
IIEpeNAETCsl PABHOMEPHO U HENPEPBIBHO /10 Pa3pyILUEHUs OPoabl. Pe3ynbrarsl ucmsl-
TaHUs JOCTATOYHO YETKO XAPAKTEPU3YIOT IPUPOIHYIO IPOYHOCTE.

2. HcnplTanus Nopoj IO CXEME MEUIEHHOIO CABUIA IOCIIE NIPEABAPUTEIBHOIO
IIOJIHOTO YIUIOTHEHHs — B YCJIOBHAX 3aBEPLIEHHON KoHcosmpauuu. CraBuraromas
Harpyska IepeaeTcsl CTyIIEHIMH B BO3pacTaroleM Nopsaake 10 paspyuieHus. Hosas
CTYIIEHb HArpy3KH IMpPHUKJIAJbIBACTCS MOCIE 3aBeplIeHUs aedopManuil OT Ipeablay-
1ieil. Pe3ynbpTaThl MCIIBITAHUN XapaKTEPU3YIOT MPOYHOCTh IOPOJ IPHU THAPOCTATHYE-
CKOM COCTOSHMM. JTa CX€Ma Ha3bIBACTCA CTAHJAPTHOM, OHA PEKOMEHIYETCS CTaH-
JapTOM.

4. UcniplTanue MOpoJ] B YCIOBUSAX CBOOOJHOIO OTTOKA BOJIBI B TEUEHHE OIIbITA,
WM, KaK TOBOPST, OTKPBITON cucTeMbl. B 3TOM ciyuyae obecrieunBaeTcs OJIHAsE KOH-
CoNMAauUsA NOpPOAbl OT KAXKIOW CTYNEHU HATPY3KU. DTa CXE€Ma BBIIIOJHUMA TOJIBKO
IIPU MEJJIEHHOM CJIBHTE.

5. McnpITanus nopoj B YCIOBUSAX HEBO3MOXKHOCTH OTTOKA BOJBI, T.€. B yCIIO-
BUSIX 3aKpBITOH cHCTEMbI. B 3TOM ciydyae He BCs BHEIIHSS Harpyska sBisercs 3¢-
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(EeKTUBHOM, TaK KaK 4acTh €€ BOCIIPHHUMAETCSA MOPOBOM BOAON. JTa cXeMa BBINOJ-
HUMa IIpU OBICTPOM CABUIE WU NPU MPUMEHEHUH CIIELUAIbHBIX IPUOOPOB — cTaOU-
JIOMETPOB.

Bb160p cxeMbl UCIIBITAHUN MOPOJ] HA CABUT ONPEAEINIAETCS PAJOM KOHKPETHBIX
ycnoBuil. [Ipu uccienoBaHusx NeCKoOB 1€1€CO000Pa3HO IPUMEHSTH IIaBHBIM 00pa3oM
Cpe3Hble NPUOOPHI, UCTIBITHIBATh UX IIPU HArpy3Kax, COOTBETCTBYIOIIMX MPUPOJIHBIM
WIH BECy COOpPY)KEHHUH, 0€3 NpeaBapUTENbHOIO YIUIOTHEHHS, IO CXeMe OBbICTPOro
CIBHra U, ECTECTBEHHO, B YCIIOBHUSIX OTKPBITOM CUCTEMBI. VCHbITaHUs ciemyer mpo-
BOAUTH Ha 00pa3lax €CTECTBEHHOIO CIOKEHMS JIMOO NPH IIOTHOCTH, COOTBETCTBY-
IOILIEH €CTECTBEHHBIM YCIIOBHSIM 3AJIETAHUSI IOPO WM ONPEIEICHHO 3a1aHHOM.

BriOop cxeMbl HCHBITAaHUN TIMHUCTBIX MOpoA Oosiee TpyaeH. B sTom ciyuae
HAJ0 YYUTHIBaTh UX COCTaB, OCOOEHHO MHUHEPAJIbHBIN, (PU3HUUYECKOE COCTOSIHUE, CTe-
IIEHb BOJOHACBIIIEHHOCTH, CKJIOHHOCTh K HaOyXaHHMIO WIM K Ipocagkam. BaxHo
3HATh MPOYHOCTh CTPYKTYPHBIX CBsi3eH (3((HEeKTHBHYIO HArpy3Ky IO KOMIIPECCHOH-
HBIM HCIBITAHUSAM), BEJIMYUMHY [PUPOJAHON HArpy3Ku, KOTOPYIO OHHM MCIIBITHIBAIH, U
IpeIaracMyro Harpy3Ky OT COOPYKEHUH.

I'ocynapcTBEHHBIM CTaHAAPTOM IIPU MPOEKTHUPOBAHUU U CTPOUTEIBCTBE BCEX
BU/JIOB 3/IaHUM U COOPYKEHUN PEKOMEHyEeTCs cXema 2, T.€. MEJUICHHBIM CIIBUT I1OCIE
IUIOTHOTO IPEIBAPUTENBHOTO YIUIOTHEHMs. B 3ToM ciyuae nenecooOpa3HO IpUMe-
HATH TJIABHBIM 00pa30M Cpe3HbI€ MPOOBI, UCIBITAHUS BECTU B YCIOBUSAX OTKPHITON
CHUCTEMBI ITOJ BOJAOW WJIHA IPU €CTECTBEHHOM BIIAXKHOCTHU MOPOJ, IPU YIUIOTHSIOIINX
Harpy3kax, COM3MEPUMBIX C BEJIMYMHON HArpy30K, IPEAIOIAracMbIX OT BECa COOpY-
YKEHHM, WU NpUPOAHBIX. Ha cTaausax nmpeaBapuTeNbHbIX UCCIEA0BAHNN, KOT/IA BaXK-
HO MMETh MPEJICTABIECHUE O MPUPOJHON MPOYHOCTU MOPOJ, LEIEecO00pa3HO KpoMe
CXEMBI 2 UCIIOIB30BaTh Takxke cxeMy 1. IIpu mpoekTtupoBanun coopyXeHHUW Ha cra-
OBIX TJIMHUCTBHIX BOJAOHACHIIIEHHBIX OPOAAX KPOME OCHOBHON CXEMbl U3YUYEHUS CO-
IPOTUBJIEHUSI UX CIIBUTY JKEJATEJIbHO TaKUe MOPO/bl UCCIIEN0BaTh B CTA0OMIIOMETPax,
B YCJIOBUSIX 3aKPBITON CUCTEMBI IPU OBICTPOM U MEAJIEHHOM TEMIIE pa3pyLICHUsI.

Taxum oOpazom, i onpeneaeHus] IPOYHOCTH MECYAHbIX U TNIMHUCTBIX OO
110 CONPOTHBIICHUIO CABUTY OJHHMM W3 OCHOBHBIX SIBISIETCS METOJ HCIBITAHUN B
CpE3HBIX Npudopax.

Ha puc. 4.48 nokazana cxema npubopa I'ugponpoekra. Pabouas kopoOka mpu-
O6opa 4 COCTOMT U3 JIBYX YacTEW: HWKHEW HEMOJABMIKHON 4a W BEpXHEU MOJBUKHOM
40.

Jliist onbiTa 00€ YacTh KOPOOKH CKpeIUieHsb! Muibkamu 9. CMOHTHpOBaHa KO-
poOka B cheluaibHONM BaHHE 5, YCTAHOBJIICHHOM Ha METaJUIMYECKOM CTaHuHE 2.
BHyTpeHHs4 mI0THOCTh paboueil KOpoOKH umeeT GopMy UMIMHAPA. B 3TOT muumMHIp
3arpyatotr oOpasel] UchbITyeMoi noponabl auameTpoMm 50 uiu 70 MM U BBICOTOM
15...20 MmM. B ocHOBaHMM IWJIMHApPA HAXOAMTCS MOPUCTBIA KAMEHb WJIM METaJUIAYe-
ckas IutactuHa 12 ¢ OoabIMM KosnuuyecTBOM oTBepcTuil nuamerpom 0,5 mm. Hop-
MaJbHOE YILIOTHSIOLIEE JABJICHUE HA MOPOAY MepenaeTcs AplpyaTeiM wmramioM 10,
UMEIOLIUM C BEpXHEH CTOPOHBI YIiyOJ€HHE AJisl CTAJbHOIO IIApUKA, HA KOTOPBIH
onupaercs cepera 14. Ha cepbry uepes crieHanbHbIi pblyar ¢ OTHOLIEHUEM Iuied 1:5
IIOJIBEIIMBAIOT ITOABECKY C Ipy30M 1.
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Puc. 4.48. ITpubop I'maponpoekTa Ak HCIBITAHUS TTOPOJT HA CIIBUT-CPE3:
a — paboyas kopoOka; 6 — oOuuii Bua npudopa

JUis ciBura B IJIOCKOCTH HAMMEHBIIETO CONPOTUBIIEHUS 00€ YacTu KOpoOku 4
C IOMOIIBIO IMOABEMHBIX BUHTOB |1 pasznBurarorcs m cos3maercss 3a30p IIMPUHON
1...2 MM. Bo u3bexxaHue BbLAABIMBAaHUSA MOPOJABI 3a30p CO3JAETCA IEPE] CaMbIM
CABUIOM. YIUIOTHEHHE MOPOJbI MPOU3BOAUTCA Oe3 3a30pa. CiBuraroliee ycuiue mne-
penaercs ¢ NOMOIIBIO TATH 6, IBYXCTYIIEHYATOr0 IIKUBA 7 U 3arpy304HOTO Beapa 8.
Perucrpanus nedpopmanuii mopobl pu UCIBITAHUAX (HOPMAJIBHBIX U CIIBUTAOIINX )
IIPOU3BOJNTCS 110 UHAMKATOPAM YaCOBOI'O THUIIA, 3AKPEIJIEHHBIM Ha KPOHIUTEMHAX 4.
[Ipu ncnbITaHUAX OPOABI ITOJ BOJAOW B BaHHY S 3aJIMBAIOT BOLY.

OO0paboTka pe3ysbTaTOB MCIBITAHUM JOJDKHA BKJIKOYATh MOCTPOEHHE rpadu-
KOB 3aBHCHUMOCTH JiehopMaliuy MOpojabl OT CABUTAIOIUX YCUIMH, OCTPOCHUE AHa-
IpaMMbl 3aBUCUMOCTH COIPOTHUBIIEHUS MOPOJBI CIBUTY OT HOPMAaJIbHOW Harpys3Kw,
YCTaHOBJIEHHE I1apaMETPOB, XAPAKTEPU3YIOIUX HPOYHOCTh MOPOJ (KOAI(PPUIUEHT
BHYTPEHHEI0 TPEHUS U CUEIUICHHU), IPOBEPKY NMPABUIBHOCTU IOJYyUYEHHBIX PE3YJilb-
TaTOB UCIBITAHUI OPOJI HA CABUT.

Ha puc. 4.49 nokazan npumep noctpoeHus rpaukoB pa3BuTus aedopmanuit
IO/ BJIMSTHUEM CABUTANOIMKX ycrwini. OTCrofa BUAHO, YTO C YBEIIMYEHUEM HOPMAJIb-
HOM YIUIOTHSIOIIEW HAarpy3ku OT G| IO G, YBEJIMYHMBACTCA U CONPOTUBICHHUE NOPOL
casury. Jlis kaxaoll HOpMajdbHOM HArpy3Ku G, G, U G3 Ha rpadukKax OTMEYaIOTCs
JIBE XapaKTEepHbIE TOYKU. TOYKA a OTBEYAET CABUTAIOIIMM YCUJIMUAM, CO3IAF0LIUM
NEPBYIO 3HAYUTEIBHYIO Me(OpMalrio MOPOAbl. BhIlie 3Toi TOUKH CKOPOCTHh pa3BH-
TUA JeopManuu 3aMETHO yBeaudyuBaeTcsa. Touka a Ha rpadukax He Bcerja oTyer-
JIMBO BBIJEIISIETCS, HO KOI'Z1a BBIIEISAETCS, TO MOXKET CIYKUTh KOHTPOJIBHOW JJIs TOY-
K1 0, Tak Kak ycuiue, el coorBercTBytoiee, cocrasiseT 0,7...0,8 or ycunus, cooT-
BeTCTBYMOIIEro Touke 6. Touka 6 oTBeUaeT MpeJesIbHBIM MaKCUMaJIbHBIM CIBUTAO-
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MM YCHJIMSIM, TIPH KOTOPBIX HACTyHaeT HeMpephIBHOE cMeleHue (nedopmanus) mo-
POJBI 110 MOBEPXHOCTH WJIM BJIOJIb 30HBI CABHArA. DTa TOYKAa MAKCUMAJIbHOI'O CIBUTa-
IOLLEr0 YCUJIMS COOTBETCTBYET CTaJAMM pa3pylieHus nopoasl. CIBHUraromuye ycuius,
OTBEUAIOILME TOYKaM O, MPUHUMAIOTCS KaK MCXOIHbIE MPU MOCTPOECHUHU JUArpaMM
3aBUCUMOCTH COIIPOTUBIICHHUs IIOPOJ CABUTY OT HOPMAJIBHOI'O YIUIOTHSAIOLIErO JaB-
JICHUS.

Puc. 4.49. I'paduku pazButus aedopmaiuii 1moj; BIUSHUEM CIBUTAONIAX YCHUIIHM:
| — npu NpUIIOKEHUU CABUTAIOIINX YCUINN CTYNEHSIMU; 2 — IPU HENPEPHIBHOM yBE-
JVMYECHUU CIIBUTAIONIMX YCWJIIMM C 33JaHHOM CKOPOCTBIO; Gi, G, O3 — HOPMAJIbHBIC
VIUIOTHSIOIINE HArPy3KU

[TapameTpsl: yros BHYTPEHHErO TpeHUs ¢, KO3(Q(UIMEHT BHYTPEHHEIO Tpe-
HUS f W CUEIUIEHHE (3aLeIJIEHUE) € — SBIAIOTCS KOJMYECTBEHHBIMHU MOKa3aTeJISIMU

IMPOYHOCTH IIOPO. Onu MOI'yT OBITH YCTAHOBJICHEI 110 JUAarpaMMaM U BBIYHCIICHBI 110
pe3yiibTaTaM IIPOBCACHHDBIX WCIIbITAHUM:

tgp = (14 —1,)/(6, —0y); (4.58)
€ =1 —0tgp =1, — 0,180

4.6. OnpenesieHue MPOYHOCTH F'OPHBIX MOPOA NPpUOOpPaMM
JJIS1 TPEXOCHOT0 CAKATHS

["opHbIE OPOJIBI B YCIOBUSIX €CTECTBEHHOI'O 3aJIETaHUs OOBIYHO HAXOMSTCS B
CJI0KHOM OOBEMHOM HANpPSKEHHOM COCTOSIHMM, Pa3BUBAIOLEMCS 10| BIUSHUEM Be-
ca BBIILEJIEKAUMX Macc (IPaBUTALMOHHBIX CHUJI) U TEKTOHUYECKUX CHUJI, B MEHBIIEH
Mepe — Iepenaja TeMIepaTypHbIX rpajueHToB U ap. [Ipu BeneHuu ropHeix padot
HaIIPSHKEHHOE COCTOSTHHUE IMOPOJ MOXKET YMEHBIIAThCS WA yBEIWYMBATBHCSA 3a CUET
nepepacipeneneHus Macc rOpHbIX MOPOJ M BO3IAEHMCTBUS BHEIIHMX Harpysok. Ilpum
ATOM €CJIM KaCaTeJIbHbIC YCUIINS IIPEBBICAT BHYTPEHHUE CHIIBI COITPOTUBIICHUS TIOPOL
CIABUTY, IOPObl HAUMHAIOT Pa3pyLIaThCs, HACTYIIAET MOTEPS UX MPOYHOCTH.

[Ipy n3ydyeHun NpOYHOCTH TOPHBIX MOPOA, T.€. CONPOTHUBIICHUSA UX pa3pyllie-
HUIO, BA)XHO MCHBITAHUS MOPOJ IPOU3BOJINUTH B YCJIOBUAX CHIOBBIX BO3IECHCTBHH,
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AHAJIOTUYHBIX WM ONMM3KUX K MPUPOAHBIM. DTUM yCIOBHUSIM B U3BECTHOW Mepe Y/I0-
BJIETBOPSIET METOJI UCIIBITAHUS MOPOJ] B IPUOOpaX TPEXOCHOT'O CKATHS, Ha3bIBAEMBbIX
crabunoMerpamu (U3MEPUTETh IPOYHOCTH). VcnbITaHusl IOPOJ HA TPEXOCHOE CXKa-
TUE NIPaBUWIbHEE MOJACIUPYIOT UX HAIPSDKEHHOE COCTOSIHUE B €CTECTBEHHBIX YCIIOBU-
X 3aJIETaHUs U AA0T JOCTaTOYHO HAJEKHbIE JAHHBIE O CONPOTHUBIIEHUU CIIBUTY, HO
OHHU 0O0JIe€ CIIOKHBI, YEM HUCIIBITAHUS B CPEe3HBIX Npubopax. [Toaromy oHM HE MOryT
OBITh MAaCCOBBIMU B YCJIOBUSX MPOU3BOACTBEHHBIX UCCIIEIOBAHUI.

B crabunomerpax oOpaszen nopoabl MWIMHAPUYECKON (POPMBI B TOHKOW pe3u-
HOBOI 000JI0UKE NOMEIIAOT B KaMepy NpuOopa MEKIy BEPXHUM U HUKHUM LITaM-
namu (puc. 4.50). Bcectoponnee (B crabuiomeTrpax Tura A) WIH TOJIBKO OOKOBOE
(B crabunometpax tuna b) naBineHue Ha oOpaszen mepenaercs NpU MOMOIIM BOJBI,
[NIMLIEPUHA WM IPYroM KUAKOCTH, HarHETaeMoil B kaMmepy. B crabunmomerpax tuna
A TIOMUMO BCECTOPOHHETO JaBJeHUS (PaBHOTO OOKOBOMY) Yepe3 IITOK MPU MOMOIIHU
npecca Ha oOpasell Iepenaercsi 0CeBoe JaBieHue G; = 0, + P. CinenoBarenbHo, B

TaKuX CTAOMJIOMETPaX OCEBOE JaBJICHHE HE MOXKET ObITh MEHbIIIE OOKOBOroO. B cra-
ownometpax tuna b, B ornnune ot tuna A, OOKOBOE /1aBJICHUE HE SBIISIETCS OJIHO-
BPEMEHHO M BCeCTOpOHHUM. OceBoe JaBlieHHE Ha oOpasel G; 31ecCh INepenaercs
HETOCPEJCTBEHHO Yepe3 MOPIIeHb HE3aBUCUMO OT OOKOBOTO M, B YACTHOCTH, MOXET
OBITH MEHBIIIE OOKOBOTO.

N,
Fﬂ!\ i

| R
y 4

Puc. 4.50. Cxema KoHCTpyKIMH cTabmioMmeTrpoB: a — Tuna A; 6 — tuma b:
1, 2 — kpaHbl; 3 — BEepXHUN M HIKHUM MOPIIHKU; 4 — Kamepa; 5 — pe3nuHoBasi 000J104-
Ka; 6 —mToK; 7 — o0Opasen

Ecnu B crabunomeTpax BCeCTOpOHHEE MM OOKOBOE JaBJIEHHUE MOIIEPKUBATH
IOCTOSIHHBIM, 2 OCEBOE IOCTENEHHO YBEINYMBATh, TO 00pa3el] Nopoabl MOXKHO JOBe-
CTU 10 pa3pylIeHUs. JTOTO K€ MOXKHO JOCTHYb, €CIIM OCEBOE JNABJICHUE COXPAHSITh
IIOCTOSTHHBIM, & BCECTOPOHHEE YMEHBIIAT.

[To naHHBIM MCHBITAHUIA 0OpA3LOB HCCIEAYEMOW MOPOAbl (OTHOTO JJIA Mecya-
HBIX [TOPOJ U ABYX-TPEX JUJISl TNIMHUCTBIX) NPU Pa3IUUYHbIX 3HAYEHUSAX BCECTOPOHHETO
WM OOKOBOIO JaBJIEHUs CTPOAT AMarpamMMmbl Mopa.

KacarenbHble K IIpEAEIbHBIM KpyraM HallpsDKEHUH Ha 3THX JUarpaMMax yJo-
BJIETBOPSIIOT YPAaBHEHMSIM T=1gQPC; U T=n+1gpc; . [lapamerpsl KacaTeJbHON K
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TUM KpyraMm €, , (g = f SBIAIOTCA KOJIMYECTBEHHBIMH MOKA3ATEISIMU IPOYHOCTH
HIOPOA.

HcnpitanussM B npuOOpax TPEXOCHOTO CHKATHUS JJIsl ONPEAEIICHHS MPOYHOCTH
MOTYT IOJBEPraThCsl CKAJIBHBIC, MOJTYCKAJbHbIC, IIECUYaHbIC U APYTUE HECBA3HBIE U
[JIMHUCTBIE TTOpoAbl. OCOOEHHO LEeNeco00pa3HO NPUMEHSITh TaKUE WCIBITAHUS IS
OpoJ CJIAa0BIX TJIMHUCTBIX, MATKUX BOJOHACBIIIEHHBIX, HEYCTOMYMBON KOHCUCTEH-
LMY, TaK KaK MCHBITBIBATH TAKUE MOPOJbI B CPE3HBIX NPHOOpaxX 3aTPyJHUTEIBHO —
OHH JIETKO Pa3/aBIIMBAIOTCS U BBIIABIMBAIOTCA B 3a30phI IPHOOPA.

4.7. OnpenaesieHne yrjia BHyTPEHHEr0 TPeHUs MeCKOB
M0 yIJIy eCTeCTBEHHOI0 0TKOCA

JU1s1 OpHEHTHPOBOYHOIO IIPEACTABICHUS OT YIJIe€ BHYTPEHHETO TPEHUS MECKOB
ONPEIENSAI0T YroJl UX €CTECTBEHHOro OTKoca. [loa mocnenHuM NPUHATO MOHUMATH
TOT MPEAEIIbHBIN YrOJl HaKJIOHA OTKOCA, IPU KOTOPOM MOPOJa B OTKOCE HAXOJIUTCS B
YCTOWYMBOM COCTOSIHUM — HE OCBIIIAETCs, HE ONAJIBIBAET U T.JI.

B naGopatopHbIX yCIIOBUSIX YrOJl €CTECTBEHHOI'O OTKOCA OMPENEISIOT TOJIbKO
JUTSI TIECUAHBIX U TPABENUCTHIX mopoA. s mecka 3Ta XxapaKTepuCcTUKa MOXKET oIpe-
JEJSTHCS IPU BO3AYITHO-CYXOM COCTOSIHMM U IPY MTOMEIICHUH €T0 B BOY.

B Ganky B (popMe Mmapasiesenuie/ia, MocTaBIeHHyIo Ha pebpo mox yriaom 45°,
HaChINAaloT necok (puc. 4.51). BepxHsisa moBepXHOCTH A0HKHA OBITH TOPU30HTAIBHOM.
3arem O0aHKY OMUPAIOT HA JTHO, ITOCJE OChIaHUs MecKa U3MEPSIOT BHICOTY OTKOca h u
JUIMHY 3JI0)KEHUS TIecka [, 3aTeM BBIUUCISAIOT YTOJ €CTECTBEHHO OTKOCA

h
¢ =arc-tg.- (4.59)

Taxum xe 00pa3oM ONpeneIsAroT yroi €CTECTBEHHOIO OTKOCA IIECKa, HaXOMs-
nierocst Noj BoJoi. B 0aHKy ¢ MeCKOM MEIJIEHHO HAJIMBAIOT BOJY.

Puc. 4.51. Onpenenenue yria eCTECTBEHHOIO OTKOCA MECYAHBIX TTOPO/T

CaMbIM OPOCTBIM CIIOCOOOM ONpPENENEHUsl YIJIa €CTECTBEHHOIO OTKOCA SIBJIS-
€TCs OIpeeICHUE ¢ MOMOIIBIO TUIuHApa 06e3 nHa (puc. 4.52). B nuaunap 3ackinaioT
NOpPOAY W MEJUIEHHO €€ MOJHUMAIOT, IIOCJIE€ YEro U3MEPSIOT BbICOTY h U 1uamerp oc-
HOBaHUs 00pa3oBaBIIerocs Konyca d.

VYT0J1 €CTECTBEHHOTO OTKOCA OMPEACIISAIOT 1Mo (hopmyJie
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Puc. 4.52. Onpenenenue yria ecTeCTBEHHOTO OTKOCA ¢ TOMOILBIO LIMJIMHpA

4.8. [Ipenesnbl H3MeHEHHS POYHOCTHBIX IAPAMETPOB
MOPOJ YroJbHbIX AaxT Jlonbacca

[TpoyHOCTHBIE TapaMETPhI TOPO] 3aBUCST OT T€OJIOTHYECKHUX MPOIIECCOB, B pe-
3y/lbTaTe€ KOTOPBIX OHU 00pa30BalNCh, a TaKXKe OT TPEIIMHOBATOCTHU, BIAKHOCTH,
TEMIEPATYPHI, MIOPUCTOCTH U CIIOUCTOCTH.

B ecTecTBEHHOM COCTOSIHUU TIPENEIbl MPOYHOCTH MPU OJTHOOCHOM CHKATHH Gy
OCHOBHBIX THIOB BMemammux nopona Jlonbacca cienytonme (Mma): mecyaHUKA —
(60...180); aneBpomutel — (25...100); aprummutel — (10...70); HU3BECTHSKU —
(40...20, a nya yrueit — (2,4...35).

Ecnu Het GoJiee TOUHBIX CBEICHHM, PEKOMEHYyEeTCS] IPUHUMATH

Cp = 0,lc..; C = 0,36, Ou = 1= S)crp.

Tpewunosamocmob, UMEIOIIAACSI B MACCUBE TOPHBIX MTOPOJ, B 3aBUCUMOCTH OT
€€ MHTEHCUBHOCTH, CHH)KA€T CONPOTUBIIIEMOCTh MAaCCHUBA CKATUIO M0 CPABHEHUIO C
oOpasiom Ha (10-80)%. ConpoTUBIsLEMOCTh MACCUBA PACTSHKEHUIO MOXKET OBITh HY-
JIEBOM MPH T'YCTOM CETH OTKPBITHIX TPELIMH; MOXKET ObITh cHUkeHa Ha (90...99)% mno
CpPaBHEHHUIO C 00PA3IOM MPHU I'YCTOM CETU 3aKPBITHIX TPEUIUH U, HAKOHEII, ObITh CHU-
»keHa Ha (80...95) npu MUKPOTPEIIMHOBATOCTH.

JlnutenbHOE y68aasicHeHue TIOPOJl, KOTOPOE YacTO HAaOIIOJAeTCsl Ha YrOJIbHbBIX
[1axTax, CHUKAET CONMPOTUBISIEMOCTh MACCUBA CXKATHUIO TI0O CPABHEHHIO C 00pa3oM
Ha (20...70)%.
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VYBenuueHue memnepamypvl U HOpUCmMoOcmu TPUBOAUT K CHIKEHUIO MPOU-
HOCTHBIX XapaKTEPUCTUK TTOPOJI.

Crnoucmocms TOPHOTO MAacCHBa BJIMSET HA €T0 CONMPOTUBISEMOCTh TaK, YTO B
HANpaBICHUU BJOJb CIOUCTOCTH COMPOTHUBIIEMOCTh CXKAaTHUIO MEHBIIE, YeM B
HaNpPaBICHUH MEPICHIUKYISIPHOM CIOUCTOCTH, & COPOTUBISIEMOCTh PACTSKEHUIO —
Hao00OpOT.

KOHTpOJILHLIe BOIIPOCHI

[—

. Yro Takoe HanpsKeHue?

Kak onpenemnstoTcst HanpsyKeHUs IPU PaCTKEHUU, CKATUH?

Kak u3MeHs0TCs HallpsDKEHUs NPU PACTSHKEHUU B 3aBUCHUMOCTH OT OpHUEHTa-
I[N ceueHus?

4. TloHsATHE HANIPSKEHHOI'O COCTOSIHUS B TOUKE.

5. Uro mpeacTaBisieT co00i TEH30p HATIPSHKCHU?

6. UYro Takoe nuHeWHas Aepopmarius?

7. B 4eM 3akir04yaeTcs 3aKOH IMAPHOCTH KaCaTEIbHBIX HAPSHKEHU?
8

9.

1

el

Kak ¢opmynupyercs 3akoH ['yka npu pactsskeHuu?
Bupl HanpsiKEHHBIX COCTOSIHUIMA.
0.Kak ompenensitoTcsi KacatelibHble HANPSHKEHUS B HAKJIOHHBIX MUIOMIAJKAX MPU

IJIOCKOM HAIPS)KEHHOM COCTOSIHUH?

11.Yto Takoe Kpyroas quarpamMma Hanps>KeHHOTO COCTOSTHUS?

12.YT10 Ha3bIBAIOT IVIaBHBIMU HANPSHKECHUSMHU?

13.Kak onpenesnsieTcst HarpaBji€HUE TJIaBHBIX HANIPSKEHUN?

14 . KpyroBasi auarpaMma HarpsiXK€HHOTO COCTOSIHUS MPU OOBEMHOM HaIpsIKEH-
HOM COCTOSIHUHU.

15.Yemy paBHbl Kak ¢ TOMOIIBI0 KPYTOBOM JIMarpaMMbl HAMPSHKEHUN ONIPEIETUTh
TJIaBHBIE HAIIPSKEHUS?

16.HanboIbIINE KacaTeIbHbIE HAPSKEHUS ?

17.Kakue BO3HUKAIOT HANMPsDKEHUS U AehOpMAaIiK MpU CABUTE?

18.Uemy paBHa mOTEHITMANIBbHAS YHEPTHUS AehopManin?

19.B uwem 3akimrodaercst MpuUpoJa XPYIKOTo pas3pylieHus, pa3paboTaHHAS A.
['pudpurcom?

20.Yto mpexacTaBisger coO0i KMHETUYECKas TEOPUS pa3pyllIeHus, pa3paboTaHHas
akagemukoM C.H. )KypkoBbiM?

21.B uyeMm 3akioyaroTcs TEOpUM HAMOONBIIMX JUHEHWHBIX JepopMaluid,
HaMOOJIBIINX KAaCaTEIbHBIX HAIPSHKEHUH, SHEpreThuecKas Teopusi IPOYHOCTH?

22.4Yto Takoe Teopus mpouHoctu Mopa?

23.Croco0bl MOCTPOSHUSI MacnopTa MPOYHOCTH TOPHBIX MOPOA?

24.Kakue cBOMCTBA CieAyeT Ha3bIBaTh (PU3UKO-MEXaHUUECKUMU?

25.001mue mOHATHSI 0 MEXaHUYECKUX CBOMCTB TOPHBIX MTOPO/I.

26.Kakue noka3areian XapakTepu3yrT IPOYHOCTb TOPHBIX MOPOA?

27.Kak onpenessifoT MPOYHOCTh TOPHBIX TOPOJ METOJIOM COOCHBIX ITyaHCOHOB?

28.Kak onpenernsiercs npeaes NpoOYHOCTH IPU PACTKEHUN?

29.B 4em 3akiro4aeTcs METOJ ONPEAEIICHHS IPOYHOCTH TOPHBIX IOPOJ HA Pa3phbiB
METOJ/IOM pacKasbIBaHUs?
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30.Kakue cxeMbl UCHBITAHUSI TPUMEHSIOTCA MPU U3YYEHUU CBOMCTB IMECUAHBIX U
TJIMHUCTBIX MOPOJT TP CABUTE?

31.0nuimurte ycTporuCcTBO CTAOMIIOMETPOB U UX Ha3HAYEHUE.

32.CxeMbl iepefay HanpsiKEHUH Ha MOpoay B cTabmioMeTpax TUIIOB A u b.

33.0Omnpenenenue yriia eCTeCTBEHHOr0 OTKOCA EeCYaHbIX MOPOJ.

34.Heo6xoaumble pazMephl 00pa3lioB TOPHBIX MOPOJ JUIsl UCCIEAOBAHUS UX Me-
XaHUYECKUX CBOMCTB.

35.Kakum o0Opa3oM OmMpenessioTcs MPOYHOCTHBIE MOKa3aTenu Ha oOpas3lax He-
IPaBUIIbHOM (POpMBI?

36.B uem 3akiaroyaeTcs METOJ ONpPENESICHUs MPOYHOCTHBIX XAPaKTEPUCTHK C I10-
MOIIBIO yJ1apa MIAPUKOBBIM MOJIOTKOM?
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5. le¢popmManMOHHBbIE CBOMCTBA MOPOJ
5.1. JedpopManyiu B rOPHBIX MOPOAAX

["opHBIE TOPOIBI IO/ IEHCTBHEM BHEITHUX CHJI MEHSIIOT CBOIO (JOpMY U pa3Me-

pBI, T.€. 1eOPMUPYIOTCH.

M3MeHeHrne OTHOCHTEIBHOTO IMOJIOKEHHUS YacTUYEK MOPOJbl, BBI3BIBAIOIIEE
n3MeHeHne o0beMa 1 (OpMBI TTOPOJI, Ha3bIBACTCS JAe(POpPMAIIACH.

Jledopmarit MOTYT OBITh HEpa3pyIIAIOIIMMH U Pa3pyIIAOIIUMU.

Hepaspymaromue nepopmanyuy u3MEeHSIOT pa3mepsl, Gopmy 1 00beM MOpobI
0e3 HapyIIeHHs €€ CIUIOLUIHOCTH; pa3pylaloniie — MPUBOIAT K Pa3AeIeHUIO TOPOIbI
Ha OT/EJIbHbIE YaCTH.

Ecnu mociie BceCTOpOHHETO AIUTENLHOTO CKaThsl 00pasell TOPHOU MOpOabl B
HEKOTOPBIE MOMEHT BPEMEHHU pas3rpy3HTh, TO YacTh nedopmanuii, mpuoOpeTeHHBIX
IOl HArpPy3KO#, ¢ TEYCHHWEM BPEMEHH MOXXET BOCCTaHOBHTCA. Takue nedopmanmu
HOCST Ha3BaHME AePopMaIiii TeHETHUECKOTO BO3BpaTa (0T CIOBa «TE€HE3UC» — MPO-
UCXOXKICHNUE 0CaJOYHOTO MAacCHBA).

Jledopmariuio, MOSIBISIFONIYIOCS B MOMEHT TPUJIOKEHHUS HArPy3KH, Ha3bIBAIOT
yIpyro-MrHOBEHHOM, a nedopmainio, KOTopas pa3BUBAETCS C TEUEHUEM BPEMEHU —
nedopmarueit moja3y4ecTu.

[Ipu yBenuyeHNH Harpy30K MOKHO HaOIIOAATh TpU 00J1IacTH AedopMaIuu Imo-
POJIBL: YIIPYTYIO, INIACTUYECKYIO U pa3pylIAoNlyl0. B 3aBUCMMOCTH OT COOTHOLICHHS
BUJa nedopmanuii Mpu CKaTUHU, TOPHBIE MOPOABI MOAPA3ACIAIOTCA HA YIPYyTUe WIN
Xpynkue (riacTuyeckasi 30Ha MPAKTUYECKH HE HaONI0AaeTcsl), yNpyro-njiacTHYHbIC
(paspymwaromieit nedopManuu MpEeAlIeCTBYEeT 30Ha IMJIACTHYECKON nedopmanuu) u
tacTudHbIe (yrpyras nedopmanus He3HaYUTelbHA).

Ha puc. 5.1 npeacraBneHsl THTUYHBIE TpaPUKU AePOpMAaIHil TOPO,.

HopMmanbHble HampspkeHUs B 00pasiiax TOPHBIX MOPOJ BBI3BIBAIOT WU3MEHECHHE
WX TUHEWHBIX pa3MepoB. Jledopmaliu B 3TOM ciiydae Ha3bIBAIOTCS JIMHEHHBIMH.

OTHOCHTENTBHOE N3MEHEHHUE IMHEHHBIX pa3MepOB COCTaBISIeT (cM. 4.4)

1-1,) Al
8=M=—, (5.1)
10 10

riae 1 — niuHa pedpa nepopmupoBanHoro odpasia, mMm; 1, — aymHa pedpa obpasia
TOPHOU TIOPOJIBI 10 e(hOPMUPOBAHHUS, MM.
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Puc. 5.1. Tunuunbie rpaduku aedopmanuii mopoxa: 1 — ympyroi (kBapuur); 2 —
YOPYTroIIacTUYECKOM (0caiouHble MOPobl); 3 — miactuuHoi (Mpamop): OB u OB —
30Ha ynpyrux aedopmanuii; B'C u OC” — 30Ha mactuueckux aedopMaiuii; TOUKd
B, C, C" — MOMEHTBI pa3pylieHus TOPO/I.

KacatenbHpie HanpsKEHUsS BBI3BIBAIOT CIBHUTOBBIC jJedOpMaIiu, OMpeaesisie-
MbI€ BEJIMUUHOM yTJjia CIBUTA TPaHHU 00pasIia.

JlebopManioHHBIE XapaKTEPUCTUKH TOPHBIX TIOPOJ OMPENEISIOT OOBIYHO B
71a060paTOPHBIX YCIOBHIX MPHU MPHIOKEHUH K 00pasiam Harpy3ok. JlJis oTux 1enei
UCIIOJIB3YIOT «MSTKHE» M <OKECTKHE» UCIBITATEIbHBIE MAIIMHBI, HA KOTOPBIX BBIMOJ-
HSFOTCSI MEXAaHWYECKHE MCTIBITAHNUS TOPHBIX TTOPO/I.

B «MsTKHX» UCHIBITaTeNIbHBIX MalllMHAX, B IIpoliecce Ae(pOpMUPOBAHUS HAKaIl-
JauBaeTcsa OOJbIIOE KOJMYECTBO YIPYrol dHEPruu, KOTOpasl MpeBpallaeTcs B KUHe-
TUYECKYI0O B MOMEHT pa3pylleHus oOpaslia ¥ MO3TOMY pas3pylleHHe MpuoOpeTaeT
B3PBIBHOM XapakTep (Hampumep: BHE3aMHbIA BBHIOPOC MOPOJbI, TOPHBIA yaap). B
(GKECTKHUX» MCTBITATEIbHBIX MAIIMHAX, HA000POT, ATO KOJIMYECTBO IHEPTUU HEBEIH-
KO ¥ UMEETCS] BO3MOKHOCTh M3y4aTh XapakTep AeopMUpOBaHUs MOPOIBI 3a Mpee-
JIOM MAaKCHUMAaJbHOW COMPOTUBIIIEMOCTH (HAMpUMeEp: TPOIEcChl nedopMupoBaHws,
pacTSAHYThIE BO BPEMEHHU ).

Jlyst GoJiee MOTHOTO TPEACTABICHUS O Ie(OpPMAIMOHHBIX CBOMCTBAX TOPHBIX
MOpOoJI, B KAYECTBE MPUMEPA PACCMOTPUM TOJTHYIO JuarpaMmy negopmMupoBaHus 00-
pasiia TOpHOI MOPOJILI MPH C:KATUH (puC. 5.2).

Ha nuarpamme cienyet pa3anyars:

0-a — Y4aCTOK, XapaKTepU3YIOIHUA 3aKpPBITHE TIOp, TpeHuH (T.€. 1e(EeKTOB IOo-
ponpl);

a-B — y4acTOK, XapaKTepHU3yIIIHuil obacth yrnpyrux neopmanuii (Hadmro1a-
eTCsl JIMHEeWHAas 3aBUCUMOCTb);

B-C — YYaCTOK, XapaKkTepU3yIoluii 001acTh Hayajda BOSHUKHOBEHUS TPEIIUH U
rmiacTuueckoi aedopmannu. Eciiv B TOUKE € CHATh Harpy3Ky, TO MPOIECC OCTaHO-
BUTCS U MUKPOTPEIIMHBI 3aKPOIOTCS;
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Puc. 5.2. Ilonnas quarpamma aedhopmMupoBaHus oOpasiia TOPHOM MOPOIBI.

c-d — y4acTok, XapakTepU3yIOUMi MpoLecc pa3BUTUS 0Opa30BaBLIUXCS Tpe-
mmH. [Iporecc HeyCTOWYUBEIM, TaBUHOOOpa3HbIi XxapakTep. Touka d COOTBETCTBYET

MaKCHUMaJIbHOU COMPOTHUBIIEMOCTH 00pa3iia pa3pyuIeHHIO.

d-e — ydJacTok, XapakTepHu3ymOIIHi YMEHBIIICHHE HECYIIEH CIOCOOHOCTH 00-
pas3ua. Ha aTom ywyacTke Habt01al0T MpoLiecC AUIaTaHCUH, T.€. YBETUYEHHE 00beMa
obpasria.

e-k — yuacTok, xapakTepusyrouuil pa3pylieHrne UCIBITHIBaeMOro o0pasia.

Takum 00pazoM, ropHbIE MOPOJIbI HE SBISIOTCS WIACATBHO YIPYTUMU WJIU UJIe-
aJIbHO TJIACTUYECKUMHU TeJIaMU, B Pe3yJIbTaTe IPU UX HArpyKEHUU Bcerja Hadoaa-
eTcsl Hapsy ¢ ynpyroil nedopmaiueii, B TOM WIM MHOW CTENEHH, MJIacTUYeCKas Je-
dbopmarus.

5.2 Ynupyrue ¢BoiicTBa TOPHBIX OPOJ

["opHbIe TOpoasl MOTYT Je(hOPMUPOBATHCS B MPEAETaxX YIPYTrOCTH.

Ynpyzocms — cBOICTBO TOpHOIT OPOABI U3MEHATH (GOPMY U 00BEM IO BIHSI-
HUEM CHJIOBBIX BO3ACHMCTBHI M TMOJHOCTHIO BOCCTAHABIMBATh IEPBOHAYAIBHOE CO-
CTOSIHUE TIOCIIC YCTPAHEHUS 3TUX BO3ICHUCTBUM.

Ynpyrue cBoWCTBa TOPHBIX MOPOJ MPOSBISIOTCSA TOJNBKO MPU KPAaTKOBPEMEH-
HOM BHEITHEM BO3/ICHCTBHUM.

JIist Kaxa0ro BUAA MPUIIOKEHHBIX HArpy30K CYIIECTBYET CBOW KO3(PPUIUEHT
POMOPIIMOHAIBHOCTH MEXY HANpsDKEHUSIMU U YIIPYTUMH Ae(OpMALUSIMU: OH SIB-
JISIeTCSl TapaMeTpOM MOPO/Ibl, OLICHUBAIOIIMM €€ YIPyTrue CBOMCTBA.

K mapamerpam, xapakTepu3yluM yIpyrue CBOMCTBA TOPHBIX MOPOJ, CIEAYET
OTHOCHUTb:

— npeoen ynpy2ocmu Oy, 11a;

— mo0yae ynpyeocmu (monynb FOnra) E, I1a;

— Mo0yab cosuea G, 1a;

— M0o0yb 6cecmoponnezo cocamus K, Ila;

— k0aghuyuenm Ilyaccona v, en.
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B nmaGopaTopHBIX YCIOBHSX YOPYrHe MapaMeTpbl TOPHOW TOPOJBI MOXKHO
YCTaHOBUTH TP HArPYXKEHUH 00pa3I0B Ha TUAPABINYECKUX mpeccax. s 3Toro uc-
cieayeMbie o0pasibl JOJDKHBI UMETh COOTHOIEHHE BbICOTHI (h) k muametpy (d) —

h
— >2. Takoe TpeOOBaHME MMO3BOJISIET OOCCIICUNThL PABHOMEPHOE OJIHOOCHOE HaIpsi-

d
KEHHOE COCTOSTHUE B CpeIHEN yacTu oOpasiia Mpu ero CxaTuu.

B nauane ucnbITaHu#, ONpEAENSIIOT Mpeaes MPOYHOCTH 00pasiia Ha OJJHOOCHOE
cKatue (O, ). 3anuck eGopMannii OCyIIECTBISIIOT C IOMOILBIO IPOBOJIOYHBIX TEH-

30METPOB, HHAYKTHUBHBIX JATYMKOB YaCOBOTO THIA H T.1. OOBIYHO JATUYMKH pacIioja-
raroT ¢ 4-X CTOpoH 00pasla, a UX MOKa3aHus ycpeaHstoT. VcnpiTanus mpoBOIAT B
pexKUME MHOTOKPATHOTO HArpy>KEHUs U pa3rpy3KHu.

Tunuunelii rpaduk aedOpMUPOBAHUS TOPHOM MOPOABI ISl OIpeneseHUs
yIOPYTrUX MapaMeTpoB MpeCcTaBiIeH Ha puc. 5.3

G\

o
CX
0,60
CX
030
CX
0,10
CX
S
0 IAg! 3

Puc. 5.3. Tunuunslii rpaduk nepopmupoBanus odpasiia rTOpHON MTOPOIBI.

C nomonpio rpaduka MOKHO YCTAHOBHUTH BEJIMUMHBI AG U A€, a 10 BbIpaXKe-
HUIO

Ao
E= (5.2)

OTIpPEACIUTh MOJYJb YIIPYTOCTH.

[lo oTHOCUTENHHBIM U3MEHEHHSIM JIMHEHHBIX Pa3MEPOB B HAMpaBICHUSIX IEp-
NEHAUKYISIPHOM U MapajuIebHOM MPUIIOKEHUIO HArpy3Kd Ha oOpasell OmpeesisioT
ko3¢ ¢uruent Ilyaccona.

Taxum oOpa3oM, onpeaennB 3KCIEPUMEHTAIBHO Ha 00pa3lax MopoJl XapakTe-
puctukd E 1 v, MOXXHO pacyeTHBIM IyTEM ONpEAeTUTh 3HAYCHHS OCTaJIbHBIX Mapa-
METPOB.

VYnpyrue cBoicTBa MOPOJ] 3aBUCAT OT BEIMUMHBI U POJia MPUIIaraeMoil Harpys-
ku. C yBemUYeHHEM HArpy3Kd IMPH PacTsDKEHUU TOPOJBI MOAYJb YIPYTOCTH YMEHb-
I1aeTcs, MpH CXKaTUM — yBenuuuBaercs. [Ipu cxxaTtum mopoja yrniaoTHAETCS, yBEIUYH-
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BaeTCA IJIOMAh KOHTAKTOB 3€PEH, COOTBETCTBEHHO YMEHBIIIAETCSI CIIOCOOHOCTH TIO-
poabl K JajpHelIied nedopManuu U, ClIeA0BaTEIbHO, BO3pacTaeT MOAYJb YIPyro-
CTH.

Koaddunmentsl nonepeunbix jaegopmariuii v TOPHBIX MOPOJA TEOPETUUYECKHU
MOT'YT U3MeHAThCS B mpenenax oT 0 go 0,5. Jlus GosibIIMHCTBA TOPOJ OHM KOJIeO-
moTCcs B uHTepBasie 3HaueHui ot 0,14 ngo 0,35. MuHMManbHbIe 3HAYEHHUS V UMEIOT
HEKOTOpbIE OMOTHUTOBBIE M M3BECTKOBBIE ciliaHIbl, omnaj, raeicel (0,01...0,08), mak-
CHUMaJbHbIE — HEKOTOpbIe AYHUTHI, ampuooauTsl (0,4...0,46).

Jlnst ropubix opox Jonbacca 3nadenus kodddurmenta [lyaccona nHaxomsTcs
B cieayronux npenenax: anespoaut — 0,140,49; aprumut — 0,0840,44; necuanuk —
0,140,37; n3Bectusk — 0,1340,44

S.3.Il1acTu4yeckue U peoJIorHyecKkre CBOMCTBA FOPHbBIX MOPOA

['opHbie TIOPOMABI, TaK K€ KaK W JAPyrue marepuaibl AeOPMHUPYIOTCS TO-
pa3HOMY TP MTHOBEHHOM U TIPH JUTUTEIIEHOM MPUJIOKEHUN HATrPy3KH, B PE3yIbTaTe
YEro MPOSIBISAIOTCSA UX Pa3IMyHbIE CBOMCTBA.

Inacmuunocms — siBieHue pocta aedopmaruii Ipyu HEKOTOPOM BO3pacTaHUU
HaIPsDKEHUS CBEPX Ipejiesia YIPyrocTu 0e3 HapyIIeHUs CIIOIIHOCTH MOPOIBI.

[Tnactuueckas nedopmaiys B mopogax oOYyCIOBIE€HAa BHYTPH- U MEX3EpPEH-
HBIM CKOJIb)KCHHEM. BHyTpu3epeHHOEe CKOJIbKEHHE O00YCIOBICHO IUCIOKALUSIMU —
CIBUTaMH OJTHOM YacCTH KPUCTAJJIa OTHOCUTEIBHO JAPYTOM.

K mapamerpam, xapakTepu3yrolnuM IIACTUYECKHE CBOMCTBA TOPHOM MOPOJIHI,
CIeNyeT OTHOCUTH M0oOyab naacmuunocmu (Ey,, [1a), KoTOpsIi mpeacTaBisieT coOoi
OTHOIIIEHUE TIPUPOCTA HANPSDKCHUH B TUIACTMYECKOW 30HE 0 MOMEHTA Pa3pyIICHHUS
MOPO/IbI K MOJHOM IIaCTUYECKOM AedopManuu

Ocx — O
E,, =tgo,; =—% —F
. 803 €y —Ep (53)

[TapameTpsl & g, ¥ Eg MOXKHO ONPE/IETUTH U3 rpaduka, IpeICTaBIEHHOTO Ha

cx'OE»
puc. 5.4.
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Pucynok 5.4. I'paduk k pacueTy MOAYJIS INIACTUYHOCTH 00pasiia TOPHOU MOPOIbI.

Ha rpaduke tga, paBen momymto ynpyroctu E; tgo, — MO0 MOJTHBIX JIe-
(opmanmii nepen paspymenueM E,qq; tgaz — Mogymo miactuaHocTd Eyy; tgoy — Mo-
nymto cnaga M Hecyiel cnocoOHOCTH MOPOJIbI, KOTOPBIM XapaKTepU3yeT CTENECHb
XPYIIKOCTH IpoIiecca pa3pyLlIeHusl MOPObI (IOATOMY €ro HHA4Y€ Ha3bIBalOT — MOYJIb
XPYIKOCTH).

ITo BenmnurHE MOAYJIS IUIACTUYHOCTH MOYKHO CPAaBHUTHh OTHOCUTEINIBHYIO ILJIa-
CTUYHOCTb TOPHBIX MOPoA. OOBIYHO C YBEIMUYEHUEM Mpeesia MPOUYHOCTH OJTHOOCHO-
My CKaTUIO KOA(P(UIUEHT MIACTUYHOCTA YMEHBIIAETCS.

[InacTUYHOCTH 3aBUCUT OT MHHEPAIBHOIO COCTaBa rOpHbIX nopoAd. Hammuume
KECTKUX KBapLEBbIX 3€PEH U IOJIEBOTO IIIMATa B MOPOAE YMEHBIIAET €€ IUIaCTHY-
HOCTb. [11aCTUYHOCTD yriiel 3aBUCUT OT COJIEPKAHUS B HUX YIJIEPOJIA.

Moayns yrpyroctu 0osee MiIacTUYHBIX MOPOJI OOBIYHO HUXKE, YEM MOPOJ Me-
Hee MIAcTUYHbIX. C yBETMYEHUEM YHUCJa MJIACTUYHOCTHY TJIMH BO3pPAcTaeT UX CHKUMa-
€MOCTb U BOJIOHEITPOHUIIAEMOCTb.

[TacTHYHOCTH CKaNBHBIX MTOPOJ YBEINYUBAETCS C TOBBIIICHUEM TEMIIEPATYPHI
U BcecTOpoHHEro aasneHus. [loponpl, Beaymme ce0sa Kak Xpynkue B OOBIUHBIX YCIIO-
BUSIX, TIPY TIOBBINICHHBIX JIABJICHUAX M TEMIIEpaTypax MPUOOPETAIOT SIBHO BBIPAKCH-
HBIE JIACTUYECKUE CBOICTBa. Temmeparypa yckopsaeT (MHTeHCUu(UIUpyeT) mpolece
iactuyeckoro TeueHus. [lnactuueckue aedopmanuu npu OONBIIMX BCECTOPOHHUX
TABJICHUSX OOBSICHSIIOTCS TEM, YTO B 3TUX YCJIOBHSIX 0OJIEe JIETKO MOTYT MPOSBUTHCS
BHYTPU3EPEHHBIE JBWKECHUS U CMEIICHHS, HE TPUBOAILINE K HAPYIIECHHUIO CIUIOLIHO-
CTH ¥ K BOSHUKHOBEHUIO TPEIIMHOBATOCTH, T.€. K pa3pylIatoNIUM JAePOopMaliusiM.

Peonozuueckue cBOWCTBA TOPHBIX MOPOJ — CBOMCTBA, KOTOPHIE XapaKTEpU3y-
I0T U3MeHeHue aedopmaluii ¥ HanpsHKEHUH B TOPHBIX MOPOJAX MPHU JJIUTEIHLHOM
JEWCTBUU Harpys3oK.

MexaHuveckue XapaKTepUCTUKH TOPHBIX MOPOJ OMNPENENSIIOT OOBIYHO MPHU
KPaTKOBPEMEHHOM MPWJIOKEHUU HArPy30K. DJIEMEHTHI )K€ CUCTEM pa3pabOTKH, Top-
HBIC BBIPAOOTKH, KPETTM BOCTIPUHUMAIOT HATPY3KH B TCUCHUE MHOTHX JIET.
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Bonpocamu noBeneHus mMaTepuanos, B T.4. U TOPHBIX ITOPOJ, B YCIOBUAX JJIH-
TEJIbHBIX CUJIOBBIX BO3JCHCTBUI 3aHUMAETCS PEOJIOTHsl — HAYyKa O TeYeHHHU Belle-
CTBA.

B 3aBucuMocTM OT BHEWIHUX  YCIOBUH, W3MEHEHHUE  HANPSKEHHO-
ne(hOpMUPOBAHHOTO COCTOSIHUSI TBEPAOTO Tella BO BPEMEHU MOXKET UATHU JIByMs ITy-
Tamu. Hanmpumep, Harpy3um oOpasel] ropHOM MOpo/ibl, UMEIOIUi (HopMy HWIMHIPA,
HEKOTOPOW MOCTOSAHHOW HEPa3pylIaroUed HArpy3KoW, CO3JAl0IIEH ITPaKTUYECKU
MT'HOBEHHO BIIOJIHE OIPEAEICHHYI0O OTHOCUTEIbHYIO Ne(hopMalrio, BETUYMHA KOTO-
POM 3aBUCUT OT MOZYJIS YIIPYIOCTH MAaTe€praia U BEIUYMHBI PWIOKEHHON HArpy3-
K. B mocnegyronme MOMEHTBI BpEMEHU, HECMOTPSL HA TO, YTO HANPSKEHUS HE Me-
HAIOTCSA, Aepopmalys He OyeT OCTaBaThCs MOCTOSIHHOM, KaK 3TO CIEAYyeT U3 3aKOHA
['yka. Bennunna ee OyieT MOHOTOHHO BO3PacTaTh.

Peonornueckoe siBneHue, 3aKI0YAONIEECS B TOM, YTO C TEUEHUEM BPEMEHU IIPH
MOCTOSIHHOM HampsbKeHUH HAOMIoAaeTcsl pocT AepopMalivii, HOCUT Ha3BaHHE MOJI3Y-
YeCTH.

B apyrom ciydae caaBum oOpaszen; MexXay ABYMsl IUIMTaMU Mpecca TakuM o0pa-
30M, YTOOBI B TE€UEHUE BCETO OMbITA PACCTOSIHHE MEXYy HUMH ObUIO CTPOro (hPUKCH-
POBaHHBIM, T.€. HE U3MEHSAIONIMMCA BO BpeMeHH. CTaHEM H3MEpATHh JABIICHHE Ha
IUTUTBL TIpecca CO CTOPOHBI 00pas3la v yOeIuMcs, YTO CO BPEMEHEM BEJIUYHMHA €ro
OyZeT majgaTh. DTO PEOJOTHYECKOE SBJICHUE HOCUT Ha3BaHHUE pesIaKCAlMy HANpS-
JKeHUH.

3anayeil peosoruu SBISETCS OMUCAHHE HANpPsXKEHHO-Ie(POPMUPOBAHHOTO CO-
CTOSIHHSI TOPHBIX NOPOJ ¥ MHBIX MATEPUAJIOB C YYETOM MX CKJIIOHHOCTH K ITOJI3Y4ECTH
U penakcaluu. JTa 3ajJada CBOJUTCS K COCTABJICHHIO TAK HA3bIBAEMBIX ypaBHEHMI
COCTOSIHUSA, T.€. TAKUX YPAaBHEHHU, KOTOPBIE CBA3BIBAIOT B €IHMHBIC COOTHOLICHUS
KOMIIOHEHTBI HANPSHKEHUH, AeopMaIiil U uX MPOU3BOIHBIX MO BPEMEHHU.

Bo Bcex umerommxcs MCCIENOBaHUSAX MOJIAraeTcsl, YTO YPABHEHHUSI COCTOSHUS
JIOCTATOYHO TOYHO OMUCHIBAIOT U3MEHEHUS HANPsKEHHO-1e(hOPMUPOBAHHOTO COCTO-
SIHUSI MaT€pUAJIOB B TOM ClIydae, €CJIM BHEIIHUE YCJIOBHS TAKOBBI, YTO HU AedopMa-
LMW, HA HAPSHDKEHUS HEJb351 CYUTATh MOCTOSTHHBIMH.

JIJisi HarJISIAHOCTU MPECTABIEHUS PEOJOTHYECKUX IMPOIECCOB OOBIYHO HC-
MOJIB3YIOT METOJI CTPYKTYPHBIX MOJAENEN. DTOT METOJI COCTOUT B TOM, YTO CBOMCTBA
TeJa OMHUCHIBAIOTCS MPU TOMOIIU OCOOBIM 00pa3oM MOJAOOPAHHOW MEXaHUYECKOM
Mozenu. Mozenb NOJKHA COCTOSITh M3 DJIEMEHTOB, MIECAIBHO OTPAYKAIOIIUX OCHOB-
Hble — (pyHIAMEHTaJIbHbIE — KayecTBa MCXOAHOr0 MaTepuana. Tak, Hampumep, Ipu
OTIpeIeIECHHOM YPOBHE Harpy3o0kK M JIOCTATOYHO OBICTPOM MX MPHUIIOKEHHH BCE TBEP-
JIbI€ ¥ CBSI3HBIE TOPHBIE MMOPOJIbI BEAYT CE0s KaK YNpyrue Tena, MOJUUHSoIuecs 3a-
KoHy ['yka. DTO CBOMCTBO TBEPABIX TE€J MOJAECIHPYETCS MPYKUHOU, )KECTKOCTh KOTO-
poil pomnoplUOHalIbHA MOAYIIO yrpyroctu (neMeHT ['yka) (puc. 5.5,a) Ynopyrue
CBOWCTBA TBEP/BIX TEJ HE 3aBUCST OT BPEMEHMU:
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CrnenuaibHBIMU - MCCIIEOBA-

(of HUSMH YCTQHOBJICHO, YTO T'PAHUIIBI
3¢pEH B MOJUKPUCTAUIMUECKUX Ma-
Tepuajax, K KOTOPbIM OTHOCATCS U
TOpHBIE TIOPOJIBbI, BEIyT ceOs Kak
BsI3Kas JKHUJIKOCTh. DTO 0OCTOSITENb-

T CTBO TIPUBOJUT K TOMY, YTO TE€M-
nepaTrypa CylmeCTBEHHBIM 00pazoM
M3MEHSET BHYTPEHHEE TPEHUE B Ta-

KHX Tellax, uX JehOopMaIrioHHbIE U
MIPOYHOCTHBIE XapaKTEPUCTUKU. B
YCJHOBUSX JIOCTATOYHO JJIUTEIIbHBIX
L—_J Eob—"" BHEIIIHUX HArpy30K IOJMKPUCTAI-
JUYECKUe MaTepualibl BeayT ceOsl B
IIEJIOM, KaK O4YEHb BSA3Kas KHUI-
KOCTb. Bs3kue cBolCTBa Marepua-
JIOB MOJIeTUpyeT 3jieMeHT HproToHa
(puc.5.5 ,0), KOTOpBIN MpeCTaBIIS-
eT coboii gemmndep - HUIUHIP C

0,8

\
\
-

0,E o o
OTBEPCTUSIMM, IIOTPYKEHHBIA B BsI3-
Go Kyl KUIKOCTb. CKOpOCTh Aedop-
MHPOBAHUSA B 3TOM CIIy4dae Iponop-
LIMOHAJIbHA JNENCTBYIOIIEMY
HANPSIKECHUIO
€
Puc. 5.5. DnemMeHTapHbBIE PEOTOTHYECKHUE MO-
nenu: a) ['yka; 6) Hetorona; B) Cen-Benana.
de 1 (5.4)
—=—0 .
d &7
1
rae ¢ — KodpUIUEHT BI3KOCTH, — — KOAPPHUIIUEHT TEKYUECTH.

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

BPEMEHU [ COCTABUT & = — O , @ IPH U3MEHAIOLIMXCS BO BPEMEHU HANPSHKEHUAX

ezéio—(t)dt,
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[Ipu moctaTodHO OONMBIIUX HATPy3KaX B TOPHBIX MOPOJAX HAYMHAETCS pa3py-
[IEHUE BHYTPEHHUX CTPYKTYPHBIX CBS3€H, YTO MPUBOJIUT K 00Opa3oBaHUIO HEOOpaTH-
MBIX(TIJIACTHYECKUX) Aedopmaliiii. ITo CBOWCTBO PeaIbHbIX TBEPJbIX TEJ OTpakaeT
anemeHT Cen-Benana. OH mpezacTaBisieT coOOM 3J€MEHT CyXOro TpeHus: OpyCOK,
JIeXKaIUMK Ha )KECTKOM MOoBepXHOCTH (puc. 5.5, B). IIpu Harpyske, MeHbIIeld HEKOTO-
POl KpUTHUYECKOW BENWYUHBI S, nedopmanus paBHa HYJI0, IpU OOJbIIeH — Aedop-
Mallvs HEOTpEeIeHHA: CUCTEMa MPUXOJIUT B JBUKEHUE U OPYCOK OCTAeTCs TaM, Te
MIPEKPATUIIOCH JIECTBUE CHUJIBI.

Takum 00pa3oM, pacCMOTPEHHBIE BBIINIE JIEMEHTAPHBIC MEXAaHUYECKHUE MOJIe-
JM WMEIOT BIIOJIHE OMpPEACICHHYI0 (HU3MYECKyI0 OCHOBY. COEmUHSSI CTPYKTYpPHBIC
AJIEMEHTHI APYT C APYTOM TE€M WJIM MHBIM 00pa3oM, CO37ai0T OoJiee CIOXKHBIE MOJIe-
7, B OOJIBIION CTEMEHN OTPAXKAIOIINE PEAThbHBIC CBOWCTBA KOHKPETHBIX MATEPHAJIOB.

CxeMbl COETMHEHUS] ATUX

0.8 e (¢}
3JIEMEHTOB  OMpEJIEIIECHbI
G=const Go N E=const UMb (PEHOMEHOIOInYEeC-
£ € KH, T.€. TI0 (opMaTbHOMY
COOTBETCTBHIO  CBOWCTB

G

Oon

aJIeMeHTHI (puc.5.6,a).
MOJIYYUT 0OpaTHYIO AehOpMaIHio, PaBHYIO HAYalbHOW yMPYTrOW, BS3Kas COCTABIIS-

t t COCTaBJICHHOW  MOJEIHU
€1 o=co
€o
t
Harpyska, mnpuio-
t
fomas aedopmari HeoOpaTuma.

CBOMCTBaM PCAJIBHBIX TCJI.
0.E (@)
Oo
; KCHHas1 K CHCTCMC, BbI-
Ecnu monenu 3a1ath NOCTOSIHHYIO epopMalinio, TO MOpIIeHb OyAeT IBUraTh-

OnHa u3 nepBbIX MPOCTHIX

E=const CTPYKTYPHBIX MEXaHHUYEC-

KUX MOJIEIIE TBEPAOTO

Tena OblIa TIPENJIOKEHA

Puc. 5.6. Peonornueckue monenu: a) MakcBemia, 3bIBACT MI'HOBCHHYIO

CsI BBEPX O TE€X IIOp, IMOKa HATSDKCHUE NPYKHUHBI HE CTAHET PaBHBIM HYIIIO M BCS

t Makcgemnom. OHa mnpen-

CTaBIsIeT  coOOM  co-

€AVMHEHHBbIE  IOCJIEI0BA-

TEJILHO BSI3KUM U yIIPYTUH

0) KenpBuna-®oiirra; B) CeH-Banana. yupyryro  aedopmanuro

IPYKHHBI, COOTBETCTBY-

oy 3akoHy ['yka. B nmanbnelimem nedopmarius CUCTEMBI pacTeT BO BPEMEHH C

IOCTOSIHHOM CKOPOCTBIO 33 CUET BSI3KOTO 3JIeMEHTA. lIpu CHATHMM Harpy3Ku MOJENb

ynpyras aedopmaius nepeuieT B BI3Kyt0. ITO SIBJICHHE COOTBETCTBYET pellaKCallUU
HAPSKEHUM.

VYpaBHEHUE COCTOSHUS JIs Cpeibl MaKcBeIIa MOXKHO MOJIYYUTh U3 CIEAYIOLIUX

cooOpaxenuii. CkopocTh aepopManuy € OYEBUIHO JOJDKHA CKIAIBIBATLCS M3 CKO-
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y , l do y
poctu ympyroi nedopMmanuu g = o M CKOPOCTH BSI3KOH AedopMariu
" E dt
4 O 1 1
€6 =7 > The E = E — K03 HUIMEHT MPOTIOPITMOHAIBHOCTH. Takum 00pazom
0 0
| o
g'=—o'+—. (5.5
E Et,

31eck f) — HEKOTOpast MOCTOSIHHAS, UMEIOIIas pa3MEPHOCTh BPEMEHH.
N3 ypaBHenus (5.5) noayuum

E'é":G'-I-E,I/IJII/IE'E:d—G-I-E. (5.6)
t, dt dt t,

Boipaxxenue (5.6) u ects nuddepeHnnanbHoe ypaBHEHUE COCTOSHHS CPEJibl
Makcgemia. [locine uHTErpupoBaHusi, Ipu G = Gy=const, 3TO ypaBHEHUE MTPUBOJAUTCS
K BBIPQKEHUIO

O, t t
= 1+— |, um e=¢g,| 1+—
E\ 1 t

£ , (5.7)

O,
I7ie TIPOU3BOJIbHAS MOCTOSIHHAS MHTETPUPOBAHKS g, = —> €CThb ympyras aehopma-
E

uus npu ¢t = 0.
IIpu € = gy = const nony4nm

t
o =0,exp| —— |. (5.8)
0

Takum o6pazom, noa3zydecTs Aedopmainii B cpere MakcBemia XxapakTepusy-
€TCsl JINHEMHBIM 3aKOHOM, pejlakcalus HanpsiKEHUW — 3KCIOHEHIMalbHbIM. [locTo-
SIHHAs BEJIMYMHA ¢, Ha3bIBACTCS MEPUOIOM PeJIAKCAIUHM U, KaK ClIeIyeT U3 GopMyJibl
(5.8), oHa YHMCIIEHHO paBHA BPEMEHH, 32 KOTOPOE HAIPSKEHUS MaJIal0T B e pa3, T e
- OCHOBaHHWE HATypaJIbHbIX JOrapu(pMoB.

DTa cxeMa TOJIbKO KaYECTBEHHO OTPAXKAET CBOMCTBA PEAJIbHBIX TEN, KOJIUYE-
CTBEHHBIE JK€ PE3YyJIbTATHI IIJIOXO COTIACYIOTCS C OIBITOM.

CrpykrypHast mozaens cpeabl KenbBuna-®oiirra npeacrasiser coboi mapali-
JIETbHOE COEIMHEHUE BSI3KOTO U YNPYroro »yiemMeHToB (puc. 5.6,0). Ilpunoxenue
Harpy3Ku B TaKOW Cpelie He BBI3BIBACT MTHOBEHHBIX ympyrux aedopmarmii. Jedop-
MallM pacTyT OT HyJds npH =0 A0 KAKOW-TO BEJIUYMHBI, OIpeaessieMoi cunoit P u
YIPYTOCTBIO IPY>KUHBL.
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[Tpu pasrpyske aedopmaiusi He MajgaeT 10 Hyjd. Pemakcanuu HanpspKeHUH B
TaKoOH cpelie He HaOIogaeTcsl. Y paBHEHUE COCTOSIHUS MOJIYYUM, CYMMUPYS YIPYTYIO
4acTh HANPSDKEHUS, IPONOPLHUOHANBHYIO AeQOopMaliy, U BSI3KYIO 4acTbh, IPOIOPLU-
OHAJIHYIO CKOPOCTH Je(OopMaIiu:

6=a8+b§.

IIpu 6 = 6= const moy4yuMm

dt
de a 1
—+—c=—0,
dt b b

Pemenue storo YPaBHCHUSA UMCCT BU

O,

E=—+cex
b p

a IIpu € = gy = const MOJIy4duM

O =

ago *

4

(5.9)

(5.10)

(5.11)

(5.12)

O4eBuHOE HECOOTBETCTBUE JIBYX OIMMCAHHBIX BBIIIE MOJENIE CBOMCTBaM pe-
anbHbIX cpen nmooynuino Iloiitunra u TomncoHa NpeIIoKUTh MOJENbh TaK Ha3bIBae-
MOU CTaHAapTHOW nHWHEWHOU cpeanl (puc. 5.7). OHa mpencraBisieT cobOi MOIEHTb
Makcsenna, napajieIbHO KOTOPOW MOMENIEH €llle OJIMH yNnpyrui ssemeHTt. Harpys-
Ka, MPUJIOKEHHAs! K TaKOW MOJIENIM, BBI30OBET MPEKJIE BCET0O MTHOBEHHYIO YIPYTYIO
nedopmariiio 06enx mpyKuH.

?

L_IRB

/L

Puc. 5.7. Monens cpensl [loritunra-Tomricona:

1 — KpuBas Mon3yvecTu; 2 — KpuBasi pejakcaluy HanpsoKeHUH.

¢

&o

O=const

0

L

t

ob

(O}

g=const

0

~
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B nmampHeiimem nedopmanus OyneT pacTH 3a CUET PACTSHKEHHS MPYKHUH, HO
OHA MMeEET Mpee, ONPEAeIIIeMbIi BETMYMHON CHIIBI P ¥ yIPYTOCTBIO MPYKUHBI 1.

[Ipu cHATHH Harpy3ku jaedopManusi MTHOBEHHO YMEHBIIAETCSI HA HEKOTOPYIO
BEJIMYMHY, 3aBUCSIIYIO OT CTENECHU PACTSHKCHUS MPYKUHBI 2, a 3aTeM IOCTEIICHHO
namaer 1o Hymsi. B Takoil mMojenu HaOdromaeTcs YacTUYHAS pelaKcalusl Harpsbke-
Huid. Ecnu 3adukcupoBath nedopmMariio, MOpIeHb OyAeT IBUTAThCS 0 TeX Iop,
TIOKa HaIlpsDKEHUE B MIPYKUHE 2 HE ymajer a0 Hyis. HamnpspkeHue ske B npyxuHe 1
OCTaHeTCs HEH3MEHHBIM.

HuddepennnaabHoe ypaBHEHUE COCTOSIHUS CPEIbI HMEET BU/T

d d
c+a’% —percdE (5.13)
dt dt
I[Ipu 6 = 6, = const UMeeM
de b 1
€ =20, (5.14)
dt c c
WHTerpan 3T0oro ypaBHEeHUs paBeH
o, o, b
E=—+| & —— |exp| ——1 |. (5.15)
b c
IIpu € = gy = const MOJIyYrM ypaBHEHHUE
d 1 b
L9 126=2¢, (5.16)
dt a a
pELIeHre KOTOPOTrO UMEET BUJL
t
o =bg,+ (o, —bg,)exp| — | (5.17)
a

JlaHHBIE APKCIEPUMEHTOB CBHUJECTEILCTBYIOT O TOM, YTO BO BCEX CIydasx IpHU
JIOCTATOYHO BBICOKMX Harpys3kax jaedopmariusi Mmocje CHSATHS Harpy3kKd MTHOBEHHO
YMEHBIIAETCSI HA HEKOTOPYIO BEJIMYMHY, a 3aT€M MOCTEIIEHHO YMEHBIIAETCS 10 HEKO-
TOPOM OTJIMYHON OT HYJIsSI BelWuuHbl. B Moaenn MakcBesia mpu pasrpyske aedop-
MaIys He u3MeHseTcs BoBce, a mojenax KenpBuna-doiirra u Iloitmara-TomMmncona
IpH ¢ — oo AePOpMaIIUS YMEHBINASTCS 10 HYJISL.

Takum oOpa3om, 3T MOJENH, yIOBICTBOPUTEIBHO OMUCHIBASI MOBEICHUE pe-
aJBbHOU CpelIbl P HArPY3KE, CTAHOBATCS HEMPUTOAHBIMHU JIJISI OIMMCAHUS PA3TPY3KH.
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Jl;ist GoJtee MOTHOTO OMUCAHUS TIOBEACHHS PEATbHOUM CPEIbI MO Harpy3KOi Me-
XaHUYECKasi MOJICNb JIOJKHA COAECPKATh €lIe€ OJAWH CTPYKTYPHBIN 3JIEMEHT, YUYUTHI-
BaIOIIUI BO3SHUKHOBEHHUE IJIACTUYECKUX JedhopMaIin.

[IpocTelitas MojaeNlb TaKOW yHPYro-TulaCTUYECKOM cpenbl Oblia MpessiokeHa
Cen-Benanom. Ona nipeacTaBisieT coO0M 3JIEMEHT CyXOro TPeHUsI, COSIMHEHHBIHN T10-
CJIe0BATEILHO ¢ yIpyruM 3jieMeHToM ['yka (puc. 5.6, B). B atoii moxenu aedopma-
IS Te€JIa COCTOUT W3 JIByX 4YacTei: oOpaTUMOM ympyroi u HeoOpaTUMOU IjIacThUye-
CKOM. Peonornueckux siBIICHUM B MOJIEIIA HE MPOUCXOJUT. Y CIIOBUE BO3HUKHOBEHUS
MJIACTHYECKUX JiehopMaIuii 3amuchiBacTCs B BUC

Tmax - Sa

rae S — HeKoTopasi MEXaHUYeCKasi KOHCTaHTa MOACIUPYEMON CpeJbl: Mpeaea mpoy-
HOCTHU Ha OJJHOOCHOE C3KaTHe, PACTKEHUE, YTOJI BHYTPEHHETO TPEHUS U T.11.

[Ipu nocnenoBarenbHOM coearHeHnu moneu Cen-BeHaHna u ajneMeHTa BSI3KOTo

TPEHUSI MOXHO TMOJYy4YUTh Mojzienb bunrama (puc. 5.8). Ilpu Harpyske, npeBbliiaro-

el mpeaen TEeKy4ecTH, BO3HUKAET Tede-

———&—— 6) Hue. [Ipu mocTosiHHOM Harpy3ke CKOpOCTb

nedopmaruu  Takxke nocrosHHa. [locne

| |
| qp '
| I r Tl cHATUSA HArpy3ku yrpyras aedopmaims
: : : q : MCUYE3aET, BA3KOIUIACTUYECKAs OCTaeTCs.
! | | | Penakcatius HanpsbkeHU He HaOII0JaeTCsl.
L I | YpaBHEHUsL  COCTOSIHUSA — IIOJIYYHUM,
_____ _ : |  CYMMHpYS IUIACTHYECKYIO YacTh HampsiKe-
l[ | I E[% | Huii, paBHYIO NpeAeTbHOMY HaIpPsLKEHUIO
| od | L J_____J' CIBHIa
| : - o =743, (5.18)
{— L
Lo ] =
re 7, — HNpeAes NPOYHOCTH HAa CIBWI, H
ANNNNNNNRNNN NN BSI3KYIO YacTh, IPOMOPLMOHAIBHYIO CKOPO-
Puc. 5.8. Mozeinb cpesi: cru aedopmanii
bunrama (a) u llIBenosa (0).
de
o,=a—. (5.19)
dt
Taxum oOpazom, umeem
de
oc=tN3+a—- (5.20)
dt
IIpn 6 = 6y = const moxyyum
o,— 7,3
E=g,+———t. (5.21)
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IIpu € = gy = const
o, = Z'S\/g'

[IIBenoBbIM ObLIa MpeAIOKEHA MOEIb, MpeAcTaBistonas coboil mocueaoBa-
TEJIbHOE coelrMHeHHne mojeneil cpenbl CeH-Benana m MakcBemna. Ota cpena npu
Harpys3Kke, He MPEeBOCXOJAIICH Mpeaena TeKyuyecTH, BeAeT cebs kak ympyras. [lpu
Oonblllell Harpy3ke cpefa HauyMHaeT Te4b, IPHUUEM HampsHKEHHE B HEW 3aBUCUT OT
CKOpPOCTH Jie(hopMaLuu.

ITpu pasrpy3ke yacTb ynpyroi aeopManuu, COOTBETCTBYIOIIAs pyx uHe 1 uc-
4ye3aeT MIHOBEHHO, a 4acTh YHPYTux AedopmMainuii, COOTBETCTBYIOIIAs MPYXKUHE 2,
nepexoauT B Bs3Kyro. [Ipu nmoctosHHON nedopmanny 4yacTh HaIpsKEHUs, COOTBET-
CTBYIOILIAs IPYXKUHE 1, HEpETaKcupyer.

VYpaBHenue coctosiHus cpensl LlIBenoBa umeer Bu

0+bd—G:TS 3+aﬁ- (5.22)
dt dt

IIpu 6 = 6= const pemienue ypaBHeHus (5.22) umeer BUJ

GO _Ts\/gt

a

f=g + (5.23)

IIpH € = gy = const

t
o, =73 +cexp 5

(5.24)

CpaBuuBas cpenpl bunrama u IlIBenoBa, MOKHO OTMETHUTHh MX CYILIECTBEHHYIO
obmHoCTh. YacTo B nuTeparype uX OOBEAWHSIOT OJHUM Ha3BaHuWeM buHrama-
[IIBenoBa, umest B BUy moaenb bunrama.

OO111ee ypaBHEHUE BCEX PACCMOTPEHHBIX BBIIIE CPE UMEET BUL:

d
al+a25+a37‘9:a40+a57§ : (5.25)
t t

B camowm nene, npu a; = a, =0 nosryuum ypaBHeHHUE cpelibl MakcBesia; pu
a,; = as = 0 — cpenpl Doiirta; npu a; = 0 — cpensl [loiitunra-Tomncona; npu
a, = a; =as = 0 — cpenpl Cen-Benana; npu a, = as = 0 — cpeasl bunrama; npu a,= 0
— cpensl LlIBenonBa.

C TOYKM 3peHHUs peslaKCalli BCE CPEAbI MOKHO Pa3AeiIuTh Ha PEIaKCUPYIOLINE
u Hepemakcupyromme. K mepBeiMm oTHocutcs cpena Makceseta, lloWtunra-
Tomrncona, [lIBenoBa, ko BTopeiM — KenbBuHa-®Doiirra, Cen-Benana, bunrama.
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CymiecTByrOT Mojienu Oosiee IpUOIMKEHHBIE K peaibHou cpeae. K HuM oTHO-
cutcs Mojens broprepca, wim kommayHa-mMoAens (puc. 5.9). OHa yuuTheiBaeT Hanbo-
Jee BaKHBIE, UMEIONINE MPAKTUYECKOe 3HAYCHHE, COCTABIIAIONIME Tpolecca aedop-
MUPOBaHHUs TOPOJBI: MTHOBEHHBIC Aeopmaru, aehopMaluu 3ama3IbIBaroIIeh
YIPYTOCTH U JeOpMAITUU BA3KOU TEKY4ECTH.

CrhenyeT OTMETHTh, YTO YEM CJIOKHEE MO-
JeNib, TEM XYXX€ OHa IOJJaeTcs MaTeMaThye-

ckomy omucanuto. [losTomy mpu BeIOOpE peo- E

JIOTUYECKHX MOJIEJICH PYKOBOJCTBYIOTCS IPHH- 2

ITUTIOM Pa3yMHOM JOCTaTOYHOCTH. =1 &
JlabopaTopHble WCCIEAOBaHUS PEOJIOTH- l_r'

YECKMX CBOKMCTB TOPHBIX IOPOJ BEAYTCS B
OTPaHUYEHHBIX pa3Mepax, YTO CBSI3aHO C PSAIAOM
onpezeNeHHbIX TpyAHOocTel. Yalne Bcero usy- E Q:JEJ
YalOT MOJ3y4ecTh AeGopMaIiii ¥ 3HAYUTEIbHO 1%
peke — peaKcaliio HarpsoKECHHA.
HccnenoBanus CBS3aHbl C JUIMTEIHHBIMA
SKCIIEPUMEHTAMHU, KOTOPbIE IPOA0IKAIOTCS Me-
CAUbl M Toabl. B CBA3M C OTUM B KAYECTBE Puc. 5.9. Monens bioprepca
HArpy304YHBIX YCTPOMCTB HCIIONB3YIOT TpY- T KOMITayHI-MOZCIb
JKMHHBIE WK pblYakHbie ycTpoiicTBa. C X MM0-
MOIIBIO MOJYYaOT KpUBBIE MpU pa3Hbix Harpyskax (ot 30 mo 80% oT paszpymiaro-
mieit). OCOOCHHOCTIO KPUBBIX IMOJI3YYECTH SIBISICTCS TO, YTO B IMEPBbIE Yachl HArpy-
JKCHHSI Pa3BUBACTCS OCHOBHAS YacTh YIPYTO-BSI3KHUX AehopMalivii, a B AaJbHEHIIIEM
POCT X CYIIECTBEHHO 3aMEIIETCS M KPUBbIE aCHMITOTHUYECKH CTPEMSTCS K HEKO-
TOPOMY TIPE/CITy, 3aBUCSIIEMY OT BEIUYHMHBI 33aHHOM Harpy3ku. Heckonpko mHaue
IIPOTEKAET MPOLIECC PeslaKcaluy HanpskeHuid. PopMa KPUBBIX 3aBHCHT OT I'e€HE3HcCa,
COCTaBa U CTPOCHHMS TOPHOM ITOPOJIBI.

1

AL 77777777777 77777 7777777

5.4. IlonsiTHe 0 TEOPUM HACJIEJICTBEHHOM MOJI3y4eCTH

CornacHO COBpPEMEHHBIM NPEACTABICHUAM, HANPSHKEHUS, BOZHUKAIOIIUE B pe-
aJIbHBIX TE€JaX, COCTOST U3 JBYX YacTE: MEepBOE cllaraeMoe 3aBUCHUT OT JAepopMaluu
B JIAaHHBII MOMEHT BPEMEHHU ¢, BTOPOE — OT JAePopMaIinii, CyIIECTBOBABIINX B TEJC B
TEUEHHE BPEMEHHU, NPEAIIECTBOBABIIETO HACTOAIIEMY MOMEHTY BpPEMEHU — T
(puc. 5.10). Bpemst usMeHsET CTPYKTYPY.

Teopus, mo3BoJIAIONIAs ONPENETATH JeopMallui B CpeJle C YYETOM UCTOPUU €€
Harpy>KeHHsl, Ha3bIBACTCS TeOpPHel HACIECACTBEHHOH MOJI3yYeCTH.

Teopus HaciaeACTBEHHOTO M3MEHEHUS BHYTPEHHUX (DAKTOPOB C y4E€TOM «Iia-
MATH» MaTepuajia O BCEX BPEMEHHBIX CTPYKTYPHBIX M3MEHEHHSX, BOSHUKAIOIIUX B
MIPOIIECCE HArPYKEHHMsI, U MPEIoararonas JUHEUHY0 3aBUCUMOCTh MEXKy Halpsi-
KEHUSIMH U TePopMaIusiMu B TI000W MOMEHT BPEMEHH, TIOJIyYrJia Ha3BaHUE TEOPUH
JIMHEHOM HACJIeICTBEHHOM M0JI3y4€eCTH.
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Teopus JIMHEUHOU
HACJIECTBEHHOCTH ObL1a
npemioxeHa JI. boaeimManom
C HCIOJIB30BAHUEM MaTema-
TUYECKOTO amnmnapara WHTe-
rpajabHbIX YpaBHEHUH
B. Bomereppa.

B  coorBerctBUEM  C
3TOU TeopueH, Aepopmaruu
cpeapl  moa  JCUCTBHEM

0 . BHEIIHUX CHJI IPOJIOJKAIOT-

N~— " —t, t Cs U MOCJIE UX NPHIIOKEHUS

T (HACIEACTBEHHOCTD), npu

ATOM Jie(pOpMallii B Ka>K/IbIH

Puc. 5.10. Hpouecc I[e(l)OpMI/IpOBaHI/ISI TBEPAOTO TEC- MOMEHT BpEMCHU psiMO

Ja, UMCIOIETo NPEABICTOPUIO HAT'PYKCHU A HpOl‘[OpHI/IOHaJILHBI HeﬁCTBO-

BaBIIIUM B Pa3HbIE MOMEHThHI BPEMEHU HAIPSKEHUSAM (JJUHEHHOCTh) U CYMMUPYIOTCH,
pacTyT BO BpeMeHHU (IPUHITUI CYTIEePIO3ULINN ).

[TponsrocTpupyeM H3J0KEHHOE BbIIIE Ha cienyromeM npumepe. [loctpoum
KpUBbIE MOJ3YYECTH £=f(f,G) NIPHU pa3HbIX YPOBHAX HampspkeHus (puc.5.11,a). 3arem
B KOOpJIMHATaX «GC-£» MOCTpouM rpadukd B MOMEHTHI BpemeHu t; (1 = 1, 2, 3..)
(puc. 5.11,6). Ecnu mony4uBIecs nmpu 3TOM H30XPOHHBIE 3aBUCUMOCTHU SBIISIOTCS
IPSMBIMH JTHHUSAMU (WM OJTM3KUMU K HUM), TO MBI UIMEEM JIeJIO C JIMHSHHOW HaCIeI-
CTBEHHOU CPENION.

[Tom3yuecTs MaTepragIoB B TEOPUU JIMHEWHOW HACIEICTBEHHOCTH ONHUCHIBACT-
Cs UHTETpaJbHBIM ypaBHEHHEM BoabTeppa BTOporo pojaa

&o

a(t):?Jr%}L(t—r)o(r)dr, (5.26)

rae o(t) u €(¢f) — HanpsKeHUs U 1eopMaliui B HACTOSIIIIMHA MOMEHT BPEMEHHU f, T —
BpEeMsI, IPEIIIECTBYIONIEE MOMEHTY BpeMeHHU #; L(f) — HeKoTopass GyHKIIUS, YIUTHI-
BAaIOIIasl BIMSIHUE BPEMEHH Ha JiepopMaIiiy 1 HanpsHKeHUS B TEIIe.
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a) 0)
€ (0}
Gs=const t t, ¢
// 3
// O;=const / //
19
// G,=const ty
T |O1=const
g
&o
0 e
t1 t 3 t4 t
T

Puc. 5.11. JlepopmupoBanre BO BpeMeHH HACIEACTBEHHOMN CPEIbI

rae o(f) u &(f) - HanpspkeHus u neopMalnuyu B HACTOAIIMNA MOMEHT BPEMEHH f, T —
BpeMsi, IPEIIIECTBYIONIEE MOMEHTY BpeMeHHU #; L(f) — HeKoTopasi GyHKUHUS, YIYUThI-
BaIOIasl BIMSIHUE BPEMEHH Ha Jie(popMaliiy U HApsHKEHUS B TEJIe.

[Ipu o(f) = o= const U3 cootHouieHus (5.26) MOIYyYUM ypaBHEHUE MOJI3YUECTH
nedopmarmii

g(t)= (1 + IL(r)drj (5.27)

Huddepenuupys 06e yactu ypaBHeHus (1.53) mo BpemMeHH, MOJIYyYUM BbIpaxke-
HUE:

L(t) = E% (5.28)

U3 KOTOPOTO CleAyeT, 4To L(f) mpeacraBiseT coOoi (YHKIMIO CKOPOCTH IMOJ3y4Ye-
cti. OyHKIHIO ke L(-T) Ha3bIBAIOT SAPOM MHTErpPaJIbHOT0 YpaBHeHusi Boibreppa
(5.26). Pemast ero OTHOCUTENBHO G(?), MOTYUYUM,

t
o(t)= Eg,— [K(t-1)e(z)dr. (5.29)
0
ITpu &(¢) = €y = const, moayuuM u3 (5.29) ypaBHEHHE pEIAKCALUU HAIPSKEHUI

o(t)=Ee, El— [ K(r)dr]. (5.30)
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Huddepenuupys obe yactu ypaBHenue (5.30) 1mo ¢, OTyYUM BbIpaXEHHUE IS
K()
1 do(?)

K(t)=-
) Eg, dt

(5.31)

Oynkunu K(¢) u L(¢) B3auMOCBsI3aHbl M 3TO MO3BOJISICT IO OJHON U3 HUX HAUTH
npyryto. Oyukius K(f) Ha3biBaeTCsl Pe30JbBEHTOH HHTErPaJbHOr0 YpaBHEHHS
Bonbteppa (5.27).

VYpaBHenue nonsydectu (5.27) MOXKHO 3amucaTh B BUJIE

O
_ %o, (5.32)
#(0) E

riae £ — BpeMEHHOW OomepaTop, ONpeessieMblid B pe3yiabTaTe 00pabOTKH IKCIIEepH-
MeHTadbHbIX AaHHbIX. FO.H. PaGoTHOB moka3zan, 4Tto 3amady JMHEHHOW Hacnen-
CTBEHHOCTH MOXHO (hOpMaIbHO paccMaTpuBaTh, Kak 3ajady TEOPUH YNPYroCTH, B
KOTOPOM BMECTO YNPYIMX MOCTOSIHHBIX £ W 4 HE0OXOJAMMO HUCIOJIb30BaTh MX Bpe-

MEHHBIE aHaJoru (MHTerpayibHble onepatopel) — £ u 4. X.C. EpxkaHoB yCTaHOBUI,
9T0 1e(hOPMUPOBAHUE PsAZa TOPHBIX MOPOJ JO OMPENEICHHOTO YPOBHS HArpy KEHHSI
COOTBETCTBYET ypaBHEHHIO (5.27) ¢ sIpOM MOJ3Y4eCTH B BUJAE CTEIEHHON (PyHKIMNU
(ssmpo Trma AGens):

L(t,t)=0(t—1)"“, (5.33)

r7ie O M 0. — PEOJIOTUIECKUE XapPAKTEPUCTHKH, TIOJTyIaeMble IKCIIEPUMEHTAILHO.
HuTerpanbHoe ypaBHEHUE MOJI3YyUeCTU C sApoM AOens UMeeT cienylolee pe-
HICHUE

o ot o
e(t)y=—| 1+ ==, 5.34
(1) Z e (5.34)

CnoXHOCTh pEIIeHUs] 3a/lad METOJaMHU TEOPUU HACIEICTBEHHOU MOJI3y4eCTH
3aKJII0YAETCS B pacliuPpoBKE BPEMEHHBIX OTIEPATOPOB.

YacTo npu NoCTOSHCTBE TPAHUYHBIX YCIOBUMN JJISl PEIICHU 3a/1a4 F€OMEXaHUKU
UCIIOJIB3YIOT METOJI TIEPEMEHHBIX MOJyJIei, KOTOPBIA 3aKII0YAeTCs B TOM, YTO BMe-

CTO MHTErPabHBIX ONEPATOPOB E W A HCIOJB3YIOT BpeMeHHble QyHKIMU E(f) U
().

U3 Boipaskenus (5.34) cnenyer, 4To BpeMeHHas GpyHKuA Moays nedopmanuu
UMEET BUJ

E
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rae @ - GyHKIUS NOJA3y4ecTH, paBHas

09" (5.36)

Bpemennas ¢pynkuusa mis koapduuuenta [lyaccona onpezensiercs: BhIpaxeHu-
eM

0,5—u
t)=0,5——"——.
u(1) P

(5.37)

Crnenyer OTMETUTDH, YTO MCIOJIb30BAHUE TEOPUU HACIIECICTBEHHON MOJI3Yy4EeCTH
OIPaBAAHO TOJBKO B TOM CJy4dae, KOTAa JECUCTBYIOIINE HAMPSIKEHUS HE MPEBBILIAIOT
JUTATEIIBHOM TPOYHOCTH MACCHUBA.

Peonoruyeckue mporecchl B TOPHBIX MOPOJIaX OOBIYHO OMHUCHIBAIOT C TTOMO-
b0 YCJIOBHO BBIJICJICHHBIX PEOJIOTHYECKHUX SIBJICHUM: MOJI3y4ECTh M peakcanus
HaIpsKEHUM.

XapakTep MpOSBICHUS MOJA3YYECTU W PEJIAKCALUH B TOPHBIX MTOPOJIAax BO Bpe-
MEHH t 1300pakeH Ha puc. 5.7.

Ilonzyuecms — siBlieHHE MOCTENIEHHOTO pocTa AedopMaliii TOpoabl BO Bpeme-
HU TIPY MTOCTOSTHHOM HANPSHKEHUH, HE TPEBBIIAOIIEM MPEIeia YIPYTOCTH.

CkopocTh pa3Butus nedopmaiuil moji3yyecTd Ha OCHOBAaHUM TEOPUU HaClell-
CTBEHHOCTH 4acTO OINHUCHIBAIOT CIEAYIOIIUM YPAaBHEHUEM

de _ %Gtg(t % (5.38)

dt

rZle G, — HAPsDKEHHS B MOPOJIE B MOMEHT BPEMEHH T; t — IPYToi, OOJIbIINI, YeM T
MOMEHT BpPEMEHU; 0L U O — Koahpuyuenmol s10pa nozyvecmu i JTaHHOU IMOPOIbI.

OHM ¥ ABJIAIOTCS TTapaMeTpaMH JaHHOTO CBOMCTBA MOPOBL; 7 opon o =~ 0,7
1 d=(2.5)10".

Penaxcayuna nanpasxcenuil — IBICHAE MOCTEIIEHHOTO CHYKEHUS HANPSKEHUN
B IIOPOJIE€ TIPU MTOCTOSIHHOM €€ AeopMarui.

Penakcamuio MOXHO TIpEACTaBUTH cleAyrommM obpazoM. Ecimu obpaser; rop-
HOU TIOPOJBI 3aKaTh MEXKIy ABYMS IUIOCKOCTSIMH U CO3/aTh YCJOBHS, TAE € = const,
TO JaBJICHHE Ha IJIOCKOCTH CO CTOPOHBI 00pasiia B HAaYaJIbHBII MOMEHT OyJIeT paBHO
0, a CO BpEMEHEM CTaHET YMEHbIIATHCS, CTPEMSCH K OTPECIIEHHOW BETUIHHE.

YpaBHEHHsI KPpUBOH pellaKkcariii OOBIYHO MPUBOAT B CICIYIOIIEM BHIE

t

o (5.39)
c=0c, °
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rae t, — nepuoo penaxcayuu (napaMeTp JAHHOTO CBOWCTBA MOPOJbI), T.€. OTPE3OK
BPEMEHH, 32 KOTOPbIN HAINPSKEHUE CHUXKAETCA B € pa3 (JJis1 TOPHBIX OPOJ HECKOIb-
KO COTEH JIET, JJIs CTeKa, Hampumep, okoao 100 ner, a 1151 Boabl — 10" c).

PaccMmoTpenue nosi3y4yecTy U peslakcaliii mopo/1 MOKa3bIBAET, YTO CYIECTBYET
00111251 3aKOHOMEPHOCTh U3MEHEHHUsI CBOMCTB MOPOJ CO BPEMEHEM JIEUCTBUS HATPY3-
KM, — 4eM OoJiee JIMTENIbHO BO3JECUCTBUE HA MOPOAY HArpy3KH, TeM cllabee CTaHo-
BATCSI YIIPYyTrMe CBOMCTBA MOPOJI, YMEHbBIIAETCS Mpe/ed YIPYrocTH U TeM CHIIbHEe
MPOSIBIIAIOTCS €€ IIACTUYECKHE CBOMCTRA.

B nmaGopaTtopHbBIX yCIOBUSX PEOJIOTHUECKHE TTapaMETPhl TOPHBIX TTOPO MOKHO
OTIPEZICTTUTh TIOTIEPEYHBIM H3ruOOM 00pa3moB-0anouek (puc. 5.12). Ilnst atux menei
WCITOJIB3YIOT 00Pa3Ibl MPU3MATUUECKON (POPMBI, TTOTIEPEUHBIE pPa3MepPhl KOTOPHIX B 6
— 10 pa3 mensIe ero quuHBL. OOpa3Ibl HATPYXKAIOT MTOCTOSTHHONW HArpy3KoM, co3/a-
romien ycunue F.

C yyerom BenuuvH F U t ycTaHaBIMBAIOT BEJIMYMHY IIPOruoda y; , a peojioruye-
CKHE MapaMeTphl 00 U O ONPENENsIOT U3 BhIPAKEHUS

Yo=Y _ O i-a (5.40)
Yo 1-a

B nabGopaTopHBIX YCIOBHSIX PEOJOTHUYECKHE MapaMETPhl TOPHBIX MOPOA MOMKHO
OTpeAeUTh MONEePEYHBIM U3THOOM 00pa3ioB-0anouek (cM. puc. 5.12). lns atux 1e-
Je¥ UCTIONB3YIOT 00pa3Ilbl MPU3MaTHUYECKON (POPMBI, OMIEPEUHbIE pa3Mephbl KOTOPHIX
B 6...10 pa3 menblIe ero minHbl. OOpa3lbl HarpyXaroT MMOCTOSHHOM Harpy3koi, co-
3paromen ycunue F.

C yuerom BennuuH F 1 t ycTaHaBIMBalOT BEIMYUHY IPOruda y, , a peojoruyie-
CKHE IIapaMeTpbl 0L U O ONPENEISAIOT U3 BbIPAKEHMUS

-_— p—
e —_———

\—
—_— —_—

Puc. 5.15. MeTo ucnbITaHUS «IOTEPEUYHBINA N3THO 00pa3loB-0aI0ueK.
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Ye — Yo _ 0 .tl—a, (541)

I7I€ Y, — BEIMYMHA MTHOBEHHOTO, YIIPYTOro Mporuoda, Mm.

K-F (5.42)
E

Yo =

K— KOC—)(I)(I)I/IHI/ICHT BIIMAHNA KaCaTCIIbHBIX HaHpH}I(CHPIﬁ.

3 h2
K=——(1+ 295——002 ) (5.43)
4ah

rae h, a, B— COOTBETCTBEHHO TOJIIIMHA, IIMPUHA U JTMHA 00pa3lia, MM.

OOBIYHO M3MEPSIOT BO BPEMEHU HECKOJBKO pa3 BEIMYMHY mporubda (y;) U mo-
JYy4ar0T HECKOJIbKO YPaBHEHHUM, KOTOPBIE 3aT€M pEIIAIOT KAK CHCTEMY JIMHEWHBIX
YPaBHEHHUH, OTHOCUTENBHO NapaMeTpoB o U 0. [lapamnensHo ucnbIThIBAOT 4-5 00-
pasLos.

Becpma xapakTepHOU 4epTON PEOJIOTMYECKUX IIPOLECCOB, B YACTHOCTH IOJI3Y-
4YeCTH, SIBJISIETCS 3aBUCUMOCTh JedopMaluy HaOM0JaeMol B JaHHBIH MOMEHT OT
XapakTepa BCETO Mpoliecca HarpyKEeHUsi TOPHOU MOPOJIbI, WIH, IPYTUMU CIOBaMH, OT
BCEH Mpeaplaylied UCTOpuu ero aeGopMupoBaHUS. ITO CBOMCTBO TOPHBIX MOPOJ
HA3bIBAIOT HACJIEICTBEHHOCTHIO.

OOBIYHO M3MEPSIOT BO BPEMEHH HECKOJBKO pa3 BEMUWYMHY mporubda (y;) u mo-
Jy4arOT HECKOJBKO YPAaBHEHMM, KOTOPBIE 3aTEM PEIIAIOT KAaK CHUCTEMY JIMHEWHBIX
ypaBHEHHUH, OTHOCUTEIBHO MapaMeTpoB o u 0. [lapamnenbHo UCTIBITHIBAIOT 4-5 00-
pasLoBs.

Becpma xapakTepHOU 4epTON PEOJIOTMYECKUX IIPOLECCOB, B YACTHOCTH IOJI3Y-
4YeCTH, SIBJISIETCS 3aBUCUMOCTH JedopManuu HaOI0JaeMol B JaHHBIH MOMEHT OT
XapakTepa BCETO MPoLiecca HarpyKEeHUsi TOPHOU IMOPOJIbI, WIH, IPYTUMU CIOBaMH, OT
BCEH MpenplAylled UCTOpUU €ro Ae(popMHpOBaHUS. JTO CBOMCTBO IOPHBIX MOPOJ
Ha3bIBAIOT HACJIEICTBEHHOCTHIO.

KOHTpOJILHLIe BOIIPOCHI

1. Yto Ha3bIBaeTcs Aedopmalireit ropHOi MOpoabI?

2. Kakue Bunbl neopmannii M3BECTHbI?

3. Uro nazeiBaetcsa moayieM KOHra, Moaysem casura, koddduruentom [lyaccona?
5. Urto Ha3bIBaeTCA SABJICHHUEM MOJI3Y4YECTH U pelaKcauuu’?

5. Kakue cBoMCTBa rOPHBIX MOPOJ HA3BIBAIOTCS PEOJIOTHYECKUMU ?

6. Ha30BUTE OCHOBHBIE IPUHILIMIIBI COCTABJICHUS PEOJIOTHYECKUX MOJEIEH.
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6. AKYCTUYECKHUE CBOMCTBA T'OPHBIX ITOPOJ]

Axycmuueckue cgoticmea TOPHBIX MOPOJ — CBOMCTBA, XapaKTEPU3YIOIIUE 3a-
KOHOMEPHOCTH PACTPOCTPaHEHHs B MOPOJaX yNPyrux 3HAKOMEPEMEHHBIX Aeopma-
il (ynpyrux KoneGaHuil)

6.1.AKycTr4yeckne BOJIHBI B IOPOAAX

HcTouHrky 3ByKa B FOPHBIX MOPOAAX: €CTECTBEHHBbIE (MUKPO- U MaKpOCIBU-
KEHHUsI B TOPHOM MAacCUBE) U UCKYCCTBEHHbIE (B3pBIBbI, pad0Ta MEXaHU3MOB, CIEIH-
aJIbHbIE U3ITy4aTeIIn)

[1o yacmome 3ByKOBbIE BOJIHBI TIOJIPA3JICISAIOT Ha:

— cericmuueckue (yacrota f < 3 I'm);

— mukpoceiicmudeckue (qacrora 3 < <30 I'm);

— ceiicmoakyctraeckue (dacrota 30 < £ <300 I'm);

— aKyCTUUYECKHUE (3BYKOBBIE), KOTOPBIE MOIPA3ICISIOTCS Ha:

— uH@pa3Bykosbie (dactorta f <20 I'm);

— 3ByKoBbIe (dactoTta 20 I'm < f< 20kl m);

— yneTpa3sBykosble (actoTa 20 kI < < 10’k 'm);

— runep3ByKoBble (dactoTa f> 107k ).

[To xapakrtepy degopmuposanusi cpedvl aKyCTUUECKHE BOJHBI MOIPA3ICISIOT
Ha:

— IpoJOJbHBEIE BOMHBI (V) — nepopManuu 0ObEMHOIO MONEPEMEHHOIO CiKa-
TUS U pacTsbkeHus. PacnpocTpaHsioTcst B 1000 cpelie: Tasbl, JKUJIKOCTH, TBEp/IbIe
Tena;

— nonepeyHsie BoJHbI( V) — yripyrue nedopmaiuu casura. Pacnpoctpanstorces
TOJIBKO B TBEPJBIX TeJaX, T.K. KUJAKOCTH HE UMEIOT COMPOTUBIICHUS CABUTY.

— MOBEpXHOCTHBIC BOHBI(VR). YacTHIlbl HAa MOBEPXHOCTH TBEPOTO Tella M Ha
TpaHuIle pa3jiesia Cpell C CyIIeCTBEHHO Pa3HBIMU aKyCTUYECKUMHU CBOMCTBAMH UMEIOT
pPa3TUYHOE COMPOTHUBIICHUE TTEPEMEIICHUIO B CTOPOHBI, TIEPIICHANKYJISIPHBIE TPAHUIIC
paszena. JTo MPUBOAMUT K TOMY, YTO YacTh SHEPTHH TPaHCPOPMHUPYETCS B T.H. TO-
BEPXHOCTHBIE BOJHBI. B MOBEpXHOCTHOW BOJIHE YACTHUIIBI TeJa, PACTIOIOKCHHBIEC HA
rpaHuIe paszena, KoJeOmoTCsl B TIIOCKOCTH, COBMAAAONIEH C TpaHUIAaMHU pasjena
(BoJiHBI JIsIBa) U B MJIOCKOCTH, MEPIICHUKYJISIPHOM IpaHUIle pasena (BoJHbI Pames).

ITo 6udy gpponmosoui nosepxnocmu (T.e. TEOMETPUIECKOMY MECTY TOYEK Cpe-
JIbl, IMEIOIINX B OJIMH U TOT K€ MOMEHT OJIHO U TOKe 3HadeHue (a3bl BOJIHBI) pa3iu-
YaroT: MJIOCKUE BOJIHBI, CPEPUUECKUE U LIHJIMHIPUYECKUE.

6.2. ITapameTpbl AKYCTHYECKUX CBOWCTB FOPHBIX MOPO/I
Ckopocmu pacnpocmpanenus YApy2ux 60JH 3aBUCSAT B NEPBYID OYEPENb OT

YIOPYTHUX ITapaMeTPOB TOPHOU MOPOIBI U OT XapakTepa AepOpMUPOBAHUS CPEJIBI.
Eciu
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4 0203 6.1)
2

rae d — monepeuHslil pazmep o0pasia TOpHOUM MOPOJIbI U A — JIMHA BOJIHBI) — B TIOPO-
JI€ PacTIPOCTPAHSIIOTCS TOJILKO MPOJI0JIbHBIE BOJIHBI (CIy4yal «HM1€adTbHOTO CTEPK-
Hs1»). B 3TOM ciyyae cKOpocThb MPO10bHOM BOJHBI

vV, = (6.2)
rae E,; — monyne ynpyroctu KOHra, nusmepeHHbslii JUHAMUYECKUM METOAO0M, [1a;
P — IIOTHOCTH MOPOJIBI, KI/M".
Ecin
d
—>0,8+1 (6.3)
2\

— B [IOPOJIaX PACIpPOCTPAHSIOTCS TOJIBKO MPOJIOIBHBIE U TONEPEUHbIEC BOJIHEI (CiTy4yai
«maccuBay). Toraa

VM _ E,(1-v,)
P p(l + v, ) —2v,)’ (6.4)

rae v, — ko3ddumment [lyaccona, u3sMepeHHbIN TUHAMHUYECKHUM METO/IOM, €]1.;

(6.5)

rae G, — MOJIyJib BCECTOPOHHETO CXKATHSI, U3BMEPEHHBIN IMHAMUYECKUM METOA0M,
I1a;
Ecmu

4 _03+08 (6.6)
2

— B IOpOoaax pacCrnpOoCTpaHAIOTCA MPOAOJIBHBIC, ITOIICPCYHBIC U ITIOBECPXHOCTHBIC BOJI-
HBbI, IIPUYCM IIPpH HEOOJIBIITNX YAAJICHUAX OT MCTOYHHKA KoJIcOaHHi — IMPOOOJIBHBIC
«CTCPKHCBBIC», 4 C YAAJICHUCM — OHU UCUC3AI0T U q)OpMI/IPYIOTCH MMpOoaOJIbHBIC «MaAC-
cuBa».B aTom ClIydac CKOPOCTb HOBCpXHOCTHOﬁ BOJIHBI Pajiest ume
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_ 087 +1,12v, |G, 0,87 + L12v,
- 1+v, p - 1+v,

EII
2p(1 +v,)

R (6.7)

M cT CcT cT
Ipn v,= 0,25 V, =11V, , V, =0,63V, 1 Vg =058V, , T.e. MoKeM

KOHCTAaTUpOBATL, 4YTO
M CcT
Vp >V, >V, >V

Ha BenwumHy CKOpOCTH pacmpoCTpaHEHHUs BOJIH BIHUSIOT: TOPUCTOCTh U Tpe-
IITHOBATOCTH MOPOJIBI (C YBEIIMUYEHUEM MTOPUCTOCTH CKOPOCTH YMEHBIIIAIOTCS), TEM-
neparypa (y CyxXux mopoj C pOCTOM TeMIIepaTypbl CKOPOCTh MOHOTOHHO BO3pacTaeT,
a y BIIQYKHBIX MOPO/JT TTPU 3aMEP3aHUH BOJBI CKOPOCTh PE3KO BO3PACTAET), CIIOMCTOCTD
(CKOpOCTH pacmpocTpaHeHUs] BOJIH BAOJb ciouctoctd Ha 10 + 30% Oombire, yem
NEPHEHANKYJIIPHO CIOUCTOCTH).

[TpuBeneM 3HaUEHUS CKOPOCTH MPOJOJIBbHBIX BOJIH, M/C JUIsl HEKOTOPBIX BEILIECTB
u nopoA: Boaa — 1485, Boznyx — 331, neg — 3200+3300, uzBecthsik — =5000, necua-
HUK — 2000+3500, cnanust — =2000, macio TpancopmatopHoe — 1420.
Axycmuueckoe conpomusgnenue

z=p-V, kr/m>c (6.8)

onpeensieT CoCOOHOCTh TOPHBIX MOPOJ OTPAXKaTh U MPETOMIIATh YIIPYTHUE BOJHbBI U
SIBJIIETCSI OTHOIIIEHUEM JIaBJICHUS BOJIHBI P K MTHOBEHHOW CKOPOCTH KOJieOaHUs ya-
ctur V.

Koagpdpuyuenm noecnowenus. AmMnnutyna kojaebaHui 4acTUIl B TOPHOM TTOPO/Ie
o Mepe yJaJdeHUs: OT UICTOYHHUKA aKyCTUYECKUX BOJIH YMEHBIIIACTCS 10 MPUIUHE TIO0-
TJIONIEHUS SHEPTUH HAa TPEHHE YaCTHII, PACCEMBAHKE YHEPTUU HA MOpax, TPEHIMHAX U
JIPYTUX HEOTHOPOTHOCTSX TIOPOJIBI.

—Or;
A; = Age " (6.9

rae A; u Ay COOTBETCTBEHHO aMIUIMTY/Ia BOJTHBI Ha YIAJICHUH I; OT HCTOYHHKA,
©® — k03P GUITUEHT TOTIIOMICHHUS.

JIsst OJTHOPOAHBIX TEJ MOTJIOMICHHE aKyCTUYSCKUX BOJH OMPEACISCTCS BI3KO-
CThIO M TEIUIONPOBOAHOCTBIO Tes. Kak W JUlsl KUAKOCTEH, B 3TOM Cily4ae 3aBUCH-

MOCTh KO3 PHUIMEHTA MOMIOIICHNUsS O yIpyroi MpooJbHON BOJHBI OT YaCTOTHI M =
2 nf

(6.10)

@
]
W | N
w‘e
=
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rae 1 — ko3¢ GUIUEHT BI3KOCTH (BHYTpPEHHEE TpeHue moposl), [a-c.

Koad¢unuent nornouienust Bcerna 0osiplie B T€X MOPOAAX, B KOTOPBIX CKO-
POCTb yNpyrux KojieOaHU MEHbLIE.

Boo6me a5 ropabix mopoa © = (0,05 + 0,3) 1/m, T.e. Ha paccTossann 3 + 20 M
OT UCTOYHHMKA aMILJIUTY/1a (3HEPrusi) BOJIHBI YMEHBIIAETCS B € = 2,7 pa3.

Koagpduyuenm ompascenus. Kospduunentom orpaxkenus K, HazpBaroT ot-
HOILIEHUE aMIUIUTYAbI (3HEPIHH) OTPAKEHHOU BOJIHBI A K aMIUIUTYy/I€ (SHEpruun) na-
Jaroliei BOIHbI A, Ha TpaHULIE pa3jiena IBYX Cpell.

A Z, — Z
K,=—0=|"121| <1
Z, + 2, (6.11)

Hanpumep, Ha rpanuie pasnaena Bo3ayx — nopopaa tepserca 99,98% sueprumn
BOJIHBI; BoJla — nopojaa — 68%; nopoaa — nopojia — okosno 14%.

Ha pucynke 6.1 mpencraBieHbl pa3audHble CIIy4aW MPEIOMIICHUS U OTPaKe-
HUS yIPYTUX BOJH Ha TPaHUIIE pa3jelia AByX Cpel.

O'o""n ,','I Gy | On
\®/ vy

Pucynok 6.1. [Ipenomnenue u oTpake€HUE YIPYrond BOJHBI HA TPAHULIE ABYX CpEX:
a — npu ycioBuu V,>Vy; 1 — oOmuii ciiydait; 2 — MOMEHT BHYTPEHHErO0 OTPaKEHUS
MPOJOJBLHOM BOJIHBL, 3 — MOMEHT BHYTPEHHEIO OTPAKEHHS IONEPEYHON BOJIHBI;
0 — ripu ycioBuu V<V

VYroa naneHus o, M yroi MPeJIOMJICHUS Y YIIPYTrol BOJIHBI, MPOHUKIIEH B TOP-
HYIO [IOPOJly OJAUMHAIOTCS 3aKkoHy CHeInyca, COrNIaCHO KOTOPOMY 3TH YIUIBI HAaXO-
JATCS. B ONPEICIICHHOM COOTHOIIEHUH CO CKOPOCTBHIO YIIPYTOM BOJIHBI B IEPBOU V| U
BTOpOH V, cpenax

sind; _V;
— i ="1 (6.12)
smy  V,
OtnHomenune V/V, = n Ha3bIBaeTCA KOIPDuyueHmom npeiomieHus ynpyrou
BOJIHBI.
Tak Kak CKOPOCTH pa3iIM4HBIX THUIIOB BOJIH PA3JIMYHBI, B PE3ylbTaTe MPOXOXK-

JACHUA ynpyroﬁ BOJIHBI B ITOPOAC IMPOUCXOOAUT €C pa3acCJICHHUC IO HAIIPABJIICHUAM Ha
IMpOAOJIBHBIC U ITOIICPCUHBIC.
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Ecnu ynpyras BojiHa majaeT Ha TpaHUIly pasjesia NepHeHAUKYJISPHO, IPOUC-
XOJUT TONbKO oTpaxkeHue. [lpu yrine nmageHust 6, > 0 NpOUCXOIUT KaK OTpa)KEHUE,
TaK U IpesioMyIeHre ynpyroil BoiaHbl. [locteneHHo yBennuuBas yroi O, , MOKHO JI0-
OUTHCS TAKOTO MOMEHTA, KOT'/Ia MPOU30MIET MOJIHOE BHYTPEHHEE OTpaKEHUE CHava-
Jla TPOJIOJIBHOM, a 3aTEM U MONEPEYHON BOJIHBI.

6.3. OnpenesieHne aKyCTHYECKUX MAPAMETPOB MOPO/I
B J1a00PATOPHBIX YCJIOBHUSAX

OOBIYHO 1LIENBIO JTAOOPATOPHBIX HCCIEIOBAHUMN SABISETCS OIMpPENEICHHUE YIIPY-
IUX JUHAMHUYECKHX MapameTpoB TOpHBIX mopoa E; m v,, KOTOpbIE ONpenensroTcs
3HAQYUTEIIBHO IIPOINE, Y€M IIPU MEXaHWYECKHX HcnblTaHuAx. [Ipum 3ToM cienyer
UMETh B BHUAY, uTO BeauuuHbl E; u v, Ha 10 + 30% Oosbliie, yemM moiydyaeMmble Ipu
MEXaHUYECKUX UCIBITAHUSX.

OnpITEl TPOBOAAT Ha oOpa3lax MpaBHILHOW (POPMBI C HCIIOJIB30BAHUEM pPa3-
an4HbIX TpuOopoB, HanpuMmep YK-1011, ¢ uznyyarensimMu n JaT4MKaMu yiabTPa3ByKoO-
BBIX BOJIH. IIpy 3TOM BO3MOKHO IPUMEHEHNE HECKOJIBKUX METOJIHK.

Memoo npsamozo npozeyuusanus 006pas3oB (CM. PUCYHOK 6.2, a) 3aKJIF0YaeTCs
B TOM, YTO ONPEIEIAI0T CKOPOCTh NPOJOJBHON BOJHBI JUIsl OTPE3KOB KEpHA TOPHOU

NOPOAbl PA3HOM JUTMHBI MPU PA3HBIX YACTOTAX M3IIyUYECHHS. 3aTeM, UCIONb3Ys KpUTe-
M CcT
pun 6.1 6.3, BesBisrOT Bemmaunbl Yp u Vp . [ocne storo Berumcnstor E, u3 Boipa-

»eHus 6.2 u v, U3 BeipaxeHus 6.4.

a 0

(e IS

Pucynok 6.2. Cxembl 1a00paTOpHBIX 3KCHEPUMEHTOB IS ONPEAEIICHUS YIIPYTUX JTU-
HAMHUYECKHUX MMapaMeTPOB FOPHBIX MOPOA: a — MPSIMOE MPO3BYUHBAHHE; O — IPOAOIb-
HOE Mpo(duIupoBaHuEe; B — METOJ] KPUTHYECKHX YIIoB; | — oOpasen mnopojsl;
2 — u3ny4aTenb; 3 — IPUEMHUK

[Ipu ncnonb30BaHUU Memooa npoooIbHO20 NPOPUIUPOBAHUS OTIPEACIISIOT

M
CKOPOCTH IMOIICPCUYHBIX BOJIH Vs , IPOAOJIBHBIX BOJIH B MACCHUBC Vp H ITOBCPXHOCT-
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HBIX BOJIH VR . Ilocae 3Toro BeIYUCISIOT Vi U E}1 , ICITIOJIB3Ys CIACAYIOIINC BbIPAXKC-
HUA

M 2
V, | =2V,
V, = 5 )
2| v, | -2V, (6.13)
O\
Vo | P+ v, )A —2v,) (6.14)
E, =
a-vy,
2 [ M 2 2
Vep[3|V, | — 4V
E = =
8 w2 (6.15)
Vo | -V

Memoo kpumuyeckux y2n08 pealmsyloT Tak, 4To o0pa3el MopoIsl MOMEIIAI0T
B MAaCJISTHYIO BaHHY, NMPO3BYYUBAIOT €T0, TOOMBASACH MOJTHOTO BHYTPEHHETO OTpaXke-
HUS CHauyaljla IpoJI0JIbHBIX, a MOTOM M MOMNEPEUYHBIX BOJH B oOpasiie. Pe3ynbraT 3Kc-
IIEPUMEHTA — COOTBETCTBYIOIINE BENMYMHBI KPUTHUECKUX YTIIOB Op U 8. 3Has, 4TO B
Macje CKOPOCTh IMaa0IIe MPOa0IbHON BOMHBI V,, = 1420 M/c 1 94TO TIpH MOJTHOM

OTpa’KEHHH BOJIHBI YIOJI IPEIOMICHHs ¥ = 90° BEIYHCIAOT Vs 1 Vo

V \Y
V=1 oy _ Yn
P = sing, "5 = gins, (6.16)

6.4. Ucnno1b30BaHMA aKyCTHYECKHX CBOMCTB
TOPHBIX NIOPOJ B TOPHOM Jej1e

AKyCcTHUYECKHE CBOMCTBA TOPHBIX MOPOJI MTUPOKO MCIOIB3YIOTCS T€OJOTaMH U
reopu3NKaMu TIPH Pa3BEAKE U JTOPA3BEIKE MECTOPOKICHUN TTOJIC3HBIX UCKOTTAEMBbIX.

Ha sTane skcrmyatanuu yrojbHBIX MIAXT B MIAPOKUX MacIITa0ax MPUMEHSIETCS
celcMOaKycmuiecKutl Memoo npocHO3a COCTOSTHHSI TOPHOTO MAacCHBa JIJIsl BBISIBICHUS
30H, OMACHBIX TI0 BEIOpOCAM yTJIsl, MOPOBI U Ta3a UIIH 110 TOPHBIM YapaM.

DTOT METOJ, TIO CYTH, MPEJCTABIIIET COO0U 0OpamHyt0 3a0aiy 2eohu3uxu, Ko-
r7ia 1Mo mapaMerpaM aKyCTUYeCKOH BOJIHBI (popma BOJIHOBOTO (poHTA; YacTOTa, HA
KOTOPOH PACIIOIOKEH MAaKCUMYM BOJTHOBOMW TPYIIIBI; BETUYMHA U XapaKTep JUCIIEp-
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CUHU BOJIH; CKOPOCTb PaclpOCTPAHEHUs BOJHOBOW TPYIIbI U T.J.) HAXOASAT Hapamer-
PBI Cpefibl, B KOTOPOM ATa BOJIHA PACIIPOCTPaHSIETCS.

OOparHble 3a7aud TeO(PU3MKH 3HAUYUTEILHO CIIOKHEE MPSAMBbIX 3ajad, OHU
UMEIOT Y/IOBIIETBOPUTENIBHOE PEIICHUE TOJILKO B OIPAaHUYEHHOM KOJIMYECTBE CpaB-
HUTEIBHO TPOCThIX ciydaeB. [losTomMy moaaBisitoliee YUCIO M3BECTHBIX METOOB
JMArHOCTUKHU TOPHOTO MAacCHMBa HOCUT KaU€CTBEHHBIN XapakTep, a caMa JuarHocTuka
MpeACTaBiIsIeT cOo00M, KaK MPaBUJIO, CPAaBHEHHE TEKYIIETO 3HAYECHHS HU3MEPSIEeMOro
napameTpa METOJJaMi CTaTUCTUKH C CAMUM COOOM, HO U3MEPEHHBIM MPHU APYTruX (00-
pasloBbIX) 00cTOATEeNhCTBaX. HemszOexHas HEOAHO3HAYHOCTH IMOAOOHBIX METOOB
JIMarHOCTUKHU YCTPAHSIETCS TOJIBKO C MOMOIIBIO KOMIUIEKCHBIX HAOMIOJEHUN — J10-
MIOJTHEHHSI OCHOBHOTO METO[a TMArHOCTUKUA BCTIOMOTATEIbHBIMUA HAOTIOICHUSIMA (PH-
3UKO-TEXHUYECKHUX [MapaMeTPOB, HE CBS3aHHBIX MPSAMO C OCHOBHBIM.

JUIsl MPOTHO3a 2opHbIX YOapos HA IAXTaX U B PYJHUKAX MPUMEHSIOT MPAKTH-
YECKHU TMOJIHYI0 aHAJIOTHI0 COBPEMEHHOM CeMCMOJIOTMYECKON ammapaTypbl 1 METOIbI
00pabOTKH CHUTHAJIOB, 3aUMCTBOBAHHbBIE Y CEHCMOJIOTOB, aJaNTHUPOBAHHBIC IS
HaOJIIOICHUI B TIpesiesax MaxTHOro nojsl. [esarensHoCTh Ciy>K0bl TPOrHO3a TOPHBIX
yIapOB 3aKJII0YAETCsi B MHOTOKAHAJIBHON pEerucTpaiuu ceicMOaKkyCTUYECKUX COObI-
TUW, MPOUCXOSAIINX B JHUANA30HE YaCTOT OT HECKOJIBKUX TIepil A0 HECKOIBbKUX JIe-
CSITKOB repll. YKa3aHHbIN JAMana3oH 4acToT, BO-MIEPBbIX, COOTBETCTBYET JOCTATOYHO
IPOTSHKEHHBIM Pa3pbiBaM (IJIMHOM 10 HECKOJIBKUX JIECATKOB METPOB) B MacCHBE
TOPHBIX TIOPOJT U, BO-BTOPBIX, aKyCTUUECKUE KOJIEOaHUs 3TOTO AMANa30Ha UMEIOT OT-
HOCUTEJIBLHO HEOOJbIIOE 3aTyXaHHE U PacIpOCTPAHSIOTCS HA PACCTOSIHUS, CpPaBHU-
MBIE C pa3MepaMy LIaXTHOIO MOJIsl. 3aperuCTPUPOBAHHBIE HECKOJIBKMMH KaHAJTaMH
CelICMOaKyCTHYECKHE COOBITHS TO3BOJISIOT PEUINTh ypaBHEHHUE JIOKAIMH U OMpese-
JUTHh 00JIaCTH, B KOTOPBIX 3TU COOBITHSI pacmojaraiorcs Haubosnee miotHo. iMeHHo
o0JacTu CrymieHusi COOBITHI CYMTAIOT OMACHBIMU 1O TOPHBIM yAapaM. B 3aBucumo-
CTH OT KOHKPETHBIX FOPHOTEXHUUYECKUX OOCTOSITENIbCTB MPUHUMAIOT PEIICHHUE O 3a-
KPBITUHM TaKUX BBIPAOOTOK WJIM O MPOBEECHUN MEPONPUITHI, HAIIpaBICHHBIX Ha pa3-
Ipy3Ky KpUTHUECKOU 00JIaCTH OT IEUCTBYIOIUX HANIPSHKEHU.

CyTh CcelCMOaKyCTUYECKOTO METOJa MpOo2HO3d 30H, TIOTEHIIMAIBLHO OMacCHBIX
10 BHE3AITHBIM 6b10pocam YTJis U Ta3a, 3aKI0YAETCS B TOM, YTO COCTOSIHUE KaXJI0ro
TOOBIYHOTO MJIM MPOXOAYECKOr0 320051 MPOTHO3UPYETCS OTAENBHO, a JJIsi PerucTpa-
[[UU aKyCTUYECKON AIMUCCUU MPUMEHSIOT TaTYUKU BUOPALIUU, KOTOPbIE Pa3MeIIaloT B
BEPXHEH M HIDKHEW YacTSAX JIaBbl WM BOIHM3U OT 32005 MOATOTOBUTEIHLHOU BHIPAOOT-
ku. JlaTunk BUOparuy KOHCTPYKTUBHO COBMEIIEH C MPEIBAPUTEIBHBIM YCUIUTEIEM
U 3aKJIIOYEH B MPOYHBIA KOPIIYC, MPEAOXPAHSAIONIMN €ro OT MOBPEKICHUS CHIAMHU
ropHoro aasieHus. CUTHAJIBI MepeJaTyrka MOCTYNAKT IO JBYXIPOBOJHOM Tele-
(OHHOM JMHU CBA3M HA MOBEPXHOCTb, I7ie 00pabaThIBAIOTCS U PETUCTPUPYIOTCS aB-
ToMatnyecku. OHOBPEMEHHO 3TH CUTHAJIBI MPOCIIYIINBAIOT CIIEUAIbLHO 00yUYEeHHbIE
OTepaTophbl MPOTHO3a, KOTOPBIE BHIIEISAIOT U3 MOTOKAa MHPOPMALIUUA U PETUCTPUPYIOT
CUTHAJIbI aKyCTUYECKON SMHUCCUU U J1al0T MPOTHO3.

Becbma nepcnekTUBHBIM SIBIISIETCS POTHO3 HAMPSKEHHOTO COCTOSTHUSL BBIOPO-
COOITAaCHOT'O MacCHBa IO CIEKTpaM CUTHAJIOB 000PY10BaHUs, paOOTAIOIIETO MO YTIIIO.

CyTh MeTONa 3aKitoyaercs B clieayromniemM: PaboTel 1o yriato Bo30YyKIaloT B
MacCHBE IMIMPOKUM CHEKTp KOJeOaHUN Pa3IMYHBIX THIOB. DKCIEPUMEHTAIBHO J0Ka-
3aHO, YTO CIEKTpalibHBIN cocTaB (PopMa orubaroiield CreKTpa) U3MEHSIETCsl B 3aBU-
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CUMOCTHM OT HANPSKEHHOI'O COCTOSIHMS MaccuBa. Takum oOpa3oM, oOpaTHas 3agayda
reoU3MKN penraeTcsi METOI0M COTIOCTABIICHUS CIIEKTpa MPHU 3aBEAOMO 0€30IacCHOM
COCTOSIHMM MacCHBa (CIEKTpa-3TajJoHa 0€30MacHON CUTYAlMH) C TEKYIIUM CIIEKTPOM.
[Ipy 3HAYUTENBHOM OTKJIOHEHHM TEKYILErO CIEKTpa OT 3TaJlOHAa, COCTOSHUE 3a00s
IIPOTHO3UPYIOT, Kak onacHoe. MI3BECTHO HECKOJIbKO BAPUAHTOB MHTEPIIPETALNH pe-
3yJIbTaTOB, OJIHAKO, B KAYECTBE HOPMATHUBHOI'O MPOTHO3a MCHOJIB3YIOT METOJ, B KO-
TOPOM HHTEPIIPETALNs CIIEKTpa YIPOIIEHA U CBOJUTCA K CPAaBHEHUIO JABYX COCTaB-
asromux cnekrpa: Ha yacrorax 300 I'm u 2500 + 3000 ['n. OOmupHBIMH 3KCIIEpU-
MEHTAMHU YCTAaHOBJIEHA CTATUCTUYECKAS CBS3b MEXAY OTHOLIEHWEM YPOBHEU CUTHa-
JIOB Ha YKa3aHHBIX YAaCTOTAX U COCTOSIHUEM BHIOPOCOOMACHOTO MAaCcCHBA.
Cotpynnukamu kadenpsl ropHoi reomexanuku JJoHHTY co3nana u mmmpoxo
npuMeHsieTcs Ha maxtax JlonOacca anmaparypa 3YA-98 (cm. pucynok 6.3.), npen-
Ha3HA4YE€HHas JUJIs BEICHUS BBIIICONMCAHHBIX METOJA0B IIPOTHO3a HA MPAKTHUKE.

) L T

PN NN NN TN TN TN TN TN TN TN TN TN TN TN TN

Pucynok 6.3. Cxema opranm3anuy CEMCMHUYECKUX HAOIIOACHUN C MCIOIh30BAHUEM
anmapatypsl 3YA-98: 1 — ouar celcMOaKyCTHYECKOTO COOBITHS; 2 — TIEpPeNaTyuK
3BYKOYJIABJIMBAIONICH ammaparypbl; 3 — TenepoHHAs JUHUS CBS3U; 4 — MPUEMHUK
3BYKOYJIABIMBAIONICH ammapaTyphl; 5 — PerucTpaTop CercMoaKycTuueckoi nHMOp-
Maluu

Ota anmaparypa CyIIECTBEHHO IMPEBOCXOAMUT MO IMapaMeTpaM BCE H3BECTHHIC
aHaJIOTH: TUHAMUYECKUH auara3oH curHaioB 10 90 nb; moyioca pabodnx 4acToT OT 8
10 45001 1; ko3 durmeHT HenmMHeHBIX nckaxeHui meHee 0,01%.

Arnmapatypa obecrieduBaeT HEMPEPHIBHBIM KOHTPOJIb JIMHUM CBA3W U KOMIICH-
Callyio MOTepb CUTHAJA B JUHUM. Bce omepanuu 1mo KOHTPOJIIO JTUHUM CBSI3U U PETH-
CTpali CeMCMOaKyCTUUeCKON MH(OpPMaIMM MOJHOCThIO aBTOMATHU3UPOBAHBI, OIlE-
paTop CiIy>KObI TPOTHO3a MOJIy4aeT WHQPOPMAITUIO O peKUMe pabOThI ammapaTypsl ¢
TTOMOIIBIO CIICIIUAILHOTO JTUCIIICS.
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[Tockonbky GYHKIUIO perucTparopa ammaparypbl BbinonHseT [I9BM, Bechb
KOMIUIEKC TEXHMUYECKHUX CPEACTB MOXKET OBbITh aJaNTHUPOBAH JJIs BBIIIOJIHEHUS pas-
JIMYHBIX YAaCTHBIX 331a4 KOHTPOJII MacCHBa.

MMeeTcs OJI0KUTENBbHBIN ONBIT IPUMEHEHHUSI JTAHHOM aIllapaTyphl 1JIs UCCIIe-
JIOBaHUsI TapaMETPOB Mpoliecca OOPYILIEHUS] KPOBIM B OUUCTHOM 3a00€.

KoHTpoJibHBbIE BOIPOCHI

1. Kak moapasienstor akycTH4ecKHe (3ByKOBBIE) BOJIHBI 10 YaCTOTE U IO Xa-
pakTepy nepopmMupoBaHuUs cpebi?

2. Kakne cKopoCTH pacrpoCcTpaHeHUs 3ByKOBbIX BOJIH Bbl 3HaeTe?

3. Yro Takoe aKkyCTUYECKOE CONPOTUBIICHUE?

4. Yto takoe kKo PpHUIreHT norioneHus?

5. Uto Ha3bIBaOT KOA(DPUITUEHTOM MOTJIOMICHUS U KOA(PPUIIMSHTOM MPesIoM-
JeHus?

6. I'ie B TOpHOM J1€J1€ MCTIONB3YIOT aKyCTUUECKUE CBOWCTBA TOPHBIX NTOPOA?
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7. CHEHUAJIBHBIE I'OPHO-TEXHOJIOI'MYECKHUE
ITAPAMETPBI I'OPHBIX ITOPO/J

CneyuanvHnole 20pHO-MEXHOI0ZUYECKUE RAPAMENPbI — STO KOMIUICKCHBIE
MOKa3aTeIM CBOMCTB MOPOJ], YCTAHOBICHHBIC IMITUPUICCKUM IyTEM U XapaKTepU3Y-
IOIME TIOBEICHNE TTOPOJI MPU BO3JCHCTBUN HA HUX KOHKPETHBHIM MHCTPYMEHTOM, Me-
XaHU3MOM WJIM TEXHOJIOTHYECKHM MPOIIECCOM.

OTH mapameTpbl MOAPA3ALISIIOTCS HA TPYIIBI TI0 IPUHITUITY TPUHAIC)KHOCTH
K OIPeIeNIEHHBIM TPOIECCaM TEXHOJIOTUYECKOTO BO3ICHCTBUS:

— MapaMeTphl, XapaKTepU3yIIIHe OOIIYyI0 Pa3pyliaeMOCTh MOPOJ MEXaHUYIe-
CKHM CTI0CO00M (TBEPAOCTD, KPEIIOCTh, BA3KOCTH, IPOOUMOCTH);

— TIapaMmeTphbl, XapaKTePU3YIOIIME pa3pymiaeMOCTh IOPOJ OINPEACTEHHBIMU
MexaHu3MaM# (OypHUMOCTh, B3pBIBAEMOCTh, COMTPOTHUBIISIEMOCTD TTOPOJ] PE3aHUIO U T.
1.);

— MapaMeTphl, OIICHUBAIOIINE BO3ACHCTBHE TIOPOIbI HA HHCTPYMEHT (a0pa3uB-
HOCTb);

— MapaMeTpsl, OIEHUBAIONINE KAUYeCTBO TOJIE3HOTO MCKOMAeMOro (s yriaei —
KOKCYEMOCTh; JJISi CTPOUTEIBHBIX MAaTEPUajIOB — TEPMOCTOWKOCTH U MOPO30CTOM-
KOCTh);

— MapaMeTphl, yCTaHABIUBAIOIIUE MMPOU3BOAUTEIHHOCTh WIN 3(PPEKTUBHOCTH
Pa3TUYHBIX MPOIECCOB BO3ACHCTBUS HA TOPHBIC TIOPOBI (000TaTUMOCTH, (PIIOTHpYE-
MOCTh, YCTOMYHBOCTh B OTBAJIaX  T. 11.);

— MapaMeTphl, ONPEACISIONNE 0CO00E MOBEICHHUE MTOPOJ] TIPpU pa3paboTKe Me-
CTOPOKJICHUH TTOJIE3HBIX UCKOMAEMbIX (BRIOPOCOOMACHOCTh, METAHOHOCHOCTbD, CaMO-
BO3TOPAEMOCTH U T. [1.).

K OCHOBHBIM TOPHO-TEXHOJIOTMYECKUM IMapaMeTpaM TMOPOJ OTHOCATCS: Kpe-
MOCTh, KOHTAKTHAs MPOYHOCTH, a0Pa3UBHOCTh, IPOOUMOCTD, COMPOTHUBIIIEMOCTh I10-
poIl pe3aHuio, OypUMOCTh, B3PBIBAEMOCTh, JIUMTKOCTh, PA3MOKaeMOCTh, HA0yXaHUE U
COTIPOTHUBIICHUE KOTIAHUIO.

7.1. Kpenoctb

JUis cpaBHEHUS PAa3IMYHBIX IOPOJI IO pa3pylIaeMOCTH, a TakxKe i pa3padoT-
KA HOPMATHBOB IPOU3BOJUTENBHOCTH MAalllMH U NPHOIMKEHHON >KOHOMUYECKOU
olleHke paspymeHus nopox B 1912 roay mpod. M. M. [IpoToabskoHOBEIM (cTap-
muM) OBLIO TPEIIOKEHO MOHATHE KpenmocTu. KpemocTs paccmaTpuBaniach Kak Co-
IIPOTUBJICHUE MTOPOJ Pa3pyLICHUIO, HE3aBUCUMO OT POJA NMPUMEHSAEMbBIX MAIIUH WU
MeXaHU3MOB. Mepoii 3Toro cBoiicTBa sBisiercs ko3dduuuent kpenoctu f. [ng ero
onpexaenenus npod. M. M. [IpoToabsKoHOB (cTapInii) UCTBITHIBAT Ha OJHOOCHOE
cxaThe 00pasilbl MOPoI KyOu4eckoil popMbl ¢ pazmepoM pedpa 5 cMm. I[lpenens us-
MEHEHUS IPOYHOCTH Ha OJHOOCHOE cyKaThe 00pa3noB cocTaBuwin oT 3 a0 200 Mlla.
Toraa ko3¢ GULIKHEHT KPENOCTH ONPENETSIICS U3 BhIPAXKECHUS:

f=o0,/10 (7.1)
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T/I€ G — HOPOYHOCTH HA CXKATHE UCHbITAaHHOTO 0Opa3na, Mlla; 10 — npenen mpou-
HOCTHU Ha C)KaThe 3TaJOHHOTO oOpasia, MIla.

[Tpod. M. M. TTpoToaBSIKOHOB pa3aeiiI BCE MTOPOIBI IO BETUIHHE KO Pdu-
nuenTta kpenoctu Ha 10 kateropwuii (tabdm. 7.1).

Tabmuma 7.1
[Ixana xpenoctu nopox no M. M. IIpoTonbsiKOHOBY
Kareropus Crenenb KpenocTu Koaddunment
KpEIMOCTH Kpenocty, f
I Briciieli crenenn Kpenkue 20
11 OueHb Kpenkue 15
111 Kpenkue 10
IIla Kpenkue 8
1\Y% JIOBOJIBHO KpenKue 6
IVa JIO0BOJILHO KpenKue 5
\Y CpenHel KpenocTu 4
Va Cpenneli Kpenoctu 3
VI JIOBOJILHO MSITKHME 2
Via JIOBOJILHO MSITKHME 1,5
VII Msirkue 1,0
VIla Msrkue 0,8
VIII 3eMJINCThIC 0,6
IX Ceinnyune 0,5
X I1np1ByUne 0,3

[Ipennaras dopmyny nns ompeneneHust koddduunenta kpenoct, mpod. M.
M. TIpoTOABSIKOHOB UMEJI CPABHUTEIBHO HEOOJIBIIOE KOJIMYECTBO JAHHBIX O PE3yJib-
TaTax UCIBITAHUW ITOPOJ Ha cxkatue. Kpome Toro, u3-3a HEBBICOKOTO YPOBHS pa3BH-
TUS HUCHBITATEIbHOM TEXHUKM TOTO BPEMEHH, CPEIHssl BenudyuHa KoddduimeHta
Kperoctu Obuta 3aHkeHa. [loatomy B 1958 roay npod. JI. Y. bapon mo pe3ynbTa-
TaM MCHBITAHUM HWIMHAPUYECKUX OOpaslioB Ha CXKaTHhe MPEIJIOKUI CIETYIONIYIO
dbopmyy Uit onpeaeneHus Ko3pGUIUeHTa KpernocTu

fg = 6o /300 + /o, /30 (7.2)

B 70-e roxpt O6p11a mipeiioxkena Gopmysia A onpeaeseHus ocpeTHEHHOTO Kodhdu-
ITUEHTA KPEITOCTH ITOPOIbI

foep = (Ocw +100,)/60 + [0y +105,,) /12 (7.3)

rae G, — Ipenen IPOYHOCTH NOPObl Ha OAHOOCHOE pacTshkeHue, Mlla.
B nacTosiiiee Bpemsi U3BECTHO 0oJiee MATHACCITH METOA0B ONPEICICHHS KO-
s duLrieHTa KPenocTu NOpobl, B TOM YUCIE — [0 MPOU3BOAUTENBLHOCTH Tpyaa Oy-
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pWIBIIKKA B CMEHY; 110 KOJMYECTBY B3PBIBUATOTO BELIECTBA, PACXOJAYEMOI0 Ha pas-
pYILIEHHE MOPOJIbI B3PHIBOM U T. 1. B cooTBeTCTBUU C ['0CY1apCTBEHHBIM CTaHAAPTOM
Ykpaunbl K03QPUIUEHT KPEMOCTU MOPObI OMPEALIAECTCS METOIOM TOJTUYECHHSI MTOPO-
16l ¢ moMotnbio pudopa [TOK.

[Tpu6op I1OK (puc. 7.1.) cocrout u3 crakana 1, BCTaBIEHHOTO B HEro TpyOua-
TOTO KOIpa 2, BHYTPH KOTOPOTo CBOOOAHO momeniaercs rups 3, maccoit 2,4+0.01 kr
C pyYKoi 4, MpUBS3aHHOMN K THpe MHYypoM. TpyOuaThiii KONEép MMeeT B BEpXHEH ya-
CTH OTBEPCTHSI, B KOTOPHIC BCTABJISAIOT MTUPTHI 5, OTpaHUIMBAIONINE TTOABEM THPH.
B xommuiekT npubopa BXoaAT: 00bEMOMETP, COCTOSALINM U3 cTakaHa 6 U TUTyH)kepa 7
CO IIKAJIOW U3MEPEHUH ¢ aAuana3oHoM nokasaHuu ot 0 go 150 mm Bmoas ero mpo-
noJbHOM och; cuto ¢ ceTkor NeO5 (d = 0.55 mm) ansa pacceBa mopIuii mociae apoo-
JICHUS.

Puc. 7.1. Tlpubop nns onpenenenus kpenoctu (ITOK)

OTo0paHHy0 MpoOy TOpHOU MOPOJABI pacKaiblBalOT MOJOTKOM Ha TBEPAOM
OCHOBaHUU JI0 NOJIyuyeHus: KyckoB pasmepoMm 20-40mm. U3 n3Menbu€HHOrO Matepu-
ana mpoOs! oTOuparoT 20 HaBecok maccoit 40-60 rpamm kaxkaas. Yucno cOpacsiBaHus
TUPU HAa KaXAYyI0 HABECKY yCTAHABIMBAIOT MPHU JPOOJICHUU MEPBBIX MITH HAaBECOK.
Kaxayro HaBecKy ApoOAT B cTakaHe rupel, nagaromen ¢ BicoTsl 0,6M. Uncno cOpa-
CBIBaHMSI TUPH MIPUHUMAIOT B 3aBUCHMOCTH OT OKUAAEMON KPEMOCTH OPOJIBI OT 5 110
15 cOpachiBaHMS Ha KaXK/1yIO HABECKY.

OctaBmuecs 15 HaBecok apoOAT B MpUOOpE MOCIEIOBATEIHFHO B YCTaHOBJICH-
HOM PEXXHMME UCIBITaHUS IPU TOCTOSHHOM YHUCJIE COpAChIBAaHUS TUPH.

[Tocne npoGneHns KaXabIX ISATH HABECOK MX MaTepuall IPOCEUBAIOT B CHUTE;
HOJIPEIIETHBIA MPOAYKT CUTA CCHIMAIOT B 00bEMOMETP, 3aMEPSIOT ILTYHKEPOM BBICO-
Ty CTOJIOMKa MeJiouH h.

Koad¢unuent kpenoctu nopoabl A KaKJI0W Cepur UCHBITAaHUHN MATH HaBe-
COK OIIpENENSIoT 1o (hopmyie

f=20n/h (7.4)
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rae 20 — sMOupUYecKUil YUcI0BON KOA((GUIIMEHT; N — YHCI0 cOpachIBaHUS TUPHU MIPH
UCTIBITAHUN OJHOM HaBecku; h — BbICOTAa CTONOMKA MEJIOYHM MOCTEe WCHBITAaHUS S
HaBECOK, MM.

OxoHYaTEeNbHBIN pe3yNbTaT UCIIBITAHUM ONpeessieTcs Kak cpeaHee apudme-
THYECKOE.

7.2. KoHTaKTHasi MPOYHOCThH

KoHTakTHas MPOYHOCTh XapaKTEPU3yeT CONPOTUBIIEHUE MOPO/IbI Pa3pyLICHHIO
IIPU BHEAPEHHUH B €€ MOBEPXHOCTh TBEPJOrO TEA.

Jlis GONBIIMHCTBA TOPOJ HUCHOJB3YEeTCS] METOJA ONpECNIeHUsT KOHTaKTHOU
npovYHOCTH, pazpadboranusiii B UI'] um. A. A. CKO4MHCKOTO.

CoryacHO 3TOro MeTo/a, BAABJIMBAHUE LWIMHAPUYECKOIO HMITaMIa ¢ IIOCKUM
OCHOBAHHMEM IMPOU3BOAMUTCS B HE HUIM(POBAHHYIO MOBEPXHOCTh MOPOJHOTO 00pasiia.
B cBsi3u ¢ TeM, 4TO nostydaemble pe3yIbTaThl CYIIECTBEHHO OTIMYAOTCS OT 3HAUCHHUS
TBEPJOCTH MPU BAABIMBAHUY IIITaMIIa, STOT MOKa3aTeslb Ha3BaJIM KOHTAKTHOM MPOY-
HOCTBIO.

O6pazen nopoabl oobeMoM (150...200) kyOUUECKUX CAaHTUMETPOB U TOJIIIIH-
Hoit He MeHee 100...120 MM (B MPOTUBHOM clly4ae BO3MOXKHO pacKaJIbIBAHUE TOPO-
JIbI TIPY BJIABJIMBAHUM ILITAMIIA) JOJKEH UMETh MIPUMEPHO TMapauiesabHblie rpanu. [lpu
HEOOXO0MMOCTH MOBEPXHOCTh 00pa3iia moaBepraercss 00 upKe Ha aOpa3suBHOM KpyTe
win rpy0oit okoske. 3amMepseTrcs MIOIaas S BAABIUBAEMOM B MOPOAY YACTH LITaM-
na. O6pazel] moMemaeTcs Mo Mpecc, C MOMOIIBI0 KOTOPOTO MPOU3BOIUTCS BIABIIH-
BaHHE LITaMIIA.

Harpyxenue oOpa3na NOpou3BOAWUTCA B OJWH TPUEM CO CKOPOCTHIO
3415 mM/MHUH 10 TIOSIBIICHUS JIYHKH BbIkoja. [lo mikame cuimo m3mepurens mpecca
ompeenseTcs ycuine BaaBiauBanus P, HeoOxonumoe st 00pa3oBaHUsl JIYHKH BBIKO-
na. Harpyxenue oOpasiia Mpou3BOAUTCS Ha Pa3HbIX y4acTKax OJAHOW MOBEPXHOCTH
He MeHee (25...30) pa3. [Toka3zaTenb KOHTAKTHON MPOYHOCTH OMPEACINISIETCS B KI'C/MM
o ¢hopmyiie

P.
P =Y
K nS ) (7'5)

rae P; — paspymatoniee ycuiue aias oOpa3oBaHuUsl JYHKHM BBIKOJIA Ui 1-TO MCIIBITa-
HUH, KI'C; N — KOJIMYECTBO HCIBITAHUI; S — ceueHne paboyeil MOBEpXHOCTH IITaMIIa,
MM.

Ilo BenmMumHE MOKa3aresss KOHTAKTHOM MPOYHOCTH BCE IMOPOABI PA3/IEJICHbl Ha
12 knaccoB. Hampumep, [ kiacc mnopoa Ha3bIBaeTcs «ciiadbley W HMEET
P, < 30 kre/mm?, a XII kiacc, «kpenyaimme» — P, > 565 KTC/MM®.

7.3. AOpa3uBHOCTH

AGpa3uBHOCTh XapaKTEepU3yeT CIIOCOOHOCTh MOPO/Ibl U3HAIIMBATH MTPU TPEHUU
0 He€ MHCTPYMEHT (TOPHBIX MalIuH WK 00opyAoBaHus). OT abpa3uBHOCTH MOPOJ] B
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OOJIBILION CTEMEeHH 3aBUCUT MPOU3BOJUTEIBLHOCTh OYypOBBIX MAIllMH, JOOBIYHBIX H
MPOXOIYECKUX KOMOANHHOB.

AGpa3uBHOCTH OLICHUBAETCS MO U3HOCY MaTepuaia, KOHTAKTUPYIOUIEro C rop-
HOU mopojoi. Pa3nuuaror abpa3uBHOCTH MOPOJ B MAacCUBE U B pa3pyLIEHHOM (pa3-
IpoOJIeHHOM cocTosiHMK). Bo BTOpOM ciyuae BelMunHa a0pa3uBHOCTU CYIIECTBEHHO
BBILIE.

N3BecTHbIe MeTOABI ompeneraeHus adpa3MBHOCTH MOKHO Pa3JeiuTh Ha JBE
TPYIIIbI:

— nabopaTopHbie (OCHOBAaHBI HA U3MEPEHUN MACCOBOTO M3HOCA MPU UCTUPAHUN
MOPOAHOTO O0paslia 0 HAXIAYHYIO MIKYPKY WU CTaJbHOTO ATAJIOHHOTO CTEPIKHSI,
TPYILETocs O OPOLY);

— MPOU3BOJICTBEHHbIE (a0Pa3UBHOCTH IMOPOJIBI OIIEHUBAETCSA IO W3MEHEHUIO
OCEBOT'0 YCUJIUS MPU CBEPJICHUH TOPOJIbI C MOCTOSIHHBIM YCHJIMEM TIO/IauH ).

CymHocTh 1a00paTopHOr0 METO/a M3MEPEHUsT OTHOCUTENbHOW H3HOCOCTOM-
KOCTH TIOpPOJ 3aKiIfouaercs B cienyromeMm. K Bpamaromemycs mojaoMy LHWIHHAPY,
00TAHYTOMY HaXJIauHON HIKYPKOM, C MOMOIIbIO CIEHHUAIBHBIX TPY30B MPUKUMAIOT
oOpaserr ropHoii nmopojbl. [lo pe3ynbraTaM HCTIBITAHUN CTPOST TpadUKU 3aBUCUMO-
CTH MacCOBOT0O M3HOCa o0paslia OT BPEMEHU NpPH 3aJaHHBIX YCUIIMAX MPHXKaTHs 00-
pa3na K NOBEPXHOCTH LUMJIMHIpPA W YIJIOBOM CKOPOCTH BpallEHHs. 3aTeM, IO HUM
OTPENESAI0T OTHOCUTEIbHBIE U3HOCOCTOMKOCTh M a0pa3uBHOCTh. Takol MeToJ Hc-
NBITAHUNA YaCTO MPUMEHSIETCS 111 OLIEHKH M3HOCOCTOMKOCTH PA3JIMUHBIX CTPOUTEIb-
HBIX MaTepHUaoB.

JI71s1 TOPHBIX TTOPO/I, UCIIBITYEMBIX Ha a0pa3uBHOCTh, Yallle UCIIOIb3YETCs Clie-
nytomas metoauka, pazpadborannas B UI'J[ um. A.A. Ckounnckoro. CylHOCTh Me-
TOJA 3aKJII0YAETCS B UCTUPAHUU STAJOHHOTO UUIMHIPUYECKOTO CTEPKHS U3 TEPMHU-
4YecKu HeoOpaboTaHHOH cTanmu (Mapka cTanu Y8A) auaMerpoM 8 MM 00 €CTeCTBEH-
HYIO TOBEPXHOCTh MOPOJHOTO 00pas3ia Ha Nmepeo0OopyJOBaHHOM HACTOJILHOM CBEp-
JUILHOM cTaHke npu oceBoM ycewmu 0,15 kH u ckopoctu Bpamenus 400 06/MuH. 3a
noKasarelsib aOpa3uBHOCTU MOPOJIbI (A), MPUHSTA MOTEPS] MACCHI ATATIOHHOTO CTEPK-
HA B MT 32 10 MuH ucnbiTanuil. Ilepen ucnpiTaHUEM STaJOHHBIN CTEPKEHBb B3BEILIU-
Baetcs ¢ TouHocThio 70 0,1 mr (G1). [Tocne aToro, obpazer moposasl maccoit ot 0,1
10 4,0 KT 32KMMarOT MEXKy JIE€PEBSIHHBIMU MPOKIAJKAMHU B CTAHOYHBIX THCKaX, TaK,
4YTOOBI BEPXHsIs MOBEPXHOCTh ObLJIa TOPU3OHTAIBHOM. 3aT€M IUMUHJENb, C 3aKper-
JEHHBIM B MaTPOHE ATAJIOHHBIM cTepkHEM mirHOou 50...70MM omycKaroT Ha 00pasel
Y BKJIFOYAIOT pUBOJ cTaHKa HA 10 muH. [I0 OKOHYaHUM ONbITA STATIOHHBIA CTEPKEHD
B3BemuBaroT (G2). [Tokazarens abpa3suBHOCTH BBIYUCIISIOT TTO JOpMYyIIe

A =(G, +G,)/2 (7.6)

[To BennunHe moka3zaresnsi abpa3suBHOCTH BCe MOPOABI pa3eieHbl HA § KIacCOB
(Tabm. 7.3).

Tabmuma 7.3

[[Ixana aOpa3uBHOCTU FOPHBIX MOPOJ]
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IToka3arenp
Kiacc
HaumMenoBanue kiacca abpa3uBHOCTH,
aOpa3uBHOCTH

A, mMT

I Becbpma manoabpasuBHbIe <5
11 Manoabpa3uBHbIe 5...10
111 Huxe cpenneli abpa3uBHOCTH 10...18
1\Y% Cpenneil abpa3MBHOCTH 18...30
\Y Beriiie cpenneii abpa3suBHOCTH 30...45
VI IToBbIleHHON a0pa3UBHOCTH 45...65
VII Bricokoabpa3uBHbIe 65...90

VIII Bricmieii crenenn abpasuBHOCTH >90

Jlnis onpeneneHus: abpa3uBHOCTU TOPOJT B MPOU3BOAUTEIBHBIX YCIOBUSIX MPH-
menstoT mpudop I1TA.

JUis pa3phIXJIUTENbHBIX (PBIXJIBIX) TOPHBIX MOPOJA BBIICISAIOT 2 IMOKa3zaTeds,
XapaKTepU3YIOMUX a0pa3uBHOCTh: aOpa3UBHOCTh TPEHUS U YAapHYIO aOpa3uBHOCTS.
AOpa3uBHOCTb TPEHUS XapaKTEPU3yeT N3HOC KOHTAKTUPYIOLIETO C MOpooi paboue-
ro MHCTPYMEHTA MPH €ro MepeMenieHnH. Y JapHasi ke a0pa3uBHOCTh XapaKTepu3yeT
M3HOC MOBEPXHOCTHU MPH yJapax 0 HUX KYCKOB IOPOJIBI.

7.4. IpodoumocTh

HpoOuMOCTh XapakTepU3yeT Mpolecc OOBEMHOIO pa3pylIeHUs IMOPOJbI C
00JBILION CKOPOCTHIO HArpykeHusi. B Hacrosiiee BpeMsi U3BECTHO MHOTO CIOCOOOB
ornpezeneHus: JpoOMMOCTH, KaK MPaBUII0, OCHOBAHHBIX Ha U3MEPEHHU 3HEPTOEMKO-
CTH TIpoliecca IPOOICHUS WU BEIMUYMHBI BHOBb O0OPa30BaHHBIX MOBEPXHOCTEN MOCIIE
JTpOOJICHUS.

Hawubonrwiiee pacnpocTpaneHue MOTy4dua MeToJl, paspadorannbii B VI'J| um.
A. A. CKOYMHCKOI0, OCHOBaHHBIN Ha pa3pylIeHUH 00pa3iioB MOPOAbl MPOU3BOJILHOM
GbopMBI C MOCIEIYIOUUM CHUTOBBIM aHAJIU30M MPOAYKTOB paspyuieHus. Meron 3a-
KJIoYaeTcs B cienyromeM: ¢ BeicoThl 0,5 M Ha oOpaser; mopoabl OJHOKpATHO cOpa-
ceIBaeTcsl Tups Maccol 16 kr. Macca oOpasiia HenpaBUIIbHON (OpPMBI JTOKHA CO-
cTaBiATh 0koJio 0,07 xr ¢ oTkinoHeHueM 10 15%. M3MenpuéHnas nmopoaa nmpocenBa-
eTcst yepes cuto auamerpoM 7-107 M. Ha TeXHHUECKHX Becax B3BELIHBAIOT IIOPOIY,
npowenyo depes curo G, r. Ilokaszatens apobumoctu (K,,.s) UUCIEHHO paBeH
CyMMapHOMY 00beMy (Ppakiuii, MPOLIEAIINX YEPE3 CUTO C TIUAMETPOM 7 MM B KyOH-
YECKHX CAHTUMETpax

K,..=G/y, (7.7)

apoo

rJie ¥ — 06beMHas Macca OPOJIbL, I/CM’
[To BenmumHE MOKa3aTeNst APOOUMOCTH BCE TTOPOIBI pa3ielieHbl Ha 6 KIIacCOB
(Tabn.7.4).
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Tabnura 7.4

Kinaccudukanus mopos no 1podu MOCTH

Benuunna 1oka-
Kiacc o apo-
XapakTepucTrKa Kiacca 3arens JIpoOUMo-
oumocTu 3
CTH, CM
I B Beicmieil cteneHu TpymHOAPOOU- <18
MBbIE TTIOPOABI ’
I ZIB:ICLMa TPYZHOpA3pyLIAEMbIE MOPO- 1,81-2.70
111 TpynHopa3pyliaemMmbie TOPOIbl 2,71-4,0
v CpenHe1poOrMBbIe TOPO/IbI 4,01-6,0
\Y JlerkoapoOuMbIe MOPOIbI 6,01-9,0
VI OdeHb JIErKoApOOUMBIE OPOJIbI >9.0

JpoOumocTs mopoj — napaMmerp, oOpaTHbINA BSI3KOCTH. J[J11 OLEHKU ApOOUMO-
CTH TIOPOJI, BOBMOYKHO HCTIOJB30BaTh BEIIMYMHY, OOpAaTHYIO yAEIbHON paboTe pas-
pYILICHHUS.
7.5. ConpoTuBJISIEMOCTh PE3aHUI0

ConpoTHBISIEMOCTh PE3aHUI0 — 3TO MapaMeTp, XapaKTEpU3YIOLIUM Ipupare-
HUE CUJIBl PE3aHusl IIOPOJI B MAaCCUBE Ha | CM TOJILIMHBI Cpe3a.

JUis omnpeneneHusl COMPOTUBIIAEMOCTH IOPOJI PE3aHUI0 B HACTOSILIEE BpEMs
UCTIONIB3YeTCsl MeToAuKa, paspadboranHas B UI'/] um. A. A. Ckounnckoro. C e€ mo-
MOIIBIO OIpEeNEeNseTCs] CONPOTUBICHUE YIJIeH PE3aHUI0 CTaHAAPTHBIM OJUHOYHBIM
pe3oM, B ycioBusX 3abos, ¢ 3amepamu ycunuii mpubopom JKC (auHamomerp
KPYIHOT'O CKOJIa).

[Tpubop AKC-2 (puc. 7.2) cOCTOUT U3 paclOpHON CTOWKHM 1 ¢ nepxaBKOU 2,
3aKpEIICHHOM B MOBOPOTHOW o00oiime 3 stamoHHOro pesua 4. Yepes cuemHoe
YCTPOMCTBO € TaTYMKOM 5, pe3el] 4 moBopaunBaeTcs OTHOCUTEIBHO CTOMKU 1 1e0&n-
Kol 7. Ycwins pe3aHus 3allUChIBAIOTCS PETUCTPUPYIOIIUM THAPABINYECKUM MaHO-
METPOM, KOTOPbIII COCTOUT U3 JAAaTYMKa 5, 3allMCBHIBAIOIIETO ammnapara 8 ¢ IpuBOJOM
7.

Metoauka onpeneneHus: CONPOTUBICHUS YISl PE3aHUIO 3aKJIFOYAeTCsl B Cle-
JTYIOIIEM: TIOCJIe 3a4MCTKH 32005 Ha riayouny 6osee 0.4 M, mpou3BoaAT 0OpabOTKy
320051 MOBOPOTOM JEP’KAaBKH C PE3LOM BOKpYr CTOMKH. [y cOopa pa3pylIEeHHOTo
yTJIsl Ha TI0YBE IIACTa BIUIOTHYIO K 320010 paccThialoT Ope3eHT. BeimBurarmoT pesen
U3 JIep>KaBKU IS TIOJYYEHHUs cpe3a HyHOU ToimuHubl h (o1 2 1o 15¢m), perynupys
T. 0., YTOOBI MaKCUMaJIbHOE yCHJINE Ha AuHaMmomeTpe He mpesbimano 4500krc. He
MEHSISl BBICOTY YCTaHOBKH pe3lia, OT MOYBHI IUTacTa AeNaloT He MeHee 4 cpe3oB. 3a-
TEM CMEUIAIOT pe3el] M0 BEPTUKAIM HE MEHEEe, YeM Ha 5 HIMPUH U MOBTOPSAIOT JKCIIe-
pumeHT. [Ipu kaxxmom s3kcniepuMenTe GUKCUPYIOT: YCHIINE Pe3aHusl, BRICOTY OCH Cpe-
3a OT MOYBBI IUIACTA, AJUHY IIyTH PE3aHUsi, Maccy YyIiid OT LIMPHUHBI Cpe3a, IIUPUHY
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6okoBoro paszsaina. [locie 3Toro, CTpOAT MO TaHHBIM OIBITOB TPaPUKUA YCUITUH pe3a-
HUSA Z,. KaK QYHKIUIO OT TONLIMHBI cpe3a h.

Torma, conmpoTUBIAEMOCTh YIIIEH pe3aHUI0 MPEACTABISET COOO0W MpHUpaIICHUE
YCHIIUH pe3aHusi Ha | cM TOJIIMHBI cpe3a

A=Zg,/h, (7.8)

rie Z., — ycuiue pe3anusi, Krc; h — Tonmuna cpesa, cM.

Puc. 7.2. Tlpubop IKC-2

[lo BenMuMHE COMPOTHUBISIEMOCTH PE3aHUIO, YITIM Pa3NESIOTCS Ha 8 KaTero-
pwuii (I kateropus — o 60 krc/cm, a VIII kateropus — cBoite 420 krc/cm)

CylIecTBYIOT U APyrue METOIUKU ONPECICHUS COMPOTUBISIEMOCTH TIOPOT Pe-
3aHuto, paspadboranusie B UI'J] um. Cxounnckoro, JonYI'U u JJonrunpomyriema-
mIe.

Tax UI'] um. CxounHCKOTO pazpaboTai METOAMKY ONpEAeTICHHsS] COTPOTHBIIS-
eMOCTH YIJISl pe3aHHi0 TuHamoMeTpuieckuM ceepiiom CIIM-1, cymHOCTb, KOTOpO
3aKIIto4yaeTcs B pa30yprBaHUU 3apaHee MPOOYypPEHHOTO HIypa JuaMeTpoM 42 MM Ko-
ponkoit CIM, nuameTrpoM 62 MM C 3aIIICbI0 MOMEHTA COIPOTHUBIICHHS PE3aHHIO.

Cxonctpyupoansl ipuoopsl [IOP-3 (lonYI'N) u I1P-5 (Jlonrumnpoyriemari),
TIO3BOJISIOIINE ONPEAEIUTh COMPOTUBIISIEMOCTh PE3aHUI0, IPUHIUI pabOTHl KOTOPHIX
OCHOBaH Ha NPUTATUBAHUU pe3la BAOJb MPEIBAPUTEIHLHO MPOOYPEHHOTO IMIMypa
auameTpoMm 42 MM ¢ 3aMepoM ycunuil pezaHus. CONpOTHBISIEMOCTh PE3aHUIO IS
OpOoJI U3MEHSETCsl B HIMPOKOM Auamna3zoHe. HekoTopble crpaBOYHbBIE AaHHBIE IS
nopon Jlonbacca nmpuBeaeHs! B Ta0d. 7.5.



131
Tabmuma 7.5

3HaUyeHHue COIMPOTUBIEICMOCTH PC3aHUTO IJIA IIOPOa I[OH68,CCB,

3Ha4YeHHEe COMPOTUBIISIEMOCTH PE3aHUIO,
HaunmenoBanue nopon
KI'c/cM
Vroib 20...400
VTAuCTHIN caHer 70...250
['muHUCTEIN cllaHeln 120...350
Ilecuanrrii cnanery 200...500
Ilecuanuk 380...1000
H3BecTHIK 300...600
TBEpabIEC BKIIOUEHUS 500...2000

7.6. bypumocTthb

[Ton 6ypuMOCTBIO MOHUMAIOT CIIOCOOHOCTh TOPHBIX MOPOJA OKa3bIBATH COMPO-
TUBJISIEMOCTh ITPOHUKHOBEHHUIO B HUX OypOBOIO MHCTPYMEHTA B Ipolecce OypeHHUs.
BypuMOCTh OLIEHHBAIOT IJIMHOMN LIMypa, MPOOYPEHHOTO 32 €JUHUIY BPEMEHU B CTaH-
JApTHBIX YCIOBUSX WM YUCTBIM BpeMeHeM OypeHus Ts 1 M mimypa B CTaHAApTHBIX
YCIOBUSIX.

[lon craHAapTHBIMU YCIIOBUSIMU ITOHUMAIOT MPUMEHEHUE NpU OypeHuu orpe-
JEIEHHOTO MHCTPYMEHTA, apMUPOBAHHOIO CTAHJAPTHBIMHU CIUIABAMM, ITOCTOSIHHBIN
JUaMeTp IIMypa, TOCTOSHHBIA PeXUM OypeHust (3HEprus yaapa, CKOPOCTh BpaleHHUs,
0CEBOE JABJICHUE, JABJICHUE CKATOTO BO3AYyXa B MarucTpayy u T. 1.). Onpexaensercs
OypUMOCTh METOAOM OOypuBaHHs 3a00€B Ha OCHOBAaHUHM XPOHOMETpaka YHCTOTO
BpeMeHH OypeHus. B Hacrosimee BpeMs CYIIECTBYIOT HECKOJBKO KiaccH(UKaui
(LIKa) TOPHBIX MOPOA MO OypUMOCTH, OJHAKO BCE OHU CBSI3aHBI MEXIY COOOU U C
ko3 uImeHToM Kpenoct nopoa no mkaine M. M. [Iporoabskonosa. Knaccuduka-
1S IOpOJ, BOILIEAIAs B CTpouTenbHble HOpMBI U npaBuina (CHull) npencrasnena B
Tabiu. 7.7.

B xauectBe nmokazarenst OypuMOCTH B HEKOTOPBIX CIy4yasiXx MOKHO NPUHUMATh
HEPro€MKOCTh OYpEHMsI €IMHULIBI JUIMHBI Iypa. Tak, s BpamaTeabHoro OypeHus
OHA ONPEEINAETCS U3 BBIPAKEHUS

Dgyp = W/ V> (7.9)

rne W — cpenssisi Harpy3ka Ha JBUTATelNb CBEpiia; V — CpeHsIsA CKOPOCTh OYpEeHHSI.
[Tpu pa3BenoyHOM OypeHUU MOKa3aTelh OYpUMOCTH YCTaHABIMBAIOT MO CKO-
pocTH OypeHus.
[To BemmumHe moKka3zaTens TpyaHOCTH OypeHus [y Bce ropHbie TOPOBI pasze-
JICHBI Ha 5 KJIacCOB IO 5 KaTeropuii B Kaka1oM kiacce. K mepBoMy Kiraccy OTHECEHBI
nerko0ypumsbie mopoasl (Il = 1...5 ); ko BTOpoMy — MOPOIBI CPEAHEH TPYIAHOCTH
oypenus (Il = 6...10); k TpeTheMy — TpyaHoOypumsie (I1y =11...15); k yeTBEpTOMY
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— Bechbma TpyaHoOypumbie (I1y = 16...20); kK mATOMY — UCKIIOUATEILHO TPYIHOOY-
pumblie opoasl (Il =21...25).

Tabmnura 7.6
Knaccudukanus nopoa no CHull
Kareropus nopogno | Koapdumnuent | Kareropus Ts, MUH 1151-
KPETIOCTH U CTIOCO0Y Kperiocty, f, | kpemoctu mo- | mepdopartopa

pa3paboTKu el. poa no Cuull I1P-24 JI
Buekareropuiinas (pas- 19-20 I
pabaThIBaeTCs B3PHIB- 15-18 X 9,85
HbIM criocoboM (BBP))
I (pa3pabatsiBaeTcs
BBP) 10-14 IX 8-9,5
II (pa3pabarsiBaeTcs
BBP) 7-9 VIII 6,6-6,95
III (pa3pabartbiBaeTcs 5-6 VII
GBP) 4-5 VII-VI 4,5-6,55
IV (pa3pabatsiBaercs
BBP u ot60iiHEIMH MO- 3-2 \Y% 3,8-4,45
notkamu (OM))
V (pa3zpabatbiBaeTcs 1,5-2 v
OM) 1,5 II1-11 2,6-3,75
VI (pa3pabatsiBaercs
OM) 1-1,5 -1 <2,6
VII (pa3pabaTsiBaetcs 0,9 II-11 -
BPYUYHYIO) 0,6 I -

0,4 I -

7.7. B3pbiBaeMoCTh

B3pbiBaeMoCTh XapakTepu3yeT CONpPOTHBIIEMOCTh FOPHOU MOPOABI pa3pylie-
HUIO B3pbIBOM. B3pbIBaeMOCTh MOpPOJ OLEHUBAETCS PacXOJOM B3PbIBYATOI'O BelIe-
ctBa (BB) mnu mmypoB Ha 1 M mopoasl B MacCuBe. JTH MOKAa3aTelu Ha3bIBAIOTCS
yoenvHblll pacxo0 BB u yoenvHwiii pacxod 6ypeHuss COOTBETCTBEHHO. Y IETbHBIN pac-
xo1 BB — q B kr BB/M® 10Opo/IbI ONIpeeNseTcs uepe3 STANOHHbIH YAeIbHbIH Pacxos
BB — qo, 3aBucsmmii ot koadunuenta kpenoctu nopon no mkaie M.M. IIpotoass-
koHoBa (f)

qo = 0,065 - f (7.10)

o o 3
OTanoHHbI yaenbHbI pacxon BB nns mopoxa cocrasuser ot 50 go 1000 r/m.
C yuérom mompaBo4HOrOo KOd(QuImeHTa, y4IUTHIBAIONIETO CBoiicTBa BB, cxemy
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B3pbIBaHus U paszmepsl mmypa (K), dopmyna mist onpeaenenust yaenpHOTO pacxoaa
BB 3amnmumiercs B Buse

q = qoK (7.11)

B3pbeiBaeMOCTh FOPHBIX MOPOJA MOYXHO OINPEIEIUTh TAaKKE M0 MaKCHMalbHOMN
JIMHUU HaWMEHBILETO COMPOTUBJIEHUS (J.H.C.), MPEACTABISIONICH cOO0M 30HY, T/e
B3pPBIB 3apsa 3TAIOHHOr0 BB mpou3BOAUT OTpBIB MOPOABI OT MAacCHBa IMPHU MOCTO-
SHHOM JJIMHE 3apsijia, IMaMeTpe U riyouHe mmypa. Toraa B3pbIBaeMOCTh BBIPA3UTCS
OTHOIIICHUEM MaKCHUMAJIbHOM JI.H.C. K ITyOuHe mimypa u 00bémy BB B mimype.

Paznuyaror NErkyro, CpenHIO, TPYAHYIO U BECbMa TPYIHYIO B3pPBIBAEMOCTH
IIOPOLI.

7.8. JIMIIKOCTH U CONPOTHBJICHUE KOMAHUIO PHIXJIBIX
U Pa3pbIXJIEHHBIX OPOJ

Prixiibie 1 pa3pbIXJIEHHBIE TTIOPOIBI, TPH U3MEHEHUH BIAXXHOCTH MPUOOPETAIOT
pan cnenu@uYecKknx CBOMCTB, KOTOPbIE HEOOXOJIWMO YUUTHIBATh B IMPOIECCaX TOp-
HOT'O TIPOU3BOJICTBA.

Tak, U3MEHEHHUE CBOMCTB I'PYHTOB MPH YBIAKHEHUM OLIEHUBAIOT JIMIIKOCTHIO.
Jlunkocmv — 3TO CIIOCOOHOCTD PBIXJIBIX M Pa3PBIXJIEHHBIX TOPHBIX MOPOJI TIPU OMpe-
JEIEHHOM COJIEpPKaHWM BJIard B HUX MPUIIMNATh K MOBEPXHOCTH HMHCTPYMEHTA U
00opynoBanus (KOBIII SKCKaBaTopa). GU3HMUECKUM CMBICT MPWIMIAHUS 3aKII0YaeTCs
B TOM, YTO MPHU ONPEACTEHHON BIAKHOCTH, TOJIIMHA TIEHOK BOJBI, OOBOJIAKHUBAO-
IIMX YaCTUIBI TOpoAbl ((pu3nyecku CBsI3aHHAS BOAA) CTAHOBHUTCS TaKOW, YTO OHU C
PaBHOM CHJIOW BO3AEHUCTBYIOT KAK C MUHEPAJIbHBIMU YaCTULIAMU MTOPOBI, TAK U C TO-
BEPXHOCTBIO COMPHUKACAIOIINXCS ¢ HUMH UHCTpYMEHTOB. Hanbomnpias AIMnkocTs co-
OTBETCTBYET BIAXKHOCTHU MOPOJ OIM3KON K MOJIEKYJIIpHOM BiaroéMkoctu. [Ipu nans-
HEWIIIEM MOBBIIICHUH BJIAXKHOCTUA U YBEJIMYEHUH TOJIIMHBI IUIEHKU MPOUCXOIUT PE3-
KO€ CHH)KCHHUE JIMIIKOCTH.

JIMNIKOCTh TOPOJ OLICHUBAETCS HANPSKEHUSIMH, HEOOXOJAUMBIMHU ISl OTPhIBA
MPUJIKIIIETO TeJla OT rpyHTa. JIunkocTs mopoxa uzmensercsa oT 2 klla mo 50 xlla.
OHa 3aBUCHUT OT CBOMCTB MOPO/I, @ TAKXKE OT CBOWCTB Marepuaia, 3 KOTOpPOro M3ro-
TaBJIMBAECTCSI MHCTPYMEHT, M XapaKkTepa MOBEPXHOCTH KOHTAKTUPYIOIIETO TeJa.

ConpoTuBIIEMOCTh MOPOJ MPU HMX BBIEMKE 3KCKaBaTOpPaMU MPUHSATO OLECHU-
BaTh BEJIMYUHOMN yoenbHo2o conpomusnerus konanuio K:

Ky =Fg /S, (7.12)

rae Fy— xacarenpHas cuia CONPOTUBIIEHUS IOPOAbI Konanuto, H; S — muiomazns no-
BEPXHOCTHU OTPBIBA, M.

[Imomanps MOBEPXHOCTH OTPBHIBA HAXOAUTCSA KaK MPOU3BEIACHUE IIMPHUHBI KOB-
11a Ha NIyOMHY BHEAPEHHMSI KOBIIA B IOPOY MPH KOIIAHHH.

YaenpHOE CONPOTUBICHHE KOIAHWIO 3aBHCUT OT IPOYHOCTH IApaMETPOB,
IIJIOTHOCTH MOPOJBI, CLETUIEHUS ITOPOJ U UX BIIAXKHOCTHU.
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IIpn BBIEMKE MEXaHHYECKON J0TIaTON PBIXJIBIX IIECKOB
Kp = (0,1640,25) -10° Ia, y Tspxéasix Braxueix rud Ky = (243) -10° ITa. Y nomyc-
KaJbHBIX TOPOJ B Mpeiesiax OAHOro CTpykTypHOTro 61oka Ky nocturaer 1 Mma.

B 3aBucumoctn oT BenmmuuHbl Ky pasznuuaroT n€rKkue yCIOBHS KOTAHUS
(Kg<1,2- 10° [1a) u Tsxénpie ycnoBus konanus (Kg> 2,8 10° I1a).

Benuunna Ky onpenensier Takke OTHOCUTEIbHYIO MPOJOJIKUTEILHOCTD pado-
Yero 1MKJIa YKCKaBaTOPOB.

Nuorma  jyisi  MOdydYeHWUS  OPUEHTHPOBOYHBIX  MApaMeTpoOB  TOPHO-
TEXHOJIOTMYECKHUX CBOMCTB UCIIOIB3YIOT CIEAYIONINE SMIIUPUYECKUE (DOPMYIIBI

1,67 2

O = 10f, MIIa; P, =159 ,krc/mm ;
67 3
Oox = 630" Mgy Ku =g = LTe s

Ocx = 1000/KH1’45,MHa; A =1lo, + 40,krc/cMm.

7.9. Ucnoab30BaHuEe FOPHO-TEXHOJTOTHYECKUX CBOMCTB
B FOPHOM MPaKTHKe

CBoiicTBa, OTHOCSIIMECA K ATOM Ipymie, Hanbojee MMPOKO HCIOIb3YIOTCS B
ropHoi npakTuke. OHU TOJIOKEHBI B OCHOBY LIEJIOr0 Psiia CHEUAIbHBIX KIacCU(H-
KallMil MOPOJ, BOIIECAIINX B pa3IMYHble HOPMATUBHBIE TOKYMEHTBI, OTPACIJIEBbIC UH-
CTPYKLMH U T. 1. 3Hasl BEJIMYMHBI IAPAMETPOB U3 3TOM I'PYIIIBI CBOMCTB, MOXHO JIET-
KO OIIPENEIIUTh IPOYHOCTHBIE, AKYCTHYECKHUE, IUIOTHOCTHBIE, TEIJIOBBIE U APYTHE Ia-
pameTpbl NOPOA.

Tax ko3¢ (duULKMEeHT KpenocTu MOPOAbl HUCIOJIB3YETCS Ui OLEHKH e€ oOIien
CIIOCOOHOCTH CONPOTHUBIISITHCS Pa3pyILICHUIO, MPH BBHIOOPE MPAKTUUYECKH JHOOO0TO
TOPHO-IIIAXTHOTO OOOpPYAOBaHUs, MPH OLIEHKE YCTOMYMBOCTH KPEMU U Pa3TUYHBIX
00BEKTOB, pacyeTax Kpemnu, pacueTax o00opyIoBaHus JJi pa3pylLIeHHs OPO/I, pacye-
Tax nacrnoptoB bBP.

KoadduimenTt kpenoctu nmopoj MojaoKeH B OCHOBY KJIacCU(UKALIMK TTOPO/] IO
CHull, ot xoTOpO# 3aBUCSIT BCE HOPMBI BBIPAOOTKH, BpEMEHU U PACLIEHKU Ha JIHOObIE
ropssie nopojibl, oroBopeHusie B EHUP, EHB, YKHB, EPEP u 1. 1.

KoHTakTHas mpOYHOCTH MOPOJ MOYBBI IPEIONPEAENAeT BEIOOpP MEXaHU3UPO-
BAaHHOM Kpenu JJisi OUUCTHOTO 32005, TUIl HCKYCCTBEHHOT'O COOPYKEHMSI JJIs1 OXPaHbl
BBIPa0OTOK CO CTOPOHBI OUUCTHOIO 320051.

AOpa3uBHOCTh MOPOJ HCIOJIB3YETCS JUISl OLIEHKU IMOTPEOHOCTH B PEXYIIEM
MHCTPYMEHTE IIpH OypEeHUH, BBIEMKE MOPOJ U yIied TOOBIYHBIMHU U MPOXOTYECKUMHU
KOMOaifHaMHU.

HpoOuMOCTh NOPOJI UCIIONB3YETCS B PA3IMYHBIX pacyeTax Mo 3HEPro€MKOCTH
pa3pylieHus B mpoiecce 000ramieH sl MoJIe3HOro HCKOMAaeMOoro.

ConpoTHBISIEMOCTh YISl PE3aHUIO MPEIONPELISIeT BHIOOP TEXHOJIOTUU pPa3-
pYUICHHS YTJIA B OYHUCTHOM 3a0o0€ (KOMOailHOBask UM CTPYroBasi), MO3BOJSET OINTH-
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MU3HUPOBATH MapaMeTPhl pe3aHusl, OMPEICTUTh MTPOU3BOAUTEIIEHOCTE 000PYT0BAHHUS
IIPU ATOM.

BypuMocTh MO3BONSET paCCUUTHIBATh TPYJAOEMKOCTh MPOLIECCOB, CBSI3AHHBIX C
OypeHueM MIypoB, CKBAXHUH U T. ., B TOM YHCJIE MPU MPOBEACHUH BBIPAaOOTOK IO
texHoJsioruu bBP.

B3peiBaemocTh mo3Bossier paspadarbiBaTh macropta bBP npu oTkpbiTol M
MO/I3€MHOM pa3paboTKe MOJE3HbIX HCKOomaeMbiX. CONMpOTUBIECHUE MOPOJ KOIMAHHUIO
MO03BOJISIET 00O0CHOBAHHO BBHIOMPATH THI SKCKABATOPA JJISI BBIEMKH MTOPOJI, PACCUHUTHI-
BATh €0 NPOU3BOAUTEIBHOCTD.

KOHTpOJILHLIe BOIIPOCHI

1. UTo moHUMAIOT MOJ KPEMOCThIO0 TOPHBIX TOPOJ?

2. KTo npeaioxkui1 MoHATHE KPEOCTH OPOIbl?

3. CkonbKo Kateropui kpenoctu Bam uzBectHo?

4. Kakue metozpl onpeneneHus koddduimenta kpenoctu Bam nzBectHb1?

5. B 4ém CymHOCTh METO/IA TOTYEHUS JIS1 ONIPEACIICHUS KPETIOCTH?

7. UTo Ha3bIBAETCS KOHTAKTHON POYHOCTHIO TOPOBI?

7. Kakue TpeboBaHMs MPEAbSIBISAIOTCA K 00pasily MOpOJbl MpHU ONpeeIeHUU
KOHTaKTHOM npoyHocTy o metoauke UI'J[ um. A. A. CKoYnHCKOr0?

8. KakoB nopsiiok onpeaeneHuss KOHTAaKTHOW MPOYHOCTH?

9.Ha cKoJIbKO KJIACCOB pa3ieieHbl MOPObI 10 KOHTAKTHONW MTPOYHOCTH?

10. Yto Ha3bIBaeTCss aOpa3suBHOCTHIO TOPOIBI?

11. Kakue rpynmnsl METOAOB olipesesieHns abpa3uBHocTH Bol 3Haere?

12. B uém cymHOCTh METOJa ompe/eieHus abpa3suBHOCTH 10 MeTtoauke M|
uM. A. A. CkounHcKoro?

13. Yto npuHATO 32 NMOKa3aTesb a0pa3uBHOCTU MOPOIbI?

14. Ha ckoibKO KJIACCOB pa3jiesieHbl MOPOJIbI O a0pa3uBHOCTHU?

15. Yro Takoe aOpa3uBHOCTb TPEHUSI U yJapHas aOpa3suBHOCTH?

17. Yto xapakTepusyeT ApOOMMOCTb MOPOJIbI?

17. B uém cymHoOCcTh MeTO/a omnpeaenaeHus apooumoctu no metoanke U]
uM. A. A. CkounHCKOro?

18. Ha ckoibKO KJIaCCOB pacnpeesieHbl TOPOAbl O TPpoOUMOCTH?

19. Yto Takoe CONpOTHBISIEMOCTh PE3aHUIO?

20. Kak ompenemnsieTcsi COmpoTUBIAEMOCTh pe3anuto nmpudopom JICK?

21. Kakue Metoasl (mpuOOpHI) 1Sl ONPEAEICHUs COMPOTUBIISIEMOCTH PE3aHUIO
Bawm emié uzBectHbl?

22. UTo moHUMAIOT 1OJi OYypUMOCTHIO TOPOIbI?

23. Uem orieHuBaeTcss 0ypuMoCTh TOpoj?

24. Ha ckoJIbKO KaTeropui JAesisTcsi HOpoabl 10 OYpUMOCTH B KJIacCU(PUKALIUH,
npuBeaeHHo B CHull?

25. Yto NOHUMAIOT TOJ1 TTOKa3aTeseM TPYIHOCTH OypeHus?

27. YUTo Takoe B3pbIBAEMOCTh MTOPOJI U YEM OHA XapAKTEPU3YETCS?

27. Kak kinaccu@uiupyroT Opo Ikl IO B3pPIBAEMOCTH?

28. UTo MOHUMAIOT MO/ JIMITKOCTHIO TTOPOIbI?

29. YTo NOHUMAIOT MO, Pa3MOKAEMOCTbIO TOPOIbI?
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30. YTro nOHUMAIOT MO HA0yXaHUEM MOPOAbI?

31. YTo NOHMMAIOT MOA CONPOTUBIECHUEM KOMAHUIO PHIXJIBIX U Pa3pbIXJIECHHBIX
nopoa?

32. Yrto Bl 3HaeTe 00 MCIOIB30BAHUH CIIELUATBHBIX TOPHO-TEXHOJOTUYECKUX
CBOICTB MOPOJ] B MPAKTUKE TOPHOTO Jena?
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8. TEPMOJMHAMMYECKHE CBOMCTBA I'OPHBIX IIOPO/]

Tepmoounamuueckue c60Ucmea XapaKTepU3ylOT CIIOCOOHOCTh MOPO/IbI HAKAIl-
JIMBATh U TIEpeaBaTh TEIUIO U OMPEICIISIOT €€ MTOBEICHUE B TEMIIEPATyPHOM IOJIE.

8.1 O0mme cBegeHUs1 0 TEMIIEPATYPHOM I10J1€ B TOPHBIX IOPOAAX

Ncrounnkamu temia a1t 3eMiIU SABISIOTCS: PaIUOaKTUBHBIE (TETIO MOTy4YaeT-
Csi MpH pacmaje paguoOaKTHBHBIX AJIEMEHTOB, KOTOpbIE 3aJ€raloT Ha TIIyOMHax 0
200 km); ComHIle; TEKTOHUYECKHE U XMMUYECKHE TPOLIECChl BHYTPU 3EMIJTH.

Ot conHia 3emist (TOpHBIE MOPOJIBI) MOJTy4YaeT KOJWYECTBO TeIla IMOpsaKa
10*'-10% JK B TOJ, OT paJMOAKTUBHOro pacmnajaa B 10 pa3 MeHblIE, HO SHEPTUS
ConHila mpoHHUKaeT B ri1yOb 3eMiId Bcero Ha 20 M, MO3TOMY TIJIaBHBIM MCTOYHUK TeEIl-
JIa JJ1sl TOPHBIX MOPOJI — PAAMOAKTUBHBIN pacna.

TeMmneparypHoe 1oJjie 3eMJIM IO CBOEMY XapaKTepy OYEHb CIIOKHO, T.K. pajuo-
aKTUBHBIE AJIEMEHTHI B KOope 3eMJIM paclpoCTpaHEHbl OUYE€Hb HEPABHOMEPHO, HO, B
o0meM, ¢ TIyOnHON TemmepaTypa opo1 YBETUINBACTCS.

TeMmneparypHoe mojie MacCHBa FOPHBIX MOPOJI B JAHHOM pailOHE XapaKTepHU3y-
€TCSl CJICAYIOIINMU MapaMeTpaMu: 21yOuHoUu U memnepamypou opoJl B Helumpaib-
HOU 30He, a TAKXKE BEIIMUUHON 2eomepMudeckou CmyneHu.

HeiitpanbHas 30Ha — 30Ha, T/ie TeMIepaTypa HeU3MEHHa B TeueHue roaa. s
JHon6acca ee riryouna 20 m u Temmieparypa 8,5°C.

['eoTepmuyeckast cTyneHb — riyOnHa, Ha KOTOPOM TeMIieparypa mopo yBelu-
yuBaetcs Ha 1°C. s Jonbacca ato ~ 30 m, aiis KpuBoro Pora — 55 m, nis Kamuart-
K1 — 2,5 M, a g4 Snonnu — 1,5 M.

8.2. OcHOBHBIE TEILIOBbIE nmapaMeTpbl rOPHLIX MOPOX

ba3oBeIMEU mapaMeTpaMu TEMIOBBIX CBOMCTB TOPHBIX TTOPOJ SIBJISTFOTCS

1.V nenbHas TEIII0EMKOCTH — ¢, KJ[X/KT Tpa.

2. Koo duiueHt TermionpoBoAHOCTH — A, BT/M rpan, kJ[>/M c rpan.

3.Koapduument nuHerHOro TemMrnepaTypHOro pacumpenus — o, 1/rpa.

Kpome Toro, n3BeCTHHI Ipyrre, 4acTo MPUMEHSIEMbIE B TOPHBIX pacueTax, ma-
paMeTphbl TEIJIOBBIX CBOMCTB MOPO:

4. Koo pHUIMEHT TeMIIepaTypoIpOBOIHOCTH — a, M°/C.

5.KoaddurpueHT 00beMHOT0 TETIOBOTO PACIIUPEHUS — Y., 1/Tpan

6.Kosdduupent remmonepenaun — K, kx/M* ¢ rpa.

7.Y nenbHas Termnora miasieHus — L, Jk/kr.

8. Temnepatypusiii untepBan miasienus — (T, — T,), °C.

JIyist yriiei, KpoMe TOoro, pa3nyaioT: TeIJIOTBOPHAs CITIOCOOHOCTh, TEPMOXH-
MUYECKasi CTOWKOCTh, KOKCYEMOCTh, CIIEKaeMOCTb U BBIXO]T JICTYYHX.

PaccMmoTpum HEKOTOpBIE MapaMeTphl, YKa3aHHBIC BBIIIE, TIOIPOOHEE.

Yoenvnas mennoemkocms — KONAYECTBO TEIUIA, HEOOXOIMMOTO ISl HarpeBa-
Hus 1 kr nopoasl Ha 1 rpaayc.
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dQ=c-mdT (8.1)

JI71s1 TOpHBIX TIOPOJT IeJIbHAS TEIIOEMKOCTh U3MeHseTcs B npeaenax ot 0,4 1o
2 x/Ix/xr rpan. Hanmpumep: nis kameHHoro yris ¢ =1,3 kJK/Kr rpam; 1 aHTparuTa
0,93; nug n3BectHaka 0,67...1,04; nius necuanuka 0,81; nusg cmaner; 0,75.

TenmoeMKoCTh TOPHBIX MOPOJ HE 3aBUCHUT: OT COCTOSIHUS, B KOTOPOM HAXOJUT-
cs mopoja (HopMaJabHOM MJIM PACIUIABICHHOM); OT 3€PHUCTOCTOCTH MOPOJIBI; OT CJIO-
UCTOCTH, T.K. TIepe/ada TeIia B TOPHBIX MOpojax (HOTOHHAS, MPEACTABIISIONIAS CO-
00l 0COOBII BUJ KOJIEOAHUSI KPUCTAJUIMYECKOW PEIIETKH.

TennoeMKoCTh 3aBUCUT TOJIBKO OT MMOPUCTOCTH TOPHOM MOPOJIbI

c-pre, p,1-p) (8.2)

TJ€E C, U P, — TETUIOEMKOCTh U IJIOTHOCTh MUHEPAJIOB, CJIAral0NIUX TOPHYIO TOPOY.
Koaghduyuenm mennonposoonocmu — KOIMYECTBO TEILIA, MPOXOIAIIETO YEPE3
nopoy 3a 1 ef. BpeMeHu uepe3 1 ell. mIoaau npyu rpaiueHTe TEMIEPATyPhl pABHOM
1 en.
DT0 BBITEKAET U3 3akoHa Dypbe

2
d Q = —AgradTdSdr, (8.3)

3HaK «MHUHYC» YKa3bIBa€T Ha TO, YTO MOTOK TEIJIa HAIPaBJIEH HABCTpeUuy rpa-
JMEHTA (B HAIIPaBJIECHUU YMEHbBIIICHUSI TEMIIEPATYPHI).

s ropubix mopoa A = 0,1... 7 Bt/m rpan. Hampumep: ans yris, cooTBeT-
ctBeHHO, 0,5...0,9, nns antpanuta 0,4; mua u3BectHska 1,0...2,3; w1 necyaHuka
1,3...4,2; nng cnaga 1,5...2,2.

Benmuunna xosduimenTa TermionpoBOAHOCTH 3aBUCUT: OT MOPUCTOCTH TTOPO-
Ibl (y TIecka oH B 6 ...7 pa3 MEHbIIE, 4eM Y MeCUaHuKa); OT (JOPMbI TIOp U TPEUIUH
(ecnu yIJIMHEHHBIE TIOPHI WK TPEIIMHBI IEPIICHIUKYIISIPHBI TETUIOBOMY MOTOKY, TO A
YMEHBIIIAETCs); OT pa3MepoB 3epeH (C YMEHBIIIGHHEM 3€peH YMEHbIaeTcs U Kod(d-
(GUIUEHT TeIIONPOBOIHOCTH).

Koagpdpuyuenm memnepamyponposoonocmu XxapakTtepuzyeT CKOPOCTh pac-
MPOCTPAHEHUS U30TEPMUUYECKON MOBEPXHOCTU B MOPOJIE. ITa CKOPOCTh 3aBUCUT HE
TOJBKO OT TEIUIONPOBOJHOCTH, HO U OT TEIUVIOEMKOCTH U €ro BEJIMYUHY OOBIYHO MO-
Jy4aroT PaCYETHBIM MyTEM

(8.4)

JIJIs TOPHBIX IMTOPOJI BeJIMYUHA KO3 PHIIMEHTa TEMIIEpaTypOIIPOBOTHOCTH H3-
-6 7 2
mensierca o107 1o 107 mP/c.
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Koaghdpuyuenm mennonepeoauu xapakrepusyeT CiocCOOHOCTh MOPOJ Mepeaa-
BaTh TEIIO U3 OJJHOW MOPOJIBI B IPYTYIO.

Ha rpanuie nepexoaa u3 oAHON MOPOJIBI B IPYTYIO0 3aKOHOMEPHOCTH TIepeadn
TEIUTa CIIeayIomast

AQ = KATASAt (8.5)

Kosgppuyuenmuor 06vemno2o u aunerno2o memnepamypHo20 pacuiuperusl no-
POO XapaKTEPU3YIOT CBA3b MEXKAY MOBBIIICHUEM TEMIIEPATYPbI IOPOJA U YBEIUUYECHU-
€M UX JJMHEHHBIX pa3MepoB WJIH 00beMa.

Al = lAT; AV =y, VAT; vy, = 3a (8.6)

Jlist TOpHBIX MOpOJ BelWuuHA Kod(h(UIMeHTa JMHEWHOro TeMIIepaTypHOTO
paciupeHus: u3Mensiercs: B npegenax ot 2-10° xo 10-10™* 1/rpax. Hampumep: mmst
necyannka o = (0,5...,2) 107 1/rpam; ms usBectrsika (0,5...0,89) -10° 1/rpax; mis
cnanra o, ~ 0,9- 10° 1/rpag.

Benuuunbl koappuimeHToB o U Yy 3aBUCAT OT pa3MEPOB 3€pEH, Cliararo-
X TOPHYIO NOpoay (YBEIUYUBAIOTCS C YBEIMUYEHUEM 3€PEH) U OT MOPUCTOCTH TO-
pobl (YBEIUYMBAIOTCS C YBETMUYEHUEM TOPUCTOCTH).

8.3. Onpenenenue mnapaMeTpoB TEPMOAMHAMUYECKUX
CBOICTB MOPO/ B JIA0OPATOPHBIX YCJIOBHAX

OOBIYHO 117151 1eJIe TOPHOTO MPOU3BOACTBA B JIAOOPATOPHBIX YCIOBUSX OIpe-
JEJSIOT CIEAYIOIINE TEIUIOBBIE MAPAMETPBI TOPHBIX IMOPOJ: yIEJIbHAS TEIUIOEMKOCTD;
KO3 PUIIMEHT TETIONPOBOIHOCTH U KO3(PPUIIMEHT TeMIIEpaTypOnpOBOAHOCTH.

JIJist 3TOro MCHOJIB3YIOT pa3ivYHbIe JTaOOPATOPHBIE YCTAHOBKH, HAa KOTOPBIX
peanu3yIoT Memoo NOCMOSHHO20 VI MEHOBEHHO20 UCOYHUKA MeNnd.

Ha kadenpe ropuoit reomexanuku JJonHTY co3nan u ycneniHo npuMeHseTcsl yHH-
KaJIbHBIM MprOOp AJIsI ONPEETICHUS BBIIICTIPUBEACHHBIX TEIIOBBIX TAPAMETPOB IOp-
HBIX MOPOJ METOJIOM MTHOBEHHOTO UCTOYHUKA Teria (puc. 8.1 u 8.2).



140

Puc. 8.1. O6mwmit Bun npudopa JJouHTY s onpeneneHus TENIOBBIX CBOMCTB TOp
HBIX MopoA: | — HarpeBaTenp, 2 — oOpa3sel nopojsl, 3 — JaTUUK Temia, 4 — AucIei,
5 — KHOTIKA BKJIIOYEHUS TTprbOpa, 6 — KHOMKA OMpoca JaTYNKOB

\ sle N
N

R
4 p—— ————

A

Puc. 8.2. Crpykrypnas cxema mnpubopa HouHTY nns omnpeneneHust TEIIOBBIX
CBOMWCTB TOpHBIX MOpoj: 1 — HarpeBaTenb, 2 — 00pa3zel Mopojabl, 3 — IaTUYUK Tera,
4 — 650K yrpaBJIeHHUSI TOKOM HarpeBaTels, 5 — mporeccop, 6 — nucruiei, 7 — BTopud-
HbII UCTOYHUK MUTAHUS, 8§ — IEPBUYHBIN HCTOUHUK MTUTAHUS
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B kadecTtBe 00pa3loB HCIOJB3YIOTCA TUCKHU CO HUTM(OBAHHBIMU MOBEPXHO-
CTSIMH, U3TOTOBJICHHbIE U3 KEPHOB TOPHBIX OPOJI.

B mpornecce ombiTa, 3Has TeOMETpHUECKUE pa3Mepbl 00pa3lioB U UX IIOTHOCTD,
U3MEPSIOT: JJIUTENPHOCTh U BEIMYMHY TEIUIOBOTO HMIIYJIbCa; BpPEeMs, 3a KOTOPOE
TEMIIepaTypa «XOJOIHON» MOBEPXHOCTH oOOpaslia OCTUTIIA MaKCHUMyMa; MaKCH-
MaJIbHYIO TEMIEePaTypy «XOJIOJHOIH» MOBEPXHOCTH 00pas3Ia.

8.4. Ucnoib30BaHMe TEILIOBBLIX CBOMCTB
U SIBJICHUI B TOPHOM JieJie

Jlist OypeHusi CKBaKHH 1O BEChMa MPOYHBIM MOPOJaM HAa TMPUMEHSIOT METOJ
02He8020 OypeHus ¢ UCIOJIB30BaHUEM Yallleé BCEro OEH30BO3IYILIHBIX TOPENIOK B Ka-
4YeCcTBE TEPMOOYpPOB.

CkopocTh Takoro OypeHHs 3aBUCUT OT TEIUIOBBIX CBOMCTB TOPHOW MOPOJBI,
KOTOpbIE OTPa)KaroTcsi B BHUHE KpuTepus tepmoOypumoctu nopoast (Ilrg), cooTBeTt-
CTBYIOLIEMY 00BEMY MOPO/IbI, pa3pyIICHHOW MPH Bo3aeicTBUU Ha Heé€ 1 [Ix Temua.

_ oE
® " epo,(1-2v) (8.7)

My

Jlns ropHBIX mopoA Boooie Il = 2-10% ... 5-10° M3/I[>K. YeMm MEHBIIIE BEIU-
ynHa [I15, TEM XyXe mopoaa noagaeTcst TepMoOypeHHUIO.

bonbiioe 3HaueHNe UMEET 3HaHHWE TEIIOBBIX CBOMCTB FOPHBIX MOPOJ B pacye-
TaxX menao6ulx pexcumos waxm. Hanpumep, ycTaHOBIEHO, YTO KO3 PUIIMEHT Terio-
nepenavn, XapakTepu3yomui mpolecc nepenadn Teria u3 TOPHOro MaccuBa B TOp-
HYIO BBIPAOOTKY MOKET OBITh pacCUMTaH ISl HE3aKPEIUIEHHOW BBIPAOOTKU 1O (op-
MyJie

0,8 0,2

K=2¢G I /S, (8.8)

111

rae €, = 1...3 — ko3hHUIMEHT, YIUTHIBAOIIHMH MIEPOXOBATOCTH MMOPOTHOTO OOHAKE-
Hust; G — pacxon Bo3ayxa B BeipaboTke; [1 — mepumeTp BbipabOTKH; S, — MII0Maab
MOTEPEYHOT0 CEUECHHSI BRIPAOOTKHU.

Jlns1 3aKpenieHHON BBIpa0OTKU

K = 1
/K +8,/0) (8.9)

rae 0, — TONIIKUHA Kpenu; A, — KO3(PPHUIIHEHT TEIIIOMPOBOTHOCTH KPETIH.
I'nybun npomep3anus phIXJIbIX U CBSI3HBIX MOPOJ 3aBUCUT OT BPEMEHH U KO3(]-
(bUIKMEHT TeMIlepaTypONpPOBOJHOCTH MOPOIbI
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h = 2/at (8.10)

IIpu noozemnou evinnagke cepvl KOTMYECTBO TEIUIA JIJISl BBIILJIABICHUS CEPBI U3
CIUHUIIBI 00bEMa PYIbl 3aBHCUT OT TeMIepaTypsl miasienus cepol (T, = 119 °C),
yIeIbHON TeroThl miaBneHus cepbl (Lx49 k/[X/Kr), yaenbHON TEMIOEMKOCTH CEephbI
(c.=0,67...1,86 x/Ix/Kr rpam) u paccuuThiBaeTCs 1o Ghopmylie

Q =Ly, +c.y.(T, —Ty), (8.11)

rze Y. — 00beMHbIi Bec cephl; T( — Temmneparypa MaccuBa.

[Ipu noosemmoii easugukayuu yensa s CO3AAHME KaHajga TOPEHHS MEXIY
CKBa)KMHAMM UCIIOJB3YIOT SIBJICHUE TEILIOBOTO 3JIEKTPUYECKOro mpobos. I sToro B
CKBa)KMHBI OITYCKAIOT 3JEKTPOIbI U CO3JAI0T MEKY HUMU DJIEKTPUUECKOE HaIpsixKe-
HUe. BenwunHaa 3TOr0 HaNMpspDKEHUS 3aBUCHUT OT KO3(UIIMEHTa TETUIONPOBOTHOCTH
YTJIA.

Kpome Toro, TemnoBbie CBOWCTBA FOPHBIX MOPOJ HEOOXOJIUMBI IJI PacyeToB
MIPOIIECCOB CYIITKH TOPHOW MacChl, TEPMOOOPaOOTKM OPUKETOB, arJoMepanuu, 00xKu-
ra pya u T.In.

KoHTpoJbHBIE BOPOCHI

1. KakoBa BenmmuMHa reoTepMHUecKoi cryneHu 1is Jlonbacca?

2. llepeunciure u naite ompeneneHuss 0a30BBIM IapaMmeTpaM TEIUIOBBIX
CBOWCTB T'OPHBIX ITOPOJ.

3. Kakue wmeTompl NPUMEHSIOT Uil ONPEAEIEHUs IapaMeTPOB TEIUIOBBIX
CBOICTB rOPHBIX OPO]I B Ta0OPATOPHBIX YCIOBHIX?

4. YxaxuTe Mpolecchl TOPHOTO Jeia, KOTOPBIE 3aBUCIT OT MapaMeTPOB TEIJIO-
BBIX CBOMCTB I'OPHBIX ITOPO/I.
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9. THAPABJINYECKHE CBOVCTBA MHOPOJ
9.1. O0uIue cBeeHNs O BOJAE B TOPHBIX NMOPOAAX

['unpaBnuyeckre CBOWCTBA TOPHBIX MOPOJI XapaKTEPHU3YIOT COJEpKaHUE, Xa-
pakTep ABMKEHUS W B3aUMOJICUCTBHE C MUHEPAIBHBIM CKEJIETOM MOPOIBI MAXTHBIX
BO/I.

[TpuumHBL, 00yCIaBIWBAIONINE MOCTYIUIEHWE BOJBI B TOPHBIE BBIPAOOTKH,
OYCHb PA3HOOOpA3HBI, HO BCE KE B OCHOBHOM BOJIOOOMIILHOCTH MECTOPOKICHHUS
OTIPEIEIISAETCS JIUTOJIOTMIECKUM COCTAaBOM M YCIIOBUSMH 3aJIeTaHUSI TOPHBIX MOPOI.
["opHBIE TOPOIBI, CTATAIONINE BEPXHIO 000J0YKY 3eMIIH, BCEe 0€3 MCKITFOUECHHS 00-
Jaat0T TOW WM MHOM CTETEHbIO TOPUCTOCTH.

Hanuuue nop u TpeurH B mopoAax MpenonpenesseT BO3MOKHOCTh UX 3aI0JI-
HEHUs Pa3IMYHbIMU KUIKOCTSIMHU U ra3aMu. B pe3ynbrare mopoaa CTaHOBUTCS MHO-
roazHoil cpes1oil 1 CBOMCTBA €e HAYMHAIOT 3aBUCETh OT BCEr0 KOMILIEKCA BXOISAIIUX
B HEE€ KOMIIOHEHTOB U OT UX B3aUMOJICHCTBHUS.

Hauboinee yacTo ropHbie MOPOsl OBIBAIOT HACKIIIEHBI BOJIOM, KOTOpask MOXKET
coJiepKaThCsl B MOPOJax B pa3HOM BHJie. Pa3inuaioT XuMUYECKU CBSI3aHHYIO, (U3H-
YECKU CBSI3aHHYIO U CBOOOIHYIO BOJTY.

Xumuuecku césa3anHas BOAA HAPSY C IPYTUMH MOJIEKYJIaMU U MOHAMH BXOJUT
B COCTaB KPUCTAUIMYECKOW PEIIETKH MUHEPAIOB. Y JAaJ€HUE TAKOU BOJbBI IPUBOJIUT K
pa3pylIeHUIO MHUHEpaa, IPEBPAICHHUIO €T0 B IPYTroe - 0€3BOJHOE COCTUMHEHHE.

Ecnu Boa B KprCTaUIMUECKON PEIIETKE HAXOAUTCS B BUJIE MOJIEKYJI, TO TaKas
BOJa Ha3bIBAeTCsA KpuUcTAUM3annoHHOW. OHa XapakTepHa, HAmpuMep, Ui THIICa
(CaSO, - 2H,0), onana (Si0, - nH,0), kapramura (KCI - MgCl, - 6H,0) u MHOTHX
Ipyrux MuHepanoB. KpucramnusaloHHas BoJia, Kak MPaBWiIo, YIAISETCs U3 MOPOIbI
npu temneparype 200-600° C.

Bona, obpasyromasicst mpu HarpeBe He BXOJAIIUX B KPUCTAJUIMYECKYIO PEllIeT-
Ky ruapokcuabHbX noHoB (OH u H'), HaseiBaetcs koncmumyyuonnoi. OHA Xapak-
TepHa JJI1 TakuX MHHepanoB, kak Taimbk (Mg3(OH),S1,0,), Mamaxut
(Cuy(COs) (OH,), u xaomunut (Al, (OH), - Si,05). Temneparypa BbIICICHHUS KOH-
CTUTYLMOHHOM Boabl gocturaet 1300° C.

Hannure B mopoae XMMHUYECKH CBSI3AHHOW BOJIBI MPOSIBIISIETCST TOJBKO MPHU €€
HarpeBaHuu. OHa 00YCIOBIMBAET U3MEHEHNUE CBOWCTB MOPOBI MPU BBICOKHX TEMIIC-
paTtypax. brarogaps HapymeHHUI0 KPUCTAUTMYECKON PEIIETKH MUHEPAJIOB MPU BBIJIC-
JICHUU W3 HUX XUMHUYECKHU CBSI3AHHOW BOJBI MPOUCXOIUT OCIA0ICHUE U Pa3pyIICHHE
MOPO/I, a B PsJIE CIy4aeB UX YIPOUHEHUE (HAIPUMEp, TJIMHbI).

Du3uuecKku c8A3aHHAS 6004 TECHO COEAMHEHA MOJIEKYJISPHBIMHU CUJIaMH MPH-
TSOKEHUS C TBEPABIMHM YaCTULIAMU MOPOJIbI, 0OBOJIAKMBas UX B BUJE IJIeHKU. Ee ko-
JMYECTBO 3aBUCUT OT CMAuYUBAEMOCTH MOPO/I.

Cmauusaemocms — 3TO CIOCOOHOCTb TOPHOU MOPOJIbI MOKPHIBATHCS TUICHKOU
KUAKOCTU. Bennunna cMaurMBaHus TBEPAOM MOBEPXHOCTH KUAKOCTHIO XapaKTepU3y-
€TCsl KPAaeBbIM YTJIOM 0 MEXAY IJIOCKOCTHIO TBEPJIOTO Tejla U KacaTelbHOM K MOBEpX-
HOCTH KaIlIl, MPOBEACHHON U3 TOYKHU KaCaHUs KAl C TEJIOM.
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CMaunBaemMoCTh MOPOJ 3aBUCHUT OT UX A0COPOYUOHHOU CTTIOCOOHOCTH, T.€. CIIO-
COOHOCTH KOHIIGHTPUPOBaTh (aJcOpOMpPOBAaTH) HA CBOEH MOBEPXHOCTH MOJIEKYJIBI
KUIKOCTH 32 CUET BJEKTPOCTATHUECKOTO MPUTSKEHUS. BOJIbIIMHCTBO MOPOJ OTHO-
CUTCSl K XOPOIIIO CMauuBaeMbIM BOAOW (TUApOdUiIbHBIM). YacTUYHO MM MOJHOCTHIO
He cMaunBaeMbl (ruapodoOun) — cepa, yriu, OUTYMUHO3HBIC IECYAHUKA M HEKOTO-
pBI€ IpyTue MOPOJIbI.

AncopOumoHHasi cmiocoOHOCTh MOPOJ BO3PACTAET MPU HAIUYMU B HUX PACTBO-
PUMBIX COJICH, TIMHUCTBIX MUHEPAIOB (OCOOCHHO C Pa3IBIKHOW KPHCTATMICCKOM
PELIETKON — MOHTMOPHUJUUIOHUTOB), @ TAKXKE C YBEJIIMYEHUEM YJIEIBbHON MOBEPXHOCTH
TBepAo# ¢a3bl. B cBA3M C mociaenHMM HaOMI0aeTcsl yBENIWYEHHUE aICOPOIMOHHOM
CIIOCOOHOCTH C YMEHBIIICHHEM Pa3MepOB YACTHI] PHIXJION MOPOIbI M YBEIHUECHUEM UX
yIJI0BaTOCTH.

Qusuuecku (npouHo) césA3anHas BOJA HE IEPEMEIIAETCS B IOPOJAX, UMEET BbI-
COKYIO IUIOTHOCTH (0 1,74 - 10° kr/m’), Hu3Ky0 Temmeparypy 3amep3anus (-78°C),
MaJjible 3HAYEHHUS TEIUIOEMKOCTH, AUDJIEKTPUYECKON MPOHUIIAEMOCTH, 3JIEKTPOIPO-
BOJHOCTHU, HE sIBJsieTCsl pacTBoputesieM. OHa yJansieTcs: 3 Iopojbl TOJIbKO Harpena-
Huem go 105-110° C.

Ce0600Has 600a B MOPOJIaX MOXKET HAXOIUTHCS B BUJE KAWJUIAPHON BOJBI,
yAEPKUBAEMON B MEJKUX MOPOX CHJIAMH KaNWUISPHOTO MOJTHATHUSA, U B BUJE IPABU-
TallMOHHOW BOJIbI, 3aIOJHSIONIEH KPYMHBIC MOPHI U MEpPEABUTAIONICICS B MOPOJaX
MOJT ISHCTBUEM CHJI TSHKECTH WU JaBJICHUSI.

KosnuecTBO KanmmyisspHOM BOJIBI OLIEHUBAETCS MTAPAMETPOM KaIllWJIIAPHOM Bila-
roeMkocTH. [locnenHss 3aBUCHT OT CpeHErO pa3Mepa NOPOBBIX KaHAJIOB, MEPIIECH U~
KYJSIPHBIX K 3€pKaJTy TPYHTOBBIX BOJI B U3y4aeMOM O00OBEME.

B 3aBHCHMMOCTH OT MHHEpAJIbHOIO, TPAHYJIOMETPUYECKOr0 COCTaBa MOPOA U
(OpMBI YAaCTHI] COOTHOIIIEHNE KOJIMYECTBA PA3TUYHBIX BUIOB BOJIBI B IOPOJaX MOKET
ObITh pa3HbIM. Tak, mecku copep aT B OCHOBHOM I'PaBUTAIMOHHYIO BOJY, a TJIMHBI,
JECC U CYTJIMHKH — MOJIEKYJSIPHYIO U KanWUIsipHYt0. OTHOCUTENIBHOE COJIep KaHHe
nocienaHe B riauHax gocturaet 18-50%.

9.2. ITapameTpbl rTMAPABIMYECKHX CBOMCTB FOPHBIX MOPOJ]

KonmuecTBo ¢u3nyuecku CBsI3aHHOW BOJBI B MOPOAAX OIICHUBACTCS TOKa3aTe-
JSIMUA MaKCUMAJIbHOW TUTPOCKOTTMYHOCTH U MaKCUMAaJIbHON MOJIEKYJISIPHOW BJaroeM-
KOCTH.

MaxkcuMmanbHas euepocKonuyHocms, W, — HanbOJbIIIee KOJIMYECTBO BIAru, Ko-
TOpOE CTIOCOOHa aIcOpOMPOBATh HA CBOEH MOBEPXHOCTH FOPHAs MOPOa U3 BO3AyXa C
OTHOCHUTETHLHON BIAXKHOCTHI0O 94%. MakcuManbHass TUTPOCKOMUYHOCTh XapaKTepH-
3yeT acOPOIMOHHYIO CTIOCOOHOCTH TIOPOJI M MMOATOMY 3aBUCHUT OT TeX K€ (haKTOPOB,
9TO M MOCIETHSIS.

MounekynsipHasi, UM TUICHOYHAS 81d20eMKOCHb, W,, - KOJHMYECTBO BOJBI, yIep-
KUBAEMOW CHUJIAMH MOJICKYJISIPHOTO TIPUTSHKEHUS Ha TIOBEPXHOCTH YaCTHIL TOPOJIBI:

¢ (9.1)
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rae  m, — Macca BJIaXXHOTO o0pa3siia Mopoisl; m, — Macca o0pasiia Mopoibl, BHICY-
meHHoro npu temneparype 105-110°C.

3a cyeT HaNM4YUs B MOPOJIe CIad0 CBSI3aHHOM IMJIEHOYHON BOJBI W,, > W,, OTIIU-
YreM KOTOpOM OT pu3nyecku (IpOYHO) CBA3AHHOM BOJIbI SBIISIETCS] CIIOCOOHOCTD Tie-
PEABUIaThCS MO IEUCTBUEM MOJIEKYJISIPHBIX CHII.

Jlns xBapueBbix yactuil pazmepom 0,140,05 mm w,, cocrasmsier 0,02%, pa3me-
poMm meHee 0,001mMm — 0,86%. OnHaKo OCHOBHYIO pOJIb UTPAET MUHEPAIbHBIN COCTaB
nopoz. [Ipu Tom xe pazmepe yactuil (MeHb1Ie 1 MK) w,, anbOuta paBHa 8,1%, mumo-
HutTa — 23% u 6uotuta — 48%.

B cBs31 ¢ 3TUM KBaplEBbIE MIECKU, HAIPUMED, COJAEPKAT HAUMEHBIIEE KOJINYe-
CTBO CBs3aHHOU BOJIbI — 0,24%, B TO Bpemst Kak Ji€cchl — 5,2%, rmunsl — 10...30%.

Bnaxkupie mopojibl 00y1a1atl0T CIOCOOHOCTBIO HM30MpPATENBHO aJIcOpPOMpPOBAThH
HapsAy C BOJIOM MOHBI M3 HACBIIIAIOLIETO MOPOAY PAcTBOPA, T.€. NOJAHOCOPOYUOHHOLL
CIOCOOHOCTBIO. DTO SIBJICHUE BAXKHO MIPH M3YUYEHUHU DICKTPOXUMHUYCCKUX PEAKIINH B
MOPOJIax, ANEKTPONPOBOHOCTU U FJEKTPUUECKUX TOJIEH B MaCCUBAX.

MaxkcuManbHOE KOIUYECTBO CBA3aHHOM, KaIMJUISIPHOM U TPABUTALMOHHOW BO-
JIbI, KOTOPO€ CIOCOOHA BMECTUTH MOPOJIA, XapaAKTEPUIYETCS €€ MOJTHOUN BIIaroeMKO-
CTBIO (MaccoBOM U 0OBEMHOM ).

Maccosas nonnas enazoemxkocms

Wp =——— (9.2)

00vbeMHAs NOHASL 8/1A20EMKOCb

V)K

n.o6 — 77 (93)

rjae  m, — Macca Iopojibl, MAKCUMaJIbHO HACKIIIICHHON BOAOM; V, — 00BEM BOJIHI,

w ml’l B mC
3anosHstoen nopoay (V,. =——=); V — 00beM MOPOIbI.
yo,

e
OObeMHasi BJIarOEMKOCTH CBSI3aHA C MAacCOBOM ITOCPEICTBOM CIEIYOIICH
bopmyIibl

P
p b

Whnoo = Wn *

9.4)

rie p, — IUVIOTHOCTb BOJBI;, p — 00BEMHAsE Macca HOPOIbI.

ITo BenmunHe 0ObEMHAs MOJIHAS BJIArOEMKOCTh IPUMEPHO paBHA MOPUCTOCTU
noposl. Eciny nopsl B mopoAax He UMEIOT CBOOOIHOIO COOOILIEHHS APYT C IPYroM,
TO B HUX MOXKET OCTaThCsl HEKOTOPOE KOJIMYECTBO 3aILEMIICHHBIX I'a30B WIH BO3AyXa
Jlake IPHU MOJIHOM HACBIIIEHUH opox Bogou. Torna w, ., < P.



146

WNHorna Boja cnocoOHa NPOHUKHYTh MEXIY MaKeTaMu KPUCTAUIMYECKUX pe-
IIETOK HEKOTOPHIX MUHEPAIOB (MOHTMOPHJLIOHUT, BEPMUKYIHT, Tajutya3ut). Toraa

HaOmomaercss w,, > P.

I[H?I XapaKTCPUCTUKU TTOPOAbI B CCTCCTBCHHOM COCTOSHHU ITOJIB3YIOTCA ITapa-
MCTpOM ecmecmeeHtol Gl1ANCHOCMU W, , paBHbIM OTHOCHUTCJIIbHOMY KOJHNYCCTBY BO-

JIbI, COZIEpIKaIlENCs B IOPOAAaX B IPUPOAHBIX YCIOBUAX, U KOG Duyuenmom 6000Ha-
coluyerus Ky, yKa3blBalOIIMM Ha CTENIEHb HACBILLIEHUS TOPOIbI BOJIOM

kBH = _e, (95)

Ecmn w, 3ameHHTD W a w, IOPHUCTOCTBIO P, TO K03(p(pULMEHT BOJOHA-

n.oa >
ChIIICHUSI OyJIeT XapaKTepHu30BaTh CTEIIEHh MaKCUMAJIbHO BO3MOYKHOT'O 3arOJHEHHUS
MIEPOBOTO MPOCTPAHCTBA BOJIOM.

W3Bneub BCIO BOAY W3 YBJIAKHEHHOW TOPOJBI MEXaHWYECKHMH CPEIACTBAMHU
HEBO3MOXKHO. [Ipu m000M MEXaHHMYECKOM BO3JIEHCTBUH B TIOPOJE OCTaeTcs (pusnde-
CKH CBSI3aHHAsl Boja. Bechma TpyJaHO OTHAIOT BOAY JECCHI, TIIMHBI, OYCHb MEIIKHE
necku (TUTBIBYHBI), TaK KaK MMEHHO B HHUX MMEETCS OOJIBIION MPOIEHT (pu3nyecku
CBSI3aHHOM, BO/Ibl. CITIOCOOHOCTH MOPOJIbI OT/IABATh BOJlY MO MEXaHUUYECKUM BO3JIEH-
CTBHEM U MOJ ICUCTBUEM CHJI TPaBUTALIMM XapaKTEPU3yeTcs godoomoauell &,

E=w, —-w, (9.6)

Takum oOpazoM, dem OoJibllie MOJEKYJISpHAs BJIArOEMKOCTh MOPOJA, TEM
MEHbIIIE UX KO3(PPUIUEHT BOAOOTAAUH.

BenuuuHa BOJOOTAAYM 3aBHCHUT OT pa3MepoOB YacTHI], 00pa3yoImUX MOpOY,
BEJTMYMHBI M B3aUMHOTO pacrnoioxkeHus: nop. Crnabasi BogooTaaya Mopoj; 0OBIYHO
CHIKAET MPOU3BOAMUTEIBHOCTh MEXAHWYECKONM M TUAPABIMYECKOW pa3pabOTKH IMO-
PO, 3aTPyIHSAET OCYIIEHWE MECTOPOXKACHUS, TPAHCIIOPTUPOBAHUE U APOOIECHUE TO0-
JIE3HOT0 UCKOIaeMOrO.

B npupoze kpoMe BOAbI B MOPOJaX BCTPEUAIOTCS TaKKe HEPTh U ra3pl. Xapak-
TEp pacmlpezesieHusi B opax BOAbI, HEPTHU U Ta3a Mpeaonpenensier MHOTue Gpusznye-
CKHE CBOMCTBA 3THX MOpPOJ, B YACTHOCTH, OYEHb CHJIbHO CKa3bIBAETCSI HA MX JJIEK-
TPUYECKOM COIPOTHBIICHHH.

B o6mem cnydae B He(dTEBOJOTa30HACHIIIEHHBIX MOPOAAX CyMMa O0BEMOB
He(Tu Vy, raza V; u Bosbl V; paBHa 00BbEMY NMEPOBOT0O MPOCTPAHCTBA MOPOI V,, ciie-
JIOBATEIIbHO

+t—+o5 =1 9.7)

Otnomenus V,/V,, V./V,, V,/V, Ha3pIBalOTCSI OTHOCUTEIbHBIMH KO3 DUITH-

CHTaMH COOTBCTCTBCHHO HC(bTCHaCBIHlCHI/I}I kH ra3oHaChIIICHU A kr N BOOOHACBIIICHUA
K.
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Jlo cux mop paccMaTpuBajoCh TOJIBKO coaepxanue (iaouaos B nopoaax. Ox-
HAKO JKUJKOCTH M Ta3bl CIIOCOOHBI MTEPEMEAThCs TI0 TOPOBBIM KaHAJIaM U TPEIIMHAM
nopoibl. CBOMCTBO MOPOJABI MPOMYCKAaTh CKBO3b CeOsl ()IIFOHIIBI HA3BIBACTCS €€ Npo-
HUYaemMoCmwio.

[Iponutiaemocts ObiBaeT (usnueckas (adcomroTHas) U (azoBas (3QPEeKTUB-
Has).

Dusuueckas npoHUYaemMocms — 3TO TPOHUIIAEMOCTh B Ciydae (QUIbTpaIluu
4yepe3 MOpPOay OJHOPOTHOM >KUIAKOCTH WU ra3a. Paszoeas npoHuyaemocms — 3TO
CIIOCOOHOCTBH TOPOJ, HACBHIIICHHBIX HEOJHOPOJHON >KUAKOCTHIO, MPOIMyCKaTh OT-
JIENBbHO ee (pasbl.

YucneHHO BeMTWYHHA MPOHHUIIAEMOCTH OIHMCHIBACTCS KOIDDuyueHmom npoHu-
yaemocmu Ky, BBIBOJUMBIM U3 ypaBHeHHs JlapcH, COrIacHO KOTOPOMY KOJIMYECTBO
xuakoctu Q, mporreamniei yepe3 oOpaser] MOpobl, BEIpaXKaeTcs cleAyomuM o0pa-
30M

APSt
=22k
Q Am K (9.8)

riae S — miomaak MonepevyHoro ceYeHus oopasia, Mz; t — Bpems GUIbTpaIINH, C;
AP — mepenan naBnenuit Ha mytu puasTpauuu Al; I1a; n — BSI3KOCTh XKHIKOCTH,
Ila - c.

N3 dopmyel (9.8) umeem

QAl
_ om, 9.9
" SAPt N ©9)

Pa3zMepHoCcTh KO3 duIieHTa TPOHUITAEMOCTH — M. [IpakTHyeckon eauHuIIeH
HU3MEPEHUS NMPOHUIIAEMOCTH sBJIsgeTcs aapcu ([]) — BenuyrHa TpOHUITAEMOCTH, TIPH-
cymias o0pasiy mopojsl Iomaabo 1 cM’, nHoi 1 oM, yepe3 KOTOPBIN MpH JaBiie-
Hun 9,8 - 10* Ia npoxoauT B 1 ¢ 1 oM’ JKUJKOCTH BA3KOCTBIO 10° Ia - c. [Ipu sToM
11=1,02 10" ",

B mpakTuke ropHOTO MPOU3BOACTBA MIMPOKOE PACITPOCTPAHEHUE TTOTYIHII JIPY-
roil mapamerp — koagpuyuenm gunompayuu k. IlpakTudyecku oH MpeacTaBiseT co-
00l CKOPOCTh (PHIIBTPAIINY Ta3a WM KUJIKOCTU YePe3 TTOPOJIbI

Q

= (9.10)

Kg

Koaddunuent Gpunprpanuu ky He yInTHIBAET BAMAHUE HAIIOPA IUIACTOBBIX BOJL
U HMX BA3KOCTH Ha M3MEHEHHE KOJMYECTBA (uibTpyromieics Boasl. CpaBHeHue kg u
k, moKa3bIBaeT, 4TO MEXKIY HUMH B CiIydae (DUIBTPALMH BOJBI CYLIECTBYET CIEIYIO-
1Iee COOTHOIIICHUE:

1 JI=1 cm/c = 864 M/CyT.
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B 3aBucumocTtu ot 3Ha4YeHUS KO3 dUIMeHTa (PHIBTpAIiiy MOPOABI TOApa3Ie-
naroTess Ha Bopoynopssle (ki < 0,1 mM/cyt), cmabonponunaemeie (0,1 < k4 < 10),
cpenrenponunaemsle (10 <k, < 500) u nerkonponunaemsie (kg > 1000 M/cyT).

Koagpguyuenm mpewunnoni nponuyaemocmu Ky, MOKET OBITh PACCUUTAH IO

bopmyie

—4 2
knp.T = 8945 -10 -b P (911)

T

rae b — BenMuMHA pacKphITUS TPEUIUH, M; P, — TpeIUHHAS TOPUCTOCTh. Tak Kak
PAaCKpBITHE TPELIHH 00bIYHO GbiBaeT mopsiaka (14...15)-10° M, To knp_T_=1,66-IO'13 P..

CrnoucThIM MOpPOAaM MPUCYILIA AHU3OTPOIHS BOJAOIMPOHUIIAEMOCTHU: MPOHHIIAE-
MOCTb BJIOJIb HAIIACTOBaHUS OOJIbIIE, YeM MEPIICHINKYISIPHO K HEMY.

Ha Bo#OmpOHUIIaeMOCTh PBIXJIBIX MOPOJ BIMIET TaKKe UX MUHEPAJIbHBIA CO-
cTaB. MuHEpaAJIBI ¢ XOPOIIO BBIPAKEHHON CITAWHOCTBIO MPOIYCKAOT BOAY JOBOJIBHO
cnabo, Tak KaKk B HUX MPHU MPOYUX PABHBIX YCIOBHSIX OOpPa3ylOTCs MOPHI MEHBIIUX
pa3MepoB, YeM B MHUHEpasiax, He 00JaJaloluX CMaiHOCTHIO U XOPOIIO CKaTaHHBIX.
Bona nyumie mpoxoauT depe3 MOpOIbI, CIOXKEHHBIE MHHEpATaMU, O0JIaJalolIiMU
XOpoIleld CMauyuBaeMOCTBIO.

B ciyyae uupkynsiiuu ra3zoB B MOPOJIax MOJIb3YIOTCS MOHSITHEM Ta30IPOHUIIA-
€MOCTH MOPOJ; PU3nYecKasi CYIIHOCTb Ta30MPOHUIIAEMOCTH MMOJ00HA BOJIOIPOHMIIA-
€MOCTH.

Kosdduimentsl nmponuiiaeMoctd U GUiIbTpALMKA OMPENETAIOT KaK B Jiabopa-
TOPHBIX YCJIOBUSX Ha oOpasuax, Tak M B HaTypHBIX ycnoBusx. Kak mpasuio, kg,
oTpezieNieHHbIN Ha 00pa3iie B 1abOpPaTOPHBIX YCIOBUAX, MOXKET Ha HECKOJIBKO TOPSI-
KOB OTJINYATbCS OT NEHCTBUTEIBHOIO Kod(pduuueHra k; mMaccusa, MOITOMY 4Halle
BCErO I pacueTOB UCIONIB3YIOT BEIUUUHY K, yCTAHOBIEHHYIO B IOJIEBBIX yCIOBU-
AX MyTEM OIBITHONW OTKAa4YKW BOJBI M3 KAKOW-THOO HEHTPaJbHOW CKBaXHHBI, OKOJIO
KOTOpO¥ TPOOypeHbI HAOIFO1aTeTbHBIE CKBAKUHBI.

[Tpu 3TOM 117151 O€3HAMOPHBIX BOA

kg = 24 9.12
® " 2H-S,-8S,’ ©-12)
JJIA HaHOpHBIX BO/I
K, = A, (9.13)
® " h
Trac
0,365-Q-(dgx, —lgx
A= Q- dgx, gX;) (9.14)

S1 -8, ,
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H — BrIicoTa cTonba BOJbI OT ITOYBBI BOJJOHOCHOTO IIJIACTa A0 YPOBHA €€ B CKBAKMHC
J0 OTKaYNBaHMUA, Sl )41 Sz — IIOHHW)KCHHUC YPOBHA BOJAbBI COOTBCTCTBCHHO B HCpBOﬁ )41
BTOpOﬁ CKBA)XHUHC, h - MOIDIHOCTH BOOJOHOCHOI'O IlJIaCTa, Q — pacxod BOAbI IIpU OTKA-
YNBAaHHHU U3 HCHTpaHLHOﬁ CKBaXHHBI, X1 U X — PACCTOAHHUC COOTBCTCTBCHHO OT IICP-
BOU U BTOpOﬁ H&6JII-OI[3TCJ'IBHOI>1 CKBa’>XHWHBI 1O OCHU HCHTpaHLHOﬁ CKBa)XUHBI.

9.3. Bo3aeiicTBueE *KUIKOCTH HA TOPHbIE MOPO/bI

Bo3znaeiicTBue KUAKOCTH Ha TOPHYIO MOPOAY MOXET OBITh TUHAMHYECKUM U
CTaTHUYECKUM. JuHamuueckoe BO3JCHCTBHE MPUBOAUT K MEXaHHMUECKOMY paspylie-
HUIO U MIEPEMEILIEHUI0 TOPHBIX TOPOJI, crmamuyeckoe — K HabyXaHHIo, pa3MArdeHUI0
U PaCTBOPEHUIO MOPO/I.

Habyxanue — 310 ciOCOOHOCTH MOPOBl YBETUYUTH CBOM 00OBEM MPH HACHIIIE-
HUU BoJIoM. OHO XapakTepu3yeTcsi Kosgguyuenmom nabyxanus k,, paBHBIM OTHO-
HICHUIO 00beMa HaOyX1el opoibl Vy, K €€ IepBOHaYaIbHOMY 00beMy V

V.,
=—2>1
"y, (9.15)

k

HabyxaHue npoucxoauT B pe3yibTaTe MPOHUKHOBEHUS BOJIBI MEXKY MMaKeTaMu
KPUCTAJUIMYECKUX PEIIeTOK MUHepasnoB. HaOyxaHue TOpHBIX MOPOJ OTPUIATEIBHO
CKa3bIBACTCS KAK B MOA3EMHBIX, TaK U B OTKPBITBIX TOPHBIX BBIPAOOTKAX: OHO BEJIET K
ux nedopmanuu, pa3pyuieHuIo Kpenu U T. 1.

VYBIIa)XHEHUE MOPOJ CHUKAET UX MPOYHOCTh. 3HAUUTEIIBHO CHUKAETCA MPOY-
HOCTh TOPHBIX MOPOJI IPU PACTBOPEHUH B COJEPKAILEHCS B HUX BOJIE aJcOpOUpPYIO-
HIMXCSI TOBEPXHOCTHO-aKTUBHBIX BEIIECTB, TAK HA3bIBAEMBIX NOHU3UMENEL MBePOO-
cmu. I1OABUKHOCTB BOJIBI B 3TOM CIIy4ae BO3pPAaCTaeT, OHA IPOHUKAET B CAMbIE MEJ-
KHE TPELIMHbI, BOZHUKAIOIIUE MMPU MEXaHUYECKOM BO3JECHCTBUU Ha MOPONY, BCIEH-
CTBHE YEro TPEIIMHbI HE MOTYT MOJHOCTBIO 3aKphIBaThCA. B pe3ynbTare KOIM4ecTBO
PACKPBITHIX TPELIMH CHIIBHO YBEIMYHUBAETCS, a IPOYHOCTH MOPObI — MOHUKAETCH.

YMeHbIIeHHe MPOYHOCTH MPH BOJOHACHIIICHUN XapaKTepu3yeTcs: K03 Puiim-

€HTOM pa3sMOKaeMOCTH M”, BBIpaXKaIOIIMM OTHOILEHHE IIPeJeiia MPOUYHOCTH Ha CKa-
THE G, BOJOHACHIIICHHON MOPOIbI K MPEeTy IPOYHOCTH €€ Ggw JI0 HACBIIICHUSI
BOJOH

n =—"<1 (9.16)

Koaddunment pazmokaeMoctu ci1aboycTOMUMBBIX mopoj cocTasiser 0,75 u
MeHblie. Hanbosee noaBep:KeHbl pa3MOKaHUIO 0CAI0YHBIE TTOPOJIBI.

Koaddumuent pa3smokaeMOCTH M3BECTHSIKOB HAXOJIWUTCA B  Mpejenax
0,15...0,50, rmuanCTHIX necyanukoB — 110 0,45.
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HawnOoiiee cCMIIBHO pa3MOKAlOT YIVIM M TOPHBIE OPOABI B JBHKYIIEMCS TOTOKE
KUIKOCTH, IIOCKOJIbKY OH MHTEHCHBHO BBIMBIBAET M BBIHOCUT MEJIKHME YACTHUYKH I10-
ponbl. Cnabo pa3MOKarOT MEJIKONOPUCTBIE KBApLEBbIE NMECUAHUKU M IIOYTH HE pas-
MOKAIOT U3BEPKEHHBIE TIOPOJIBI.

Boga MoxeT pacTBOpSATh HEKOTOPBIE TOPHBIE MOPO/IbI, XOTS OOBIYHO OHU MAJIo
pacTBOpUMBI WM HepacTBOpUMBbI. HanOosblieil pacTBOPUMOCTBIO 00JIaJal0T JIMLIb
HEKOTOpbIE BUJIbI aHTMApraa U runca. K manopacTBOpUMBIM OPOIaM OTHOCSTCS U3-
BECTHSKH U JIOJIOMUTBHI.

Marmatnyeckue U MeTaMOppUUECKHE MOPOJIbI MOKHO CUHTATh MPAKTHUECKU
HepacTBOpUMbIMU. Kak M pa3MoKaeMOCTh, pACTBOPUMOCTb TOPHBIX MOPOJ MPOTEKAET
HanboJiee MHTEHCUBHO B JABMXKYIIEMCS NMOTOKE KUAKOCTH, OCOOCHHO B BOJHBIX pac-
TBOpaXxX Pa3IMYHbIX KUCJIOT, MOCKOJBKY IPU 3TOM HapsAAy C XUMUYECKUM IPOUCXO-
IUT U (pU3NYECKOe PaCTBOPEHUE MyTEM BBHIMBIBAHMS YACTHUEK U OOHa)KEHHUS HOBBIX
IIOBEPXHOCTEHN, KOHTAKTUPYIOIIHUX C PACTBOPOM.

['mapaBnuyeckre CBOMCTBA TOPHBIX NOPOJ TAK)KE 3aBUCAT OT BHEIIHUX (aKTO-
poB. IloBeIlIEHHE TeMIIEpaTypbl CHUXKAET BA3ZKOCTb KUIAKOCTEH, a MPOHULAEMOCThb
IIOPOJ, IIPX TOM COOTBETCTBEHHO BO3PACTACT.

Crenenp HaOyXxaHMsI TJIMHMCTBIX TOPHBIX HOPOJ C IOBBIILICHUEM JABJICHUS
YBEJIMYMBACTCS, 4 C IOBBIIICHUEM TeMIlepaTypbl — HOHMKaerca. C IOBBIIIEHHEM
TEMIEPATYpPbl BOJA MEPEXOAUT B MAapOOOpPA3HOE COCTOSIHUE, a C MOHMKEHUEM — B
TBepaoe. COOTBETCTBEHHO 3TOMY M3MEHSIOTCS BCE (PM3MUYECKHE CBOWCTBAa TOPHOM
OPOBI.

9.4. OnpenesieHue rUAPABINYECKUX MIAPAMETPOB FOPHBIX MOPOJ

HccnenoBanue ruIpaBInyeCcKUX CBOMCTB TOPHBIX MOPOJ OCHOBAHO Ha CpaBHE-
HUU Macc 00pa3loB ¢ pa3IMYHBIMU CTENEHSIMU yBIaXHEeHUs. Bojo - u razonponuna-
€MOCTh 00pa3lloB TOPHBIX MOPOJI OMPEACNA0T Tak. Yepes oOpaszel Moj aBlieHUEM
MPOIYCKAIOT BOAY MM Ta3. M3MepsaroT pacxoa BoJbl (ra3a) U nepemnaj AaBJieHH, a
3ateM 1o Gopmyne Jlapcu BHIYUCISIIOT TPOHUIIAEMOCTh 00pa3Iia.

Pacmeopumocms TOpHOU MOPOIBI OMpPENENsIOT MO MOoTepe Macchl o0pasiia,
MOJIBEPTHYTOr0 JUIMTEILHOMY BO3JIEUCTBHIO BOJIbI MJIM pacTBOpa. B mpupomHbIx
yCIOBUSIX KOI(PPUIUMEHT (UIBTpaIlMi TOPHBIX MOPOJ ONPEACISIOT MO KOJUYECTBY
BOJIbI, OTKAYaHHOM M3 CKBAXKWUH WJIM TOPHBIX BHIPAOOTOK. DTO MO3BOJISIET YCTAHOBUTD
BOJOIIPUTOK B €IMHUILY BPEMEHHU. 3Has IUIONIa/lb CKBAXKUHBI, YEPE3 KOTOPYIO MOCTY-
nmaeT BOJa, W IMepemnaja AaBICHUN, ONmpenessitoT KodhPUIUeHT QuibTpanuu ropHOU
OPOBI.

BiaxxHocTh 00pa3ia ropHOM MOPOJbI ONPENEAIOT IO PA3HOCTH MTEPBOHAYAIIb-
HOM Macchl 00pasia u mocje BeicymuBaHus ero mpu temmeparype 100-110 °C. Bna-
TOEMKOCTh TOPHOHM MOPOJIbI OMPENENsIOT Tak: 0Opaszel] MOMENAloT B CYIIUJIbHBIN
mkadg u BeicymuBaroT npu temneparype 100-110 °C, nocne yero B3BelIMBAIOT. 3a-
TEM B aBTOKJIABE IO/ BAaKyyMOM €ro HACHIIIAIOT BOJON M OmsATh B3BewIMBaroT. [1o
PA3HOCTU Macc CyXOro M HacChIIIEHHOTO BOAOW 00paslia OmpeaessioT BIaroeMKOCTb
TOPHOU MOPOJIBI.
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9.5. UcnoJib30BaHue I'MApPaBJINYCCKUX CBOMCTB TOPHBLIX NOPOX AJIsA
Aerasanuu yroJbHbIX INIACTOB, ocJ1a0JIeHusl 1 YIHPOIHECHHUS IMMOPOI

Hanuuue B mopojax *UAKOCTEH W ra3oB, UX CIIOCOOHOCTbH MEepeMeIaThCs U3
OJIHOTO MECTa B JPYroe OKa3bIBAIOT OOJIBIIOE BIUSHUE HA MHOTHE TEXHOJOTHMUYECKHE
IPOLIECCHl TOPHOTO MPOU3BOJICTBA MPU Pa3pabOTKE MECTOPOXKICHUMN, HAUYMHAS C MPO-
U3BOJIUTEILHOCTH OYPOBBIX, TOOBIYHBIX, TOTPY30UHBIX, TPAHCTIOPTHBIX MEXaHU3MOB
¥ KOHYasi COCTOSTHHEM U TOJJIEP)KaHNEM BhIPAOOTOK, OYMCTHOTO MPOCTPAHCTBA, OT-
BaJIOB U T. 1. B OOJNBIIMHCTBE CIy4yaeB CUJIbHAS BOJAOHACHIIIICHHOCTh TOPHBIX MOPOJ
MPUBOJNUT K CHIDKCHHUIO MPOU3BOAUTEIBHOCTH TpyAa (YXYyIIIEHNUE yYCIOBUHU PAOOTHI,
MPWIAIIAHAE TTOPOJBI K MEXaHWU3MaM) W 3aTPYJHCHUIO TMOJICPKAHUS BBIPAOOTOK H
OTBAJIOB.

[ToaTOMy HCHONB30BaHWE TUAPABIMYECKAX W Ta30JUHAMUYECKUX CBOWCTB
TOPHBIX MOPOJIa B pacueTax COBEPIICHHO He0OX0oauMo. PacueTsl Mo ocylieHuo me-
CTOPOXKJICHUM U COOPYKEHUIO BOJOOTINBA, M0 YCTOMYMBOCTH OOPTOB Kapbepa U OT-
KOCOB OTBaJla OCHOBBIBAIOTCSI HA €CTECTBEHHOM BIAXHOCTHU MOPOA, UX Kodhduiren-
Tax (QUIbTpallly, BOAOOTAAYU, BIArOEMKOCTH. bojbiias MoJjekymispHas BiIaroem-
KOCTh M Majasi BOJIOOT/Iaya TOPHBIX MOPOA TPEOYIOT JIEKTPUUECKHX METOJIOB OCY-
HICHUS.

["a3onpoHuIIaeMOCTh U Ta300Ta4a YYUTHIBAIOTCS MPU pa3pab0TKe OMACHBIX 110
ra3y yrojJbHbIX MECTOPOKICHHUM ISl OCYIIECTBICHUS MEPOIIPUATHI 0 OOpBOE C ra-
30BBIJICJICHUEM B IIIaXTax C BHE3aIHBIMU BBIOpOCaMHU yIJisl U ra3oB. ['azonmpoHunae-
MOCTb IOPOJI YYUTHIBAETCS B UCCIIEIOBAHUIX IO B3PHIBAEMOCTH MACCUBOB.

[MunpaBnuyeckrue U ra3oJMHAMUYECKHAE CBOWCTBA BMEMIAIONTUX MTOPOJ MPUOO-
PETAIOT PELIAOIIYI0 POJIb B TOM CiIydae, KOrJa U3BJIEKAEMOE IMOJE3HOE HCKONIAeMOe
HaXOJUTCSl B KUJKOM HWJIM ra3000pa3HOM COCTOSIHUMU. Paznuuusi B THUAPABIMYECKUX
CBOWCTBAax IMOPOJ HCMOJB3YIOTCA B MPOLECCAX UX CeleKUud. Tak, Ha pa3InyHON
CMayMBaeMOCTH MHUHEPAJIOB OCHOBAaH HauOoJee MUPOKO IPUMEHSIEMBIN B HACTOSIIIECE
BpeMsi METO/] 00OTalEHUS TTOJIE3HBIX UCKOMAEMbIX — (hI0TaLHs.

Bropast o0nacTh MCHOJIb30BaHUSI THAPABIMYECKUX CBONCTB TOPHBIX MOPOA —
ATO MPUMEHEHUE THUIPABINYECKOTO BO3AECHCTBHUS HA MOPOJIbI C IEIBIO COBEPUICH-
CTBOBaHHUSI TEXHOJOTUU UX N0ObIBaHUS. [ 'MapaBinueckoe BO3JEHCTBHE MOXKET IMpH-
BECTU K OCJIa0JICHUIO, pa3pylICHUIO WIM YIPOYHEHUIO0 mopoA. JmHaMuyeckoe BO3-
JIEHCTBUE BOJIBI HA TOPHBIC TOPOJBI MCIIONB3YEeTCS TakkKe NSl ycwieHus dddexra
pa3pylIeHus MOpoJ B3pbIBaHWEM. B TOpPHOM J1eJ1e MCMOJIb3YETCSl TUMHAMHYECKOE BO3-
JICVCTBHE HE TOJBKO BOJbI, HO M Ta30B. B KauecTBe npumepa MOXKHO IMPUBECTH
OOBIYHBIN B3PBIB, MMPH KOTOPOM Ta3bl Pa3PBIXJISIOT yroyib. J[sl pa3phIxJieHHs YIS
WCIIOJIB3YETCS TAKXKE CHKATHIA BO3YX.

JIOBOJIbHO MIMPOKO HA IMIAaXTaX MPUMEHSIOT OCiabjieHue yriisi HarHeTaHWeM B
IJIACT BOABI MO JaBieHUEM. [Ipu 3TOM Hapsay ¢ MEXaHMYECKUM BO3IEHCTBUEM BO-
Il YCUJIMBAETCS BIUSHUE HEKOTOPBIX TUAPABINYECKUX CBOMCTB — BOJIOIPOHUIIAEMO-
CTH, CMAYMBAaE€MOCTH, BJIArOEMKOCTH, pa3MokaeMocT yrieil. [logoOusiit Metoa, oc-
HOBAaHHBIA HA Pa3MOKAHUHU FOPHBIX IMOPOJ U, CIEI0BATEIbHO, CHU)KEHUN X TIPOYHO-
CTH, YaCTO MPUMEHSIOT Ha OTKPBITHIX pa3paboTKax.

SIBneHus pazMokaHusi, afcOpOLMU, YACTUYHOTO PACTBOPEHUSI TOPHBIX MOPO]L
UCIIOJIB3YIOT ISl OCNA0JIeHUsl MOCJEIHUX MPU MEXaHUYECKOM OYpEeHHUU CKBaKHH.
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OOpatsbiit 3hPexT — ynpodHeHUe MOPO] THAPABINYECKUM CIIOCOOOM — TOJydaroT,
HarHeTasl B HUX Pa3JIMYHbIE PACTBOPHI: IIEMEHTA, THIPOressi, KPeMHUEBON KUCIIOTHI,
outyma 1 T.1. YaCTUYKH 3THUX BEIIECTB, aICOPOUPYACH HA BHYTPEHHEW MOBEPXHOCTH
TPELINH U MOP TOPHBIX MOPO/I, 3aKyIIOPUBAIOT UX, IEMEHTUPYIOT 3€pHA U MOBBILIAIOT
OOIIyI0 MPOYHOCTh MOPOABI, CHHXKAIOT €€ BOJONPOHUIaeMOCTh. ClieZ0BaTENbHO,
YIIPOYHEHHE MOPOJI 3aBUCUT OT €€ THAPABINYECKIX CBOMCTB — BOJAOIPOHHUIIAEMOCTH,
MOHOCOPOIIMOHHON CITOCOOHOCTH M T.J. YTNPOYHEHHUIO MOJABEPTaloT OOBIYHO CTEHKU
BBIPa0OTOK, OTKOCHI OTBAJIOB MJIM KapbEPOB.

Yto6s! 3 (PEeKTUBHO HCTIONB30BATh TE€OTEXHUUECKUE METOJBI pa3padOTKU Me-
CTOPOXKICHHM, KPOME PACTBOPUMOCTU TOPHBIE MOPOBI JOJKHBI 001a1aTh XOPOIIeH
npoHUIaeMoCThI0. Ee yBennunBaoT pa3nuyHbpIMU criocobamu: ApoOIeHHEM MacCHuBa
B3pbIBaMH, 00pa30BaHUEM TPEUIMH METOA0M THIPABINYECKOTO pa3phiBa U T.J.

Jlis yaaneHusi ra30B B MOJ3EMHBIX YCJIOBUAX MPOBOSAT JAeraszaluio (mpeasa-
PHUTETBHYIO OTKAauKy rasa) miacTtoB. Jlerazanus tem >dexTrBHEe, 4eM OoJblie ra-
30IPOHMIIAEMOCTh TIacToB. [loaTomMy 1enecoobpa3Ho yBeIHMUNBATH MPOHUIIAEMOCTb
HOPOJ] HATHETAaHUEM B TUIACTHI YIS BOABI C LENbIO CO3AaHUS PACKPBITHIX TPEILIUH.

XuMHuueckoil 00paboTKOM MOBEPXHOCTH YACTHYEK MOPOJbI JOOMBAIOTCS YBe-
JWYEHUS] UM YMEHBUICHUS CMAauMBaeMOCTH Pa3IMUHBIX MUHEPAJIOB.

KoHTpoJibHBIE BOPOCHI

1. [lepeuncnure BUIBI BOABI B TOPHBIX TOPOAAX?

2. [lepeuncanTte mapamMeTpsl, XapaKTepU3yroIne GU3nuecku CBI3aHHYIO BOIY?

3. JlaiiTe onpeaeneHne eCTECTBEHHON BJIaXKHOCTH TOPHOM OPOABI?

4. B ueM mposBIIAETCS CTaTUYECKOE M JTMHAMHUYECKOE BO3JEHCTBHE BOJbI Ha
TOPHOE MOPOIbI?

5. I'e npuMeHSI0T yMEHUE THAPABINYECKUX CBOMCTB B IIPAKTUKE TOPHOTO Jie-
na?
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10. TA3OJJUHAMUYECKHUE CBOMCTBA T'OPHBIX IOPO ]

CBoiicTBa TOPHBIX TMOPOJ, KOTOPBIE XapaKTEPU3YIOT COJIepKaHUE, XapaKTep
JBUKEHHUS U B3aMMOJICUCTBUE C MUHEPAJIbHBIM CKEJIETOM MOPObl Pa3IUYHbIX ra30B
HA3bIBAIOTCS T'a30/IMHAMUYECKUMU.

[To renesucy (MPOUCXOKACHUIO) COAEPKALIUECS B OCaJOYHOM TOPHOM MacCH-
B€ Tra3bl MOJIPa3EAIOT Ha:

— opraHuyeckue, oOpa3oBaBIIMECS B Ipolecce (OpMUPOBAHUS OCATOYHBIX
nopojt: auokcun yriepoaa (CO,), okcun yriepoaa (CO), meran (CHy), cepoBogopos
(H2S);

— Bo3ayurHokIe: a30T (N,), kuciaopon (O,);

— MPOAYKTHI pacrana paauoaKTUBHbIX MuHepainoB: reaui (He), pagon (Rn),
topoH (Tr), apron (Ar);

— TEXHOTEHHbIE, TOPOKIACHHBIE MPOU3BOJACTBEHHON JEATEIbHOCThIO YEJIOBEKA,
K HAM OTHOCSITCS Ta3bl, BBIJCISIONTUECS IPU pabOTe B IIaXTE JBUTATENICH BHYTPCH-
HEro CropaHusi M MPOBEJCHUU B3pPHIBOB, a TAKXKE CBA3AHHBIE C 3apaKEHUEM T'OPHOIO
MacCHBa yT€YKaMH MPOMBIIUICHHBIX MPOIYKTOB, CTOKAMHU, aBapUUHBIMU COPOCAMH:
HauOoJsiee pacrpoctpaHeHHbie: ammuak (NHy), mapel yrie- u HepTEeXMMHYECKUX
MPOU3BOJICTB.

N3-3a MHOrOOOpa3us ycioBUU MPOHUKHOBEHUS! Ta30B TOPHBIA MAacCUB HAChl-
IIEH UMW HEpaBHOMEPHO. ['a30Basi 30HaTLHOCTH — 3aKOHOMEPHOE pacrpeiejieHUe ra-
30B B YIVICHOCHBIX OTJIOKEHUSX, SBISIONMINECS PE3yIbTaTOM MHTPAIUU MeTaMOpQu-
YECKUX METAaHOBBIX Ta30B M3 TIyOWHBI K MOBEPXHOCTH M aTMOC(EpPHBIX Ta30B B 00-
paTHOM HallpaBJICHUHU. B 3aBUCHUMOCTH OT MPOIEHTHOIO COJAEPKaHUsI OCHOBHBIX BHU-
JIOB Ta30B B YTIICHOCHBIX OTJIOKCHHSIX BEPXHUE CIIOU TUTOCHEPHI YCIOBHO BBIACISIOT
YETHIPE 30HBI:

— a30THO-yTJIEKUCHIOTHasA (a30T — 65...75%, muokcun yraepoma — 25...5%),
pacrnojoxxeHa Ha riryoune 60...300 m;

— a3zoTHas (a3oT — 45...5%, nuokcup yrnepoaa — 15...35%, meran — 0...20 %),
riryouHa pacnosioxenus 120...800 m;

— a30THO-MeTaHoBas (30T — 25...40%, quokcun yriaepoaa — 5...15%, meran —
45...70 %), pacnonaraercs Ha riryounax 130...300 m;

— MeranoBas (azor — 0...25%, muokcun yriepoga — 0...5%, meran —
30...100 %), pacnionaraeTcsi HoJ APYTUMHU 30HAMHU.

OO0sacTi TEXHOTEHHOTO 3apaKCHHSI MACCHBOB MMEIOT JIOKAJIBHBIA XapakTep,
OHHM MOTYT 00pa30BBIBATHCS IO 3aBOJIAMH, CKJIAJJaMU U OTCTOMHUKAMH XHMHYECKUX
MPOJYKTOB U OTXOJOB, TPAHCIOPTHBIMU MaructpaisiMu (>KeJe3HbIEe JOPOTH, LIOCCE,
TPyOOTIPOBO/IBI).

Binusinue comepkaimmxcsi B yrie U BMEIIAIOMIUX MOPOJaXx Ta30B Ha MPOIECChHI
TOPHOTO MPOU3BOJCTBA BeIUKO. Hamnuue ra3oB B yrienopoHOM MaccUBe, Kak mpa-
BUJIO, OCJIOXKHSIET BEJIEHNUE TOPHBIX PaboT.

N3-3a mpucyTcTBUS Ta3a B yIjie W NOpOAax MPOUCXONST, B OMpPEeICHHBIX
yCIIOBUSIX, razoguHamuyeckue sisneHus (I'J151): uHTeHCUBHOE OT/IeJIEHUuE OT MaccuBa
U3MEJIbYEHHOTO YTIJIsl WK MOPOJIbI, COMPOBOXKIAOINIEECS 3HAUYUTEIbHBIM BbIJICJICHU-
em rasza. HambGomnee pacnpoctpanennbiM BugoM ['JI5 aBisitoTcst BRIOpOCHL: Ta3a, yris
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W Tra3a, IopoJibl U Tra3a, yIiid, mopojsl u rasza. [lepseiil BeiOpoc npousomen Bo dpan-
nuu B 1901 roay (maxrta «Kypsep»; npu BeiOpoce norudau 1090 yenosek). B JloH-
Oacce nepBbiii BIOpOC 3apeructpupoBad B 1907 rony mpu npoxojike ctBoJia Ha Cmo-
asiake. [Ipu ouncTHBIX paboTax BeIOpoCH Havanuch B 1925 rony B ['opiioBke.

CMech MeTaHa M BO3[yXa MOXET rOpeTh U B3PbIBATHCS (HUKHUM Mpesen ro-
prouecTd — TpH coJiepKaHUM B Bo3ayxe Oosnee 4 % Merana, BepxHuil — 20%).
HauGonbinas sHeprust B3pbiBa, O0O0YCIOBJICHHAS MOJHOTOM peakIMd KOMIIOHEHTOB
(crexuomeTpusi) — pu coaepkanuu Metana — 649 %). B 1942 rogy ot B3pbIBa MeTa-
Ha B MaHwWKypuHu Ha maxTe XOoHKOWKO norudio 1549 yenosexk.

PanuoaktuBHbBIE ra3bl (paJioH, TOPOH) OKa3bIBAIOT HETATUBHOE BO3/ICHCTBUE HA
OpraHu3M 4yesoBeka. B ropHbie BbIpaOOTKM OHU MOCTYIAIOT, MUTPUPYS U3 HEAp, He-
pPEIKO pacTBOPEHHBIE B BOJIE, MPOCAUYUBAIOIICIHCS Yepe3 paJOaKTUBHBIE MUHEPAJIbI
(Bamaansiii lonbacc). [IpuHyauTenbHas BEHTUIISALNS TOPHBIX BBIPAOOTOK 0Oecreyu-
BaeT pa3daBieHUE U yAAJICHUE PAJMOAKTHBHBIX Ta30B, d(PPeKTHBHO obOecreunBast
0€301acHOCTh TOPHOPAOOYHX.

HekoTopsie 13 BBIACIAIOMMUXCS U3 YISl Ta30B TOKCHYHBI. B 1maxTax, rie BbI-
nemnsiercst CO, (CO) u H,S m3BecTHBI cilydan OTpaBieHHs JroAeil razamu. Bo3ayx B
JEHCTBYIOIUX TOJ3EMHBIX BBIpa0OTKax HE JODKEH COAEpKaTh BPETHBIX Ta30B
OO0JIbIIE MPEAETBHO JOMYCTUMBIX KOHIIEHTPALUi, yKa3aHHbIX B Ta0JI. 9.1.

Tabmua 9.1
JlomycTUMbIE KOHIICHTPAIH Ta30B
[IpenenbHO JOMYyCTHMBIE KOHIICH-
Bpemse ras TPEITH 1es00 B AeHeTRyIom B
% 10 00beEMy MI/M

Oxkcup yraepogna (CO) 0,00170 20
Oxkcupel azota (B nepecyere Ha NO,) 0,00025 5
Juoxcun azora (NO,) 0,00010 2
Cepuuctsiii anruaput (SO,) 0,00038 10
Ceposojnopon (H,S) 0,00071 10

Benenne ropHsix pabOT B FOPHBIX MAaCCHBaX, 3apaKCHHBIX XUMHYECKUMU Be-
[IECTBAMHU TEXHOT'€HHOT'O MPOUCXOXKACHHS, MOXKET MPUBECTH K OTPABJICHHUIO U THOe-
a1 ropHopabounx. Ha ropioBckoi maxrte «Aunekcanap-3anaa» B 1988 roay B pe-
3yJbTaTe MOPAKEHUS BHICOKOTOKCUYHBIMU MMapaMU XMMHUYECKHUX BEIIECTB MOTHOIH 3
TOpHOPA0OYMX U MOTY4YUu oTpaBieHusa oonee 800 ropHocnacarene.

OCHOBHBIM €IIOCOOOM OOpBHOBI € BBLACISAIOLIMMUCS B FOPHBIE BBIPAOOTKHU NpU
N00bIUe YIJIi METAHOM WJIM YIJIEKHCIIBIM I'a30M SIBIISIETCS pa30aBieHHE 110/1aBaEMbIM
C IMOBEPXHOCTH BO3AyXoM. Becbma 3 (eKTHBHON Mepoi sBiIsIeTCs Aera3alus yrojb-
HBIX IJIACTOB 4Yepe3 MPOOypEHHBIE U3 TOPHBIX BBIPAOOTOK MM C MOBEPXHOCTH CKBa-
KUHBI.

B 3aBucHMMOCTH OT KOJMYecTBa rasa (MeTaHa), BBIICISAIOLIErOCs B LIaXTe Ha
TOHHY CYTOYHOM 100bIYM (T.C.H.) pa3iavyaroT 5 KaTeropuil MIaxT MO OTHOCUTENIBHOM



155

METaHOOOMIBLHOCTH (Ta30HOCHOCTH): HEra30BbI€ MIAXTHI (B KOTOPHIX I'a3 HE BBIIEIS-
eTcs):

I kareropusi — 10 5 m’/1.c.x; 11 kareropus — 5410; III kareropus — 10415;
CBepXKaTeropHsie — Oosee 15.

["a3pl B ToOuIIE TOPHBIX MOPOJ pacmpeieseHbl HEPaBHOMEPHO, (GUIbTPaLMOH-
HbIE CBOMCTB MAacCHBOB TaK)X€ HEOJAHOPOIHBI, ITO CKa3bIBAECTCS HA Ta3000MIBHOCTU
yroibHbIX maxrt (Tadsa. 10.2).

Taomura 10.2

Pacrnipenenenue mo kaTeropusiM ra3000MIBHOCTH OTHOCUTEIHHOTO
yycia mwaxT (%) B OCHOBHBIX yTroibHBIX OacceitHax CHIT

Bacceit HerasoBLie Kareropus no merany Cepxkare-
I 11 111 TOPHBIE
JloHenkuii 18,7 13,1 9.4 7,6 51,2
Ky3nenkuit - 13,9 21,5 10,1 54,5
Kaparanaunckuit - - 8,8 11,8 79,4
[Tedyopckuii - 11,6 34,6 3,8 50

OcHOBHBIE Ta30/IMHAMUYECKUE TapaMEeTPhl TOPHBIX MOPOJI CIAETYIOLIHUE.

[Ipu wHXXEHEPHBIX pacueTax HanboJIee YacTO MCIOIB3YIOT CIECIYIONIUE Ta30-
JTUHAMUYECKHE XapaKTEPUCTUKU TOPHBIX MOPOI:

— Ta30HOCHOCTB, (, X, M/T

— ko3¢ dunment razoornayu, Ky, %

— Ta30€MKOCTb, , CM°/T

— ra3onpoHMIAEMOCTS, Ky, , 1.

['a30HOCHOCTH XapakTepHU3yeTCsl KOJIMYECTBOM rasa, CoAepKalleMcsl B €IUHU-
11e MAcChl yIIIs WX IOPOb! (M /T).

Paznmnuarot ra3oHOCHOCTS:

X; — NOTEHIUAbHYIO (peaibHO BO3MOKHAsi TA30HOCHOCTh MOPOJbI B OINpeE/e-
JIEHHBIX TEPMOJIMHAMUYECKUX YCIOBUSX);

X — IPUPOAHYIO (TA30HOCHOCTH MOPO/JI B €CTECTBEHHBIX YCIIOBUSIX);

X, — OCTaTOYHYIO (OCTATOYHAsI MOCJE€ YaCTUYHON MCKYCCTBEHHOW WJIM €CTe-
CTBEHHOM Jiera3alnuu nopomu);

q — OTHOCUTEJIbHYIO0, HA TOHHY CYTOYHOM JOOBIUH;

[IpupoHas ra30HOCHOCTb yriIeil coctasisier 20...40 M/T, B OTACIBHBIX CIIy-
qasix — 70...100 m’/t. OcTaTouHast ra30HOCHOCTb COCTABISET 5...10 M/T.

@dakTopbl, BIUSIOUIME HA BEIMYMHY TA30HOCHOCTHU YTJiell U MOpo: COPOIMOH-
Hasi CIOCOOHOCTH MOPO/Ibl, €€ MOPUCTOCTh, BIIAYKHOCTh, IaBJIICHUE ra3za CIeAYIOIIUe.

llomenyuanvhyo 2a30HOCHOCHb TOPHBIX TOPOJ MOXHO OINPENECIUTh U3 Cle-
JYIOLIETO BBIPAKECHUS:
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_a-b-p+pT-P 1

1+bp 1+0,31W° (10.1)

I

Tok

r7ie a, b —KOHCTAHTHI COPOITNY Ta3a TaHHBIM BUIOM TIOPOJIBI WM YTJIsL, OTIpeiesie-
MbI€ B Ta0OpaTopHbIX yciaoBusax; T — temmneparypa, K; To= 2730K; P — nmopucrocrts,
M°/T; k — KO BHUIMEHT cxnMaeMocTH raza; W — BIaXKHOCTb, %.

Kosgppuyuenm cazoomoauu xapakTepusyeT CIIOCOOHOCTH MOPOABI OTIABaTh
94acTh COJIEPIKAINETOCs B HEH Ta3a mociie 0OHaKESHUS

KOM=X_—XX° 100% (10.2)

B maxte HempepblBHO B aTMoc(hepy BbIpaOOTOK MOCTYMaeT ra3 M3 MaccHBa
TOPHBIX TIOPOJ U U3 BBIPAOOTAHHOTO MpocTpaHcTBa. [ obecrnieueHrss HOpMaJIbHbBIX
MUKPOKJIMMAaTUYECKUX YCIOBHM (AJig JAbIXaHUs JioJield, paboThl MEXaHW3MOB,
MPEeIOTBPAICHUS] BO3MOKHOCTH B3pbIBa) B LIAXTY HEOOXOJUMO MOAABaTh OOJIbIIOE
KOJIMYECTBO Bo3Ayxa. [Ipu coBpeMeHHbIX Temmnax 00bIYM B OYMCTHOW 3200 moja-
ercs okoo 1500...2000 v’ /Mun BO3/AyXa.

Taz0émkocms— ®, CM°/T — MAKCHMAJIbHOE KOJIMYECTBO ra3a, KOTOpOe TIPH JIaH-
HOW TemImepaType U JaBJICHUM B CBOOOJHOM M COPOMPOBAHHOM COCTOSHUH MOXKET
HOTJIONIATh €UHHUIIA MACChI TOPOIBI.

CopOLUMOHHON CITOCOOHOCTBIO TOPHBIX IMOPOJ HAa3bIBAIOT HX CIOCOOHOCTh
YAEPKUBATH 32 CUET (PU3MUECKMX U XMMHUYECKHX CBSI3€l MOJIEKYJIbI ra3a y MHUHe-
Pa’IbHOTO CKEJIeTa MOPO/I.

Paznuyaror: abcopbyuro — norsonieHue raza 3a cuer ero nuddysum B Maccy
copOuTa, IpUBOIAIIEe K 00pPa30BaHUIO TBEPJOTO pacTBOpa. DTOT MPOLECC XapaKTe-
pHU3yeTCs MaJlol CKOPOCTBIO M TpeOyeT 3HAUMTEILHOTO BPEMEHHU IJisi €r0o 3aBepllie-
HUS;

aocopbyuro — pa3MelleHue U YIUNIOTHEHHE MOJEKYyJ ra3a Ha IMOBEPXHOCTU
TBepAoro tena. Kak 4ucTo moBepXHOCTHOE SIBIICHUE MPOIIECC XapAKTEPU3YETCS BECh-
Ma OOJBIION CKOPOCTHIO (HAa TIaJIKOM MOBEPXHOCTU MPOILIECC 3aBEPILACTCS MPAKTH-
YeCKd MTHOBEHHO). JlJi MOPUCTHIX MOPOJA CKOPOCTh 3aBUCHUT OT TeMNOB nuddy3un
raza uepes y3Kue MOopHl;

xemcopoyuio — XUMHUYECKOE B3aMMOJICHCTBHE Ta30B C TBEPJbIMU TEJIaMH, CO-
MIPOBOXKIAETCS 00pa30BaHUEM HEYCTOMYMBBIX XMMHUYECKUX coequHeHur. CKopoCTb
mpoliecca 3aBUCUT OT CKOPOCTH XUMHUYECKUX PEeAKIUi U OT CKOpOCTH Auddy3uu raza
K pearrupyrouuM MOBEPXHOCTSIM.

st yraeit ocHoBHOM BUJ — ajncopOuusa. Kpome copOupoBaHHOrO ra3a yroib
COJIEPUT U CBOOOJIHBIN ra3, KOTOPbII HaXOAUTCS B Mopax U TpemuHax. CopOunoH-
Hasl CIIOCOOHOCTH yTJIed 3aBUCHUT OT CIIEAYIOMINX (PAaKTOPOB: JIaBlIEHUE; TEMIIEPATYPa;
MOPUCTOCTD; BIAXKHOCTh; BUJI rasa.

KonnuecTBo copOMpoBaHHOTO B TOPHOM MOpOJE ra3a BO3pacTaeT C yBEIUYe-
HUEM €ro JaBJ€HHUS HaJ MOBEpXHOCThIO (puc. 10.1), mpu yBenuueHnn TeMiepaTypsl
cpenbl — COpOIMOHHAs CIOCOOHOCTh CHIKaeTcs (puc. 10.2). 3to oObsACHSETCS yBe-
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JUYEHUEM BHYTPEHHEW SHEPIHHM MOJEKYJ HarpeBaeMoro ra3a, 4ro CHOCOOCTBYET
IPEOAO0TICHUIO UMH COPOLIMOHHBIX CHJL.

W, eM/T

40 _—
t,=20°C
30 1 //
/ t2:5 OOC:/
20  ——

10 L
/

O —
0 20 40 60 80 100 P, xrc/en’
Puc. 10.1. M3oTepmsbl agcopbaiiuu MeTaHa B yTJiie
w, cM/T
50

AN
40
P,=40 at
30 \\ \\

\ ‘\

20
\ P\=20 at
10 \\

0 10 20 30 40 t,°C

Puc. 10.2. M306aps! ancopbanmm MeTana B yriie

[ToprcTOCTh KOCBEHHO XapaKTEpU3YyeT IMOBEPXHOCTh MOPOJ, Ha KOTOPOH cop-
oupytorcs rasel. Hampumep, npu HalMyuu B yrijie TOp AMAMETPOM OJUH MM, ILJIO-
IIaab OBEPXHOCTU B OJHOM KyOMYECKOM CAHTUMETPE YIS COCTABHUT Spq,= 6 oM,
npu auamerpe nop 0,01 mm — S,,,= 600 cM’, mpu pasmepe mop 107 mm —
S10p= 600 M.

Pe3ynbTaThl 1a00paTOPHBIX UCHBITAHUA PA3JIMYHBIX TUIIOB KaMEHHBIX yTrieil
II0Ka3aJid, 4TO B CpeAHeM S;,, = 150...200 M°/T. B IHAXTHBIX YCIOBHSX OKOJIO
55...90 % nop 3anoJIHEHBI B YIJIE METAHOM.
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Ecnu mopsl yriis 4aCTUYHO 3alOJIHEHBI BOJOM, TO KOJIMYECTBO Ia3a, HAXOJs-
erocst B CBOOOJHOM COCTOSIHUM, yMeHbIlIaeTcs. [Ipu 3anosHeHnn Bcex Mop BOJOU
ra3 OyJeT coJlepiKaThCsl TOJIBKO B PACTBOPEHHOM COCTOsIHUU B Boje. KonnuecTBo Ta-
KOT'O ra3a 3aBUCUT OT CTENEHH PACTBOPUMOCTH U 00bIYHO B 10+30 pa3 MeHblIe, yeM
B CyXOM IOPOJIE.

Oco0eHHOCTH CTPOEHMSI MOJIEKYJ T'a30B ONPENEISIET pa3Iuuue Ux copOrupoBa-
HUS TOPHBIMHU HopojamMu. Metan umeeT B 3...6 pa3 XyAllyl0 aJcOpOLUOHHYIO CIO-
COOHOCTB, YEM JUOKCHUJ YIIEPOa, a30T U aproH — B 2...4 pa3a XylIyt0, YeM METaH.
["enuit — BoOOIIIE HE COPOUPYETCS YTIISIMH.

["a3onpoHnIIaeMOCTh — CIIOCOOHOCTh TOPHOM MOPOIBI MPOMYCKaTh CKBO3b Ce0s
ras.

[lox maBneHuweM ra3 nepemMeniaeTcsl Mo nopaM O4YeHb MEIJIEHHO, PEXKUM JIBH-
KEHHs JTaMUHApHBIA. Koagguyuenm nponuyaemocmu, Ky, , BRIBOIUTCA U3 ypaBHe-
Hus [apcu.

[Tponunaemocts yriei Jlonbacca kosiebsiercs B IIMPOKOM Juarna3oHe, OHa UH-
JUBUAYyaldbHA JUIS KaX[oro maxroriacta. Hampumep st miacra /s onpesesieHsl
npezaensl u3meHenns K, = (2,39.. .9,2)-10" M’= (2...9) [I.

B maxTHBIX YCIOBHAX NPOHMIIAEMOCTh YTOJIBHBIX IIJIACTOB 3aBUCHUT OT He-
CKOJIBKMX OCHOBHBIX (DaKTOPOB.

Haubonee cymiecTBeHHBIM SBISIETCSl TOpPHOE AaBiieHHe. B 3aBucumoctu ot
HaNPsHKEHHO-Ie(OPMUPOBAHHOTO COCTOSHUSI TOPUCTOCTh U TPEIIMHOBATOCTD IJI1aCTa
U3MEHSIOTCA B 3HAUUTEIBHBIX Mpefenax. B 30He MakcMMyMa OMOPHOTO JIABJICHHS
HNOPUCTOCTh MUHUMAJIbHA, YTO OINPEAEIISIET HU3KUE 3HaUEHUs ra30IIPOHHUIIAeMOCTH. B
npu3ab0NHON YacTH, TJ€ MPOUCXOAUT OTKUM YIJIsl, IPOHUIIAEMOCTh PE3KO BO3pacTa-
et (puc. 10.3).

npmmepﬁo 12 m I,m

Puc. 10.3. Xapakrep u3aMeHeHHsI ra30MPOHUIIAEMOCTH YTOJIBHOTO I1acTa BOJIM3H
OUYMCTHOTO 32005: | — 3MI0pa OMOPHOTO 1aBJICHHUS
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["azonpoHuIaeMoCTh CYIIECTBEHHO 3aBUCUT OT THUMA MOPOJbI. YTJIU OTJIMYa-
I0TCSl OOJIBIIICH Ta30MPOHUIIAEMOCThIO, YEM MMEIOIINE M3BECTKOBBIM IIEMEHT Iecya-
HUKH; TOPOJbl, 00pa30BaHHbIC HA TJIMHUCTONM OCHOBE, OTJIMYAIOTCS HaWMEHBIIEH
MIPOHUIIAEMOCTHIO.

JI1s1 0caIouHBIX TTOPOJT UMEET BAXKHOE 3HAUCHUE aHU30TPOIHUs MOPUCTOCTH. B
HAaIpaBJICHUN MapaieabHoM cnorctoctd Ky, B 2...4 pasa Oosbllie 4eM 10 HOpMAaJIH
K HCH.

Ntak, B 0CaouHbIX TOPHBIX MOPOJAX COAEPKATCS Pa3IUUYHBIE BUIbLI Ta30B
Pa3JIMYHOTO MPOUCXOXKACHUS, KaK MPUPOAHBIC, TAK U TEXHOT€HHbIE. OHU MUTPUPYIOT
U3 HEJIP U C MMOBEPXHOCTHU B BUJIE Ta30BbIX MOTOKOB, a TAK)KE PACTBOPEHHBIMU B BOJIC.

Brinenenne ra3oB B rOpHbBIE BBIPAOOTKH W3 32 TOKCHYHOTO, yAYIIAIOIIETO U
JIPYTUX BUJIOB BO3JICHCTBUS HA YEJIOBEUECKUI OPTraHr3M OCJIOKHSIET BEJICHUE TOPHBIX
pabor.

[MazomuHaMuveckue CBOMCTBA YrOJIBHBIX IIJIACTOB, CJIOEB TOPHBIX MOPOJ U yT-
JISTIOPOJIHOT'O MAaCCHBA B 11€JIOM OMPEACIISIIOT MapaMeTphl TEXHOJIOTUUECKUX MPOIIec-
COB YrojibHOM maxThl. ['a30HOCHOCTh U KOA(G(UITMEHT Ta300TAauu SBJISIIOTCS TJIaB-
HBIMU KPUTEPHUSMH, OTPAaHUYMBAIOIIMMH HArpy3Ky Ha O4MCTHOM 3aboi. OT HUX 3a-
BHUCHUT THUII CXEMBbI IMOJITOTOBKU M CUCTEMa Pa3padOTKHU MIaXTOIIacTa, IPOBETPUBAHUE
U Jiera3aiys TOPHbIX BBIPAOOTOK.

["azompoHuIIaeMoCTh SABISETCS BOKHEUIIMM TOKa3aTejaeM MpU MPOrHO3UPOBA-
HUU U TPODUIAKTHKE OCIOXKHSIIONUX OTPabOTKY TUIACTOB Ta30MHAMUYECKUX SIBIIC-
HUW U SHJIOTE€HHBIX MMOKaAPOB.

KOHTpOJILHLIe BOIIPOCHI

1. KakoBa nmpupojia mpoucxoKJIeHUsI COIePKAIIMXCA B TOPHOM MacCUBE ra3zoB?

2. Kak BIUAIOT coiepKaliecs B yrOJbHBIX MJIACTaX U MOPOJHBIX CIOSAX ra3bl
Ha IPOLIECCHI TOPHOTO MPOU3BOICTBA?

3. UTo Ha3bIBAIOT ra30€MKOCTHIO TOPHBIX TOPOJ, €€ BUJIbI?

4. Kakumu (GU3HKO-XUMUYECKHUMHU TIpolieccaMu OO0YyCIIOBJIEHa T'a30€MKOCTh
TOPHBIX MOPOA?

4. Uto HaA3BIBAIOT Ta30MPOHUIIAEMOCTHIO TOPHBIX TOPOA, Kod(hQUIMEHT ra-
30MPOHULIAEMOCTH?
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11. QJIEKTPOMATHUTHBIE CBOMCTBA MTOPO/I

11.1. ba3oBble mapaMeTphl 3JIEKTPOMATHUTHBIX CBOMCTB IOPOJ

DNeKTpOMarHUTHBIE CBOMCTBA TOPHBIX MOPOJA — 3TO CBOMCTBA, XapaKTepU3y-
IOLLME MTOBEAEHUE TOPHBIX MOPOJI B 3JIEKTPUUECKOM U MArHUTHOM TOJIE.

ba3oBbIMHM nTapamMeTpaMu JIEKTPOMATHUTHBIX CBOMCTB FOPHBIX MOPOJ SIBISIOT-
cs:

Yoenvnoe snexmpuuecxkoe conpomuenenue (p,), OMM

D70 BenMuMHA, OOpaTHAs CHIIe TOKA, MPOXOJAIIEro yepes | M IuIomanu oo-
pasiia mopojibl MPY HAMPSKEHHOCTH JIeKTpudeckoro moiys 1 B/m.

Ilo BenmMunHE p, TOPOJIBI ACISATCS Ha:

— MPOBOJIHUKH p,=107...10° Om'Mm;

— HOMYIPOBOAHEKH P, = 107...10" Omrm;

— OURJIEKTPUKH p,=10"...10* Om'm.

[Topoapl, cnaratomuye yrojipHyto Toiy JlonOacca MMEIOT CIEAYIONIYIO BElu-
YUHY P,

— TIMHUCTHIA caaner — 10%...10° OmM;

— U3BECTHSK —10%...10° Om"Mm;

— YroJib —10°...10° Om-m;

— MIECYaAHUK ~10...10°Om'm.

Takum 00pazom, MOPOABI, CIATAOIIMM YrOJIbHYIO TONIMHY JloHOacca, OTHO-
CSITCSL K TIPOBOIHUKAM WIIU TIOJTYTIPOBOTHUKAM.

B maGopaTopHBIX YCIOBHSIX ONpPEACTICHUE YACTBHOTO AJIEKTPUIECKOTO COIpPO-
THBIICHHUS TIPOU3BOAMTCS C TIOMOIIBIO TepaoMoMeTpoB. [Ipu moakmodeHnn oOpasua K
npudopy B HEM MPOTEKAET TOK, B PE3yJbTaTe Yero Ha MOBEPXHOCTH 00pasla MOsB-
JISTFOTCST HEYPaBHOBEIICHHBIE 3aps/Ibl — TOKH CMeIIeHHsI. UTOOBI UCKITIOUUTD BIHSHUE
BHEIIHUX (aKTOPOB, H3MEPEHHS CONPOTHBICHHS OO0Opa3la TMPOBOISAT, H3MCEHSS
HarpaBJIeHHE TOKa, MPOTEKAIOIIEro Yepe3 oopaserl.

Torna conpotusnenue o6pasia

2R, R_
o = T —, (11.1)
R, + R_
rae R, — conporunenue obpasiia npu npsiMoil noasipHoctu; R. — conporuBienue
o0Opa3sia rmpu 00paTHOM MOJSIPHOCTH.

VY aenbHOE AJIEKTPUIECKOE COMPOTUBICHUE 3aBUCHUT OT CIEAYIOMUX (haKTOPOB:
MOPUCTOCTH, TPEIIMHOBATOCTH, CIIOUCTOCTH MUHEPATHHOT'O COCTaBa TOPHBIX MOPO/I, a
TaK e OT TeMIIepaTyphl U BIAKHOCTH.

Omuocumenvhas ousdiekmpuieckas nponuyaemocms (&;) — 3T0 KOIPPUINEHT,
MOKa3bIBAIOUINI BO CKOJBKO Pa3 YMEHBIIAETCS HAMPSKEHHOCTh IEKTPUUYECKOTO TO-
JIs IPY HaXO0KJIEHUU B HeM moposl (Tadm. 11.1)

g, = 20 (11.2)
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rae E,, — HanpsiKeHHOCTh 3JIEKTpUYECcKOro nouist B Bakyyme, B/M; E, — cymmapnas
HaIpPsHKEHHOCTh 3JIEKTPUUYECKOTO 0JIA B mopojie, B/m.

Taomuna 11.1

[Toka3aTenu OTHOCUTEIILHOU ,ZIHC-)JICKTpPI‘ICCKOﬁ IMPOHUIIACMOCTHU

OTHOCHUTENbHAS AURIICKTPUYECKAS
ITopona, BemiecTBO
MIPOHUIIAEMOCTb, &, €]I.
Boznyx ~1
Bona 80
' MuHUCTBIN ciaHel] 6...20
M3BecTHSK 8...15
[Tecuanuk 9...11
Vroip 3...15

OTHOcCUTENbHAS TUAJIEKTPUYECKAsl MPOHUIIAEMOCTh TOPHBIX MOPOJI 3aBUCUT OT
cienyromux (HpakTopoB: yacToTa 3eKTpuieckoro nois ( puc. 11.1), cnoucrocTs; mno-
PHUCTOCTBh; TPEIIMHOBATOCTH; BIAKHOCTD; TEMIIEPATYypA.

Ery
20

151

104

Puc. 11.1. 3aBUCUMOCTb OTHOCUTEIBLHON JUAIEKTPUUECKON MPOHUIIAEMOCTH
OT YaCTOTHI AJIEKTPUUYECKOTO TOJIS

Ipu wacrote 3nmekrpudeckoro nons f > 10" T’ B moposie BO3HUKAET TONBKO
NIeKTpHUUecKas moyisipu3arus; mpu f < 10” T'n—8 TOPHOM MOPOAE BO3HUKAECT MOHHAS
Y DJICKTPOHHAS ToJisspu3anust mpu f < 10’-10" [ — B mOpoJie BOBHUKAET IUMNOJIbHAS,
WOHHAS U JICKTPOHHAS MOJSpU3alus, T.€. mpu Bo3pacTaHuu f ot 0 10 o0 TUIAEKTPH-
YyecKas NPOHUIIAEMOCTh YMEHBIIAETCHL.

JIns1 OLIEHKM MarHUTHBIX CBOMCTB F'OPHBIX MOPOJ UCTHOJIB3YIOT IMOKA3aTeNb OMm-
HOCUMENbHOU MacHUmMHoU nporuyaemocmu (L) — 370 KodPHUIIMEHT, TOKA3bIBAIOIINI
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BO CKOJIBKO pa3 MarHuUTHas MHAYKIUS IMOJs B JJAHHOM MarHeTUKE U3MEHUTCS MpHU
MOMEIICHUH 00pa3iia B MArHUTHOM TOJIE B BaKyyMe.

MarnuTHoe 1osje XapakTepu3yeTcst AByMs TOKa3aTessMU: Hanps>KeHHOCTh H u
unayknued B. HanpspkenHocts MarHuTHOro nojst H (A/M) onpenensier BeIMYUHY U
HaIpaBJeHUe JEeHCTBUSI MarHUTHBIX cuil F,, B BakyyMe Ha €IMHUIly MarHUTHOW Mac-
cel m,,. CornacHo 3anacy Kynona, cuiia B3auMoaecTBUSI MEXAY ABYMSI MarHUTHBIMU
MaccaMy My, ¥ My,.Ha PacCTOSHUU T IPYT OT JIpyra paBHA

Fy, =iui%’§““, (11.3)
a r

rac u, — a0COJIFOTHAs MarHUTHAS MMPOHULACMOCTDb CPCIbI.

MarsuTHas HWHAYKIOHA B - BCKTOPHAasA BCINYMUHA, BbIpaKaromiass MHTCHCHUB-
HOCTb MArouTHOI'O IIOJIA. MC}KI[y MarHUTHOM HHHYKHHCﬁ U HAIIPAKCHHOCTBIO Mar-
HHUTHOT'O ITOJIA B BCIICCTBC CYHICCTBYCT IIPAMO IMMPOMOPLHUOHAJIBHAA 3aBUCUMOCTD

B =p,H (11.4)

B 3710i1 3aBUCHUMOCTH KO3(QPUIIMEHT MPOMOPIIMOHATBHOCTH L, TAK)KE paBeH ao-
COJIFOTHOM MarHUTHOU IIPOHULIAEMOCTH BelecTsa. B Bakyyme

n,=p, =4n-107", Tu/m

Ota KoHCTaHTa (|l,) HA3bIBAETCSI MATHUTHON MMOCTOSIHHOM.
OTHOcCHUTENbHAsE MAarHUTHAS POHUIIAEMOCTh, paBHA OTHOIICHUIO

u="te (11.5)
K,

[IpousBeneHne 3IeMEHTApHOIO TOKAa 1 Ha IUIOIIAJb MArHUTHOro aumoisis AS
Ha3bIBACTCSI MAarHUTHBIM MOMEHTOM 3JIeKTpoHa. OH IIOCTOSHEH M  paBeH
9,28-107* JIx/T.

MarHuTHble MOMEHTBI aTOMOB M MOJIEKYJ TOPHOW MOPOJbI IPH OTCYTCTBUU
BHEIIHEI'O MArHUTHOr'O MOJISI MOTYT OBITh JUOO paBHBI HYJIIO, JIUOO OTIMYATHCS OT
HYJIS.

Tak, eciu MarHUTHBIE MOMEHTBI BCEX 3JIEKTPOHOB aTOMa KOMIIEHCUPYIOT JPYr
npyra, To npu H = 0 atom HE HaMarHuJeH.

Takue mopopl Ha3bIBAKOTCSA AUAMArHUTHBIMU. ['OpHBIE OPOJBI, AaTOMBI KOTO-
pBIX 00J1aAaI0T MAarHUTHBIM MOMEHTOM IIPU OTCYTCTBHM BHEIIHETO IOJIs, HA3bIBAIOT-
Csl mapaMarHuTHBIMU. ['OpHBIE MOPOABI, Y KOTOPBIX Lesble 00bEMBI 00JIaJal0T Mar-
HUTHBIMH MOMEHTaMH IIPU OTCYTCTBMM BHEIIHETO IOJIS, HA3bIBAIOTCSA (PEPPOMATHUT-
HbIMU (Tabu.. 11.2).
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Tabmauma 11.2

Hekoropslie qua-, napa- u peppoMarHuTHbIE MUHEPAIIbI

JlnamMarHuTHBIE [TapamaruuTHbIe deppOMarHuTHbIE
pu=0,999836+1,0 n=1,0004 p=1,0064+6,5

Bona Bozayx MarueTur
['uric Jlomomut [Tupporun

['padur MyCKOBHUT DOpaHKIMHUAT

Kanbun IInpocken Axobcut
KBapn Cupepur JImmoHUT
Yroib XpoMHUT Y-reéMaTuT

HOpO,IIBI I[OH63,003 OTHOCATCA B OCHOBHOM M A~ U ITApAMAIrHCTUKAM.

11.2. Mcnosib30BaHue 3JIEKTPUYECKUX MATHUTHBIX CBOMCTB
TOPHBIX NOPOJ 1JIsl TOPHOTO MPOU3BOACTBA

Bce cnocobbl paspywienus nopood ¢ npuMeHEHUEM DJIEKTPUYECKON 3HEpruu
NO/Ipa3/IesAeTCs Ha 3JIEKTPOTEPMHUUECKUE, 00YCIOBIEHHBIE TEIJIOBBIM IMPOOOEM WIIH
HarpeBOM IMOPOJIbI IEKTPUYECKHUM TOKOM, M 3JIEKTPUUYECKHE, OCHOBAHHBIE Ha JJIEK-
TPUYECKOM MPOOOE TOPHOM OPOJIBI.

K mepBoil rpymnmne OTHOCHTCS 8blCOKOYACMOMMHbIU KOHMAKMHbIL MEemoo pa3-
pyuienus ioX0 MPOBOASIIIUX MOPOoA. DiekTposHeprua yactoton 10 300 MI'm npo-
BOAMUTCS K MOPOJI€ MO KOHTAaKTHPYIOIIMM C HEW anekTpogaM. B 3aBucumoctu oOT
(OpMBI 3IEKTPOJIOB U UX B3aUMHOI'O PACIOJIOKEHHS B IOPOJE BO3HUKAET 3JIEKTPH-
YecKoe IMoJie orpeaesieHHoNn koHdurypanuu. Takum o0pa3oM, MOXKHO CO3/AaTh
HaIIPaBJICHHOE 3JIEKTPUYECKOE IOJIE MM KOHILIEHTPUPOBATh €r0 Ha ONPEIEIICHHBIX
y4acTKax Mmoponsl. B pe3ynbrare 3TOro mpoiecca nopoja pa3orpeBaeTcs U OTKajbl-
BAETCS B BUJE YELIYEK WIM KyCKOB. IIpu 3TOM MeTOze pa3pyllieHHs] TOPHBIX TOPOL
OCHOBHYIO pOJIb UT'PAIOT AJIEKTPUUYECKUE CBOMCTBA MOPOJBI U CIATAIOUIUX €€ MHUHE-
panos.

Onexmpuueckue memoObl OCHOBAaHbI Ha 3JIEKTpUYECKOM Ipoboe nopoxd. s
paspylIeHUs MOPOJI IEKTPHUUECKUM MPOOOEM HCMOJIB3YIOT UMITYJIbCHBIE HAIpsKe-
HUsl. BenmnunHa 3TUX HANPSKEHUN 3aBUCUT OT DJIEKTPUYECKOW MPOYHOCTH pas3pylila-
€MBIX MOPOJI M UX Pa3MEPOB. DIEKTPUUECKUE MPOOOK MOKHO MIPUMEHSATH JJIs pacKa-
JbIBaHUSI KyCKOB NOPOABI, OypeHus: U O0TOOWKM OT MaccuBa. OgHAKO 1Js €ro ocy-
IIECTBJICHUS] TPEOYIOTCS BBICOKHE HAIPSDKEHHUS, ONACHbIE JUIsl OOCIIy>KMBAIOLLErO
nepcoHasa.

Ommaueanue nopoo OCyLIECTBISETCA MPOIYCKAHUEM DJIEKTPUUYECKOIO TOKA
[0 Pa30orpeBaeMOMY y4YacTKy Ha IUIOLIAAM, MOJJIeKAalled OTTauBaHUIO, OYpAT IIIY-
pBI, B KOTOpPbIE TTOMEIIAIOT 3JIEKTPOAbI, TaK, YTOOBI UX KOHI[bl HAXOAWJIUCH B TaKON
nopoze. I[lpu moaxiIrOYeHUM HamNpsKEHUsT oOpasyeTcsi 3aMKHyTas 3JEeKTpUYEcKas
LENb B TaKOW MOPOJE, TaK KaK AJIEKTPONPOBOJHOCTh TAKOUW MOPOJABI BO MHOTO pa3
BBILIE, YEM MEP3JION.
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Croii, Mo KOTOPOMY MPOTEKAET TOK, HAIPEBAETCS U MEPEAeT TEIUIO BhILLIEIe-
JKalleMy CJIOI0, KOTOPBIM IOCIE OTTaMBaHUSA caM HAa4YMHAET NMPoBOAUTH Tak. [locre-
IIEHHO MPOLECC OTTAUBAHUS JOCTUTAET IIOBEPXHOCTH.

IIpn ynpounenuu nopood WCNOIB3YIOT 3IEKTPOXUMUYECKHE 3aKpEIICHUE U
JIEKTPOILJIABIICHUE.

dnexmpoxumuyeckoe 3aKpenjieHue OCYLECTBISIIOT IyTEM IPOIYCKAaHMS II0-
CTOSIHHOT'O 3JIEKTPUYECKOIO TOKA 4epe3 BJIAXKHBIE MOpOAbl. B pe3yibrare xumuye-
CKHMX PEAKLIHN KaJIM{ U HATPUM 3aMENIAI0TCSI BOJOPOJAOM, aTIOMUHUEM HIIH JKEIIE30M,
U B IOpoJe o0pa3yroTcs ruaparbl OKUCH METauloB (HarpuMmep, Ookcur). Ilpu anex-
mponnaénenuy BOJOHOCHBIE NECKH HArpeBarOTCA MPONYCKAHUEM 3IIEKTPUUYECKOIrO
Toka 10 Temmepatypbl 1700-1800°C, B pesymbraTe 4Wero mecok pacILIaBISETCS.
OcThIBIIast Macca 00pa3yeT CTEKJIOBUAHOE BEIECTBO BBICOKON MPOYHOCTH, BOJOHE-
IPOHUIIAEMOE U HE pa3pyLIaeMoe.

CyIHOCTb 3JIEKTPUYECKUX METO/I0B 0002auieHus 3aKII0UaeTCsl B U30UpaTEIIb-
HOM JICHCTBHM 3JIEKTPUYECKOTO IOJS HA 3apsyKCHHBIE MHUHEPAIBHBIE 4dacTulbl. B
IEKTPUYECKOM CemapaTope pyAa nepeMeraeTces 1o dJIeKTpuIecKomy noiro. B 3aBu-
CUMOCTHU OT 3JIEKTPUUYECKHX CBOMCTB, KPYITHOCTH U (POPMbl MUHEPAJIbHBIE YACTHUIIBI
JBUKYTCS IO Pa3IMYHBIM TPACKTOPUSAM U MOTYT OBITh Pa3/ieICHBI.

U1t 000b14U cepbl IPUMEHSIOT BBICOKOYACTOTHBIN 3JIEKTPOMAarHUTHBIA HArpeB
cepHbIX pyd. Ilox BO3AEHCTBHEM 3JIEKTPOMArHUTHOIO IOJISI MACCHB HarpeBacTcs 3a
CYET JMUAJIEKTPUUYECKUX NOTEPh HE3aBUCUMO OT €ro IMPOHULAEMOCTH, TPEIMHOBATO-
CTH M TEIIONPOBOAHOCTH. CKOPOCTh HarpeBa, TaKUM 00pa3oM, OIPEIEAeTCs TOJIBKO
AIIEKTPUYECKMMU CBOMCTBAMHU U TEIJIOEMKOCTBhIO HarpeBaeMoro oobema.

s pazeedku mecmopoicoeHuti TOJIE3HBIX UCKOIAEMBIX HIMPOKO NMPHUMEHS-
I0TCS 3JIEKTPOMArHUTHBIE METO/IbI

Maenumnovii memoo. CyTb MeTOJa 3aKIIOYAETCSd B H3MEPEHUHM BEJIMYUHBI
HAIIPSDKEHHOCTH MAarHUTHOrO mouist. HanmpsoKeHHOCTh MarHUTHOTO IOJISL B KayKIOU
TOYKE MOBEPXHOCTH 3€MJIM 3aBUCUT OT HAMarHM4YEHHOCTU HAXOISALIMXCS IOJ 3TOU
TOUYKOM Ie0JIOTHYECKUX OOBEKTOB. DTUM METOJOM MOKHO HUCCJIEN0BATh MOPObI, 3a-
aeratoue Ha riayoune 10-20 m. Ilo pe3ynpTaTam 3TOI Cb€MKH MOYXHO CYAMTH O T'€0-
Joro-neTporpapuyeckux OCOOEHHOCTSIX MaccHUBa, TPEIIMHOBATOCTHU MOPOJ, pasiio-
Max " T.[.

DJEeKTpUUYECKHE CBOWCTBA MOPOJ UCIIOJB3YIOTCS B Memooax 31eKmpopasseo-
ku. Hanbonee pacrpocTpaHeHbl ClIEyIOIIHeE.

Memoo ecmecmeenHo20 21eKmMpuvecko20 noJs, KOTOPBIM 3aKII0YaeTcsl B IO-
CJIEIOBATEJILHOM 3aMepe MOTEHUHAJIOB TOUYEK, PACIIOJIOKEHHBIX HA OJHON IpsIMOM
JIMHUY OTHOCUTEIBHO OJJHOM LEHTPAJIbHON TOYKH. BBISIBIEHHBIE aHOMAJIMU TOTEHIHU-
asia OOBIYHO YKa3bIBAIOT HA HAJUYHME KAKOT0-TO MCTOYHUKA JIOKAJIBHBIX TOKOB (COJIS-
HbI€ WJI1 KAMEHHOYTOJIbHBIE MECTOPOXKICHHUS ).

Ecnu xopoio npoBoasiias 3aj1eXkb BCKPbITa XOTs Obl OIHOM CKBaKMHHOM MiH
TOpPHON BBIPAOOTKOM, TO €€ KOHTYpPhl MOXKHO OIPEAEIUTh MEeMmOOOM 3aPAHCEHHO2O0
mena. OQUH W3 IMOJIKOCOB MCTOYHUKA TOKA IMOJCOCIUHAIOT K 3aJIEkKHU, IPYyrou — 3a-
3eMJISIFOT Ha PacCTOSIHMM, IpEBbILIAIONIEM pa3Mepsl 3anexu B 10-20 pa3 u 6onee. B
pe3yJIbTaTe 3aJ1€Kb 3apsyKACTCs U CO3/1aeT BOKPYT ce0s1 AJIEKTPUUECKOE I10JIe. 3aIeXKb
OKOHTYPHBAIOT YKBUIIOTCHUUAIIBHBIE JIMHUU. JTO JAa€T BO3MOKHOCTb, IIPOCIIECKUBAS
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WX paclpe/iefieHne Ha TOBEPXHOCTH 3E€MJIIU, ONPEETUTh TPaHUIIbl U KOH(PUTYpaluio
U3y4aeMoro o0ObeKTa.

JI1s1 IypoBOTO Memoda onpedeneHus mpeuyuHo8amocmu Maccugd BOKpYTr
TOPHBIX BBIPa00TOK Ha Kadeape ropHoit reomexanuku JoHHTY Obu1 co3nan mpudop
PAAMOMHTPOCKOIIUH, COCTOAIIMN U3 30H/A, U3MEPUTEIHLHOTO 0JIOKa M JOCHUIOYHOTO
ycTpoiicTBa. M3nmyyaromas kaTymka 30H4a CO3/1aeT B OPOJAX BOKPYT LIITypa JIEK-
TPOMArHUTHOE MOJIe TOCTOSIHHOM 4YacTtoTel 1MI'L; BenmMumHa TOKa B IPUEMHOM Ka-
TYLIKE 30HJa 3aBUCUT OT OTHOCUTEIIbHON JUAJIEKTPUUYECKON MPOHULIAEMOCTH CPEBI
BOKpYT 30HAa. [locnennee oOCTOATENBCTBO M MO3BOJIAET OOHAPYKUBATh B MacCHUBE
TPEUIMHBI (3aM0JIHEHHBIE, KaK MPABUIIO, BO3/TyXOM) U YCTAHABJIMBATh UX MapaMEeTPhI:
BEJIMYMHY PACKPBITHUS, UX MECTOMOJIOKEHUE MO UIMHE IIITypa U UX YroJl HAKJIOHA K
OCH 1IIypa.

KoHTpoJibHBIE BOIPOCHI

1. Kakoii cMBbICIT yAENBHOTO 3IEKTPUYECKOTO COPOTUBIIEHUSI TOPHOM TOPOIbI?

2. Kakoil CMBIC] OTHOCHUTEJIBHOW AMAIIEKTPUUYECKON MPOHULIAEMOCTH TOPHOM
OpOoAbI?

3. Kakoil cMbIC]I OTHOCUTEIBbHON MarHWTHOW MPOHULAEMOCTH TOPHOM MOpO-
JIBI?

4. M0HO 71 pa3pyIIUTh TOPHYIO IIOPOAY IIEKTPOMATHUTHBIM I1OJIEM?

5. Kak ucnonb3yroT 3J1€KTpPOMarHuTHBIE CBOMCTBA TOPHBIX MOPOJ IPU pa3Bead-
K€ MECTOPOKIACHNN?
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12. PATUAIIMOHHBIE CBOMCTBA MMOPO/],

12.1. ba3oBble mapamMeTpsbl paAHallMOHHBIX CBOMCTB
TOPHBIX IOPOX M METOAbI UX OINPeAeICHUA

PannoakTUBHOCTH TOPHBIX MOPOJ MPENONPEAECHSAETCA CONEPKAHUEM PAAUOAK-
TUBHBIX 2JIEMEHTOB (ypaHa, aKTHHOYpaHa, TOpUA U paauoakTuBHOro kanus). Coxep-
YKaHHWE B MOpPOAAX IPYTrUX PaJuOaKTHUBHBIX 3JIEMEHTOB (TEXHELUs, OJIOHHUS, IIPOME-
TUS, KalbllUs, PyOuIus, IIUPKOHMS, OJIOBA, TEUTypa, BUCMYTa, BOJIbPpama, peHus)
PaKTUYECKHA HE BIIMAET HA UX OOILYI PaJHMOaKTUBHOCTh, TAK KaK CKOPOCTb HX pa-
JNVWOAKTUBHOIO pacnaja o4yeHb Mmajna. CoxeprkaHue BBICOKOPAAMOAKTUBHBIX JJIEMEH-
TOB B 36MHOM KOp€ He3HauuTeNlbHO. Tak, cpeHee coaepkaHue ypaHa (10 ITyOUHBI
16 km.) coctaBmster 3-107%, a Topust — 8-10™%.

PannoakTUBHOCTH TOPHBIX MOPOJ XapAKTEPU3YETCSl HAIMYMEM B HUX PaguOaK-
TUBHBIX MUHEPAJIOB, OOJIBIIMHCTBO U3 KOTOPBHIX MOTYT aJICOPOMPOBATH PaJMOAKTHB-
HbIE U30TOIBI M JIEMEHTHI U3 OKpYKarolleil cpeapl. Tak, HapuMep, rJIuHa U [IUHU-
CTBI€ CJIaHIIBI B pe3yJibTaTe aacopOlMU PaAMOAKTUBHBIX 3JIEMEHTOB NMPUOOpPETAIOT
3HAYUTENBHYIO PAJUOAKTUBHOCTb.

IIpn pannoakTMBHOM pacraje, CBI3aHHOM C NEPECTPOUKOM SIIEP DIIEMEHTOB,
IPOUCXOJIUT U3JIyYEHHE O- U [3-4acTul, a Takxke y-mydel. I'amma-iryun npeacrasiis-
FOT COGOM IEKTPOMArHUTHBIC BOJHEI ¢ JTHHOM 10 107°M u sHeprueii ot 8107 10
4,8-10™" . Onu 06/1a1a10T HAKGOIBIIEH TPOHHKAIOIICH CIIOCOGHOCTBIO.

B nacrosiiee Bpemsi u3BECTHO OKOJIO 250 painOaKTUBHBIX MUHEPAIOB, COJIEP-
KalMX ypaH U TOpUil. B 3aBUCUMOCTH OT MPEUMYIIIECTBEHHOTO COAEPKaHUS PaJHO-
aKTUBHOI'O ypaHa WJIM TOPHS, PaAHMOAKTUBHBIE MUHEpAJbl JIEJIAT HA YPAHOBBIE U TO-
pHUEBBIE.

Haunbonee yacTto BCTpeuaroTcsi MUHEpPAbl TJIaBHBIX THUIIOB MarMaTUYeCKHX,
METaMOP(PUUYECKUX U OCATOYHBIX MOPOJ MO CTEMEHH UX PAJAUOAKTUBHOCTU JACIATCA
Ha TPU TPYIIIIbIL:

— cnabopaMoaKTUBHBIE — TJIABHBIE MOPOA000pa3yrome MUHEpalibl (KBapil,
IJIaruoKJia3, He(pesvH, KaJueBble NOJIEBBIE IINAThI);

— MOBBIIIEHHO-PAINOAKTUBHBIE — IVIABHBIE AKIIECCOPHBIE U PYAHBIE MUHEPAJIbI
(amatuT, (pIOOPUT, MATHETUT, UIIBMEHUT U AP.);

— BBICOKOPAJMOAKTUBHBIE — AKL[ECCOPHbIE MUHEPAIIBI (CPEH, OPTUT, MOHALIUT,
IUPKOH, TIONApUT U Jp.).

PannoakTHBHOCTh O0CaJOYHBIX MOPOJI, 00YCIOBICEHHAS] HAIMYMEM B HUX PaJHo-
aKTUBHBIX MUHEPAJIOB, OJIM3KAa PaAMOAKTUBHOCTH MarMaTH4eCKUM OOpa30BaHUSIM.
CopaepkaHue paJluOaKTUBHBIX 3JIEMEHTOB B OCAaJOYHBIX IMOPOAAX 3aBUCUT OT UX IPO-
UCXOXJeHusl. Tak B KOPEHHBIX (MAaCCUBHBIX) MOPOAaX, COACpKaHUE ypaHa U TOPHUS
3HAYUTEIBHO MEHBIIIE, YEM B IMOYBAX.

PannoakTUBHOCTH TOPHBIX MOPOJ XapaKTEPHU3YETCS KOJIMYECTBOM pacmnaaaro-
HIMXCS 32 OJHY CEKYH]Jly aTOMOB BEIECTBA. JTOT MapaMeTp Ha3bIBACTCS YOelbHOLL
paouoakmueHocmopio. Y ICIbHYI0 PAJUOAKTUBHOCTH BIIEPBBIE M3MEPUIIU HUCKPOBBIM
cuétunkom . Pezepdpopn u X. I'eitrep. Tak, Hanpumep, yAelIbHAsI PaIMOAKTUBHOCTb
pamust cocrasmster 3,7-10¢ ' kr .
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[Ipoxoxs yepe3 Nopoabl, PaIMOAKTUBHBIE U3TYUEHUSI YACTUYHO MMOIVIOUIAKOTCS,
3a CYET MpEeBpaIICHUs] SHEPTUHU U3IYYeHUS B Jpyrue Buibl 3Hepruu. CrocoOHOCTD
OpOJ, TOTJIOWATh PAANOAKTUBHBIE M3JYyUYEHHUS OLIEHUBACTCS KOIPD@UYUEHMOM NO-
2/loujeHus, KOTOPbIA XapaKTepu3yeT CTENEHb MPEeBpAllleHUs] YHEPTrUu HU3JIYy4YEHUs B
JPYTUE BUIBI SHEPTHH.

Mexay k03QGuiMeHTOM MOTIomeHusT ® U IJIMHOW BOJIHBI Ay, CYIIECTBYET
ClIeyIolas 3aBUCUMOCTb:

=3y (12.1)

[Ipoxoas dyepe3 BeELIECTBO, raMMma-Tydd CTAJKUBAIOTCS C €ro YacTHIIAMH,
BCJIE/ICTBHE YETO MX HAIpPaBIICHUE U3MEHsETCsS. Xa0TUYECKOe N3MEHEHUE HarpasJe-
HUS FaMMa-JIydeil XapakTepu3yeTCsl pacceusanue.

JIJist TOpHBIX MOPOJ XapaKTEpHO JIaBJIEHUE PAaCCEMBAHUA Jy4ye, IPU 3TOM IO-
IJIOILEHUE SHEPTUU HEMHOTO npeBbiiaeT 10% o0mux noTeps 3HEPIUH.

Ha mpakTuke NpUMEHSIIOT pa3IMYHbIE METOJbl M3yYEHUs PATUOAKTUBHOCTHU
nopoA. Tak, pazoMeTpuuecKkue MeTOAbl MO3BOJISIOT OOHAPYKHUBATh OUYEHb HE3HAYH-
TeJIbHBIE KOJIMYECTBA PAJIMOAKTHUBHBIX BEILIECTB.

AOGCOIIIOTHBIE U3MEPEHUs aKTUBHOCTH alb(da W OeTa U3IydeHUH MpOBOASTCS
Memooom 4m-cuema, COTIACHO KOTOPOMY PETMCTPUPYIOTCS YaCTHIIbI, UCITyCKaeMble
UCTOYHUKOM B JIFOOOM HaIpaBJICHUU.

JJi1 MICTOYHUKOB, 00JIaAA0IINX 3HAYUTEIbHON aKTUBHOCTBIO, UCTIOIB3YIOT Kd-
JlopuMempuyecKuii Memoo U3MEPEHUsl paJu0aKTUBHOCTH, KOTOPbIM OCHOBAH Ha W3-
MEPEHHU TeIIoBOTO 3¢¢ekra. PagnoakTUBHOCTP MOKHO H3MEPHUTh TaKXKE MAcc-
CHEeKMPOMEMPUYECKUM MemoooM WA MemOOOM IMUCCUOHHO20 CHEKMPATbHO20
ananusa.

Ha npakTuke mupoko UCHOJIb3YIOTCS OTHOCUTENIbHBIE METOIbI U3MEPEHUS pa-
JTMOAKTUBHOCTH, B OCHOBY KOTOPBIX MOJIO)KEHO CPaBHEHUE PAIMOAKTUBHOCTH aHAIHU-
3UPYEMBIX HCTOYHUKOB U 00pa3IIoB.

PannoakTHBHOCTh TOPHBIX MOPOJI MOKHO OMPEAEIUTh MO0 MHTEHCUBHOCTH UX
u3nydeHus. JJisg 3Toro NpuMEHsIOT paliOMETPhl, CUUHTUIISILIMOHHBIE aHAIU3aTOPHI,
MOJIYITPOBOJTHUKOBBIE JETEKTOPBl U T. M. M3myueHnus Oera- 4acTHI] PETUCTPUPYIOT
UOHU3AYUOHHBIMU KAIAPAMU W 2A30pA3PAOHbIMU cuemyukamu. JJia u3mMepenus pa-
JIMOAKTUBHOCTU O€Ta-u3My4yeHUN C HU3KUMH SHEPTUAMU MPUMEHSIOT METOJ JHCUO-
KOCMHO20 CYUHMUTAYUOHHO20 c4éma. llpu W3MEepeHHMH WHTEHCHUBHOCTH TIaMMa-
U3ITyYEHU 4acTO MPUMEHSIOT CYUHIMUAUPYEeMble NIACMMACCbl B KOMIUIEKTE C ¢ho-
MOIEKMPOHHBIM YMHONCUMENEM.

Haubonee pacnpocTpaHE€HHBIM 711 U3MEPEHHS] TaMMa-U3IydeHHH SIBISETCA
npudop CPII-2.

B kaudecTBe AaTYMKOB raMMa-u3Jy4eHHU UCIOJIB3YIOT ra3opaspsaHble CUETUn-
KM, YaCTO MHAMKATOPaMH HEUTPOHOB CIYy>KaT OOPOBBIE MPOMOPILHMOHAIBLHBIE CUETYH-
KH.

PannoakTUBHOCTh TOPHOM TOPOABI OMPENESIOT KaK OTHOCHUTEIBHBIM Mapa-
MeTP — [ (PaIMOAKTUBHOCTD, MIPUBEJCHHAS K OTHOCUTEILHOMY COAEP>KaHUIO ypa-
Ha):
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[ =(IT,- T, AY(IL, T, (12.2)

rae I, u I1, — KkoaudecTBO YacTHIl, BRUICTAIONKX 32 1 MMH. COOTBETCTBEHHO U3 00-
pasiia mopojbl M 3TajgoHa, cojaepxaniero ypas; T, u T, — Maccel 3Tanona u oOpasiia;
A — MaccoBO€ COZIEpKAHUE YPAHA B ITAJIOHE.

Bennunna ', Ha3pIBaeTCs TpaMM-3KBUBAJICHTOM ypaHa Ha Ir.

12.2. Ucnoyib30BaHue PAUAIIMOHHBIX CBOMCTB
MOPO/ B TOPHOM NMPaKTHKE

MeToapl U3MepeHUsl €CTECTBEHHOW M MCKYCCTBEHHOM pajiMOaKTUBHOCTH LIM-
POKO MCHOJIB3YIOTCS Ul U3y4EHUsl (PU3NUECKUX CBOWCTB, BEILIECTBEHHOIO COCTAaBA U
COCTOSIHUS TOPHBIX 1TOpoa. OHU NOTYYWIN HA3BAHUE PAOUOMEMPUIECKUX.

JUis onpesieseHnst IPOUCXO0XKIEHUS U PaJMOJIOrMUECKOr0 BO3pacTa MUHEPAJIOB
UCIIOJIB3YIOT KOHEUYHBIE PAJMOT€HHbIE MPOAYKTHI pacnajga — CTaOWIbHBIE HW30TOIBI
(apros, renuii, CBHHEI U T. II.), KOTOpbIE (PUKCUPYIOTCS MACC-CIIEKTPOMETPUUECKUM
WIM HU30TOMHO-CHEKTPaIbHbIM METOAOM. [lo KOJMYecTBY M M30TOMHOMY COCTaBy
CBHHIIA MOXXHO TOYHO ONPEIEIUTh BO3PACT MUHEPAJIOB.

AnepHo-pu3nuecKkue MeTO/bl, B KOTOPBIX HCIOJB3YIOTCS MPOLECChl HCKYC-
CTBEHHON PaJMOAKTUBHOCTH, IPUMEHSIOTCA JJI ONPEACIICHUs 3JIEMEHTAPHOTO CO-
CTaBa IOpO/JI, @ TaKkKe X (PU3MKO-XUMUYECKUX CBOMCTB (BJIaKHOCTH, IPOYHOCTH U T.
n).

[HIupokoe pacnpocTpaHEHUE B Hallle BpeMs MOIYUHIIN paAUOMETPUUECKUE Me-
TOJIbl TOUCKA MECTOPOXKJIEHUH MOJE3HBIX HCKONAEMbIX (SMallMOHAJIBHBIM, paanuo-
T'UJIPO-T'€0JI0OTMUECKHM).

JUis u3y4yeHHUs TeO0JOrMYecKOro paspsaa OypOBbIX CKBaXKUH HPUMEHSIOT
PAOUOAKMUBHBIU U IMAHAYUEHHBIU KAPOMAILC.

3aBUCUMOCTD TOTJIOLIEHUSI PEHTT€HOBCKUX Jyded, MPOLIEAIINX Yepe3 Bellle-
CTBO OT HEOPJIAWHAPHOCTHU CTPOEHHUS, MUHEPAJIIBHOI'O CBOMCTBA U MNIOTHOCTH MOJIOXKE-
HUSL B OCHOBY OeqheKmocKonuu.

JUist BbISIBIEHUS OCOOCHHOCTEN CTPOEHHUSI U MHHEPAJIOTMYECKOI0 COCTaBa IMO-
POJ IHUPOKO UCHOJIB3YIOT PeHM2eHO8CKUL MUKPOCKON.

Ha ropHonoObIBaroIMX NPEANPUATHSIX, B MECTaX C 3aTPYAHEHHBIM NPHUCYT-
CTBUEM JIIOJIeH (3arpy3Ka CKHUIIOB B CTBOJIAX; KOHTPOJIb YPOBHS XKHUAKOCTEH B EMKO-
CTSIX, IOJIE3HOI'O HCKOIIAeMOro B OyHKepax M T. J.) UCHOJb3YETCSI KOHTPOJIbHO-
U3MEpUTEIIbHAS annapaTypa, aBTOMaTUUECKUE PETYJIUPYIOLINE YCTPOICTBA HA OCHO-
BE€ PAIMOAKTUBHBIX U30TOIOB.

KoHTpoJibHBIE BOPOCHI

[S—

Yto Ha3bIBaETCS PAAUOAKTUBHOCTHIO TOPHBIX MOPOA?

Kak knaccuuumpyrorcs MUHEpasbl IO CTENEHN UX PAAMOAKTUBHOCTH?

3. Kakue napameTrpsl, XapaKTepH3yIOLUE paJuallMOHHbIE CBOWCTBA mopoa Bam
U3BECTHBI?

4. Kakue BUIbI U3TyUYECHHS UMEIOT MECTO IIPU PAAMOAKTUBHOM pacnajae?

N
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Kakue MeTonbl MPUMEHSIIOTCS Ui ONPEACNICHUS PaJMOAKTUBHOCTH TOPHBIX
nopoa?

. Uro Bbl 3HaeTe 00 OTHOCUTENBHBIX METOJAX HU3MEPEHHS PaTUOAKTUBHOCTHU
TOPHBIX MOPOA?

. UTo Takoe paJOAKTUBHOCTh, ITPUBEICHHAS K OTHOCUTEIBHOMY COJEPKAHUIO
ypaHa?

Kakue meToapl NpUMEHSIOT MIPU Pa3BEIKE MECTOPOKICHHUM MOJIE3HBIX UCKOIa-
EMBIX?

Kak ncnonb3yrorcs paanaliioHHbIe CBOMCTBA MOPOJ B MPAKTUKE TOPHOIO Jie-
na?
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13. HAITPA’KEHHO-AE®OPMHUPOBAHHOE COCTOSHHUE
IIOPOJAHOI'O MACCHUBA

13.1. OcCHOBHBIE COOTHOIICHUA MEXAHUKH CILIOIIHOTO
nepopmMupyemMoro reaa

JU1st MaTeMaTUYECKOTO ONMCAHUS MPOLIECCOB, MPOTEKAIOIIMUX B IOPOJIHOM Mac-
CUBE BCJIEJICTBHE ITPOBEJCHHS BBIPAOOTOK, B MEXAHUKE FOPHBIX MOPOJ UCHOJIB3YIOT,
KaK MpaBUJIO, COOTHOUIEHUSI MEXAaHUKH CIUIOIIHOTO J1e(QOpMUPYEMOro Tela: TEOPHUH
YOPYTOCTH, MJIACTUYHOCTH U TIOJI3YyYECTH.

OCHOBHBIM B MEXaHHUKE CIUIOIIHOTO JAehOPMHUPYEMOTO Teja SBISETCA MPEeIo-
JO)KEHHUE O TOM, 4YTO pac-
cMaTpuBaeMas cpefa Jid-
HieHa CTPYKTYphl U 00Jia-
JAeT CIUIOIIHOCTBIO C HeE-
IPEPBIBHBIM  paclpezelie-
HUEM BEIIECTBA, TaK Ha3bl-
BAEMBI KOHTHMHYYM. OTa
TUIOTE3a IO3BOJISIET CUHU-
TaTb HAIpSOKEHUS U Jie-
dbopmanuu HEmpepbHIBHBIMU
u  guddepeHupyeMbIMU
byHKUUSIMH KOOpJMHAT
Touek Tena. I[lpenmonara-
eTCsl TaKXe, YTO JtoObIe
JIOCTaTOYHO Malible, T.H.
DJIEeMEHTapHble,  00bEMBbI
paccMaTpuBaEeMoOn  Cpeabl
00Ja1al0T  OAMHAKOBBIMU

(hU3UKO-MEXAaHUYECKUMU
CBOWCTBaMH. [Ipumenu-
TEIbHO K MEXaHUKE TIop-
HBIX MOPOJI TAKUM THUIIOTE-

Puc. 13.1. YpoBHU HEOAHOPOAHOCTH B MMOPOJIHBIX MAaCCUBAX:
1 — MUKPOCKOTIMYECKHH; 2 — CyOMaKpOCKOITNYECKHI; THYCCKUM  CIUIOUIHBIM U
3 — MaKpOCKOMMYECKHI; 4 — MEracKOIMUYECKUH. OJHOPOAHBIM TEJIOM SIBJISI-

€TCsS IOPOJIHBIA MAaCCHB,
BMEIAIOIINUNA TOPHBIE BBIPAOOTKHU.

OpnHako peanbHBINA MOPOJIHBIN MAaCCUB, KaK IPUPOIHAS CUCTEMA, 00JIaJaeT BbI-

COKOW CTEIEHbI0 HEYNOPSAOYEHHOCTH, B KOTOPOUM B 3aBUCUMOCTH OT Pa3MEPOB U3Y-
yaeMoi 00JacTH MOKHO BbIIENUTH (puc. 13.1) deTbipe MacmITaOHBIX YPOBHSI HEO-
HOPOJHOCTHU:
1. MUKpPOCKONMMYECKHUI: Cpella pacCMaTpUBAETCs HA YPOBHE KPUCTAIIOB, pa3Mep
AJIEMEHTOB HEOJHOPOJHOCTEN COCTABIISET 10°-10° m; 2. CyOMaKpOCKONTUYeCKUIA:
cpela paccMaTpUBAETCsl HA YPOBHE 3JIEMEHTAPHOT0 00beMa JIUTOJIOTHYECKOW Pa3HO-
CTH, pa3Mep SJIEMEHTOB HEOJHOPOTHOCTEN COCTABIISET 105-107 m;
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3. MaKkpoOCKONUYECKHUI: Cpela pacCMaTpUBacTC Ha CTPYKTYPHOM YPOBHE,
pasMepsl IEMEHTOB HEOJHOPOAHOCTEH cocTasisior 107°-10" m;

4. Merackonu4eckmii: cpejia pacCMaTpUBaeTCa Kak CIOKHOCTPYKTYpHOE 00-
paszoBaHue, 00aailee TeKCTYpoil U HaXOSIIUeCs Mo IeUCTBUEM T'PaBUTALMOH-
HBIX M TEKTOHUYECKHUX CHJI, pa3Mep AJIIEMEHTOB HEOJHOPOIHOCTEN cocTaBisieT Ooee
1,0 m.

[lepBbie ABa ypoBHs u3y4aeT (M3MKa TOPHBIX MOPOJ, a JIBa MOCIEAYIOIINX —
3TO MPEAMET UCCIIETOBAHUN MEXaHUKH FOPHBIX MTOPO/I.

Ha mMakpockonnm4eckoM ypoBHE TOpHbIE OPOJIbI 00JIaJal0T BHYTPEHHEN HEO -
HOPOAHOCTBIO. OHU COAEpKAT MOTMKPUCTAIIBI MUHEPAJIOB PAa3HOW KPENoOCTH, MUK-
POTPEIINHBI, TTOPbI, BKIIOYEHUS U ApYyrue Ae(deKThbl, MPUBOASIINE K MECTHOM KOH-
LEHTpaluu HanpsbkeHuid. OHaKo, MOCKOJIBKY 3TUX MHUKPOJE()EKTOB OYEHb MHOTIO,
TO B CHJIy CTATUCTUYECKUX 3aKOHOB B OJIHUX U T€X K€ YCIOBUAX OTHOCHUTEJIbHBIE I1e-
peMelIeHusl TOYEK peasibHoro aegopmupyemoro tena (B u B;) OyayT npakTHYECKU
COBMNAJATh C MEPEMEHICHUSIMU COOTBETCTBYIOUINX TOUYeK (4 U A;) OAHOPOIHON MOJe-
au (puc. 13.2). IIpu sTOM, UeM MeHbIIIe pa3Mepbl MUKPOIe(PEKTOB U yeM Ux OoJIblIIe,
TE€M MEHBIIE MOTPEIIHOCTh, CBSA3aHHAsA C MPUMEHEHUEM METOJ0B MEXAHUKH CILJIOLI-
HOW CpEIBL.
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Puc. 13.2. Onnopoanas (a) u HeogHOpOAHAS (0) MOJIENH TTOPOIHON CPEIbI

W3 cka3aHHOTrO BBIIIE CIIEIYET, YTO JIEMEHTapHbIH 00beM MOPOJIHOIO MAacCH-
Ba JIOJDKEH OBITh IOCTATOYHO MaJIbIM, YTOOBI BBIMOJIHSIACH UCXOAHAS MPEINOCHUIKA
O CIUIOUIHOCTH CPEJibl, U, B TO K€ BpEMsl, 10CTATOYHO OOJBIINM, YTOOBI OH 00J1aaan
BCEMU YCPEIHEHHBIMU CBOMCTBAMHU M3y4aeMOro O0ObheKTa Ha CyOMaKpOCKOMUYECKOM
YpOBHE.

Takoil snemMeHTapHbII O0OBEM Ha3bIBAIOT (PM3MUYECKH MaJdbIM. Ero MoxHO
NpEeACTaBUTh B BUJE Ky0a, UMEIOIIET0 COOTBETCTBYIOIIEE UYUCIO I'paHed U pedep.
['panb Takoro kyOuka oOpasyer 3J1eMeHTAPHYI0 IUIOMIAJKY, a peOpo — IjIeMeHTap-
HYIO IJIMHY.
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3agadya 0 BO3MOXXHOM BEJIMYMHE IOTPEMIHOCTH, MOJy4acMOM BCIIEICTBUE 3aMe-
Hbl pealbHOM HEOJHOPOJHON Cpeibl OAHOPOJHOM CIIOIIHONW MOJENbI0, Obla Mo-
crapyieHa U pemieHa npod. ®.C. Scunckum B 1887 r. B pesynbrare ee pemieHus Obi-
JIO YCTaHOBJICHO, YTO BEJIMYMHA BO3MOXKHOW OIIMOKH 3aBUCUT OT XapaKTEpPHBIX pa3-
MEpOB HcclieAyeMon 00JacTi L U pa3MepoB / cllararoiiux ee 3JIEeMEHTAPHBIX YaCTHII
(o6bemoB). Cornacao Teopun @.C. ScuHCKOro, cpeiy MOKHO CUUTATh UICANTbHOU
(CTIIONIHOW M OTHOPOJIHOM), €CITU UMEET MECTO HEPABEHCTBO

§>a2, (13.1)

ra€ a — HEKOTOpPOE€, AOCTAaTOYHO 0ombII0e qucCio, BI)I6paHHOe C TaKUM pPacCHCTOM,
YTOOBI Inpu HpHHﬂTOfI CTCIICHHU TOYHOCTH BCINYHUHA -1 Obl1a 3HAYUTEILHO MEHBIIIE

€AUHUIIBI U €10 MOKHO ObLIO OBl MpEeHEOpPEYb.

[ToznHee, TPUMEHUTENBHO K METalaM, ObLIM MOCTAaBJIEHBI CIIELUAIIBHBIE OIIbI-
Thbl, KOTOPBIE MOKAa3aJIH, YTO IPOBOJIOKA U3 OCOOOM CTajau C SICHO BBIPAKEHHOM 3€ep-
HUCTOM CTPYKTYPOM MMEET IO JUIMHE BIIOJHE IOCTOSHHBIE CBOMCTBA, €CIM KOJUYe-
CTBO 3€pEH B €€ MOMEePEYHOM CEUYEHUU CTaHOBUTCS OoJibiie 30.

Jpyrumu ombpITaMH C METaJJIaMU ObLIO YCTAaHOBJIEHO, YTO MPU U3MEPEHUHU JIe-
dbopmanuii TeH30pe3uCTOpaMu C Mayiol 0a30il MOKa3aHUs UX CTAHOBATCA CTAOWIIb-
HBIMH, €CJIM B IIpejenax 06a3pl Haxoautces Oosee 10 3epeH CTPyKTyphI.

K.B. Pynneneiit u FO.M. JIubepmaHn, pemas crieliiaabHO MOCTABICHHYIO JJIs
ATOM LEJIM CTAaTUCTUYECKYIO 3aJauyy, ONPEAENIHIN, 4TO C BEpoATHOCThIO 0,98 rpaHb
AJIIEMEHTApHOI0 00beMa IMeCYaHUKa JIOHKHA UMETh pa3Mep OKojIo 29 MM U cojep-
KaTh HE MEHEE § 3€pEH.

B Hacrosiee BpemMsi HEPEIKO HUCIOIb3YIOT KIACCU(PUKALNIO OCAJOUHBIX MTOPOJ
no KpynHoctH 3epHa, npenoxennyro UI'H AH CCCP (ta6a. 13.1). B aToii xe Tab-
JULE NPUBEACH OPUEHTUPOBOYHBIN pa3Mep 3eMEHTaApPHON MIOLIAIKH.

Pa3mep L ucciaeayemoit 06acTi B 3aa4aX MEXaHUKU TOPHBIX MOPOJI, KaK Ipa-
BIJIO, HA MOPSIZOK OOJIBIIE Pa3MepoB BIPaGOTOK U paseH 40-50 M. Benmunna a™' s
BbIPA0OTOK, 3aJI0)KEHHBIX JJaXe B TAKOM HEOJAHOPOJIHOM MOPOJIE, KaK KOHTJIOMEpAT, B
coorBeTcTBUM ¢ Tabn. 13.1 paua 0,012, B aprwmure — 0,005, 4T0 3HAYUTEIHLHO
MEHbIIIE eAUHUIIBI, Kak Toro u Tpedyet Teopust @. C. Scunckoro.

Tabmura 13.1

PasMep SHCMCHTapHOﬁ IIomaakKyu IPpUMCHUTCIIBHO K OCAT0YHBIM ITIOPOaAaM

HanmeHoBaHue moposI Cpennuii pa3mep 3epHa, [, MM
MM
Konrnomepar 10,0 67
['paBenut 1,0-10,0 6,7 —67
[Tecuanuk KpynmHO3EpHUCTHIN 0,5-1,0 3,3-6,7
[Tecuanuk cpenHE3E€pHUCTHIHI 0,25-0,5 1,7-3,3
[TecuaHuk MEIKO3EPHUCTHIN 0,1 -0,25 0,7-1,7
AJIEBpOJIUT KPYITHO3EPHUCTHIN 0,05-0,1 0,3-0,7
AJEBPOJIUT MEJIKO3EPHUCTHIN 0,01 —0,05 0,1-0,3
Apruuur 0,01 0,1
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Takum oOpa3zoMm, MpU HU3YyYEHUH MEXAHUYECKHX SIBJICHUH, MPOTEKAIOUUX B
MOPOJHOM MAaCCHMBE BOKPYT BBIPAOOTOK, BIIOJIHE OOOCHOBAaHHO MOKHO TNPUMEHSIThH
COOTHOIICHHUS] MEXaHUKHU CILIOMIHOTO Je(hOPMHUPYEMOTO Tella, OCHOBAHHbIEC HA TUIIO-
T€3€ HEeMPEPHIBHOU OAHOPOTHOMN CPEJIbI.

[Tepexos OT CyMakpOCKOMUYECKOTO YPOBHSI HEOJHOPOIHOCTEH MOPOJAHOIO Mac-
CHBa K MAaKpO- U MEracKOIMMYE€CKOMY BBIMOJIHIETCS Ha OCHOBE y4eTa MaclITabHOro

s dexkra.

13.2. MexaHu4ecKHe MPOLECChl B MAaCCUBE TOPHBIX MOPOJ

Duszuueckue npoyeccol B TOPHBIX MOPOJAAX — SIBJICHUS B3aUMOJEHCTBUS Pu3n-
YECKUX TOJIEH C TOPHOM MOPOJIOW, B PE3yibTAaTe KOTOPBHIX B MOPOJIE€ BO3HUKAIOT U
MPOTEKAIOT Pa3IMYHbIE U3MEHEHUSI COCTaBa, CTPOCHUSI U COCTOSHUS MAacCHUBOB IOp-
HBIX TTOPO/I.

B ropssix nopojax pasinuyaroT CieAyrolue guzuieckue noas: MEXaHu4eCcKoe
MI0JIE; TEIUIOBOE; JJIEKTPUUECKOE; MAarHUTHOE;, PAaJIUALMOHHOE; TUIPABINYECKOE; Ta-
30 IMTHAMHYECKOE (ITOCJICTHUE JIBA SBJISIIOTCS BEIICCTBEHHBIMH TOJISIMH ).

Hanbonpuii unTepEC 11 TOpHIKA MPEACTABISIOT MEXaHUUYECKHUE MTPOIIECCHI B
MACCHBE TOPHBIX MOPOJI, MPOUCXOASIIINE MO AEHCTBUEM MEXAHUYECKOTO MOJISI U BbI-
3pIBalOle (POPMHUPOBAHUE OIMPENIECIECHHOTO HAMPSHKEHHO-AE(POPMUPOBAHHOTO CO-
CTOSTHUSI MAaCCHUBA; €r0 M3MEHEHHE MPU BEJICHUHU TOPHBIX PabOT, CABUKEHUS TOPOI,
WX pa3pylieHUE, B3aUMOACHCTBHE MOPOJ C KPEMbIO TOPHBIX BHIPAOOTOK.

Mexanuueckoe cocmosiHue mMaccusa XapakTepU3yeTcs €ro: CIUIOUIHOCTHIO WU
JIUCKPETHOCTBIO, TPEIIMHOBATOCTHIO U CIOMCTOCTHIO, HEOJHOPOJHOCTHIO M aHU30-
TpOMHEH, a TAK)KE ero HaNPsHKEHHO-e(OPMAITMOHHBIM COCTOSTHUEM.

[ToponHblii MaccuB — cliokHasg (U3MYECKas cpeaa, MOBeJAeHHE KOTOPOH B 00-
HIEM ClIy4yae XapaKTepu3yeTcs HalpsbKeHueM, nedopmaiiieit, TemnepaTypoi, Bpeme-
HEM, TPEIIMHOBATOCTHIO, HEOJHOPOAHOCTBIO, AaHU30TPOINEN, HATUYMEM BEILIECTBEH-
HBIX TUAPABINYECKUX U Ia30BbIX MOJIEH.

N3yuenune Takoil cpeibl B MOJTHOM €€ 00bEME HEBO3MOXKHO M3-3a CIOKHOCTH
00BEKTA.

[TosToMy mipu HCCleIOBaHUM MEXAHUYECKHUX MPOLIECCOB B MACCHUBE OOBIYHO
paccMaTpUBaOT HE COOCTBEHHO MACCHUB, @ HEKOE €ro UAcaIu3upOBaAHHOE OTOOpake-
HHE — TeOMeXaHU4ecKass MOJICITb.

Ha ocHOBaHMM NPUHATON reOMEXaHWYECKOW MOJIENM COCTABJISIOT pacyETHHIC
CXEMbI TOW MJIM MHOM 3aJ1auH.

13.3. Ci1omHOCTH ¥ JUCKPETHOCTD

Cniowinbim Ha3bIBAIOT MACCUG, B KOTOPOM TOpHasl MOPOAA HENPEPHIBHO 3a-
NOJIHSET TEOMETPUUYECKHUIN 00BEM UCCIIEyEMOM YacTH MacCUBa.

Luckpemnviym Ha3bIBAIOT Maccus, KOTOPBIA MPENCTABIAET COOOW CHCTEMY OT-
JEIbHOCTEN, KaXK1asl U3 KOTOPBIX UMEET ONPEEICHHYIO (OopMy.

B o01em ciayyae MaccuB M3-3a HAJIMYUS TPEIIMHOBATOCTH SBIISIETCS TUCKPET-
HOM CpENON.
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Ho B HEKOTOpBIX Cilydasx r€OMETPUUYECKYI0 MOJENb JUCKPETHOTO MacCHBa
MPEJICTABISAIOT KaK Cpeay CIUIONIHYI0. B 3TOM cilyyae Takoi MacCUMB Ha3bIBalOT KBa-
3UCIIJIONITHOM.

N3BECTHO HECKOIBKO Kpumepues K8A3uCNI0WHOCMU MACCUBA.

Hanpumep, no KpyneHHHKOBY, MacCUB SIBJISIETCSI KBA3WUCIUIOIIHBIM, €CJIA BbI-
MOJIHACTCS YCIOBUE

AA < g npu Aa<10,

rne AA — pa3HOCTh 3HAUCHUI HANPSHKCHHA, AePOpMAaIii 1 CMEIICHUIA B COCETHUX
TOYKAaX MacCHBa C MPHUPAIICHHEM KOOpIUHAT Aa; € — oIycKaeMasi OTPEIHOCTh MPH
onpeneneHuu napamerpa (o0br4Ho 15% cpennero 3Hauenus) ly — muHENRHBIN pa3mep
AIIEMEHTAPHOI0 00bEMA.

Inemenmapuulii 06vem — 00beM, 00JJAIOIINI BCEMH CBOMCTBAMU UCCIEYe-
MOTO MaCCHBa, HO HACKOJIBKO MAaJIbIid, YTO HAMPSHKEHHO-IE(POPMUPOBAHHOE COCTOS-
HUE B HEM PacCMaTpPUBAETCS KaK B TOUKE.

Jlotst ropabix mopox V, = 0,025 ev’ (1o = 0,29 cm).

Eciu 310 ycnoBue He BBITIONHSAETCS, TO MACCHB PACCMaTPUBAIOT, KaK TUCKPET-
HYIO cpeny.

[To baknamoBy BEIYHCIISIOT MUHUMAIBHBIN pa3Mep UCCIIEyeMOTO MacCHBa,
MO3BOJIAIOIINN IPUMEHSATh METO/IbI MEXaHUKH CTUIOIIHOM Cpebl

2
L=1,/¢ » "€ I, = 10h>

riae h — cpeanuii pasmep CTpyKTYypHOTO 0JI0Ka MaccuBa (OrpaHUYEHHOTO TPelMHA-
MH).

Hampumep: h=1 m, Iy = 10 M, Torna L=10-1/0,15*=444 m.

Maccus, ¢ pa3aMepoM MEHbIINM, 4yeM 444 MeTpa — IUCKPETHBIN, ¢ OOJBIINM —
KBa3UCILIONIHOM.

13.4. TpemiuHOBATOCTH U CJIOMCTOCTH MAaCCHUBA

Tpewurosamocms TOPHBIX TOPOJI — 3TO COBOKYITHOCTh TPEUTUH PA3TUIHOTO
MIPOUCXOXKICHUS U PA3INIHBIX pa3MepoB, (POPMBI M MPOCTPAHCTBEHHOW OPUEHTH-
POBKH.

Tpewunotl Ha3bpIBAIOT PA3PHIB CIUIONTHOCTHU CPEbl, BEIMYMHA KOTOPOTO Ha IM0-
PAIOK U OoJiee MPEBOCXOAUT MEKATOMHBIC PACCTOSHUS B KPUCTATMIECKON PEIIETKE
(1.e. Goee 10™m).

[To mpoMCXOXAECHUIO TPEUTMHOBATOCTh TOPHBIX MOPOJ pa3eisaeTcsi Ha HETeK-
TOHMYECKYIO, TEKTOHHUYECKYIO U IUIaHeTapHylo. HeTekToHnueckass TpermHOBaTOCTh
TOPHBIX MOPOJ — ATO CIEACTBHE PACTPECKUBAHHS TOPHBIX MOPOJ B MPOIECCE OXJia-
XKACHUA (IJI1 MarMaTUYeCKUX MOPOJ), YILIOTHEHUSA, ACTUAPATAUH (TSI OCATOYHBIX
TOPHBIX MTOPOJ).

K HeTekTOHHYeCKOW TPEIIMHOBATOCTH OTHOCHUTCS TaK)KE TEXHOJIOTHMYECKas
TPEIIMHOBATOCTh, BBI3BAHHASI BEJECHHEM TOPHBIX padOT, TPEIIMHOBATOCTH TOPHBIX
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NOpOJ B 30HE BIUSHUA FOPHOM BbIpaOOTKH, BbI3BaHHAasi bBP, ropHeiM naBnenuem u
T.J.

TexToHnYecKkas TPEIMHOBATOCTh PAa3BUBAETCS B NOPHBIX MOPOJAaxX B CBS3U C
TEKTOHUYECKUMHU MPOILIECCAMH, T.€. BBI3BIBAECTCSA — U CKJIaIKOOOpa30BaHUEM, IITyOUH-
HBIMHU [TOJIBUYKKAMH IIAT(HOPM.

IInaneTapHas TPEIIMHOBATOCTh CBA3aHA C HAIPSIKCHUSMHU, BBI3BAHHBIMHU H3-
MEHEHHEM YacTOThI BpalleHUs 3eMJIU U €€ (POPMBI.

B MexaHuke TOpHBIX ITOPOJ IPU XapAKTEPUCTUKE MACCUBA MOJ TPELIMHOM I10-
HUMAIOT HE BCE TPEIIMHBI, a TOJIBKO T€, HAUINYNE KOTOPBIX IPUBOAMT K Pa3pbIBY IO
nedopmanuu.

Hanuuue TpemmrHOBATOCTH MPUBOJUT K MU3MEHEHHUIO MPOYHOCTHBIX U Ae(op-
MAaIllMOHHBIX XapaKTEPUCTHK MAaCCHBA B LIEJIOM.

[IpoyHOCTH OPOJ B MacCHMBE MEHbILIE, YeM B 0OpaslLie 3a CYET HaJIU4YUs Tpe-
LIUH

Oy = K ¢Co6>

rae K. — koaguuuent cTpykrypHoro ocinadieHus mopoJ B Maccuse ( Tadu. 13.2).

Tabmauna 13.2.

Knaccudukanns BHUMMU i1t ropHBIX OPOJT B MACCUBE MO TPELIMHOCTOCTH

Paccrostnue mexy
Kareropus nopon o Ko duumeHT crpykTypHOro
MOBEPXHOCTSIMHU
TPEUIMHOBATOCTH ocnabnenus, K,
ocJyiabnenud [/, m
IIpakTHYeCKr MOHOJIMTHBIC ooxee 1,0 0,9
MaJioTpeminHOBaTHIE 0,5-1,0 0,8
CpenHeTpenmrHoBaThIe 0,3-0,5 0,6
TpemuHOBaTHIE 0,1-1,3 0,4
Becbma TpemuHoBaThie 1o 0,1 0,2

TpewmmHoBaTOCTH BIUSET HA epopMalMOHHBIE XapaKTEPUCTUKU ITOPOJI B Mac-
cuBe cleAyrmuM oopazoM. OOBIYHO Jis KBA3UCIUIOHBIX MAaCCHBOB BBIUMCISIOT JK-
BUBAJIEHTHBI MOJYJb JIe(popMany, KOTOPbI 3aBUCUT OT BUJA TPELIMHOBATOCTH.

Haunbouniee nosmHo 3ToT Bonpoc uccienoBan Pynneneiit. [lpuBenem HekoTopbie
€ro pelICHHUS.

JIns MaccuBa, UMEIOLIETO KOJMYECTBO CUCTEM TpeluH OT 1 110 3; y KOTOporo
JUINHA TPEIUHBI [, > L XapakTepHOTo pa3Mepa UcCleayeMon 00IacTu

E .
1+§ni(1—sin4 0,)
1

9 —
E locuX —
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E

9
EHocuX = n >
1+>n,(- cos? 0;)

1

rae E — Moayne ynpyroctu HeHapyiieHHON mopoAsl (00pasiia); n —4uciao CUCTEM
TpEIINH;

8; — MMpUHA pacKpbIThA i-Toil TpeumHel; B = 3 10™ — oTHOCHTeIBHAS TIOmMATb KOH-
TaKTOB CTEHOK TpeIIWH; h; — cpeaHee paccTosHHE MEXAy TpellMHaMH i-TOi cucre-
MBI; ®; — YToJI MeX/1y HarpaBIeHHEM TUIOCKOCTH TPEIIMHBI U BEIOPaHHBIM HaIlpaBJie-
HHEM OCH X.

Bl =H+2m; sin” 0, cos? 0,
1
B MaccuBe, SKBUBAJICHTHOM ChIITyueii cpe/e
B> =16(1+--)BE
> M b

riae M — MyCTOTHOCTh CHITTyYeH Cpebl, €.

Croucmocms pa3nIuvaroT, Kak MUKPOCIOUCTOCTh — T.€. CJIONCTOCTh B TIpeIesiax
OJTHOM JTUTOJIOTMYECKOU PA3HOCTH U KaK MaKPOCIOUCTOCTh — T.€. HAJTMYNE B MAaCCHUBE
Pa3TUYHBIX JITOJIOTHIECKUX Pa3HOCTEH.

MUKpOCIOUCTOCTh BBI3BIBAET B TMOPOJIE HEOJAHOPOIHOCTh W AHWU3O0TPOITHIO
CBOMCTB.

Makpocnoucrocts (Tabds. 13.3) MoxeT ObITh 2 BUAOB: 0€3 pe3KUX CKauKOB
CBOMCTB U C PE3KMM MU3MEHEHHUEM CBOWCTB MOPO/I OT CIIOS K CJIOK0.

Ta0Omuma 13.3

KJ'IaCCI/I(I)I/IKaLII/IH MaCCHBA I'OPHBIX IIOPOA IO CJIOUCTOCTHU

Kareropus nopon mmo caoucroctu TonmuHa cioes, M
Becpma TOHKOCITIONCTHIC 10 0,2
ToHKOCIOUCTHIC 0,2-1,0
CpenHecionucTtoie 1,0-3,0
Kpynnocnoucteie 3,0-10,0
Becbma KpynmHOCIOUCTHIE 6omee 10,0
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B nepBoMm cinyyae MaccuB OOBIYHO pacCMaTPHUBAIOT KaK KBa3UCIUIONIHOM, a BO
BTOPOM — MacCHB HE MOKET pacCMaTPHUBATHCS KaK CIUIOIHOM (ycnoBue Kpynennu-
KOBAa HE BBITIOJIHSIETCS).

13.5. HeomHOPOAHOCTH M AHM30TPONHS

Heoonopoonocms maccusa no npu3Haky A — 3aBUCUMOCTb 3TOTO MpPHU3HAKA B
npeenax JaHHOTO 00beMa OT KOOPAWHAT TOYKU OpOoOOBaHUS.

Anuszomponusi 06vekma MO TPU3HAKY A — 3aBUCHUMOCTH 3TOTO IMpHU3HAKA B
npejenax JaHHOTO 00beMa OT HampaBJeHUs (TeOMeTpUUecKas aHU30TPOITHS).

B 3aBHCHMMOCTH OT HEOJAHOPOJHOCTH M aHU30TPONHUH PA3ITHYAIOT CIEIYIOLINE

BUJIbI MACCBOB TOPHBIX TIOpo (Tabim. 13.4).
Ta6muma 13.4

BI/I,IIBI MAaCCHUBOB I'OPHBIX ITIOPOA

. Heonnoponusiii ¢
OnHOpOHBIHI .
XapaKTepuCTHKa (KBA3HOHOPOS CratucTudecku YIIOPSIIOYEHHON
MaccuBa Hbii) p HEOJHOPOIHBIN HEOJHOPO/HO-
CTBIO
CaoiictBa nopoa: | CBoicTBa MOPOJ:
CBoiicTBa MOpoOA: |- HE 3aBUCAT OT | - HE 3aBUCAT OT
- HE 3aBHCIT OT | HalpaBJICHMUS; HalpaBJICHMS;
. HalpaBJICHHUS; - SIBISIFOTCSL  CIIy- | - SBIISIIOTCS
N3otponHbin .
- HE 3aBHCAT OT | YaWHBIMH  (DYHK- | HEIPEPHIBHBIMU
KOOPMHAT TOYKH | HUSIMU KOOPAMHAT | QYHKIUSAMH KOOP-
onpoOoBaHus TOYKHA ONpoOUpo- | TUHAT TOUYKH
BaHUs ONPOOHPOBAHHS
CgoiictBa mopoa: | CBolcTBa MOPOA:
CpoiicTBa MOpoA: |-  3aBHCAT  OT | - HE 3aBUCAT OT
- 3aBUCAT  OT | HANPABJICHHUS, HaIpaBJICHHS;
. HaIlpaBJIeHUS; - SBJSIFOTCSL  CIy- | - SBIISIFOTCS
AHM30TPOIHBIN N
- HE 3aBHCAT OT | YaWHBIMH  (DYHK- | HEIPEPHIBHBIMU
KOOPAWHAT TOYKH | HUSMH KOOPAHMHAT | QYHKIIUIMH KOOP-
onpoOoBaHus TOYKHA ONpoOUpo- | TUHAT TOUYKH
BaHUs OIpOOUPOBaHMUS

Kpurepuem ogHoponHocTu s

OJTHOTO CIIOS SIBNISIETCS] BeIMYnMHa KO3 duiu-
€HTa BapHalliy €ro CBOMCTB: €CJIM €ro BeJInYnHa MeHblIe 25% — MacCUB KBa3HOIHO-

POIHBIN, eclii OOJIbIIEe — MACCUB HEOTHOPOIHBIH.
Ecnm MaccuB COCTOUT M3 HECKOJIBKUX CIJIOEB, TO BO3MOYKHBI 2 Cilydasi:

— IIPY MEPEXOAE U3 OAHOTO B APYTOM CIOM HET PE3KOTO M3MEHEHHS] MEXaHU3H-
POBAHHBIX CBOMCTB,

— HA00OPOT, €CTh PE3KOE N3MEHEHHUE CBOWCTB.
KpurepueM o1HOPOJHOCTH JJisi IEPBOTO CIIydasi CIIY>KUT YpaBHEHUE

A,(1-3V)< A, <A1 +3V)
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rae A; — cpeaHee 3HaUCHUE CBOMCTBA I paccMaTpuBaeMoro ooremMa; A, — cpeaHee
3HAYEHHE CBOMCTBA IS TAaHHOW HEOAHOPOAHOCTH; V — KO3 (PUIIMEeHT BapHaIiy.

[Ipu coOmroeHUH 3TOTO YCIIOBUSI — MAacCCUB KBa3WOJHOPOJIEH, €CIIU HET — He-
OJTHOPOJICH.

MaccuBbl cO BTOPBIM TUIIOM HEOIHOPOIHOCTH BCETJA CUMTAIOTCS HEOTHOPO/I-
HBIMH.

C TOUYKHM 3peHMS! CIUIONTHOCTHM MACCUBBI OJHOPOJHBIE W KBA3UOIHOPOIHBIE
paccMaTpUBaIOTCS KaK CIUIOINIHbIC, 8 HEOJHOPOHBIE — KK IUCKPETHBIE.

13.6. Teopust HanpsKEeHU I

[IpuHnuMas BO BHUMaHHE THUIMOTE3y 00 OZHOPOJHOCTH M HEMPEPHIBHOM pac-
IpEJEICHUN BELIECTBA, BBIJCIUM B
ne(pOpMUPOBAHHOM IOPOJAHOM Mac-
CUBE, KOTOpPBIM HaXOAWUTCA B PaBHO-
BECHH, IPOU3BOJIBHYIO  TOYKY
A (X,y, 2).

MpeicnieHHO paccedyeM  pac-
CMaTpUBAaEMbIil MACCUB MJIOCKOCTHIO,
IIPOXOJAIIEH Yepe3 TOUKy 4 Ha JBE
4acTU W OTOpPOCHUM OJHY U3 HHUX
(puc. 13.3.). Ilpu 3tomM mia TOTO,
YTOOBI OCTABILASCS YaCTh OCTAJIaCh B
0 X COCTOSTHUHM PaBHOBECHS K IJIOCKOCTH

CeUeHUs HEOOXOIUMO MPHIOXKUTD

Z

HEKOTOpBbIE BHYTPEHHUE CHWIBI P,

pacIpeneneHHbIe 110 3TOMY CEYEHHIO

U OTpaxarolue JaelcTBue oTOpo-

Puc. 13.3. Cxema K BBIBOAY BEJIMUHUHBI IICHHOI YacTH MOPOJHOTO MACCHBA

HalDKEHNS Ha ocTaBilyrocs. BeamumHa, xa-

PAKTEPU3YIOLIAs MHTEHCHUBHOCTH paclnpeaeeHus BHYyTPEHHUX CHJI, HA3bIBAeTCH
HAINPSKEHHEM.

BrigenuMm B okpecTHOCTH TOUKU A 3iaeMeHT AF momaau cedenus. [lycts v —
BHEUIHsS. HOpMaJb K 3j1eMeHTy 1uioaan AF. O603HaunuM yribl, 00pa30BaHHbIE HOP-
MaJIbI0 C OCSAMM KOOPJAMHAT YEPE3 O, Gy, 0. KOCHMHYCBI 3THX YIJIOB Ha3bIBAKOTCSA
HANPABJISIIOIIUMH 1 0003HAYAIOTCsI, COOTBETCTBEHHO, 4epe3 /, m, n. BHyTpeHHue
CWIBI p, 3aMEHHUM TJIABHBIM BEKTOPOM AP,, NPUIIOKEHHBIM B TOUke 4. OTHOLICHHE
AP, x AF XapakTepu3yeT CpEeIHIOI0O HHTEHCUBHOCTb PACIPEACIICHUS BHYTPEHHUX CHUII
II0 paccMaTpUBAEMON 3yieMeHTapHOU mutomanke. [Ipu crpemiiennu AF K Hymro npe-
JeJ OTHOILIEHHS MMEET BIIOJHE ONIPEACIICHHOE 3HAYEHHE, HAa3bIBA€MOE IOJIHBIM

Y

HANIPAKCHUEM D, B TOUKE A 1o mIomaake ¢ HOpMaJibro v:

. AP
p, = lim AFV . (13.2)
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JUid nanpHEHIero pacCMOTPEHUS LIENecO00Pa3HO BBECTH B PACCMOTPEHHE JIBE
COCTABJISIFOLME ITOJIHOIO HANPSIKEHUS p,. MPOEKLUI0 BEKTOpa P, Ha HOpMalb V K
IUIOIIAJKE, T.€. HOPMAJIbHOE HANPSKEHHME o,, U NPOCKLHUI0 BEKTOpa P, Ha IuIoC-
KOCTB 3JIEMEHTApHOM IUIOIIAAKU AF; — KacaTeJbHOe HANIPSKEHHE T,.

O4eBUIHO, YTO Yepe3 TOUKY 4 MOYKHO IIPOBECTH MHOKECTBO Pa3JIMYHO OPUECH-
TUPOBaHHBIX IUIOMANOK AF;. KaxIoil u3 IUIOMEALOK COOTBETCTBYET CBOM BEKTOD
NOJIHOTO HanpsikeHus P,;. COBOKYITHOCTh BEKTOPOB HANPSKEHWH BO BCEX IJIOMIAN-
KaX, MNPOXOIAIIMX YEPE3 PACCMATPUBAEMYIO TOYKY, ITOJHOCTBIO XapaKTEPU3YET
HaIIpsSKEHHOE COCTOSIHUE B 3TOU TOYKE.

HanpsixenHoe cocTtosiHue B TOUKE A MOXKET OBITh ONPEAEIIEHO TaKXe 3aJaHu-
€M BEKTOPOB HampsuKeHud Py, P, P, B Tpex B3aUMHONEPIEHAUKYISAPHBIX IUIOIIAI-
Kax, MpoXoaaIux yepe3 310 Touky (puc. 13.4). Ilepecekasich, 3TH miomaaku oOpa-
3YIOT HEKOTOPYIO IIPSIMOYTOJIBHYIO CUCTEMY KOOPIMHAT.

[TonHOE HampspkeHuWe, HanpuMmep, P, B KOOpAMHATHOW IulockocTH )0z, T.e. B
IUIOIIAJIKE C HOPMAJIBIO X, B OOLIEM Ciy4yae pacKiaJbIBacTCsl HA TPU HAIPSDKEHUS,
HapaJulebHble OCAM KOOPJAMHAT: HOPMAJIbHOE HAIIPSIKEHUE O, U M KacaTelbHBIC
HaNPSKEHUS Ty, Ty,. DT COCTABIIAIONIME HA3BIBAIOT €Ille KOMIIOHEHTAMM HaIpsbKe-
Hus. VIHIEKCBl y KacaTelbHbIX HANPSIKEHUH O3HAYAIOT: NEPBBIM — KOOPAWHATHYIO
0Cb, HOPMAJIbHYIO K pacCMaTpUBAEMON ILIOIIAIKE, BTOPOM — KOOPAUHATHYIO OCbh, KO-
TOPOM paccMaTpuBaeMasl COCTABIIAIONIAS KACATEIBHOTO HANPSLKEHUS MNapaJluleIbHA.
Takum 06pa3om, HMeeTCs TPH KOMIIOHEHTa HOPMAJIBHOIO G,, G, U G, U IIECTh — Ka-
CaTeIbHOIO HANPSIKEHUH — Ty, Tpy, Tuz Too Tyz Tz

3Has BEJIMYMHBI U HAIPaBJICHUS HOPMAJIbHBIX M KAacaTEJIbHbIX HANpPsLDKEHHUM B
TpeX B3aMHONEPIEHAUKYIISPHBIX IUIOIIAIKAX, KOTOPbIE NPUHUMAIOTCS 3a KOOPIH-
HATHBIE TUIOCKOCTH, MOKHO BBIYHCIUTH HANPSKEHUS B JIOOOW IUIOMIAIKE, IPOXOIs-
el dyepe3 paccMaTpUBAEMYIO TOYKY, €CIM M3BECTHBI HAMPABIISIIONINE KOCHUHYCHI /,
m, n HOPMaJIH v K 3TON TUIOMIA/IKE 10 OTHOIIEHUIO K BEIOPAHHBIM OCSIM.
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Puc. 13.4. O003HaueHrEe KOMIIOHEHTOB HaNPsKEHUST HA KOCOM IMPOU3BOJIBHO
OPUEHTHUPOBAHHOW IUIOMIAIKE

Wtak, noJiHOE HaNpsKeHUE P, MOKHO Pa3OKUTh Ha COCTABJISIOIINE, Mapall-
JIENbHBIE KOOPAUHATHBIM OcsiM X,, V), Z,. Toraa u3 ycioBusi paBHOBECHS TUPaAMUIbI
ABCO nosyuum CleAYIOIINE BBIPAKEHUS JIJIs1 COCTABIIAIOIIUX MOJHOTO HANPSIHKEHUS
P, B HAKJIOHHOM TpaHU TUPAMU/IBL:

X, =0 d+1,m+1,.n
Y, =t l+oc,m+1,.n (13.3)

Z,=1.l+1,m+0.n

[TonHOE HanpsikeHue P, Ha HAKIIOHHOM TIJIOIIAAKE OMPENECIIUTCS Yepe3 CBOU
COCTABJISIFOLIUE CIETYIOIIUM 00pa3oM:

_ 2 2 2
P=X24Y?+Z2. (13.4)

Takum 00pa3oM, HaPsHKEHHOE COCTOSIHUE B MPOM3BOJIBHOM TOYKE IMOPOIHOTO
MacCUBa CUMTAETCS] YCTAHOBJIEHHBIM, €CJIM M3BECTHBI JEBATH KOMIIOHEHTOB Halps-
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KEHUH, M3 KOTOpPBIX, B CHIYy 3aKOHa IIAPHOCTH KAacaTeIbHBIX HANPSIKECHUIl
(Ty =Tyxs Ty =Ty U T.J.) HE3ABUCUMBIMU SIBIISIOTCS IIECTB.

B reomexanuke (cM. puc.4.5) 4acTo UCMOJIB3YIOT MHOE MPEJCTaBICHUE O pac-
Npe/iesIeHUN HaNPsHKEHUH B TOPOAHOM MaccuBe. J1Jist 3TOro B OKPECTHOCTH MCCIIETY-
€MOM TOYKH BBIJCISIOT MPAMOYTOJIBHBIN Napajieienunesa, TpaHd KOTOporo napasi-
JIeJIbHBI KOOPAMHATHBIM TIockocTaM (puc.13.5). Ha rpansix mapamienenunena u3o0-
paXxaroT COCTaBJISIONIME KOMIIOHEHTHI HarpsikeHus. KoMIOHEHThI HampspKeHHs Ha
napaJiyieIbHBIX TPAHAX PABHBI, €CIH PACCTOSTHUE MEXKITY HUMU CTPEMUTCS K HYIIIO.

Z|

O,

‘.’C;ZE YZ /Tax
= Ty. Ox

Ty szy

/
G/
0 X

Y

Puc.13.5.. O603HaueHNE KOMIIOHEHTOB HANPS)KEHUI
Ha I'DaHAX JIEMEHTADHOIO KvOa

MoOXHO A0Ka3aTh, YTO HAMPSKEHHOE COCTOSIHUE B TOUKE MCCIEAYEMOIO Telia
€CTh HEKOTOpasl BEJIMYMHA, HE 3aBHUCSAIIAs OT BhIOOpa KOOPAMHATHBIX OCEi. JTa Be-
JIMYMHA HA3bIBACTCSI TEH30POM HANPSIZKEHUsI,  KOMIIOHEHTHI HAPSIXKEHHOTO COCTO-
AHUS - KOMIIOHEHTaAaMH TeH30pa. boiiee cTporoe onpenesneHue MOHATHS «TEH30P»
paccMaTpuUBaeTCs B CHEHUAIBHOM pa3Aeiie MATEMATUKUA — TEH30PHOM MCUYUCIICHUM.

Kak uucia u BEKTOpbI, TEH30Pbl MOKHO CKJIA/IBIBATh, YMHOXATh. TaK, CyMMOH
JIBYX T€H30POB SIBJISICTCSI HOBBIM T€H30P, KOMIIOHEHTBI KOTOPOTO PaBHbI CyMMaMm CO-
OTBETCTBYIOIIMX KOMIIOHEHT CJIara€MbIX TE€H30POB. Y MHOXKHTH TE€H30p Ha YHUCIO —
3HAYUT YMHOKHUTh HA 3TO YHCJIO KX U3 €r0 KOMIIOHEHT.

Tenzop HampspkeHHUs 3amuchbiBaeTcsl B (GopMe CIeIyIoe CHUMMETPHUYHOM
MAaTPHIIBI

OxTxytlxz

TzxTzyOz

Ecnu BBecTH MOHSATHE O CpeaHCM, NI THAPOCTATHYECCKOM, HAIIPAKCHUN

1
ch=§(0x+0y+52)» (13.6)
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TO TCH30P HAIIPAXKCHUA MOKHO IIPECACTABUTL B BUAC CYMMBI IBYX COCTABJIAIOIINX:
_ 0
TH_ TH + ﬂH) (137)

o o o
rie [, - mapoBoii TeH3op, paBHbIiA

Sep 00
T7 =0 ocp 0], (13.8)
0 0 og

u /, - neBMaTOp HANpsKeHNii, paBHbIi

Ox =O¢cp Txy Txz

Tzx Tzy Oz ~O¢p

[ITapoBoii TeH30p B OOIIEM HAMPSHKEHHOM COCTOSIHMM 00€CTIeUrMBacT yYMEHBIIIE-
Hue (yBenuueHue) odrema nedopmupyemoro tena 06e3 usMeHeHus Gopmel, a AeBHa-
TOp — U3MEHEHHE €T0 (POPMBEI.

CucreMy KOOpAMHAT BCETJa MOKHO M3MEHUTh TAKUM OOpa3oM, YTO HaIpaBlie-
HUS KOOPJUHATHBIX OCEW COBHAAYT C JHUHUSMU JEUCTBUS TaKUX HOPMAJIbHBIX
HaMpsHKEHUH, MPU KOTOPBIX KacaTellbHbIe HANPSDKEHUS] paBHBI HYJI0. DTHU HaIpsixke-
HUSl Ha3bIBAIOT IVIABHBIMH U 0003HAYaIOT Gi, Gy, O3. [Ipuyem, moapazymeBaeTcs,
4TO
0| > 0> O3.

['maBHBIC HANPSKEHUS B TOUKE G, G, O3 MOXKHO BBIUYMCIIUTH, 3HAsI AEBATH KOM-
MOHEHT HANpPSKEHUS MPU MPOU3BOJIBHOW OpPUEHTAIMH CHCTEMbI KoopauHaT. Tak,
HarpuMep, UIisl ONpeiesieHUus BEITUYUHbl G| CIEAYyeT IMPHUPABHATH HYJIO OMpeIeu-
TeNb
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e
I

Tyx 04¢—0] Tyz|=0. (13.10)

sz sz GZ_GI

Pa3BepHyB 3TOT omnpeaenurens B CTPOUKY, MOJYYUM KyOHMYECKOe YpaBHEHHE C
OJIHUM HEU3BECTHBIM O:

3 2 2 2 2
o] = (Gx +0y + GZ)GI + (chy +0,6; +6,0x = Txy — 1) —rzx)Gl -

( 5 2 2 )_
—\0x0 0z +2Tx)TyzTzx —OxTzy ~OyTzx —~OzTxt )= 0.

(13.11)

Koadduruents! npu 612,61 1 cBOOOAHBIN uieH B ypaBHeHuu (13.11) HazbiBa-
I0TCS, COOTBETCTBEHHO, NE€PBbIM, BTOPHIM M TPeTbHM HHBAPHAHTAMM TEH30pa
HanpsvKkeHus 1 obo3navarorcs 11,12, 13.

[Tepsriit urBapuant /| HaspiBaeTCs TMHEHHBIM. OH XapaKTEPU3yeT U3MEHEHHE

00BbeMa BELIECTBA B OKPECTHOCTH MHBapraHTa Iy U OmpenenseT BO3MOKHOCTD IIEepe-
X0Jla TeJa B IUIACTUYECKYI0 00acTb. MH3eC MOKa3all, 4ToO IIaCTHYECKasi TEKY4YeCTh
HACTYyIIaeT, €CIIM BTOPOM MHBAPUAHT TEH30pa JAEBUATOPA HANPSLKEHUN TOCTUTaeT He-
KOTOPOM KPUTUYECKOU BEIMYMHBI, XapaKTEPHOU JUIs JAHHOTO TeNa:

I, =k?, (13.12)

Ile k — KOHCTaHTAa MaTrepuaia, KOTopas paBHA MPENEIy TEKy4eCTH IIPU YUCTOM
CIBUTE.

Tperuit uHBapuaHT TaK)kKe UMEET OINpeNeICHHBIN (U3NUECKUN CMBICI.

Teopusi nedpopmanmii. [lon nmedopmarmeit mopogHOT0 MaccuBa MOApPa3zyMe-
BalOT W3MEHEHUE B3aMMHOIO IOJOKEHUs ero Touek. [lo-mpexxHeMy mojaraem, 4To
MOpOJIHAsl Cpella SIBJSIETCS] CIUIOMIHOW W oxHopoaHoil. Torma B mo0oil ee Touke
HaxXoAMUTCA MaTepuanbHas yactuua. [lycTb KoopauHATHI 3TOW YacTULbl OYAYT X, ), Z.
B npouecce neopMupoBanus NOpoAHON Cpellbl paccMaTpUBaeMast YaCTHIIA MOTYYUT
NIEPEMELICHUS U, V, W TI0 HAIIPABJICHUSIM KOOPIAHHATHBIX OCEN X, V, Z U B PE3YJILTATE
OyZeT UMeTh KOOpJMHATHI X+u, y+v, z+ w. B o0ieM ciayyae nepemMenieHus u, v, w
MEHSIOTCS OT TOUKH K TOUKE U [T03TOMY SBIIAIOTCS (PYHKIHUAMH KOOPIAUHAT X, ), Z.

HccnenoBanue aeopmanuii HauyHeM Ha MpUMeEpe ABYXMEPHOHM 3aladyM IUIoc-
kot nedopmaruu. Ilox mmockoit aedopmanmeit OyaeM MOHUMATh TaKOW YaCTHBIN
ciy4ail 1e(pOpMUPOBAHHOTO COCTOSIHUSA, IPU KOTOPOM BCE YACTHUIIBI, HAXOAUBIINECS
NEepBOHAYAIBHO B OJHOW IMJIOCKOCTH, OCTaHYTCs mociie AeOpMUPOBAHUS B TOM ke
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iockocTh. [Ipeanonoxum, 9To KOOpAMHATHBIE OCHA BBIOPAHBI TaK, YTO OCH X U y Jie-
&KaT B IIIOCKOCTH faedopmaruu. Torna w=0, a BEIMYUHBI ¢ U V HE 3aBUCAT OT KOOP-
JIMHAT Z.

PaccmoTpum Maneiii mpsimoyronbHbIN 5eMeHT ABC/] HeaedopMUpOBaHHON
MIOPOJIHOM CpeIbl CO CTOPOHBI dx U dy (puc.13.6).

ou
y | oy dy
ov B’ o
PR— dy ----- -1
oy | |
l '
I
u : o |
Bl C '
g [
L..—_—:- — — I[ @ dx
A’ ox
dy v ou dx
Ox
A dx A
y
0 X

Puc.13.6. CxeMa K BBIBOJY COOTHOIICHUN MEXIY KOMIIOHEHTAMU
nepeMenieHnii u nedopmanuit

[Tocne medopmaruu snemeHT 3anumaeT nonoxenue A'B'C'/['. C reomerpude-
CKOW TOYKHM 3pEHUS Pa3INyaloT JBa OCHOBHBIX THIA JeopMaiiuii: MPOA0JdbHYI) —
W3MEHEHNE NEPBOHAYAIBHOM JJIMHBI — U Ae()OPMALMIO CABUI'Aa — NU3MECHECHHUE BEIIH-
YUHBI TIEpBOHAYAIBHO mpsiMoro yria. [IpogonbHas aedopmanius o003HadaeTcss OyK-
BOM &, CABUTOBAS — 7.

[IpononbHas nedopmarust onpeaensercss Kak mpeaes OTHOIICHUS U3MEHEHUs
JUTMHBI OTpe3Ka Ad K ero nepBoHavYaIbHOW IJUHBI AL, T.€.

e= lim —, (13.13)
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01051

e= lim A4 =A% ’H (13.14)
AL—0 Aﬂ

Bripaxkas naunsl otpe3koB A/]' u A/ uepe3 U u dx u npenedperasi BeIu4rnHa-
MU BBICILIETO MOPSAIKAa MAJIOCTH AJIs MIPOJOIBHON NedopMaliuy B HAIIpaBICHUU OCH X,
nocJie mpeoOpa3oBaHUM MOTYIUM, YTO

g, =—. (13.15)

UtoOsl onpenenuTs aedopMaliio CABUTa, paCCMOTPUM HCKa)KeHUE MepBOHA-
qaJlbHO npsiMoro yria BA/[. JlepopMatius caBura xy B TOUKe A ONPENEIUTCs KaK U3-
MEHEHHE BEITMYMHBI yIia MEXIy IBYMs dJE€MEHTapHbIMU OTpe3kamu AB u A/[, nep-
BOHAYAJIBHO NapaJUIEIbHBIMH OCSAMHU X U ). VI3 reOMEeTpUYEeCKOro pacCMOTPEHUS TO-
JTy4UM

8\/ 8u
— 13.16
Yoy o 8y ( )

st TpexMepHOM 3a7aud KOMIOHEHTHI JedopMariiii MOTyT OBITh MOJTYYEHBI
aHaJIOTM4YHBIM 00pazoM. OHU OYyT paBHBI:

ou ov ow
Sx , &, =7/, z s
dcx' 7 dy dz
(13.17)
8u 8v ov Oow 6w 8u
Yxp = =t YT
ay ax Oz Oy Ox 82

OTH COOTHOILECHHS U3BECTHBI O] Ha3BaHueM ypaBHeHuil Komm. [llects Benu-
YHH E, €y, £, Yxy» Yyz» Yzx» HA3BIBAIOTCA KOMIIOHEHTaMH Jeopmanuu. [ledopmanun
caBura, kak ciaenyer u3 (13.17), obnamaror CHMMETPHEH, T.C. Yy, =Yy Yo =¥y H

T.1.
[lo ananmoruu ¢ HaOpsHKEHUSIMU MOKHO BBECTU B PACCMOTPEHHE MOHSTUE O
cpeaHeit nedopmMaiu:

Torna Tenzop nedopmaiu, NoJ00HO TEH30PY HAMPSKEHUS, MOKHO TaK»Ke pas-
JIOKUTH HA IIAPOBOM TeH30p aAedopmaumii v q1eBuaATOP AepopMalMid:

Ty=T5+ s (13.19)
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[ITapoBoii Ten3op nedopmaii NpeacTaBisieT cOO0H CIeTYIOUYI0 MAaTPHUILY

gcp 0 0

-

0 0 e

a eBuaTop AepopMalnii, COOTBETCTBEHHO, paBEH

1 1

Ex " %¢p Eny E'YXZ

|1 1
ﬂa—Eny &y "8 EYyZ
1 1

Esz EYzy €z —¢&

cp

(13.20)

13.21)

[lepBblil XapakTepu3yeT BEIMUHMHY 00ObEMHOTO paCUIMPEHHUS (CKATHUS), BTOPOI

— opmon3MeHeHne 00beMa B OKPECTHOCTH pacCMaTpUBaeMON TOUKHU CPEJIbI.

CBs3p MeK1y HANPsKeHUAMU M Jedopmanuamu. Bee tena, Haxogsmuecs B
HANpPsHKEHHOM COCTOSTHUM, MONTy4aroT aedopmaruio. 3aBUCUMOCTh MKy Aedopma-
Uell U MPUIOKEHUN CUJIoN BHepBbie Oblia chopmynupoBaHa ['yKoM IpUMEHUTEIb-
HO K TOHKOMY CTPEKHIO. B ciiyyae 00bEMHOr0 HarpsKEHHOTO COCTOSIHUS 3aKOH ['y-
Ka GopMyIHpyeTCs CAEAYIOMKUM 00pa3oM: B JII000H TOYKe CIJIOIIHON cpelbl KaxK-
AbIA M3 IECTH KOMIIOHCHTOB HANPSI/KEHUH ABJSCTCSH JUHEHHON yHKUMen 1ie-
CTH KOMIIOHEHTOB JAedopManuu, 1 HA000pOT. ITO MOJOKEHUE Ha3bIBACTCS 0000-
LHIEHHBIM 3aKOHOM I'yKa U 3anucbIBaeTCs Tak:

Ex

ey e

Sy =%|:Gy —H(GZ +Gx) :|,

€z

Mo -slorroy) |

(13.22)
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Cocrapnsionye TeH30pOB HANPsLKEHUS U ehopMaliui CBsI3aHbl MEXKIy co00M
CJIeIYIOLMMHU JTUHEHHBIMU 3aBUCUMOCTSMH:

T =GTS, (13.23)

A, = 2G,. (13.24)

Bripaxxenue (13.23) Ha3pIBalOT 3aKOHOM YNIPYIroro u3MeHeHusi 00bemMa, a BbI-
paxenue (13.24) — 3akoHOM ynpyroro u3mMeHeHnusi Gopmabl.

13.7. Buabl HANIPSAKEHHOT'0 COCTOSIHUA

W3 npensiaymero nmaparpaga cieayeT, 4To B caMOM OOIleM cilyyae Hamps-
KEHHO-Ae(QOPMUPOBAHHOE COCTOSHHUE BBIICIEHHOTO 3JEMEHTApHOTO 00beMa B
OKPECTHOCTH PACcCMaTpUBAEMON TOYKHM XapaKTEPU3YETCS HAIUYMEM JIEBATH KOMIIO-
HEHTOB HAaIpSHKEHUM U JIEBATH KOMIIOHEHTOB Aedopmaruii. Takoe HampspKeHHO-
nehopMUPOBAHHOE COCTOSHUE, KaK YK€ 0TMEUajaoch, HA3bIBaeTCS 00beMHBIM.

Pemenne oObeMHBIX 3a/1ad Jake TOJIBKO C NMPUMEHEHHEM METOJOB TEOpPUU
YIPYTOCTH CONPSDKEHO CO 3HAYMUTEIBHBIMM MaTeMaTH4eCKUMHU TpyaHocTsamu. Ilo-
ATOMY pEILIEHHUE JTHO0N reoOMEXaHMYECKON 3a/layl HauMHAIT C aHaJlu3a OCOOEHHO-
CTE HaNpsKEHHO-Ie(OPMUPOBAHHOTO COCTOSHUSA ISl TOTO, YTOOBI YIPOCTUTH HC-
XOJHYK) PACUETHYIO CXEMy M IPUBECTH €€ II0 BO3MOKHOCTM K TaK Ha3bIBAEMOMU
IUIOCKOM 3aja4e, KOI1a BCEro JIMIIb J1Ba KOMIIOHEHTA HAIIPSKEHUM U 1Ba KOMIIOHEH-
Ta Aedopmainii 3aBUCIT OT KOOPAUHAT TOYEK Tea.

Tak, HanpuMep, €Ciau TOHKYIO IIJJaCTUHY, HaXOMSIIYIOCS B COCTOSIHUM PaBHO-
BECHS NOJ JEHMCTBUEM BHEIIHMX CUJI, HATPY3UTh PABHOMEPHO PACIPEAEIECHHBIMU 110
TOJILMHE YCWIMSAMH, IPUIOKEHHBIMU K €€ I'PaHUle ITapajulesIbHO IUIOCKOCTH ILIA-
CTUHBI, TO KOMIIOHEHTBI HANPSHKEHUN C 5, Ty, T zy Ha 00enx MOBEPXHOCTAX IIaCTH-

HbI OyAyT paBHBI HYJIO U MOXKHO IPEAMNOJIOKUTh, YTO OHH PaBHbI HYJIO U BHYTPHU
miactuabl (puc.13.). Takoe HampsKEHHOE COCTOSHUE OYIET OMPEeisThCS TOJIBKO
KOMIIOHEHTaMU HAIpPsKECHUN Oy, O y»>Txy ¥ Ha3BIBACTCSA MIIOCKHM HANIPSKEHHBIM

cocrossHueM. Jloka3aHO, YTO B TOHKHX IIACTUHAX BCE TPU HEU3BECTHBIC KOMITOHECH-
Thl HAMPSDKEHUN HE 3aBHCIT OT KOOPAWHATHI Z, a SIBJISIOTCS TOJBKO (PYHKITUSIMU KO-
opauHaT X u Y.

[Imockoe HanpsH>KEHHOE COCTOSIHME HE SIBJIACTCA XapaKTEPHBIM I 3aj]a4 T'eo-
MexaHuku. Ho ympoienus, nmogo0Hbie TPUBEICHHBIM BbIIIE, BOZMOXKHBI M B IPYTOM

IpeIebHOM CiIydae, KOTIa pa3Mep Tella B HalpaBIIeHUH OCH Z OYEHb BEIUK.
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Puc.13.7. Ilinockoe HanpsiKEHHOE COCTOSTHUE

DT0 MOTYT OBITh, HAIPUMED, TTOATIOPHAS CTEHKA WJIH JIJTHHHAS TOPU30HTAIbHAS
BbIpaboTka (puc.13.8.a,06). OueBHaAHO, YTO €CiM MBI OyJeM paccMaTpuBaTh HaIps-
XKEHHO-AePOPMUPOBAHHOE COCTOSIHHE MacCHUBa BOKPYT BHIPAOOTKH HA JOCTATOYHOM
yIaJeHUH OT €€ TOPIIOB, TO BCE CEUCHHUS, TIEPIICHINKYISIPHBbIC TPOAOIHLHONW OCH BBI-
paboTKu Z, OyayT HAaXOMUTHCS B OAMHAKOBBIX YCIIOBHSIX.

0) TR TR TSRS

-
:

TR TRV,

|

YRS TR AR VA
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Puc.13.8.a,6. Ilnockoe nehopMupoOBaHHOE COCTOSIHHE

KOMITOHEHTHI ITepeMEIICHUN U U U HE 3aBUCAT OT KOOPAUHATHI Z U SBISAIOTCS
¢yHkusamu koopauHat X u Y. [IpogosibHble epeMelieHus M Npyu 3TOM paBHBI HY-
mo. Takoe HanPsKEHHOE COCTOSTHNE HA3BIBACTCS MJIOCKOM AedopManHei.

[Tpunumas Bo BHUMaHue cooTHowmeHue (13.18), momyuum
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e ey T Ty T 2T g
HpOIIOJILHbIe HaIIPSOKCHUA GZ MOXHO IIOJIYYHTB, HCIIOJIB3ysSd 3adKOH FYKa
(13.22).

0.

G _H(Gx +Gy)=O,

01051
G, = u(csx +Gy).

OTH HOpMAaJIbHBIE HANPSLKEHHs IEHCTBYIOT 110 BCEM IONEPEUHBIM CEUCHHSM,
J0CTATOYHO YAAJIE€HHBIM OT TOPLIOB BEIPAOOTKHU.

Takum oGpasoM, 3agaya o IUIOCKOH AedopMalny, Kak M 3aJada O IJIOCKOM
HAIPsHKEHHOM COCTOSIHMU, CBOJMTCS K OIPEAEIECHHI0O KOMIOHEHTOB HalpshKEHWI
Gyx,Oy U Txy, Kak pyHKuuii X u Y.

OT0 00CTOATENBCTBO, KaK OyAET MOKa3aHO JAajiee, CYyIECTBEHHO YIIPOIIAET 3a-
Jla4y U MO3BOJISET MOJYYUTh €€ PELICHUE B 3aMKHYTOM BUJE, TO €CTh B BHJI€ KOHEU-
HBIX (pOpMYII.

OaHOOCHOE HaIpPsHDKEHHOE COCTOSIHME XapaKTepU3YEeTCsl OJHUM KOMIIOHEHTOM
HANpPsOKEHUH U COOTBETCTBYIOIIMM €My KOMIOHEHTOM nedopmanuu. OHO peanu3sy-
€TCsl B CTEP’KHEBBIX CHCTEMax. B 3a1auax MEXaHUKH MOJ3EMHBIX COOPYKEHUIN TaKoe
HanpsHKEHHO-Ie(OPMUPOBAHHOE COCTOSIHUE BCTPEYAETCsS MPU pacueTe KOHCTPYKLIUN
KpENH TOPHBIX BIPAOOTOK, pa3NIudHbIX (PepM, Oaok.

13.8. luddepennuanbHbie ypaBHEHUSI PABHOBECHUS

PaccmoTpum paBHOBECHME MAJIOrO 3JIEMEHTApPHOTO Mapajulesienunena ¢ pasme-
pamu BAOJIb oceld X 1 Y cooTBeTCTBEHHO Ax, Ay, b U TONIIMHON, paBHOUW €IHHUIIC.

O603HaUMM IUJIOIIAJKK, HAa KOTOPBIX ACHCTBYIOT HANpPSLKEHHs, WHIECKCAMH
1,2,3,4. C yyeToM M3MEHEHHS HANpsHKEHUW B MPOCTPAHCTBE, HAMNPSIKEHUS, HANPHU-
Mep, Oy JuId rpaHed 1 u 3, He cTporo pasHbl ApYT Apyry. CUMBOIIBI Gy, Gy, Ty, OTHO-
carcs K T.O (x,y) B LEHTpe NpsAMOYToJibHUKa Ha puc.13.9.

3HaueHUs HaANpsOUKEHUN MocepelluHe TpaHel Oyaem o003HadaTh 4epe3 (G,)i,
(G,)3, 1 T.4. [1oCKONBKY TpaHu MpSIMOYTOJbHUKA MaJlbl, TO YCUJIMS, MPUTIOKEHHbBIE K
HUM, OMPENEINATCS MyTEM YMHOXEHHUSI COOTBETCTBYIOIINX HANPSKEHUN HA IIOMIA]b
rpaHey, 10 KOTOPBIM OHHU JIEUCTBYIOT. MacCOBBIE CHIIBI B JAHHOM CIIy4ae UMEIOT TOT
e MOPSIIOK, UTO U HamnpspkeHus. O003HaYUM KOMIIOHEHTBI MacCOBBIX CHII uepe3 X U
Y, Tornga ypaBHeHHE paBHOBECHs CUJI, JEHCTBYIOLIMX MapayienbHO ocu X, OyaeT
UMETh BU/I:
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0 Ax -

(O

(Tuy)s

i

P CTEA 0 (x,y) - CA]
(Tve)s v) (T,
2
(Txy)2
(o)

y |

Puc.13.9. K BeiBoy nuddepennmanbHbIX ypaBHEHUN paBHOBECHS BCUCTEME
IPSAMOYTOJIBHBIX KOOPIAWHAT

(ox Ay —(ox 30y + (Txy)zAx—(Txy)4Ax+ XAxAy =0,

HJIK, IIOCJIC ACJICHUA BCCX YJICHOB YPABHCHHUA HA AXA_)/ )

(Gx)l - (Gx)3 N (Txy )2 - (Txy )4

+ X =0. (13.25)
Ax Ay

Ecnu Teneps yMEHBIIUTH pa3Mephl 3JIEMEHTAPHOTO Napasuielienuneia, MoJI0KuB
Ax— 0 u Ay — 0, TO, COTJIaCHO OIPEACIICHUIO MPOU3BOIHOM, MPee BhIPAKEHUS

— oo
(Gx)l (Gx)3 Gyner paer — X
Ax ox
OTxy
dy
Takum o6pazom, Oy1eM UMETh

, @ BTOpoH wieH ypaBHeHus (13.25) craner pas-

HBIM . AHaJIOTUYHEBIE BBIPAKCHUA ITOJIYUYHUM, IIPOCHUPYS BCC CUJIBI HA OCh Y.
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0
dox + txy +X =0,
ox oy
(13.26)
0G ot
Y Z Y i y=o.
oy ox

DTO U ecTh ABa nuddepeHInalIbHBIX YPaBHEHUS] PAaBHOBECHS ISl IBYXMEPHOM
IIJIOCKOM 3aJauH.
[IpakTHUecKH BO BCEX 3aJayax I'€OMEXaHMKH €IMHCTBEHHOW MacCOBOWM CHIION

ABJISIETCS. BEC TOpHBIX NopoA. Torma, HampaBuB OCh Y BHU3 W 0003HA4YMB uyepe3 Y
00BbeMHbIH BEC OPHBIX IOPOJ (Y =7()€), NOIYIUM YPAaBHEHHUs! PABHOBECHS B Clle-
JYIOIIEM BH/IC:

0. Oty 0c, Oty

ox oy oy ox

y=0. (13.27)

OdeHb MHOTHE 33Jlayd MEXaHUKH TOPHBIX MOPOJ YAOOHO pemiath B MOJSPHOM
cucreMe KoopauHar (7, 0), B KOTOpOi KOMITIOHEHTHI HAIPSKEHUN UMEIOT 0003Haye-

HUSA C,,09 U T,g. (puc. 13.10).

X
0
0 (Co)4
d0 (Gr)3 (Tre)4
(Tre)3 A 4

0(r,0) o)

2 ; |

(66)2 (Gr 1
v (Tr0)2 =y

Puc. 13.10. K BeiBogy auddepeHnnanbHbix ypaBHEHII paBHOBECHS
B ITOJIIPHBIX KOOPAWHATAX

Mexny HanpsKEHUSMM, 3alIMCAHHBIMYA B TIOJISIPHOW M NIPSAMOYTOJIBHOM CHCTEME
KOOpAMHAT, CYIIECTBYIOT CIAEAYIONINE (PYHKIIMOHATbHBIE COOTHOIIICHHUS

2

Gy =0y cos? 0+0)sin” 0+21y),sinOcosH,

Gg =Ox sin29+c5y cos29—21:xy sin O cos 0, (13.28)
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.0 :(Gy —ijsinecos6+ rxy(cos2 0 —sin? j

[MoncraBnss (13.28) B (13.27), nonyunm muddepeHnansHoe ypaBHEHUE pPaB-
HOBECHsI B MOJISIPHOM CHCTEME KOOPAUHAT

0 —
doy 1959  Or =%
or r 00 r

+vsin0=0,

(13.29)
laGe N 81:7,9 N ZTI"G
r 00 or r

+vcos0=0.

B cnydae nonsipHo-cuMMeTpudHON 3anauu ( 7,4=0) U mpu OTCYTCTBHUU MacCOBBIX
cun (y=0) ypaBuenus paBHoBecus (13.29) cBoasTCs K oqHOMY, O0JIee TPOCTOMY

doy £ 2r—% =0.
or r

(13.30)

13.9. I'panuyHbIE YCJI0BUS

VYpaBHEHUs paBHOBECHS JOJDKHBI YJIOBIETBOPATHCS BO BCEX TOUKAX HCCIEY-
emoro tena. [Ipu mocTxeHUH rpaHuil 00JaCTH KOMIIOHEHTHI HANPSKEHUH TOJKHBI
OBITh TAKMMH, YTOOBI OHH HAaXOJWUJIMCh B PABHOBECUU C BHELIIHUMU CUJIaMU, MPUJIIO-
YKEHHBIMH K IpaHule. B cuily 3TOro BHEIIHHE CHIIBI MOKHO pacCMaTpUBaTh Kak Mpo-
JOJKEHUE BHYTPEHHUX HaIPSKEHUH.

PaccMOoTpuM Mallyto TpeyrojabHYIO NPU3MY, TAKYI0, YTO €€ TMIIOTEHY3a COBIIa-

naet ¢ rpanuieit tena (puc. 13.11). O6o3naunm yepe3 X U Y KOMIIOHEHTHI MOBEPX-

HOCTHBIX CHJ P, OTHECEHHBIX K CIHHHUIC TMOBCPXHOCTH B ITOM TOYKE TPAHHIIBL
VYpaBHeHus paBHOBecHs Oy1yT UMETh BU/I:

rae [/, m — HanpasroImye KOCUHYCHl HOpMany ¥ K rpaHulle.

B wactHOM cnydae paccMOTpEHHsI PaBHOBECHS MPAMOYTOJbHOW MJIACTUHKH
KOOPJAMHATHBIE OCH OOBIYHO HAIpPAaBIISIIOT MAPAJIICIBHO TPaHSIM IJIACTUHKU U Tpa-
HuuHble ycnoBus (13.31) moxkno ynpoctuts. [lycTh, Hampumep, olHa W3 CTOPOH
IUIACTHHKY TapaiuiejbHa ocH X, TOrJa HOpMajib V Ha OTOM YacTH I'PaHHIbI OyeT

napaienabHa ocu Y; orcrona =0, m=1. Ypasuenus (13.31) B 3T0M ciiydae IpUMYT
BU/I:
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X

Y 4
v

Puc.13.11. K onpenenenuio rpaHUYHbBIX YCIOBUM

npudeM 3Hak (+) 6epercs B TOM ciydae, eciii HopMajib V' mpoBeJeHa B CTOPOHY I1O-
JIO)KUATETbHBIX 3HAYEHUH ); B MPOTUBHOM ciiydyae Oepercs 3Hak (-). M3 mocimennux
(GopMyJl BHJIHO, YTO KOMIIOHEHTHl HANpsHKEHUI Ha T'paHUIE PAaBHbI KOMIIOHEHTaM
NOBEPXHOCTHBIX YCUJINI, OTHECEHHBIX K €UHUIIE IJIOIAAN TPAHULIBI.

13.10. YpaBHeHHe COBMECTHOCTH JedopManmii

Omnpenenenrve KOMIIOHEHTOB HaMpsKEHUM, BO3HUKAIOIIUX BOKPYT TOPHBIX BbI-
paboTOK, SBISETCS OAHOW M3 OCHOBHBIX 33/1ad MEXaHUKU TOPHBIX Mopoa. B aByx-
MEpHOH 3a7aue HEOOXOJUMO JUIsl 3TOr0 pemuTh AuddepeHnranbHble ypaBHEHUS
pasHoBecus (13.27) wnu (13.28) Takum 06pa3om, YTOOB! yIOBIETBOPSIIMCH TPAHUY-
Hele ycnoBus (13.32). OpgHako 3amMeTHM, YTO KOMIIOHEHTOB HAIpsDKEHUH TpH, a
ypaBHEHUU PaBHOBECHs — J[Ba, TO €CTh 3a/laya SBIAETCA CTATHUECKHU HEOIpeaesu-
Mo#. UTOOBI TIOJIyYHTh €€ pelieHrne, He0OXO0AUMO PACCMOTPETh YIpyryro aedopma-
LIUIO Tea.

CootHomenuss Komm npyUMEHHUTENBHO K IUIOCKOH 3aJaye MMEIOT CIEeAYHOLIUMA
BU/I!

ou ov ou ov
. A SRS 13.33
Sx ox °y oy Yxy oy Ox ( )

ou oOv v ou u Oov
=+ ———; =—, =—4 — 13.34
e e T e 0T e ( :

3amMeTHM, YTO TPU KOMIIOHEHTa Je(opMalluy BeIpakatoTcs yepe3 J1Be QyHKINH
U ¥V, TO €CThb OHU HE MOTYT BBIOMPATHCA MPOU3BOJIBHO: MEXIAY KOMIIOHEHTaMU Jie-
dbopmanuu TOJDKHA CYIIECTBOBATH OMpPECICHHAs B3aUMOCBS3b. [[s1 Toro, 4TOOBI



194

YCTaHOBUTH €€, NpoauddepeHupyeM ABax bl nepsoe u3 ypasHenuit (13.33) mo y,

BTOPOC IIO X, a TPECThC OJHUH pa3 II0 X, a BTOpOﬁ — 110 y U NTIOJIYUYUM CJICAYIOIICC BbI-
PAKCHUC!

= . (13.35)

Huddepennmansioe cootHomenue (13.35) Ha3piBacTCs yYpaBHEHHEM COB-
MecTHOCTH Aedopmanuii. OHO TOKHO YAOBIETBOPATHCS MPH MOJCTAHOBKE KOMIIO-
HEHTOB AedopMaImii, 4ToObI 00ECIIEYUTh CYIIECTBOBaHUE (DYHKIUN U U Vv, CBS3aH-
HBIX C KOMIIOHEHTaMH aedopmaruii ypasaenusimu (13.33).

®u3NYEeCcKN yCIOBUE COBMECTHOCTH AcPOpMaIliii MOKHO OOBSICHHUTH CIICIYIO-
muM oOpazoM. Eciii mpsIMOYTOJIBHYIO TUTACTHHY YCJIOBHO Pa3leliuTh Ha MalleHbKHE
PSIMOYTOJIBHUKH JTUHUSIMU, MapaJljIeIbHBIMU €0 CTOPOHaM, a MOTOM jae(opMupo-
BaTh €€ W 3apUKCHpOBaTh ITH MedopMalnu, TO, BEIpe3aB 3aTeM MajJeHbKUE aedop-
MUPOBaHHBIC TPSIMOYTOJLHUKH, CIOKUATh UX OOPaTHO MOXHO TOJIBKO 3HAsl 3aBUCH-
MOCTB, COTJIACHO KOTOPOU nedopmariuu neperaroTcsi OT OJHOTO MPSIMOYTOJbHUAKA K
CMEXHOMY C HUM. JTa 3aBUCUMOCTh H €CTh YCJIIOBHE COBMECTHOCTH JehOpMaIIHii.

Hcnonp3yst cooTHOMIEHUs 3aKoHa ['yka A mcciieryeMoro Brja IIOCKOTO CO-
CTOSIHUSI, YCJIIOBHE COBMECTHOCTH MOXKET OBITh mepenucaHo B HampspkeHmsx. C He-
3HAYUTEIHLHOW TMOTPENTHOCTRI0 W IS TUIOCKOW jAedopManuu, W IS TUIOCKOTO
HAIPSHKEHHOTO COCTOSTHUSI YPAaBHEHHE COBMECTHOCTH, BBIPAKEHHOE Yepe3 KOMIIO-
HEHTHI HAMPSDKEHUN, TIPH OTCYTCTBUU MACCOBBIX CHJI HJIA UX MIOCTOSTHCTBE UMEET BH/T

2 2
0 0 (
—= +—= |lox +C ):0, (13.36)
o2 8y2 4
o*  8°
rae — +— - omeparop Jlamaca.
ox~ Oy

B monspHO#i cuctemMe KOOpAMHAT ypaBHEHHWE COBMECTHOCTH MOKET OBITh 3aIu-
CaHO CJIEAYIOIIMM 00pa3oM:

2% 10 .1 0

ol ror 22 o +50)=0. (13.37).

MOXHO TI0Ka3aTh, YTO B CiIy4ac IMOJSIPHO-CHMMETPUYHOM PACUCTHON CXEMBI
ypaBHenus (13.36) u (3.37) cBoAsATCA K IPOCTOMY BBIPAXKEHUIO

rac p — UHTCHCUBHOCTD BHEIIHEH Harpy3KH.
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VYpaBHEeHHs] paBHOBECHS M COBMECTHOCTH JAe(opMaluii Mo3BOISIOT PEUINTh
3aja4y 00 onpeaeseHuH KOMIIOHEHTOB I10JIs HANIPSKEHUH B 3aMKHYTOM BUJIE.
MHTEpECHO OTMETUTH, YTO IOJIYYCHHBIE YPAaBHEHUS HE COJEpXKAT MeXaHuye-
CKHMX XapaKTEPUCTHK MaTepuaia. OTO 3HAYMT, YTO PACHpPEACIICHUE HANPSIKCHUN B
TH00BIX 00BEKTaX, €Ciii (popMa MX U BHEIIHHME YCWIHS COBIAAAIOT, OJUHAKOBBI IS
JTr00BIX M30TPONHBIX MaTepHasloB. J[aHHOE 3aKi0YeHHe 00sagaeT O0NbIION BaXKHO-
cThto. Kak Oyzner nmokaszaHo nasnee, [uis HEKOTOPBIX MPO3PAUHBIX MAaTEpUAIOB, TAKUX
KaK LEJUTYJION, arap-arap, *KeJaTUH U Ap., HAIPSKEHNUSI MOKHO OIPENEIIUTh DKCIIe-
PUMEHTAIBHO, UCIOJIb3Ys TMOJSIPU30BAHHBIA CBET, a 3aTEM IEPEHOCUTD ITOIYYEHHbIC
pe3yabTaThl Ha TakKe ke 1Mo (popme 0OBEKTHI, HO CAETaHHbIE U3 APYroro MaTepuaa,
HaIpyuMep, CTaju, TOPHOM OPOBI U T.II.

13.11. Onpeaesienne MeXaHUYECKUX CBOHCTB IOPHBIX
N0PO/J B HATYPHBIX YCJIOBHUSAX

Kak yxe oTMedanoch BbIllle, MEXaHUYECKHE CBOMCTBA TOPHBIX MOPOJ, MOTyYa-
eMble B J1a0OPaTOPHBIX YCIOBUSX, HE COOTBETCTBYIOT MEXaHUYECKUM CBOMCTBAM pe-
JIBHBIX MAaCCHBOB T'OPHBIX IOPOJ U 3TO HECOOTBETCTBUE IMPOSBISETCA B BHJIE Mac-
mrabHoro 3¢ dexra. O6 0Opasiie TOPHBIX MOPOJ MOKHO TOBOPUTH KaK O HEKOTOPOU
UJCATU3UPOBAHHON MOJENH MOPOJHOro MaccuBa. OTMEYEHHOE 0OCTOATENBCTBO MO-
CIIYXKWJIO TIOBOJIOM JUJISl M3bICKAHWSA NYTEW MOJYyYEHHS MEXAHWYECKHX KOHCTAHT B
HATYPHBIX YCJIOBHSX, T.€. HEMOCPEACTBEHHO B TOPHBIX BHIPAOOTKAX.

Jlnst onpenienieHust mpejena NpoYHOCTH Ha OJJHOOCHOE CxKaTue U AedopMaloH-
HBIX XapaKTEPUCTUK U3BECTHBI CIEAYIOIINE cXeMbl. B TropHOil BRIpabOTKE B Mpoiiecce
MPOXOJIKM OCTABJISLIM HEOOJbIIINE IIEIMKU HETPOHYTOM MOPOJIbI, KOTOPBIM 3aTe€M IH-
JaMu TPHUIaBaJId 10 BO3MOKHOCTU MPaBUIIbHYIO TeoMeTpudeckyto popmy. C nmomo-
IIBI0 TUJIPOJOMKPATOB, CIIOCOOHBIX pa3BuBaTh ycwine B 150-200 1, ctond Harpy-
xKaycsa 70 pa3pylieHus. B mporecce HarpyXeHus U3MEpsUTUCh AepopMalii BepTH-
KaJIbHBIE M TOPU30HTAJIbHBIE, YTO MO3BOJISUIO ONPEAEIUTh YIPyrue nokasarenu. s
PaBHOMEPHOU Mepeadyu AaBJICHUS MO OMOPOW TOMKpaTa yCTPaHBaIHM CHEUATbHYIO
IIOCTEJIb U3 MeCKa, MEJHOro JiucTa U ciost 6etona (puc. 13.12,a). Ctondsl pazmMepom
0,6 x 0,6 x 1,0 M pacronarajii ¢ y4eToM 3aJIETaHUS MTOPOJ — MEPIECHINKYIISIPHO U
napajijielbHO HaIJIaCTOBAHUIO.

Jida u3ydenus conpotusiieHus nopoa casury B0 BHMMUN nipoBoauiiicey OnbIThI
o cxeme, Kotopas u3oOpaxkeHa Ha puc. 13.12, 6. Jlns omnpeneneHus nmapameTpoB
cueruieHuss — C U yria BHYTPEHHETO TPEHUS — P ONBITHI IPOBOAMINCH MO/ Pa3HBIMU
yriaMu o K HaITACTOBAHUIO.

[TonyyeHne MeXaHUYECKUX KOHCTAHT FOPHBIX MOPOJ B HATYPHBIX YCIOBUSX CO-
IPSDKEHO CO 3HAYUTENBHON TPYAOEMKOCTBIO paboT. DTH YHUKAIIbHbIE SKCIIEPUMEHTHI
UMEIOT CKOpEe METOI0JIOTMYECKOE 3HAYEHUE, YEM ITPAKTHUECKOE.
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Puc. 13.12. CxeMbl UCTIBITAaHUS TOPHBIX MOPO]] B BRIPAOOTKAX:
a) — Ha ckarue; 0) — Ha caBuT; | — CTOJO MOPOIBI; 2 — TOMKpAT;
3 — cTanbHBIC IUIATHL, 4 — TOMKPAT; 5 — IUIUTHI; 6 — POJIUKHU.
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[lepcreKTUBHBIMM CIIEIYET NMPU3HATH METOAbl, OCHOBAHHBIE HAa YCTAHOBJICHHUH
KOPPEJSIHMOHHON 3aBUCUMOCTHA MEXKIY OIpPEAEIIEMbIMH MEXaHUYECKUMH KOHCTaH-
TaMUd U CKOPOCTHIO MIPOXOKJIEHUS aKyCTHUECKUX (YIbTPa3BYKOBBIX) KOJIEOAHUN ye-
pe3 nopoaHbi MaccuB. Takue MccieOBaHUS B MAaCCOBOM MaciiTabe ObLIM BBINOJI-
Hensl JI.B. [laymsn nius Hopunbckoro mectopoxaenus noaumerawioB u O.C. An-
dbepoBbIM 111 ocagouHbix opoa Jonbacca. Ocoboe 3HaueHNE UMEET MOCIEeAHS pa-
00Ta, B KOTOPOW MOPOJABI OJJHON M TOMW K€ JIUTOJOTMYECKON Pa3sHOCTH Pa3AeiICHbl Ha
JUTOJOTUYECKHUE THIIBI B 3aBUCUMOCTH OT (halliabHON MPUHAJICKHOCTH, AJISl KOTO-
PBIX M ONPENEISUINCh KOPPEISIUOHHBIE 3aBUCUMOCTH. [Ipumep Takol 3aBUCMMOCTH
npuBeneH Ha puc. 13.13.

R¢, MIIa

140,0

120,0

80,0

60,0

40,0

20,0

1,0

3,0

4,0

MA

Vo, KM/C

Puc. 13.13. CBsI3b aKyCTUYECKUX ¥ TPOYHOCTHBIX CBOMCTB JIJIs1 AJIECBPOJIMTOB
(1 —R=59,6 Vp*;* — R=52,0 Vp*; 1 — R=48,9 Vp*; | — R=47,1 Vp°).
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13.12. CrarucTudeckasi 00padoTka pe3yabTaTOB H3MEPEHUM

Bce peanbHbie mpoliecchl, MPOTEKAIOIIKUE B MPUPOAE, OOYCIOBIEHBI OOJIBITUM
YHUCJIIOM BHEHIHUX M BHYTPEHHUX (DaKTOPOB, NEHUCTBYIOLIUX CIy4yalHBIM 00pa3oM.
Hamnpumep, nporiecc paspylieHuss HOpoAHbIX 00pa3loB OAHONW U TOU e JIUTOIOTHU-
YEeCKOM pa3HOCTH, ONpEACTICHHON (aranbHOW MPUHAJIC)KHOCTH MPOTEKAET B KaX-
JIOM OTJEIBHOM Cllydae Mo-pazHoMy. DTO 00YCIOBJIEHO cilydyailHON (HopMoil CTpyK-
TYPHBIX CBSI3€M, BEIMUMHON cojiepxalieics B oOpasiie Biarv, HaJIM4us TEKCTYPHBIX
0COOeHHOCTEH (BHYTpeHHHE (aKTOPHI), & TAKIKE HECKOJIBKO OTIUYAIOITUMUCS pa3Me-
pamu 00pasiia, TEXHOJOTHUEH UX MU3TOTOBIICHUS, U CKOPOCTHIO HArpyKeHUs (BHELTHHUE
daktopsr). Takum 00pa3om, TIporiece pa3pyieHUs: 00PA3IOB C IEIbI0 MOTYUEHUS UX
MEXAHUYECKUX XapaKTEPUCTUK — ATO CIy4dauHbId mpouecc. st Kaxaoro UCIbITaH-
HOTO oOpaslia B mpoIiiecce Ja00paTOPHBIX UCCIEAOBAHUIN TOMYYarOT CBOE, OTIIMYHOE
OT JIpYTUX, 3HAYCHHE MEXaHUYECKON XapaKTEePUCTHUKH.

JIst mony4yeHus JOCTOBEPHBIX 3HAYEHMM MCKOMOW MEXaHWYEeCKOH XapaKTepu-
CTUKHU HEOOXOMMO BBITIOJIHUTh U3MEPEHUS HAa BO3MOXKHO OOJIBIIIEM YKclie 00pa3IloB.
Jli1st aTOro mpoOkl, UayIIKMe HAa MOCIEAYIOlIee U3roTOBIEHHE 00pa3IloB, OTOMPALOT 110
OTpe/eJICHHOM METOAMKE TakuM 0O0pa3oM, 4TOObl OHM B MaKCHUMAJIbHON CTENEeHH
MPEICTABIISIA BCE BO3MOKHBIE I JAHHOTO MOPOJAHOTO0 MaccuBa KojieOaHUsI MUHe-
Pa’IbHOTO COCTaBA U CTPYKTYPHBIX OCOOCHHOCTEH.

[To ciennanbHBIM METOIMKAM YCTaHABIMBACTCS HEOOXOIUMOE YHCIIO 00pasIoB,
B COOTBETCTBUU C KOTOPHIM U3 I'eHepPaJbHOIl COBOKYNHOCTH CIy4ailHBIM 00pa3oM
oTOUparoT onpeneneHHoe nciao mpod. OrobpanHas mapTus Mpod MPENCTaBISET CO-
0ot cay4daiiHyi0 BBIOOPKY. V3 kaxaoi mpoObl usroraBnuBaiot 3...4 obpasia Mak-
CUMAJIbHO JIOMYCTUMBIX MO JAHHON METOJUKE Pa3MEPOB.

Pe3ynbrarhel n3mMepeHHil Kaxk10i rpyIIbl 00pa3LoB M0 BCEHl cayyalHON BBIOOpP-
K€ TMOJBEPraroT cTaTUcTHUeckoi oOpaboTke. [Ipexne Bcero, ompenenstor cpeaHee
apuMeTHYecKoe 3HaYeHUE BCEX /7 UBMEPEHUN rapameTpa X;

}zlix. (13.38)

3aTeM BBIYMCIISIOT: CPpCAHCC KBAAPATHICCKOC OTKIIOHCHHUC CANHUYIHOTO PC3YJIb-
Tara

3 (X, - X)
i=1 )

n—1

¢ _ (13.39)

n

koadurment Bapuanuu (%), T.e. CpeiHee OTHOCUTENBHOE OTKIOHEHUE MOJTyUYEeHHbIX
pe3ynbTaTOB U3MEPEHUMN OT CPEAHETO apUPMETHIECKOTO
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S
7 =22 %100%,
X (13.40)
,Z[OBepI/ITeJIBHBIﬁ HHTCPBAJI
AX = lnaSe (13.41)

Jn

Koaddunment CtrronieHTa ¢,, yUuThIBAE€T OTINYUE CIy4ailHONW BBHIOOPKU OT re-
HEPaJbHOM COBOKYIHOCTH M 3aBHCHUT OT YHCla 00pas3loB #n U TpeOyemMou JOBEpH-
TenbHON BeposiTHOCTHU (date Bcero oo = 0,85-0,95). OxoHUaTeNnbHBIN pe3ysbTaT CcTa-
TUCTUYECKON 00pabOTKH pe3yibTaTOB U3MEPEHUN 3alMChIBAETCS, HAIIPUMED, CIEIy-
IOIIUM 00pa3oM

R. (200£10) MIIa npu o = 0,95.

3anuce IMTOKA3bIBACT, YTO CPCAHCC 3HAUCHUC ITapaMCTpa (HpCI[CJ'I IMPOYHOCTH Ha

onHoocHoe cxkatue) paBHo 200 ( X' ), a OTKJIOHEHHE €ro OT CpeAaHero apudmernde-
ckoro B 95% cnyuaeB He npeBbimaet 10 (4X).
N3 dbopmynet (13.41) nmerko onpenennTb HEOOXOAMMOE YUCIO MCIIBITAHUM IS

AX
o0ecneyenns OIMOKKM M3MepPEeHHil He Oonee & = 7 pU U3BECTHOM KO3 uim-
eHTEe BapUalliH U3y4aeMoro rnapaMerpa:
2
n=(t,n/&E* (13.42)

Tak, ectu n = 20%, ommubka uzmepenuid 15%, To n = 7 oOpazuam (mpu
a=0,95, t,,= 1,96).

KOHTpOJILHLle BOIIPOCHI

1. B kakux ciay4asix MacCUB SIBJISIETCS CIUIOIIHBIM WU JTUCKPETHBIM?

2. YT0 Takoe TPEeIHUHOBATOCTh TOPHBIX IOPOA?

3. UTo Ha3bIBACTCA TPEIIMHOMN?

4. Kakyro TpemmHoBaTocTh yunThiBaeT kiaccupukanus H.M. IIpockypsikoBa?

5. Ilo xakuM mnpu3HaKaMm KiacCUPUIHMPYIOT TpeuHsl B.B.PxeBckuit u
[".51.HoBuk?

6. [IpuBenuTe KIaccuuUKaIUio TPEIMHOBATOCTH TOPHBIX Topoa mo BHUMUN.

7. Maiite kiacCU(pUKAIIMIO TOPHBIX MOPOJ] IO CIOUCTOCTH.

8. UTo HaA3bIBAIOT «(PU3UUECKH MAJIBIM JIEMEHTAPHBIM 00BbEMOM»?

9. B uem cyth cooTHomeHnust @.C. Scunckoro?

10. HazoBHTE BHIBI HAIPSDKEHHOTO COCTOSIHUS.

11.YTo Takoe «Te€H30p HAPSLKEHUS» U «TEH30p AePopMarium»?
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12.ChopmynupyiiTe «3aKOH YyIpyroro u3MeHEHHUs: 00beMa» M «3aKOH YIPYTro-
ro U3MEHEHUs! GPOPMBD».

13.3anummure 06001eHHbIN 3akoH ['yka u cooTHommeHus: Korm.

14. Yem oTnuyaercs MIOCKOE HANPSKEHHOE COCTOSIHUE OT IUIOCKO J1e(hopMHU-
pOBaHHOTO?

15.3anummre ypaBHEeHHE paBHOBECHS B MPSIMOYTOJIBHOM CUCTEME KOOPJAWHAT,
B MOJISIPHOM.

16. B uem cocTtout pu3MUECKHil CMBICT ypaBHEHHS COBMECTHOCTU Jedopma-
uun?

17.Kax dhopMyaupyroTcsi TpaHUYHBIC YCIIOBHS B 33]]a4aX T€OMEXaHUKH ?

18.Kak ucroip3yroT Ha MPaKTHKE (HaKT OTCYTCTBUSA B yPAaBHEHUSX PABHOBECHUS
IPOYHOCTHBIX U JIe(HOPMALIMOHHBIX XapaKTePUCTUK?
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14. HAIPA’KEHHOE COCTOAHME HETPOHYTOI'O
MACCHUBA I'OPHbBIX IIOPO/I

14.1 O01mue cBeaeHus

OCHOBHOI 3a/layell MEXaHUKHU TOPHBIX MOPOJ SIBISIETCS M3Y4YEHUE SIBICHUM,
IPOUCXOAAIINX B MOPOJAX, OKPYKAIOLIUX TOPHYIO BbIpaOOTKy. Pemmnth 3amauy o
HANPSDKEHUSAX U AepopMaiisax B MAacCHUBE, HApPYyIIEHHOM TOPHOW BBIPaOOTKOM, BO3-
MOJKHO TOJIbKO, €CJIM W3BECTHBI HANPSHKEHUS, KOTOPbIE ObUIM B MacCuBe J0 €€ Mpo-
BEJICHUS.

[ToaTOMy H3ydyeHHE HANPSHKEHW B HETPOHYTOM (HEHAPYILIEHHOM) MacCHBE
SBJISIETCS] OJTHOM M3 BaKHEUIIMX 337a4 MEXaHUKHU TOPHBIX MOPO/I.

HanpspkenHnoe cocTostHue MaccuBa ONPEAEISIETCS TEH30POM HANPsLKEHUs, CO-
CTOSIIIIMM, KaK U3BECTHO, U3 IIECTH KOMIIOHEHTOB:

HOpMaJIbHbBIX — G, Gy no,

N KaCaTCJIbHbBIX — T T T

Xy 2 Xz yz ‘

B MexaHuke TOpHBIX MOPOJ TMOJOXKHUTEIbHOE HAIMPaBICHUE OCH OPIWHAT Z
ynoOHee MPUHUMATh CBEPXY BHU3 U Ha4ajo KOOPAUHAT COBMEIIATH C TIOBEPXHOCTHIO.

Hemponymuvim, nnv HeHApyWeHHbIM, MACCUE0M TOPHBIX IIOPOJ HAa3bIBAIOTCS
YYaCTKH 3€MHOW KOpBI, HE3aTPOHYThIE FTOPHBIMU pabOTaMu, T. €. TaKHE, B KOTOPbIX
HE HMMEETCSl TOPHBIX BBIPAOOTOK (MJIM pa3pabOTOK); HAXOASIIMECS K€ Ha COCEIHUX
y4acTKax BbIPAa0OTKM YAaJIEHbl HACTOJIBKO, YTO OHM HE OKAa3bIBAIOT BIIMSHMS HA
HaIpsUKEHHOE COCTOSIHUE MOPOJ paccMaTpUBAeMOro ydacTka. Jpyrumu cioBamu,
3TO MAacCUB MOPOJ, HAIPSDKEHHOE COCTOSIHME KOTOPOTO ONPEENseTCsl TOJbKO ecTe-
CTBEHHBIMU IIPUPOIHBIMH YCIOBUSMH.

W3ydyeHne HampsHKEHHOTO COCTOSHUSI HEHApYIIEHHOTO MAacCUBa  SIBIISIETCS
KpalHe CJIOKHOM 3aJadei Mo psiAy NPUYMH U, B IIEPBYIO OYEpEb, B CUILy TOTO, YTO
JUISL HETIOCPEICTBEHHBIX 3aMEPOB HAMNPsHKEHUI B HaType TpeOyeTcs MpoBEACHUE rop-
HOM BBIPAOOTKH, XOTSI ObI OypOBOI CKBAXXHHBI, YTO YK€ B TOH MJIM HHOM CTEIICHH Be-
JIeT K HAPYIIEHUIO COCTOSTHUSI MacCHBa.

Pemenne 5Toil 3amaur MOAETMPOBAHHWEM WM TEOPETHUECKHUMH METOJIaMU
TaK)Ke SIBJISIETCS KpailHe CIO0XHBIM B CBSI3U C OOJIBLIIMM YHCIIOM HMEIOIIUX Pa3HO00-
pa3HbIl XapakTep €CTECTBEHHBIX (DAKTOPOB, CO3JAIOUIMX HAIPSHKEHHOE COCTOSHUE
MaccuBa MOPO/I.

PaccMoTpuM OCHOBHBIE (DaKTOPBI U YCIIOBUS, C KOTOPBIMH CBS3aHO (POPMHUPO-
BaHUE HANPSYKEHHOTO COCTOSIHUS MAaCCUBA FOPHBIX MOPO/I.

I'nybuna 3anecanus N3y4aeMOro MacCUBa TOPHBIX MOPOJA OT MOBEPXHOCTH SB-
JSI€TCs TIIAaBHBIM (PaKTOPOM, OT KOTOPOI'O 3aBUCUT BO BCEX YYacTKaxX 3€MHOU KOpPBI
HaMpsDKEHHOE COCTOSHUE, IPHUUEM KOMIIOHEHTa G, 3a CUeT I'PaBUTALMOHHBIX CHJI IO

Mepe YBeJIMYEHUs IIyOUHBI MPONOPIUOHAIIBHO BO3PACTAET.

Btopeim dakTopoM, onpeAenstonmM HanpssKeHHOE COCTOSIHUE B HEKOTOPBIX
y4acTKax 36MHOM KOPBI, SIBJISIIOTCSI CUJIbI, CBSA3AHHBIE C MEKMOHUYECKOU OesimelbHO-
CMbIo.

OTOT (haKTOp MOXKET UMETh PETMOHAIBHOE 3HAYEHHE B TaK Ha3bIBAEMbBIX I'Op-
HO-CKJIaIYaThIX MacCHBaXx.
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JleicTBUTENBHO, B HEKOTOPHIX OOJACTSIX CKJIaJ0K HAOMIOJAIOTCS HAPYLICHUS
NOPOABI, TOKA3bIBAIOIINE, YTO OHU IOJBEPraJMCh NECHCTBUIO YCHIINMU, CBA3aHHBIX CO
CJIO’KHBIM XapaKTepOM HAIPsKEHHOIO COCTOSIHUS MacCUBA.

Ha nanpsbkeHHOE COCTOSIHME MacCuBa IOPOJ B BUJIE MECTHBIX SIBICHUN MOTYT
OKa3bIBAaTh TAKXKE BIMSHUE HEOJHOPOJHOCTh CTPOEHUS MACCHBA IOPOJ, aHU30TPOII-
HOCTb, & TAK)KE JKECTKOCTh COCETHUX MTOPOJ.

Heoonopoonocms cmpoenusi maccuea u e20 aHu30mponHOCMb, HECOMHEHHO,
MOTJIM BBI3BaTh MPH (POPMUPOBAHUN MACCHBA MECTHBIEC YCIIOKHEHUS HAMPSKEHHOTO
COCTOSIHHSI TIOPOJI B CBSI3H C TEM, YTO HEOJHOPOJHOE MOJIE COMPOTUBIEHUS JOJIKHO
BBI3BaTh HEOJJHOPOJHOE K€ PACHPEICICHUE HAPSHKEHHM.

Cmenenb dicecmxocmu COCEAHUX MOPOJ TAK)KE MOIVIA BIMATH HA paclpenese-
HUE HANPSDKEHUH KaK MECTHOE SIBJIICHHE B pallOHaX KOHTAKTOB 0oJiee MPOYHBIX U Me-
HEe IPOYHBIX MOPOJ.

BaxHbIM U OYEHb CIIOKHBIM (PAKTOPOM, HECOMHEHHO, BIMSIOIIMM Ha COBpE-
MEHHOE HAIIPSHKEHHOE COCTOSIHUE IOPOJ MaccHBa, SBISAETCA epemd. lIpuyuem 3ToT
(akTOp HE PErMOHAIBHOTO, @ OOIIETO TOBCEMECTHOIO XapaKTepa.

3eMHas KOpa HaXOAUTCS B HENPEPBIBHOM JBUXKCHHUH, II03TOMY, €CIU IOCMOT-
peTh Ha MAaCCHUB IIOPOJ BO BPEMEHHU, UMEIOLIEM 3HAYECHUS MOPAIAKA T€OJOTUYECKUX
3MOX, TO, OYEBUIHO, HAIIPSHKEHHOE COCTOSHUE TAaKOI'0 MacCUBa CIENYET CUMTATh IIe-
PEMEHHBIM.

Bmecte ¢ 3TUM ecThb 00JaCTH ¢ MHTEHCHUBHOW COBPEMEHHOM TEKTOHHYECKOH
NEeATEIbHOCTBIO, B KOTOPBIX HANPSHKEHHOE COCTOSIHUE MAcCUBa MOPOJ MOXKET H3Me-
HSTBHCSl B OUYEHb KOPOTKUE OTPE3KU BPEMEHH, OYKBAJIbHO Ha ria3ax JIOAeH.

["opHble paboOTHI ¥ MOJ3EMHBIE COOPYKEHHUSI XOTS U MOTYT B OTACNIbHBIX CIy-
Yasx UMETh JI0BOJIBHO MPOAOJKUTENbHBIA CPOK CYLIECTBOBAHUS (HapUMeEp, U3BECT-
HBI [TOJ3€MHBIE COOPYKEHHUSI, COXPAHMUBILHECS 10 HAIIMX JHEH M CPOK CYyIECTBOBA-
HUSL KOTOPBIX COCTaBISIET 4-5 ThIC. JIET), OJHAKO CPABHUTEIBHO C I'€OJOIMUECKUMHU
AIOXAaMHU J1aK€ OTU CPOKH SIBJISAIOTCS KpallHE MAJIbIMU OTPE3KaMM BpeMeHU. JlesTens-
HOCTb YeJIOBEKa Ha MPOTSHKEHUH )KU3HU UMEET ellle 00Jiee KOPOTKUE CPOKHU.

[To3TOMY B ME€XaHUKE TOPHBIX TOPOJ IPUHATO CYUTATh, YTO HANPSIKEHHOE CO-
CTOSIHUE MAaCCUBa MOPOJ] SBJIAETCS TOCTOSHHBIM, UMEsl CTATUYECKUNA XapaKTep.

UYro ke KacaeTcsi HapsHKEHHOTO COCTOSTHUS B 00J1aCTAX, ONACHBIX MO CEMCMMU-
YECKUM SIBJICHUSIM, TO 3TO SBJISIETCS CIIELUAIBHBIM BOIIPOCOM, KOTOPBIN ITOKA HE MO-
KET pacCMaTpUBATHCS B OOIIEH MEXaHUWKE FOpHbBIX Mopod. Eciu gaxke odmue moso-
KEHHSI MEXaHUKU TOPHBIX TOPO/I €Ille TOBOJIbHO clabo pa3paboTaHbl, TO TAKOW CIie-
[IUANBHBIN BOMPOC, KaK HANpsSHKEHHOE COCTOSHUE MOPOJ B 00JACTSX, OMACHBIX IO
CEHCMUYECKUM SIBICHHUSM, BOOOIIE HE HMCCIEIOBAH, XOTS U SBJISETCS BECbMa BaX-
HBIM.

OpHako BOMPOC O BIMAHUU (DAKTOpa BpPEMEHH Ha HaNpsHKEHHOE COCTOSHUE
MacCHBa IOPOJ UMEET €lIE U IPYroe 3HaYCHUeE.

OKCIEPUMEHTAIIBHO YCTAHOBIIEHO, YTO BCE MOPOABI B TOM WJIM MHOM CTEIECHU
00J1a/1at0T CBOMCTBOM ITOJI3Y4ECTH.

ITopoapl, HAXOAACH NONTUM NTEPUOJ BPEMEHH I10]] HAIPSKEHUEM, KOMIIOHEHTHI
KOTOpOTO IO BEIMYMHE OBbLIN pa3Hble, B 3aBUCUMOCTH OT XapaKTEPUCTUKH MOJI3y4de-
CTH, IIPUCYIIEH UM B nepruoj (GOPMUPOBAHUS JAHHOTO y4acTKa MAacCUBa, JOJKHBI
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ObUTM TPOSIBUTH CBOMCTBO penakcanuu. [loaromy BpeMs HOKHO OBUIO CpPaBHSTH
WIH XOTs OBl IPUOIU3UTH 10 BEIMUYNHE KOMIIOHEHThI HAallPSDKEHUS.

OKCIEpUMEHTBI U ONBITHI B 00JIACTH U3YUYEHHS] CBOMCTB IOJ3Yy4ECTH MOPOL,
Kak OyJeT yKa3aHO HMXKeE, MOATBEPKIAI0T 3TH COOOpaKEHM s, IOKa3bIBasi, YTO TaKOE
BBIPABHUBAHUE HAINIPSKEHUHN B JEHCTBUTEIBHOCTH IIPOUCXOIUT.

HakoHen, kak MECTHBIE SIBJICHUSI MOTYT OKa3bIBaTh BIIMSHHUE HA HANPSKEHHOE
COCTOSIHUE MaccHBa MOpOJ U Takue (PakTopsl, KaK JaBIEHHUE ra30B U BOJ, HAXOI-
LIMXCS B [OpPax U MyCTOTax MOPOL.

N3noxxenusie o0iume cooOpaxkeHus o0 (pakTopax M YCIOBHSX, BIMSIONIMX Ha
dbopMupoBaHHE HANPSKEHUI, MTO3BOJISIIOT MIPUUTH K HEKOTOPBIM OOIIMM MOJIOKEHU-
M, KOTOPBIE B HACTOSAILEE BPEMsI IIPUHATO CUUTATh UCXOJHBIMU IIPU OLIEHKE Hampsi-
’KEHHOI'0 COCTOSIHUSI HEHAPYIIEHHOTO MaCCUBA FOPHBIX IOPOJL.

OCHOBHBIM (haKTOPOM BO BCEX CIIydasix sIBISIETCS MIyOMHA U TPAaBUTAIMOHHBIE
CHJIBL.

BnusiHue TEKTOHMUECKHUX CUJI CJIEOBAJIO Obl yUUTHIBATh JJI1 MAaCCUBOB FOPHO-
CKJIag4aroro tuna. MIMerTcst OTAeNbHbIE NCCIEA0BAHUS HAINPSKEHHOTO COCTOSIHUS
TOPHBIX MOPOJ HAa Y4YacTKaX, /e ObUIO 3aMETHO IPOSBICHUE TEKTOHUYECKHX CHIL
HabutoieHus mokas3bIBalOT, UTO B TAKUX yYacCTKax XapaKTep HaIPsHDKEHHOT'O COCTOS-
HUSI MacCUBa F'OPHBIX MOPOJ] 3HAUUTENBHO OTJIMYAETCSI OT OOBIUHOr0, Hanubosee pac-
IPOCTPAaHEHHOT0 XapakTtepa. Hampumep, ropu3oHTaIbHAsE COCTABISAIONIAs HAIPSKE-
HUS MOKET B HECKOJIBKO pa3 MpeBbIIIaTh BEPTUKAIBHYIO. OJIHAKO METOIbI ydyera
BIUSHUS ATOTO (pakTopa, paspabaTbiBaeMble B HACTOsIIEe BpeMs, MMOKa eule He Mo-
JYYHWJIA MIPAKTUYECKOTO PACTIPOCTPAHEHHUS.

Bpewms kak gaxTop, BIUAIOMNN Ha MPOSIBJICHUE CBOICTBA MOI3yYECTH MOPOJI,
HEO0OXOIMMO YUYUTHIBATh BO BCEX CIydasix.

Yro Ke KacaeTrcsi MECTHBIX SIBJICHMM M CBSI3aHHBIX C HMUMH PACHPEIEIICHUU
HaNpsKEHUH B OpoJax, TO, OUEBUIHO, YTO UX YUUTHIBATh HelenecooOpa3Ho. 31ech
€Il1e TAK)KE CJIEyeT UMETh B BUAY, UYTO B CBA3U C IOJI3YUYECTBHIO IIOPOJ ITH MECTHBIE
SIBJICHUSI MOTJIM OBITH U JIOKAJIN30BAHBI.

Tak kak OOBIYHO paccMaTpPUBAIOTCS OTHOCUTEJIBHO HEOOJBIINE YYACTKH 3EM-
HOW KOpbl M B TEUYEHHE KOPOTKUX MPOMEXKYTKOB BPEMEHH, TO OOLIEE COCTOSHHUE
IPUHUMAETCS CTATUYECKUM.

B pesynbrare noka HanpspKEHHOE COCTOSIHME HETPOHYTOIO MaccuBa (HE MMe-
IOLLEro SIBHO BBIPAXXEHHBIM TOPHO-CKJIAYaThld XapakTep) MPUHUMAETCA KaK CTaTH-
4eCcKOoe, paBHOBECHOE, 00BbEMHOE I10]] BIUSIHUEM COOCTBEHHOI'O BECa.

14.2 HanpsizkeHHOE COCTOSIHUE HEHAPYIIIEHHOT 0
MAacCCUBa TOPHbIX MOPO

J1Jis OTIEHKM KOMITOHEHTOB HampsDKEHUST HEHApYIIEHHOTO MAcCUBa, UCXOS U3
U3JI0’KEHHBIX BBIIIE OOIMUX COOOpaKEHUH, MOPOJa MPUHUMAETCS KaK OJHOPOIHAS U
U30TPOIHAs cpefa.

MpeicnieHHO B MaccuBe Ha TiyOnHe H 0T moBepXHOCTH BBIACTSETCS €IMHUIHBIN
KyOuk (puc. 14.1), uMmeromuii pa3mMepbl, 00eCreunBaroIe ero 00beM He MEHEE U He
OoJee 3JIeMEeHTapHOro 00beEMa.
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Puc. 14.1. CxeMa k onpeaeneHuto Hanps>KeHHOTO COCTOSIHUS
HEHAPYIIEHHOTO MacCUBa

st ynoOGcTBa OpUEHTUPOBKA KyOHMKa B MPOCTPAHCTBE MPUHUMAETCS Takas,

4TO KOMIIOHEHTBHI O ., Gy no, 6y,IIYT IIaBHBIMH HOPMAJIbHBIMHA HAIIPSAKCHUAMUA.

Torna B o01ieM BUJ€ KOMIOHEHTHI HANPsiKEHUSI OYyT OMPENeaThCcsl CIeay-
IOILIUMH BBIPAKECHUSIMHU

c, =YH,0, =0, =AyH (14.1)

17xy = Txz

=Ty, =0
rae Yy — cpeaHuil oObeMHBIN BeC MOpPOJI, 3aJIETAIOIIUX BBIIIE PacCMAaTPUBAEMOIO
KyOuka; A, — KOI(PPUIMEHT TOPU30HTAIBHOTO pacropa Wi OOKOBOTO JIaBJICHHS,
H — rnmyOnHa oT NOBEpXHOCTH.

Baxuenmen XapakTepUCTUKONW HANPSHKEHHOTO COCTOSHUS HEHAPYLIEHHOI'O
MaccHuBa IMOPOJ SABISETCAd KOI(P(UIMEHT OOKOBOIO NABJIEHUS A,, MOKa3bIBAIOLIUN
OTHOIIEHUE BEJIMYMHBI TOPU3OHTAIBLHON COCTABIISIIONIEH HAINpPSKEHUSI K BEPTUKAIb-

HOM. OHpC,IICJ'ICHI/IC 3HAYECHUH ATOTO KOC—)(I)(bI/IHI/ICHTa JOJIKHO IMPOU3BOAUTHCA B 3aBH-
CUMOCTH OT THUIIA ITOPOALI 1 OCHOBHBIX €C CBOMCTB.

14.3 Onpenesienue ko3gpguuueHTa 0KOBOI0 1aABJICHUSA
B MPOYHBIX MOPOJAX

B HekoTOphIX ciydasx mopoja MoKeT ObITh IPUHIATON Kak ynpyras cpeaa. To-

raa kod3duureHnT G0KOBOTO JaBlIEHUS MOKET OBITh OMpPENETICH C MOMOIIBIO KO-
¢uruenta [lyaccona (monepeunoii qeopMaIui) U3 CISAYIOUIETO BRIPAKCHUS:

Ay = —— (14.2)
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Takoe OIIPpCACIICHHUC >\,2 MOJKHO ITOJIY4YHUTb, HCXOAS U3 ITOJIOKCHUA, YTO CyMMa

nedopManuii Mo ogHOM M3 ocel KyOWKa, MOJyJarolIuXxcs 3a CUeT JCUCTBUS HaIpsi-
YKEHUH 10 BCEM TPEM OCSIM, PaBHA HYJIIO.

3anuuieM 3TO YCI0BUE, IPUHSB 3a IPOJI0JIBLHOE HAMPAaBJICHUE, COBIAIAONIEE C
JEUCTBUEM O

3nech E — momyne ynpyrocta; p — koaddunuent [lyaccona.
Vimest B BUIY, 4TO G, =G, W PELIMB NPUBEACHHOE YPABHEHUE OTHOCHTEILHO

O, , IOJY4UM, 4TO

[ToaTroMy B wuIeanbHO yHOpPyroil Mopojae KOMIOHEHTHI HampsiKeHHs OyayT
ONIPENEIATHCS

G, =0, =~ yH. (14.3)

Koaddunment nonepeunsix aedopmannii (koadduiment [lyaccona) nusmens-
ercsa B peaenax ot 0,08 no 0,5. CoOTBETCTBEHHO KpailHWE BO3MOXHBIC MPEACIbI U3-
MeHeHus 3HaueHuit A coctasisitor ot 0,1 go 1. CiaenyeT noayepKHyTh, YTO B COOT-
BETCTBUM C (DU3UYECKUM CMBICIOM KO3(h(UIIMEHTa Vv, €r0 3HAUYCHUSI He MO2ym npe-
sviuwams 0,5, noomomy u 3Hauenus Kod3ppuyuenma 60K08020 pacnopa A He mocym
Obimb Ooabue 1. ITO MONOKEHHE UTPACT NMPUHITUIHAIBHYIO POJIb U IOJKHO HCTIONb-
30BaThCsl MPY aHATN3E U UHTEPIPETAINH PE3YIHTATOB HATYPHBIX U3MEPCHUM.

[Tpenenbupie 3HaueHnss v = 0,5 u A = 1 BBIpaXKaroT, KaK 3TO cieayeT u3 dop-
myn (14.1) u (14.3), ycinoBue eudpocmamuyeckoeo pacnpedenenusi HanpsaxiCceHuti B
MacCHUBe, T. €. TAKOTO PACTIPECICHHsI, KOTa

=o,. (14.4)

['unoTe3a 0 rUIPOCTATUYECKOM PACIpPEACICHUN HAIPSKEHUI B MAcCHUBE IO-
poa OblIa BIEPBHIE BhICKAa3aHA M3BECTHBIM ILIBEUIIapCKUM reojioroM A. I'eiMOoM BO
BTOpOoi mosioBuHe XIX B. I'mapocratndeckoe HaNpsSKEHHOE COCTOSHUE SBIISETCS
YACTHBIM CIIy4aeM HaIpsKEHHOTO COCTOSIHMSI MAcCHBa, BbIpaxkaeMoro (opmymnamu
(14.1) u (14.3), 1 MOXET UMETH MECTO IPU IJIACTUYECKOM COCTOSIHUU TOPHBIX MOPOJ
B paccMaTpuBaeMoOM TOYKe MaccuBa. [0 MHEHHIO MHOTMX MCCIIENOBATENEH, Haxe
BECbMa MPOYHbIE MOPOBI [0 MEPE POCTa IITYOMHBI M CBA3aHHOTO C HUM pOCTa J1aB-
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JICHUSI U TEMIEPATyphl MOCTENEHHO MEPEXOIAT B IUIACTUYECKOE COCTOSHUE, TaK UTO
Ha JIOCTaTOYHO OOJBIIMX TIIyOMHAX pachpelielieHue HanpsKeHUM MpuOIMKaeTcs K
THAPOCTATHYECKOMY HE3aBHUCUMO OT COCTaBa MOPOJI, ciiararoiux mMaccuB. OIHAKO B
Clly4yae BEChbMa MPOYHBIX CKAJIbHBIX MOPOJ 3TH TJIYOMHBI HCUYUCISIOTCA, TIO-
BUJIUMOMY, JE€CSATKAMHU KHJIOMETPOB, T.€. 3HAYUTEIHHO OOJIbIIIE TIIyOUH, pPeaibHO J10-
CTHKUMBIX TPU TOPHBIX pa3paboTkax. g Takux ke MOpoAd, Kak TIUHBI, clialdble
TJIMHUCTBIE U TIeCYaHbIE CIIAHIbI, KAMEHHBIE COJIM, cladble yIiu, CIOCOOHBIX K BSI3-
KOIUTACTUYECKOMY TEUEHHUIO MPU CPAaBHUTEIHHO HEBBICOKUX HArpysKax, HampsKeH-
HOE COCTOSIHUE MAaCCHUBOB JJa)K€ Ha HEOOJBIIMX [IyOMHAX MOXET ObITh TMAPOCTATH-
YECKUM.

3aMeTuM, YTO MPHU CTPOTOM AHATUTHUYECKOM IOJAXOJIE paclpeiesieHue Hamps-
KEHHUI B MacCHBE JOJIKHO BBIpaXkaThCsl 00Jee CIOKHBIMUA 3aKOHOMEPHOCTIAMH, YUH-
THIBAIOIIMMH KpUBU3HY 3emuid. OJTHAaKO Ha TIyOMHaX, TOCTHKUMBIX TOPHBIMH pabo-
TaMu, MOMpaBKa Ha KPUBU3HY HUUYTOXKHO Majla U Y4YET €€ HEe UMEET MPaKTUYECKOro
CMBICIIA.

MaccuB ropHbIX MOPOJI CiIaraercs, Kak MpaBUIIo, CIOSMU Pa3IMYHON TMIIOTHO-
ctu (o6bemHoro Beca). [loatomy dopmynsl (14.1) u (14.3) B Haubosee obiieM ciy-
yae MacCHUBOB, CIOKEHHBIX YepEIyIOIIMMUCS Pa3sHOBUAHOCTAMHU MOPOJ C pa3IMYHbI-
MU 3HAYEHUSIMH 00BEMHOTO Beca, MPUHUMAIOT BUJT

‘ Yith (14.5)

Gy =0y = &;2yih; ,

r1e y; — 00beMHbIN Bec 1-T0 ciost nopof; h; — TonmuHa i-ro cios.

3aMeTI/IM, 4TO 3HAYCHHUA PCAKTUBHBIX OOKOBBIX HaHp}DKeHI/Iﬁ 6, 10 y 3aBUCAT

0T Ko3(duureHTa OOKOBOrO pacmopa A; paccMaTpUBAaEMOToO i-I'0 CJI0sl HE3aBUCUMO
OT KO3(p(PUIUEHTOB A, ;, A, , U T.J. BBIIIEIEKAUX cl10eB. Takum 00pa3om, B TOM

cilydae, €Clii MacCUB CII0)KEH BeCbMa Pa3sHOPOJIHBIMU CJIOSMHU MOPOJ, KO3PPUIECH-
Thl TIONEPEYHBIX Ae(opMaluil v KOTOPBIX CYIIECTBEHHO PA3JIMYHbI, HANPSHKEHUE G,

6y,IICT MOHOTOHHO BO3PaCTaTb IO MCPC POCTa FJIY6I/IHBI, HaIIPsSIZKCHUS )K€ O, U Gy

npu oOIlel TeHICHIIMU K BO3PACTAHUIO C ITyOUHOW MOTYT MPU MEPEXOJE OT CJOS C
OOJBIIMM K CJIOI0 C MEHBIIMM 3HAY€HUEM V (M COOTBETCTBEHHO A) Jake yMEHb-
11aThCA.

Belie MbI mosaranu, 4To akTUBHAs TPaBUTAIMOHHAS COCTABJISIONIAs OOIIETro
MOJIs1 HANPSDKEHUN BEpTUKaIbHA. B IeicTBUTENBRHOCTH 3TO HE Beerga Tak. HepaBHo-
MEpHOE€ paclpeieIeHue MacC B TOPU3OHTAIBHOM TUIOCKOCTH, 00YCIOBICHHOE U3MeE-
HEHUsMHU penbeda 3eMHOU MOBEPXHOCTU (HAmpUMep, HAJIUYMEM Top U KOTJIOBHUH), a
TAKK€ U3MEHECHHUSIMH TJIOTHOCTHU MOPOJ B TOPU30HTAIBHBIX SMHUIIIIOCKOCTSIX, BHOCUT
AHOMAJIMH, IPUBOJAIINAE K TEM WM UHBIM OTKIIOHCHUSIM aKTHBHOM I'PaBUTALMOHHOU
COCTaBISIONIEH o, OT BepTHKadu. OTKJIOHEHUS AT OOBIYHO HE MPEBHIIIAIOT HE-
CKOJIBKHUX TPAaayCoOB, B penkux ciydasx gocturas 10...15°. OtkimoHeHus: 00ycIoBiIn-
BAIOTCS TAK)XE€ HAKJIOHHBIM 3aJIETaHUEM YEPEAYIOIIMXCS CIIOEB Pa3JIMYHOM IUIOTHO-
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CTH, CKJIaA4aTOCTBhIO M HepaBHOMepHOI;'I MOIIHOCTBIO Pa3JIMYHBIX CJIOCB IIOPOJ, CJia-
rarommnx MaCCHUBBI.

14.4. Koo puumeHT GOKOBOI0 1ABJIEHHUSA B CHINYYHX MOPOJAAX

Chimydasi TopoJia B HEKOTOPBIX CIydasX MOXET CUUTAThCS 00J1a1atoleii TOb-
ko TpenueM (@ #0,c=0).

[TpuHSB 3TO yCIOBHE, MOKHO OTNPEIECTUTh 3HaUCHHE KOdduimerTa 60KOBOTO
naBieHus (TOPU30HTAIBHOTO Pactopa) U3 CICAYIOMIETO BhIPAKECHUS

0
290 -0

1 — si
7\.2 =tg T nJin }\.2=ﬂ

—. (14.6)
1+ sin@

[TpuBeneHHoe BhIpaKeHUE I HAXOXKACHUS Kod(dduimenta 60KOBOTro JaBie-
HUSI MOKHO IIOJIyYUTh U3 3a/1a4yd 00 aKTUBHOM JIaBJIEHUM HJI€aJIbHO ChIMYy4eil Iopo-
TIbL.

PaccMoTpuM 3Ty 3amauy, umes elie B BUAY, YTO ATUM PEIIEHUEM BOOOILE Ya-
CTO HOJIB3YIOTCSI B MEXAHUKE TOPHBIX MOPOI.

[TpencraBuM, YTO UMEETCS MAcCHUB, CIOXKEHHBIN MJI€AIbHO ChITYYEl MOPOAOH,
XapaKTEepU3YIOIIEHCs YIJIOM BHYTPEHHETO TPEHUS @ U 0O0BEeMHBIM BecoM y. Inmy-
Oouny ot moBepxHocTH mpumeM H (puc. 14.2), a mmpuny (mepneHAUKYIIPHO K
IJIOCKOCTH CXEMBbI) — PABHOW €IMHULIE.

A B
N KA AN AN AN /. AN /K R
Daxr
0-p
H N
- AR
T| "~ Py
S~ o Y
I\ ¥ Q Daxkr
0 R
Q
O Gr

Puc. 14.2. CxemsI K 3a1a4e 00 aKTUBHOM JIaBJICHUH B ChINTy4eH mopoe

MBICIIEHHO OTceueM JIeBYIO0 YacTh MaccuBa 1o rmiockoct AQO, Toraa npusma
ABO 3a cyeT cBOero Beca HaUHET CIOJI3aTh BHU3.

Ho Tak kak mMeeTcs MaccuB, TO Mpu3Ma OyJeT HaXOJUThCS B MPEEILHOM CO-
CTOSIHUU M MIOTOMY OKa3bIBaTh JAABJICHHE HA MBICJIEHHYIO TIOCKOCTh AQ.

PaBHONIEHCTBYIONIYIO JAaBJICHHS CIION3AIOMIEH MPU3MBI, KOTOPOE Ha3bIBACTCS
AKMUBHbIM 0asleHueM ChITyder mopobl, 0003HaUUM D,

[IpuMeM Kak HEKOTOPOE AOMYIIEHUE, UTO MPU CHOJI3aHUU HMPU3MBI 110 MIOCKO-
ctu AO TpeHue oTrcyTcTByeT. Yron ® HakioHa miuockoctd OB mpusMmbl nomxeH
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ONPEIEIUTHCS U3 YCIIOBUS, YTO OyJEeT Croia3aTh HAMOOIbIIMK 00BEM MOPOJBI, T. €.
CUMTas, 4TO JajbHeillee yBeauueHue yria ® nmpuBeaeT K TOMy, YTO YacTh MOPOJbI
3a cyeTr TpeHus 1o miockoct OB yxe He OyJeT HaXOAUThCS B MPEAEIBHOM COCTOSI-
HUMU.

O003HaunM Bec crion3aromiei npu3Mel Q, a paBHOAECHCTBYIOUIYIO JaBICHUS HA
HAaKJIOHHYIO IIOCKOCTH R.

ITpenensHOE COCTOSTHUE MPU3MBI OyIET ONPEAEIIATHCS CIEYIOIIUM YCIOBUEM

T =N -tqo,

rae T — ycunue, capuraroniee npu3my BHU3; N — HOpMAJIBHOE YCHIINE, IPUKAMAIO-
1iee NpU3My K HAaKJIOHHOU IIJIOCKOCTH; () — YIOJI BHYTPEHHETO TPEHUS ITOPOJIBL.
[ToaTomy yrom Mexay HampasieHueM aerictBus cuil Q u R Oyzaer pasen O —
Q.
IIpu3ma HaXOOUTCSA B PAaBHOBECHM, IO3TOMY MOKHO HANMCAaThb U3 CHIIOBOTO
TPEYroJIbHUKA

DaKK = Q tq(® _(p)7

NI

H H: ctqg® H
Doer =7 1 tq(@—cp)ﬂ2 ctq® - tq(® — ). (14.7)

JIns HaXO0XKAEHUS YCIOBHSI MAKCUMYMa ONPENEIIMM NIEPBYIO IIPOU3BOIHYIO MO-
CJIEAHETO BBIPAKECHUS U IPUPABHSEM €€ HYJIIO

tq®  tq(® - o)
2 2 2
dD vyH _ cos ®-9) cos O
de 2

=0.

2
tqep ©
[Tocne mpeoOpa3oBaHus OyIeM UMETh YCIOBHE MaKCUMyMa

0
B 2 +o
—2 )

) (14.8)

[ToncraBuB 310 ycnoBue B BelpaxkeHue (14.7), nonyuum Gopmyity uist onpene-
JICHUsI BEJIWYUHBI PAaBHOACHUCTBYIOUIEH AKTUBHOTO AABJIEHHUS CHOJI3AIOIIEN IPU3MBI
Ha MBICIICHHYIO CTeHKY riryonHoi H
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2 0
H 290 +
Damc = Yth T(p

(14.9)

JIist HaXOXKICHHS TaBJICHHUSI HA €IWHUITY TUTOMIAAN CTCHKU WJIM BEIHYHUHY TO-
PHU30HTAJIBHOM COCTaBIISIONIEH HanpsbKkeHus Ha riryouHe H ot moBepxHOCTH HEOOXO-
nuMo nuddepeHipoBath 3HaueHue Dy, mo H

dD
= — = yHt
Pr =y = YHI

0
2
N +eo (14.10)

Tak xak yYH ecTb Gy, T.e. BEpPTHKAJIbHAS COCTABIAIONIAs HANPSKEHUS HA TIIYy-
oune H, To MO>XHO 3ammcarth

0
2
5, —otq O tP
2
YTO U MPUBOJAUT K 000 (hopme BbipaxkeHus (14.4).
HucTtble ECKM XapakTEpU3YIOTCs YriaoM BHyTpeHHero Tpenus 30...35°, mo-
3ToMy KO3 UIIMEHT OOKOBOTO JaBIEHUS B HJACAIBHO ChITyuyel mopojae Oyner B
CpEIHEM OMpPeaeIAThCS

A, =0,27-0,33.

Koadhduiments: 60k0oBOro naBieHUs, MOJYyUYEHHbIE SKCIEPUMEHTAIbHBIM ITY-
TeM, JUIsl pealibHbIX TPYHTOB, 00JIaJAIONIUX HE TOJBKO TPEHUEM, HO U CIECIJICHUEM,
1o nanHbM Ipod. H.A. [{pITOBHYA UMEIOT ClIEYIOIINE 3HAYCHUS:

necku — 0,35...0,41; cyrnmuaku — 0,50...0,70; rinunsr — 0,70...0,74.
KonTpoabHbIe BONPOCHI

1. Kakoii MaccuB rOpHBIX OPOJ HA3bIBAOT HEHAPYIICHHBIM ?

2. Kakue cuiibl BBI3BIBAIOT HAMPSHKEHUS B HEHAPYILIEHHOM FOPHOM MaccuBe?
3. Uto Ttakoe ko3 duineHT 60KoBoro pacropa?

4. Yemy paBeH Kod(ppuimeHT 60KOBOTo pacropa Jjisi ypyrou cpebl?

5. Yemy paBeH kordduiirieHT 00KOBOTO pacropa AJisd Chlllydel cpebl?
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15. YUCJIEHHBIE METO/AbI BI'EOMEXAHUKE

15.1. O0ummne cBeneHus

MaccuBbl TOpHBIX TOpoA (ropHasi BbIpaOOTKa, KPOBJIS, LEIHK, CTBOJ U T.J.)
SBJIAIOTCS. TPEXMEPHBIMU CHUCTEMaMHU, COCTOSIIHUE U3 CIOEB aHU30TPOIHBIX MOPO/I,
KOTOpbIE MOTYT MMETh NEPEMEHHbIE TOJIIMHY, BHEUIHIOI HArpy3Ky U pas3lInyHbIe
TPAHWYHBIE YCITIOBUSL.

O1neHrM BO3MOXKHOCTh MTPUMEHEHHUS HEKOTOPBIX M3BECTHBIX METOAOB K HCCJIe-
JOBAaHUIO HUX HANPsHKEHHO-ACPOPMUPYEMOTO COCTOSHUSA KAaK MHOTOCIOWHBIX TOJ-
CTBIX IJIACTHH (IJIUT) C YYETOM MONEPEYHOI0 CABUTA (BIMSHUEM MONEPEYHBIX CHJI).

Tor ¢akTt, yTOo Ha OJHUX KpasiX MacCHMBa TOPHBIX MOPOJ (TUIUTHI) 3a/laHbl TIe-
peMeleHus, a Ha JPYruxX yCHUJIHS, JeJaeT 3a/Jady CMeUIaHHOW. 3ajmaun 00 u3ruode
IUTUTHl CO CMEUIAHHBIMHM YCIIOBUSIMU OINUPAHUs CI0KHEE OOBIUHBIX, IOATOMY, B 00-
HIMPHOM JIUTEpaType O miacTuHax (000J04YKax) UMEETCsl CPAaBHUTEIBHO Majio padoT,
MOCBSIIEHHBIX M3rMOYy Jla’ke OOBIUHBIX OJIHOCIOWHBIX IIAcTHH (000JI0YEK) CO cMe-
IIaHHBIMU KPA€BBIMH YCIOBHUSIMHU.

B oOmem ciydae, Korja *eCTKOCTh — (PYHKIMS KOOPAUHAT U OTCYTCTBYET
CBOOOJIHOE ONUpaHUE HA IPOTUBOIOJIOKHBIX KpasiX, CII0KHOCTh TU(PepeHIInaIbHbIX
paszpemaronux ypaBHenuit (13.26) u rpanuynbix ycnoBui (13.25), npuBeeHHBIX B
paznene 13, BBIHYXIaeT MPUMEHSTh MPUOIMKEHHBIE METOIBI.

OaHuM U3 UIMPOKO HCHOJIB3YEMBIX YHCICHHBIX METOJIOB PEIICHUS KpPaeBbIX
3a7a4 SIBISIETCS METOJ CETOK, HECMOTPSI Ha MPOCTOTY U BO3MOXXHOCTH MPUMEHEHUS
ero K miuacTuHaMm (000JI0UYKaM) C MPOU3BOJILHOM TOJIIMHOW MPU JIOOBIX YCIOBHIX
KpEIUICHUs U Harpy3ke, (pakTHUecKHu B TaKUX 3a/layaxX MCIOJb3yeTCs PEeAKo, TaK Kak
nuddepeHIanbHOe YpaBHEHUE PaBHOBECHSI UMEET MEpeMeHHbIe KOA((UIIMEHTH U
Iar CeTK J0JKeH ObITh MEHbIIIE, YEM MIPHU TTOCTOSIHHBIX TOJIIMHE U Harpy3Ke, a TeM
OoJee Mpu ydyere aHU3OTPOIHOCTU CHAEeB M IMOIMEPEYHOTO CIBUTA, TO 3HAYUTEIHHO
YBEJIMYMBACTCS KOJMYECTBO IMOUICKAIIUX COCTABICHUIO M PEIICHUIO alredpanye-
CKHMX ypaBHEHUH. MaTpuila CUCTEMBI MOTYYAETCs TI0OXO OOYCIOBICHHOM, OOJIBIION
no 00beMy, UMEET MaJI0 OTIUYHBIX OT HYJISl 3JIEMEHTOB, COCTABIICHHE MPOTPaMMBI
yclloxHsIeTCs (POpMySIaMH, BEITEKAIOIIUMH U3 KPAEBbIX YCIOBHM.

[To mMeToxy MPSIMBIX KOHEYHOCTHBIMU PA3HOCTSIMU 3aMEHSIOT YaCTHBIE MPOU3-
BOJIHBIE TOJIBKO IO OJAHOMY HampasieHuto. Ilpu stom momydaror cuctemy audde-
PEHIMANBHBIX YpaBHEHU B OOBIKHOBEHHBIX MPOM3BOJAHBIX, OOIIEE pElIeHUE KOTO-
PBIX MOXXHO HAWTH JIJISI HEKOTOPHIX YACTHBIX CIIy9aeB MEPEMEHHBIX TOJIIINH, HATPY3-
K{, CJIOUCTOCTH M aHU30TPOIUHU TOPHBIX MOpoA. [lomydnTs TOUHOE perieHne CucTe-
MbI T PEpEHITHATBHBIX YPABHEHUH METOJIOM MPSIMBIX MOYKHO TOJBKO TPHU U3MEHE-
HUM TOJIIMUHBI U HATPY3KH 1O MPOCTHIM 3aKOHAM C YYETOM TOJBKO U30TPOIHH CIIOEB.
B o6mem ciyyae 3T0 cienath He yAaeTcsl, IOATOMY JJIsi OTHICKAHMS pEIIeHUs] He0O-
XOJIMMO HCIIOJIb30BaTh OJIMH U3 YUCIEHHBIX METOJI0B MHTerpupoBaHusi. Kpome Toro,
HEJOCTAaTKOM METOJIa MPSMBIX SIBJISETCS HEOOXOAMMOCTh COCTaBIICHUS M PEIICHUS
anredpanyecKnuX ypaBHEHUN JUIsl YIOBICTBOPEHHUS KPAeBbIM YCIOBUSIM Ha MPOTHBO-
MOJIOXKHBIX Kpasx IMJIACTUHBI (000J0UKH) MPH JIFOOBIX CITOCO0aX UX 3aKPEIICHHUS.

[To metony KoJuloKaluil mporuObl MIACTUHBI (00OJOYKH, MPEACTABISIOTCS B
BUJI€ KOHEYHOI'O Psiia 33aJlaHHbIX (DYHKIMM, YMHOKEHHBIX Ha mapameTpbl. st BbI-
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YUCJIEHUS] TapaMETPOB CTPOMUTCS CUCTEMA aNreOpanyecKux YpaBHEHUH U3 YCIOBUH,
YTO YpaBHEHHUS W T'PAHUYHBIE YCIOBHUS YIOBJIETBOPSIOTCS B PAJAE TOYEK IJIACTUHBI
(06osi0ukm). MeToj KOJTOKAMKA JaeT XOpOUIUE pe3yabTaThl, €CIu 3aJaHHble (PYHK-
[IMU YAOBJIETBOPSIOT YPAaBHEHHMIO PAaBHOBECHUS M T'PAaHUYHBIM YyCIOBUAM. B obuiem
city4ae Takue QyHKIMH Mo00paTh TPYIHO.

[IpuBeneHHas KpaTkas XapaKTEepUCTHKA KOHEYHOPA3HOCTHBIX METOJ0B MOKa-
3bIBAET, YTO NPUMEHEHHE UX ISl pacyeTa MACCUBOB TOPHBIX MOPOJ, B NMPUHIUIE
BO3MOYKHO, HO JJIS pEIICHUS TUIOCKHUX 3a/1a4.

bonee pacnpocTpaHEeHHBIMH B HACTOSILEE BpEMs MOJYYUIM MeETOJ KOHeY-
HbIX 3j1eMeHTOB (MKD) u meton rpanu4vHbIX 3jaeMmenToB (MI'D). JIpyroe Ha3Ba-
HUE IOCJIETHETO — METO/ I'paHnyHbIX nHTEerpasioB (MI'M). MHTeHCHBHOE MX pa3BH-
THUE U IPUMEHEHUE B MPAKTUKE WHKEHEPHBIX PACUETOB CTAJ0 BO3MOXKHBIM C pa3BH-
TUEM U JIOCTYNHOCTBIO BBIYMCIMTEIBHON TEXHUKU. B mocneaHue nBa JAECATUIETHS
Osarosiapsi NPUMEHEHHUIO 3TUX METOJIOB CYHIECTBEHHO PACUIMPUIICS KJIAcC 3ajad, pe-
IIaEMBIX B MEXAHUKE TOPHBIX MOPOJ.

15.2. MeTo KOHEYHBIX DJIEMEHTOB

MeToa KOHEUHBIX 3JIEMEHTOB 3aMMCTBOBAH M3 CTPOUTENbHOM MexaHWKH. Ero
CYTh 3aKJIFOYAETCs B CICAYIOIIEM.

N3 GeckoHEYHOro MaccuBa BBIJENISETCS HEKOTOpas MHTepecyrollas Hac 00-
JacTh, HAIPUMEP, B OKPECTHOCTH MOJUIEKAIIeH N3y4eHHIO BBIpaboTKu (puc. 15.1,a).

a) 0
Y l l | q=yH )
S
T { Fry Fgy
m - FI‘X st
F (%. r 5
u g‘ 19 “‘iaYi
) Fy
th
t
0 X

Puc.15.1. KoneuHoaneMeHTHas anmpoKCUMAIIHsI HCCIeayeMoii 00acTH (a)
U €€ TIPOU3BOJIbHBIN i-bIH AieMeHT (0)

I[CﬁCTBHC OT6pOIHCHHOﬁ 9aCTH MaCCHBa 3aMCHACM YCUIIHUAMU, ITPUITOKCHHDBI-
MU Ha I'paHUIIC o0acTu:
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c,=—YH; c,=—-\YH.

Bcest uccnenyemas o6macTh AenuTCs Ha MOA00JIACTH, JOCTATOYHO Majble, YTO-
Obl CUMTATh BHYTPH MX Cpeay OJHOPOAHOW M m3oTporHo# (puc.14.1,0). IlosTomy
CBOMCTBA Cpejibl B KaXKJIOW U3 MOI00IaCTel OMUCHIBAIOTCS MMOCTOSSHHBIMM (JIJIs1 JTaH-
HOHM moa001acTH) XapakTepucTukamu: E, w, y. OTH 1M0oa00JIacTH HA3bIBAIOTCS KO-

HeYHbIMH djieMeHTaMu. OHM B3aUMOJEHCTBYIOT APYT C IIPYroM B y3JIax yepes3 y3-

JIOBbIEe CWIbI — F' U y3/jioBble mepeMemneHus O. B TakoM Buje uccienyemas o0-

JacTh MOJOOHA HEKOTOPOW cTepikHeBoi cucteme. Coolmias OAHOMY Y31y YCUIIHE

WM TIepeMellieHre, TIOJyYUM OTKIIMK BO BCEH CHCTEME, B KaXkJIOM U3 €€ y3JIOB.
OpHako, OCHOBHAasl MJied METOa 3aKJII04aeTcss B TOM, YTO IepeMenieHUs

—

BHYTPEHHUX TOYEK Ka)J0I'0 3JIEMEHTa (BEKTOp O C KOMIOHEHTaMHU (IIPOEKIUSIMHU)
{8}={U, V}) cBs3bIBAIOTCS C MEPEMELICHUSMHU Y3JI0B (BEKTOPOM O, C KOMIIOHEHTaMU
8},=15,.8,,8,}={U,,V.,U,V,,U,,V,}). Dra cBa3b BbIpakaercs HeKOTOPOif
dyHKIMEH, KoTopas Ha3biBaeMoi (pyHKumel (popmbl.

{8}, = @ls},. (15.1)

Ee Hamo momoOpaTh Tak, 4yTOOBI YAOBIETBOPUTH TPAaHUUYHBIM YCIOBUSM Ha
KOHTypE JJIEMEHTa W COOJIOCTH ycloBHME HepaspbeiBHOCTH nedopmaruii (13.33).
Haubonee npocTo momay4yuts 3Ty QyHKUUIO A7 KOHEYHOTO 3JEMEHTa TPEYToJbHOM
¢dopMmbl. IMEHHO 1O3TOMY Halle BCEro HCCaeayeMyI0 00JIacTh pa3dUBAOT HA KOHEY-
HBIE JIEMEHTHI TPEYTOJIbHOU (POPMBI.

KOMIOHEHTBI BEKTOpa MEpPEMEIICHUN IPOU3BOJBHOW BHYTPEHHEH TOYKHU
(puc. 15.2) cBA3BIBAIOT C KOMIIOHEHTaMHU BEKTOpA MEPEMEIIECHUN Y3108 (IOIPOOHBIN
BBIBO/I OITyCKaeM):

1 -
Up = (ar +b,.x + c,,y)u,, + (aS + be + cSy)uS + (at +byx + cty)ut],
28
(15.2)
1 -
Ve = (ar +b,x + c,,y)v,, + (aS + be + cSy)vS + (at +byx + cty)vt
28
rae
aQr = Xsyt - XtVSa br = ys - yta C = Xt - Xs-
Q= Xtyr - Xryta bs = yt - yra Cs = Xr - Xt-
= Xrys - Xsyra bt :yr - yS7 Ct = Xs - Xr-

3necy — X, Y, X, Yy, X, Y, KOOpAUHATHI Y3JI0B AJIEMEHTOB, S — IUIOMIAIb
TPEYTOJIBHOIO 2JIEMEHTA, ONpeeisaeMas CIeAYIOEN MaTPULIEH:
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v - :
lUr US 1 X’,. Yr
R \ir Vs 1
yl' | rf S S=—1 XS YS
| ‘U 2
o — N
y [ ¢ I X p Yt
I I B i
I
: : t‘Ut [TockoIbKY MBI HMEEM JIEJI0 C BEK-
Vi | | Vi TOPHBIMU BEJMYMHAMH, BCE COOTHOIIIE-
| : | HUS U Jasiee ynoOHO 3amucath B MaTpU4-
| | o o
0 X, X X X HOM (opme. C BEKTOPOM MepeMeIeHui

Puc.15.2. K onpenenenuio sektopa  CBA3PIBAIOT BEKTOD Aeopmatuii:

IIEPEMEILIEHUI IPOU3BOIBHON
BHVTDEHHEMH {e}= B, (15.3)

rae B — koopauHatHas MaTpuna. OHa onpenessieTcs CaeayoumM 00pa3oM:

B=—10 ¢ 0 ¢cg 0 ¢ | (15.4)

Jlanee, ucronb3yst MaTpUILy yIPYrOCTU

I-pu pu O
E
D= l-u 0
()= 2p) pol-p ; (15.5)
0 0 (1-2u)/2
NEPEXOJAT K HAITPSIIKCHHUAM ! ) )
{o}=D{e}=DB" {5},. (15.6)

rne B’ — TpancnonuposanHas Matpuna B. TlocieHee paBEeHCTBO — HE YTO HHOE, KaK
3aKOH ['yka B MaTpu4HOM BH/JIE.

[locTaBnennast 3agaya OyAeT pellleHa, eciu OyAyT U3BECTHBI MEepEeMEIICHUs
Y3JI0B II0J] IE€HCTBUEM IPUIIOKEHHON HArpy3KH. A OHM, KOHEYHO, CBA3aHBI C YCUIIU-
SAMH B y3JIaX, T.€. C BEKTOPOM {F }e. OTa CBA3b BBITEKAET U3 YCJIOBHS: padoTa y3Io-
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BBIX CHJI TIO TIEPEMENICHUIO Y3JIOB JIOJDKHA OBITh paBHA pab0Te BHYTPEHHUX CHUII, T.C.
HanpspKeHuu. st TpeyrojapHOro 3J€MEeHTa 3TO YCIOBUE TA€T YPaBHEHUE:

{F, =[x {8}, . (15.7)
31ech [k]e — TaK Ha3bIBaeMas MaTpPHUIIA KECTKOCTU dJIEMEHTa, 00pa3oBaHHAs CIETy-
IOIIUM 00pa3oM:

k], = iBTDB, (15.8)

28

Ha sToM noaroroButensHas paboTa 3aKaHIUBAETCA.

CaMbIM TJIaBHBIM 3TAallOM CO3/aHHUSI KOHEYHO-3JIEMEHTHOW MOJENM SIBIISETCS
NOCTPOEHUE ISl BCEl cHUCTEMBbI 0000IIEHHOH MATPHIbI KECTKOCTH, B KOTOPYIO
BXOJIST KECTKOCTH KaXKJI0Tro 3JeMeHTa. [Ipu 3TOM Bce BHEIIHUE HArpy3Ku MpHUBELE-
HbI K y3710BbIM cwiaM. Hampumep, Ha puc. 15.3 moka3aHo, kak maccoBas cuna P,
JNEUCTBYIOLIAsl B LIEHTPE TSDKECTH 3JIEMEHTA, a TAKXKE paclpesesieHHas Harpyska ¢
HIPUBOJATCS K CUCTEME y3JIOBBIX CHJL.

a) 6)
Y

wIomaab A

IR

AR RN T MY

‘HHHHHHHLHHHI

r)
B) P/3
P/3 R.
-
P/3 M

P

Puc. 15.3. Ilpumepsl npuBeaeHnss HArpy30K K CTATUCTUYECKU SKBUBAJIEHTHOU CHUCTE-
M€ Yy3JOBBIX CHJI: a) — pacHpe/esiecHHas Harpyska, JACHCTBYIOIIAs Ha MCCIEIyeMYIO
00J1acTh; 0) — 3aMeHa pacrpeAeIeHHON Harpy3Ku g y3JIOBbIMU cujiaMu Fy u Fl,; B) —
pa3lIoKEHUE CWIbl TSHKECTH P Ha cucTeMy y3JIOBBIX CHIL; T') — Pa3iioKeHUe y3JI0BOM
cuiibl R Ha cocTasisronye R, v R,

JIns NMHEWHBIX 3a]a4 COpaBeIUB MPUHUUII Cynepro3uuuu. M3 MHOXkecTBa
BEKTOPOB {F }e u {S}e dbopmupyercsi 0000IIEHHBINH BEKTOP CHII {F } U BEKTOD Iepe-

Merenuit y3108 {U }, KOTOpbIe CBA3aHBI MEXTY COOOH PaBEHCTBOM:

(FY =K {U}. (15.9)
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3neck K — 0000111€HHAs: MaTpHULIA KECTKOCTU CUCTEMBI, 3JIEMEHTaMU KOTOPOii
SIBJISIFOTCSL MATPUIIBI )KECTKOCTH KaXKJJOT0 KOHEYHOTO DIIEMEHTA:

7 (0) N 7.(e) 7 (e) 7€)

e e e e
YEO YK Sk Sk,
e=1 e=1 e=1 e=l1

e=1 e=1 e=l1 e=l1

m m m m

(e) (e) (e) (e)
Zan,l szn,Z """ Z an,j """ Z k2n,2n
e=1 e=1 e=1

e=1

DTO paBEHCTBO, 3alTUCAHHOE B MAaTPUUYHOU (popMe, TTPEeICTABIISIET COOOU CHU-
CTEMY JIMHEHMHBIX YPABHEHUM.

UK+ VK +UpyKi3 + 1Ky + o+ Uy Ky 9oy + V5, K0 5, = Fy
UKy + Ky +Up K3 + Vo Koy +. o+ U Ky oy + V5, K55, = Fy)

.................................................................................................

.................................................................................................

UilKppo1g ¥ ViKono10 YUKy 13+ Vo Koy a + o v Uy Koy 1 0n21 V00 Koy 00 = Fip
UiKong + VKoo UKoz + Vo Koy g e+ Uy Koy o1 + V20 Ky 0 = Fype
(15.10)

HewusBecTHbIMHE 371€Ch SIBISIOTCS NEPEMEIICHHS Yy3JI0B KOHEUHOIEMEHTHON
cetkn {U}. OG06IenHpIif BeKTOp cun {F} — 3T0 cToJ6el cBOGOIHEIX UIeHOB B CH-

cteme ypaBHeHUI. KoaddULMEeHTh TpU HEM3BECTHBIX - 3JIEMEHTHI MaTPHUIIbI KECT-
KOCTH, KOTOpbI€ BKJIIOYAIOT B C€0sl KOOPJAUHATHI Y3JI0B M YIpYrue KOHCTaHThl. Eciu
00J1acTh pa3dbuTa Ha M AIEMEHTOB, KOTOPbIE COCIMHSIIOTCS MEXIAY COOON B 7 y3lax,
TO MBI MMOJYYUM CUCTEMY 21 YPaBHEHUI OTHOCUTEIHHO 27 HEU3BECTHBIX MepeMelie-
HUM.

[Tony4yeHHYIO CUCTEMY MOXHO PEUIUTh OJTHUM W3 M3BECTHBIX MeTo0B (I"ayc-
ca, 3eiiaens u ap.).

OmnpenenuB B pe3ylbTaTe pPelIeHUs IS KaKIOro y3Jia KOMIIOHEHTBI BEKTOpa
nepeMeleHH, yepe3 KOOPANHATHYIO MaTpUIly B rnepexoanm K aegopmariusm B IeH-
TpPE TAKECTU KOHEHYHOIO AJIEMEHTA {8} (15.3), a ot medopmanmii yepe3 MaTpuiry
yOopyroctd D K HampsiKEHUSIM {8} (15.6). Takum 00pa3oM, MOCTaBJIEHHAs 3ajlaya



215

pemieHa. B IEeHTpe KaKIOro JJIEMEHTa MOJIYYEHBl 3HA4YEHHUs IIOJHOTO TEH30pa
HaIpsDKeHUH, 1egopmaluii, mepeMeneHui.

Jl71st TOro, 4To0BI MONYYUTh TIOCTATOYHO TOYHOE pacipe/esieHue HampsHKeHHM
BOJIM3U BHIPAOOTKH, KOHEUHBIE DJIEMEHTHI HY)KHO JIeJIaTh MEJIKUMHU, CJIeI0BAaTEIbHO,
ux OyaeT MHOro. J[7s KaXK10r0o 3JeMeHTa HYKHO c(hOpMHUPOBATH HECKOJIBKO MAaTpPHII,
KOTOpbIE TIOTOM CJIMBAIOTCS B OOIIYIO MaTPHUILYy KECTKOCTH, T.€. HY’)KHO (hOPMHUPOBATH
OompIrie MaccuBbl ynced. s aToro HeooxoauM 00JIbIION 00beM ONepaTUBHON Ma-
msatu [IDBM. [liig Takoil CMMMETPUYHOM 3a1a4l JOCTATOYHO PacCMOTPETh YETBEPTh
o0nacTu, 3aKpenuB JKeCTKO JIMHUU CUMMETpHUH. M3 cyliecTBa METO1a BBITEKAIOT €T0
OTPOMHBIE BO3MOYKHOCTH ISl MATEMATUYECKOTO MOJEIMPOBAHUS PA3JINYHBIX HEOM-
HoponHocTer. [lo cyTn, s KaXa0ro aIeMeHTa MOKHO 3a71aTh CBOU CBOMCTBA, MPAB-
J1a TOJBKO yNpyrue. B 4acTHOCTH, JIETKO MOAEIHUPYETCS CIOUCTOCTh. MOXKHO MMU-
TUPOBATh 30HY Pa3pyLIEHHBIX MOPO/J, 3a/1aB COOTBETCTBYIOIIKE (MEHBIINE) 3HAUCHHUS
MOJYJSl YOPYTOCTHU, WJIM HA00OpPOT, y4ECTh HAJIMYUE HEKOTOPHIX 0o0Jjiee >KECTKUX
sanemeHToB. Hanpumep, Ha puc. 15.4 nokazaHo pacnpeneneHue HanpsiKEHU BOKPYT
BBIPAOOTKU C AHKEPHBIM KperieHHeM. MeTaluim4ecKkue aHKepbl MOJEIUPOBAIHCH
yTeM BBEJEHUS AJIEMEHTOB ¢ MOAyJjeM ynpyroctd u kospduunuentom [lyaccona,
PaBHBIMU COOTBETCTBYIOIIMM XapaKTEPUCTUKAM CTajlM, U 3aJaHHUsl OCOOBIX I'paHUY-
HBIX YCIIOBUU.

Puc.15.4. Kaptuna pacnpeeneHus BEIUYUHbBI G,/R. B OKPECTHOCTH BHIPAOOTKH
IIPU YCTAHOBKE 7 aHKEPOB

NMeroTcs nHIeH3UpOBaHHbIE MPOTPaMMHBIE TPOAYKTHI, peanu3yronme MKO
JUIS pa3iMyHBIX 3a7ad MexXaHuku. OHU 00JaJaloT MIMPOKHMMH BO3MOXKHOCTSIMHU H
MoOIIHBIM HuHTepdeiicom. B HanmonansHoM ropHoM yHHBEpCHUTETE pa3pabOTaHbI
COOCTBEHHBIE BEPCUH BBIYMCIHUTEIBHBIX IPOrpaMM y4eOHOTO M UCCIIEI0BATENBCKOIO
nnaHa. K HacrosmeMy MOMEHTY Ha MX OCHOBE IIOJy4€HO MHOTO PELICHHMM pa3iny-
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HBIX TEOMEXaHWYeCKHX 3amad. [Ipuyem, HE TOIBKO B YNPYrod MOCTAHOBKE W HE
TOJIBKO JUISl ABYMEPHOH (TJIOCKO#) 00J1acTH.

TouHO Takke MOXHO pa3OUTh Ha MOJI00JACTH U HEKOTOPYIO TPEXMEPHYIO 00-
jacTh. TOJIBKO KOHEYHBIMH 3JIeMEHTaMU OyAyT yXKe He TPEYroJIbHUKH, a, HalpuMep,
terpasipel (puc. 15.5). KoneuHno, B 3ToM ciydae CBsI3b MEXIY MepeMElICHUSIMU
BHYTPEHHEH TOYKHU 3JIEMEHTa M MEepeMElICHUsIMU Y3JI0B OyJIeT UMETh 0oJiee CIIOXK-
Hyto Gopmy. ['opaszo Gosblyto pa3MepHOCTb OYJET UMETh MaTPHUIlA )KECTKOCTU CH-
ctembl. [ToTpebyeTcs Oobias onepaTuBHAS MaMSITh MAITUHBI.

/\ .
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P /
< ' 70N =
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Puc.15.5. Annpokcumarius uccieayemMoit 00J1acTi KOHEYHBIMU 2JIEMEHTAMHU-
TeTpadApamMu

Pa3paboTaHbpl anropuT™Mbl M JUIS pELICHUs 3ajad, B KOTOPBIX CBS3b MEXKIY
HaOpsDKEHUSMU U JepopMalusiMu OTJIMYaeTcsa OT 3akoHa ['yka, siBisercs HeIuHei-
HOM. B 3TOM ciiyyae pemeHue CTPOUTCS KaK MOCJIENOBATENbHOCTh YIPYIUX pelle-
Huil. J{7s1 3TOro HeoOX0IUMO MMETh JBE€ HKCIIEPUMEHTAIbHbIE KPUBBIE Ae()OpMHUPO-

BaHHW MaT€pHalla KO —&€» U «G; —&;», I'’I€ G;, &€; - COOTBETCTBECHHO NHTCHCUBHOCTbH

HarnpspKeHui u aedopmaruii (puc. 15.6).
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N

O 8'1 8"i 8'"i 81

Puc. 15.6. CxemaTuueckas 3aBUCUMOCTb MEX1Yy HAPSDKEHUSAMU U 1epopMa-
UsiMU (a2) 1 THTEHCUBHOCTBIO HANPSKEHUN Y MHTEHCUBHOCTHIO AeopMmarinii (0)

[TocenoBaTenbHOCTD pelIeHUs TakoBa. Ha «HyneBOM» mare oCyuecTBIISIETCA
ynpyroe pemieHue. Eciau Xots Obl B OJHOM 3JIEMEHTE UHTEHCUBHOCTbh HAMNPSIKEHUN
MPEBOCXOUT MpeeN TeKYyUeCTH WM pacueTHasi ToUka (C,€ ) HE JICKUT Ha DKCIIEPHU-
MEHTAJbHOW KPUBOM, TO PACyeT IOBTOPSAETCS MPU HOBBIX, YTOUHEHHBIX, 3HAUCHUSX

npuBeIeHHBIX Moayaei E', u' G’ mus aToro saemeHra.

OTHU MOAYJU ONPEIEISIOTCA 110 KPUBBIM 1e(OopMUpOBaHUS IO POpMyIIaMm:

30 G _6;
g =9, € .. .__ & & . _, O E'
g O o' " T c’ -~ N (15.11)
R —L4+2= g 2(1+p)
€. € g, g

l 1

I[J'I?I BBIYMCJICHHBIX 3HAYCHUM O, O; HaxoZATCA COOTBECTCTBYIOIIMC 3HAYCHUA
G', G; , JICKAIIUC HAa KPHUBLIX I[C(I)OpMI/IpOBaHI/IH. HOCHG,IIHI/IG HCITIOJIB3YIOTCA OJIA BbI-

4KCIIeHUs] HOBBIX 3HaueHuit E', y', G'. Bech ympyruii pacyer mOBTOPSIETCS TaK JO

TeX TOop, MOKa TOYKH (0,€) HE «IATYT» Ha KpUBbIE AeOpPMHUPOBAHUS C 3aJJaHHOU TOY-
HOCTBIO.
Ha puc. 15.7 noka3aHno pacrnpejeneHue HarpsoKeHU BOKPYT BRIPAOOTKH B
Clly4ae «Iy4eHUsD» TOPOJI TOYBKI. 3a/1auya peuieHa METOA0M UTepalui sl caydas
NOTEPU YNPYTOIUIACTUYECKON YCTOMYMBOCTH TPUKOHTYPHOTO ITOPOJTHOIO MacCUBa.
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Puc.15.7. Kaptuna pacnpeaeneHust HanpsiKeHU Ha KOHTYpE KpyTJion
OJIMHOYHOU BBHIPAOOTKH MPHU BCIYYHMBAHUU MTOPOJ] TOYBBI

Crnenyer OTMETUTB, YTO ONMCAHHAS BBIIIEC IPOLEAYpPa PELICHUS HEIMHEHHBIX
3a/1a4 TaKxke TPEOYIOT OOJIBIIOro 00beMa ONEPATUBHON MAMSITH.

Kcratn, nMeHHO HexBaTKa NaMATH SBISJIACH OJHO BpEMs CAEPKUBAIOIIAM
(daktopom 115 ucnosibzoBanuss MKO npu nepexone Ha nepcoHanbHbie DBM.

Bo3M0XHO, TOATOMY B I'€OMEXaHUKE MHTEHCUBHO CTaJI MCIOJIB30BATHCS JPY-
roi, TaKke 04eHb 3(PPEKTUBHBIN, YUCICHHBIA METOJ PELICHUS 3a/1a4 MEXaHUKU Je-
(GopMHpPYyEMOTO TeJla — METOJ TPAaHUYHBIX AIEMEHTOB.

15.3. MeTo rpaHUYHBIX 3JIEMEHTOB

H,Z[CH MCTOdAa I'PAHWYHBIX 3JICMCHTOB 3aKIOYACTCA B CIICAYIOIICM. B TCOPHUH

Puc. 15.8. [lelictBue cocpenoTo4eHHON
cuibl F'B O€CKOHEYHOU yIpyrou cpene
(3amava KenpBuHa)

YOPYTrOCTH  PELIEHBl HEKOTOPbIE
OpPOCTBIE 3a/laud, HAIpUMEp, U3-
BecTHas 3adavya KeinbBuHa O Jei-
CTBUHU COCPEAOTOUYECHHOM CUIbl F' B
OeCKOHEUHOW  ympyrol  cpene
(puc.15.8).

B npousBonbHOI TOUYKE 00-
mactu M (x, y) oOIpeaeleHbl
HanpsoKeHus: 6 U nepemMenenuss U
OT JIEMCTBUS ATOW CWJIbL. B mpsimo-
YTOJBbHOM CUCTEME KOOPAHMHAT OHU
ONPENEIAITCI 4Yepe3 HEKOTOPYIO
(GYHKIMIO KOOPJAWHAT TOYKU U €€
POU3BO/IHBIE.
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1 /2
g(x,y):—mln(xanyz)l . (1512)

3nech 1 — kod3dunuent Ilyaccona. Beipakenus st HanpspDKeHUM U riepeme-
HICHUI UMEIOT BU/L:

G = F 20— 1)g. g, )+ F, (208, g0 )
5, = Floug,,~xg.,, )+ F, 20 -we., -re., | (15.13)
oy = Fl1-20)g,, —xg. ]+ F,l1-20)g,, -y, ]

F F
—2x[(3-4u)e — Y (_
U, 2G[( u)g xg,x]+2G( VEox
F, F
uyzzG(_xg’y)-‘_ﬁ[( _4M)g_ygay1

MokHO yOeauThCs, UTO MOJIyYeHHBIE B TAKOM BUJIE HAIPSKEHUS YAOBIETBO-
PSAIOT YpaBHEHHSIM PaBHOBECHUS, a TIEPEMEIICHHS] — YCIOBUIO COBMECTHOCTH Aedop-
Malui.

[IpuBeneHHoe pellieHre MpesICTaBIsIeT cO00M MpUMeEp TaKk HAa3bIBAEMOTO CHH-
TYJSIPHOTO PEUICHUS: HAPsHKEHUS U MepeMenieHusl Kak (yHKIMKU KOOPJIAUHAT TOUYKH
HEIPEPBIBHBI BCIOAY 3@ HCKIIOYEHHEM Hadajla KOOPAMHAT (TOYKH HPUIIOKECHHS
cwibl F), e OHU HE ONPEEIEHbI, T.€. CHHIYJISPHBI.

Ecnu B 6eckoHeuHOM cpeie OymyT JeHCTBOBATh HECKOIBKO COCPEIOTOUYCHHBIX
CWJI, TO pEUIEHUE 3aJ1a4d O HAIPsDKEHUSX U MEPEMEIICHHUSIX B IPOU3BOJIBHON TOUKE
Cpenbl MOXHO MOJYYUTh METOAOM cynepno3unuu (puc. 15.9). Beipaxenus s
HaIpPsHDKEHUI M NIEpEMEIIEHUI TPUMYT O0Jiee CIOKHBIA BHJI, TOCKOJIBKY B HUX BHE-
CeT CBOM «BKJIaa» KaXgas W3 JIcH-
CTBYIOILIMX CHIL

MOXHO MOWTH Jajbllie U, HUC-
MOJIb3YSl TOT YK€ MPUHLUIL, TOJIYYUTh
peleHust il ciaydas, KOT1a YCHIIUS
IIPUJIOKEHBI HE K TOYKaM, a paBHO-
MEpPHO paclpelesieHbl BIOJIb HEKO-
TOPOTO OTPE3Ka KOHEYHOM JIJIMHBI
(2a) B OECKOHEYHO YNPYroM TEJe
(puc. 15.10).

Pemienne mnpum 3TOM Cylue-
CTBEHHO ycnoxHseTcs. Hanpsxenus
Puc.15.9. JlelicTBre HECKOJIBKHX COCPENOTO- i rrepeMeIeHns IPOM3BOIBHOM TOU-
YCHHBIX CHII B OECKOHEYHOM YIPYro# Cpeie  km cpesbl BRIPAkKAOTCA uepe3 QyHK-

LUIO:
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Puc. 15.10. UnTerpupoBanue pemeHus

KensBuHa

fxy)=[g(x=&,y)dé

HJIH
1 y(arctg Y _ arctg 4 ) - (x — a) X
floy)=-—— x-a X+a . (15.14)
4n(l—p) 2 2 2 2
xln\/(x—a) +y +(x+a)ln\/(x+a) =y
H €€ YaCTHBIC IPOM3BO/IHBIC:
fx = +m%n\/(x - a)2 + y2 - ln\/(x + a)2 + y2 },
/ 1 y b
fv=— [arctg—arctg—},
Y 4r(l - p) X—a x+a (15.15)
: 1 y y
f =+ - D
P an(1-p) (x—a)2 +y2 (x+az)2 + 32
" :_frr _ 1 xX—a . X+a
o Y 4n(l - H) (x— a)2 + y2 (x+ a)2 + y2

Hanpspokenus u nepemenieHus B IPOU3BOJIBHON TOYKE CPENbl OT AEHCTBHS I10-
CTOSIHHOTO yCuinsl P UMErT BUA:
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ox = Py|3-2v)fx +yf)'c'yJ+Py(2Vf)'/ +J’f)';y);

oy =PbU-29)fk— i [ Py 20-v)7 -y | asa6)

Txy :Px[z(l_\’)f)'/ +yf)';y]+Py[(1_2V)f)'c _yf)'c'yl

nepeMeIeHUs

2}? , 26 (15.17)
u, :E(_ yf§)+i B-4v)/ -]

B Toukax x=za ¢ynkmus f(x, y), a, CIeI0BaTEIbHO, U HAMPSKEHUS, a TAKXKE
CBSI3aHHBIE C HUMHU MEPEMEIIEHUS, UMEIOT 0COOCHHOCTD (CUHTYJISIPHOCTD ).

[IpeacTaBuM Tenepb, YTO TAKUX OTPE3KOB B OECKOHEYHOM TEJI€ MHOTO, OHU
IPUMBIKAIOT JpPYyr K JpYyry, o0pa3ys HEKOTOPYH 3aMKHYTYIO JIOMaHyl0 JIMHUIO.
HanpsikeHust B IpOU3BOJIBHONW TOYKE CpeAbl MOJIYYHM, CYMMUPYs BKJIaAbl OT JeH-
CTBUS YCWJIMH Ha KaXJOM M3 3THX OTPE3KOB. DTOT NPHUHIIUI HCIOJIb30BaH IJs pe-
HICHUS y>K€ U3BECTHOM HaM 3a7aud 00 OJAMHOYHOU BBIpAOOTKE B MAcCCUBE, KOTOPYIO
MOKHO TMPEACTaBUThH KaK TMOJIOCTh B OeCKOHEYHOM yrpyrom Tene. Kontyp 3toi mo-
JIOCTH 3aMEHSETCS OMUCAHHOW BBINIC JOMAHOW W TPEACTABISET COOOM HEKOTOPYIO
rpaHuily B ynpyrom teine. [loaTomy OTpe3ku JIOMaHOM, Ha KOTOPBIX MPHUIOKEHbI
yewnust P;, j=1,N (N — 4uCI0 OTPE3KOB), HA3bIBAIOTCS FPAHMYHBIMHU dJIeMEHTa-

mu. YucieHHas npoueaypa 3akjio4yaeTcs B CyMMUPOBAHUM BKJIQJIOB OT YCHJIUNA Ha
KaXJIOM j-M OTPE3Ke — ITPAHUYHOM 3JieMeHTE. BinsiHue KaXa0ro ycuiaus Ha COOTBET-
CTBYIOIIIEM OTPE3KE HAET CHHTYJSPHOE PELICHUE, KOTOPOE YAOBJIETBOPSIET ypaBHE-
HUIO paBHOBecHs. [loaTOMYy HET HEOOXOIUMOCTH pa3OMBaTh 00JACTH HA MOA00IACTH
kak B MKD. JlenuTcs Ha 3JIeMEHTHI TOJIbKO TpaHuia oomactu (puc. 15.11).

JIMHA KaXmIoro 3neMeHTa — 2a’. BMecte ¢ Tio6abHOM CHCTEMO KOOpAUHAT
XOY paccMmaTpuBarOT 1Sl KQXIO0T0 3JIEMEHTA JIOKAJbHbIE KOOPIUHATHI /1, S, U3MEHSI-
IOIIHECS OT TOUKU K Touke. Ha kaxkoM u3 N OTpe3KOB JEHCTBYIOT ITOCTOSIHHBIE HOP-

mansHoe Py u xacarensnoe P mampsoxenns. Ha puc. 15.11 s mpocToTsl mokasa-

HBI TOJBKO HAIPSKEHUS, TIPUIIOKEHHBIE K j-My OTpe3Ky u obo3HadenHsle P u By .

B xoneunom utore, kak 1 B MKD, 3a1aua cBOJUTCS K PELIEHNUIO CUCTEMBI JINHEWHBIX
YPAaBHEHHM:
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Puc. 15.11. NnnrocTpanus MeTo1a TpaHUYHBIX 3JIEMEHTOB JUJIS 33]1a4U O MOJIOCTH:
a) pusnueckas 3aga4a; 0) YMCICHHAS MOJIEIb.

N .
i _ ij pi ij pJ
JN ) =L (15.18)
ol = -ZlAZSPg + Y 47, P/
Jj= Jj=

3neck Adg, — Tak Ha3BIBacMEI KO3 (UIIMEHTHI BIUSHUSA, CYMMHUPYIOLINE BKIIa-
IIbI KaXKAOTO i-20 YCWINS, 33JJaHHOTO Ha j-M 3JeMEHTe IpaHullbl. JIeBas yacTh ypas-
HEHUN COJICPKUT HANpsDKEHHs (KacaTelbHble 1 HOPMaJIbHBIE), KOTOPbIE BOSHUKAIOT B
TOUYKE CPEbl MO IEHCTBUEM CYMMAapHOTO BIUSHUS YCUIIHIA P/ u P/ PUITIOKEHHBIX
Ha KaXA0M u3 N oTpe3koB. [[puHIUIMaI-HBIM MOMEHTOM, OJHAKO, SBIISETCS TO, YTO
JEHCTBUTENbHBIE HOPMAJIBHOE U KacaTeIbHOE HANPSIKEHHS Ha j-M OTPE3KEe HE PaBHBI

PSJ 151 Pnj . I[J'IH KaXXa0ro rpaHUIHOTO 3JICMCHTA HCO6XO,III/IMO pas3indaTb IBC PA3HLIC

IpyNIIbl HANPsKEeHUit: npuioxkennbie Py u B/ u neiicrBuTennnble Gé, G%, KO-
TOpPBIEC BbI3BAHbI ACHCTBUEM MPUIIOKEHHBIX HANPSKEHUU HA BCeX N 3JIEMEHTaX Kpu-

Boil. Benmmunnsl P/ u P/ B npasbix uacTax ypasHenuit (15.17) sBusroTcs «(HK-
TUBHBIMMW». VIX HY)KHO ONpPEIENUTh TaK, YTOOBI yIOBIETBOPUTH I'PAHUYHBIM YCIIO-
BUsIM. PaccMOTpuM 3TH yCI0BUS.

B 3agadyax reoMeXaHMKH HCIIOIB3YETCS IOHATHE HAYyaJbHbIX HAIPSOHKECHHM,
UMEIOIINX MECTO B MacCHBE JI0 Hauaja MPOU3BOJCTBA TOPHBIX paboT. M3HavyanbHO B
KQKJI0M TOYKE ITOPOJHOTO MACCHBa NEUCTBYIOT HAPSIKEHUSA:
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(Gy)o =YH,
(Gx)o =AyH.

Ot BIUSAHUSA BBIpa6OTKI/I BO3HUKAIOT JOIIOJIHUTCIBHBIC HAIIPSIKCHUA. G I (&)

[TonHbIe HaIIPAKCHUA B TOYKC PABHBI:

G'y =(Gy)0 +0,,
!

(15.19)
c, = (Gx)o +0,.

Ha xoHType BhIpaOOTKM IMOJIHBIC HANPSHKEHUS paBHBI HYJI0. Toraa TOMOIHH-
TEJIbHBIE HAIPSDKEHUS Ha KOHType (TpaHuLe 00JacTH) BBIPAKAIOTCS 4YEpe3 Hadallb-
HBIE:

=(0y)y = ¥H, (15.20)
— (0} = —MH.

OTO U ecTh rpaHuyHbIe ycloBusA. Takum oOpa3zom, mepeiast K JOKaTbHOM CH-
CTeMe KOOpJAUHAT 7, s CGOPMUPYEM CUCTEMY YpaBHEHUII:

N .
J y pJ

—(GS)O Z A PS + g ASnP”
J— o

,J=1...N.

~(0,)9 = z AUSPS] + z A7 pl

Pemus ee, onpenenuM 3HaueHus «pUKTUBHBIX» Hanpsxenuit P/ u B/ u ge-

pe3 HUX OTPEEIUM HANIPSDKEHUS U TIEPEMEIICHHS B TI000H TOUKe 00JIacTH.
Tenepp Oomnee siceH cmbica Ko3(pduimreHToB BiusHUI. Tak, kKodpduuueHT

i]‘ ~ .
ASn , HAITPUMCP, AACT ACHCTBUTCIBHOC KAaCATCIbHOC HAIIPAKCHUC B LICHTPEC 1-20 OT-

peska (oY), BBI3BAHHOE TTOCTOSHHON €IMHWUYHON HATrpy3KOH, MPUIIOKEHHOW HA j-M

otpeske ( B/ = 1).

[To cpaBHenuto ¢ MK3 mMeTon rpaHu4HBIX 371eMeHTOB Oosiee skoHOMHYeH. Cu-
cTeMa ypaBHEHUH MMEET MOPSI0K HAMHOTO MEHBIINH, TOCKOJIBKY OHa c(hOopMHpOBa-
Ha TOJIBKO JUIst N 3JI€MEHTOB, 33JJaHHBIX HAa KOHTYpe BbIpaOOTKU. OAHAKO METO Tpa-
HUYHBIX 3JIEMEHTOB UMEET HECKOJIBKO MEHBIIE BO3MOKHOCTEW I MOJEIIMPOBAHUS
Pa3IMYHBIX HEOJHOPOJHOCTEN Cpeabl U HETUHEHHOCTH (PU3MUECKUX COOTHOIIECHUH.
XOTs M 3/1eCh CYIIECTBYIOT pa3iIu4Hble NOAX0Abl. Bee 3aBucur ot 6azoBoro pere-
HUSL.

B paccMoTpeHHOM BbIlIE MOAXOAE (OH HA3bIBAETCS  METOJ «(PUKTUBHBIX
Harpy3ok») B KauecTBe 0a30BOT0 ObUIO MPUHATO perieHue 3a1aun KenbpuHa.

Pa3paboran u npyroi noaxos, UCIOJIB3YIOIUN B Ka4eCTBE OA30BOr0 pEIICHHE
W3BECTHOM B TEOPUM YNPYTOCTH 3aa4M O Pa3pbIBE CMEIIEHUN BIOJb HEKOTOPOTO OT-
pe3ka KOHEYHOM AJIUHBI BHYTPH OECKOHEYHOro yrpyroro Tena. B ¢opme «pa3pbis-
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HBIX cMenieHuin» MI'D odenb 3¢ dekTuBeH as pelieHus 3aiad, CBSI3aHHBIX C Tpe-
IIMHOBATOCTBIO TOPHBIX NOPOA. ECTh BO3MOKHOCTBE MOJEIUPOBATH U «3HUSIOLLUE)
TPEIIMHBI, U 3aII0JIHEHHBIE MaTEpHAIOM-3allOIHUTENIEM. B mocienneM ciydae rpa-
HUYHBIE DJIEMEHTBI, KOTOPBIE MOJEIUPYIOT TPELIMHY, MPEICTABICHbl KaK YIPYIHi
KOHTaKT COOTBETCTBYIOLIEH >KeCTKOCTH. Hanpumep, npuBeneHO peleHne Uil IBYX
COJMMKEHHBIX BBIPA0OTOK, OJIHA U3 KOTOPBIX IepecedeHa TpemuHou puc. 15.12.

26 M
a)
& 1 2 =
M 4 6M 6M
i 18 M
6\ N
J —74 \ ‘fr//
~Ms5o 4202 oo : =5
A . N\ ]
| -
A\ =
B) v\\r\_ i

2 ~s0

- g T o

a1

A\
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Puc. 15.12. PacueTHas cxema (a) ¥ TaHTCHIIMATLHBIC HANIPSDKEHUST HA KOHTYPE BBIpa-
OOTKH B cllydae OTCYTCTBHS HapylieHus (0), U HaIM4Kue HapyIieHus (B)
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C noMoIIbI0 TaKMX YNPYTHMX KOHTAKTOB (TUIACTOBBIX 3JIEMEHTOB) JIETKO MOJE-
JIMPYETCS YTOJbHBIN IJIACT, KOTOPBIM OTIMYAETCA MO KECTKOCTH OT BMEMIAIOIINX
nopoa. Hanpumep, MpuBOaUTCS pelIEHHUE 3aJa4d O BIHMSHUU TE€OJIOTMYECKOTO HApy-
[ICHUS] Ha HAMPSHKEHHOE COCTOSIHUE TTOpOoJ1 BIiepean 3a00s BbIpaOoTku. B HacTosmiee
Bpemss B HamumonansHom rtopHoM yHuBepcutere (HI'Y) mom pykoBoactBom
JI.B.HOBHKOBOI aKTMBHO pa3BUBACTCS HAay4yHasl IIKOJIA, HAIIPABICHUEM KOTOPOU SIB-
JsieTCsl MpUIIokKEHUe YnciieHHbIX MetofoB (MKD, MI'D) k paznuuHbIM 3a1ayaM Me-
XaHUKU TOPHBIX MOPOJ, B TOM 4YHUCIE W [JIsi TPEXMEPHBIX oOOJacTeid MaccuBa
puc. 15.13.

CoBpeMeHHbIE CTaHJAPTHBIE TPOTPaMMHbBIE CPEJICTBA MO3BOJIAIOT CYIIECTBEH-

e HO paclIUpUTh BO3MOXKHOCTH MID.
| Z Tak, Hanpumep, Ha Kadeape CTPOH-
i 'IYH TeNbHBIX r€OTEXHOJIOTUI U KOHCTPYK-
| muii HI'Y paspaboran mporpaMMHBIM
| npoaykt (IIIT) Underground, xoto-
' pbIil  TpeJHAa3HA4YeH [JIs1 pPElICHUs
T g pa3IMYHBIX, KAaK BHEIIHUX, TaK U
; i : Lﬁ I BHYTPEHHHX 3a7a4 MEXaHUKU TBEPJIO-
f . ro tena. OgqHako, OCHOBHOM ymnop npu
m - pa3paboTKe MPOrPaMMHOI0 MPOIYKTa
e JeNajncsa Ha ONPEAECICHHUE HaIPsKEeH-
o HO-J1e(hOPMUPOBAHHOTO COCTOSTHUS
{H ij TOPHOTO MacCHBa B OKPECTHOCTH Kak
OJIMHOYHOM, TaK U CHCTEMBbI TOPHBIX
BBIPaOOTOK, IPOBE/ICHHBIX B YCTOWYHN-
BBIX IMOPOJIHBIX MaccuBax. B 3aBucu-
MOCTH OT OCOOEHHOCTEW KOHKpPETHOM
3agaun [II1T Underground peanu3yeT MeToj] TpaHUYHBIX JIEMEHTOB WU B (popme
Pa3phIBHBIX CMEIICHUH, Wi B popMe PUKTUBHBIX HATPY30K, a TAKXKE MPSIMOUA METOJ
IPAHUYHBIX UHTETPAJIOB.

[1IT Underground Hamnucad Ha 00BEKTHO-OPUEHTUPOBAHHOM SI3bIKE MPOTPaAM-
mupoBanus Object-Pascal B BeruncnurenbHoit cpeae Delphi 5 ¢ ucnosib3oBannem
npuioxernuit AutoCAD u Microsoft Excel. B ¢Bsi3u ¢ 3TuM 0H umeeT psij mpeumMy-
HIECTB B CPAaBHEHUU C IPOTrpaMMaMU, HallMCAHHBIMU Ha MEHEE COBPEMEHHBIX SI3bIKAX
IpOrpaMMHUPOBAHUSL.

Bo-nepBbIX, CyIIECTBEHHO IMOBBIIIEHA TOYHOCTh PacyeTa 3a CUET BO3MOXKHO-
CTU aIMpOKCUMAIlUd KOHTYpa TOPHOW BBIPAOOTKM 3HAYUTEIHHO OOJBIIUM KOJUYe-
CTBOM TPAHUYHBIX 3JIEMEHTOB. JTO KOJMYECTBO OIPAHUYMBAETCS JUIIb BO3MOXKHO-
ctamu OBM. Tak, Hanpumep, 3amada ¢ 500-mu rpaHuyHbiMu 31emeHTamu (I'D) Ha
OBM c oneparuBHO naMsThio 128 MB pemaercst MeHee MUHYTHI, 3a71a4a ¢ 2000-Mu
['D pemaercs npubmmuzuTensHo 20 MUH, U 3TO J1ajeko He mpeaen. MoxXHO U Jajblie
YBEJIMYUBATh KOJIMYECTBO 1D, HO MPHU 3TOM PE3KO YBEIUYHUBACTCS MPOIOJIKUTEIIb-
HOCTh pacyeTa, Tak KaKk HauMHAaeT paboTaTh BUPTyalbHas MaMATh, CKOPOCTh PAOOTHI
KOTOPOM Ha HECKOJIBKO MOPSIAKOB HMXKE ONepaTuBHOM. [Ipu yBenmnueHnn onepaTtus-
HOM mamsatu OBM yBennuuBaeTcs 4uciio annpoKCuMUpyromux ['D B 3amave, pemae-
MOH 3a OAMH U TOT K€ NPOMEKYTOK BpeMeHH. C yBennueHueM konnudectBa ['D coot-

X,

Puc. 15.13. [Ipumep (pacueTHas cxema)
PEIICHUS CI0XHOU TPEXMEPHOH 3a7aun
YHCIIEHHBIMUA METONIAMHU
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BETCTBEHHO YMEHBIIAETCS UX JJIMHA, O3TOMY IOBBIIIAETCA TOYHOCTh OKOHTYPHUBA-
HUS BbIPAOOTOK KPHUBOJMHEMHOIO OYEpPTaHUs, MOBBIIIAETCS TOYHOCTh PaCUYETOB
HaMpsHKEHHO-e(hOPMUPOBAHHOTO COCTOSIHUS MOPOAHOTO MAcCHMBa BOJHM3U TPaHUIIBI
3a CYeT TOro, YTO MOKHO MaKCUMAaJIbHO MPUOJIU3UTH K KOHTYPY BbIPAaOOTKU TOYKH, B
KOTOPBIX ONPEAEISIOTCS HAIPSIAKEHNUS U CMELICHUS.

Bo-BTOpBIX, HECKOJIBKO YCOBEPIIEHCTBOBAH MO CPAaBHEHUIO ¢ 0a30BOM Mpo-
rpamMmort TWODD anroputm pacdeta. [losBuiachk BO3MOKHOCTh OBICTPO TEPEXO-
JUATH OT OJHOI'O BapMaHTA METOAA TPAHUYHBIX 3JIEMEHTOB K JIPYroMy, HE BBIXOAS U3
nmporpamMMbl. B3aMeH CTaTHYECKHX MAacCHBOB BBEACHBI JUHAMUYECKHE, KOTOPBIE CO-
3IaF0TCSl M OOHYJISIFOTCS TT0 MEPE HEOOXOJUMOCTH. 3a CUET ITOTO OoJiee PAlOHAIIEHO
UCIIOJB3YyeTCsl onepaTuBHas namsath OBM. B mMeros pa3pbIBHBIX CMEIICHUI BBEIACH
pacyeT TaHTeHIIMAIbHBIX HAMPSHKEHUH HAa KOHTYpPE BHIPAOOTKH, 4yero He ObUIO B Oa-
30BOM mporpamme. B nccienyempix TOUkax NOpOJHOTO MaCCUBA ONPEAECISETCS KBU-
BAJICHTHOC HANPSDKCHHE Oy M KOO(QQUIMEHT 3armaca IpOYHOCTH k. 110 MOIyYeHHBIM

JTAHHBIM CTPOSITCS AUArpaMMbl, YTO MO3BOJISIET Cpa3y ke, 0€3 JOMOJHUTEIbHBIX pac-
YETOB, CYJIUTh O COCTOSIHUU MPUKOHTYPHOTO MAaCCHBA.

B-TpeTrsux, CyIecTBeHHO MOBBICUIIOCH YI0OCTBO MOJB30BaHMs. BO3MOKHOCTH
BBIYHCIIUTENHHON cpensl Delphi 5 mo3Bomau HACBITUTH MPOTPAMMY BCEBO3MOKHBI-
MU BU3YQJIbHBIMH KOMITIOHEHTaMH, KOTOPBIE MO3BOJISIOT YI0OHO W OBICTPO BBOJHTH
MCXOJIHBIC JIaHHbBIC, CIEUTD 32 XOJIOM PEIICHUs, a TAK)XKE MOJIy4aTh PE3YyIbTaT B BUJE
HarJISAHBIX IHarpaMM, KOTOPBIE TYT K€ MOKHO COXPAHATh KaK PUCYHKH, OTIPABIIATh
Ha MeYaTh U KONMUpOBaTh B Oydep oOMeHa i MOCIEAYIOIIeH BCTaBKU B JAPYrUe
npuioxenus. Ha puc. 15.14 npuBeneH npuMep pacuera, XapaKTEPU3YIOIHUN COCTOS-
HUE IPUKOHTYPHOTO MAacCHUBa B OKPECTHOCTH BBIPAOOTKU KPYTIIOTO MOMEPEUHOTO Ce-
YEHHUsI, TPOBEJACHHON B YCTOMYHMBBIX TOPHBIX IMOPOJIaX C MPEIEIOM MPOYHOCTH Ha
oaHoocHoe cxxatue SMIIa, Ha ogHOoOCHOE pacTsbkeHue — 1,7 MIla Ha rimyoune 200 m.

IKEBMESNEHTHEIE HANPAKEHMA B MACCHE S |

1220

2440

______

3660

——————

4880

757 65-6-55-5-454-35-3-25-2-151-0500511522533544555566577586

E100

Puc. 15.14. Pacnipenenenue kodduiirenta ycTOMUUBOCTH MacCUBa TOPHBIX MOPOT
B OKPECTHOCTHU MPOTSHKEHHOW TOPHOU BBIPAOOTKH KPYTOBOTO CEUCHUS
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3n1ech pacueTHasi cxema MpeJCTaBlIeHa YETBEPThIO CEUEHUsI BHIPAOOTKH, CHM-
METPUYHON OTHOCHTEIBHO JIMHUH MapaiensHbix ocsiM OX u OY, KoTopele mepece-
katorcst B Touke (0,0). KonTyp BeIpaboTKM MOKa3aH >XUpHOUM nuHMed. V30muHuu co-
eIMHSIOT TOYKH MacCHBa ¢ OJJMHAKOBBIM 3HaUE€HHEM KOA(PPHUIMEHTa YCTOHYUBOCTH.

CBs3b ¢ AutoCAD mno3BosisieT HarfsAHO ANIPOKCUMHUPOBATH KOHTYP TOPHOM
BBIPAOOTKH (BBIpAOOTOK) M TYT JK€ 3a/JaBaTh TpaHUYHbIE yClIOBHUs. JlocTaTouHo
HauepTuTh B AutoCAD pacueTHylo cxeMy U KOOpAUHATHI I'D CUMTHIBAIOTCS C Tpa-
¢udeckoro m300pakeHUs M MEPEJAIOTCS B MPOrpaMMmy. ITO OTKPBHIBACT OOJIbINNE
BO3MOXKHOCTH JIJIs1 MOZICJIMPOBAHUS CJIOKHBIX PACUETHBIX CXEM.

U, nakonert, cBsa3b ¢ Microsoft Excel mo3BossieT BRIBOAUTE PE3yJIbTATHI B BUC
YHICIIOBOr0 MarepHuana B KHUTY Microsoft Excel, ecnu monb3oBatens sxenaeT ux 06o-
Jiee neTaibHO 00paboTaTh.

15.4. MeToa AMCKPETHBIX JIEMEHTOB

Metoa auckperHbix 3djemeHTOoB (MJID) (B anrmiickom Bapuanrte: «The
distinct element method» — MeTos BUIUMBIX (OTIMYMMBIX) JIEMEHTOB), pa3paboTaH
noktopom I'. Kynnammom B 1978 rogy. On 6a3upyetcs Ha IBYX (hyHIaMEHTaIbHBIX
3aKoHaxX (pu3MkKu — BTOpoM 3akoHe HploTOHA U 3akoHe ynpyrux aedopmanuii ['yka.

Ob6unactpio npuMmeHeHus: MJ1D sABASIOTCA TPYHTHI, OCHOBaHUS U (QyHIAMEHTHI;
MOPOJIHbIE MACCHUBBI, UMEIOIINE CIOXKHYIO CTPYKTYPY; MEXaHHYECKHE CHCTEMBI C
OCBOOOKIAIOIIMMHUCS CBSI3SIMH;, HEJIMHEHHbIE TUHAMUYECKHE MPOIECCHI, A KOTO-
pbIX OH HambOosee 3((HEeKTUBEH; XUMHUKO-(PHU3NUEeCKHe MPOIECChl (HalpuMep, JIBHUXKe-
HUE KOJUIOMJHOM JKUIKOCTH); IPOILECCHl OOOTAIICHUS MOJIE3HBIX UCKOMAeMbIX METO-
70M (hIIOTalKHU B TSHKEIBIX Cpeax U MHOTOE JIPYToe.

CyTts M/ID mpuUMEHUTENHHO K MOJICTUPOBAHUIO CIOKHOCTPYKTYPHBIX TOPOJI-
HBIX MacCUBOB, COAEPKalUX UCKYCCTBEHHbIE MOJIOCTU (BBIPAOOTKH), COCTOUT B CJIe-
nytomieM. PeanbHbl MOPOJHBIM MAacCHUB B MOJENIU 3aMEHSIETCS JUCKPETHBIMH HJie-
MEHTaMH, KOTOpbI€, B MPUHIIMIIE, MOTYT UMETh JIt00YI0 (popMy, U Jiydille, €CIu OHa
OyzneT OJu3Ka K OUepTaHUAM JIEMEHTOB CTPYKTYPhl MacCHBa.

Opnako, 1o psily NPUYKH, BaXKHEHIIIEH U3 KOTOPBIX ABJISIETCS MIPOCTOTa Co3/a-
HUS MaTEMaTUYECKON MOJEIN TUCKPETHOMN
Cpenbl, DJIEMEHTHI €€ MPOIIEe BCEro Mpel-
CTaBUTh B BHJIE IIAPOB, KOTOPBIE B OOIIEM
cllydae MMEIOT pa3Hblidi nuametp. ['eomer-
puueckasi MOJIENIb TaKOM CpeJibl MpUBeaeHa
Ha puc. 15.15.

Kak BuAHO #3 puUCyHKa, MOJIETh
CIUIOIIHOM WJIM ChIMy4Yed (IUCKPETHON)
cpenbl, Kak MpaBujo, MpeJCTaBiIsieT coOoi
HIECTh TONApHO MapaJIebHBIX IJIOCKO-
CTEH, KOTOpbIE, TEPEeCceKasiCh, OTACISIOT
HEKOTOpPOE 3aMKHYTO€ MPOCTPAHCTBO, B KO-
Puc. 15.15. 'eomerpuueckas Mojieib  TOPOM Pa3MEIECHBI LIApbl — DJIEMEHTHI He-

METOJIA TUCKPETHEIX 3JIEMEHTOB NOJBWKHBIX TUIOCKOCTEH. BepxHss mioc-
KOCTb Yallle BCEro OTCYTCTBYET U BHEIIHSIS
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Harpy3ka IPUKIAJbIBACTCS HEMOCPEICTBEHHO K miapam. [llapsl B3anMOAEHCTBYIOT
MEXIy cOO0OM M C OrpaHUYMBAIOIIMMHU TUIOCKOCTSMH TOCPEJICTBOM CHUJI TPEHUS U
JNVCCUMATUBHBIX CHJI, @ TAKXKE, U ATO IJIaBHOE, MOCPEICTBOM HEUJACAIBbHBIX BBICBO-
00X IAIOUIUXCsl CBsA3EH, KOTOphIE MPOTUBOACHCTBYIOT UX B3aMMOIPOHUKHOBEHHUIO.
Ecnu uHBIX CBsI3ei HET, TO IIaphl UMUTHPYIOT Chiyuyto cpeay. lllapel MOTYyT OBITH
TAK)KE «CKJIEEHBDY MEXAY COOOM M CTEHaMM MOCPEICTBOM TaKUX HEHUJAealIbHbIX
HEBBICBOOOKIAIOIIUXCS CBSA3EH, KOTOPbIE HE TOJIBKO MPEMSATCTBYIOT UX B3aUMOIPO-
HUKHOBEHHIO, HO TaK)K€ pa30eraHuio u BpaiieHuto. B aTom ciaydae paccmatpuBaemast
MEXAHUYECKasd CUCTEMa UMUTUPYET CILUIOITHONW MAacCCHUB.
Kak ToJIbKO peakuuu B HEBBICBOOOXKIAIOIIUXCS CBS3SIX MPEBBIIIAIOT HEKOTO-
PBIN MPEeN, OHU JIUKBUAUPYIOTCS KaK Pa3pyLICHHBIE U TOT/IA YK€ CHCTEMA IIAPOB U
IJIOCKOCTEW UMHUTHUPYET Pa3pyLIEHHbIA MACCUB, KOTOPBIA COCTOUT U3 HECBSI3aHHBIX
MEXIy COOOM Y4acTHIl U, BOBMOXHO, CBIITydero MaTepuaia Mexay HUMH. B camom xe
o0111eM citydae MOJIeNb, COCTOSIAs U3 IapOB U OTPAHUYUBAIONIUX TJIOCKOCTEH, MO-
KE€T MMUTHPOBATH CIUIOIIHOW IOPOJHBIA MAaCCHUB, COAEPXKAIlUil pa3pyLICHHbIC
YYaCTKH.
J1st Toro, yToOBI cpeia COCTOsIIAsl U3 YIPYTUX MIapOB pa3HOro JUaMeTpa co-
OTBETCTBOBAJAa PEAIBHOMY IMOPOJHOMY MACCUBY, BBOJIATCS CIEAYIOIINE AOIMYLIECHHUS:
1. ®opma u pazMep TUCKPETHBIX 3JIEMEHTOB (IIApOB) HE U3MEHSIOTCS MO JIeH-
CTBHEM IIPUJIOKEHHBIX HArpy30K.
2. PeanpHbie nedopmaruu JUCKPETHBIX SJIEMEHTOB 3aMEHSIOTCS KaKyIUMCS
B3aHMMOIIPOHUKHOBEHUEM IIAPOB.
3. BpemenHo# mar qomkeH ObITh HACTOJIBKO MaJlbIM, YTOOBI 32 TO BpEeMs, TTOKa
OH MPOJOJIKAETCS, HApYIIEHUs (AUCIOKAIMU) HE MOTJM PacHpOCTPaHSThCA Ha
Kakue 00 Apyrue maphl, KPOME TeX, KOTOPhIE HAXOMSITCS B HEMOCPEICTBEHHOM
KOHTAKTE C PacCMaTPUBAEMBIM IIAPOM.
[Tocnennee nomyuieHue SIBISETCS OCOOCHHO Ba)XXHBIM, MOCKOJBKY 00yCIaBiIH-
BaeT OYEHb YJ0OHOE B3aMMOJICWCTBHE 3JIEMEHTOB — IIAPOB: Ha KaXKJJOM BPEMEHHOM
niare paBHOAECHCTBYIOIIAsl CHJI, IPUJIOKEHHAA K KaXKIOMYy OTAEJIIbHOMY ILIapy OIpe-
JENSAETCS UCKIIOYUTEIbHO KOOpAMHATAMU LIEHTPOB PACCMATPUBAEMOTO IIapa U TeX
1apoB, KOTOPHIE B TAaHHBIA MOMEHT C HUM COIIPUKACAOTCS.
PacueTnas cxema MeTO1a IUCKPETHBIX AJIEMEHTOB NPUBEACHA Ha puc. 14.16.
DJIEMEHTBI-IIAPbl HArPYKEHbl TPABUTALMOHHBIMU CHJIAMH W TIPOSIBIISIIOT MPU
B3aUMOJIEUCTBUU JIPYT C APYTOM YIIPYTHE U BA3KHE CBOWCTBA.
OU3NKO-MEXaHUYECKHE CBOMCTBA JIHUCKPETHBIX 3JIEMEHTOB 3aJAIOTCA TAKUM
0o0pa3oM, 4TOOBI UX MOBEICHNUE B 00IIECH Macce ObUIO aIeKBATHO MOBEJACHUIO UCXO/-
HOU cpenpl. JUUIs KaXXI0ro 3JeMEHTa U3BECTHBI Macca, CKOPOCTh, YCKOPEHUE U KOOP-
JIAHATHI LEHTpa THKECTU. Kpome TOro, K KaKJI0My 3JIEMEHTY B OTIEJIIBHOCTH MpPH-
KJIIBIBACTCS CHIIA F;, KAK PABHOJICVCTBYIOIIASA CUJI TSDKECTH, YIIPYTOM PEAKLINH, BSI3-
KOT'0 ¥ KYJIOHOBA TPEHHSI, OTPAKAIOIIUX TEKYLIEE MEXAaHUYECKOE COCTOSSHHE MacCHBa
B pacCMaTpUBAEMblii MOMEHT BPEMEHHU.
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Puc. 15.16. PacueTHas cxema B3aMMOJEHCTBHUS IBYX IIapOB

JIBMKEHHE KaXXJOTO 3JIEMEHTA ONMCBHIBAECTCS ypaBHEHHEM Jlarpanxka 2-ro po-
na. M3 Bcex 4MCIEeHHBIX METOJIOB, IPUMEHIEMBIX I PELICHUS MOCTABICHHOM 3a/1a-
4n, HauOomee 3 pexTuBeH MoAUGUITUPOBAHHBIN MeTO Ditepa.

W3BecTHBI 1Ba cioco0a UCNOIb30BaHUS MeToaa Dinepa. [lepBblil 3akntodaer-
Csl B TOM, YTO BHavajye, UCX0Js U3 PU3NYECKUX COOOpaKEHUH, COCTABIISIIOT CUCTEMY
Iu(depeHINaTbHBIX YPABHEHUHM U YpaBHEHUM HadallbHbIX YCJIOBMM, a IOTOM pella-
10T UX, UCIOJIb3Ys (popMaIN30BaHHbIN MeTo Diliiepa.

B cooTBeTcTBUU €O BTOPBIM CIIOCOOOM METOJ Dijiepa UCIOJIb3YIOT HE TOJIBKO
JUIS PEIIEHUs] IOCTABICHHON 3aJlauM, HO U I ONMCAHUS COOCTBEHHO (PU3UYECKOTO
npouecca, T.€. ISl IOCTaHOBKU CaMOM 3aJjauy.

BTtopoii cmoco6 u ObUT UCTIONIB30BAH I Pa3padOTKH MaTeMaTHYECKOW MoJie-
J¥ METOJa JUCKPETHBIX 3JIEMEHTOB B BEKTOPHOM H3J0XkeHUH. Crocod OpueHTHpo-
BaH Ha HCMOJh30BAaHHUE BO3MOXKHOCTEW COBPEMEHHBIX BBIYMCIUTENBHBIX MAIIHWH, B
YaCTHOCTH MAaTPUYHON MaTeMaTudeckoil cuctemsl Matlab.

Onucanne GU3NYECKOTO MPOLIECCa U BBIUMCICHHUE €T0 MapaMeTpoB B COOTBET-
CTBUU C (pOpMaAIM30BaHHBIM METOAOM Diijiepa mpuBeieHb! B Tadu. 15.1.
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TaOmuma 15.1.

Cxema BBIYHCIICHUS ABUIKCHUA CUCTCMbI ITUCKPCTHBIX 3JICMCHTOB

Oran n t 7 v o F M a z
| At
Hauannurie -5 5 — 0 0 - - - -
CJIOBUA _ = — — _
y 0 0 0 — — F° MmO 0 0
1 At _ 1 1 _ _ _ _
2 2 V2 Ik
At =1 i i Fl Ml —1 =1
T T T
OcHOBHOM 2 2 v @
pacuer - - - - - - - - === ===
2i-1 | 2i-1 . B 2i-1 2i-1 _ _ _
2 2 v 2 w ?
i iAt 7l — — F! M a' &'

B ta6n. 15.1 na puc. 15.16 npunsaTte cienyronme 0003HAUYCHUS:

1 1 1
1 — HOMeEp MOoJylIllara 1 mara no MoJieIbHOMY BpEMEHU (n=-§ , 0, 5 1, 15...);

{ — MOJIETIbHBIN OTCYET BPEMEHH (3HAK «+» clieqyeT (GopManbHO MOHUMATh, KaK Bpe-
MEHHBIE IIaru B OyJIyllee, a 3HaK «—», KAK BPEMEHHbIEC IIaru B MPOIUIOE OTHOCH-
TEJIbHO MOMEHTa BpeMeHH ¢ = 0);

r (wma r") — MarpuIa-CTpOKa, KOMIIOHEHTAMH KOTOPOW SIBIISIOTCS PalyChi-

BEKTOPBI [ICHTPOB LIAPOB: 7 = (rl,rz,r3,...,rN) w1 = (lq”,r2",r3”,..., ry ), rae N — 00-
L[ee YHCIIO [IapOB;
v (WM v, ) — MaTpHIa-CTPOKA, KOMIIOHEHTAMH KOTOPOH SIBIISIFOTCSI BEKTOPBI CKOPO-

CTEH 1IEHTPOB LIAPOB: V = (vl,vz,...,vN) WA V], V75, Vi

® (mmm ©®" ) — MaTpuIa-cTpoKa, KOMIIOHEHTAMH KOTOPOM SBJISIOTCS BEKTOPHI YIIIO-

BBIX CKOPOCTEH MIapOB: ® = (001,0)2,..., (x)N) wim ®" = ((o{’,(og,..., oye );

F (umu F") — MaTpuIa-cTpoKa, KOMIIOHEHTAMH KOTOPOM SIBIISIOTCS BEKTOPHI paBHO-
JNEUCTBYIONIUX BCEX aKTUBHBIX U MACCUBHBIX CUJI (KpOME CHUJI UHEPILIMH) I KaXKJ0TO

OTZENBHOTO IIapa: F:(FI,FZ,...,FN) wm F" =\F",F),...Fy);

M (win M") — marpuna-cTpoKa, KOMIIOHEHTAMHM KOTOPOM SBJISIOTCS BEKTOPHI MO-
MEHTOB CHJI, KOTOPbIE€ BXOIST B MATpPULYy-CTPOKY F: M :(MI,MZ,...,M N) 178105

M" = (Mf,Mg,...,M]’Z,);

a (wma a" ) — MaTpuUIa-CTPOKa, KOMIIOHEHTAMH KOTOPOM SIBIIIOTCS BEKTOPBI YCKO-

PEHHUI ICHTPOB MIAPOB: a = (al,a2,...,aN) WIH A ,dYy ,...,d )
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¢ (wmm g") — MarpuIa-CTpOKa, KOMIOHEHTAMH KOTOPOM SIBJSIOTCS BEKTOPHI YIJIO-

BBIX YCKOPEHHUH [ICHTPOB IIAPOB: € = (81,82,..., SN) win €' =¢€],€5,...,€Y .

HaunOosee cl10KHBIM B TaKOW BBIYMCIUTEIBHON MOJENH SBIIAETCS ONpenese-
HUE€ PaBHOJECUCTBYIOIINX CHJI, KOTOPBIE NEHUCTBYIOT B JAHHBIM MOMEHT MOJEJIBHOTO
BPEMEHM Ha KaXIbIi map. /{1 i-eo mapa paBHOAEHUCTBYIOIIAS CHIIA F; CKIIAIBIBAOT-
Cs U3 HOPMAJIbHBIX W TAaHTCHIMAIBHBIX CHJI YIPYTOIIACTUYECKOTO B3aUMOACHCTBUS
C COCEHMMH LIapaMM M OTPAHWYMBAIOIIMMH IUIOCKOCTSMH M CHJI TPEHHs B TOYKaX
KOHTaKTa ¢ HUMH. YCJIOBHUS KOHTaKTa MEXAY IUCKPETHBIMU JJIEMEHTAMH MOXKHO
onucath psAAOM (pOpMaNIbHBIX MTapaMETPOB, 3HAYEHHSI KOTOPBIX OIPEAEIAI0TCSA Ha OC-
HOBE CPABHUTEJIBHOI'O aHAJIN3a YUCIIEHHBIX U PU3NYECKUX IKCIIEPUMEHTOB.

[lepemenHsble, BeIuMCisAeMble B Ta0a. 15.1 cunTaroTCsl NOCTOSIHHBIMU BEJIUYU-
HaMH BO BPEMEHH Ha MPOTSKEHUH KaXKIAO0I0 MOJEJIBHOIO 1Iara U CKaYkooOpa3Ho M3-
MEHSAIOTCS B €ro KoHue. /[poOHble 3HaUeHHs] BPEMEHHBIX LIaroB IO3BOJISIOT Ha IO-
PSAAOK MOBBICUTH TOYHOCTH BBIYHMCIICHUN 0€3 yBENIMUYEHHsI KOJWYECTBa IIaroB. Bel-
YUCJICHUS IPOU3BOAATCA B CIEAYIOIIEM HOPSIIKE:

- YUYUTBIBAsA YCKOPEHHSI U CKOPOCTH, KOTOPBIE 3aJaHbl B HAYaJbHBIX YCJIOBHUAX
(MUHYC moJjmara U HyJ€BOM LIar), HaxoIAT 3HAYEHHUs] CKOPOCTEW Ha MEPBOM MOJTY-
niare;

- HCXOJS W3 MOJYyYECHHBIX 3HAYCHUM CKOPOCTEN M HAYaJbHBIX YCIOBUM, HAXOIAT
KOOPJMHATHI LIEHTPOB IIAPOB, PABHOAEHCTBYIOIINE CHII U MOMEHTOB, a 3aT€M U COOT-
BETCTBYIOILME 3HAYCHHs YCKOPEHUI HA IEPBOM MOJEIBHOM IIAre;

- UCXOJS U3 3HAYEHUN CKOPOCTEH, KOTOPBIE MOIYYEHBl HA IIEPBOM ITOJIyLIare, 1
YCKOPEHMI — Ha IIEPBOM 111are, HaXOAAT 3Ha4YEHUsl CKOPOCTEN Ha IMOJYyTOPHOM IIAre u
T.J.

OOpaiiaer BHUMaHUE Ha ce0s1 OTCyTCTBHE B Ta0J. 15.1 3HaUeHUH yriaoBbIX KO-
OpJMHAT LIEHTPOB IIAPOB (€CTh TOJBKO UX PAAUYyChl — BEKTOPBI). ITO CIEACTBUE J10-
NYIIEHUs] 0 HEM3MEHHOCTU (POPMBI IIAPOB, KOTOPOE KOMIIEHCUPYETCS TONMYIIEHHEM
00 KX B3aMMOJIEHCTBHM ITyTEM B3aMMONPOHUKHOBEHHMS. B pe3yibrare CyliecTBEHHO
YIPOIIAETCS AITOPUTM BBIYMCICHNMN.

Pe3ynbTaTomM pacueToB Ha OCHOBE METOJA JMCKPETHBIX DJIEMEHTOB SIBISACTCS
NOJIy4eHHE O0IEN KapTUHBI HANPSKEHHO-1e(POPMUPOBAHHOTO COCTOSIHUSL paccMmat-
pPUBAEMOTrO MOPOJHOIO MACCHBA C ONPEACICHUEM BEJIMYMH IJIABHBIX HANPSDKEHUU,
oceaHuil (mepemerieHuil) U aeopmalnuii, BI3BAaHHBIX 00pa30BaHUEM B CILJIOLIHON
cpelie MOJIOCTHU 33IaHHbIX Pa3MEpOB.

OTIMYUTENBHON 0OCOOEHHOCTBIO JAHHOIO METO/A, 10 OTHOUIEHHUIO K U3JI0KEH-
HBIM BBIILIE METOJaM KOHEUYHBIX U T'PAHWYHBIX JJIEMEHTOB, IPUMEHUMBIX TOJIBKO B
Clly4a€ MOJEIMPOBAHMS CIUIOIIHBIX CPEX, SBISETCS BO3MOXKHOCTbH OIMCAaHUS HEIU-
HEMHBIX TMHAMUYECKUX MPOLIECCOB, BO3ZHUKAIOLIUX B 1€(pOPMUPYIOIIEMCS TOPOJHOM
MacCHUBE, COAEPIKAIIEM MOJIOCTH U YYACTKH Pa3pyLIEHHBIX TOPHBIX ITOPOJ.

K HepocraTkam MeToaa MOKHO OTHECTH JOCTATOYHO BBICOKHE TPEOOBAHMS K
TEXHUYECKOU 0a3ze i ero peanuzauud. [Jns o0padoTKu O0NBIIMX MaCCUBOB JIaHHBIX
U peuleHusl peajbHbIX 3a7a4 HEOOXOIMMBI JOCTATOYHO BBICOKOE OBICTPOJIEHCTBHE
KOMITbIOTEPA U 0OJIBIION 00BEM ONEPAaTUBHOM NaAMSTH.
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15.5. BapuaniuoHHbIe METOAbI pelIeHUs KPaeBbIX
327124 B reOMexXaHuKe

B nacrosiiee BpeMs A pacuera IUIACTHUH U 00O0JIOUEK IIUPOKO MPUMEHSIOT
BApUALIMOHHBIE METO/IBI TEOPUU YIIPYTOCTH.

W3BecTHO, UTO OCHOBHBIE MPOOJIEMbI MEXaHUKHU Hapsay ¢ auddepeHinnanb-
HbIMU YPaBHEHUSIMHU YIPABISAIOTCA TaK HA3bIBAEMBIMU MHUHUMAJIbHBIMHU MPHUHIIUIIA-
mu. Tak, HarpuMmep, NOJI0KEHUE PABHOBECHSI MEXaHUYECKOM CUCTEMBI €CTh MOJIOXKE-
HUE, OTBEYAIOLIEE MUHUMYMY €€ NOTEHLHAIbHON 3Hepruu. Beuay storo npobiiema
pELIeHHs] TPAaHUYHON 3a1a4uu 11 Ju(PEepeHIHATIBHOTO YPaBHEHUS JAaHHOW MEXaHU-
YECKOM CHCTEMbl OKa3bIBAa€TCs, B OOIIEM, 3KBHUBAJIEHTHOM MpoOJieMe HaXO0XKICHHS
(yHKUMH, NaOIIed MUHUMYM HHTErpajia, KOTOPBIM BBIPAXKaeTCs MOTEHLUAJIbHAs
DHEPrUs CUCTEMBI.

Jist pemienust 3aga4 00 n3ruode miacTuH (000JI04eK) MOKHO MCIOJIb30BaTh Ba-
pUaLMOHHBIA NpUHIMIT PeliccHepa, npyu KOTOPOM OJHOBPEMEHHO OTHICKMBAETCS IPO-
0 1 BCE MOMEHTHI, MPEACTABISAIONIME TAK)KE KaK U MPOTUO, B BUI€ KOHEUHBIX CYMM
MPOU3BEJICHUN HEOIPEACIICHHBIX MapaMeTPOB Ha 3aJaHHbIE KOOpPJMHATHBIE (PYHK-
[[MU, KOTOpPbIE BBIOUPAIOT TaK, YTOObI OHM ObUIM PAaBHBI HYJIO Ha CBOOOJHBIX Kpasx
macTuHbl (00onouku). PacueTHbie QopmMynbl M MaIIMHHBIA aATOPUTM MPUHIIUATA
PeliccHepa o4eHb CIOKHBIN.

Pacuer mimactuH (00osouek) mo merony byTHoBa-lI'anepkuHa 3HAYMTENBHO
YCIIOXKHSETCSA, TaK KaK HEOOXOAMMO YJIOBJIETBOPSITh KOOPAWHATHBIMU (YHKUHSIMH
BCE I'PaHUYHBIE YCJIOBHS, B TOM YKCIIE U YCIOBHUS Ha cBOOOAHBIX Kpasx. [locnennee
00CTOATENBCTBO MPENATCTBYET UCIIONIb30BaHNE HAa TpakTuke MeTona Tpeddua u me-
TOJAa HAUMEHbIIUX KBaApaToB. OJIHAKO €CIIM 3TH YCIOBUS BBINOJIHSAIOTCS, TO 3TH Me-
TO/BI BecbMa 3P(HEKTUBHBI B IPUMEHEHUHU. MOXKHO YyTBEpPKAAaTh, UTO BBUY CIOKHO-
CTH 3a7la4 O HAaINpPSHKEHHO-Ie(POPMUPYEMOM COCTOSSHUM MAaCCHUBOB TOPHBIX MOPO,
1100011 MeTo hccineaoBaHus, 00eCeUrBaIOIMA HEOOXOIUMYIO TOYHOCTh, MMOTPEOy-
€T BeCbMa I'POMO3AKUX BbIUKCICHUN. [103TOMYy, ecTecTBEHHO, CIEAyeT NMPUMEHATH
TaKOM METOJ, KOTOPbI MpocTo peanuzyercd Ha [I9BM u mo3BoJisieT mojiydyuTh pe-
HIeHUE, He Mpuderast K AOMOJTHUTENbHBIM (TI0 CPAaBHEHHIO C OOBIYHOM Teopuen Iia-
CTHH U 000JI0YEK) NMPUOIHUKEHHBIM JOMYIICHUSIM.

Jlsist pelieHust KpaeBbIX 3a/lad FOPHOM I€OMEXaHUKH sIBIAETCS 3P (HEKTUBHBIM
IpUMEHEHUE MeToAa PUTHa — OJTHOTO M3 OCHOBHBIX MPSIMBIX METOJIOB BapUALIMOHHO-
IO UCYUCIICHHUS.

Meron (npouecc) Purua siBasieTcss OJHUM M3 METOJOB MOCTPOEHUS MUHUMU-
3UPYIOUIEH MOCIEeI0BATENBHOCTH. {11 yIpOUIeHUs BBIKJIAJJOK OIPaHUYUMCS CITy4aeM
BEILLIECTBEHHOI'O0 THJILOEPTOBA MPOCTpaHCTBAa H ; pe3yibTaThl NEPEHOCATCS HAa KOM-
IUIEKCHOE TIPOCTPAHCTBO 0€3 N3MEHEHUH.

IlycTp A— MONOXKHUTENBHO ONPENEIECHHBIA ONepaTop B mpoctpaHcTee H . 3a-
Ja4ya 0 IOCTPOEHUU 000OIIEHHOTO PEIICHUS] YPAaBHEHHUSI

Au=f (15.21)
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pPaBHOCHWJIbHA 3a/lay€ O MOCTPOEHUHU 3JIEMEHTA 3HEPreTUYECKOro MPOCTPAaHCTBA, KO-
TOPBIN pealin3yeT MUHUMYM (DyHKITIOHAJIa

F(u)=[u,ul , —2(u, f) (15.22)

B DHEPreTUYECKOM MPOCTPAHCTBE. DTy MOCIEAHION 3ajady OyJeM NpUOIMKEHHO
pelaTh CIeayIuM 00pa3oM.
BriOepeM nocnenoBaTebHOCTh 3JIEMEHTOB

(Pla(P29"'a(Pna"'9 (1523)

YIOBIETBOPSIOLIUX CIEAYIOIIUM TPEM YCIOBUSIM:
1) Bce onemeHnTsl @, € H 4;

2) npu 11000M 71 3JIEMEHTHL @), P ,..., P, TUHEHHO HE3aBUCUMBI,
3) nocnenoBarenbHOCTh (14.23) nonHa B H .

Onementsl (14.23), cienys Putiy Oynem Ha3biBaTh KOOpAWHATHBIMH. COBO-
KYITHOCTh KOOPJIMHATHBIX JIEMEHTOB HA30BEM KOOPJIMHATHON CUCTEMOI.
[TocTpouM JIMHEHHYI0 KOMOUHAIIMIO TEPBBIX # KOOPAUHATHBIX 2JIEMEHTOB

U,=Ya,0, (15.23)
i=1

C IIPOU3BOJIbHBIMH YU CJIICHHBIMU KOC—)(I)(i)I/IHI/ICHTaMI/I aj. HOILCT&BI/IM Un BMECTO U B

¢ynkunonan (15.21); sto npeBpatut F(#) B QyHKUHUIO 77 HE3aBUCUMBIX NEPEMEH-

HBIX d,d5,...,d, :

F(u,)= ZajA(PjazakA(pk =2 a0 |=
/=1 k=l k=l (15.24)

n n
= Z q)ja(Pk:Iajak _22(q)kaf)ak
Jsk=1 k=1

Bribepem koaduimenTsl a; Tak, 4To0sl (yHKuus (15.24) npuHsIa MUHH-

MajbHOE 3HadeHue. Kak yBuamM, 3TO MPUBOANT K CUCTEME JIMHEHHBIX anreOpande-
CKHX YPaBHEHHUH C HEU3BECTHBIMU d[,d,,...,d, . Dynknusa (15.24) nocturaer MuHu-

MyMa IIpu TCX 3HAYCHHUAX HC3aBUCUMBIX IICPEMCHHLBIX, KOTOPLIC 06pa1ua}0T B HYJIb €€
IICPBLIC IIPOU3BOIHBIC!

OF
OFWn) 6. i=12.m (15.25)
oa;

1

[TpousBoansie (15.25) 1erko BBIUUCIAIOTCS:
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oF n
6(”") =23 (0.9, Jax ~2(f20)) (15.26)
a,; k=1

[IpupaBHsB 3T POU3BOAHBIE HYJIIIO, TOTYYUM cucTeMy Putna

n

S0 01a; =(f20;), j=12n (15.27)
k=1

win B 60s1ee moapoOHOi 3amucH,

(01,91 ]a; +[@1,95]ay +...+[91,0,]a, =(f,0;);
[02,01]ay +[0s, 0 ]ay +...+[Q2,0,]a, =(f,0,); (15.28)

..............................................................

[¢,,01]a; +[02,9,]a, +...+[0,,0,]a, =(f,0,).

Koopaunatuseie snementsl (15.22) moxHO BbIOpaTh u3 obnactu D ,; Toraa
[94,¢ ;1= A(9y,9 ), u cucrema Puria npunumaer sug (D ,— obmacts ompenene-

HUs orieparopa A)

(AQy,01)a; + (A9, 9y)ay +...+ (Ao, 9,)a, =(f,0;);
(AQ,,01)a; +(A9y,05)ay +...4+(A40,,0,)a, = (f,0,); (15.29)

(A(Pn’(pl)al +(A(Pnaq)2)a2 +o.t (A(pnaq)n)an = (fa(pn) .

omnpeaenuTeb cuctemsl (14.28)

[@1,011[01,05]---[91,0,]

[02,011[92,92]-.[02,9,] (15.30)

[q)n’(pl][q)n’(p2][(pn’q)n]

€CTh ONpeNeauTeNb CcHCTeMbl ['pamMma JHMHEHHO HE3aBUCHMBIX DJIEMEHTOB
@1, Py ,...p, ¥ TIOATOMY OTIIMYEH OT HyJsA. OTCIO/1a ClIEyeT, YTO CUCTEMA ypaBHEHUMN

Putna Bcerna paspemnma, ecnu onepatop 4 mnojoxutenbHblii. Haiins kos¢gdunmen-
Tl d;,d,,...,d, W NOAcTaBUB ux B (15.23), momy4yuMm s31eMeHT u,, KOTOpBI Oyaem

Ha3bIBaTh MPUOJIMAKEHHBIM pelieHreM ypaBHeHus (15.1) mo Purtiy. 3Has nporuosl,
onpeneanuM aeGpopMalii U HaMPSKEHUS.

Teopema. Eciu A — omepaTop MOJOXHUTEIBHO OMPENEICHHBIH, TO MPUOIIH-
*eHHble o Putiy pemenust ypaBHenus (15.1) cxondarcst K TOUHOMY 0OOOIIEHHOMY
PELICHUIO 3TOTO YPABHEHUS KaK MO SHEPTUH, TAK U B METPUKE UCXOJIHOTO MPOCTPAH-
CTBA.
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Jlerko BUAETH, YTO MOCIEAOBATEIBHOCTh MPUOIMKEHHBIX pemeHuil mo Putiry
— MUHUMU3HUpYIOLAs sl GyHKIHMOHATA SHEPTHH.
[Tpubnmxennoe no Putiy pemenue u,TeM Oamxke (B cMbIcie OIM30CTH IO

SHEPruM) K TOYHOMY, 4eM Ooiiblie 7. J{7s TOCTH)KEHHS BBHICOKOW TOYHOCTH MPHUXO-
IUTHCSL OpaTh OOJBIIOE 71, T.€. OOJBIIOE YUCIO KOOPAMHATHBIX (YHKIUI. DTO Npu-
BOJUT K HEOOXOIMMOCTHU pemaTth cuctemy (15.29) ¢ Gonpmnm 4ucioM ypaBHEHUN U
HEM3BECTHBIX. OTMETUM TOJIBKO, 4TO perieHue cuctembl (15.29) obmerwaercs ee
CUMMETPUYHOCTBIO.

3ameuanue 1. Ecnu cuctema (15.29) yxe nmoctpoeHa u o TeM WIA UHBIM MIPH-
YUHAM KeJaTesIbHO MOJIYYUTh MEHEee TOYHOE MPUOIMKEHUE, HE colepxaliee HEKOo-
TOPBIX U3 KOOPAMHATHBIX (PYHKIMM, TO KOOPPUIUEHTH! @) , COOTBETCTBYIOILUE 3TO-

My MEHEE TOUYHOMY MPHUOIMKEHUIO, HAWIYTCS U3 CUCTEMBI, KOTOpas MOJy4yaeTcsl U3
cuctemsl (15.29) yceuenuem, T.e. BBIUEPKUBAHUEM CTPOK M CTOJIOIIOB, COOTBETCTBY-
IOLTUX OTOPOIIEHHBIM KOOPAMHATHBIM (DYHKIIHSIM.

3ameuanue 2. TpeOoBaHHE NOJHOTHI KOOPAMHATHOW CHCTEMBI HE BIIOJHE
HeoOxoauMo. JIeHCTBUTEIIFHO, HET HCOOXOIMMOCTH B TOM, YTOOBI JIFOOOM 3JIEMEHT
HHEPreTUYECKOT0 MPOCTPAHCTBA MOXHO ObUIO alIpOKCHMHUPOBATH KOOPAWHATHBIMU
3JIEMEHTaMU — JOCTATOYHO, YTOOBI TaKyl0 alllIPOKCUMALIMIO JOIYCKaJIo 0000I1EHHOEe
pemienue. [loaTomy, ecnu 3apaHee U3BECTHO, UTO UCKOMOE PELICHUE TPUHAMIEKUT K
HEKOTOpOMY KJlaccy, 6ojiee y3komy, yeM D ,, TO JOCTaTO4YHO, 4YTOObl KOOpIUHATHAS

cuctema Oblia MoJIHA B 3TOM Kiacce. Hampumep, eciiu u3BeCTHO, UTO UCKOMast (PyHK-
IUsl YeTHasi OTHOCUTENIBHO KaKOTO-TMOO M3 HE3aBUCUMBIX MEPEMEHHBIX, TO MOXKHO
OpaTh B KauecTBE KOOPAMHATHBIX TOJIbKO YETHHIE (DYHKIUU TOU K€ MEPEMEHHOU, U
J0CTaTOYHO, YTOOBI BEIOpaHHAs! CUCTEMa KOOPAMHATHBIX (PYHKIMH ObLIa MOJTHON OT-
HOCHUTENIbHO YeTHBIX QYHKUUH u3 H 4.

Meron Putna mMeer npocTyro cXxemy pacuera M I03BOJIIET UCCIIEN0BATh Mac-
CHUBBI TOPHBIX IIOPOJI € JIFOOBIM COYETAHUEM CJIOEB MU JIF000M HArpy3Ke U yCIOBHIX
3aKpeIUIEHNs], Pa3JINYHON aHU30Tponuen nopod. g pemenus MHOTMX BaXKHBIX IS
NPAaKTUKHU 3a/1a4d JOCTaTOYHO, B OTIMYHe OoT MeToda bybnoBa — ['anepkuna, 4yTOOBI
KOOpAMHATHBIE (YHKIIUH YJOBJIETBOPSUIM TOJBKO T'€OMETPUUYECKUM TPAHUYHBIM
YCIIOBUSIM, 3alUCHIBAEMBIX OTHOCUTENBHO (DYHKIIUU Mporuda u ee Mpou3BOAHOM (Y-
J1a TOBOPOTA).

[IpuBenem perieHUsT HEKOTOPBIX 3a7a4 O HANPsHXKEHHO-Ie(OPMUPOBAHHOM CO-
CTOSIHUM MaCCUBOB I'OPHBIX ITOPOJ, UCIOJIb3Ys BApUALIMOHHBIN METO UCUUCIICHUS.

Takum 00pa3oM, CyLIECTBYET OBOJIbHO OOIIMpHAasl rpylna YUCIEHHBIX METO-

JI0B, MIO3BOJIAIOIIAsl JOCTATOYHO TOYHO YCTAHOBUTH HANPSKEHHO-IE(POPMUPOBAHHOE
COCTOSTHUE TIOPOJITHOTO MacCHBa B OKPECTHOCTH BbIPAOOTOK IPH JIFOOOM, B TOM YHUCIIE
Y TIPOU3BOJIBHOM, UX PACIIOJIOKEHUU B IIPOCTPAHCTBE.

KOHTpOJILHLIe BOIIPOCHI

1. HazoBuTe Hambosiee M3BECTHBIC YHUCIECHHBIE METOIbI, MPUMEHSIEMBIC B T€OME-
XaHuKe?

2. B geMm cocTouT uaes MeTo1a KOHEYHBIX YJIEMEHTOB?

3. Uro Takoe «maTpuia xectkoctn» B MKO?
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Yro Takoe «matpuna ynpyroctn» B MKO?
HasoBure 3tamnsl penienus 3agad reomexannku MKO.
KakoB anroputm pemieHus: ynpyromiactTudeckux 3aaad B MK9?
B 4yem cyTh MeTOA TPAHUYHBIX 3JIEMEHTOB?
UTo Takoe «CUHTYJSIPHOE PELIEHUE» ?
KakoBbl Bo3MoxxHocT MKD 1 MI'D? B duem ux npeuMyliecTBa U HEIOCTAT-
KH?

10.B uem cyTh METO/1a TUCKPETHBIX 3JIEMEHTOB?

11. B uem cyTh BapMallMOHHBIX METOJIOB PELIEHUS 3a7a4 B TOPHOM r€OMEXaHUKeE,
UX MPEUMYLIECTBO MEPE] OCTATBHBIMU METOIaMU?

12. HazoBHTE OCHOBHBIE BAPHALIMOHHBIE METO/IbI, B UEM UX OTIUYHE?

A N
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16. MOJEJIAPOBAHUE TEOMEXAHUYECKNAX
MPOLIECCOB

16.1. O0mme cBeneHNs

Boliie ObUIM paccMOTpEHBI, B OCHOBHOM, AHAIUTUYECKHE METOJbI PEHICHUS
reoMeXaHW4YeCKuX 3aAad. JJi1 OMHOYHBIX BHIPAOOTOK, PACIIONOKEHHBIX B OJJHOPO/-
HOM HM30TPOITHOM TOPOJHOM MacCHBE W MMEKOIIHNX KPYTIyio (HopMmy MmomepedHoro
CEUYCHMS, TaKHe PEIICHUS MOXHO TOJIYYHTh B 3aMKHYTOM Buae. B cimyudae Oonee
CIIOXKHOUM (OPMBI TIOTIEPEYHOTO CEYEHHUSI HCCIEAYEMBIX BBIPAOOTOK MPU HATUYHH
MIPUMBIKAIONIETO BBHIPAOOTAHHOTO MPOCTPAHCTBA U CTPYKTYPHBIX HEOTHOPOTHOCTEH
MOPOJHOTO MAacCHBA, MPUOETAIOT K YWCICHHBIM MeToAaMm wuccieaoBanuii. Ho u B
3TOM CJIy4yae HE YAAeTCsl BOCIPOM3BECTH B JOCTATOYHO IMOJHOW MEpE Ipolecc Je-
dbopMHpoOBaHUs MOPOJHOIO MACCHBA MO MEPE CO3JaHMUsl B HEM UCKYCCTBEHHBIX TOJIO-
cted. OTHUM U3 METOJIOB MCCIIEIOBAHUS CIOKHOCTPYKTYPHBIX OOBEKTOB B reoMexa-
HUKE SIBJIETCS MOJEIIMPOBAHUE B JTJAOOPATOPHBIX YCIOBUSIX PA3IUUYHBIX (PU3UUECKUX
MIPOIIECCOB TOPHOTO MPOU3BOACTBA. Llenb MoaenmpoBaHus 3aKI0YaETCs B BOCIIPOU3-
BEJICHUM M U3YYEHUU Ha MOJeNH (PU3MYECKOTO Mpoliecca, MoJ00HOro MpoUCXoas-
HIEMY B HATYPHBIX YCIOBUSX. MeTOa MOAENIMPOBAHUS MO3BOJISIET HA YMEHBIIEHHBIX
WJIM YBEJIWYEHHBIX MO OTHOLICHHIO K ACHCTBUTEIBHOCTH MOJEISIX MPOBOJAUTH Kaye-
CTBEHHBIE Y KOJIMYECTBEHHBIE JIETAIbHBIC UCCIIEIOBAHMS N3Yy4aeMOro mpolecca.

SIBNSASICH OTHUM U3 OCHOBHBIX COCTABJISIIOIIMX KOMIUIEKCHBIX MCCIEAOBAHUM,
METO/Ibl MOJICITUPOBAHUS JOCTATOYHO IIUPOKO UCIIOJIB3YIOTCS B PA3TUYHBIX 00JIACTSIX
COBPEMEHHOI0 €CTECTBO3HAHMSI U TE€XHUKHU. [[pUMEHHUTENBHO K MEXaHHUKE IMOJ3EM-
HBIX COOPY>KEHUH 3TH METObI MO3BOJISIIOT BBISICHUTH OCHOBHBIE KaU€CTBEHHbIE 3JIe-
MEHTBI MEXaHW3Ma MPOIECCOB CABKEHUS, NeGopMalii U pa3pylIeHus] TOPHBIX TO-
pOJ MPU BEJECHUU OYUCTHBIX WM MOATOTOBHUTENIBHBIX padOT, SBISASICH HEOOXOIUMBIM
ATAroM IpH pa3paboTKe HOBBIX TMIIOTE3 U TEOPUH, a TAKKE MPOBEPKHU pELICHUH, MO-
JyYEHHBIX aHATUTUYECKUMH METOIAMM.

B MexaHuke TOpHBIX MOPOJ, M3y4YaloIlleW, Kak MpaBuio, OOBEKTHl BEChMa
OOJBIINX pa3MEPOB, MPUMEHSIOT MOJEIUPOBAHNE, CBI3AHHOE C YMEHBIIIEHUEM a0Cco-
JIOTHBIX pa3MepoB 00beKTOB. 1o mpuHIMIaM, Ha KOTOPBIX OHO OCHOBAHO, pa3jinya-
0T MOJEJIHMPOBAHUE JBYX BUAOB: u3nueckoe u aHajgorosoe. [lepBoe npenycmar-
pUBaeT BOCCO3[IaHHUE B MOJEIHM TE€X K€ CaMbIX (PU3NYECKHX IOJICH, KOTOphIC k-
CTBYIOT M B OOBEKTE HATYPhI, HO U3MEHEHHBIX 110 CBOMM a0COJIFOTHBIM 3HAYCHUSM B
COOTBETCTBUH C MPUHSATHIM MAacCIITa0OM MOJETUPOBaHMS. AHAJIOTOBOE MOJIEINPOBa-
HUE TMpEeAyCMAaTPUBAET 3aMEHY B MOJIEIH OJHHMX (PU3WYECKHX IMOJeH APYruMH,
HalpuMep, 3aMEHY HATypHOTO IMOJSI MEXaHMYECKUX HAIPSHKEHUN 3JIEKTPUYECKUM
nojieM B Mojienu. [Ipu 3ToM Ha MOJIENAX U3y4aroT 3aKOHOMEPHOCTH SIBIEHUN U MPO-
[IECCOB, MPOTEKAIOUIMX B HATYPHBIX OOBEKTAX, UCIOJIb3Ys] MAaTEMAaTUYECKYIO0 aHAJIO-
THI0 PA3JIMYHBIX N0 (PU3NYECKON MPUPOJIE POLECCOB, T.€. MATEMATHUYECKYIO TOXKe-
CTBEHHOCTh OCHOBHBIX 3aKOHOB U COBHaJeHUE Au(depeHIuanbHbIX ypaBHEHUH,
ONMCHIBAIOIINX 3TH MPOLIECCHI.

MaccuB ropHbIX MOPOJ SIBJIETCS BECbMA CIIOXKHOM CPeNoil, B KOTOPOU MpPH Be-
JIEHUU TOPHBIX PabOT OJHOBPEMEHHO MPOUCXOSAT MPOLECcChl 1eopMUpoBaHUs pas-
JMYHOTO XapakTepa: YNpyrue, ynpyro-riacTU4eCKHe CMEIIECHHUS U pa3pylIeHUE Mo-
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POJl C Pa3pbIBOM CILIOMHOCTH. [loaTOMYy TeopeTnueckue pacyeTsl qehOpMUPOBAHHUS
TOPHBIX MOPOJI, TPOYHOCTH U YCTOMYMBOCTHU TOPHBIX BBIPAOOTOK U PA3IMYHBIX CO-
OpYKEeHUI B MOPOAHBIX MACCHBAX 4YacTO MPEJCTABISIOT COOON TpYyIHOpPEIIAEMYIO
3agady. HarypHble ncciieioBaHusl OTIMYAKOTCS 3HAYUTEIBHOU TPYAOEMKOCTBIO, BbI-
COKOHM CTOMMOCTBIO, TPEOYIOT JOBOJIBHO JTMTENBHOTO NIeprojia BpemeHu. Kpome to-
r0, B HATYPHBIX YCIOBUSAX OOBIYHO BECbMa OTPaHUYEHbI BOBMOXXHOCTH BapbUPOBAHUS
rapaMeTpaMH CUCTEMbI, TEXHOJOTHEN U MOCIIEI0BATEIBHOCTHIO BEICHUS TOPHBIX pa-
00T, TOrJa KaK IPH MOJICTUPOBAHUH MOYKHO TPOCTEANTH BIMSHUE OCHOBHBIX Tapa-
METPOB B CAMBIX HIMPOKUX IpeIeIIax.

Takum 00pa3om, MOJETMPOBAHUE OTKPHIBAET TaKUE BO3MOKHOCTH W3YUYCHUS
MIPOLIECCOB MEXAHUKHU T'OPHBIX MOPOJ, KOTOPBIE HE NAIOT HUA aHAJUTHYECKUE METOMbI,
HU HAOJTFOICHUS ¥ I3MEPEHUS B HATYPHBIX YCIOBUSX.

B 10 e BpeMst Ha MOJEIISIX HEBO3MOXHO BOCITIPOM3BECTH BCE ACTAIN MOIECIH-
PYEMBIX 00BEKTOB, IOATOMY MOJIETUPOBAHUE MTO3BOJISIET BECTH U3yUEHUE MPOLECCOB
C ONpENENIEHHON CTEMEHbI0 YIPOUIEHUS U CXeMaTH3alMd HATYPHBIX OOBEKTOB, YTO
CYILIECTBEHHO OO0JEer4yaeT WMHTEPHPETALMIO PE3YJIbTATOB IIAXTHBIX HAOIIOIEHUN U
W3MEpPEHU, MO3BOJIsIE ¢ OOJIbLIEH CTENEeHbI0 O000OIEHUsI MPOCIEIUTh U YTOUHUTH
MEXaHHU3M IPOLECCOB M MAKCUMAJbHO IOJHO W3YYUTh BIIUSHUE HA ATU MPOLECCHI
JNENUCTBYIOUX (PAKTOPOB.

OOBIYHO TP pelIeHUH 3a7a4 MEXaHUKU TOPHBIX MOPOJ METOJAMU MOJIETUPO-
BaHMS UCIIBITAHUIO TTOJBEPTAIOT CEPUIO MOJIEICH Pa3INYHBIX MACIITA0OB, UCTIONIB3YS
npu 3TOM HauOosiee 3()PPEeKTUBHBIN i1 pemIeHUs] KOHKPETHOW 3ajJadyd METOJ.
Hampumep, cHagama, Ha MOAENAX MEJIKOTO0 MacmiTaba M3y4daroT OOIIHe 3aKOHOMEp-
HOCTH ITPOLIECCOB B IPEJENIaxX BCErO y4acTKa MACCHBA, IMOJBEPKEHHOTO BIUSHUIO
BEIPAOOTKH, a 3aT€M Ha MOJIEsIX 0oJjiee KpymHOTO MaciiTada JeTaabHO M3ydaroT 3a-
KOHOMEPHOCTHU TIPOIIECCOB B HEKOTOPOM 00JIaCTH MacCHBa, B YACTHOCTH, MPOIIECCOB
B3aMMOJIEUCTBUS TIOPOJ C Kpembio BbIpaboTku. IIpy 3TOM B MOz€IM KpYyHMHOrO Mac-
mTaba BOCIPOU3BOAUTCS JUIIbL HEKOTOPAsi YaCTh MacCuBa, a JACHCTBUE BCEH OCTasIb-
HOM 4aCTH KOMIIEHCUPYIOT C IMOMOILBI HAarpy3KH, OCYIIECTBISIEMON HArpy304HbIMHU
MPUCTIOCOOJICHUSIMU PIYaKHOTO, IPY>KUHHOTO WJIM TUIPABINYECKOrO THIIA.

[lepBble MOMBITKM MOJEIUPOBAHUS MPOSBICHUNA TOPHOTO JaBJICHUS OBLIU
ocymiecTBieHbl B 1885 1. M. daiiojieM, KOTOPbIA paccMaTpPUBAJI CIOUCTHIE TOPHBIC
MOPObI KaK PsiJi HECBA3AHHBIX MEXKY CO00I MOPOAHBIX CIOEB U M3ydall IPOSIBICHUE
nedopmari n3ruda rOPHBIX TOPO HA MPOCTEUIIINX MOJENSIX, COCTOSIINX U3 IMaYKH
MoJI0C, ONuparonieiics Ha ABe onopbl. ONbIThL, NPOJEIAaHHBIE C PA3IMYHBIMU MaTEpPHU-
anamu (3Kelie30, KyCKU TUIOCKUX PYJAHUYHBIX KaHATOB, IJIMHA, CTEKJIO, TUIIC U Jp.),
MOKA3aJId 3aTyXaHWE BEJIUYHH MPOrruda CI0€B CHHU3Y BBEPX, YTO TOCITYKHIO IMOBO-
JIOM JUJIs1 CO3JAHUsI TUIIOTE3bI CBOAA JABJICHUS.

K meromam HaOmoOAeHUNH Ha TPOCTBIX MOJAENSIX OTHOCSITCS TaKXKE OIBITHI
A.Jleona, ®@. JleBuncona-Jleccunra, M.M. [IportoapsakonoBa, [I'. [IInakkenepa,
®.A. benaenko u ap.

Ha cerognsAmHuii 1eHb, y4HUTHIBAs CI0XHOCTh MEXAHMUYECKUX IPOIECCOB,
MPOUCXOMSIIUX B TOJIE TOPOJ MPHU MPOBEACHUU BBIPAOOTKH, METOBI MOJIEITUPOBA-
HUS TTPOJIOJBKAIOT OCTABATHCSI HEOOXOJMMBIM 3B€HOM HCCIIEAOBAHUM.
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Haubonee ynoOHbIM ISl HCCIIEOBaHUS MIPOSBICHUN TOPHOTO JABJICHUS SIBISI-
€TCS METOJ MOJEIMPOBAHMS HA ODKBUBAJICHTHBIX MaTepHalax, IIPEIIOKCHHBIN
I'.H. Ky3nenoBbiM B 1936 1.

Becbma lIEHHBIM METO0M, MO3BOJISIFOLIUM I10Jy4aTh BaXKHbIE OTHOCUTEIIBHBIE
KOJIMYECTBEHHBIE XapPAKTEPUCTUKNA HEOJHOPOIHBIX HAIPSKEHHBIX COCTOSHHMM 3Je-
MEHTOB CJIOKHBIX MEXaHWYECKHUX CHUCTEM, SIBIISIETCS TaKK€ ONTHYECKUM METOJ HC-
CJIEIOBaHUS HANPSKEHHOTO COCTOSIHMSI BOKPYT MOA3EMHBIX BbIPAOOTOK, HA4aJlo KO-
TopoMmy 06110 TosioxkeHo @. JleBunconom-Jleccunrom.

IIpr OMHOBPEMEHHOM NEWCTBUM CWII TSDKECTH M YIPYTOCTH MEXAHUYECKOMY
n0/1I00UI0 YAOBIETBOPSAET METO/ IICHTPOOEKHOTO MOACTUPOBAHNS, Pa3pabOTaHHBIN U
npaktudecku pa3suthbii I .M. IIokpoBckum u ap.

Cpenu apyrux METOJIOB MOJEIMPOBAHMS 3ACITYKMBAIOT BHUMAHHUS JJIEKTPO-
aHaJIOTOBbIE METOJIbl MOJEIMPOBAHHUSA, T.€. HIEKTPUUECKOE MOJETUPOBaHUE (PuU3NYe-
CKHX IOJIEH, a TaKXKe pa3IuyHble KOMOMHUPOBAHHBIE METO/IbI, HAIIPUMEpP, COYETAO-
M€ NPUHIUI METO/1a SKBUBAJIEHTHBIX MATEPUAJIOB U MPUHIUI LEHTPOOEIKHOTO MO-
JNEIUPOBAHUS U JIP.

16.2. Moaenu B MeXaHHKe TOPHBIX OPOJ

OcHOBHas 11€JIb TEOMEXAHUKH, KaK YK€ OTMEYaloCh, COCTOUT B MPOTHO3UPO-
BaHUU MOBEJICHHS MTOPOJHOIO0 MAacCHMBa MPHU CO3JaHUU B HEM HCKYCCTBEHHBIX MOJIO-
creii. mkeHepy erie Ha CTaiud NMPOSKTHPOBAHUS TOPHOIOOBIBAIOIIETO MPEIPHSI-
THS HEOOXOAMMO WMETh 3HAHHWS O TOM, KaKoBa Oy/IeT Harpy3ka Ha Kpemb TOPHBIX
BBIPAOOTOK M BEJIMYMHA CMEIICHUH KOHTYpa MOPOTHOTO OOHAKEHWsI, KaKOBa BEPOSIT-
HOCTh Ta30JJMHAMUYECKHUX MPOSBICHUA TOPHOTO JAaBICHUS, OYAyT JU YCTOWYHBBI
MOoYBa BEIPAOOTOK, OOpPTa KAPhEPOB U OTKOCHI OTBAJIOB, U O MHOTHX JIPYTHUX TeoMexa-
HUYECKHUX TMOKa3aTelsaX, KOTOPbIE MO3BOJIMIN Obl BIOCJIEICTBUU 0€30MaCHO U AKOHO-
MHUYHO OCBaMBaTh 3€MHbIC Heapa. [loaydaroT 3Th 3HaHUA UCCIIEA0BATEIM HA OCHOBE
MIOCTPOEHHMS, MATEMaTUYECKOTO ONTMCAHUS M aHAIM3a COOTBETCTBYIOIIUX T€OMEXAHHU-
YECKUX MOJEJIEN.

MopaenupoBaHue JISKUT B OCHOBE YE€JIOBEYECKOU JAesATEIbHOCTH. MBI BOOOIIE
BOCHPUHUMAEM OKPYKAIOIIUN MUP, KAK COBOKYITHOCTb MOJIEJICH: TICUXOJIOTUYECKUX,
bunocopckux, GU3MIECKUX, SIKOHOMHUUYECKUX U JIPYTUX, KOTOPBIE SIBJISIFOTCS JIMIIb
NPUOTMKEHHBIM OTPAKEHHEM B CO3HAHWHM YEJIOBEKa OOBEKTHBHO CYIIECTBYIOIICH
peanbHOCTH. UeM BHIIIIE YPOBEHBb 3HAHWUN 00 OKPYKAIOIIEM HAC MHpPE, TeM OJKe
MOJIEIN COOTBETCTBYIOT JACHUCTBUTENIBHOCTH. [Ipy 3TOM 04EBUIHO, YTO MOJTHOE COOT-
BETCTBUE MOJIEJIM PEAIbHBIM O0OBEKTaM HEAOCTHKUMO B npuHnune. [lo stomy mnoso-
JTy BBITIOJIHEHBI OOIIMPHBIEC HCCIIEI0BAHUS, HAMCAHbl COTHU KHUT U CTaTEH.

Becema mome3Hoe 0000mieHue 3THX pabOT  BBIMOJHEHO B paboTe
N.N. baexmana, A.Jl. Meimikuca u S.I°. [TaHOBKO. ABTOpBI 1atOT TaKOE OMPEACICHUE
MoJienn: «00beKT M sIBJIsieTCsl MOIeJIbI0 00beKTa A OTHOCHTEJIHLHO HEKOTOPOM
CHCTEMBI S XapaKTepUCTHK (CBOMCTB), ecau M cTpouTcs (MM BbIOMpaeTcs) st
HMHUTAIMN A 10 3THUM XapakTepuctukam». [Ipu 3ToM noj o6beKTOM A Mojapasy-
MeBaeTcs JIFo0oe MaTepuagbHOe TeNo, NEHWCTBUE, cUTyalus. Mojaenb MOXET ObITh
HCCJIEI0BATENbCKOM, /11 U3YYEHUS] YKA3aHHBIX XapaKTEPUCTUK, UK padouend, s
HEMOCPEACTBEHHOIO HCIOJb30BAHUSA, HANpPUMEP, ABTONMMUIIOT, NETCKas HWrpyIlika,
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JNEHbIN U T.II. B reoMexaHuke paccMaTpUBAIOTCS TOJBKO MCCIIEIOBATEIBCKAE MOJIE-
JH.

IIpouecc pemenus 3anad B reOMEXaHUKE COCTOUT, KAaK IIPABWIIO, U3 HECKOJIb-
KHMX OCHOBHBIX JTaIlOB.

Brauane gopmynupyercs oOuiast 3ajjaua U OnpenessieTcsl KOHeuHas Leilb Uc-
cnenoBanuil. Hanpumep, TpeOyercs U3ydnuTh paciipesreseHie HanpsskeHui u pedop-
Mauil (mepeMeleHil) BOKpYr TOpHOM BbIPaOOTKHU U HAMTH TaKUE WHKEHEPHBIE pe-
menus (popma BeIPpaOOTKH, BUA, KOHCTPYKIIHSA, HECYIAsh CIOCOOHOCTh KPEMNH U T.I1.),
IpU KOTOPBIX BBIPAOOTKA OyJIeT MMETh TEXHHYECKYI0 YCTOMYMBOCTH B TEUEHHUE 3a-
JQHHOT'O MPOMEKYTOYHOT'O BPEMEHH.

Crnenyrouiuii, O4eHb BasKHbIH, 3Tall UCCIEOBAHUNI COCTOUT B U3YUYEHUU OOBEK-
Ta MCCJICJOBAaHUN B HATYPHBIX yCJIOBUAX. /{151 3TOro coOMparoT reojJornyeckue, rul-
POTEOJIOTUYECKNE U TOPHOTEXHUYECKUE XAPAKTEPUCTUKHU TOTO Yy4acCTKAa MOPOIHOTO
MaccuBa, B KOTOpOM OyJeT coopykaTbcsi BbIpaOoTka. IIpu HEoOXxoaumocTu npous-
BOJAT OTOOp MPOO JINTOJIOTMYECKUX PA3HOCTEH, U3rOTOBIEHUE MOPOAHBIX 00pa3lioB
Y UX UCHBITAaHUE B YCIOBUSIX CEPTU(ULUPOBAHHBIX J1a00paTOpuil.

VYcTanaBnuBaroTCs (PU3MKO-MEXaHUUECKHUE XAPAKTEPUCTUKHA BMEIIAIOIIUX I10-
pOJl, UX CIOUCTOCTh U TPEILMHOBATOCTb, Pa3MEPbl M PACIOJOKEHUE BBIPAOOTKH B
IPOCTPAHCTBE, CIIOCO0 COOPYKEHHUS, CPOK CIIy>KObI U T.I. Eciu cyliecTBYIOT aHalo-
I'MYHblE OOBEKThI, HATPUMEDP OJHOTHUIIHBIE MOJArOTOBUTEIbHBIE BEIPAOOTKH, KaMepHlI,
TO C LIENBI0 cOOpa JOMOJHUTENbHON HMH(OpPMAIMK B HUX YCTPauBalOT 3aMEpHBIC
CTaHIIMH, B IpeJeiax KOTOPBIX MO pa3pabdOTaHHONH METOJWKE BBIMOIHSIOT COOTBET-
CTBYIOILIME HATypHbIE M3MEpPEHUS. AHATU3UPYETCS OMBIT 3KCIUTyaTallud MOJIOOHBIX
00BEKTOB B CXOJHBIX TOPHO-T€OJIOTHUECKUX ycaoBHsIX. COOpaHHbIE TaHHBIE SBISIIOT-
Csl OCHOBOM ISl MPOBEACHUS Ja0OPATOPHBIX HCIIBITAHUN Ha (PM3MYECKH peasiu3ye-
MBIX MOJEJIAX, HAIIPUMEP, C TOMOIIBIO ONTHYECKOTO MOJEIUPOBAHUSA, MOJAEIUPOBA-
HUS Ha DKBUBAJIEHTHBIX MaTepuasax, IEeHTPOOEKHOTO MOAECIUPOBAHNUS U T.11.

JlanHble (QU3NYECKOrO0 MOJEIMPOBAHUS B COBOKYIHOCTH C pe3yJibTaTaMu
HATYPHBIX U3MEPEHUH SBIIIFOTCS TEM HCXOJHBIM MATEPUAIOM, IIOCPEACTBOM KOTOPO-
IO CO3JAK0TCA TaK Ha3bIBacMble (PM3MYECKHE YMO3PUTEIbHBIE MO/IEJIH.

TakoBBIMU SBIISIFOTCS, HAIPUMEP, CIUIOMIHAS YIIpyras Cpella B TEOPUU YIIPYTo-
CTH, UJICAJIbHOM IIAPHUDP B CTPOUTEIBHOM MEXAHHUKE, ChIIlydasl Cpela B CTATUKE ChI-
ny4yel cpenbl U T.I. YMO3pUTENIbHBIE (PU3NUECKHE MOJEIM JOCTATOYHO OJIM3KO OT-
pakaroT n3y4aeMblii OOBEKT, HO HE UMEIOT CBOWCTBEHHBIX €My J1e(heKTOB, HECOBEP-
LICHCTB.

Ha ocHoBe ymo3puTenbHOM (PU3NUYECKON MOJEIN CO3aeTCsI MaTeMaTHyecKast
mMojeab. Cieayer OTMETUTh, UTO B 3aBUCUMOCTH OT LI€JIEW HCCIEA0BaHMs, COCTOSHUS
MAaTEeMaTHYECKOTO aIllapara, UMEIMNXCS BO3MOKHOCTEW BBIYMCIMTENBHBIX MAIIUH
OJIMH U TOT k€ 00BEKT MOKET UMETh HECKOJIbKO HEIKBUBAJICHTHBIX MOJIETICH.

Tax, Hampumep, OAMH U TOT K€ OOBEKT MOXKET OBbITh OMHMCAH C MOMOUIbIO
YOPYIOW M YIPYrOIUIACTHYECKOW, JTUCKPETHOM M HENPEPBIBHOM, AETEPMUHHUPOBAH-
HOM M CTOXAaCTHYECKOM, a TakKe IPyrux Mojesneii. Muorooopasue Mojeneid 0JHOro
U TOTO K€ 00BEKTA MO3BOJIIET PACCMOTPETh €0 C Pa3HbIX TOUEK 3PEHMSI, BBIIEIASA U
IIOYEPKUBAsl HHTEPECYIOIINE UCCIEA0BATEIN apaMeTpbl. Takol MOAX0X MO3BOJISIET
HOJIyYUTh TOCTATOYHO TIIyOOKHE M BCECTOPOHHME 3HAHHUA O MpOoLEeccax, IPOUCXOas-
[IUX B OOBEKTE.
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Ecnn marematnyeckass MOAenb BbIOpaHa, TO CTENEHb ONTHUMAIBLHOCTU €€ TO-
CTPOEHHUs OIPEACIACTCS YPOBHEM AJE€KBATHOCTU U YMCJIOM HE3aBUCHMBIX IIEPEMEH-
HBIX, T.H. YIPaBJISIIOIIMX apamMeTpoB. To ecTh, C OJHOW CTOPOHBI MaTEMAaTHYECKAs
Mozienb M oikHa ObITh aJIEKBaTHA PEAIbHOMY O0BEKTY 4 B paMKax MU3y4yaeMbIX Xa-
paKkTepUCTUK (CBOMCTB) S, a € Ipyrol CTOPOHBI — MOJIyYEHHBIE PE3YJIbTAThl JOKHBI
OBITh JOCTYIIHBI aHAJIM3y U NOHMMaHUIO. [locnenHee BO3MOKHO TOJIBKO B TOM CITy-
Yae, eCIM YHUCIIO YIPABIISIOIINX IapAMETPOB CPAaBHUTEIBHO HEBEJIMKO U, BOOOIIE Io-
BODsI, HE MPEBBILIAET TPEX, a NHOT 1A JAX€E OJJHOTO.

Coznianne Mojelnel 3TO U HayKa, U B TO K€ BPEMs UCKYCCTBO, YPOBEHb KOTO-
pOro BO MHOI'OM OIPEAEIIAETCS IMYHOCTHIO M ONBITOM HCCIIEJOBATES.

[Tocne Toro, kak MaTemMaTH4ecKas MOJENb O0bEKTa OIpeeeHa, BHIOMpaeTcs
MeTO/ MCCJeJ0BaHUi, HA OCHOBE KOTOPOro OyJeT BBIMOJIHEHA pealu3aius 3TON
monenu. [lpu sTom HeoOXxoaumo 3apaHee MPEACTaBIATh HEOOXOAMMYIO TOYHOCTD
BBIUMCJIEHUM, KOTOpasl OJKHA COOTBETCTBOBATH IPUPOJIE M3ydaeMoro oobekra. B
I€OMEXAaHHUKE ITO TOPHbIE BBIPAOOTKH, PACIOIOKEHHBIE B IOPOJHOM MAacCHUBE, OIpe-
JesieHne (PU3NKO-MEXaHUYECKMX CBOMCTB KOTOPOTO BO3MOKHO CO CPaBHUTENIBHO He-
BBICOKOU CTENEHbIO TOYHOCTH.

B 510l CBA3M HET CMBICIIA NIPUBJIEKATh K PEIICHUIO MAaTEMaTUYECKOW MOJEIH
METO/IbI, JAOIINE HEONIPABJAHHO TOYHbIE pe3yibTaThl. Tak, HalpuMep, MpU UCIIONb-
30BaHUU YMCIEHHBIX METOAOB HCCJIEIOBAaHUI HANpsOHKEHUM U AedopManuil BOKPYT
BBIPA0OTOK 3JIEMEHTHI, HA KOTOPbIE pa30MBaETCs MAcCHUB, JOJKHBI UMETh pa3yMHBIC
pa3Mephbl, YUCIO0 UTEPALMA NPHU PEIIEHUH ONPENEIEHHOIO Kilacca yInpyroruiacTuye-
CKHUX 3aJa4 JOJKHO ObITh CPAaBHUTEIBHO HEOOIBIIUM H T.1.

[Tocne Toro, Kak Ha OCHOBE BBHIOPAHHOTO METOJA pEIllleHa MaTeMaThdecKas
MOJIeJIb, POBEPSIETCS €€ a/IEKBAaTHOCTh PEATbHOMY OOBEKTY ITyTEM CPaBHEHUS IMOJIY-
YEHHBIX PE3yIbTATOB C HATypHBIMH M JIabopaTOpHBIMU H3MepeHusMu. Ecnu coBma-
J€HUE ITUX PE3ylbTAaTOB SIBISIETCA JOCTATOYHO OJM3KUM, TO MOCTaBJIECHHAs 3aJaya
pelIeHa U MOKHO MPUCTYIUTh K UX OCMBICICHHIO, (POPMYJINPOBKE BBIBOJOB U OIpeE-
JEJICHUI0 HaIlpaBJICHUN JAJIBHEUIIEr0 NMPUMEHEHHS YCTaHOBIICHHBIX 3aKOHOMEPHO-
CTEN.

16.3. OcHOBHBIE N0JI0KEHHUS TEOPUH MOA00UA

C yderoM cneuu(uku TOpHOTO JAefia BETUYMHBI, MOJyUYEHHBIE HAa MOJENX,
HEJb3d MEXaHWYECKH MEPEHOCUTh HA HATYPHBIE YCIIOBUS MPOCTHIM YMHOKEHHEM Ha
COOTBETCTBYIOIIMK MaciiTab. B ocHOBe MonenupoBaHus (PU3NUYECKUX SIBICHUH Jie-
KUT yUY€HHE O MOJ00MH, OCHOBBI KOTOPOTO 3anoxensl eme M. Herotonom, chopmy-
JUPOBABLINM 00I1llee TOHATHE JUHAMUYECKOTO 000U MEXaHUYECKUX CUCTEM.

OcHOBHBIE CBOMCTBA MOJOOHBIX SIBICHUN U MPU3HAKH MOAOOHUS paccMaTpHBa-
€MBIX SIBJICHUN MEXy cO00M XapakTepu3yloTcsa TpeMs Teopemamu nogoous. [lepsas,
yctanoBsieHHas JK. beptpanom B 1848 r., ocHOBaHa Ha OOIIEM MOHITHU JUHAMHUYE-
ckoro mnoaobust HpoToHa W BTOpOoM 3akoHEe MeXaHWKM HploToHa. AKkajeMuK
M.B. Kupnnues gaet cieayroiyio GopMyIupoBKY MepBoi Teopembl nogoous: «Ilo-
TOOHBIMU Ha3bIBAIOT SIBJICHUS, IPOUCXOMAIINE B T€OMETPUUECKU MOJOOHBIX CHUCTE-
Max, €CJIM Y HUX BO BCEX CXOJICTBEHHBIX TOUKAX OTHOUIECHUS! OJJHOUMEHHbBIX BEJTUYHH
€CTh MOCTOSIHHBIE YHCIIA.
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Bropas Teopema mogobust cpopMynrpoBaHa B Hauasie XX B. HE3aBHCHUMO JIPYT
ot npyra Jlx. bykunremom u A. ®enepmanom. OHa ycTaHaBIMBAET BO3MOYKHOCTH
npeoOpa3oBaHus (PU3NUECKOrO YPaBHEHMSI CBSI3U, ONMMCHIBAIOLIETO JAaHHOE SIBJICHUE,
IIPU 3TOM IOJIy4aeTCs YpaBHEHHE, COCTABIEHHOE U3 KPUTEPHUEB (UM MHBAPUAHTOB)
nojo6busa. CorsacHO BTOpPOM TeOpeMe pe3yJbTaThl ONBITOB MO M3YYEHHMIO KaKoOro-
a100 (U3NYECKOTO SBJICHUS, NMPEACTABICHHBIE B BUJE KPUTEPUAIBHBIX YpaBHEHUM
CBSI3U, MOXKHO TIEPEHECTH HA JPYTUE SBJIEHUS, IOJOOHBIE NCCIEIOBAHHOMY.

Tperpss Teopema momobust chopmynupoBaHa W aokazana B 1930 r. axan.
M.B. KupnuueBbIM U HOCUT Ha3BaHHME TEOpPEMbI O CyllecTBOBaHUHU moaoous. Co-
TJIACHO 3TOM TeopeMe, AJis CYIIECTBOBAHUS MOAOOHUS MEXTY SBICHUSIMUA HEOOX0IUMO
U JIOCTaTOYHO, YTOOBI ATH SIBJICHUS MMEIU MOAOOHBIE YCIOBUS OJHO3HAYHOCTU U
OJIMHAKOBBIE OMPEEISIONINE KPUTEPUH TTOTOOUS.

3akoH HplOTOHA OTHOCUTCS K paCCMOTPEHUIO IBMKEHUS U PAaBHOBECHUS OJTHOM
MaTepuaabHOW 4YacTUlbl. MeXaHM4YeCcKoe K€ COCTOSHME Ne(OpMUPYEMOro Tejia B
Ka)XJ0M TOYKE C KOOpJAMHATAMHM X, ), Z XapaKTepU3yeTcsi KOMIIOHEHTAMU Harpsixke-
HHUH Oy, Gy, Gz, Ty Tyz, Tr, KOMIOHEHTAMH NEPEMEILEHHS U, U, (0 U KOMIIOHEHTAMH
neQOPMALH €y, €, €7, Yy Yyzs Yoz

Mexy 3TUMHU BEIMYMHAMU, XapAKTEPHBIMU JUISl KQXKI0TO HaNpsSKEHHOIO CO-
CTOSIHUS HAaTypbl U MOJEJIN, JOJKHO OBbITh B3aHMHO OJIHO3HAYHOE COOTBETCTBUE, TAK
KaK TOJIKO IPU 3TOM YCJIOBHUU MOYKHO IYTEM MOJEIMPOBAHUS OINpPENEIUTh HATYp-
HbI€ BEJIMUYMHBI CMELLEHUS OPOJ U JABJIEHUS UX Ha KPETIb.

JUis BBIAICHEHUS YCJIOBHUI, OOECIEUMBAIOIIMX CYIIECTBOBAHUE OJHO3HAYHOTO
COOTBETCTBUSI MEXAHUYECKUX COCTOSIHUN HATYpbl U MOJIEJH, JIOJKHA ObITh PACCMOT-
peHa B 00IIeM BHJIE CUCTeMa YpaBHEHHI, oTpaxaromias 1e(GopMHUpOBAaHHOE COCTOS-
Hue cpeabl. [1ockoIbKy MpoIeccs CABMKEHUS U 1e(OPMUPOBAHUS TOPHBIX MOPOJ B
OKPECTHOCTH BBIPAOOTKH SIBJISIOTCSI BECbMa MEJICHHBIMH, TO UHEPIIMOHHBIMH CHJIa-
MU MOKHO NpeHeOpeub M TOrJa ypaBHEHHUS PaBHOBECHS MOTYT OBITh 3alucaHbl B
cnenytomei hopme:

aO-x az-x)/ 87'-)52

+ + =7
0Xx oy 0z
6ryz+ oo | 07, _ 0.
0Xx oy 0z

0

ot . N T, N 0o ., _ 0.
0x oy 0z

Mexanudeckoe 1mojooue mpoIeccoB B MOJICNIM U HAaType OyneT obecrnedeHo,
€CJIM 3alMCaHHbIe JIJI1 MOJIENTM U HAaTyphl B O€3pa3MepHOM BHUJIC YPaBHEHUS paBHO-
BecHusi OyJyT TOXXKJECTBEHHO COBIIa/aTh. BBeaem Oe3pa3zmepHble KOOPIAUHATHI U
HaIpPsOKCHUS:



243

x=Igy=Inz=1g;
o.=yIR.;;o,=yIR ;T =VIR,,

TOTJIa ypaBHEHUS! PABHOBECUS IPUMYT CIEAYIOIIUMA BUI:

OR. OR, OR.

+ _=
of  on o

U T.0.
Ji1st Toro 94T00BI 00eCTIeYnTh TPEOyeMOe TOXKIECTBO ypaBHEHUI paBHOBECHS
JUISL HATypbl U MOJIETIH, HEOOXO0IMMO, YTOOBI JTF0O0H KOMIIOHEHT O€3pa3MEPHOTO

_(ow),

“ OBLJI paBEH COOTBETCTBYIOIIEMY

© (),

HanpsDKEHUs B HAType (Rik)

(Gik) (Gik )H Y Vo

— M A ; Jp— . Z_H — 2{
KOMIIOHEHTY B MOJIEJIH ( Rik) =~ %x  [o3TOMY = ;- ,
M

M ( y / )M ( O, ).w Y Y

rae A — JUHEeWHBIM MacmTad MoaenupoBaHus. CiemoBaTelbHO, MacIITad HampsxKe-
HAU

Zuy
Vo

IL[:

3nech U Aanee MHAEKCOM «H» O0O3HAuYEHBI MapameTphbl HATypbl, HHIECKCOM
«M» - MOJIeTH, | — TMHENHBIN pa3mep, Y — 00beMHBIN BeC (TNIOTHOCTH).
Macmrad cun () MmoxkeT ObITh HaliJIeH YMHOKEHHEM MaciluTada HarpsHKeHUN
Ha MacIuTad MIomaaei, T. e.

p=Lrgpr=Lup,
7/414 7//\4

[Tpu xapakTepucTUKe TOTO WJIM WHOTO MpoIlecca MeXaHM4ecKoe moaodue Mo-
XKET OBITh ONPEIEICHO 3a/laHueM TEePEXOAHBIX MHOXKHUTENICH WM MaciTaboB s
JUTMH (reoMeTpruYecKoe moao0ue), s BpeMeHH (KMHEMaTHYecKoe Mojo0ue) u s
Macc (IMHaMUYECKOe Mo00ue).
Ycii0BHEe TeoMeTPUYeCKOro MOJA00Us TSl IBYX MOJOOHBIX CHCTEM COCTOWT
B TOM, YTO BC€ pa3Mephl MPOCTPAHCTBA, 3aHIATOTO CHUCTEMOW B MOJIEIH, U Pa3MEphI
OTJIETHHBIX PJIEMEHTOB MOJICTTH U3MEHEHBI B OTIPEICTICHHOE YHCIIO Pa3 IO CPABHEHUIO
C COOTBETCTBYIOIUMH pa3MepPaMH HATYPHOU CUCTEMBI.
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Ycji0BHEe KMHEMATHYECKOT0 MOJ00MA 3TUX CUCTEM COCTOHUT B TOM, YTO JIIO-
Oble CXOJICTBEHHbIE TOUKH (YaCTHUIIBI) CUCTEM, JBUTASCH MO I€OMETPUYECKH MOA00-
HBIM TPAEKTOPUSAM, HMPOXOJIAT T€OMETPUUECKU MOOOHBIE MyTH B MPOMEXKYTKU Bpe-
MEHH, OTIMYAIOIINECS TTOCTOSHHBIM MHOXHUTEJIEM.

YcaoBue TMHAMUYECKOT0 MOJX00MS CUCTEM COCTOUT B TOM, YTO MAacChl JIO-
OBbIX CXOJCTBEHHBIX YAaCTHUI[ 3THUX CHUCTEM OTIMYAIOTCS APYT OT JApPYyra MOCTOSHHBIM
MHOXHTEJIEM.

JJi1 MOIETMPOBaHUS TIPOLIECCOB B YCIOBHUAX TUIACTUYECKOTO Je(OPMUPOBAHUS
(0e3 yuera BpeMeHH) HEOOXOAUMO, UTOOBI YpaBHEHUS, CBS3bIBAIONINE AeopmManuu u
HANpPsDKEHUs, ObUTH TOXKIECTBEHHBI KaK JJI HATyphl, TaK U JJIsl MOJENU MPH YCIOBUU
HaIMMCaHus ux 6e3pa3MepHOi (OPMEI.

BaxHbIM 351eMEHTOM B COOJIIOICHNH YCIIOBUH MOI00US SIBISIETCA OTPAXKEHUE B
MOJIEJIN CTPYKTYPHBIX M TEKCTYPHBIX OCOOEHHOCTEH MacchBa — CIOMCTOCTH, KJIMBa-
’a, OTJENIbHOCTEH U Tp.

OnHako, KOJMYECTBEHHAs! OLIEHKA T'€0JIOTO-NeTporpapruuecKux 0CoOeHHOCTEN
CTPOCHHUSI M CJIOXKEHHS MOPOJ BECbMa 3aTPYAHUTENbHA, OTCYTCTBYIOT IMOKa OOBEK-
TUBHBIE CTIOCOOBI KOJIMYECTBEHHOTO yueTa 3TUX (DaKTOPOB MPH OLEHKE MPOYHOCTHBIX
CBOICTB MaccrBa Kak IeJI0T0.

16.4. MeTo1 5 KBMBAJIEHTHBIX MATEPHUAJIOB

OTOT METOJ MPUMEHSIIOT JUIsl UCCIIEOBAHNS BOIPOCOB, CBSI3aHHBIX C MPOsIBIIE-
HUEM TOPHOTO JABJIEHMS B OYMCTHBIX MOATOTOBUTEIBHBIX BBIpAOOTKax IpH paspa-
OOTKE MECTOPOXKJIEHUI MOJIE3HBIX MCKOMAEMBbIX; B MOJ3EMHBIX KAalUTAJIbHBIX BbIPA-
00TKax; MpU U3YYEHUU BOIPOCOB, CBSI3AHHBIX C MOPOJAMH, CIBUKEHHUS MAacCHBOB U
Ipyrux (U3MUYECKUX MPOIIECCOB, MPOUCXOASIINX B MACCUBAX B CBSI3U C MIPOBEICHUEM
B HUX TOPHBIX padoT.

N3yuyeHue Bcex 3TUX BOIPOCOB aHATUTHYECKUM METOJOM U HENOCPEICTBEHHO
Ha MPAKTHKE CBA3aHO C OOJBIIMMU TPYJHOCTAMHU, ITO3TOMY HCIIOIB30BAHHE METOMA
MOJICTIUPOBAHUS UMEET OOJIBIIIOE TEOPETHUECKOE U MPAKTUIECKOE 3HAYEHHE.

B npensoennsie rogst B0 BHUMU I'.H.Ky3neunoBbim Obu1 pazpaboTan MeTon
MOJIEJIMPOBAHUs, B OCHOBY KOTOPOTO Oblja MOJIOXKEHA UESl CO3/IaHusl MOJIENel rop-
HBIX MAaCCHBOB M3 MCKYCCTBEHHBIX MaTE€pUaJIOB, SKBUBAJIECHTHBIX 10 CBOMM Aedop-
MAaIMOHHBIM U IJIOTHOCTHBIM CBOMCTBaM FOPHBIM IOPOAAaM MPU IPUHATOM MacliTade
MozenrpoBanus. Ceiluac 3TOT METO/ IIMPOKO UCIOJIb3YeTCs 110 Ha3BaHuEM MOM.

CyIHOCTh METO/la SKBUBAJEHTHBIX MAaTEpUAJIOB 3aKJIIOUAETCS B TOM, YTO Ha
(¢u3NYECKUX MOJENAX C M3BECTHBIMU JOINYIIEHUSAMU U IPU COOJIOJEHUM YCIOBUN
no1001s U3y4ar0T MHTEPECYIOIINe HAC (PU3UYECKHE MPOLECChl U Pe3ylbTaThl 3TUX
UCCIIETOBAaHUM UCHOMB3YIOT JJIsl pa3paboTKy TEOpHH «MEXaHH3May IMpolecca, a TakK-
&Ke Ui pa3pabOTKH MPaKTUUECKUX PEKOMEHAALMN AJs mpombliiuieHHocTu. Hampu-
Mep, MOM mupoKo NpUMEHSIOT A1 U3YUYEHUS MPOLECCa CIBHXKEHHSI ITOPOJ MacCH-
Ba MPU OYUCTHOM BBIEMKE IMOJIE3HBIX UCKOMaeMbiX (puc. 16.1).

[Ipn nocTtaToyHOM yJajJ€HUW OT LITPEKOB XapakTep MNPOSBICHUS HaBICHUS
TOPHBIX HOPOJl HA Kpelb BO BPEMEHU OYyAET M3MEHATHCSA TOJBKO B HAIPaBICHUU
JBUKEHHSI OUUCTHOTO 3a004. CrenoBaTenbHO, 3ajjaua U3yYeHUs! JaBJICHUs TIOpOJ B
OUHMCTHBIX BBIPA0OTKaX CBOAMTCA K IUIOCKOM M paccMaTpUBaeTCs Ul cedeHust A—A.
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Ha mmockoit momenu (cm. puc. 16.1, 6) ¢ cobmroaeHnemM ycioBuid Mog001s BOCIIPOU3-
BOJIUTCS TIPOIIECC BBICMKH IMOJIC3HOTO MCKOMAEMOr0, B pe3ybTaTe KOTOPOTo B MOJIe-
JIM TIPOUCXOJIUT MPOLIECC CABUKCHUS TIOPOJI, TOJ00HBIN HATYype.

A-A

Puc. 16.1. Cxema k MOJIETUPOBAHUIO 33/1au JepopMaliuii TOPHBIX MOPOJI HA
SKBUBAJICHTHBIX MaTepualiax: @ — oopasel; 0O — MOJIeb.

B ocHOBe MeTOza JIEKUT TEOPHsI MEXaHUUECKoro noaoous HetoToHa, koTopas
IpeJnoiaraeT reOMeTpUIecKoe, KHHEMaTUYECKOEe U JUHAMHYECKOe 0 00us.

['eomerpuueckoe nogobue. ObecrneynBaeTcss B TOM Cilydae, €Clid Bce JIMHEH-
HbIE pa3Mepbl OyAyT YMEHBIIEHBI B OMPEICICHHOE MMOCTOSHHOE YUCIIO Pa3 MO CPaB-
HEHMIO C TOM 00JIaCThIO HATYphl, B KOTOPOIl U3y4aeTcs JaHHOE SIBJICHUE.

/' " fi
—H__H_ —_H_(C (16.1)
f' g” fl /
M M C
rane /,,0; — JHMHEWHbIE pa3MePbl MOJEIN U HATYPbl, COOTBETCTBEHHO.

Kunemartuueckoe HO,ZIO6I/IC 6y,Z[CT 00eCIIeYeHO B TOM clIy4dac, €CJIn CXOACTBCH-
HBIC YaCTUIIbI, ABUTAACH II0 TICOMCTPHYCCKHU HOI[O6HBIM TPACKTOPHAM, IIPOXOIAT
TCOMCTPHUUICCKU HOI[O6HBIC IIyTH B IIPOMCIKYTKHU BPCMCHHU, OTIIMYAIOIINUCCS IMOCTOSMH-
HBIM MHOXXUTCIICEM, T.C.

=E_ =—E-(

(16.2)

i T
M
I[I/IHaMI/I‘ICCKOC HOI[O6I/IC HMECT MCCTO B TOM CJIy4dac, €CJIM MACChI IBYX CXOJ-

CTBEHHBIX YacCTHIl (COOTBETCTBYIOIIUM OOPAa30M PACIOIOKEHHBIX B MPOCTPAHCTBE U
BPEMEHH) OTINYAIOTCS APYT OT Apyra B OJTHO M TOXKE YHUCIIO pa3

m
LR B e (16.3)
m
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Bripasus B paBeHcTBax (16.3) maccy yepe3 00beM U MIIOTHOCTh, MOTYyYUM

3
C, =2Pu (16.4)
(P
nIIn
C,=C,C}, (16.5)
e
Pu
C,="1 (16.6)
Py

Tak kak MHOXUTENb moaoouss C, 3agaH TeOMETPUUYCCKUM I0I00MEM, TO JIJIs
COOJIIOZICHUS YCIIOBUM TMHAMUYECKOTO MOJ00HUS JOCTATOYHO 3a7aTh COOTHOIICHHUE

G

22
C,CCy
Kask MHOYKUTEH TI0TI00MS 4epe3 COOTBETCTBYIOIINE COOTHOIICHHS U MTPOU3BEIS Mpe-
obOpasoBanus, OyeM UMETh HHBApUAHT Mo100mst HpioToHA

mnotHoctei, T.e. C,. 13 ycnoBus MeXaHHYECKOro mogodus ( =1), BbIpa-

V4 p .
1 = M— =iden=N,. (16.7)
pulivy p L2V '

CrnenoBaTenbHO, ONPENEINB NapaMeTpbl MOJEIH, PU KOTOPBIX COOTHOLIECHUS
MHOKUTENEH MOJ00us yAOBIETBOPAIOT yCiaoBUIO (16.7), MBI MOJYyYUM MOJAENH, AH-
HaMHUYECKHE MPOIECCHl B KOTOPOIl OyIyT MOOOHBI COOTBETCTBYIOIIMM IIPOIECCaM B
HaType.

OOpamasicb K KOHKPETHOM 3ajjadye O JaBJICHUM MOPOJ Ha Kpenb MOA3EMHOU
BbIPa0OTKH, YCTAHOBUM KPUTEPUU MOJOOUS U MHOXKUTEIM MOAOOUS Il MOJEIUPO-
BaHUs yKa3aHHOIO Ipoliecca MeTooM OM.

Ha ocHoBaHMM BBIIIEN3]I0)KEHHOTO BBIJEINM OCHOBHBIE CHJIbI, KOTOPBIE OIpe-
JEJIAI0T XapakTep GU3NYECKOTo MpoIiecca.

B nepBoM mpuONIMKEHHH MOKHO OTPAaHUYMTBHCS Y4ETOM JBYX POJAOB CHII, a
MMEHHO: BHEIIHUX CHJI — TSKECTU U BHYTPEHHUX CUJI — HAIPSDKEHU, BOZHUKAIOLIUX
B ITOPOJIE.

[Ipeobpazyem dopmymny (16.7), Beipaxkaromryto oOmuii 3akoH momaooust Hero-
TOHA JJIS CIy4yas COBMECTHOI'O JEHCTBUS CHJI TSXKECTU U BHYTPEHHHMX HaIPSKEHUU.
3ameHsis B Hel 3HaU€HHsI KBaJIpaTOB CKOPOCTEHN Yepe3 YCKOPEHUS U JJIMHBI, TOJTy4YUM

Pu o Pu_ —idem. (16.8)
pHaHzH pMaMfM
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B nannom cnyuae nedopmanius U paspylieHHe TOpPOAbl MPOUCXOIUT 3a CUET
JEUCTBUS CUJT TSKECTH, T.€. A = g .

pMaM :ngM :’YM’

, 16.9
rae  y — OOBEMHBIN BEC MaTepHaa.
Brenem B (101) o603HaueHue
9]
— = N(0), (16.10)

2

MOJi KOTOPBIM TOJIpa3yMeBaeM IpeelibHbIE HANPSIKEHUs: Ha PAaCcTsDKEHHE, CKaTHe,
CABUT WK Je(hOpMaIlMOHHbBIE XapaKTEPUCTUKH TTOPO/I.
[ToncraBus 3aBucumoctu (16.9), (16.10) B (16.8), nonyuum

N .
K=—=—"%"_=idem,
Yl Y, 0,
(16.11)
rae  E — 0e3pasMepHOE YMCIIO, SBISIOIIEECS ONPENETISIONMM KPUTEPUEM I10-

00us.

Ha ocHOBaHWM MOJIy4EHHOTO BBIPAKEHHUS MOYKHO YCTAHOBHUTH OCHOBHBIE TpeE-
OoBaHUS K MOJIEC/IM, 00eCIICUMBAIONIMEe MEXaHUUECKHE IT0I00ms siBieHus. Eciau Mo-
JieJib U3TOTOBUTH M3 MaTepuayia HaTypbl, TO OyJeM UMETh OJWHAKOBbIE (DU3UKO-
MEXAHUYECKHE CBOMCTBA U HATYPBL: Ny = Ny Yy = Var-

OpmHako CMBICT MOJYJIMPOBAHUS B JJAHHOM Cllydae 3aKJII0YaeTCsl B TOM, YTOObI
reoOMETPUYECKUE pa3Mepbl MOZAEIU ObLIIM MEHBIIIE Pa3MEPOB HATYpBI, T.€. /; #/; .

B stom ciyuae paBenctBo (16.11) He umeer mecta. JlJist cOXpaHeHUs yCIOBUI
€ro HHBAPUAHTHOCTH CIleayeT Tmojaratb, 4rto Ny = Ny Yy # VYu WM
Ny # Ny, Yu# Yu.-

B nepsom ciyuae

vM==va%L, (16.12)

T.€. OOBEMHBII BeC Marepuasia MOJIETH JA0KEH ObITh 3HAYUTENIHHO OOJIbIIE 00BEM-
HOTO Beca MaTepuaia HaTyphl.
Bo BTOpOoM ciyuae

oy
— M M A (16.13)
CoYu M

N

M
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3Has MEXaHW4YECKUE CBOMCTBA MaTepHasa HATyphbl U 3a1aBasiCb COOTHOLIECHUS-
mu ; /0, € v; /v;, NOJy4YuM 3HAYEHUS MEXAaHMYECKUX CBOWCTB Marepuaja Mo-

JIeJH, KOTOPhIe HEOOXOAMMBI JIsl 00ECTICUCHUS TIOTOOMST MOJISTTH M HATYPHI.

[Tpu m3ydyeHun mporiecca pa3pymieHus MOPOJT B KAYECTBE OMPEISIIAIONUX Xa-
PaKTEPUCTUK MEXAaHWIECKUX CBOMCTB MOPOJ OJDKHBEI OBITh B3SITHI TIPEICIIbHbBIC 3HA-
YEHUST MMPOYHOCTH TIOPOJBI TIPH €€ Pa3pylIeHUH, KOTOPhIE MOTYT OBITH OIMPEICIICHBI
yTEM MOCTPOEHUs orudaroieid kpyroB Mopa.

Takum oOpazom, Ipu TOA00PE MaTEPHUATIOB-DKBUBAJICHTOB B KA4eCTBE OIpe/e-
JSIFOIINX XapaKTEPUCTUK MPOYHOCTH IOJIB30BAThCS COBOKYITHOCTBIO 3HAYEHUH Bpe-
MEHHOI'0 COIIPOTUBJIEHHS NOPOJ Ha CXKaTHe R, U pacTshkeHUs R, WM ’Ke COBOKYIIHO-
CTBIO 3HaueHUH kodpduimenTa cuerieHuss C, W yriia BHyTpeHHEro TpeHus tgp. B
ATOM clTydae HeOOXOAMMO COOTIOIATh CICAYIONINE PABCHCTBA!

yCJIOBUE MOA00USI BHEITHUX CHUJI

3
Py =y—Mi—§“ . (16.14)
'YH H

yCJIOBHE MOIO0MS ITPOIIECCOB Pa3pyLICHUS

RC.M. i_M’Y_M RCH;
-
16.15
R E_MV_MRPH ( )
gy Ko
Nnu
C. - lleM C
w! (16.16)
tg w=1g -

Jlsist mo1o0msi MPOIIECCOB MEXAaHWKHM TOPHBIX MOPOJ B OOJACTH YHPYTHX -
dbopmaruii co0II01aI0TCS PAaBEHCTBA

E, = Y—MK—MEH .
Yu £ (16.17)
Hy =H H®
rne £ — wmoayas yopyrocta; p— kodddunuent I[lyaccona.

,HJIH HO,Z[O6I/IH MCXAaHHYCCKHUX ITPOLHECCCOB B MACCHUBC I'OPHLIX ITOPO B o0nactu
IIJIaCTHYCCKHUX ,IIG(l)OpMaHI/II‘/JI BO BCCM AHAaIIa30HC HaHpH)KCHI/Iﬁ HavaJIbHBIX OO0 pa3py-
HIaronImMx oe3 y4ucTa BJIWAHUA BPpCMCHU OOJIKHO OBITH CO6JII-O,II€HO YCJIIOBHC
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€ €

i = = : (16.18)
(&, +&,)y (&, +&,)y4
[Ipu sTOoM
(e, +e,)=f(0),
rae g, — IUIACTHYECKAs M YyIPYras OTHOCHTEIbHBIE Ae()OpPMAaLIUH.

JIOCTOMHCTBOM METO/Ia 3KBUBAJEHTHBIX MAaTE€pPUANIOB CIEIYET CUYUTATh BO3-
MO>KHOCTb BOCIIPOU3BOIUTH MPOIIECCHI HEYIIPYTOTO Ne(HOPMUPOBAHUS U PA3pPyIICHUS
OpoJ MaccuBa BOJM3H TOPHBIX BbIPaOOTOK. Heo0X0IMMO Tak:ke OTMETUTh, YTO 3TOT
METO]I MO3BOJISIET CTPOUTHh 0ObEMHBIE MOJIENIM U HAa UX OCHOBE pPEeIIaTh TPEXMEPHBIE
3a71a4¥ IETPOMEXAHUKH.

VYkazaHHbIE 0OCTOSITENLCTBA CIIOCOOCTBOBAIM IIMPOKOMY BHEJIPEHUIO METOAA

HKBUBAJICHTHBIX MaTEPHUAIOB B Ja0OPATOPHYIO MPAKTUKY: Oosee 150 KoHKpeT-
HBIX 33/1a4 TOPHOM MEXAHUKHU PEIICHO Ha MOJENSAX U3 SKBHUBAJECHTHBIX MAaTEpPUAJIOB,
npudyeM 0koJ0 30 u3 HUX — Ha 00bEMHBIX MOJIETISX.

B 10 )€ Bpemsi MeTOIy MOJEIMPOBAHUS HA SKBUBAJICHTHBIX MaTepUaliax MpH-
CYIIU CEPbE3HBIE HEJOCTATKHU.

1. [Iupoxkuit nuama3oH (PU3UKO-MEXAaHUUYECKUX CBOMCTB IOPOJ, CJAraroIux
MOJIETUPYEMbIA MacCUB, TPYJIHO BOCIIPOM3BECTH Ha KAKOM-JIMOO THIE SKBUBAJICHT-
HBIX MaTe€pUalioB TOJBKO 3a CYET U3MEHEHHS €r0 COCTaBa, MO3TOMY IPHU MOCTPOCHUHN
MOJIENIA UCCIIEI0BATENb BRIHY X ACH MPUOETaTh K IEJIOMY Py SKBUBAJICHTHBIX MaTe-
pUAJOB, OTJMYAIOIIUXCS IO CBOMM MCXOJHBIM KOMIIOHEHTaM U  (U3UKO-
MaTeMaTUYECKHM CBOMCTBAM, YTO YCJIOKHSIET NOCTAHOBKY SKCIIEPUMEHTA.

2. B G0onpIIMHCTBE CITy4aeB MPU U3TOTOBJICHUU MOJENH OKA3bIBAETCS 3aTPy/I-
HUTEIBHBIM, & UHOTJIAa ¥ BOBCE HEBO3MOXHBIM BBIIOJIHUTH YCIOBUS MOJ00US BHEII-
HUX CHUJI, MPOIIECCOB pa3pyILICHUs] U MPOLECCOB AePpopMupoBaHus (yIpyroro u rJa-
CTUYECKOr0) TaK KaK yKa3aHHBbIE YCIOBUS MOJIOO0MS MEXaHMYECKUX XapaKTEPUCTHUK
MOJIENIA U HATYPbI TOJKHBI YAOBIETBOPSITH PABEHCTBAM

0)
O cxenn — PR _>u _ Zn (16.19)

CK.M p-M M M

(¢

3. M3ydenne nepopMalMOHHBIX MPOIECCOB B OKPYKAIOLIEM BBIPAOOTKH Mac-
CUBE TpeOyeT COOPYNKEHHUS MOJIeNIe BHYIIUTEIBHBIX Pa3MEPOB, UTO COMPOBOXKAACTCS
3HAUYUTENTHHBIM MOBBIIIEHUEM TPYJOEMKOCTH CaMOTO KCIIEPUMEHTA.

4. JIOCTOBEPHOCTh M PEINPE3CHTATUBHOCTh PE3yJIbTATOB, MOJYyYEHHBIX HA MO-
JeJSIX U3 SKBUBAJICHTHBIX MAaTepUaJiOB, B 3HAUUTENLHON CTETIEHH 3aBUCUT OT TEXHO-
JIOTUW W3TOTOBJICHHUS, MTOATOMY AaXKe MPU MPaBUIBHO MOJOOPAHHBIX KOMITIOHEHTaX
BO3MOYHBI CYIIECTBEHHBIE MOTPEIIHOCTH.

5. Moguens, obecrieunBaroiias ya0BIECTBOPUTENBbHYIO CXOIUMOCTh C HATYpOM
IPU U3YYEHUH MEJICHHO MPOTEKAIOIIUX MPOIECCOB, HE MOXKET OBbITh UCIOIb30BaHa
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JUIS MOJIETTUPOBAHUS TMHAMUYECKUX MPOIIECCOB B TOPHOM MAacCUBE B CHIIY HEBBIMOJI-
HEHHUsI BCEX YCIIOBHM MO100uS.

6. 3akiiajika TMHAMOMETPOB B MOJIENb JJIsI U3MEPEHHUS HAMPSHKEHUN 3a4acTyio
MPUBOJIUT K HCKWKCHUIO HANPSKEHHO-ACHOPMAIMOHHOTO COCTOSHHUS H3y4aeMoro
MaccHBa.

7. U3mepeHue cCMEIICHUN Ha MEJIKOMACIITAOHBIX MOJICNSAX HE MOXKET OBITh
BBITIOJTHEHO C JIOCTaTOYHOM TOYHOCTBIO, T.€. YYBCTBUTEIBHOCTh CEPUHHBIX W3MEPH-
TEJBbHBIX YCTPOUCTB HE oOecrneunBaeT TpeOyeMyl0 TOUHOCTh U3MEPEHUSI CMEIICHUN
OT/ICJIbHBIX TOYEK MACCUBA C YYETOM MPUHSATOr0 MaciiTada.

MopenupoBaHue Ha 3KBUBAJIEHTHBIX MaTepHaiax MO3BOJSET ¢ OOJBIION cTe-
MEHbIO JAETATBHOCTU MPOCIEIUTh MEXaHU3M IPOIIECCOB B TOJIIIE MOPOJ IPU JABUXKE-
HUM 320051 BBHIPAOOTKH, OCOOEHHO IPOIECCOB Ae(POPMUPOBAHUS TTOPOI C Pa3phIBOM
CIUIOIIHOCTH, YTO OOBIYHO MCKIIOUYEHO MpU JPYTUX METOAaX MOJEIUPOBAHMUS.
BcneacTeue 3TOro MeToN SKBUBAJICHTHBIX MaTEpHAlOB SBISETCS HauOosiee ei-
CTBEHHBIM, OJIarogapsi 4eMy OH MOJIYYHJI MIUPOKOE MPUMEHEHWE MPU PEUIeHUH pas-
JUYHBIX 33729 MEXaHUKH TOPHBIX TTOPO/I.

OnHUM U3 TPEUMYIIIECTB METO1a MOJICTUPOBAHUS Ha SKBUBAJICHTHBIX MaTepH-
anax sIBJISETCS BO3MOXHOCTh M3MEpEHUs IMokasarenei, orpaxkaromux HJ/IC maccuba
B MHTEPECYIOIIUX 00JACTAX, KOTOPhIE B HATYPHBIX YCIOBHUAX OCYIIECTBUTH MPAKTH-
YECKH HEBO3MOXKHO BBUY TPYAHOJAOCTYITHOCTH YYACTKOB MacCHBA.

[Ipu ycrnoBun yAoBIETBOPEHUS BCEX KPUTEPUEB MOJOOUS JIJI1 SKBUBAJICHTHBIX
MaTepuasoB U OOECIEUYEHUH T€OMETPUYECKOr0 MOA00UsS HATyphl U MOJIENH, COBMA-
JIEHUE MEXaHUYECKUX MPOIIECCOB MOXKET OBITh 00ECTIEUEHO MPU MOI00UU TPAHUYHBIX
YCIIOBUH.

B nmpununune, Mojenab JOCTaTOYHO TOJHO OTpPaKaeT  HaIpPsSHKEHHO-
nedopmupoBannoe coctosinue (H/IC) maccuBa B HaType. CobintofieHue ke rpaHuy-
HBIX YCJIOBHM TIO TOpIIaM MOJEIH HE MPEJCTaBISICTCS BO3MOKHBIM, OJIHAKO, B CHIIY
u3BectHoro npuHnuna CeH-Benana, MOXHO YTBEp)KJaTh, YTO POJb TOPIIOB CTAHO-
BUTCS 3aBEJIOMO MaJiol Ha PacCTOSHUSX OT HUX, PaBHBIX ToJIIMHE Moaenu. [ToaTtomy
pu 0TpabOTKE MOJIeIel 3aMephbl BEJIMUUH CMEIICHUN KPOBIW U JaBJIEHUS HA Kpelb
SIBJISIIOTCSI JIOCTOBEPHBIMH TOJILKO B €€ CPEIHEH YacTH.

JlaGopaTopHbIit TOA00P U UCIIBITAHKUS SKBUBAJIECHTHOTO MaTepuaia JJisl U3ro-
TOBJICHUsI MOJIEJICH HaIpaBJICHBI B CTOPOHY M3bICKaHUS Y100000pabaThIBa€MbIX CMeE-
cei, KOTopble He 001afanu Obl IJIUTEIbHBIMA CPOKAMHU CXBAaThIBAaHUS U TBEPIACHHUS, a
0 CBOMM (PU3BHKO-MEXaHUUYECKUM CBOMCTBAM oOecreurBaiu Obl ogo0Hue ¢ TOPHBIMU
nopojamu. [Tpu sTom 6e3pa3mepHbie KOHCTAHTHI - KOdhuiuents [lyaccona u yrisl
BHYTPEHHETO TPEHUs JOJKHBI YMCIEHHO COBIAATh B SKBUBAJICHTHOM MaTepuaje u
HATYPHBIX TOPHBIX OPOJIAX.

[To mpupone cBA3YIOUIMX BEIIECTB MPUMEHSIEMbIE B HACTOSIIIIEE BPEMS SKBHU-
BaJICHTHBIC MaTEPHAIbl PA3JICIAIOTCS HAa YEThIPE TPYIIIBI:

1. Ha ocHoBe yrieBogopos0oB HE(PTIHOTO MPOUCXOXKJICHHS (BazesnH, nmapaduH,
Maciia ¥ Jp.) — 00J1a1at0T TUIACTUYHBIMU U YIIPYTOTUIACTUYHBIMU CBOHCTBAMU.

2. Ha ocHOBe HEOPraHMYECKUX THAPABIMYECKUX CBS3YIOMUX (I[EMEHT, THIIC,
KUJKOE CTEKJIO, THOCYJIbh(hAT HATPHUsS) — 00JaMal0T XPYIKUM XapaKTepoM pa3pylie-
HUS, a IpU J00ABJICHUU B COCTAB TJIMHBI TPUOOPETAIOT MJIACTUYHBIE CBOMCTRA.
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3. Ha ocHoBe CHHTETHYECKHX MOJHUMEPOB (IMOKCHUIIHAS, KapOOMUJIHAS, KpPEM-
HUWOpraHuyeckass U Jp. CMOJIbI) — 00JIaJaloT YNPYTro-TUIACTUYHBIMU U XPYIKUMH
CBOMCTBAMU.

4. Ha ocHOBe CMOJI €CTECTBEHHOTO MPOUCXOXKIeHUs (TeK, KaHu(oib U JAp.) —
00J1a1a10T CBOMCTBAMHU XPYIIKMX MaT€pPUAJIOB.

B nocnennue ronel Bce 0osee MOMyJISIPHBIM CTAHOBHUTCS TaK)Ke MOJEIUPOBA-
HUE€ Ha KyCOYKaX MUJIEHOTO caxapa, KOTOPbIN JAaeT XOPOIINE KaueCTBEHHbBIE PE3YIib-
TaThI.

[Ipu moabope >KBUBAJEHTHBIX MAaTEPHUAIOB C KOHKPETHBIMU CBOWCTBAMU HUC-
MOJIB3YIOT Pa3uyHble MOAU(DPUKATOPHI, TPUCATKU U UHEPTHBIC 3aMoJHUTENU. B Ka-
YECTBE MOCJIEAHUX MPUMEHSIOTCS MEJIKHUE KBapIlEeBble MECKU U MEJIKOJIUCIEPCHbIC
Matepuabl (IeMEHT, MeJl, UHEPTHAs MbLIb, MOPOIIKUA COJIEH MeTalioB u Ap.). [lomo-
OpaB U YTOUHUB PELENTYpPbl SKBUBAJICHTHBIX MATEPHUAJTIOB JJIsl BCEl MOJEIUPYEMO
TOJIILH, IPUCTYIAIOT K CIEAYIOLIEMY 3TaIly - U3TOTOBJIEHUIO CaMON MOJIEIH.

Mopenu U3roTaBaMBarOT HEMOCPEACTBEHHO B UCHBITATENIBHBIX CTEHIAX, MPE.I-
CTaBJISIOIIUX COOOM JKECTKHE paMHbIe METAUIMYECKHUE KOHCTPYKIUU. [ u3rotos-
JICHUSI U WCTIBITAHMS TUIOCKUX MOJIENICH, BBIIIOJHEHHBIX B pa3pe3e M0 MPOCTHUPHUIO
NEPHNEHINKYJIAPHO K TUIOCKOCTSIM HAaIJaCTOBAaHMWS, CIOMCTOCTH WJIM MOJIOCYATOCTH
MOJICIUPYEMOW  TOJIIM, TPUMEHSIOT CTEHIbl, MOJO00HBIE MPEICTABICHHOMY

Ha puc. 16.2. /
e
Eciu HeoOXOoaWMBI IJIOCKHE
MOJCIIH, BBITIOJTHEHHBIE I

HaKJOHHOTO 3aJieraHus TIOpOa B
pazpese BKPECT MPOCTUPAHUS, MPH-
MEHSIIOT TOBOPOTHBIE (KPYTOBBIE)
creaabl. o 0OBEMHBIX MOACICH
CIY)XaT TpPEXMEpPHbIE ITOBOPOTHBIC
CTEH/IEI.

B 3aBucuMOCTH OT pernraeMbIx
3a/71a4 MOJICIUPOBAaHKE BEIyT B pas-
JUYHBIX TEOMETPUUYECKUX MacITa-
0ax: Menxkux, ot 1:400 mo 1:100,
unu kpynHbeix, ot 1:60 mo 1:10.
Touniu cnadbIX MOPOJ MOACIUPYIOT
TOJIBKO B KPYIHBIX MaciiTadax.

Paznenenne Tommu mopox B
MOJICIM Ha OTACILHBIC CJIOM 00ec-
MEYUBAIOT NyTEM MPUCBHIIKUA TIO-
BEPXHOCTU KaXJOTO CIOSI KPYMHOM ¥
MOJIOTOW CITFOJION, TPEUTHHOBATOCTh . N S oty
MM KJIMBaX BOCIIPOU3BOMST HACEU- Puc. 16.2. O0umii BUI JIOCKOTO CTEHAA IS
KO CBEKEIPHUTOTOBICHHBIX CjI0eB MOJCTHPOBAHMS HA SKBHBAICHTHBIX MaTepUa-
JI0 OTBEpJCHUS MWIIM CXBaThiBaHHMs  J1aX (HauuoHanbHbI TOPHBIA YHUBEPCUTET)
MaTepuasoB.

[Ipyr W3roTOBIECHWM TIJIOCKUX MOJEJICH BMECTO OMNMalyOKHW HCIOJB3YIOT IPO-
3paydHble OTPAXKIAIOIINE CTCHKH, CTAIIMOHAPHO 3aKperiseMble Ha BECh NMEPHOJ HC-

g -

¢
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IObITaHUA MOJICIIH. ,HJ'I?I OTHUX ueneﬁ MNPUMCHAIOTCA JTHCTOBBIC 3aKaJICHHBIC CTCKIIA,
YKPCIUIICMBIC Ha CTbIKaX IMBCIJICpAaMU, KOTOPLIC 00eCceYynBaroT H€06XO,III/IMYI-O
KECTKOCTD IIPO3PAYHOTO OOKOBOTO OTpaXXICHU.

[Tocne u3roToBiIeHUST MOJIENIM U HaOOpa SKBUBAJICHTHBIM MAaTEpUAJIOM MPOY-
HOCTHU (WJIM €r0 OCTHIBaHMS) HAa MOBEPXHOCTh MOJEIMPYEMOr0 MacCMBa HAHOCHUTCS
MEpHasi CETKa, B HAMEUEHHBIX CJIOSIX YCTAHABIMBAIOT MApPKW U JATUYUKU Uil PETU-
CTpalM¥ KapTUHBI MOJS HANPsDKeHUH, AedopMalii 1 CMEIIeHUi B Mepuo/1 UCTIbITa-
HUS, @ TAKXKE BBIMOJHSIOTCS MOJOCTH, UMUTHPYIOIINE TOPHbIE BHIPAOOTKHU, B KOTO-
pbI€ BCTPAaMBAIOTCS MPUOOPHI, BOCIPOU3BOASIINE paOOTy KpEMu.

HanpsixkenHoe cocTosHue W neopManuy 3J€MEHTOB MOJEIN ONpPENesstoT
TaK)K€ C MIOMOIIBIO CITAPEHHBIX MUKPOCKOIIOB, )KECTKO COEAMHEHHBIX MEXIY CO00M U
MO3BOJISIIOLIUX ONPENENATh C BHICOKOM TOYHOCTBIO CMEIIEHHS JIBYX TOYEK OTHOCH-
TeIbHO ApYr apyra. baza uaMepeHuil B MOJENsIX yKa3aHHBIMU BbIIIE TPUOOpamMu co-

crapisier 40...50 MM, a oTHOCHTENbHas TiorpenrHocTh (1+2)-107, T. e. Ha mOpsATOK
HIKE, YEM TIPU U3MEPEHUSX B HATYpE.

Jlns onpeneneHusi CIBUKEHUNA TOYEK IMIOCKOM MOJENH B MPOLIECCE €€ UCIbI-
TaHUs CIYKUT MeTo (poTopUKCaAIUU - Tepuouyeckoe ¢portorpadupoBaHue 60KOBOH
MOBEPXHOCTH MOJICNIA C YCTAHOBJICHHBIMU B HEW MapKaMu M MOCIEIYIOIIUE u3Mepe-
HUS CMEIIIEHUI MapoK Ha (POTOCHUMKAX, OCYIIECTBISIEMbIE Ha KommnapaTope. Metoj
dboTodukcanuu MO3BOJAET OBICTPO M OJHOBPEMEHHO PETUCTPUPOBATH CMEIICHUS
BCEX TOYEK Ha OOKOBOM MOBEPXHOCTH MOJENH, HO TOYHOCTh OMPEACIICHUS CMEIICHUI
TOYEK MOJIETN, YUYUTHIBAsl MacliTad MOJETUPOBAHMS, OKA3bIBAETCS OOBIYHO HIXKE
TOYHOCTH OIPEJEIECHNS] CMEIIEHUI COOTBETCTBYIOIIMX TOYEK NPU M3MEPEHUSX He-
MOCPEJICTBEHHO B HAaTYPHBIX yCIOBUAX. Y CTaHOBKA Ha OOKOBOI MOBEPXHOCTH MOJIE-
71 OJIOYHBIX TEH30METPOB MO3BOJISIET MOBBICUTh TOYHOCTh OINPEACICHUS] CMEIICHUI
Todyek mMeToaoM dortodukcanuu B 20 pas. [Ipu macmrade ¢porocHumka 1:10 u reo-
MeTpudeckoMm Macitade mogenu 1:100 3HaueHHs CABMKEHUN TOYEK B MepecyeTe Ha
HaTypy MOTYT OBITh ONPENENICHbl B 3TOM Ciy4ae ¢ TOYHOCThIO 0 1 mMm. Takytro xe
TOYHOCTh OMNpEJETICHUs CMEIICHUN 00eCleunBaloT 3epKalbHbIE U ONTHYECKUE TEH-
30METpbI, MPU ATOM CMEIICHHS PENEpPOB B YBEIMUYECHHOM BHUJIE (PUKCUPYIOT Ha
JKpaHe.

Jlns1 Bocipou3BeieHHs] paboThl Kpenel NpUMEHSIOT MPUOOPHI MhE30METpHUYE-
CKOTO U PBIYAXHOTO THUIOB — JJISI MOJENEeH MEJIKUX MaciTaboB, pPbIYaXKHO-
MasiTHUKOBOTO M THJIPABIIMYECKOTO TUIIOB — ISl MOJIEJIEN KPYIMHBIX MACIITa0O0B.

3aBepIIaIUM 3TaloM MOJEIUPOBAHUS SIBIISIETCS COOCTBEHHO HCIIBITAHUE
MOJIeNIM, T.€. BOCIIPOM3BEJIEHNE B OMpPEIEICHHOM MaciuTabe BpEMEHU Mpolecca u3-
MEHEHHUH T0JIel HanpsoKeHuH, AedopMaliii 1 CMEIIEHUH C pa3pbIBOM CIUIONTHOCTH
npu pazpadotke. Mcxoast 13 KOHKPETHOW 3a/1auu, IPU UCTIBITAHUHN MOJIeNu OoJiee To-
IpOOHO M3YyYaloOT paclpe/eieHre HaMPsSHKEHUH B MacCUBE BOKPYT 320051 BRIPAOOTKH,
a1n60 pa3BuTHE AePopMalluii U CIBHXKEHUU TOJIIU MOPOJ M 3€MHOW MOBEPXHOCTH,
au60 pazBuTHE NeopMalinii, pa3pylnieHui U CMEIIEHU TOPoJI B MPU3a00MHOM Tpo-
CTPAHCTBE U B3aUMOJICICTBHE MOPOJ C KPENbIO U T. .

Ha puc. 16.3 moka3zansl BUbl HEKOTOPBIX MOJIEJIEN U3 SKBUBAJIEHTHOTO MaTe-
puana ¢ pa3TMYHbIMU BapUaHTaAMU PEIIaeMbIX HUCCIIEIOBATEISIMU 3a/1a4.
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[To OKOHYaHWM HCTIBITAHUS MOJIETU OOBIYHO M3 €€ YacCTH, HE MOJABEPTHYTOU
nedopmalisaM Ipu UCIIBITAHUSIX, BEIPE3aI0T 00pa3Ibl MATEPUATIOB-3KBUBAJIICHTOB IS
MPOBEICHUS] KOHTPOJIBHBIX OMPEEICHUI UX CBONUCTB.

O6paboTKa pe3ysbTaTOB HCCIEAOBAHUN MPOU3BOJIUTCA IMyTEM MOCTPOCHUS
(GYyHKIHMOHAJIBHBIX 3aBUCHUMOCTEH HM3y4aeMbIX MapaMeTpoB OT HM3MEHEHUS TOpPHO-
re0JIOTUYECKUX U TOPHOTEXHUUYECKHUX ycIoBHM. OHHM MPEACTaBISAIOTCS B BUJE OTHO-
CUTEJBHBIX MOKa3aTeNiel, MPU 3TOM IOJIYYEHHBbIE B PEe3yJIbTaTe 3aBUCUMOCTHU JOJIK-
HBI COTIOCTABJISATHCS C pe3yJIbTaTaMU HATYPHBIX UCCIIEIOBAHUIA.
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Puc. 15.3. Hexkotopele BapruaHThl MOJIEJIEN U3 SKBUBAJICHTHBIX MAaTEPHUAJIOB,
BBITIOJTHEHHBIE HA PA3JIMYHBIX CTEHIAX:

a) — M3y4YCHHE XapaKTepa CMEUIEHUU TOJIIU MOPOJ HaJ BhIpaOOTaHHBIM MPOCTPaH-
CTBOM;

0) — u3ydeHue xapakrepa CMEIIEeHUs OPOa BOKPYT 320051 MOArOTOBUTEIHLHON BhIpa-
OOTKH MepeceKarolieil Tpeuuny;

B) — U3yUYEHHE XapakTepa nedopMuUpoBaHus MPUKOHTYPHOTO MacCUBa B OKPECTHO-
CTU OJIMHOYHOW BBIPAOOTKH, 3aKPEIJICHHON METAINTMYECKON apOyHOM Kpemnbio ¢ 00-
pPaTHBIM CBOJIOM.

I[JI?I IMOCTPOCHUA IMPOTHO3HBIX 3aBUCHUMOCTEH CCPHHU OIBITOB IINIAHUPYIOT TaAK,
yTOOBI MAaKCHMAaJIbHO OXBATHUTH BCE HGO6XOI[I/IMBIG YCJIIOBUA U IOJYYUTH HAJACKHBIC
pe3yJbTaThl, AJIA 9€T0 MCHOJb3YHOT COBPCMCHHBIC HAYYHBIC MCTO/JbI IIJIAHUPOBAHUSA
OKCIICPUMCHTOB, HAIIPUMCP, METO/] JIATUHCKHUX KBAaApPaTOB.

16.5. MeTtoa HeHTPOOEKHOT0 MOAEJIMPOBAHUSA

Meton 1eHTpOOEKHOTO MOJEIUPOBAHUS 3aKIIOYAETCS B 3aMEHE TpaBUTAlIU-
OHHBIX CHJI HMHEPIIMOHHBIMH, CO3/IaBA€MBIMH B MOJICJIM B PE3yJIbTaTe €€ BPAIllCHUS B
Kapetke neHTpudyru. B npuHmmne, MeTon MO3BOISET MOACIUPOBATH OOBEMHOE
H/JC nopo Bokpyr BeIpabOTOK Kak B yIpyrou 00J1acTd, Tak U 3a ee MpeiesiaMu.

Mopnenb 00BEKTa, BHITIOJHEHHYIO B 33JIlaHHOM T€OMETPHUYECKOM MaciiTade,
MOMEIIAIOT B IIEHTPUPYTY U MTyTEM PAaBHOMEPHOTO BpAIICHUSI HArPy)atT 00bEMHBI-
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MU WHEPUUOHHBIMU CUJIAMHU, TpHUAaBas TEM CaMbIM MOPOJaM MOJEIH HEKOTOPHIi
(GUKTUBHBIN 00BEMHBIN BeC. DTO MO3BOJISIET B PAJE CIydaeB JJIS U3TOTOBICHHUS MO-
JIeJIM UCTOJIb30BaTh MaTepHall, OAMHAKOBBIN MO CBOMM (hU3UKO-MEXAaHUUYECKUM CBOM-
CTBaM C MaTepUaJiOM HATYyphl, YTO CO3JIA€T ONpeIeTICHHbIE MPEUMYIIIECTBA Mepe Me-
TOJIOM SKBUBAJICHTHBIX MaTEPHAJIOB.

Lentpudyra npeactaBiasieT co00il KOPOMBICIO, YKPEIUIIeMOe Ha BEPTUKAIb-
HOM Bpamjatonieiics ocu (puc.16.4). K HeMy nNpuKpersitoT CheMHbIE KapeTKH, B KO-
TOpbIE MOMENIAIOTCS UccaeayeMble Moaenu. M3 ycinoBuil 0€30MacHOCTH U ¢ YYETOM
3HAUYUTENBHBIX Pa3MepoB HeHTPUDYT (auameTp 3...5 M), UX pa3MellarT B MOMeIle-
HUSIX C MACCUBHBIMU OT'PaXKICHUSIMHU, Yallle BCETO — B MO/IBaJIaX.

C noMo1IbI0 CHENHUAIBHOTO YCTPOMCTBA IPHU padoTe HEHTPUPYru U3MEpPSIIOT U
KOHTPOJHUPYIOT CKOPOCTh BPAIICHUSI M Pa3BOPOT KapeTOK U3 BEPTUKATBLHOTO B TOpU-
30HTAJIbHOE TMOJIOKEeHHE (TIpu Habope CKOPOCTH BpaIleHHS) U OOpaTHBIM Pa3BOPOT
(TTpu CHM>KEHUH CKOPOCTH).

ﬁ ﬁ7

—~J

=)

WD Sy S

N
&
e

)
R

Puc. 16.4. KonctpykruBHas cxema nieHTpudyru: 1 — pyHaaMeHT; 2 — och BpalleHUs;
3 — NONIIUITHUKH; 4 — KOPOMBICIIO; 5 — KOMMYTaTOpPhI; 6 — KAPETKU;
7 — 3IIEKTPOABUTATEIb

HaOnronenus 3a pedopmandsiMu MOJEIN BEYT C MOMOUIBIO AJIEKTPUYECKUX
WU JIPYTUX TEH30JaTYMKOB, a3pOCTATUUYECKUX TUHAMOMETPOB, CEJIbCUHOBBIX Map,
WHJIMKATOPOB YAaCOBOI'O TUIA U Mp. JATYUKOB, TO3BOJISIONIUX B MPOIECCE BPAIICHUS
HEHTPU(PYTH HETPEPHIBHO MOITy4YaTh UHPOPMAIMIO HA MYJbTE YIpaBlIeHUs (AUCTaH-
1noHHO). Oukcupys gedopMannu U HANPSHKEHUS MOPOJ MOJIEIN B Pa3IMYHbIX TOY-
KaX, U3y4arT TaKUM MyTEM 3aKOHOMEPHOCTHU MPOIIECCOB ISl MOACIUPYEMBIX YCIIO-
BUI, a TAaK)K€ YCTAaHABIUBAIOT ONTHUMAaJIbHBIEC MapaMETPhl TOPHO-TEXHUUYECKUX 00BEK-
TOB U COOPY)KEHUM 10 (GaKTOPy YCTOMUHUBOCTH.

Jlyisi HemocpeACTBEHHOTrO HAOMI0IeHNs 3a MakpoaedopmalusiMu Mojenel B
npoliecce HEeHTPUGYTUpOBaHUS TMPUMEHSIOT TakKe AUCTAHIIMOHHBIE (OTO-, KHUHO-
YCTAaHOBKU U KHHO-TEJIEBU3MOHHO-CTPOOOCKOIHBIE YCTAHOBKH, MO3BOJISIIOIIUE TPO-
CIeIUTh KUHETUKY Aedopmaiuii Mojenn Ha KuHoruieHke. CTpoOocKorbl (Mpubopsl,
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MO3BOJIAIONME (UKCUPOBATH OBICTPONPOTEKAIONINE MEPUOAUUYECKHUE TMPOIECCHI)
IPUMEHSIOT TAKXKE JIJIsl BU3YaJIbHOTO HAOJIIOICHHUS.

[Ipu pemenuu 3aa4 MEXaHUKU TOPHBIX MOPOJ C TPUMEHEHUEM IIEHTPOOEK-
HOTO MOJEJIIUPOBAHUS OOBIYHO HCIBITHIBAIOT HECKOJIBKO (2 +6) UJCHTHUYHBIX MOJIe-
nen (Mojeneii-0JIM3HEeoB), MOMEIasi UX MOoNapHoO B KapeTKu neHTpudyru. Pesynpra-
ThI SKCIIEPUMEHTOB 3aT€M YCPEIHSIOT, OJHOBPEMEHHO KOHTPOJHUPYS JOCTOBEPHOCTH
OTBITOB IO MPU3HAKY MOBTOPSEMOCTH PE3YJIbTATOB B MpEAeiaxX CIyYalHbBIX OTKIIO-
HEHUM, T. €. BOCIIPOU3BOAUMOCTH IKCIIEPUMEHTA.

Meton UeHTPOOEKHOTO MOJIETUPOBAHUS C YCIEXOM U OOJBIION CTENEHbIO
HAJIEKHOCTU MPUMEHSIOT MPU PEIICHUM 3aJlay, CBS3aHHBIX C OMpPEACICHUEM pa3Me-
POB YCTONYMBBIX MOTOJIOYMH KaMep, ONTUMAJIbHOW (OPMBI M MapaMeTpoB OOPTOB
KapbepoB U OTBAJIOB, JABJIEHUs OOPYIIEHHBIX MOPOJ Ha THUIA OYHCTHBIX OJIOKOB,
BIIUSIHUA JIUTENIbHON HArpy3Kd Ha Kpemnb KalUTaJbHBIX BBIPAOOTOK, MPOWUIEHHBIX B
IUTACTUYHBIX TIMHUCTBHIX MOpojax u JAp. Mcmonb3oBaHue CHENUaTbHBIX YCTPOWUCTB
MO3BOJISIET MOJEIHUPOBATh B HEHTpUYTe OJHOBPEMEHHOE ICHCTBHE CTATHYECKOIrO
M0JISL HAMIPSDKEHUN U IMHAMUYECKOTO T0JIs1, CO3/]aBaeMOr0 P B3PBIBHBIX paboTax.

JIOCTOMHCTBOM IIEHTPOOEKHOTO MOJIETUPOBAHUS SIBIISIETCS TO, YTO ATO €IMH-
CTBEHHBIM M3 METOJIOB MOJCIMPOBAHUS, B KOTOPOM, OJiarogapsi HCIOJIb30BAHUIO
HaTypaJIbHBIX TOPHBIX TOPO/I, COOJIFOAAETCS COOTBETCTBUE MEXKY pa3MepaMH YacTHI]
U MOJIEKYI. [{J711 HEKOTOPBIX 3a/1a4 3TO UMEET BaKHOE 3HAUECHUE.

Bwmecte ¢ TeM maHHBIN METOJI UMEET U psiA HenpocTtatkoB. OAUH U3 HUX — OT-
CYTCTBHUE OJHOPOJHOCTH MEXAHWYECKOTO CHJIOBOTO MOJIf, T.K. BCIEICTBUE OTpaHU-
YEHHOI'0 pajinyca HEeHTPU(PYTH CUIOBBIE JUHUU U SKBUMOTEHI[MATbHbBIE IOBEPXHOCTH
B MOJIeNi HemapasuienbHbl. KpoMe Toro, ¢ ynaneHueM oT IEHTpa TSKECTH MOJEIH B
Ty WM UHYIO CTOPOHY IO €€ BBICOTE M3MEHseTCs 3PPEeKTUBHBINA paanyC BpalleHus,
COOTBETCTBEHHO, U3MEHAETCS M MacimTad MOJIEeTUpOBaHUs. YKa3zaHHOE 00CTOSITENb-
CTBO M TEXHUYECKHE BO3MOXXHOCTH OTPaHUYMBAIOT MPEIeNbHbIE pa3Mepbl MOJeie
10 BBICOTE, a, CJIEIOBATEIbHO, U BO3MOXKHBIE TJIyOMHBI MOJETUPYEMOM TOJIIH IO-
pog.

[Ipu eHTpoOEKHOM MOIECTMPOBAHUY TAKXKe KpaifHe 3aTpyIHUTEIBHO, a UHO-
I71a 1 COBCEM HEBO3MOKHO, BOCIIPOU3BOAMUTH CIOUCTHIE TONILIN Pa3HOPOAHBIX IO CO-
CTaBy U CBOMCTBaM MOpOJ, OOJbIINE TEXHUYECKUE TPYIHOCTU MPEJCTABISIET U BOC-
MPOU3BEJACHUE B MOJICNIA TMEPEMEILCHHs 320051 BO BPEMEHHU, YTO OTPAaHUYUBAET 00-
7acTh 3P(HEKTUBHOTO NMPUMEHEHHUS JAHHOTO METO0J]ia, MO3TOMY B PsJie CIIy4aeB BO3-
HUKAaeT HeOOXOMMOCTh O0palleHus K APYyruM METOJaM MOJIETUPOBAHUS.

16.6. MoaeiupoBaHue TEIUIOBbIX MPOLECCOB

HuddepenumansHoe ypaBHEHHE TEIUJIONPOBOJIHOCTH B CIIy4yae IMOCTOSTHHBIX
bu3HUecKuX MapaMeTpoB Tella UMEET CIeAYIOIUNA BU/L:

ot/ot=aVit. (16.20)

rie  ¢— TeMIiiepaTypa Tena, OTCUMTaHHAas OT TEMIIEPaTyphl CPe/Ibl, OKPYKAIOIIEH
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TBEPJIO€ TEJO0, KaK OT HYJS; T— BpeMsl; ad— KOd(P(UIIMEHT TEMIIEPaTypPONPOBOIHOCTH,
IIOCTOSIHHBI BO BCEM TEJe; V=0/0x+0/0y+0/0z— oneparop Jlamnaca;

X, Y,z — KOOPJAVNHATHI.

[IpuBenennoe ypaBHenue (16.20) onucbiBaeT OECKOHEUHOE MHOXKECTBO pac-
CMaTpUBAEMBIX TEIJIOBBIX MpolieccoB. YTOOBI M3 1ENIOT0 Kilacca SIBJICHUN BBIJCIUTD
eIMHUYHOE SIBJICHHE, HEOOXOAMMO K HEMY MPHUCOEIMHUTh HadajdbHble U TPAHUYHBIC
YCIIOBHUSI, a TAKXKE 3a/1aTh 3HaUeHHE KO3 PUILIMEeHTa TEMIIEPaTypOIPOBOIHOCTH d .

HavanbHoe yciioBHE MOJDKHO MPECTaBIsAThH COOOM pacrpeeneHne Temiepa-
Typ BO BCel uccieayeMoil o0iacTu it MOMeHTa BpeMeHH T=0 U MOXXeT OBbITh 3a-
MUCaHO B BUJIE

tow=t, (16.21)

* ~
rac t — U3BECTHAA TEMIICpaTypa B (bHKCPIpOBaHHOI/I TOYKC TCJIa C KOOpANHATAMH
* * * o
X=X ,Yy=Y , Z=ZzZ BHa4dYallbHbIM MOMCHT BPCMCHU.

FpaHI/I‘-IHI)Ie YCIIOBUS MOTYT OBITh 3aJaHbl B BUJAC PaBCHCTBA TCIIJIOBBIX IIOTO-
KOB Ha IMOBCPXHOCTH TCJIA.

— A(0t/On)moB. = o.(t)110B., (16.22)

rie A — KO3 UIHMEHT TEIJIONMPOBOAHOCTH, TIOCTOSHHBIN BO BCEM Telle; OL— KO-
3 GUIIMEHT TETIO0TIauM; /1 — BHEIIHSS HOpMailb K IOBEPXHOCTH Tela.

Koaddunment remnooraaun o B 00IIEM ciiydae 3aBUCUT OT KOOPAMHAT IO-
BEPXHOCTHU U BpeMeHU. [1loaTomy, Beipaxenue s koddPuimeHTa TernaooTaaqyu Mo-
KET OBITh 3aMKCAHO B CIEAYIOIIEM BUJIE:

o= f(x,y.,2.,T,a,\), (16.23)

rae  X,,Y,,Z,.— KOOpPIUHATBI IPaHULB] (IOBEPXHOCTH) TBEPAOIO TENA.

JInst ycTaHOBJIEHUS MOJI00MSI TPOIIECCOB B paccMaTpUBAEMOM cCliydae HE00XO-
nuMo nuddepeHnnanbable YpaBHEHUS, Ha4YallbHbIe U KPAeBble YCIOBUS MPUBECTU K
0e3pazMepHOMY BUIY M 00€CIIeUnUTh PaBEeHCTBO Oe3pa3MepHBIX MapaMeTpOB, HaYalb-
HBIX U KpaeBbIX ycioBuil. C 3TOM 11esIbI0 BBEIEM CIIEIYIOIINE MaciTabHbIe peolpa-
30BaHMUS:

x=1,X; t=1,T"
] ] (16.24)
Cl:Z()A; t :toT;
0
0L:OLOA ) tHalt :tOTHalt;
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r7i€ BETMYUHBI, OTMEUYEHHBIE HHAEKCOM «HYJIbY, ABJISIOTCS pa3MEpHBIMH MaciTada-
MU, BEIOOP KOTOPBIX BHa4Yaje MPOU3BOJICH.

[Tocne BBenenus: mpeodpazopanuii (16.24) B ypaBuenus (16.20)-(16.23) nmomy-
qaem

fo | OT _\td | g2 (16.24)
T |oT? | I3
npu T°=0u0,. =0 (16.25)

Ha nmoBepxHoctu Tena

—[noto /1, JA(BT /6N )mioB = [ty0uy JA° (T, ) » (16.26)
IpuyeM
A’ =f(X,,Y.,Z. ,A,A,T"). (16.27)

UtoOb1 ypaBuenus (16.24) u (16.26) cranu 6e3pa3MepHbIMUA, HEOOXO0IUMO
IPUHATH

1/tg=ay/lfu oy=Xry/l,. (16.28)

Cucrtema ypaBHEHUU cBsi3u Mexay Maciitabamu (16.28) coctouT HU3 JOBYX
ypaBHEHUH, COAEpKAIIUX MATh MacTaboB. [loaTOMy TpHu U3 HUX, UMEIOILIUE HE3a-
BUCHUMBIE Pa3MEPHOCTH, MOTYT OBITh BHIOpAaHBI MPOU3BOIBHO. YPABHEHUS CBSI3U HE
coJiepKaT BOBCE MaciuTaba TeMrneparyp fy, a I03TOMY OH JIOJDKEH ObITh BBIOpaH Mpo-
U3BOJIBHO.

Takum 00pa3om, BEIOMpPAst MPOU3BOJIBHO CIEAYIONIME YeThIpe MaciTadba ¢ He-
3aBUCUMBIMU Pa3MEPHOCTIMH (), A, A, , TOJ1araem

to :t*, }\.0 :}\4, ap =4a; ZO :lo. (1629)

PaBenctBo ZO = ZO CJICAyCT IIOHUMAThb B TOM CMBICJIC, YTO B Ka4CCTBC MAaCIITA-

0a IJIMH MOKHO BbIOMpATh 000 reOMETpUYECKUI MapaMeTp TBEPAOIro Tea.
Macmradsl Ty U 0, OIPEAEIAIOT C TOMOILIBI0 ypaBHeHUN (16.28) u paBeHCcTBa

(15.29):
to=1"1a; o=/l (16.30)

Torna BeipaxkeHus 11t 0e3pa3MEPHBIX BEIUYHUH IPUMYT BU
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X=x/ly;, Y=ylly; Z=zlly; T°=at/l;;
T=t/t; Ty=tw/t; Ay=aly/L; (16.31)

A=1;, A=1, N=n/l,.

HuddepenunansHoe ypaBHenue (16.20), nayanbHoe (16.21) m rpanuuHoe
(16.22) ycnoBus Tenepb MOT'YT OBITh IIEPENKCAHBI B O€3pa3MEPHOM BUJIE:

ot/oT° =V°T; (16.32)
Touy =T mpu T° =0, (16.33)

— (T /ON) oy = A° (T) o » (16.34)
A’ =f(Xx,.Y.,2..T". 16.35)

[Ipuuem wunTerpan ypaBuenus (16.35), ynoBneTBOpsIOMUN HaYaIbHOMY U
rpannyHoMy ycioBusM (16.33) u (16.34) nomkeH SBIATHCS BBIPAXKEHUEM, B KOTOPOM
3aBUCHMMas TepeMeHHas 7 mpejcTaBlieHa Kak (DYHKIMS BCEX BEJIMYMH (KOOpPIUHAT,
BPEMEHHU U MapaMeTpoB), BXOIAIINX B Au(depeHnaibHble YpaBHEHUsI, HaualbHbIe
U TPaHUYHBIEC YCIOBHUS:

T=F(X,Y,2,T°,4° T...), (16.36)

npuyeM 71, 4 A° onpeaesitores yeaoBusimu (15.33) u (15.35).

Ha4
[TosTomy miist obecniedeHus no100uss HEOOXOAUMO U JOCTATOYHO, YTOOBI B MO-
JIeJIM BCE KPUTEPHUH, BXOASIIUME B UHTETpal UCXOAHOTO NU(depeHIInaIbHOTO ypaB-

Henus (16.36) (kpome kputepues X,Y,Z,T 0), OBLIA paBHBI COOTBETCTBYIOIIUM KPH-

TepusM olpasiia.

CrnenoBaTenbHO, 3a/1adya OCYIIECTBICHUSI TOIOOMS CBOJUTCS K pealln3aliuu
cieayronmx TpeOoBaHUI:

— obecrnieyeHusi FeOMETPUIYECKOro MO 1001 MO U 00pasiia;

— TOXKJECTBEHHOCTH B MOJETH W 00pasie Oe3pa3MepHbIX HAYaIbHOTO M Tpa-
HUYHOT'O YCJIOBUH, T.€.:

T = T 001 (£/27), = (118,

AL = A% wmu (aly /), = (aly/N), . (16.37)

Ha4.H

Ecnu 5t TpeOGoBaHMs BBIMOJHEHBI, TO B CXOJCTBEHHBIE MOMEHTHI BPEMEHHU,
T.€. IpU

70 =1 umu (ax/1}), = (at/1§),,
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M BO BCCX CXOACTBCHHBIX TOYKAX, T.C. IIPH

Xi :Xi 150)0%1 (5/10)1 = (6/10)1 .
Y, =Y mm (y/ly); =(0/1y);;
Zi :Zi 150]0%1 (Z/lo)i :(Z/lo)i

6YI[6T HMCTb MECTO PaBCHCTBO

T, =T, wmu (¢1/¢); =@/t ,

1
T.€. OyJIeT UMETh MECTO MOA00UE TEeMIIEPaTypPHBIX TOJIEH MOJIeNId U 00pa3lia.
16.7. MoaesupoBaHue rUAPOAUHAMHUYECKHX MPOLECCOB

PaccmoTpum mogo0ue cTaimoHapHOTO TEUECHHS] HEC)KUMAEMOW BA3KOU KUIKO-
CTH I CIEAYIOIUX CITy4YaeB:

— [IPY HAIMYUU BIIUSIHUS BECA;

— [IPU OTCYTCTBUH BIUSHUSA BECA;

— BSI3KOCTHOE U UHEPLUHOHHOE TCUCHHUE.

[Tocnennue Tpu BUAA TEYEHHUS SBISIOTCSA YaCTHBIMU CIIy4asiMU IIEPBOTO.

TedyeHue npu HaIMYUKU BIUSHUS Beca.

Huddepenunanbubie ypaBHEHUS IBUKECHUS

Vi vy +v, s +v, Oy __Lop +q+ Wi
ox oy 0z p Ox

ov ov ov 1 op

vo— Ly Ly Lo 2P Wy 16.38
o Yoy Fa poy 1 g 1e9
ov ov ov 1
Z 4y Z Z:——a—p+q+vV2vZ;

v +v
Yox Yoy Tz poz
ypaBHEHHE CIUIOIIHOCTH
Ov,/0x +0v, /0y +0v,/0z=0 . (16.39)

VYpaBuenus npuxenus (16.38) u cruomnoctu (16.39) MoryT ObITh 3alKCcaHbl B
BEKTOPHOU opme:

V,qrad)v = —lqrad p+q-+ Wiy (16.40)
p

YPaBHCHUC CIIOIIHOCTH
divV =0, (16.41)
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rae V' — BEKTOp CKOPOCTH; V — CKaJsipHas BEIMYMHA TOTO 3KE BEKTOPA; V,V,,V,—

IPOEKIMU BEKTOpa } Ha KOOpPAMHATHBIE OCU X, ),z (IIPUYEM X HAIpPaBIICHA BEPTH-

KaJIbHO); p — JaBJICHUE, OTCUMTAHHOE OT JIaBJICHUS B HEKOTOPOM TOYKE MOTOKA, KaK
OT HYJISI; p— IUIOTHOCTh XUAKOCTH; V= /p— KOIDPUIMEHT KUHEMATUYECKON BA3-

KOCTH KHJIKOCTH; L — KO3()PUIMEHT BSI3KOCTU KUAKOCTH; ¢ — YCKOPEHHE CBOOOIHO-

ro najenus; V— oneparop Jlamnaca.
Benuuunsl p,v,q — paccMaTpuBarOTCs Kak MOCTOSTHHBIE BO BCEM TOJIE.

KpaeBble yciioBUsSI B paccMaTpuBaeMOM 3ajladye HE MOTYT COAEPKAThb HUKAKUX
OpYruX (U3HYECKUX IIEPEMEHHBIX, KPOME CKOPOCTH, KOTOpasi MOXKET ObITh 3aJaHa Ha
IPAHMIIE B BUJIE YPABHEHUS, BBIPAKAIOLIETO CKOPOCTh KaK (PYHKLIHUIO KOOPAUHAT TO-
YeK IpaHulibl. Eciu paccMaTpuBarOT TEUEHUE KUAKOCTH BHYTPH KaKOIro-auoo amnmna-
paTa, TO rpaHMLAMU [IOTOKA CJIEAYET CUYUTATh BXOJHOE CEYEHUE MOTOKA, I/I€ UMEIOT
MECTO YIIpaBJIsieMbIE€ KPaeBbIE YCIOBUS, U MTOBEPXHOCTH TBEP/ABIX CTEHOK, OKaMIIs-
IOIUX MOTOK, IJIe UMEIOT MECTO HEyIpaBiisieMble TPaHUYHBIE YCIIOBUS (B cllydyae He-
NOABWXHBIX CTEHOK v = 0. [ToCKOJIBbKY 3TO yCclIOBME aBTOMAaTUYECKU COOJIIOIAETCS U B
MOJIeNId, U B 00pasiie, TO 3a/laHhe KPaeBbIX YCIOBHI CBOJUTCS K 33JlaHUI0 CKOPOCTH
Ha BXOJIHOM CEYEHUHU M3Y4aeMOro 00beKTa. ITO 3aKJIIOUEHHE MOXHO OTHECTH U KO
BCEM 3a/1auaM, pa30MpaeMbIM B JlaJbHEHIIIEM.

Tak xak B paccMaTpuBaeMoi 3ajjaye pa3MEepHOCTh CKOPOCTH MOKET ObITh Mpe/I-

= [v /1] mom [v]= [/alo |

TO I'PAaHUYHBIC YCIIOBUA MOT'YT OBITH 3aITMCAaHbI B BUAC:

vr,x :fx(xrayr’ZrJHQ);
Vr,y:fy(xr’yrrzrﬂlirq); (1642)
Vr,z zfz(xr,y,,zr,li,q).

NI
vr,x = (Px(xr’yrbzr’liv);
Vr,y =(py(xr,yr,zr,ll~v); (1643)

vr,z = (Pz(xr’yr’zr’liv) :

Kak noxasanu ucciaenoBanus, 06a cnocoda 3aiucu KpaeBbIX YCIOBUI NPUBOIUT
K OJJHOMY U TOMY )K€ KOHEUHOMY PE€3yJIbTaTy.

Jlns mpuBenenus ypasHenui (16.38), (16.39), (16.42) u (16.43) k 6e3pazmepHo-
My BUAY HallUIIEM MaclITaOHbIE TPeoOpa30BaHUS:

x=0LX; v, =vV; p=pP; =4,G; y=1LY; v, =v Y ; v=yN;

vrx = vOer; z= 1029 vz = vO z; p = pOR’ vry = VOVrv; vrz: vOVrz'
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[Tocne BBeaeHus npeodbpazoBanuii B ypaBuenus (16.38) u (16.39) nonyuaem:

-
v v,
Yo |y O v, Wy vy Vel Po |1OP 1 g | 0¥ w2y
ly ox oy Oz Poly | R OX I

20 v oV oV v
Wy, L, Sy, = 2 S laolo+ | Y v
ly | Ox oy 0z polo ROY I

'
Yoy Pe gy ey O ) LP gl +| 20 nw2w;
ZO ox 5y 0z polo R 5Z Zg

Vo | OV, N oV, N oV,
Io \ ox oy 0Oz

[VO ]Vr,x = fx (ZOXr> IOYr> ZOZrﬂ IOLi’ qOG);
[VO ]Vr,y = fy (IOXI” IOYI” IOZr’ IOLi7 qOG);
[Vo]Vr,z = [ X, LY, [ Z,, L5 goG).

JIyisi mpuBeNeHNs 3TUX YPaBHEHHUH K Oe3pa3zMepHOMY BHIY HEOOXOAMMO, YTO-
OBl

2 2
vo oy = Po /(Polo) = a0 =Vovo /I (16.44)
N3 ycnosuii (16.44) MOXXHO MOJYYUTh TPU YPABHEHHS CBSI3U, KOTOPHIE COJIEP-
*ar 1mecTb MacitaboB. CiieoBaTeNbHO, JIIOObIE TPU W3 HUX, UMEIOIINE HE3aBUCH-

MbI€ Pa3MEPHOCTH, MOXHO BBIOpaTh B KauyeCTBE OCHOBHBIX, HaIllpuMep,
lo =1;p9 =pP;qo =q,aTpu OCTAIBHBIX OIIPEIEIUTD U3 YPABHEHHUS CBSI3U

vo=(qlp)'"?; po=paly; V =(qlg)"*.

Torna BeipaxkeHus Uit 0e3pa3MEpHBIX BEIMYHH MOYKHO 3aIIUCaATh!

X V_x . Vr,x .
lo o) (@)
y Vy Vr,y
Y==—; V = ; V., = ;
b 7 @) (gl
(16.45)
Z \% vrz
Z=—; VZ = = ) r,z
ly (qlp)"? " (gl

L. :ll—i; R=1; P:L;

(gl
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i
L=1/ly; V=vigly)'?; P=plpgly; N=v/gl3)"? (16.46)
G=1, R=I.

rae 1 —pamguyc BekTopa; L — 6e3pa3MepHblil panyc-BEKTOP KaKOH-I1M00 TOYKH B
noToke; G — eIMHUYHBIN BEKTOP.
VYpaBHeHUE IBUKEHUS:

y M +V, Vs oy M 1P Ny
ox oy 0z ox
ov ov ov
R A P - P v (16.47)
ox oy oz oy
O +7, Ve oy Ve 1P W
ox oy 0z 0z

WM B BEKTOPHOU (popme

(V,qrad)V =1—qrad P+ NV?V. (16.48)
YpaBHEHHE CILUTOMIHOCTH
ov
Ve Py Dz, (16.49)
ox oy Oz
WJIU B BEKTOPHOU hopme
dinV =0 (16.50)
I'pannunbIe yCa0BUA
V _F(Xr’ oLy 1)
Vi, =F,(X,.,Y,,Z,,L); (16.51)
V = F (XI"’ ro I"’ l)

Pemenune cucremsr nuddepennuanbubix ypaBHenu (16.47) u (16.49), yno-
BJICTBOPSIOIIEH rpaHUYHBIM YCIIOBUSM (16.51), MOKHO MpeACTaBUTH B BU/IE:

Vx:Fx(X’Y’Z’er7Vry’ rz’N)
V,=F (XY, ZV, V.V N); (16.52)
V.=F (XY, ZV, V.V, N);
P=F,(X.Y.ZV, .V, .V, .. N).
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CrnenoBartesibHO, ISl COOIOJIEHHS TI0100UsI IBYX MMOTOKOB HEOOXOAUMO U JI0-
CTaTOYHO OCYIIECTBUTH PABEHCTBO O€3pa3MEpPHOM CKOPOCTH Ha T'paHHIE MOTOKA B
MOJIEIM M o0pasiia U paBEeHCTBO KpuTepus N B CpaBHUBAEMBIX MOTOKaX, T.€. (B BEK-
TOpHOU opme)

)i =) n(N); =(N);

N

I, 1at) 2} =, iat) 2] w v, i) 2] = nai) 2L (6.53)

Ecnu 3t ycnoBust OyyT coOIt0IeHbl, TO B CXOJCTBEHHBIX TOYKAX MOJEIH U
oOpasua, T.e. npu
(1), =/ 1p);

OyIyT UMETh MECTO PaBEHCTBA:

7 i)' ? | =7 iale) 2| w [pipaly)), =[p/paly)]; -

NHTEepecHO 3amMeTuTh, YTO MMEIOIIAE I[IHUPOKOE MPUMEHEHUE KPUTEPUU
Re, Eu, Fr MoryT ObITh IPE/ICTABIICHbI KaK CTeTIEHHbIE (QYHKIMH KpuTepues V', P, N.

VIR=viy/v=Re; R/IV?=plpv?)=Eu; V> =v/ql,)=Fr.

N3 ycnosuit (16.53) BugHO, uTOo ocymiecTBieHue TpedoBanusa (N); =(N);
IIPU YCIIOBUH, YTO >KUJIKOCTh B MOJIEIM U 00paslie OJHA U Ta XK€, T.€. V; =V;, BO3-
MOYKHO TOJIBKO TIpH [y ; =1, T.€. KOTAa pa3Mepbl MOJeIU U 00pa3ia OAMHAKOBEL. B

3TOM Cjyd4ae s BBIIOJHEHUsA ycinoBud V., =V,; [IOIDKHO HMMETh PaBEHCTBO

Vr,i - Vr,i :

VYcranoBienue Buna GyHKIMd F., F,,F,,F, B OOJIBIIMHCTBE MPAKTUYECKUX

3a/1a4 OCYLIECTBIIAETCS ONBITHBIM ITyTeM. OQHAKO 3KCIIEPUMEHTAIBHOE ONIPEACIICHUE
yKa3aHHbIX (YHKIUH CBSI3aHO ¢ OOJBIIMMU TPYIHOCTSIMH (BECTH U3MEPEHUSI CKOPO-
CTEH U 1aBJIEHUH B 3HAUUTEIBHOM KOJIMYECTBE TOoueK). [[0aTOMY [UIsl MpaKTUYECKUX
3a/1a4 HEPEAKO MEPEXOAIT Ha CPEIHUE 3HAYCHHsI CKOPOCTHU U JABJICHUS U yCTaHABJIU-
BAIOT PABEHCTBO YCKOPEHHBIX 110 CEYEHHUIO KPUTEPUEB JaBIeHHsT Py M CKOPOCTH V.
Iepeiins k 3ameHe kputepueB Pr, Vi m N xputepusmu Re, Eu,Fr, GbUIO
YCTAHOBJICHO Ha OCHOBAHMHM MHOT'OYHMCIICHHBIX JKCIIEPUMEHTAIbHBIX UCCIEAOBAHUN,
4TO (DYHKIMOHAJIBHAS CBA3b MEXIY KpUTEpUAMHU Py, V. 1 N MOKeT ObITh HpeIcTaB-

JICHA B BUJIC o L
Eu=vy(Re,Fr), (16.54)
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rac
Eu=(p, - p)l(pv?); Re=wly/v; Fr=v/qly).

B rungpaBnuke miis mojcyeTa COMPOTHBIICHUS, BO3HHUKAIOIIETO BCIIEICTBUE
TPEHUSI IPU ABMKEHUH KUIKOCTU B KaHaJe WM TpyOe, 0OBIUHO MOJIB3YIOTCS Popmy-
non [apcu:

—\2
p()” [
2
2 d

Ap=¢&,,
a TIpH OTIpeJIeTIEHUH MECTHBIX CONTPOTUBIIEHUM — (hopMmyoii BelicOaxa:

()’
Ap:an.M P 2) ’

a — IajgeHue Ham MEXIYy ABYMS CCUCHUSIMH, V — JTHSIST 11 YCHU
e Ap aJicHue Haropa Me ceue ; cpe O CEUCHHUIO

TPYOBI CKOPOCTh; P — INIOTHOCTb KUJIKOCTH; [ — IJIMHA TPYOBI; d — r'UAPaBIMYCCKHMA
TUaMeTp.
Ha conoctaBnenne npuBeaeHHBIX (HOPMYI C BEIPOKCHHUEM Il Kputepus Eu
MOJKHO 3aKJIFOUHMTh, YTO
iTp'M =2Fu;

I/d =1, =2Eu,

T.€. KOO(QQUIUEHTHI CONPOTUBIIEHUA o5 U Cy5; B OOLIEM Cilydac B COOTBETCTBHH C

BeIpaxkenueM (16.54) aBnsiorcs GpyHKuu kputepues Reu Fr.

TeueHue npu OTCYTCTBUM BIMSHUS BECA XapaKTEPU3YETCs OTCYTCTBUEM CBO-
OOJHBIX MOBEPXHOCTEH, T.€. UMEET MECTO HAIlOPHOE TeueHue. B 3Tom ciiydae Bius-
HUEM Beca MOYKHO NpPEHEeOpeyb MO CPABHEHUIO C BIMSHUEM OCTAJIBHBIX CHII, JEH-
CTBYIOLIMX HA 3JIEMEHTAPHYIO YaCTHUILY )KUIKOCTH.

Ha ocHoBanuu ananmsa nudpepeHuuanbHbIX YPaBHEHHI:

JIBHOKCHUS
_ _ 1 _
(V,qrad)lV =——qrad p + Wi
p
CILJIOIITHOCTH
dinV =0;
I'PAaHUYHBIX YCIOBUH
Vr = q)(lraliav)s

rae V,.— BEKTOp CKOpOCTH B TOYKaX, PacHOJOXKEHHBIX HAa IPAaHUIAX IOTOKA;

1, — paanyc-BeKTOp 3TUX TOYEK,
MO>KHO MOJIYYUTh CUCTEMY YPAaBHEHUMN CBSI3U
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2
% _ 2 _ Yoo (16.55)

lo polo  I§

I/ICHOHBB}’H YPaBHCHUA CBA3U, MOKHO IIOKA3aTh. TaK K€ KaK 3TO OBLIO0 CACJIaHO
Inpu paCCMOTPCHHUHA HpC,HbI,IIYIHCfI 3aa4d. 4TO IJI1 OCYIICCTBIICHUSA HO,ZLO6I/IH HYKHO
Ha TpaHHIAX MOACIMU OCYIICCTBUTL PACHPCACIICHUC KPHUTCPHUA V ,TOXKIACCTBCHHO
OJNHAKOBOC C TCM, KOTOPOC NMCCT MCCTO B O6p8,3116, T.C. BBIIIOJIHUTD YCJIOBHUC

VrZO — (Vrl 0 j
V. Ju V. Ju
Hepexo,uﬂ K ycpeI[HeHHI)IM 110 CCUCHHUIO KpI/ITepI/IﬂM I7PI FI/I 3aMCHsISI UX KpI/I-
TCPUAMHA Eu u Re, PE3YJIbTAThI OIBITOB, UMCHOIINUX HCJIbIKO YCTAHOBJICHHUC SMIINPU-

YCCKHUX 3aKOHOB COIIPOTUBJICHUA IIPHU HAIIOPHOM TCUYCHUU, 0OBIYHO 06pa6aTBIBaCTCSI
B BHJAC ®YHKHHOH3HBH01>'1 3aBUCHUMOCTHU

Eu=vy(Re).

BS3KOCTHBIN peXUM TEUEHUSA. DTOT PEXKUM TEUEHHUS XAPAKTEPUIYETCS UCUE-
3a10IlI€ MAJIBIM BJIMSTHUEM WHEPUHOHHBIX CHJI MO CPABHECHUIO C CUJIAMH TPEHHS U
JaBjieHus. B 3TOM cilyyae Ha OCHOBAaHUY aHAIU3a YPABHCHUM:

JBUKEHUS
— qrad+ nv2y =0;

CIINIOIIIHOCTH

divll =0;

IPaHMYHBIX YCIOBUM
*
VF = \V(lfaliav )a

*
rac v — napaMeTpuiCeCKOC 3HAYCHUC CKOPOCTH,
MOJIy4acTCsa OJJHO YPABHCHHUC CBATHU

@:M (16.56)
ly 1§

Ha OCHOBAHHMH KOTOPOTr'0, YCTAaHABIMBAETCA MOA00ME ABYX MTOTOKOB.
JUtst ocymecTBiaeHus: NoJ00HsI HEOOXOAMMO BBINOJHUTH PABEHCTBO KPUTEPHUEB
V' Ha rpaHunax NOTOKOB B MOJEJIH U B 00pas3lle, T.€.
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VF.M:VF.H A (V_l;j :(V_Ej .
V. Jm V Ju

Otcroga BUIHO, YTO NOJOOHME MOKET OBITH OCYILECTBICHO HE3aBHCHMO OT
pa3MepOB MOJEIIN.

NHepurOHHBIN PEXXUM TEUEHUSA. B 3TOM Cilydae BIUSHUEM CUJI TPEHUS, BBUIY
UX MQJIOCTH IO CPAaBHEHUIO C CWIAMM JABJIICHUS U HWHEPLMM, HA PEKUM TEUCHMS
MO’KHO IpeHeOpeyb.

Torga nocne npuBeACHUS YPaBHEHUI:
JBUKEHUS

(v,qrad)v = lqrad p;
P

CIINIOIIIHOCTH

dinv=0;

IPaHUYHBIX YCIOBUUI

Ve = fp,0v)

1 0e3pa3MepHOMY BUJY MOJYYUM YPABHEHHUE CBSA3U

vy =F0. (15.57)
Po

CJ'IC,IIOBEITCJIBHO, M1 YCTAHOBJICHUA HOILO6I/I51 MCIKAY ABYM: IMOTOKaMM HeoO-
XO0OAUMO BBITIOJITHHUTBH TO K€ YCJIOBHUC, UTO U IIPU BA3KOCTHOM PCKUMCE, T.C.

SIRER

B nanHOM ciydae mojgo0ue MOXeT OBITh OCYIIECTBIICHO, TaK )K€ KaK MPH Bs3-
KOCTHOM pPEXHUME, HE3aBHUCHMO OT pa3MEpOB MOJECIH, KOTOpasi, pasyMeeTcs, JOJKHA
OBITh TEOMETPUUYECKH TT0100HA 00pa3ily.

CormocTaBuM yCIIOBUS, HEOOXOAMMBIC ISl OCYIIECTBICHHS MOJ00US B pac-
CMaTpUBAEMBbIX 3a/1a4ax:

IPY HATWYUU CHIT TSHKECTH:

v, 1aid) 2|, =, i),

biaid) 2] = pigid) 2] ;

IIpHY HAIIOPHOM TCUCHUU
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IIpH BA3KOCTHOM TCUCHUU

IIpHU HHCPIHUOHHOM TCUCHHUUN

IMOJIYUYHM IIPU HAJIMYUU BIUAHUA CUII TAKCCTH
_~1/2, _~3/2.
Cv - Ce b Cv - Ce >

IIPU HAIIOPHOM TEYECHUH

C,C =Cp;
HpI/I BSA3KOCTHOM U I/IHepHI/IOHHOM TCUCHHUU
CV = CV .

CrnenoBarenbHO, Ui MEPBBIX JABYX PEKUMOB UMEEM OIDAaHHYEHUS B BBIOOpE
MHOXHTEIEH nmonoous. JledcTBUTEIbHO, BEIOPAB B IIEPBOM CIIy4ae MHOKUTEINb I'€0-
MeTpudeckoro noxodus C;, Mbl TEM CaMbIM NPEAONPEACIAEM MHOKUTEIN TOA00US
C, u Cj, . AHQJIOTHYHO U B CIIy4ae HAlIOPHOT'O TEUEHUSI.

B npoTHBONOI0KHOCTE PACCMOTPEHHBIM JBYM IEPBBIM BHJAaM TEUEHUS, IPU
OCYILECTBJICHUH MOAOOMS BS3KOCTH U MHEPLHOHHOIO TE€YEHUS Mbl CBOOOJHBI B BbI-
Oope MHOXUTeNEeH monobus. B mocneqHux nByx cilydasx nopooue obecrieuuBaeTcs
OJITHUM JIMIIb IOJOOHEM pacCIpeleIeHHs] CKOPOCTE. TO CBOMCTBO MHEPLIUOHHOTO U
BA3KOCTHOTO PEKUMOB TEUEHUS HA3bIBACTCSI aBTOMOJENBIO. 1Ipyu 3TOM 11 BSI3KOCT-
HOT'O pEXXHMMa UMEET MECTO

FEuRe = const,

a JUIsl UTHEPLIMOHHOTO peKUMa
Eu =const.

Bsi3akocTHBIN peskuM HabmrogaeTcst B 00JacTH MajblX 3HaYeHHi uncna Re, a
MHEPLUOHHBIA — B 00jacTu OosblMX 3HauYeHUU yuciaRe. B cooTBeTcTBUM C 3TUM
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MPUHATO TOBOPUTH O TIEPBOM M BTOPOW aBTOMOJIEIBHBIX 00JIACTAX. 3HAYCHHUE aBTO-
MOJICJIBHOCTH ISl TIPAKTUKHA MOJICIMPOBAHUS COBEPIICHHO OYECBUIHO, TaK KaK OHO
MIO3BOJISICT OCYIIECTBUTH MOJ00ME Ha MOJIETH JIOOBIX Pa3MEpOB C MCIOJIb30BAHHEM
0001 paboueil )KUJIKOCTH.

16.8. MoaennpoBaHue KOHBEKTUBHOIO TEIJIO00MEHA

PaccMoTpuM cTaniMOHapHBIM KOHBEKTUBHBIN TEINIOOOMEH MEXY TBEPIBIM Te-
JIOM ¥ OMBIBAIOIICH €T0 HEeCKUMAEMOU BA3KOW KUAKOCTHIO. [Ipu aTOM dusnueckue
napaMeTpsl OyJeM CUMTaTh 3aBUCSAIINMHE OT TEMIIEPaTyphl U 1aBICHUSI.
JUIs cokpanieHusl 3aluileM ypaBHEHUS! KOHBEKTUBHOI'O TEIUIOOOMEHAa B BEK-
TOpHOU (hopme:
YPAaBHEHUE IBUKCHUS
p(V,qrad)v = —qrad p + pg + uV2V ; (16.58)

YPaBHEHHUE CIJIOIITHOCTH
divpV =0; (16.59)

YPaBHCHUC IICPCHOCA TCILJIA UJIN YPABHCHUC SHCPIUU
(V,qradt) = aV>t (16.60)

rie  a=>\/pcqg— KOdDPUIMEHT TEMIEPATYPOIIPOBOIHOCTH; U — KOIPPUIIUEHT

BSI3KOCTH,
(V,qradt)=v, @ +v, @ +v, @
ox oy 0z

[TapameTpsl W,p,c,A B OOIIEM cilydae SIBISIOTCS MEPEMEHHBIMU U 3aBHUCST OT
TeMIepaTyphl, T.€.:

pt 1@ c=f(0; p=/1,(0; A= [0 (16.61)

KpaeBbIC YCIOBUS OYIyT
V.= f,(L,Lvy); t.=f (.1, (16.62)

CoctaBum MacmTaOHble TpeoOpa3oBaHusT M, BBEAS WX B ypaBHEHUS
(16.58)-(16.60), moayunm B KOHEUHOM UTOT'€ CUCTEMY YPaBHEHHM CBS3H:

2
% % A
Yoo Po _g =B o govec, =20 (16.63)
lo Polo Polo lo

W3 neBatu MacmTaOoOB, CBSI3aHHBIX YETBHIphMS ypaBHeHusMu (15.63), martb
MaciTaboB MOTYT ObITh BBIOpaHBI TPOU3BOJIBHO:
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qo=q; ty=t; Pog=pPos Co=Cos lo=1y,
a OCTaNbHBIE YETHIPE onpe/eensl u3 ycuosus (15.63):

/ / /
Po =pPodlo; vo=(alp)"* Ro=po(@l)" % Lo =poco(@’lp)"?.  (16.64)
PasenctBa p, =pg; ¢y =cy; [y =1[, cnexyer NOHUMATb B TOM CMBICJE, YTO

BBIOOP YKa3aHHBIX MAcCIITa0OB SIBISIETCS MTPOU3BOIBHBIM.
BoIpaxxeHus i1 0e3pa3MEepHbIX BEJIHYUH:

Podolo

7L C *
A=—F———; C=—;
Pocovq3lg “o

[Tocne storo nuddepenmanbHble U XapaKTePUCTHUECKUE YPaBHEHUS U Kpa-
€BbIE€ YCJIOBHS B 0€3pa3MEpHOM BU/JIE 3alIUIIEM CIEAYIOIIUM 00pa3oM:
YPAaBHEHUE IBUKCHUS

R(V,qrad)V =—qrad P + R + MV?V; (16.65)

YPaBHEHHE CIJIOITHOCTH

divRV =0, (16.66)
YpaBHEHUE DHEPIUU
RC(V,qradT) = grad AV*T. (16.67)
XAPAKTCPUCTUICCKUC YPABHCHUA:
A=F(T); C=F.(T); M=F,(T); R=Fy(T). (16.68)
Kpaessie ycnoBust:
V.=F(L,,L);, T =®L,,L,). (16.69)

Ha ocHoBanuu 6e3pa3mepHbix ypaBHeHUM (16.65)-(16.69) MOXHO 3aKITHOYUTS,
4TO pelIeHHE pacCMaTPUBAEMOU 3a/1a4l MOXKET OBITh MTPEICTABICHO B BU/IE:

V=d,(L,V.T,ACMR);
P=®,(LV,,T,AC,MR); (16.70)
T=®,(LV,T,ACMR).
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Tax kak momodue IByX CHCTEM O3HAa4yaeT TOXAECTBO MoJiei Oe3pa3MepHbIX TIe-

PEMCHHBIX, TO IJIA OCYILICCTBICHUA HOI[O6I/IH HCO6XOI[I/IMO:
B CXOACTBCHHBIX TOYKAX paCCMATpUBACMbIX CUCTCM, T.C.
HMCTb TOKACCTBECHHO OAMHAKOBOC PACIIPCACIICHNC KPUTCPUCB V uTua rpaHnunmax

paccMaTpUBaEMBIX CUCTEM, T.€.

v, | v,

Jalo )y \Nlo )y,

t t
Tr.M :Tr.H A (_Zj :(_:cj s
t Jm \t JH

1 4TOOBI O€3pa3MepHbIE XapaKTEPUCTUUECKHUE TapaMeTPhl CPABHUBAEMBIX CUCTEM
OBLIIM TaKX€ OJIMHAKOBBIMH, T.€.

Virm =V 0

(16.72)

B =By nmm D P

Po90lo M Po90lo H

b

» o

Ay =Ay wim = —F
373 373
PocoVa ly )y, \PocoNa ly )y

b

c c
Cy=Cypum|—| =|—

; (16.73)
o )y

My =My nmn % = %
Povaly )y, \Podlo )y

b

Ry = Ry nim Pl B

Po M Po H‘

16.9. MeToanbl GpoTOMEXaHUKHU

HOJIHpI/ISa[II/IOHHO-OHTI/I‘IGCKI/Iﬁ, HJIN IIPOCTO OHTPI‘{CCKPIﬁ, MCTOA MOACIUPO-
BaHMA IMMO3BOJIICT YCTAHABINBATDL PACIIPCACICHUC U 3HAUCHUA HaHpH}KeHI/If/'I B MaCCH-

Bax MOPOJ M DJIEMEHTaX COOPYKEeHHMH 000N KoHpurypauuu, xorjga aehopmaiuu
MOJIENI TTPOUCXOAST 0€3 pa3pbiBa CIJIOMIHOCTH.
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Eme B 1816 r. [I.bpycTep oOHapy»KuJil, 4TO €CJIM KyCOK CTEKJIa, HaXOAsIIUICS
B HAIIPSHKEHHOM COCTOSIHUHU, OCBETUTDH MOJISIPU30BAHHBIM CBETOM, TO Ha 3TOM CTEKJIE
OyZeT BUAHA OKpalleHHas B sipKHUe 1BeTa purypa. ITu 1BeTa, Kak ObLIO YCTaHOBJIE-
HO, 3aBHUCST OT BEJIMYMHBI IEUCTBYIOIMX HamnpsbkeHuid. [[.bpycrep npeanoxun Boc-
M0JIb30BaThCS HaOMoAaeMbIM 3P GEKTOM JUIsl ONpEeAesiCHUs HANpsHKEHUW B Telax
CJIOKHOM KOH(UTypamuu, Ipu MOMOIIY U3TOTOBISEMBIX M3 CTEKJIa MOJIENEH, KOTO-
pbl€ JOJIKHBI MCCIEN0BATHCS B MOJSPU30BAHHOM CBETE NPHU PA3IUYHBIX YCIOBUAX
HarpyxeHus. [lo3xe OblIa ycTaHOBIIEHA 3aBHCHUMOCTh MEXAY ONTHYECKUM 3(P(eK-
TOM M BEJIMYMHOW PA3HOCTH ACHUCTBYIOIIMX B HEKOTOPOM TOYKE Te€Ja TJIABHBIX HOP-
MaJIbHBIX HaIpPsHKEHUM, TpU 3TOM OBLIO 3aMEUEHO, YTO U3MEHEHUE TONIIUHBI MJI0C-
KOM MOJENM MNPOMOPLHUOHATIBHO CYMME TIJIABHBIX HOPMAJbHBIX HaIpSHKEHUM, JEH-
CTBYIOIIMX B 3TOU K€ TOUKE.

[IpakTHyeckOoe TPUMEHEHHE ONTUYECKUI METOJ MCCIENOBAHUS HANPSKCHUS
noxy4yui Toabko ¢ 1901 r., korna B kayecTBe MaTepuana sl MOJENEl CTalu IpuMe-
HSTH LEJUTYJIOU]T U Obla pa3padoTaHa TEXHUKA U3MEPEHUs HAIPSKEHUH.

Takum 00pa3om, ONTHYECKH METOJ, OCHOBAaH Ha CBOMCTBE OOJBIIMHCTBA
PO3PAYHBIX U30TPOMHBIX MaTepraoB (LEJUTYIOn, OaKkeauT, GEHOIUT U Ap.), Ha3bI-
BAEMBIX ONTHUYECKH YYBCTBHUTEJIBHBIMU, NMPU MPUIOKEHUN MEXAHUYECKHX HArPYy30K
npUOOpeTaTh ONTUYECKYI0 aHU30TPOIMIO M MPOSIBISATH CIOCOOHOCTHh JBOWHOTO JTy-
yenpenomiieHus. [locnenHee 3akitoyaercss B TOM, YTO JIyd CBETa, MPOXOJs 4Yepe3
IIPO3pPaYHyI0 KPUCTANIMYECKYIO CPEdy, pa3jlaraeTcs Ha JBE B3aMMHO IEPIEHIUKY-
JSIPHBIE TUIOCKOIOJIIPU30BAHHBIE COCTABIAIOIINE, KOTOPBIE PacCOpPOCTPAHSIOTCA
BHYTPH CPEBI C PA3JIMYHON CKOPOCTHIO.

[IpuMEeHUTENBHO K PEMIEHUIO 3aa4 TOPHOTO JABJICHUS BIIEPBBIE STOT METOJ
o1 ipuMeneH ®.JleBuncoHn-JIeccunrom u A.3aillieBbIM MPU UCCIETOBAHUM BIIUS-
HUsT (OPMBI CEUCHUIN TOHHEJEH Ha XapaKTep paclpelesieHus] HalpsHKeHU. JKcre-
PUMEHTHI TIPOBOJMIIM Ha TUIACTMHKAX M3 LEJUTYJIONA C Pa3IMYHbIMU 10 GopMe OT-
BepcTUsiMU. L{enb 3TUX ONBITOB — BRISICHUTH BIUSHUE OTBEPCTHUS U €ro (OpMbI Ha Xa-
paKTep pachpelesieHus HaNpsHKEHUHM TOoJA  JEWCTBUEM MPUIIOKEHHOM BHEUIHEH
Harpy3ku. [IpoBeieHHBIE OMBITHI MMOKAa3aJIM, YTO HAUOOJIbIIIEE CKUMAIOIIEe HATpsikKe-
HUe (ITPU OJTHOOCHOM HAauyaJbHOM HAIpPSHKEHHOM COCTOSIHUW) BO3BHHKAET 10 OOKOBBIM
CTOPOHAM OTBEPCTHUSI U UTO OHO JOCTUTAET, IPUMEPHO, TPOMHOIO 3HAYEHHS IO OT-
HOUIIEHUIO K CKHUMAIOLIEMY HANpSKEHHUIO B HEHApPYLIEHHOM MAacCCHBE; HAaMMEHbBIINE
HaIpPsHDKEHUST BOBHUKAIOT MPU OBAJIIBHOM U MOJKOBOOOPA3HOM CEUEHHUSIX, BHITIHYTHIX
B HAIIPABJICHUU JICVCTBYIOIIUX CHIL.

[Ipumenenue Metona GOTOYNPYrocTH B MEXaHUKE TOPHBIX MOpoj 0aszupyercs
Ha TeopeMe JleBu-MuTuena 0 HE3aBUCHUMOCTH XapaKTepa paclpeleleHUs HaIpsKe-
HUW B MJIOCKUX MOJIENSAX (B TOM YMCIIE — U3 ONTUYECKU YYBCTBUTEJIBHBIX MaTepHa-
JIOB) OT YNPYrUX MOCTOSHHBIX MOJIENIEH MPU PABEHCTBE HYJIO PaBHOJEUCTBYIOIIEH
BCEX MPUJIOKEHHBIX BHEIIHUX CUJ (TJIABHOTO BEKTOPA) U PAaBHOJEHUCTBYIOLIEH BCEX
MOMEHTOB (TJIaBHOTO MOMEHTA), YTO MO3BOJISIET MIPU MOJIECIUPOBAHUU 00€CTIeUnBaTh
TOJIBKO T€OMETPUUECKOE MOA00ME MOIEN U HATYPHI.

OnTHyeckn 4yBCTBUTENIbHBIE MAaTEpUAJIbI, IPUMEHSEMbIE JJIsI U3TOTOBIICHUS
MojieNied, MOJDKHBI 00JafaTh BBICOKOW MPO3PavyHOCTHIO, ONTHYECKONW M MeXaHuye-
CKOM M30TPOIHOCTHIO, CTAOMJIBHBIMUA ONITHKO-MEXaHUUYECKUMH XapaKTePUCTUKAMH U
HE0OX0IMMON TPOYHOCTHIO. BMecTe ¢ TeM OHU JOHKHBI XOPOIIOo 00pabdaThIBaThCS U
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MPOSIBJIATH JTOCTATOYHO Malible KpaeBbie d(PGHEKTHI, CBA3aHHBIE C MOSBICHUEM OITH-
YECKOM Pa3HOCTH X0/ia HA KOHTYPE MJIACTHUH BCIEICTBUE BHYTPEHHUX HANPSKEHUH.

ITon pyxoBoactBoMm I1.M. IlumGapeBrya ObLIM MPOBEICHBI SKCIIEPUMEHTHI 110
uccienoBanno HJIC maccuBa mpu MOMOIIM ONTHUKO-TIOISPU3ALMOHHOTO METOJA C
MIPUMEHECHUEM B KaU€CTBE ONTUYECKU-AaKTUBHOTO MaTepualia UTJJaHTUHA, COCTOSIIIETO
M3 CMECH >KEJIaTUHOBOTO pacTBOpa W riepuHa. UrianTuH 3aiuBajicsa B pa3beMHYIO
BaHHY C OOKOBBIMHU CTEKJISTHHBIMU CTEHKAMH, a Harpy3ka MOJICJId OCYIIECTRIISIACH
cOOCTBEHHBIM BecoM Martepuaia. OqHaKO MOMBITKA MPUMEHECHUS KEJTaTUHOBBIX pac-
TBOPOB HE JTAJIA MOJIOKUTEIBHBIX PE3YJBTATOB, T.K. HA KOHTAKTaX CJIOEB MOJHOCTHIO
HCKaXajach KapTUHA PACOPEICIICHUS HAPSIKCHUN.

I1pon3BOICTBO HOBBIX MOJMMEPHBIX MAaTEPUATIOB C Pa3HOOOPA3HBIMU OMTHKO-
MEXaHUYECKHMH CBOMCTBAMM OTKPBLIO MIMPOKHE BO3MOXKHOCTH B IMOJ00pE MaTepua-
JIOB JIJII ONTHYECKOTO MOJACIMPOBaHMSA. B 4acTHOCTH, JJIs 3a7ad MEXaHWKH TOPHBIX
MOPOJT BecbMa yA00OHO MPUMEHEHHE OPTaHMYECKUX CTEKOJ M IMOKCHUIHBIX cMoj. B
IJJACTUHKAX M3 yKa3aHHBIX MaTEpPUAJIOB B MPUHATOM MacIiTabe BBIPE3ar0TCs KOHTY-
PBI U3y4aeMbIX BBIPAOOTOK (MJIM CHUCTEM BBIPAOOTOK), BOKPYT KOTOPBIX HMCCIIETYETCS
pacnpeneeHue HaNpsHKEHUM MPU Pa3IMYHBIX CXeMaxX HArpyXEHHUs IJIACTUHOK IO
KOHTYPY PaCTITMBAIOIINMU WIN C)KUMAIOIIMMU CHUJIAMHU.

[[lupokoe NpuUMEHEHUE JIsl PEIICHUS 3a/1ad TOPHON F€OMEXaHUKH MOIYYHII 3TOT
METO/]1 B IOCJIEBOCHHBIN MEPUO]I.

Ontuko-noJspuzanuoHHbiil Meto nu3yuennss HJ{C peanusyercs B Buje MmetonoB ¢o-
TOMEXAaHUKH, PACCMATPUBAIOIINX CJIEAYIOIINE CBOMCTBA.

DoTOyNpyrocTb — UCCIAEAOBAHUE MPOIECCOB yIpyroro neGopMupoBaHus Mma-
TEPHUAJIOB.

@DOTOMIACTUYHOCTh — MCCJIEI0BAaHUE MPOLIECCOB OCTATOYHOTO Je(OpMHUPOBa-
HUSI MaTEPUAIOB MPU U3BECTHBIX MPEIIIECCTBYIOIINX COCTOSHUSIX.

DOTONMON3YYECTh — HUCCIEAOBAHUE TOBEACHUS MAaTEpUAIIOB BO BPEMEHU IO
Harpy3KOM.

Hanpspkennoe nedopMupoBaHHOE COCTOSTHUE MCCIIEAYEMbIX O0OBEKTOB 3aBUCUT
OT XapaKTepa BHEUIHUX BO3JIEUCTBHI HAa HUX JO U B MOMEHT IPOBEICHUS IKCIIECPHU-
MeHTOB. B 3amauax cratuueckoil poToMexaHUKU (PU3HMYECKUE BO3ICHCTBUS, UX WH-
TEHCUBHOCTh M HANPaBJICHUE OCTAIOTCS MPAKTUYECKH HEM3MEHHBIMU B TEUEHHE J0-
CTAaTOYHO JJIUTEILHOTO0 BPEMEHHU; CHJIAMH MHEPITUH MOXXHO ITPeHEOpEYb.

B 3amavax nunamuyeckoit GpoToOMEXaHUKH, HA0OOPOT, YUUTHIBAETCS U3MEHEHUE
XapaKTEePUCTHK MPU MEXAaHUUECKUX BO3JACHCTBUAX BO BPEMEHH U BIWSHUE CUJI HHEP-
17178

B ocHoBe meTon0B (hoTOMEXAHUKH JIEKUT FHPEKT IBOMHOTO JIydermpeaomiie-
HUSI, TIPOSIBJISIIOLIMIACS B ONTUYECKH YYBCTBUTENIBHBIX MaTepualiax Moj BO3JIEUCTBU-
€M MEXaHHMYECKUX HampspkeHui. [Ipu mpocBeunBaHMM TaKMX MAaTEPHATIOB MOISPU30-
BaHHBIM CBETOM B MOJEIISIX HAOII0IaeTCsl ONTHYECKash KapTUHA, 0 KOTOPOU CYISIT O
HaIpPsHKEHHO-1e(OPMUPOBAHHOM COCTOSIHUHM MOJICIIMPYEMOT0 00BEKTA.

JlonycTuM, 4TO B pe3yjbTare MPOBEACHUS FOPU30HTAILHON BBIPAOOTKH B Mac-
CHUBE TOPHBIX MOPOJ MPOU30WUIET HAPYIIEHHE CUJIOBOTO paBHOBecHs. Bokpyr Bwipa-
OO0TKHM BO3HHUKAET IMoJie HampshkeHul (puc. 16.5, a), xapakTep KOTOpOro B cirydae o/I-
HOPOJIHBIX M30TPOIHBIX MOPOJ OYyIET OCTaBaThCs MOCTOSHHBIM JJISl JIFOOOTO TOTe-
PEYHOTO CeYeHUs MO JIuHEe BhIpaboTKu. CieaoBaTeabHO, 3aja4a MOXKET OBITh MPe/I-
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CTaBJICHAa KaK IJIOCKas Jig CEUYCHUS, EPIEHIUKYISIPHOTO OCH BBIPAOOTKH, KOTOpast
MMEET AHAIMTUYECKOE PELICHUE.

JIist u3ydeHusi HanpsKEHHOTO COCTOSTHUSL TTOPOJ] BOKPYT BHIPAOOTKH M3rOTaB-
JMBAIOT MOJIENIb U3 ONTHUYECKH aKTUBHOTO MaTepuaia ¢ COOJI0/ICHUEM YCIOBUN Teo-
METPUYECKOTO U CHUJIOBOTO Mojo0us. Yepe3 Moiellb MPOIYCKAIOT JIy4d MOJISIPU30BaH-
HOTO CBETa, M Ha SKpaHe MOJy4yaroT MmoJie HanpspkeHuit (puc. 16.5, 6) B Buje JIUHUIMA
CyIST O KaUECTBEHHOUN XapaKTEpUCTHUKE MOJIA HAIPSHKEHUM, O HAlPaBICHUU BEKTO-
POB HAINpPSKEHUH, 0 KOHLEHTPALIMKU HAMPSHKEHU U 0 TOUKaxX WM pailoHax, HauboJiee
OTNACHBIX C TOYKH 3PEHHUS YCTOMYUBOCTU UM MPOYHOCTH OOHAKEHHUS.
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Puc. 16.5. Cxema Kk MOAETMPOBAHUIO ONTUYECKUM METOJOM 3aJaud HaIPsKEH-
HOTO COCTOSIHHSI TOPOJ, BOKPYT BBIPAOOTKH.: @ — 00pazel; 6 — Mojienb; 1 — pamka

MOJIEM; 2 — OINTHYECKH AaKTUBHBIM MaTepuan; 3 — MOJeidb BbIPAOOTKH;
4 — CcTEKJIO.

Metonabl (HOTOMEXaHUKH TMO3BOJSIOT MPUMEHUTh U O0OBEMHBbIE Monenu. Tak,
HaAIMpUMeEp, MPU U3yYEHUU ONTUYECKUM METOJIOM MPOYHOCTH OYPOBOTO MHCTPYMEHTA
U pa3pylaeMOCTH MOPOJ IIMPOKO MPUMEHSIOT 00BEMHBIE MOJIETH, HA OCHOBAHHUH
KOTOPBIX CTAHOBUTCSI BO3MOXHBIM COCTaBUTHb TEH30p HAIPSIKEHHII B KOHTAKTHBIX
30HaX, NOJAOWTH K PELIEHHUIO0 BOIIPOCA O POJIM SApa YIUIOTHEHUS B IIPOLIECCE BO3IECH-
cTBUS OypOBOr0 MHCTPYMEHTA U O BIUSHUU MPEABAPUTEIbHBIX BBIKOJIOB M CBOOO/-
HBIX MIOBEPXHOCTEN B MPOLIECCE PA3PYLICHUS TOPOIBI.

Kpome Toro, ontuyeckuii MeTo]1 MO3BOJISIET OLIEHUTH BIMSAHUE MTapaMeTPOB y/ia-
pa Ha pa3pylIaeMoCTb TOPHOM MOPOIbI U 3aTYILJICHUS JIE3BUSI OYpOBOr0 MHCTPYMEHTA
Ha 3 (HEKTUBHOCTh OypeHUs, a TaKkKe MOMOTraeT PelIUTh BOMPOC 00 y4acTUU BOJH
HaIpPsLKEHU B TIPoOIIecce pa3pylIeHUs: TOPHBIX TOPOJ] TP yJIapHOM OypeHUH.

Metoapl 00beMHOM (OTOMEXAaHUKH TAKXKE MPUMEHSIOT U JJIsl HUCCIIEIOBAHUS
CTaTUYECKOU pabOThl MOA3EMHBIX COOpPYKEHUN. B Kpyr Takux 3ajad BXOJUT UCCIe-
JIOBaHHUE HAIPSKEHHOI'O COCTOSIHUSI TOPHOTO MAacCHBa BOKPYT BEPTUKAJIbHBIX U TOPHU-
30HTaJIBHBIX BBIPAOOTOK, MPOMIEHHBIX B CJIOUCTHIX MOPOAAaX C HAKJIOHHBIM 3aJera-
HUEM IJIACTOB M PA3IMYHBIMU (U3UKO-MEXAaHUUECKHUMU CBONCTBAMHU, UCCIIEIOBAHHE
pacrnpeiesieHUs HaNpsHKEHUH B COMPSDKEHUSX Pa3IMYHbIX BBIPAOOTOK, Ompe/ieieHue

HaHpH)KCHI/Iﬁ B KPCITAX U MAaCCUBC IIPpU ICPCMCHHOM CCUCHHUH BI)Ipa60TOK HeOOJIBIION
MPOTAKCHHOCTHU U T. M.
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Haunbonbliee mpakTHiecKkoe 3HaU€HHE UMEIOT CIEAYIONIME TUTIOBBIC 33/1aul Me-
XaHUKH TOPHBIX TTOPOJ;

I Tun. OnpeneneHue yCIOBUA COXPaHEHUS! U MOTEPH YCTOMUYMBOCTH DJIEMEHTOB
MAaCCHMBOB M COOPY>XEHUM TPHU PaA3IMYHBIX HCXOJHBIX COCTOSIHUSIX M KOMILIEKCaX
BO3JICHCTBUI Ha HUX, B TOM YHCJIE NPU BEJCHUU TOPHBIX pabOT. DJIeMEHTaMH UCCJIe-
JyEeMbIX OOBEKTOB, YCTOMYMBOCTh KOTOPBIX JOJKHA OBITH OOecreueHa, SBISIOTCS:
MOBEPXHOCTH TOJ3EMHBIX BBIPAOOTOK (KPOBJIH, IMOYBBI, OOKA), IIEITMKH, TTOTOJOYHBIE
KaMepbl M KPOBJIU JIaB, OOPTHI KaphePOB, 3eMHasI IOBEPXHOCTh. Y YUTHIBAIOT CTaIUM-
HOCTb MPOIECCOB 1ePOPMUPOBAHUS U PA3PYILICHUS AJIEMEHTOB, MPEIEIbHbIE UX CO-
CTOSIHUS, & TAK)KE BUJOU3MEHEHUS COUETAaHUN YCIIOBUH.

II Tun. YcraHoBiIeHNE 3aKOHOMEPHOCTEN B3aUMOACUCTBUS DJIEMEHTOB MAaCCH-
BOB MEXJy CO00Il U C 3JIEMEHTaMU COOPY>KEHUH, B TOM YHCJIE C KPEMSIMHU TOPHBIX
BBIPA0OTOK, B 3aBUCUMOCTH OT €CTECTBEHHO-T€0JIOTUUECKUX YCIOBUU U BUJOB B3au-
MOJIecTBHUI. B3anmMoAelHCcTBUEM CUYMTAETCS B3aMMO3aBUCUMOE M3MEHEHHE B IIPO-
CTPAHCTBE M BPEMEHU T'PAHUYHBIX MOBEPXHOCTEH KOHTakTa. Bua 3akoHOMEpHOCTH
MEXaHUYECKOTO B3aMMOJICUCTBUS KPEMHU U MOPOJ, ONPEACIAIONIUNA YCIOBUS UX COB-
MECTHOM paboOThI, PeaIM3yeTCs B PA3IMUHBIX PEKUMaX, BKIIOUas 3aJaHHYIO Harpys-
Ky, 3aJJaHHYI0 Je(opMaiuio, B3auMOBIHUAIONIYIO JepopMaIrinio, KOMOMHUPOBAHHBII
PEKUM.

III Tun. M3ydyeHue BIUSHUS TOPHBIX BHIPAOOTOK M KOMILIEKCOB TOPHBIX paboOT
Ha OKPYXKAIOLIHE MOPOJHBIE MACCUBBI PA3JIMUYHBIX CTPYKTYP U CBOWMCTB, HaXOSIIHE-
Csl B PA3JIMYHBIX COCTOSIHUSIX M TTOJIBEPTaIOIINECS pa3IMYHbIM BO3ACHCTBHSIM.

OCHOBHBIMM BONPOCAMU U3YUYEHHUS SIBISIOTCS: YCTAHOBICHHUE 30H ONOPHOTO J1aB-
JICHHUS, Pa3rPy3KH, CIBUKECHUN U Pa3pyLICHUH MaCCUBOB, ONIPEACICHUE OUYEPTAHUN U
pPa3MEpPOB 3AIIUIIECHHBIX 30H, BBIICHCHUE PACIpOCTPAaHEHUS BOJIH HANPSDKEHUM, BbI-
3BAaHHBIX B3PBIBAMHU, Ha PA3JIMYHbBIC IMOJI3EMHBIC M HA3€MHBIE OOBEKTHI.

Takum 00pa3oM, ONTHYECKUI METOJ UCCIEAOBAHUS HANPSKEHUN MO3BOJISET pe-
IaTh BEChbMa CIIOXHBIC 3a]]Ja4i, KOTOPbI€ HEJOCTYITHBI MAaTEMAaTUUECKOMY aHaIU3Y.
TeopeTnuueckrue OCHOBBI ONTHYECKOTO METOJa UCCIEIOBaHUS YIPYTUX MOJIeH
HaIpsDKCHUN M CMeleHud 0a3upyeTcsl Ha UCIOJIb30BaHUM 3akoHa ['yka o mpsimoit
MPOTIOPIIMOHAIBHOCTH MEXKy HaNpsOKeHUEM | e opMaliieil U Ha SBJICHUHU ONTHYE-
CKOM aHU30TPONMHU U3O0TPOIHBIX TEJ, MOABEPTHYTHIX NCHCTBUIO BHEUIHUX CHUJI, WU
IIPU HAIMYUKM BHYTPEHHHUX HampspkeHuid. C MOMOIBI0 ONTHYECKOTO METo1a 0OHapy-
KABAIOT HE CaMHU BEJIMYMHBI HOPMAJbHBIX HANPSKEHUM, a Pa3HOCTh MEXIYy HUMH,

T.C. MAKCHMMAJIbHBIC KACATCIIbHBIC HAIIPSIKCHUS T ,x

t =179 (16.74)

max
2

rac G1,0,— INIaBHBIC HOPMAJIbHBIC HAIIPSAKCHUA.

[ToaTOMYy C MOMOIIBKO ONTHUYECKOTO METOJA OIMPENENISIETCA CYIIECTBEHHAs Xa-
PAKTEpPUCTHUKA I CYKJIEHUS O MPOYHOCTH KOHCTPYKIUH 10 Teopun KyroHa.

BTopoii mpuHIUII, UCTIOJIB30BAHHBIN MPU ONTHYECKOM MOJCIUPOBAHHH, BBITE-
KaeT u3 0o01Iel Teopun cBeTa. Eciiu, Hanmpumep, CBETOBOM JIyd OT OOBIYHOTO MCTOY-
HUKa CBETa HAINPaBUTh HA CTEKJISHHYIO IUIACTUHKY MOJ YIJIOM, TO JIy4 JEJIUTCA Ha
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JIBE YaCTHU: OJHA YaCTb — OTPAXKAETCS, Apyras — npeaoMrseTcs. OIBIThI TOKa3bIBAOT,
YTO OTPAKCHHBIA M TIPEIIOMJICHHBIN JIy9H OKa3bIBACTCS TUIOCKO-TIOJIIPU30BAaHHBIMH H
uX KoyicOaHus OyAyT MPOUCXOIUTH B JIBYX B3aMMHO TCPIICHIUKYJISPHBIX ITJIOCKO-
CTSAX.

HawnGoupieli moisipu3aiuu CBETOBOH JIy4 JOCTUTAET B TOM Ciydae, €CIH OT-
PaXXEHHBIA U MPEIOMJICHHBIH JIy4H MTePICHIUKYIISIPHBI APYT apyry (puc. 16.6).

HMHTEepecHBIMM ONTHYECKUMHU CBOKWCTBAMH 0OJIafacT psii KPUCTALIOB (TypMa-
JIUH, CJII0JA, KaJIbIHi). ECn KpHCTaI KaibI[UTa MTOCTaBUTh CBOUM OCHOBAaHHMEM Ha
OyMmary ¢ 4epHOW TOYKOH M IMMOCMOTPETh CBEPXY, TO MOKHO YBHUJETH JIBa M300paxke-
HUs TOukHU (puc. 16.7).

Puc.16.6. Otpaxenue u
MPEIOMJICHHE  CBETOBBIX

Jy4eu: i— yroia IaJeHHUS;

Y — Yrol OTPaKCHUS; Puc. 16.7. /IBoliHOE nmy4denpeoMiIeHHE:

R —yron IPETIOMIICHHS; |—xpucTann kanpuTa; 2—IUIACTUHKA TypMalliHa;
1- mamarommit nyq; 2— oT- 3—MeTKa; 4—onTHYECKas OCh KpUCTaia KajabIlU-
pa)KCHHBIfI Iyd4; 3 — pe- Ta, 5—och nojsipu3ai IJIACTUHKHU TypMaJInHa,
JIOMJIEHHBIH JTyd. 6—0OBIKHOBEHHBIH J1y4; 7—HEOOBIKHOBEHHBIH JIyY.

B atom ciyuae mMmeer MecTo IBOMHOE Jydenpenomiienue. Enu teneps ¢ mo-
MOIILIO

IUTACTUHKKA TypMajMHa MpOaHaIM3HPOBaTh OOBIKHOBEHHBIH M HEOOBIKHOBEH-
HBIH JIy49H, TO OKa3bIBAETCS, UTO 00a JIyda SIBJISIOTCS IUIOCKO-TIOISIPU30BaHHBIMH.

[Tpu 3TOM KOJeOaHUsT OOBIKHOBEHHOTO JIyda MPOUCXOIAT B IJIOCKOCTH, Iep-
NEHJIUKYJISIPHON JHAroHajdbHOW TUIOCKOCTH d,a’,c’,c, a KojieOaHus HeOOBIKHOBCH-

HOTO JIy4a JIeKaT B 3TOM IUNIOCKOCTH d, a’, ¢, ¢, T.. KOJIeOaHUs JTydel MPOUCXOIAT B

JIBYX B3aMMHO MEPIEHIUKYIISIPHBIX MIOCKOCTSIX.

SIBrieHre NBOMHOTO Jy4enpeloMJICHUS MOXKHO Takke HaOJlIoAgaTh U B HU30-
TPOMHBIX BelllecTBaxX Moj JAedcTBueM Harpysku. Hampumep, copMupoBaHHbIN nau
HaIpPSHKEHHBIM KYCOK CTEKJIA, LEJUTyJIOua, akeluTa U T.J. OOHApy>KUBAeT BCE CBOU-
CTBa JBOWHOro JydenpenaomicHus. CBOWCTBO JBOWHOTO Jy4YENPEIOMIICHHUS W30-
TPOMHBIX TeN MOJA Harpy3koil (oTkpbiTo bproctepom B 1816 r.) mosnoxuiao Havaio
MeToay GOTOYIpPYroCTH.

Kak n3BecTHO, NpyU MIOCKOM HANPSKEHHOM COCTOSIHUU TEJIa B KaXKIOM TOUKE
UMEIOTCA TUIOIIAIKU, IO KOTOPBIM KacaTeJbHbIE HANPSKEHUS OTCYTCTBYIOT U JEH-
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CTBYIOT TOJIBKO TI'JIaBHBIC HOPMAJIbHbIC HAIIPSXKEHUA O U O, . HOI[ ,IIGP'ICTBPICM OTHUX

HaMpsHKeHUH co3patoTces aedopmaiiii, KOTopble MPUBOJIAT MaTepual K ONTHYECKOM
aHU30Tponuu. Beneacteue 3Toro Jiyd cBeTa, MpOXOIAIINN Yepe3 HAPSKEHHOE TTPO-
3payHoe TeJo, Oy/IeT pa3jaraThCs Ha JBa MIOCKO-MOJSIPU30BAHHBIX JTy4a, KOJIeOaHUs
KOTOPBIX JIEXKAT B JBYX B3aMMHO MNEPNEHAMKYISPHBIX IUIOCKOCTAX, MapajlieIbHBIX
HAaMpaBJICHHUIO PACIPOCTPAHEHHUS JTyYa.

[Ipu sTOM pacmpocTpaHeHue Jiydedl B HampsHKEHHO-IEPOPMHUPOBAHHOM I1ia-
CTUHE MPOUCXOAUT C PA3IMYHBIMU CKOPOCTSIMH B COOTBETCTBHM C BEJIIMYMHAMH G U
€, YTO MPUBOJUT K ONTHUYECKOMY CABUTY (a3 U JTMHEHHOU pa3HocTH Xoaa. Kak moka-
3bIBAIOT MHOTOYHMCJICHHBIE OMBITHI, PA3HOCTH X0/1a B OOIIEM CiIydae ONnpeaesieTcs Mo
bopmyre

I'=C,0(c, —0,)+C.0(g; —¢,) (16.75)

rae C, nu C,— NOCTOSHHBIE, Ha3bIBAEMBIE ONTUYECKUMU Kod(duunrentamu nedop-

Mallid U HAIIPSAKCHUA, 3aBUCAIIUMHA OT IMPUMCHACMBIX MATCPUAJIOB, o — TOJIITHMHA
IUTACTUHKU; O U O, — INIAaBHBIC HOPMAJILHBIC HANIPSKEHUSA; € U €5 — ,He(l)OpMaHI/II/I B

HaIpaBJICHUH TJIABHBIX HOPMAIbHBIX HATPSDKCHHM.

[TockonpKy B cTamum ympyroro ne(GopMupoBaHHS MaTEpHUAIOB CYIIECTBYET
cTporasi MpONOPLUUOHAIIBHOCTh MEXKIYy G U €, 0000IIeHHass 3aBUCUMOCTh (16.75)
npeodpazyeTcst K BULY

I'=C,8(c, —0,). (16.76)

B stoMm cnyuae Boipaxkenue (4.22) cormacHo BbipaxeHuto (4.20) MOXKHO Mpe-
CTaBUTH B BUJIC

I'=2C_5t (16.77)

max °

[Tpu mracTuaHOM ehOPMUPOBAHMH MATEPUAIIOB HA HHTEPEPAIMOHHYIO Kap-
THHY TI0JIOC pelIarolee BIUSHUE OKa3bIBaOT AchopMallui, Tak Kak HampsoKeHUs Ha
ATOM cTamuu aedopmalud HU3MEHSIOTCS HE3HAYUTEIbHO. B CBsI3M C ATUM 3aBHUCH-
MocTb (15.75) MoxeT ObITh TIpeICTaBIICHA B BUJE JTUHUN

F=C,5(s, —¢,). (16.78)

~

CJIG,IIOB&TGJII)HO, 3Had TOJIOUHY MOICIIN 6, OIITHYCCKYIO ITOCTOAHHYIO NGI/I

ONPENEINB PA3HOCTh X0Ja [', MOXKHO YCTaHOBUTH 3HAYCHUE MAKCUMAJIbHBIX CKaJbl-
BAIONIUX HAMPSHKEHUM MPU UCCIEAOBAHUU MOJIENU B CTaAUU yIPYroro negopmupo-
BaHUS U OTHOCHUTEJBHBIX Je(opManuii mpu U3y4EeHUU MPOIECCOB MOI3YYECTH HIIU
MJIACTUYECKOT0 Ae(hOPMUPOBAHUS.

Onpenenenue pa3HOCTH X012 [ OCHOBBIBAETCS HA CBOMCTBE MOJISIPU30BAHHOTO
CBETa B 3aBUCUMOCTH OT YacCTOThI KOJeOaHUM MaBaTh pa3UyHbIe IBETA. TOYHO TaK
’Ke, KaK 4acTOoTa 3ByKOBOT'O KOJIeOaHUs OMPEACISIET BBICOTY 3BYyKa, YaCTOTa CBETOBO-
ro KoJieOaHHs OmpeIeNsaeT KaYeCTBO CBETa, KOTOPOE TIa3 BOCIIPHHUMAET KaK IBET.
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CrnenoBaTenbHO, ONPEAEIIEHHONM 4YacTOTe KOJeOaHUs COOTBETCTBYET OINpEJe-
JeHHbIN 1uBeT. Jlyu cBeTa, COCTaBICHHBIA TOJBKO M3 OJIHOTO I[BETA, HA3BIBAETCA MO-
HOXPOMATHUYECKUM, WIH OJTHOPOJIHBIM.

O4eBuIHO, IS KaKIOTO MOHOXPOMATUYECKOIO CBETa MMEETCS BIIOJHE OIpe-
JieJIeHHas! JIMHA BOJIHBL. Tak Kak JJIMHA BOJHBI OMPEAEIAeTCS BhIpAKECHUEM

A=vT,

riue V— CKOPOCTh pacIpoCTpaHEHHs cBeTa; 1 — IMepruo KojacOaHus BOJIHEI,
a 9acToTa KoJIeOaHUs MPU STOM OTPESIACTCS KaK BEJIMUWHA, 00paTHAs TIEPUOIY KO-
se0aHus:

Pk:

1
'

T

TO MOXXHO YCTaHOBHUTL CBs3b MCXKIY 4acTOTOM KOJICOAHUSA U I[HI/IH()ﬁ BOJIHBI, a, CJIC-
JO0BATCJIbHO, U IIBETOM CBE€TA. B IMIyCTOTC BCC JIydYH MOHOXPOMATHYCCKOI0 CBCTA pac-

o ~ K
MPOCTPAHSIIOTCS ¢ OAUHAKOBOUM CKOpOoCThiO N =3 - 10" cm/c.
CrnenoBaresbHO, JJIMHA BOJHBI JJIsI KaXKJIOTO MOHOXPOMAaTHYECKOro cBeTa Oy-
JET OIPEIENATHCS TOJIBKO B 3aBUCUMOCTH OT YaCTOThI KoJieOanus P :

h=—. (16.79)

HOBTOMy, IMOJIYUYMB Ha 3KPAHC PA3JIMYHBIC OBCTA, MOXXHO OIIPCACIINTb, UMCH
Ta6JII/ILIy COOTHOILICHUI BCTa W JJIMHBI BOJIH, BCIIMUMHY PA3HOCTH XOJa I'= I’l?\,, a,
CJIICOAOBATCIbHO, BCIINYMHA MaKCUMAJIBHBIX KaCaTCIbHBIX HaHpH}KeHI/Iﬁ

1,0 1,0
Tinax = 7 x =0 =, 0 , (16.80)
2C,0 d 25

rac N— MOpAAOK ITOJIOCKI; G%)’O— HCHa IIOJIOCHI OIITUYICCKU YYBCTBUTCIIBHOT'O MATC-

puana.

Pa3HocTh X072 MOXKET OBITH ONpenesieHa M0 METOY COTOCTABIICHUS I[BETOB,
0 METOJly TOJIOC ¥ MO0 MeToy KoMmreHcauui. [Ipu Merose comocTaBieHusl IBETOB
HCKOMYIO Pa3HOCTh X0Jla ONPEAEIISIIOT HEMOCPEACTBEHHO MO 1BETHON KapTHUHKE M30-
XpOM, MOJTYYEHHOUN P OEJIOM HUCTOYHHUKE CBETA, U MOCIEIYIOIIEM CONOCTABICHHUH C
uHTEepPEPAMOHHBIMU TIBETAMHU 3TAJOHHBIX KoJiel] HpioTOHA, AJIT KOTOPBIX COCTaB-
neHa tabnwma. [Ipu Merome MoNOC MCTOIB3YETCS MOHOXPOMATHYECKHA MCTOYHUK
CBETa U YUYUTHIBAIOTCS TOPSIKOBBI HOMED MOJIOCH! B UCCIIETyeMOM 00JIacTH, a TAKXKe
LIEHAa IMO0JIOCHI MaTepuaia. [Ipu MeTosie koMneHcanui K ICKOMOW pa3HOCTH XOJ1a, CO-
3/1aBa€MOi B yIpYyroM HapspKeHHOW 00JacTH O00OBbEKTa, Oneparop A00aBISIET KOM-
MEHCATOPOM Pa3HOCTh X0/, PaBHYIO MO BeTMYMHE, HO 00paTHYIO 1o 3Haky. [Ipu pe-
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3YJABTUPYIOLIEH PA3HOCTH XOJa, PABHOUM HYJIIO, MPU CKPEIICHHBIX MOJISPOUIAX B U3-
MepsieMOi TOYKE MOJENIN HaOII0JaeTCsl 3aTEMHEHHE.

[Tocne aTuX 3amMedaHuii MOKHO TIPUCTYIIUTh K PACCMOTPEHUIO IPUHIUNA JIeH-
CTBUS ONTUKO-TIOJIAPU3ALIMOHHON YCTaHOBKH.

PaccmoTpum o0Opazenr U30TpOMHOTO MPO3PavyHOTo Teja, MOJBEPrHYTOTO paB-
HOMEpHOI Harpy3ke (puc. 16.8).

<1
ST

Puc. 16.8. IIpuHuunuanbHas cxema ONTHUYECKOW YCTaHOBKHU: | — mossipu3aTop;
2 — obpazet; 3 — aHanu3aTop; 4 — ICTOYHUK CBETA; /io , 4,4, ,a,,a,— aMIIuTy1a
kojebanusi; C-C— TOPU3OHTAJIbHAS OCh MOJSPU3ATOpPA; 71 — N —BEPTUKAIbHAS
OCh TOJISIPU3aTOPa; M — M —OCh MOJICIIH.

OOBIKHOBEHHBIN JIy4, MPOXOJs uepe3 mojsipuzaTop 1, mpuoOpeTaeT TOJBKO
BEpTUKAJbHBIE KOJeOaHUs U MajaeT Ha oOpasell 2, MOBEPHYTHIA HA yroll O K TOpH-
30HTaJBbHOM ocu. B pe3ynbTaTe HANPSHKEHHOTO COCTOSIHUS 00pa3iia MoasipUu30BaHHBIM
CBET, MPEJIOMJISISICh, pacnagaeTcs Ha ABa jgy4a. KoneOanus ydeil HayT B MIIOCKOCTSIX
INIABHBIX HAIpsDKEHUN. B pe3ynbTaTe npenomMiaeHus B 3aBUCUMOCTU OT HAIPSKEHHO-
cTU 00pasiia Jiyur IpruoOpeTaroT pa3Hble CKOPOCTU pacnpoctpanenus. [Ipoitas oOpa-
3el, Jy4d NafaroT Ha aHAJIU3aToOp 3, OPUEHTHUPOBAHHBIM TaK, YTO OH IPOITYyCKaeT
TOJIBKO KOJieOaHUsl, MEePIEeHIUKYIISIPHbIE TUIOCKOCTH MOJSpU3aluy moJisipusaTtopa 1.
Taxum 06pa3oM, dyepe3 aHaIU3aTOp NPOUAYT TOJNBKO JIy4H a; U a,. Tak Kak mocie
o0pasna Jiy4u BCJIEICTBUE PAa3HON CKOPOCTU PACIPOCTPAHEHHUS MOITYUYUIIU HEKOTO-
PYIO Pa3HOCTh XOJa, TO, CIECIOBATENIBHO, M IIOCJIE aHaIu3aTopa ITOIY4YMIId HEKO-
TOPYIO PA3HOCTh X0J1a MEXAY TOPU30HTATLHBIMHU COCTABIIAIOINIMME KOJIEOAHUH.

Ecnu 0603Ha4nTh yepe3 A, aMILIUTYAy KoJeOaHuil Jiyya 1ociie nojsipu3aropa:
a; 1 a,— aMIUIUTYJbl KOJIeOaHUM JTydell mociie aHaau3aTopa, TO MOXKHO HaIlHMCaTh

CJIENYIOLIYI0 3aBHUCUMOCTh [UJISl PE3yJbTUPYIONIEH aMIUIUTYAbl KOJeOaHuil mocie
aHanM3aTopa:

Ay = a, + a, = A, Sina Cosa[Sin(¢ — 27 n) — Sin ¢].

3HaueHue A, JOCTUTACTCS MIPU P = —TN

max
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A = ApSmm2aSinnn .

m

NHTEHCUBHOCTH CBETA
J=A4?Sin*2aSin’nn.

MakcumanbHass WHTEHCHBHOCTh CBeTa MMeeT MecTo npu o =45°C, nasas
HauOoJsiee SPKYH KapTUHY LIBETOB Ha JKpaHE, a, CJIeIOBATENIbHO, PACIpe/IelICHHUS,

CKaJIBIBAKOIIUEC HAIIPSIKCHUA Ty, - KpOMe SAPKUX LBETOB Ha 3KpaHC IIOJY4YarOT H

TEMHBIE MECTa, KOTOPHIC YAOBIETBOPSIOT OJTHOMY U3 TPEX YCIOBUH:

1. CBoOOIHBIC OT HANPSDHKEHUS TOYKH, HE JAIOIINE ABYX MPEITOMICHHUN (TTOJIsI-
pHU3aTOp M aHAU3aTOP CKPEIICHBI, CBET OYCT B HUX ITOTAIIICH ).

2. Touku, B KOTOPHIX TJIABHBIC HANPSDKEHUSI PaBHBI. B 3THX TOYKax HET CIBUTA
¢a3, Kak HEeT U Pa3HOCTH X0Ja (CKOPOCTH PaCIPOCTPAHCHHUS JIy9€i paBHEI APYT APY-
ry). CinenoBaTenbHO, aMILIUTYABI d; U d, TIPU 3TOM PAaBHBI U TOT/1a UMEEM

a; +a, = 4,SinaCosa Sin ¢ + (—4,CosaSinaSin@) =0.

210 AacT B PC3YyJIbTAaTC TCMHOTY Ha 3KpaHC. Hanuune Takux 0cOOBIX TOUYEK SIB-
JICTCA BECbMa BHAYUTCIIbHBIM TP U3YUYCHHUUN MOI[GJ'ICfI, TaK KaK B HUX G| = O,.

3. Touku, MIg KOTOPBIX IJIOCKOCTH HAIpaBJICHUS TJIaBHBIX HANPSHKCHUH COBIIA-
JAI0T C IJIOCKOCTAMM HOJISIpU3aTopa U aHanusaropa. B atom ciayyae oo =0 mpu 90 °
uJ=0, tx. Sin2a=0.

[Tocnenuuii ciy4ail mpenacTaBiaseT OOJBINYIO IICHHOCTh JUIS HCCICAOBAHUS
HaIMpPsHKCHUH, T.K. OH JaeT TOYHBIC CBEJCHHS O HAIMPABJICHUU JBYX TJIABHBIX Hampsi-
JKeHUH B J1000M Touke oOpasima. CiemoBaTelbHO, Bpamias oOpaser] (MJIu Mojspu3a-
TOp — aHAJIM3ATOP) C OJHOBPEMEHHBIM OTCUETOM YTJIOB, JJIS KAXKIOTO YIJIa TIOYIUM
CHUCTEMY YEPHBIX TOYCK JJIS JIMHHUM, B KOTOPHIE 3TH TOYKHA MOTYT CIUBAThCs. B 3THX
TOYKaX OyJeM 3HATh HAMpaBICHUS TJABHBIX HampsDKeHWH. JIMHWM, COEMUHSIONINEC
TOYKH, TJI¢ HAIPaBJICHHUS IJIaBHBIX HANPSOKCHUH COBHAMAIOT C IUIOCKOCTSIMH IOJISIPH-
3aliM TOJIAPU3aTOpa W aHAIW3aTopa, HA3BIBAIOTCS M30KIMHAMH. J[OMyCTUM, UMeeM
M30KJIMHY 1, COOTBETCTBYIOIIYIO yIiIy IOBOpPOTa 00pa3la Ha yrojl O, H30KJIUHY 2,

COOTBETCTBYIOIYI0 YINIy IIOBOpOTa oOpasma Ha yroax o, =0;+Ao U T.J1.
(puc. 16.9).

Puc. 16.9. [TocTtpoenue nzocrar:
1,2,3 — U30KJIMHBLI;
A,D,B,E,C,0},06],05,G% — u30CTaTHI.
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IIpoBenem u3 Touek A4,B,C npsiMble MOJ yriiaMH K BEPTHUKAJIU, PABHBIMHU CO-
OTBETCTBEHHO O,0l,,03 U T.A. TOUYKHU nepecedeHus NpsMbIX Mexkay coboil 0003Ha-
yuM yepe3 D, E . [loayuyum, TakuM oOpa3om, JTOMaHbIE JIMHUHU, KOTOPHIE SIBISIOTCS
M30CTaTaMy (KpUBbIE HANPABJICHUs OJJHOW M3 TJIaBHBIX CHJI HANIPSKEHUs G ). B kax-
0¥ TOYKe n30cTaThl MO yriioM 90 ° K W30JIMHHUU G, HAMpaBieHa G,. Takum 0Opa-

30M, M30CTaThl MPECTABISIIOT COO0M OPTOTOHAIBHOE CEMEHCTBO KPHBBIX, KacaTelb-
HBIE K KOTOPHIM COBITQJIal0T C HAIIPaBJICHUEM TJIaBHBIX HOPMaJIbHBIX HAIPSKCHUM.
YTOoOBI OTJIUYHMTH TEMHBIC MECTA, COOTBETCTBYIOIIUE N30KIMHAM, OT TEX, KOTO-
pBIC SIBJISIOTCS CIICCTBUEM YCIOBHUH 1 M 2, HaI0 MOMHUTD, YTO U30KIMHBI H3MCHSFOT
CBOE TOJIOKCHHUE TIPH TIOCIICAOBATCIIBHBIX TTOBOPOTaX 00pa3iia Uil CUCTEMBI TIOJISPH-
3aTopa-aHanu3aropa. Touku obpasua, rae 6, — 6, = 0(T.e. cBOOOHBIE OT HaIpsKe-

HUSI), IPU JTI000M MTOBOPOTE OCTAIOTCA HA TEX K€ MECTaXx.
Takum oOpa3zom, Ipu KcciieA0BaHUU 00pa3lia WK MOJEIU Ha U30JIUPOBAHHOMN

YCTAHOBKEC ITOJIYHalOT 3HAYCHUC T, , [IOCJIC HaHpH}KeHI/Iﬁ 6 1 6,, a, CJICA0BATCIIb-

HO, ONIPENIEIISIOT 00JIaCTh MOHWKEHHBIX U TTOBBIIICHHBIX HAMPSXKEHUN.

N3yuyenue HanpsokeHU Ha 0OBbEMHBIX MOJENSIX OCHOBAHO Ha METOJIE «3aMO-
pakuBaHUs» HanpsukeHUH (neopmanuii) U MeTozie paccestHHoro cBera. [lepBeiil me-
TOJ, B KOTOPOM MPEAyCMaTPUBACTCS WCIOIb30BaHUE OOBIYHBIX MOJSPU3AIMOHHBIX
YCTAaHOBOK, Haienl 0Oojiee MHPOKOe MpuUMeHeHue. Bropoil TpedyeT crenuaibHOTO
ONTUYECKOTO OOOPY/IOBaHMS, MPOMBIILUICHHOE H3TOTOBICHHE KOTOPOTO €Ile He
HaJIaXEHO.

[Ipu MeToe paccessHHOrO CBETa HArpy>KeHHasi MOJIEIb MOMEIIAETCS B UMMEp-
CHUOHHYIO KUJKOCTh U MPOCBEUYUBACTCS TOHKOW MOJIOCKOU MIOCKO-TOJISIPU30BAHHOTO
MOHOXPOMAaTHYECKOTO CBETa OOJBIION SIPKOCTH, KOTOPBIA MPOXO/Asl Yepe3 MOJEIb,
OCBEIIaeT paccCMaTpUBAEMYIO TJIOCKOCTh BHYTPU Mojieniu. B mpocBeunBaemMom ceye-
HUU TMpU HAOJIOJEHUH CO CTOPOHBI, MEPIEHANKYISIPHON K IMIIOCKOCTH CEUEHHUs, BUI-
Ha KapTUHA TMOJIOC UHTEPPEPEHIINHN CBETA, CBI3aHHBIX C KOA(DPHUIIMEHTOM TIpesiomIie-
HUS, a, CIIEOBATENBHO, U C AepopMaliield B KaK/10H TOUKE MOJIEIH.

Pa3HoCTh KBa3UTJIaBHBIX HOPMAJbHBIX HAMPSHKEHHM, JEXKalUX B TUIOCKOCTH,
NEPHEHANKYISIPHON K MPOXOASIIEMY JIy4dy, OPEeAeTUTCs o popMyIie

o) —o)=—C (16.81)

rac Gi, 6'2 — KBA3UTJIABHBIC HAIIPSKCHUA (HaI/I6OJII>H.II/I€ N HAMMCHBIIMC HOPMAJIbHBIC

HaIpsSKEHUS B UCCIIEYEMOM IIJIOCKOCTH); a4— PACCTOSTHUE MEXKy MOJIOCAMHU UHTEp-
dbepeHnu;

Hamnpapnisst minockuil mydok MOJSIPU30BAHHOTO CBETa Pa3fMYHBIM 00pa3oM IO
OTHOIIICHUIO K MOJIEIHN, MOKHO OMPEICIUTh HANPSIXKEHUE B IIOOOM CEUYEHUH MOJIETU
0e3 mpeaBapUTEILHOTO NPUTOTOBICHHUS CIIEHHAIBHBIX CPE30B, KAK ATO JEIACTCs MpU
METOJIE «3aMOPAKUBAHUSY.

Meton «3amMopakuBaHUS» OCHOBaH Ha CIOCOOHOCTH HEKOTOPBIX ONTUYECKHU
AKTUBHBIX MAaTEPHUAJIOB, HATPY>KEHHBIX MPHU HATPEBE U OXJAXKIAEHHBIX MOJ HATPY3KOU
710 KOMHATHOM TeMIIepaTyphl, COXPaHITh ONTUUYECKUN 3PHEKT Mociae CHIATUSL HArpy3-
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Ki. Mojenu U3roTaBiIuBalOT U3 ONTUYECKH aKTUBHBIX MaTEPUATIOB, UMEIOIIUX JIBYX-
dasnyro ctpykrypy. [Ipu HarpeBanuu MoAenu U3 TaKMX MaTEPHAIOB J0 ONpe/eeH-
HBIX TEMIIepaTyp, B 3aBUCUMOCTH OT BHJa U MapKd Marepuana, 0oJiblias 4acTh Ma-
Tepuajga pa3MAryaeTcs M HE OKa3bIBAE€T CONPOTHUBIICHUS MNPUIIAraeMol Harpyske.
YacTe MaTepuana (CKeJeT), OCTaBIIAsCA B TBEPAOM COCTOSHUH, IMOJTHOCTHIO BOCTIPH-
HUMAET MPUIIAraéMyro Harpysky, noja J€HCTBUEM KOTOPOW B MOJEIHN BO3HUKAIOT Je-
dbopmanmu u HanpsokeHus. Ecnu 3ateM, He cHUMasi Harpy3Kku, MOJENb OXJIATUTh 0
KOMHATHOUM TeMImepaTyphl, TO pa3MsirdieHHas MpU HarpeBaHWM 4acThb MaTepuala 3a-
TBEpJIeBaeT (3aMOpaxXKuBaeTcsl) U OyJEeT yIepKUBATh MOJIYYEHHYIO CKelIeToM aedop-
MalIMIO MPU CHITUU HATPY3KH, a TAKXKE U MOCJE PACUIUBAHUS MOJIEIHN B PA3JIMUYHBIX
HalnpaBJICHHUSAX HAa TOHKWE IUIACTUHKU TONIIMHOM 2-4 mM. B npanpHeimem, yepes
KXKIYI0 TaKyl0 TUIACTUHKY, MPEJICTABISIONIYIO YK€ TIIOCKYIO0 MOJIENb, MPOIMYyCKAETCs
Jy4 MOJIIPU30BAHHOIO CBETA, M HA dKpaHE MOJYy4YaeTCs MJIOCKOE MO0JIe HANpPSKEHUH.
B pe3ynbTaTe Ha OCHOBaHWUM MPOCBEUMBAHUS IMOJSPU30BAHHBIM CBETOM BCEX ILIA-
CTUHOK TMOJYyYUM OOBEMHYIO KapTUHY paCTpEEICHHs HAMPSKEHUN B MOJICINIH, COOT-
BETCTBYIOLIYIO XapaKTepy paclpeieieHusl HapsokeHUH B HAType.

OnTtuyeckuid dQPeKT, MONTyHarOIIUIACS TPU TPOXOXKIECHUU TMOJSIPU30BAHHOTO
cBeTa yepe3 00bEMHYIO MOJICTIb, CBSI3aH C MOHATHEM KBAa3UTIABHBIX HAMPSDKCHUH O}

i G,. IIpy HOpMaIBHOM MPOCBEYMBAHUK Cpe3a (IUTACTUHKK) KBAa3UTJIaBHBIC HAIps-
KEHHsI G) U G, JCHCTBYIOT TaK K€, KaK TJIABHbIC HANPSDHKCHHUS G U G, B IUIOCKOM

MOJIEIH.

KBazurnaBHble HanpsKEHUs MOTYT OBITh BBIPAKEHBI YEPE3 HETJIaBHbIE HAIPS-
JKEHMS, JEUCTBYIOIINE B TOW K€ IJIOCKOCTH, aHAJOTHUYHO IUIOCKOM 3amade. Hampu-
Mep, I IIOCKOCTH 0 0, HOPMAIbHOM K OCH Z, HANPSDKEHUAG,,G ,,T,, , OTHECCH-
HBIE K OCSIM X U ), CBA3aHBI C PA3HOCTBIO KBA3UIJIABHBIX HAIIPSKEHNW COOTHOLIEHU-

SIMU:
G, =6, =(0] —05)Cos29; (16.82)

(o] —0%) ..
o :%Smhpo, (16.83)

THe (g— yroj MeX/y HAIpaBlIeHHEM O W HAIlPaBICHHEM KBAa3UTJIABHOTO HAIpsDKe-
HUSA O].
[ToJIIpU30BaHHBIA JIyd CBETA, MNPOMIS IUIACTHHKY C «3aMOPOYKEHHBIMI

HaMpsHKEHUSIMU, MPUOOpPETAaeT HEKOTOPYIO Pa3HOCTh Xona [, MpOMmOpIMOHABHYIO
Pa3HOCTH KBAa3WTIABHBIX HAMPSIKEHUH (G] — G5 ), JISKAIHUX B MIIOCKOCTH, EPIICH,IH-

KYJIIPHOM K OCH paclpOCTPaHEHHUs CBETA!
I'=Cyd(c] —0%), (16.84)

WJIM BbIpaKasg pa3HOCTb X0JZa 4C€PE3 YHUCJIO ITOJIOC, ITOJIydacM



283

! !/
p=C00001703) (16.85)
A
rie A — JJIMHA BOJHBI MPUMEHSIEMOTO CBETa; # — YHCJIO MOJIOC.

Taxkum oOpazom, MoJydeHHbIE U3 00BEMHON MOJCIH, UCCICIYIOT aHAJIOTHYHO
IIJIOCKOM MOJEIIH.

Iono0ue nmpu onTuyeckoM Metoae. [Ipu M3ydeHUN ONTHUYECKUX SIBICHUM C
MOMOIIIBI0 ONTUYECKOTO METO/a HEOOXOAUMO TaK K€, KaK MpU APYTUX METOAaX MO-
JeTUpOoBaHus (PU3UUYECKUX SBJICHUM, COOMIOAATh MOJI00HME COOTBETCTBEHHBIX OIHO-
MMEHHBIX MapaMETPOB U KOMILJIECKCOB. Y CTAaHOBIICHUE CBSI3€M MEXKAY KOHCTAHTaAMHU
noA0OusI U BBISIBICHUE KPUTEPHUEB MOJO00US HAXOAAT U3 aHalM3a pa3MEpHOCTEH ca-
MBIX OOIIMX ypaBHEHUM, ONMUCHIBAIOIINX U3yyaeMoe siBieHue. [loatomy B 3aBUCUMO-
CTH OT MOCTAaHOBKM 33/1a4M: U3y4aeTCs JIM MPOLECC PE3aHus, yaapa WIN CTATUYECKO-
ro JIaBJICHMS, JI1 KaXJ0T0 Mpoliecca JTOHKHBI ObITh YCTAaHOBJICHBI 3HAYEHUSI KPUTeE-
PHEB U MHOKHUTEJIEH TT0100us.

Hampumep, npu MoienupoBaHuy 3aa4 B CTAIUU YIIPYroro aeGopMupoBaHus,
CBSI3aHHBIX C YCTAaHOBJIEHHWEM OOIIeW KapTUHBI HANPSHKEHHO-Ie()OPMUPOBAHHOTO CO-
CTOSTHUSI MacCHBa TOPHBIX MOPOJI MPH pa3pabOTKEe MECTOPOKIACHUHN TOJIE3HBIX HCKO-
MaeMbIX, HEOOX0IMMO 00€CTICYUTh YCIOBHUS MTOA00US U IPUMEHSTH VIS Iepexoja OT
MOJIEIH K HaType UCXO/ISl U3 3aBUCUMOCTEM, MPUBEEHHBIX B Ta01. 16.1.

Tabmuna 16.1

[Tomo6ust mpu ONTUYECKOM METOE

HencrByromue YcnoBus mogoous
Harpy3ku
CMEILECHHS nedopmaruu HaIpsKEHUS
2
OObeMHbBIE CUITBI TSXKECTU C,=C/C,Cy |C,=C,C,Cp C,=C,C,
?Hij’f;EI?MHBIe LICHTPOOEIKHBIE c - crc, ¢, | C = C.C, C, c - C,C,
Ko Ko Ky

Pacnpenenennas
HarpysKa 110 IjIoajau C, =C,C,C, C.=C,C, C,=C,
Pacnipenenennas Harpyska c C,Cg c C,
110 JIJTMHE C,=C,Cp e ° G
CocpenoTOYEHHBIE CUITBL c C,Cg C,Cg c C,

u - C] € Clz c Clz

P Ry
Ipumeanne. Kyj— macmurad neHTpudyruposanus; £ =—w°,
q

Ry — paauyc BpalleHuUs; ®— yIrioBas CKOPOCTH;

q — YCKOPCHHUC CUJIbI TAKCCTHU.




284

BpeMCHHOG YCJIIOBHC HO,IIO6I/IH OIIPCACIIACTCA NCXOOS U3 BBIPAKCHUSA

C
C, = 1 (16.86)
CVCI
rae Cn —u MHOYKUTEID OI00US BA3KOCTH.
My

BrlimmonnHeHNE TPaHUYHBIX YCIOBHM OCTUTACTCS MPH PABEHCTBE K0P DUIINCH-
TOB OOKOBOT'0 pacropa:
(16.87)

[Tpu MomenupoBaHWU 3a/1ad TOPHOW MEXaHHWKH B CTaJMH TUTACTUYECKOTO Jie-
(GOpMUPOBAaHUS TOPHBIX MMOPOJ TOMHUMO TPeOOBAaHUI TE€OMETPHUYECKOTO U CHUIIOBOTO
no100us, MPUBEACHHOTO B Ta0i.16.1, MOKHBI OBITH BBITIOJHEHBI JOTIOJTHUTEIHHBIC
TpeOOBaHMUS:

Ny =Ny > Ky, =My (16.88)

Kpome Toro, n1omkHbI OBITh TOJJOOHBIMU KPUBBIE G —¢& JIJII MaTEpPUAIOB MOJIC-
JI1 U HATYpBl.

Meton GoTOImIacTUYHOCTH OCHOBAH Ha CIIOCOOHOCTH TMOJMMEPHBIX MaTepua-
JIOB MEPEXOAUTH MPU OMPEAECICHHBIX YCIOBUSIX HANPSKECHUIN U3 YIPYTOro COCTOSIHUSA
B IJIACTMYECKOE M COXPaHITh OCTaTOYHBIC Je(opMamuu TOCie CHSATHS BHEUTHUX
Harpy3ok. I[loaTomy mnpu (HOTONIACTUYHOCTH B OCHOBHOM HCIOJIB3YIOT MOJIETHU C
«3aMOPAKUBAHUEM) HANIPSDKEHUI.

MopenupoBaTh MOJI3y4eCTh MACCUBA TOPHBIX MOPOJ OO0JIEe CIOXKHO, YEM MPO-
[[ECChl YIPYroro WIHM IUIaCTUYECKOro AedOpMUPOBAHUS, TaK KaK HEOOXOIUMO CO-
OJIf0aTh YCIOBUS MOJO00US KaK B MEPBbI MOMEHT MOCJE HATPY>KEHUs, TaK U B MPO-
1ecce MoJI3yuecTH. Y CI0BUS MOI00Us ONPEESIOTCS UCXOs U3 aHAIIN3a YPaBHEHUI
paBHOBecHs, cooTHomieHn Koy, CBsA3BIBAIOMMX HANPSHKEHUS ¢ JaedopManusMu,
I'PAaHUYHBIX YCIOBUH COBMECTHOCTH jedopMaIiuii U ypaBHEHHI COCTOSIHUSI.

Kak mokazanu wmccrnemoBaHusi, MacimTad HampspDKEHUH B 00JacTH JIMHEHHOM
MOJI3Y4EeCTH HE 3aBHCHUT OT IMapaMeTPOB, XapaKTePU3YIOMUX (PU3HKO-MEeXaHUUECKUE
cBoiicTBa cpeanl. OH onpeaenseTcs, Kak B ClIydae ynpyrou 3ajaadu, COOTHOIIEHUEM

Cy

C,=—2.
ct

(16.89)

(¢}

KoadduimenTsl cHiioBOro U reoOMETpUYECKOro mogoousi MOryT ObITh MPOU3-
BOJIbHBIMUA. OOBIUHO WX BBIOMPAIOT UCXOMS U3 YI00CTBAa MPOBEACHUS IKCIICPUMEH-
TOB.

JlonoJIHUTENbHBIE KPUTEPUU TOA00HS, CBSA3AaHHBIE C PEOJOTHUUYECKUMH CBOM-
CTBAaMU TOPHBIX MOPOJI, BHIBOJST B 3aBUCUMOCTU OT MPUHSITOTO YPaBHEHUSI COCTOSI-
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HUS, AHAIM3UpPysd pa3MmepHocTh. Hampumep. ans  ypaBHEHUS  JIMHEWHO-
HACJIEICTBEHHOM nTo3yuyectu bosnbiimana-Boabereppa:

(16.90)
G(’E) :ES(T) _jR(T—V)S(V)dV' (1691)

Ha ocHoBanuu anmpokcuMupyromeil GyHKIUU ONpenessioTcs sapa MmoJi3yde-
cta L,_,) W penakcauuu R ,_,) W PEOJOTHICCKUE MApaMeTpbl O U 3 ypaBHEHHS CO-

CTOSAHMUA.
B sTom ci1ydac JOIIOJIHUTCIbHBIMHA Tp€6OBaHI/IHMI/I SABJIAIOTCA

(o) = (o) (16.92)
i &7, = (61", (16.93)

rge  O.— GespasMepHBIH mapamerp; &— uMeeT pasmeprocts C*7'.

CXOI[CTBGHHI)IC MOMCHTLI BPpCMCHH, KOr'aa I10JIAd HaprDKeHI/Iﬁ B HATypC U MO-
ACIN l'IOI[O6HBI, OIIPCACIIAIOT U3 YCIIOBUA

T, = [S—MJH’ T, (16.94)

Jlns anpa B Buje APOOHO-IKCIIOHCHIMANbHOU (yHKiMu (siapa PaGoTHOBA)
KPUTEPUH TTOI00US

(@) =()y, (16.95)
Macuirad BPEMCHH OIIPCACIIAIOT HAa OCHOBAHUU

1

C, =—o {E—Mja_l, (16.96)
T H

oM

rac To— BPEMJ p€TapAalluu (IIOCICACTBUA ), KOTOPOC IPUHUMACTCA 3a CAUHUILY HU3-
0 s

MepeHus,
1

1
B,

T, (16.97)
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[Ipu u3ydyeHun HarpsKEHHO-1e(HOPMUPOBAHHOTO COCTOSIHUS MacCHUBa TOPHBIX
MOPOJ, U KpPEIu BbIPaOOTOK B HATYPHBIX YCIOBHUSAX M3BECTHOE MPUMEHEHHE MOTYYUIT
MeTO1 (POTOYNPYTUX DIEMEHTOB U MOKPBITHIA.

Jlist u3MepeHus HarpspKeHud U aedopmaliii uccieayemMoro o0bekTa Ha €ro
MOBEPXHOCTh HAHOCST WJIM HAKJIEUBAIOT TOHKHUI CJION ONTUYECKH UYBCTBUTEIBHOTO
MaTepuana — (pOTOyIpyroro MOKPHITHS, KOTOPBIM nedhopMUpyeTCs ynpyro He3aBH-
CUMO OT XapakTepa AepOopMUpPOBAHUS HCCIETyeMOro oobekTa. i3MepeHne pasHoCcTH
X0/la TOJISIPU30BAHHBIX JIy4€il B MOKPBITUU IMO3BOJISIET ONPEACIUTh HAa OCHOBAaHUU
OCHOBHOT'O 3aKOHa ()OTOMEXaHUKH, PAa3HOCTh IJIaBHBIX JAePOpMaldil WU Pa3HOCTb
TJIABHBIX HANPSIKEHUW U UX HAMPABJICHUS B UCCIIEyEMON TOUKE.

CBsi3b MEXIy HANPSKEHUSIMHU B UCCIEIyeMOM O00bEeKTe U (POoTOympyrom mo-
KPBITUU ONPEACISIETCS 3aBUCUMOCTBIO

E

m[(l ~Hp)Sipan — (Mg WSl (16.98)

G1p =

,HJIH PasaciabHOrO OIPCACICHUA T''TABHBIX HaHpH)KCHI/Iﬁ 611 U Oy WIHA I'1aB-

HBIX Jepopmanuii MPUMEHSIOT U3BECTHBIE B (POTOMEXaHUKE METO/Ibl — HHTETPUPOBa-
HUS YPaBHEHHI paBHOBECHUS IIJIOCKOMW 3a/1auyd, KOCOTO (HAKJIOHHOI'0) IPOCBEYMBAHMS
MOKPBITUS, 3JEKTPOAHATIOTUH, & TAKXKe CIIOCOObI U3MEPEHUs MOTNEepeyHbIX aedopma-
UA 1 a0COJIIOTHBIX Pa3HOCTEH X0/1a C MOMOIIbIO KBAHTOBBIX ONTHYECKUX T'€HEPaTo-
pOB (J1a3epoB).

[Ipu pazneneHun HaMpsKEHUH ¢ TOMOIIBI0 HAKJIIOHHOTO MpOCBeunBaHusi (o-
TOYMNPYTOTO MOKPHITHUSI BO3MOKHBI JIBA CJIy4as: OJJHO HOPMAaJbHOE U OJTHO HAKJIOHHOE
MpOCBEUMBaHUE MO0 TOJIHKO JBa HAKJIOHHBIX. B MepBoM ciydae HaNnps>KeHHs Orpe-
TEJISIFOT U3 BBIPAKECHU I

1 (g Cosd—TCos0

O/ = ; 16.99
L 2tC, 1-Cos>0 ( )

Gar = 1 FQICOSB_F

2 2tC.\ 1-Cos?0

BO BTOPOM
2
1 | Torez +TepeiCos™® Cost (16.100)
Ci7 77 = 0s0, .
.2l 2tCy 1- Cos*0

rae O — yroa HaKJIOHHOTO MPOCBEYMBAHUS.

[Ipu wuccnenoBaHun OOBEKTOB, HAXOMAIIUXCS B  YCIOBUSX  IUIOCKO-
HaIpPSHKEHHOTO COCTOSIHUS, KOMIIOHEHTHI JiehopMaIiiil U HAMPSKEHUN OTIPENIETISIOT C
MOMOIIbIO HAKJIEWKHU JBYX (DOTOYNPYTrUX NAaTYMKOB B HEMOCPEACTBEHHOUN OIM30CTH
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JIpyr OT Apyra, 4YTO MNpPH OTCYTCTBUHU BBICOKHX TPAJUMEHTOB Jaepopmaiiuii COOTBET-
CTBYET U3MEPEHUIO HANPsHKEHU B OAHONM TOYKE MCCIEAYyEeMOro OOBbEKTa, MPU ITOM
OJINH JAaTYMK HAKJIEUBAIOT MO BCEW IUIOMIAAH, 4 BTOPOW — JIMIIb MO KOHIAM, aHAJIO-
TMYHO HaKJIeHKe 0JHOOCHOTO (hOTOYIPYroro TeH30MeTpa.

OnpeneneHne nmapaMeTpa U30KIUHBI (0 U OTHOCUTEIBHOM Pa3HOCTU XOJa IO0-

JIIPHU30BAHHBIX J'Iy‘-IGfI Fl B IICPBOM OATYHUKC B COUCTAHMU C U3MCPCHUAMU OTHOCH-
TEIbHOM Pa3HOCTH XOOa queﬁ A2 BO BTOPOM AATHYHUKCE IMO3BOJIAIOT HAWTU KOMIIO-

HCHTBI TCH30pa HaHpH}KeHI/Iﬁ 0,,0,,T d TAKIKC TJIaBHBIC HOPMAJIbHBIC HAIIPAKC-

Vo Xy
HUA G,0,.

Ecnu vcTOuHMK B MOJISIPUCKOIE U3JIy4aeT OeMblil CBET, TO MOJIENb U aHAJIN3a-
TOpP NOCJE MPOXOXKACHUA JIydel CBETa 4Yepe3 MOJSpPU3aTOP MOJIY4YaroT HAa 3KpaHe
n300pakeHNe, OKPAIIEHHOE B Pa3JIMYHbBIC 1IBETa CBETOBOIO crekTpa. Ilpu aToM Kax-
Jiasi IIBETHAs M0JI0ca MPEACTaBIISIET COO0M reOMETPUIECKOE MECTO TOYEK C OJMHAKO-
BOM ONTUYECKOW pa3HOCTHIO X0Aa [ U, CIIEAOBATEIBHO, C OJTHOW U TOU XK€ pa3HOCTHIO

INIaBHBIX HOPMAJIbHBIX HaHpH)KCHHﬁ O, —0,, NIOJYPa3sHOCTb KOTOPBLIX NPEACTABJISACT

co00if MaKkcHMMaJbHOE KacaTeJIbHOE HampsHDKEHUE, OMpeaesieMoe MO 3aBUCHMOCTH
(16.74).

Takum 00pa3oM, IIBETHBIE MOJOCHI HA SKPAHE MOISPUCKOIA TPEACTABISAIOT CO-
00l TMHUM PAaBHBIX MAKCUMAJIbHBIX KacaTEIbHbIX HANPSKEHUU HUCCIIeTyeMON MoJe-
Jv. DTU JUHHUM HA3bIBAlOT M30Xpomamu. KapTuHy M30XpoM, MOJy4a€MYKO B IOJIE
aHalM3aTopa, MOXHO BU3yallbHO HabmoAaTh U otorpaduponats (puc. 16.10,a).

Puc. 16.10. U30xpomMaTrnueckasi KapTHHA MMOJIOC B ONTHYECKUX MOJECIISIX:
a) KOJIbIIeBasi Kperb; 0) Kpemnb TpanelueBUIHON (GOPMBI.

B HCKOTOPBIX TOYKAX HCCHCHyeMOﬁ MOJICIHN ITIIOCKOCTBb KOJICOaHMS Jydya COB-
MagacT ¢ HAIllpaBJICHUCM KaKOT0-JIN0O M3 I'JIaBHBIX HOPMAJIbHBIX HaHpH}KCHHﬁ. B Ta-
KHMX TOYKax ,IIBOﬁHOl“O JYYCIIPCIOMIICHUA HC IIPOUCXOIUT. Ecau nimockoctu IMoJIpur-
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3alUU MOJISPU3aTOpa U aHAIN3aTOpa B3aUMHO MEPHEHAUKYISPHBI, T.€. CKPEILEHbI, TO
Jy4d B YKa3aHHBIX BBIIIE TOUKAX MOJEIIH YEPE3 aHAIU3ATOP HE MPOXOIAT. B pe3ynb-
TaTe Ha SKpaHe MOSBISAIOTCS YEPHbIC JIMHUU, IEPECEKAIOIINE [IBETHYIO KAPTUHY U30-
XpOM. DTHU JINHUU CYTh T€OMETPUUECKUX MECT TOUEK, B KOTOPBHIX HAIlPaBJICHHUS IJIaB-
HBIX HOPMAJIbHBIX HANPSHKEHUN MapajuiebHbl MEXIy co0oil. Takue JIUHUM Ha3bIBa-
10T M30KJIMHAMM.

[ToBOpaumBas CKpeIIEHHbIE MOJSIPU3ATOP U aHAIU3ATOP HA Pa3jIUYHBIE YIIbI,
MOJY4YalOT CUCTEMY H30KJIMH, MO3BOJISIIONIYIO OINPENETUTh HAMpPaBICHUS TJIABHBIX
HOPMAaJIbHBIX HANpPSXKEHUH B J1I000M Touke MozAenu. [1o n30KJIMHaM CTPOSAT TPaeKTo-
pUU TJIABHBIX HANPSKEHUN, Ha3bIBAEMbIC H30CTATAMMU.

[Ipu npocBeurBaHMU HANPSHKEHHON MOJEIN TEMHBIE MATHA 00PA3YIOTCS TaKkKe
B TOUKaX, CBOOOJIHBIX OT HAaIPSKEHUH, U B TOUKAX, TJI€ TJIABHbIC HANIPSKEHUSI PABHBI
MEXAy cOOO0H. DTH TOUYKM HA3bIBAIOT M30TPONMHBIMM WIH 0COOBIMU. OcOObIE TOUKH
ONPENCIISIIOT CTPYKTYPY M30XPOM M H30KIMH U MO3TOMY MMEIOT BaKHOE 3HAUYCHUE
IIPU UCCIENOBAHUU PACIIPEETICHUS HANIPSHKEHUN B MOJIEIIH.

Ecnu Tpebyercs MCKITIOUNTh MOSIBJICHUE Ha IKpaHe U30KJIMH, TO BMECTO IJIOC-
KOW MOJIApU3ALHUUA CBETAa HCHOJIB3YIOT KPYroByro. JlJisi 3TOTO B MOJSPUCKOIE KOH-
CTPYKTHUBHO IPEIYCMOTPEHBI IUIACTUHKUA W3 CIIIOAbl TAaKOTO K€ IUAMETpa, Kak U y
noisiponsioB. OHY W3 HUX BBOJAT B ONTHYECKYIO CHCTEMY M03aad MOISPU3ATOpa
(OTHOCHUTENIBHO MCTOYHHKA CBETA), APYryO — BIIepeau aHanu3aTtopa. lns ceera, mo-
JISIPU30BAaHHOTO IO KPYTY, BCE HAMPABJICHUSI B MOJICNIA, HA KOTOPYIO OH MajaeT, paB-
HOIIEHHBI, TO3TOMY 10 M30CTATUYECKUM HAIPaBICHUSIM JIyd HE IOoracaer.

Kpome Oenoro, mpu uccleIOBaHUU paCHpeiesICHUs] HANPSHKEHUW B MOJEIU
WCIOJIB3YETCSI TAK)KE MOHOXPOMATHYECKUN CBET C OIMPEACICHHON JIMHOW BOJIHBI,
YTO 3HAYUTEIBHO O0JIerdyaeT KOJWYECTBEHHBIN aHAIN3 HANPSKEHUU B Pa3IUUYHBIX
TOYKax Mojenau. JlJisi TOro MpUMEHSIIOT HATPUEBBIE WM PTYTHBIC JIAMIIBI CO CBETO-
bunbTpamu. OOBIYHO BBIACISAIOT 3€JIEHYIO JTUHUIO CBETOBOTO CIIEKTPa C JAJIMHOM BOJI-
Hbl A = 546 MxM. Ecnu HampsikeHHYI0 MOJIeb MPOCBEYMBATH MOHOXPOMATUYECKUM
CBETOM, TO Ha 3KpaHE BMECTO LIBETHON KapTHUHBI M30XPOM IMOJYy4YaeTcs 4Yepeayro-
IIUACS sl TEMHBIX M CBETJIBIX Tosioc (puc. 16.10, 6), mpuueM B TeX TOYKax, IIe
Pa3HOCTh XOJla paBHA YETHOMY YHUCIY IMOJYBOJH (T.€. LIETIOMY YUCIY BOJIH), MPOUC-
XOJUT TMOTacaHue CBETa, U 00pa3yroTCsi TEMHBIE MOJOCHI; B TEX ke TOYKax, e pas-
HOCTh XOJa paBHa HEYETHOMY 4YHUCIy IMOJYBOJIH, NPOXOASUIMNA CBET JIOCTUTAET
HauOO0JIbIIEH MHTEHCUBHOCTU U HAOJI0/Ial0TCSl CBETJIBIE MOJIOCHL.

[ToacuuTaB 4MCIO MOJIOC, KOTOPHIE MPOLLIN Yepe3 UCCIETYEMYIO TOUKY MOJIEe-
JIU TIPU €€ HArpy>KEHUU JIETKO OMPEAEIUTh ONTUYECKYIO Pa3HOCTh XOJa, a MO Hew -
MaKCHUMAJIbHOE KacaTeIbHOE HAMPSKEHUE B ATOM TOUKE.

OnHako B COOTBETCTBMM C OCHOBHBIM 3aKOHOM (DOTOYHPYrOCTH JJisl 3TOTO
HEO00XOQUMO 3HATh ONTHYECKUNA KOAPPUIUEHT HanpskeHUd C, KOTOPBIU SIBIISETCS

MoKa3aTesieM OTHOCUTEIbHOM YYBCTBUTEIBHOCTU ONTUYECKH aKTUBHBIX MAaTEpPUAJIOB.
Koadpduuuent C, ycraHaBIMBaIOT IIyTEM HCHBITAaHUS KOHTPOJIBHBIX 0OpasLOB B

pEXKUME PACTIKEHUS, CKATUSL UM YUCTOTO M3ruba. OH UMeeT pa3MepHOCTh, 00pat-
HYI0 Pa3MEpPHOCTH HAINpPSHKEHHUS; OOBIYHO €ro BbIpaXarT B OprocTepax, MpUYeM

11077 em?/kre = 0,98 Gprocrepa.
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Nmes nannble 0 kodppunuente C, ONPENeNIOT ONTHYECKYIO Pa3HOCTh X0/

I’ v manee mepexomsdT K BeIMYUHAM O — O, U T, . JIJs 5TOro MpUMEHSIIOT pa3jind-
HbIe CrIOCcOOBI. OIMH U3 HUX — CIIOCO0 IMOJIOC - B OOIIMX YepTax OMHMCAH BbIIIE. DTOT
croco0 MPUMEHSIOT JJIs1 MOJIENIEH U3 MAaTEepUajoB C BBICOKOW ONTUYECKON 4yBCTBH-
TeNbHOCThIO. OH JIOBOJBHO MPOCT U OOECMEUYMBAET TOUYHOCTb, JIOCTATOYHYIO JIJIsI
MPaKTUYECKUX 1enied. [pyrum siBisieTcst cnocod comocTaBlIeHUs I[BETOB MO IIBETHOM
KapTUHE M30XpOM, MOJyd4aeMOW MpHU MPOCBEUYMBAHMHM MOJEIH OenbiM cBeToM. Jls
ONIPENEIICHUS 110 KAPTUHE U30XPOM 3HAUEHUSI ONITHYECKOM pa3HOCTH xoaa ' ucnomns-
3YIOT LKAy IBETOB MM Tabnuily 1BeToB HproToHa. OmnpenenuB IBET U MOPSAOK
M30XPOMBI B JJAHHOW TOYKE MOJEIM M YCTAaHOBHUB MO TaOJHUIE COOTBETCTBYIOIIYIO
Pa3HOCTh XOJ1a, BEHIYUCIISIOT 3HaUYECHUE O; — O, .

JlanHbIi cioco0 MeHee TOYEH, YeM MPEAbIAyIIHi, TaK KaK BKJIOYAET B ceOs
[[BETOBYIO OIMKMOKY MHANBUIYaIbHOT'O HAOIIO1aTEIS.

Bonee TouHbIM siBIISIETCS cOCOO KOMIIEHCAIIUU, MPEIyCMAaTPUBAIOIIUM HC-
MOJIb30BaHUE CIEIUANTBHOTO Mpubdopa — komneHcaropa. [Ipunuun sToro cnocoba co-
CTOUT B TOM, YTO Ha Pa3HOCTh XO/I1a JIy4EH, CO3/1aBAEMYI0 MOJENbI0, KOMIIEHCATOPOM
HAKJIQJBIBACTCSl Pa3HOCTh XOJla, paBHAs MO 3HAYEHUIO, HO oOpaTHas mo 3Haky. Pe-
3yJbTUPYIOIIAsl PA3HOCTh X0Jla OKAa3bIBAETCS HYJEBOW, T.€. IPHU CKPEIIECHHBIX IOJIs-
pouax B UCCIEAYEMOU TOYKE MOJIENN TPOUCXOIUT 3aTEMHEHHUE.

OnHako KOHEYHOU 3a/aueid SBISETCA pa3/ielIbHOE MOJyYeHUE 3HAUEHUN TIIaB-
HBIX HaIpsOKEHUN B Kaxaou Touke mojaenu. CrocoObl pa3fieieHus TJIaBHbIX Hamps-
YKEHU OCHOBAHBI HA UCIOJIb30BaHUU NU(P(EepeHIINaTbHBIX YPABHEHUN paBHOBECHUS C
MPUBJICYEHUEM TIPU OMPENICICHUSIX KapTUH U30XpoM U u3octaT. Ocobo cienyer oT-
METUTHh CIIOCOO pa3esieHUs] HAMPSHKEHUH C UCTOJIb30BAHUEM JIMHUN CYMM TJIaBHBIX
HaIpPsHKEHU — U30MAXHUK, KOTOPbIE MOTYT OBITh MOJYYEHBI Pa3TMYHBIMU METOJAAMHU
— ¢ nomolibio 3PdexkTa MyapoBbIX MOJIOC, JA3EPHOU WIH TOJOTpapuiyecKor HHTEP-
dbepomeTpumu.

[Ipu pemienun 3agay, KOTOpble HE MOTYT OBITh CBEACHBI K IJIOCKUM, IIPUME-
HSIOT 00beMHbIE MOJIeNH. J[J1 HaX0XKICHHs HAIIPSKEHUN B KaKOM-TMO0 BHYTpEHHEH
o0yacTu 00beMHON MOJIETH BBIACIAIOT ATy 00J1acTh TakK, YTOOBI MO MYTH MPOXOXKIe-
HUSI CBETOBOTO JIy4Ya HAIpPSKEHHOE COCTOSIHUE MPAKTUYECKH HE MEHSI0Ch. OCHOB-
HbIE CIIOCOOBI pelleHrs OOBEMHBIX 3ajad: a) CIoco0, OCHOBAHHBIA HA MCIOJIb30Ba-
HUU CBOMCTB ONTUYECKH YYyBCTBUTEIBHBIX MaTEpHAIOB Mojeel (UKCHUpOoBaTh («3a-
MOpaXUBaTh») oNnTUUEeCKUN 3P(DEeKT; 0) crmocod paccestHHOTO CBETA; B) CIIOCOO ONTH-
YECKH YyBCTBUTEIbHBIX BKIICCK.

Haunbonrbiiee pacrpocTpaHeHrEe MOTYyUHIT IEPBBIM CIOCOO0 — «3aMOPAKUBAHUEC)
C TOCJENYIoNIeH pacnuiioBKONM OOBEMHOW MOJEIM Ha TOHKHE Cpe3bl TOJIIUHOMN
1...3 mM. OH ocHoBaH Ha OTKpbITOM I'. Onmenem B 1936 1. adpdexre coxpanenus
KapTUHBI TIOJIOC HEKOTOPHIMU ONTHUYECKH YYBCTBUTEIBHBIMU MaTepuaiaMu, oO0y-
CJIOBJIEHHOM OCOOEHHOCTSIMU HMX JBYX(a3HOU MOJIEKYJSIpHOU CTpyKTyphl. CrnepBa
MOJIE/Ib HArpy»arT MpPHU MOBBIIMICHHOW TemIiepaType; 3aTeM, He yOupas Harpys3kw,
MOCTENEHHO OXJIaXXIal0T 0 KOMHATHOM. [Ipu cCHATHM Harpy3Kku AepopManuu, moiy-
YEHHBIE MPY MOBBIIIEHHON TEMIIEPATYpe, OCTAIOTCSA, COOTBETCTBYIOIIEE UM JBOMHOE
Jy4YEnpesIOMIIEHUE TaKXKe coxpaHsercs. TemmepaTypbl «3aMOpaXMBaHHS» pa3Idy-
HBIX ONTHUYECKH YyBCTBUTEIBHBIX MaTepUalioB koyieOtoTcs B npeaenax 80...150°C.
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B nocnennue roapl MeTosl GOTOYNPYTrOCTU BCE MIUPE MPUMEHSIOT U JIJISL pele-
HUS AUHAMHU4YecKuX 3anad. [Ipum 3ToM BO3HUKAIONIIME B MOJENSAX HHTEPHEpPEHIIMOH-
HbI€ KapTUHBI JAIOT BO3MOXHOCTh OE3MHEPIIMOHHO MCCIIE0BATh PACIPOCTPAHEHHE
BOJIH HAIPSDKEHHUM HAa BCEX CTaAMSAX AMHaAMU4yecKoro mporecca. [lonsipuzannoHHo-
ONTHYECKOE HCCIIeIOBAHNE TUHAMUYECKHUX SIBJICHUM CBA3aHO C OCOOECHHOCTSIMU MO-
NETUPOBAHUS, TEXHUKU PETHCTPAllUU OBICTPONPOTEKAIOIINX IMPOILIECCOB, OMpeese-
HUS 3aBUCHUMOCTHU MEXAY MEXaHMYECKMMHU U ONTHUYECKUMHU BEJIMYMHAMHU U BBIOOpA
METOJIOB pa3/ielicHus] HampsbkeHuM. B yacTHOCTH, I MPUMEHSEMbIX MaTepHasoB
HEOOXOJIMMO OILICHUBATh BIUSHUE BSI3KOYNPYTUX CBOMCTB C TOYKH 3PEHUS MOTPEII-
HOCTH B OIpEJEICHUN HanpshKeHu u aedopmanuid. Jng peructpauu uaTepdepeH-
[IUOHHBIX KapTUH MPUMEHSIOT BHICOKOCKOPOCTHBIE KaMEPhI, B KAUECTBE MCTOYHUKOB
CBETa MCIOJIb3YIOT OOBIYHO Ta30Pa3psIHbIC UMITYJIbCHBIC JIAMITHI.

MoaenupoBaHne AUHAMUYECKUX HATPy30K OCYHIECTBISIOT C MOMOUIBIO KO-
MIPOB PA3JIUYHBIX KOHCTPYKIUHUM, & TAK)KE B3PBIBOB CHELUATIBHBIX 3aPsI0B.

JIns1 pasznesieHus HanpspKeHUH OJJHOBPEMEHHO C PErucTpaluueid KapTUH M0JIOC
IPOU3BOAAT 3alUCh AePopManuii B MOJENTU C MOMOIIbIO TEH30METPUUECKUX WM
reOMETPUYECKUX (Myap, rosorpadusi, CETKH) METOIOB.

Jlpyroe HampaBiieHHWE CBSI3aHO C MCIOJIb30BaHMEM MeToaa (POTOMEXaHUKU
IpyU U3y4YeHUU eOopMUpOBaHUS MOPOJ B YCIOBUSX MPOSBICHUS HEYNPyTrux nedop-
Mallii, B YaCTHOCTH JiepopMaliuii MIaCTUYHOCTHU U Moi3ydecTd. B aToM ciyuae peub
unet o6 3dpdexre POoTOMIACTUUHOCTH U (POTOMONAZYUECTH TPUMEHSIEMBIX ONTUYECKU
YyBCTBUTEJIBHBIX MaTEPHUAIIOB.

[Ipu MogenMpoBaHUM TMHAMUYECKUX MTPOLECCOB, a TAKKE HAMPSIAKEHHOTO CO-
CTOSIHUSI OOBEKTOB C yueToM jAedopManuil MIACTUYHOCTH U MOJ3YYECTH B OTIMYHE
OT CTaTHYECKUX 3a7ady HEoOXOAuMO JOOMBATHCS COOTBETCTBUSI PEOJOTHUECKUX
CBOWCTB HaTypbl U MaTepHaia MOJEIH.

Takum o0OpazoM, oNnTUYECKOE MOJETUPOBAHHUE IO3BOJISIET MOJYYUTh BEChbMa
HarJIAIHOE TIPE/ICTaBIICHUE O TI0JIe HAPSHKEHUH B MacCHBE MOPOJI BOKPYT BBIPAOOTOK
10001 koHuryparnuu. [laxke kauecTBeHHas KapTHHA paclpenesieHus HampsHKeHHM
MHOT/IA TTO3BOJISIET CAENIaTh BaXKHBIC 3aKJIIOYEHUSI U BBIBObI, BBIJCIUTHh Hanbosee u
HaVMEHEE HaIpPSKEHHbIE YYACTKHA, HAMETUTh IYTH JTOCTUKEHHS ONTHUMAJIBHOIO pac-
NpeAeIeHUs HAPSHKCHUM.

16.10. Ipyrue MeToabl MOAEJIUPOBAHUSA

[Ipu pemenuu 3aga4 MEXaHUKUA TOPHBIX MOPOJ, HAPSIAY C MPUMEHEHUEM OIHU-
CaHHBIX BBIIIE PA3JIMYHBIX METOJIOB, UCTHOJB3YIOT TAKXKE U UX KOMOWHAIIUU, HAIIPHU-
Mep, MPUHINMNA LEHTPOOEKHOTO MOJCIUPOBAHMUS U MPUHIUIIA TMOJSPU3AUOHHO-
ONTUYECKOT0 METOAA, JIM0O METO/Ia SKBUBAJICHTHBIX MATEPHAIOB U IIEHTPOOEIKHOTO
MOJETUPOBAHUS.

Merton, codeTaromuii MPUHIIUIT METOJa SKBUBAJIEHTHBIX MaTEPUAIOB U MPHUH-
IIUI LIEHTPOOEKHOTO MOJICTUPOBAHMUS, TIOTYUYHUIT HAYYHYIO0, TEXHOJIOTUYECKYIO pa3pa-
O0TKYy M IIUPOKOE NMPUMEHEHUE B pe3yibTaTe MHOrojeTHuX (¢ 1946 r.) uccienona-
Huii  KpHBOPOKCKOrO Hay4HO-HCCIIEIOBATEIBCKOIO TOPHOPYAHOTO HWHCTUTYTA
(HUI'PU), mpoBoauBIINXCS 11O pyKoBOACTBOM Tipod. 1.P. PuBkuna.
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[IpuMmeHeHneM B MOJI€NId SKBUBAJICHTHBIX MAaTEPUANIOB B3aMEH HATypPaJbHBIX
TOPHBIX MOPOJ U HArpy>XEHHEM MOJIEIH B LIEHTpudyre, od0ecrieurnBaeTCsl BBIMOTHE-
HUE YCJIOBUH MOJ00MS B TEOMETPUIESCKOM MacIiTabe MOJICIH.

Takum 00pa3om, CyIIHOCTh JAHHOTO METOJIa COCTOMT B TOM, YTO BMECTO MO-
JIeJI U3 HATypaJbHBIX TOPHBIX MOPOJ, MPUMEHSIEMON B METOE IIEHTPOOEIKHOTO MO-
JeIMPOBAaHUs, MOJICJIb U3rOTABJIMBAIOT W3 DKBUBAJICHTHBIX MAaTepHUaIoOB, MEXaHUYeE-
CKHE XapaKTEPUCTUKUA KOTOPBIX YJIOBJIETBOPSAIOT YCIOBHUIO B HEKOTOPOM JIOCTATOYHO
KPYITHOM reoMeTpuueckom Maciradbe. Monenb nomemaioTt B HeHTpUdyTy 1 noaBep-
raloT UCIBITAHUAM IIPHU MapaMeTpax BpaIllCHUs, ONMpeaeIIeMbIX TPUHITHIM MacIlITa-
OOM LIEHTPOOEKHOTr0 MOJEIupoBaHusa. B naHHOW KOMOMHAIMU JBYX METOJOB Ieo-
METPHYECKUN MacimTad MOJENIH U3 KBHBAJICHTHBIX MaTepHasOB, MCIIBITHIBAEMON B
HeHTpudyre, paBeH MPOU3BEACHUIO ITUX JIBYX T€OMETPUUYECKUX MACIITA0OB.

[TonGupas SKBUBaJIEHTHBIE MAaTEPUAJIBI C YIETOM F€OMETPUUYECKOr0 MaciiTada,
Hanpumep, 1:20 u 3amaBas mapaMeTpbl BpallleHHUs eHTpUudyru npu macmrade IeH-
TpobexxHoro mozaenupoBaHus 1:20, oGecrnieunBaeTcs OONUN TeOMETPUUYSCKUI Mac-
mTad moxaenu 1:400, B KOTOpOM U HEOOXOJIUMO M3TOTOBHUTH BCE JIEMEHTHI MOJIEIH,
MMOATOTaBINBACMOM K UCITBITAHUSIM.

N310XeHHBIM TTOAX0/ CYHIECTBEHHO PACHIMPSAECT TEXHUYECKUE BO3MOKHOCTH
M3TOTOBJICHUSI MAaTEPUAJIOB U MCHBITAHUSI MOJIEJICH B IIMPOKOM JMara3oHE reoMeT-
pHUYECKUX MaCIITA0OB.

OOBbeMHbBIE MOJICNIH U3 ONTUYECKH YYBCTBUTEIBHBIX MAaTepUATIOB TakKe 0ObIY-
HO Harpy»aroT C UCIOJIb30BAHUEM LEHTPU(PYTH, COUYETasi B 3TOM CIIydae MPUHIUIIBI
OTNITUYECKOT0 METOJIa U METOA IIEHTPOOEIKHOTO MOJICTTUPOBAHUSI.

Cpenu mpoynx METOJOB 3aCIy>KMBAaIOT 0COOOr0 BHUMAHUS 3JEKTPOAHATIOTO-
BbI€ METObI MOACITUPOBAHMS, T.€. IJIEKTPHUUIECKOE MOJASIUPOBaHUE (PUHMIECKUX TI0-
Jel. DTH METOAbl OCHOBAHBI, KAK OTMEUAJIOCh BBIINIE, HA coBHaaeHUH AudepeHIu-
aJbHBIX YPAaBHEHUM, OMUCHIBAIOIIUX IPOIECCHl B DJIEKTPUUECKOM U MEXAaHUUYECKOM
CUJIOBBIX TOJIX. Takue MoJesin MOTYT OBITh IBYX THIIOB. B mepBoM — MeTo/e dJIeK-
TporuapoauHamudeckux anainoruii (OI'JIA), npemnoxkenHom B 1922 r. akan.
H.H. [TaBioBCcKHM, MCHOJIB3YIOT MEHSIOIIMECS BJICKTPUUYECKUE CBOMCTBA CIUJIOIIHOW
MPOBO/ISIIECH CPEIbI.

BTopoii, WM3BECTHBI KaK METOJ DJICKTPUUECKUX CETOK MPSIMON aHaJIOTHHU
(OCITA), nmpeaycMaTpuBaeT 3aMEHY CIUIOIIHOM Cpelibl CETKOM M3 HEKOTOPBIX dJie-
MEHTApPHBIX AJIEKTPUUYECKUX SUYEEK, MapaMeTpbl KOTOPHIX HA3HAYAIOT HCXOIs U3
CBOMCTB Cpelbl B MEXaHMYECKON CHUCTEME M KPUTEPHUEB MOAOOHUSA. DIIEKTPUUYECKHE
SIYEMKU - AJIEMEHTHI HaIpPSDHKEHUS, CHJIbl TOKA, UHAYKTUBHOCTU, €MKOCTH - CIIyXkaT
aHaJoraMy MEXaHWYECKOrO HAIpPSIKEHHs, CKOPOCTH YINPYroro CMEIIEHHs, MacChl,
NOAATIIMBOCTH AJIEMEHTAPHBIX 00BEMOB MOJIETTUPYEMOTO MAacCHBA MTOPO/I.

DIEeKTPOAHAIIOTOBBIE METOJIbI MPUMEHSAIOT B HACTOSIIIEE BpeMs ISl PEIICHUS
3a7]a4, CBA3aHHBIX C JUHAMUYECKUMH MPOIEccCaMy B MOPOAHBIX MAcCHBax, a Jajib-
HelIee pa3BUTHE ITUX METOJIOB MOKET OTKPBITh IyTH MOJICIMPOBAHUS COBMECTHOTO
JEUCTBUS CTATUYECKUX U JUHAMUYECKUX MPOILECCOB MEXAHUKH TOPHBIX MOPOJ.

YacTo uCnosb3yloT B COUETAaHUM ONTHUYECKUN METOJl U METO]l SKBUBAJIECHTHBIX
MarepuanoB. Hampumep, onTHuueckuM METOJ0M HauOosee JeTAIbHO M3y4aroT pac-
MpeieJICHUE HaNpsHKEHUM B 30HE OMOPHOTO JAaBJICHUS, & METOJIOM SKBUBAJICHTHBIX
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MaTepuaoB JJis T€X K€ YCIOBUM HCCIEAYIOT pa3BuTue AeopManuii TONIH C pa3-
PBIBOM CILJIOIITHOCTH M MEXaHU3M B3aUMOJICHCTBHS CABUTAIOIIMXCS ITOPOJ C KPEMbIO.

(98}

9.

KoHTpoJibHbIE BOIPOCHI

ChopmynupyiiTe TeopeMbl TOA00UsI, JeXkKaIue B OCHOBE MOACIHPOBaHUs (Hu-
3UYECKUX SIBJICHUI?

ChopmynupyiiTe yclOBUS T€OMETPUUECKOT0, KHHEMATUYECKOr0 U JUHAMUYE-
CKOT'0 MOJ00NSI MEXaHUYECKUX CHCTEM.

Ha xakoii 0CHOBE M3roTaBIUBAIOT SKBUBAJICHTHBIC MaTepHUaIbl?

N3noxure MeToauKy moadopa 3KBUBAJICHTHOTO MaTepuaja Ha OCHOBE Iecua-
HO-IapaHOBOW CMECH.

N310XUTE METOAUKY UCTIBITAHUN MOJEJEN U3 SKBUBAJICHTHBIX MATEPUAIIOB.
PackpoiiTe ¢uzndeckue MPUHIIUIGI, JISKAIIUE B OCHOBE IEHTPOOEIKHOTO MO-
JeTUPOBAHUS.

N3noxure (HU3NYECKYIO CYITHOCTh MOJICIUPOBAHMS TEIUIOBBIX IMPOIIECCOB B
TOPHOM JIEJIE.

N3noxure (PU3NYECKYI0 CYIIHOCTh MOJEIUPOBAHHUS THAPOINHAMHUYICCKUX
MIPOIIECCOB.

N3noxurte Gpuzndeckue MpearnochblIKi ONTHYECKOTO METO/Ia MOJICTIUPOBAHHUS.

10.JaitTe onpeaeneHue «u30XpoM», KU30KIUH», KU30CTaAT».
11.Kakue TOYKM NpU HUCCICTOBAHUU ONTHYECKUX MOJICJIEH HA3BIBAKOT «U30TPOII-

HBIMI?

12.B 4em COCTOUT «METOJ 3aMOPAKUBAHUS HAMPSHKEHUM MPHU ONTHYECKOM MOJIE-

JMPOBAHUN?
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15.4. MeTon AUCKPETHBIX 3JIEMEHTOB

15.5. BapuaumoHHbIE METO/BI PEIEHHSI KPAEBbIX 337ja4 B TEOMEXAHUKE

KoHTpoJsibHbIE BOIPOCHI
16. MOJAEJINMPOBAHUNE '’EOMEXAHUYECKUX ITPOLIECCOB
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152
153
159
160
160

163
165
166

166
168
168

170

170
173
173
174
177
178
187
189
192
194

195
197
198

200
200
202
203
206
208
209
209
210
218
227
232
235
237



16.1. OOmme cBeneHus

16.2. Monenu B MEXaHUKE TOPHBIX MIOPO/T

16.3. OCHOBHBIE TTOJIOKEHUS TEOPUH TTOT00MSI

16.4. MeTon SKBUBAJICHTHBIX MaT€pUaJIOB

16.5. Meto IEGHTPOOEKHOTO MOJISTTUPOBAHMSI

16.6. MonenupoBaHH€e TEIJIOBBIX MPOLIECCOB

16.7. MoaenupoBaHue ruApOIMHAMUYECKIX TIPOIIECCOB
16.8. MonenmmpoBaHrie KOHBEKTHBHOTO TETUIOOOMEHA
16.9. Metozp! poTomMexaHUKU

16.10. Ipyrue MeToabl MOJIETUPOBAHHUS
KOHTpOIBHEIE BOITPOCHI

CIIMCOK HNCITIOJIbB30BAHHBLIX NCTOYHHMKOB
COJIEP2KAHUE
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237
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241
244
254
256
260
269
271
290
292
293
294



