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[NToceswaemcsa 60-nemuio Nobeobl;
80UHaM, nposieuswiumM eepHocmbs Omuu3sHe,
MyXecmeo U cmolikocms,

mpyXxeHuxkam mbina, obecrnevyuswum

€20 NPoYHOCMb U yemou4yueocms

NMPEANCIIOBUE

B npakTHyeckoit M Hay4dyHOH NEATEJILHOCTH aBTOpaM MNPHIIOCH BCTpe-
TUTLCA C pAAOM NpoOseM, CBA3aHHBIX C CO3AAHUEM METOAWYECKHX H TEO-
PETHYECKHX OCHOB BO3JACHCTBHA HAKOHEYHUKOB Ha CIUIOLIHBIC, B TOM YHC-
e TPYHTOBBIE, cpeapl (MaTepHaisl). B paspewerun 3THX npobneM 6071b-
IyI0 TOMOLIb OKa3ano o00ineHue oaHoro w3 astopoB, IO.A. EnbloBa,
¢ KpyNNHBIMH y4eHbIMH: npod. B.I'. bepe3zaHueBbiM, B 1abopaTOpHH KOTO-
poro OH M3y4yal METOOUYECKHE MPHEMbl U TCOPETHYECKHE OCHOBhI CTabH-
NoMeTprYecKHX HchblTaHui, U npod. U M. YepkacossiM, o pyKOBOA-
CTBOM KOTOPOTr0 HaYalmUCh KOMIUIEKCHBIE UCCIENOBAHUA I'PYHTOB pa3iny-
HBIMH HaKOHeYHHKaMd. CyllecTBeHHas H MHOIOIUIAHOBafs INOALEpKKa
BBIJAOIUXCA YYE€HBbIX 4i.-KOp. Axkanemun Hayk CCCP, npod. H.A. LipI-
ToBH4a U npod. 3.I'. Tep-MaptupocsHa ceirpaja peiiaioliylo pojib B 3a-
BEpPIIEHUN paboT N0 UCCIeA0BAHMIO IPYHTOB HAKOHEYHHUKAMH, IA¢ Raubo-
Jie€ MOJIHO BCKPBIBAJIUCh NOCTOHHCTBA U HEJOCTATKH M3BECTHBIX TCOPETH-
YeCKHUX OCHOB, HCIIOJBb3YeMBbIX I YCTAaHOBJIEHHA AHAJIMTHUECKHX
3aBUCUMOCTEN OMBITHBIX I[TAPAMETPOB C MNPOYHOCTHLIMH IOKA3ATENAMH
CBOMUCTB HCCJIEIOBAHHbBIX MaTepHaNIOB.

borarbi#i npakTHYeCKkul ONLIT U 6onee ueM 30-neTHUl TPy OAHOTO M3
aBTOPOB HAaX PpCLICHUEM 3aJay MEXaHMKM BO3JACHCTBUS HAKOHCYHHKOB
B I’)KEBCKOM TroCyapCTBEHHOM TE€XHHYECKOM YHHBEPCHUTETE I103BOJIMIH
YCTRHOBHTbL HEKOTOphI€ HMPHYMHBI HECOTJIACOBAHHOCTM B TEOPETHHECKHX
NOCTPOEHUAX ¥ HAMETHUTD BBIXOb! U3 BO3HUKILUKX TYUKOBBIX MOJIOXECHHH.

B MoHorpaduM He cTaBHJIaCh 3aJa4a CO3JaHHUA «eAMHOMN», «00Beau-
HEHHOM» WIH «00001meHHOW» TeOpHH NpoyHOCTH. Jlaercs Gonee yrny6-
JeHHasA npopaboTKa TCOPETHYECKHX aCIEKTOB HANPSIKEHHOTO COCTOSHMUS,
H H3JIOXKECHBI HOBBIC IMOAXOAbl B PEIIEHUH NMPaKTUHMECKHX 3aja4d Mo onpe-
ACJICHHUIO [IapaMETPOB NMPOYHOCTH U YCTOMYHUBOCTH B OTAECJIbHBIX (JIOKAIb-
HbIX) 00BbEMaX CIUIOLIHON Cpelbl, UCNbITBEIBAIOIUX MECTHOE CHIIOBOE BO3-
NEHCTBHE.

ABTOpbl TIpM3HATENBbHBI PELIEH3EHTaM: [-Py TEXH. Hayk, Mpod.
N.B. AGpamoBy (pexkropy WxI'TY) #u KaHA. TexH. HayK, JOLL
B.I1. bepkyToBy (3aB. kageapod conpotuBicHHa MaTtepranoB MxI'CXA) —
3a 3aMeYaHud, CAENaHHbIe MPH peUCH3HpOBaHUU MOHOrpadun.



BBEAEHUE

Pasnoobpasre ¢gopM u cBOMCTB MaTepHaIbHOIrO MHpa NMopoawio 60ssiIoe
YUCJIO MPHEMOB €r0 HCCJCAOBAHHSA, B YaACTHOCTH MEXaHHUYECKUX CBOUCTB
TBEPABIX TEJ, H3y4YaeMbIX B MATCPHaIO- H IPYHTOBEACHHH, MEXaHHKE
FPYHTOB H CIUVIOLIHBIX cpeld. OTcioaa ¥ BO3HUKIO MHOXECTBO TEOpHH Ma-
TEMATHYECKOTO BBRIPAXKCHUA CBA3ZCH MEXAY KOHCTAHTAMY K NEPEMEHHBIMH
nokKa3aTeJIIMH CBOMCTB M COCTOSHHUN MaTepHallbHBIX CpelJ U €€ 3JIeMEH-
TapHBIX Yacteil. B Hacrosiuelt pabore Oonee noapobHO paccMaTpuBaetcs
JTHLIB JIOKAJIBHOE HATPSXKEHHOE COCTOAHME Cpelbl ¥ aHAIHTHYECKHE CBA-
31 MEXIY €€ KOMIOHEHTaMH. B BBITIOJIHEHHBIX MCCJICAOBAHUAX HE CTaBH-
Jiach 3ajia4a NOJIHOIO aHa/Iu3a U3BECTHBIX pelIeHUH W TEOPETHUECKUX IO-
NoXeHul, a OCHOBHOE BHUMaHUE OBINO yaeNeHO pasfciaM, TpeOyrouum
nepecMoTpa Wi COBEPILICHCTBOBAHHSL.

CyimectBoBanue moboro Tena kak obwekra cpeasl obecrieunBaeTcs
BHYTPEHHHUMH CTPYKTYPHBIMH CBSA3SIMH MEXAY €r0 3JIEMEHTAPHBIMH 4ac-
THLAMH K KpHUCTAJUTaMH, CO3AAI0IIMMH BHYTPEHHEE YPAaBHOBEHICHHOE I10-
Jie¢ HanpsKeHHOro coctosHui. [Ipu nposiBjieHHM BHEUIHUX BO3ACHCTBUMIA
(CWI0BbIX, TEIUIOBBIX, XUMHUYECKHUX H T.M.) CTPYKTYPHBIC CBA3U NPOTHBO-
CTOAT UM N0 ONMpENENICHHOrO npejena, 3a KoTopsIM Habmonaerca nepexon
B HOBOE COCTOSHHE, Oc/ableHHOe NMpH HANMHYMHA OAHON MJIH HECKOJIbKHX
crenenelt ceoboarl. B yCnoBHAX XK€ BCECTOPOHHETO CXATHUA B 3aMKHYTOM
NMPOCTPAHCTBE OO0 ONPEAENICHHOro npeaesia MpPOHCXOOUT POCT COMPOTHB-
JICHHUS CBA3HOCTH 33 CYET YBEJIIMYEHMS KOHTAKTHBIX CHJI TPEHMS H mepe-
CTPOUKYU CTPYKTYPHBIX CBA3EH, T.€. TesI0 IpuoOpeTaeT I1ipu 3TOM INOIOJIHU-
TEJBHYIO NPOYHOCTH (BA3KOCTE). HO BCe ITH M3MEHEHHS COCTOSHMA MOKa
HE UMEIOT YIOBIETBOPHUTENBHOIO AHATUTHUECKOTO 00BACHEeHUS.

Kak cunraer M1.K. Cuurxo {3]: «...3BecTHO HECKOIBKO AECATKOB pa3-
JIMIHBIX TEOPHH, KAXKAas U3 KOTOPBIX MO-CBOEMY CO34aeT CBOM KpHTEpHH
npoyHocTH. Hanmuue 6onpiioro yucna Teopuit ABIAETCS CKOpee OTpHIa-
TEeJIbHBIM, YEM MOJOXKHUTENbHBLIM (AKTOPOM, H MMO3TOMY €CTECTBEHHH MO~
IMBITKH NocTpoeHns odbobwarouux reopuit. (...) Hecomuenus 3aeces Tpya-
HOCTH, €CTECTBEHHO BO3HHUKAIOIUIME [IPH CTPEMIICHHUH OXBAaTHUTE OAHOM
Teopueli MHorooGpasue CBOUCTB M COCTOAHHMII MaTepHana; MOXET ObITb,
3TH TPYAHOCTH H HE MpeoaoNuMsbl». [locineaHee 3By4HT Kak npenocrepe-
KeHHUe, ecnH Obl He ONITUMHCTHYECKOE yTBepKaeHue JleoHapao na BuHuu:
«MHe KaxeTcs, YTO T€ HAYKH CYETHBI H MOJHBI OIUHOOK, KOTOPBIE HE POXK-
JAIOTCA U3 OIbiTa — MaTePH BCIAKON JOCTOBEPHOCTH H KOTOpHIE HE 3aKaH-
YHBAIOTCA Ha onpiTe» [3].

Pa3zpabaTsiBasi OCHOBHBIE TEOPETHUECKHE MONOKEHUA «MeXaHHKH BO3-
NeHCTBHA HAKOHECTHMKOBY, OMyOIHKOBAHHON paHee, M pa3BHBas UX Jajee,
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ABTOPHI CTOJIKHYJIUCHh C PAIOM TEOPETUUECKHX MOJIOKEHHH, HE COrjacyro-
NIAXCA C ONBITHBIMH JaHHBIMM WJIK HEONMPABRAAHHO YCIOXKHAKOIUMX pelle-
HUA 10 ONPEASJICHHIO NMPOYHOCTHBIX XapaKTePHCTHK HCIBITYEMbIX MaTe-
pHanoB. 210 ¥ NOOYAWIO K MOMUCKY M aHAIM3Y NPHYMUH BHIABJICHHBIX pPac-
X0XXOCHUH, X YCTAHOBJICHHIO MHBIX KPHTEPUEB, MO3BOMAIOUINX YIIPOCTHTD
peIeHUA U COMU3UTD NOJYyHYaeMBbI€ pEe3yabTaThl ONBITHBIX AAHHBIX C TEO-
PETHMECKMMHM NapameTpaMu. Bce 3TO nNpMBENOo K CO3JaHMIO OCHOBHBIX
MOJIOXKEHHUH MNPOYHOCTHON TeopHH HanpskeHHoro coctroanus (I1THC),
KOTOpbIe MyOJIMKOBATHCh HauHHas ¢ 1985 r., HO He ObIK U3gaHbl B 06006-
IIEHHOM BHJIE, YTO HEOOXONUMO A1 O3HAKOMJIEHHA IIMPOKOr0 Kpyra cre-
IHATACTOB, HOO 3Ta TEOPHA HMEET NPAKTHIECKYIO U HAYYHYIO 1IEHHOCTb.



nasa 1. TAPAMETPbI HAMNPAXKEHHOIO
COCTOAHUA

1.1. KOMNOHEHTb! HanNPs>XXeHHOro COCTOSHUS

Onmcanve # kiaccHpUKalligs KOMIOHEHTOB HAMpPSKEHHH HOBOJBLHO MOI-
poOHO H3NOXKEHBI B cnienuansHof uTeparype (4, 31, 35], noaTtoMy B oco-
OoM pacCMOTPEHHH HE HYXJIAtOTCA.

JleHCTBYIOIHE HOPMAJIbHBIC HAIPSXKCHUA MOAPA3ACHAIOTCS HAa CXKHU-
MaloIHe O, (CO 3HaKaMH MHHYC B TEOPHM YIIPYTOCTH H ¢ NPOTHBOMOJIOXK-
HBIM — B MEXaHHKE I'PYHTOB) H pPACTAIMBalOLIHE G, (CO 3HaKaMH HaobopoT,
4YTO CO3AACT IMyTAHHULLY).

KacaTtenbHble HaNpsOKEHHA MO IUTIOCKOCTAM CKOJIBXCHHA, UCXOUA U3
FreOMETPHYECKHX NPEACTaBICHUNA, NOAPa3’EeNAIOTCS Ha 6 KOMINOHEHTOB,
3HAKH KOTOPBIX 3aBHCAT OT HanpaBleHHS MX AcHCTBHA M 00YCIOBIICHBI
reOMETPUUCCKIMY MTPaBUIaMH.

B cratHdeckoi TEOpHHM HAMPSIKCHHOIO COCTOSHHSA 4Yepe3 BCAKYHO dJie-
MEHTapHYI0 4acTuly B dopme rekcamkocazapa (26-rpaHHUKA) MPOBOAAT
13 ocobeHHBIX MIOCKOCTEH NPOABJICHUA TpeX HOPMalbHBIX (IJIaBHBIX)
H TPeX NMap KacarejbHbIX HAIPAXKEHHH COBMECTHO C YETHIPbMS OKTa3/pu-
YyeCKMMH IIonIaaKaMHd O0co00ro COYETaHHA HOPMAJILHBIX H KacaTelbHbIX
HanpsokeHHR [4]. Takum 06pazoM, B OCHOBY M3BECTHBIX KJIaCCHPHKaLUH
HaNpAXCHUN MOJIOXKEHB! MEOMETPHYECKHE MOHATHUA HAlpaBJICHHA HX Aei-
ctBuA. Takoe H300MIHE reOMETPUYECKHX CXEM IMOCTPOCHHA IUIOCKOCTEH
ACHCTBUA HANPAXKEHHN AaeT BO3MOXHOCTL noubopa HeOOXOAUMOTI0 cove-
TaHHUA IUTOLIAAOK, e pe3yiAbTHPYIOIUME HanpshkeHus Oyayr COBNAJaTh
C ONBITHBIMH AAHHBIMH.

Hcxonss u3 MEXAHHMYECKHUX MPEICTaBICHU paBHOACHCTBYIOLIHE Ha-
NPAKEHHUA CKATHA O; M PACTAKCHHA O, MPEAIAracTCA CYHTATh OJIOXKH-
TeNLHLIMHU N0 a0COMIOTHLIM 3HAYECHUAM, & COCTABAAIOUINE KX KOMIIOHEHThI
OTOXIAECTBJIATh C pEAKLMAMH OTIIOPA C YYETOM HANpPABJICHHA HX OeUCTBUA
(oTpHLATENBHLIMHU — TIPH PACTKECHHHU, Pa3psiBe; MOJOKHTEIABHBIMU — A
COKMMAIOMUX yeunmi), CxuMaroluue U pacTArdBalOMe KOMITOHEHThI Ha-
NpSHKEHUA 10 peakuusaM OoTnopa Hejecoobpa3sHo UMEHOBAThH OTIIOPHBIMH
CONMPOTHUBJICHUAMH, BMECTO «HOPMAalbHBIX» B FCOMETPHYECKOM CMBICIIE
HanpasJieHHA JeHCTBHA CHIL.

KacarenbHbie HanpsxKeHus T, XapakTepu3ys KOHTAKTHBIE CONPOTHBIIC-
nua, obycnosieHHele TpeHuem [18, 23, 32], npennaraercs WMEHOBATh
TOPMO3HBIMH KaK OTpPaKalOUIMMH TMPOTHUBOJACHCTBHE CKOJLXKEHHIO, CMeE-
ILIEHWIO, CABHTY, pa3pbiBy. B 3TOM Ha3BaHMH €CTh OTBET Ha 3aMeE4daHue
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JI. LLlykne, 4To «...TEpMUH CONPOTUBIAEMOCTh CABUIY HE MMEET SICHOIO
onpexneseHus» [36].

Jiig pe3ynbsTHPYIOIIUX Hanps)KeHUM N0 paBHOHAKIOHHBIM IUIOLIanKaM
K HamnpaBJICHUIO AEHCTBUA OCHOBHBIX HampsiKeHuit (6, U G,) COXpaAHEHO
Ha3BaHHE OKTAadAPHUECKHE HATPSHKCHHA I CKATHA O, PaCTAKCHHA Cj
H CABHMIa (CKOJIBXEHUA, CMEMIEHHA) T,.

[IpennaraeMoe DOMNOJHEHHE B TEPMHHAX HE CTABUT LIEJIBIO U3MEHEHUE
YCTOSABIUMXCA OOLIENPHHATHIX Ha3BaAHUH, a JAaeT BOIMOXHOCTh OTPa3HTh
peakLH NPOTHBOAEHCTBUA B3aHMOIONOIHAIIHMH TEPMUHAMH.

1.2. HopmanbHble HanpsXxeHus

B o6uedt TeopHH HANPAXKEHHOr0 COCTOAHMA CIUIOLUHOM Cpelbl HOpMalib-
HbI€ HaNpsHKCHUA pPacCMaTpUBAIOTCA COBMECTHO ¢ KacaTesjbHbIMH. IlpH
ITOM OCO00 BBIAENAIOTCH TPH B3aUMHO I[EPHCHAMKYISAPHBIE IUIOIIANKH,
rae KacarejbHbi€ HANpsKEHHUA AKOObI OTCYTCTBYIOT, @ AEHCTBYIOT JIMIUb
HOpPMaJIbHbIC HANps)KEHUA O, C; ¥ O3, BhI3BIBAIOUIME IJIaBHbIE jaedopMa-
MK 63 CIBUra, HO ¢ M3MEHEHHEM YAJIMHEHUH («UIMH») OT MaKCHMyMa
10 MUHHMYMa [4, 35]. Ho nockonbKy POUCXOAAT YANHHEHHSA, TO BIIOJIHE
3aKOHOMEPHO BO3HMKHOBEHHUE TOPMO3HBIX (KacarebHBIX) HaNpsHKeHHMH,
a OHH, COTJIaCHO N'EOMETPHYECKHM IIOCTPOCHHUAM, OTCYTCTBYIOT. JTO ABHOE
npoTtuBopeyre yciaosmo (1.1), rae 3Ha4CHHA Oy MU O ABIAIOTCA IT1aBHBI-
MH HOPMAJIBHBIMH HanpshkeHHAMHU. CornacHo ypaBHeHuIo (1.1) HopMans-
HO€ HaIpsXKEHHE, NPEOA0JIeBas CONPOTHBIICHHE CBA3HOCTH B (pOpME OTMNO-
pa, BBI3bIBAET BO3HHKHOBEHHE TOPMO3HOIO CONPOTHBICHHA, O 4YE€M MNOA-
poOHee u3noxkeno B mm. 1.3 u 1.4.

B yCIIOBHAX CNOXHOI0 OCECHMMMETPHYHOTO HANPAKEHHOr0 COCTOAHHA
HOpMaJIbHOE HaNpsAXKECHHE Ha 3JIEMEHTAPHOHU [UIoLIaAKe, HCX0AA U3 NIPUHA-
TBIX TEOMETPHYECKHX IMOCTPOCHHIH, PaBHO MNOJNYCYMME COCTaB/IAIOLIHX
HanpsXeHus. IIpy TakoM MOAXOAE HCKMIOUYACTCH BIMAHHE MPOMEKYTOY-
HOT'O HaNpSKCHUA, UTO HE OTBEYACT peaibHBIM YCJIOBUSM.

1.3. KacaTtenbHbie HanpsXXeHust

KacaTenpHOE HANps)KEHUE T M €ro KOMIIOHEHTHI (T, Tz, T3) BO3HHKAIOT
M CYHIECTBYIOT KaK 9acTH TOPMO3HOIO COMPOTHBIICHHA TPEHHUA OT CMellle-
HUA (CKOJIbXKEHHA) U ACHCTBUA CKUMAIOIUX KN PACTATUBAIOIUX YCUITHH

C OJJHOBPEMEHHBIM IPOABIEHHEM KPAaTKOBPEMEHHBIX TEIUIOBBIX 3¢ ¢eKToB
[18, 23, 31].



IIpn ONHOOCHOM CXAaTUM O, WIH PacTsHKEHHH G, TOPMO3HbIe (Kaca-

TeNbHbIE) COMPOTHBIICHMS PABHBI TONOBHHE BO3MEHCTBYIOMIEro (TIaBHOTO)
HOpMAJILHOTO HanpsxeHuq [4, 15, 35]:

O,
T=7;
(1.1)
o
T"—"—E‘,
2

HTO BLITCKAET H3 YCJIOBHﬁ MpOoABJICHHUA HAUMCHLILUETO COIIPOTHBICHHA 10

TUIOCKOCTH, OPHEHTHPOBAHHON mojA YrioM 0 = 45° x aelCTBMIO HOpMab-
»
HOTO HanpsXKeHUsd ¥ oTnopa o, -

1=0,c0805mn0. (1.2)

W3 ONBLITOB HA ONHOOCHOE CKATHE U PACTIKEHHE YCTAHOBACHO BHEUI-
Hee NMPOABJICHUE CKOJIbXCHUA B BUAE NHHUH YUepHoBa—Jlroaepca nop yr-

noM 0 = 45° [31]; ecnu npuHATL ero 3a OCHOBY, TO ypaBHeHue (1.2) npe-
obpasyerca B (1.1). Paamepsl TOPMO3HBIX COIIPOTHBIECHUN no opMynaM
(1.1) xopomio cornacyroTca ¢ ONbITHBIMH JAHHBIMH (CM. I11. 3).

[lIo cratHueckoif TeopUM HANPAKEHHOrO COCTOAHHUA Ha mobol Ha-
KJIOHHOH Mnowanke AeHCTBUS BCECTOPOHHEr0 CXATHA WIH PACTSIKECHHUA
KacaTeJIbHbIC HANPMKEHNA OnpeacatoTes no hopmyre [4]

2 2.2 2 2

212 2 2
pv"""d —Gll +02m +U3n "'(0'11 +0'2m

+o,n’)’,  (1.3)

rae [, m, n — KOCHHYCHI YIJIOB HAaKJIOHA INTOIMAJAOK ACACTBHUA INIaBHBIX Ha-
NpsKEHHH.

A3 (1.3) cnemyeT, 4TO HAa HAKJIOHHBIX UIOMIANKAaX, K JIOOBIM ABYM
[NIABHBIM OCAM M3 TPEX, KacaTeJIbHbIE HAMPAXKEHUA PABHHI MOIYPA3HOCTH
ABYX I'JIaBHBIX HOPMAJIbHBIX HanpsHkeHUH, Hanpumep [4]:

i
T12=15‘(°'1 2) T23"i“(‘32 G3); Ty =t~ (‘33 o). (1.4)

OKTasApHyecKoe KacaTeNbHOE HamnpsikeHHe uMeeT BU [4]

" Tumomenxo C.71. Conporusnenue marepuanos. — T. II. — M.: Hayka, 1965. - 480 <.



B ycnoBusax oceBoi cumMMmeTpru [12]

Jo, ~00f +(00 0. +(. —0, P+l + 1t +12) = Y25,
(1.6)

[Io aHepreTHYECKON TEOPHN NMPOYHOCTA B (PYHKHUHM OT IJIAaBHBIX Ha-
[PSHKCHH N
1 /2

T, = 3 (01“02)2+(02—U3)2 (0'3—‘31)2 ="'§‘"U;- (1.7)

[Ipy paBEeHCTBE riIaBHBIX HOPMAJIBHLIX HAMNpPsHKEHM, HapUMeEp B YC-
JIOBHAX THAPOCTATHYECKOTO JABJICHMA, KacaTe/IbHbIe HANMPAXKEHUA CTAHO-
BATCH PABHLIMM HYyIIO. 3aeCh Kak Obl Hcue3aeT COMPOTHBIEHHE TPEHHA

(CBA3HOCTh). ITO B peaibHBIX MaTepuanax, Aaxe XHAKNX, He HaOnoaaeT-
ca [37].

1
T, =—
3

1.4. TOpMO3HbIE CONPOTUBIIEHNS

Jlioboit 06beM MaTepuana, B TOM 4UCHE IPyHTa, OONajaloOIMii TeMH WIH
UHBIMH (PU3HUKO-MEXaHHYECKHMHU CBONCTBAMH, XapaKTEPH3YIOLMIMMH CBS3H
MEXIY €ro 3JIEeMEHTapHbIMH 4YaCTHLIAMH, B TEOPHH HAIPIHKEHHOrO CO-
CTOSHHA pacCMaTpPUBAETCA KaK CIVIOLIHAsA Cpelda, OKa3biBalomias COMpo-
TUBJICHHE BHEIIHUM M BHYTPEHHHMM CHJIOBBIM BO3AcHCcTBUAM. [Ipn oTBeT-
HBIX pEaKUHMAX BHCIIHWUM CHJIOBBIM BO3JCHCTBHAM B CTPYKTYpE CBA3cH
MEXLY 3NEMEHTApHBIMM YacTsAMH MaTepuaja BO3IHHUKAIOT HaMpsKeHUA

TpeHus [ 18], Ha3BaHHBIE HAMH TOPMO3HBIMH CONPOTHBNEHUAMU. OHH Npo-
THBOCTOSIT KaCaTe/ibHBIM HANPKEHUAM. BHyTpeHHME XKe «CONPOTHBICHHS

TPESHHUAY rpynra’ K. Tepuaru, xak yka3siBaeTcs B [32], oTOXIECTBIAT CO
«CBSI3HOCTBIO». OTBETHbIE TOPMO3HBIE pPEAKLMH 3aJEPKHBAIOT Pa3phbiB
CTPYKTYPHBIX CBA3€H Cpelibl BO BCEM II0JIE CHJIOBOTO BIIHAHUA — OT yIIpy-

roro g0 npenensHoro. Bo3HUKHOBEHME TOPMO3HBIX CONPOTHBIICHUMH, 0CO-
6€eHHO B MeTallIaX, OTMEYAeTCA 10 TEMIIEPATYPHBIM H3MEHEHHAM U MOXET

yCTaHaBIUBATLCA MO rpaduxaM passutus aedopmanmii BIUIOTH A0 Mpe-
NEIbHOTO COCTOSIHHA.

[Ipy mccneaoBaHMM M YCTAHOBIEHHWH MPOYHOCTHBIX XapaKTEPHUCTHK
TBEPIABIX Cpel ¥ Ten (IPYHTOB, CTPOMTENBHBIX MATEPUANIOB H KOHCTPYK-
LMit) B YCIIOBUAX IJIOCKOrO CABHIa CBA3L MEXAY TOPMO3HBIM (COBUTOBBIM)

»
B nanpHelneM M3noxeHAN Ha3BaHHE «IPYHT» OyeM ynoTpebisaTs B TOM clydae, eCiu
CYThH H3JIOXKEHHA OTHOCHUTCA TOJIBKO K FPYHTOBOY Cpeae WM €€ YacTH.



COIIPOTHBIIEHHEM T W XapaKTePHUCTHKaMU IPOYHOCTH ¢ H ¢ NO 3akoHy Ky-
JIOHA [aeTcqd YpPaBHEHHUEM NPAMOH:

T=0-tgop+c, (1.8)

rfie¢ ¢ — paBHOACHCTBYIOWIEE OTIIOPHOE CONMPOTHRICHUE B IUIOCKOCTH CIABH-
ra (cMelleHus, CKOJIbXeHuA); tge — Ko3(PGHUHEHT yrna ¢ BHYTPEHHEro
TPEHHS;, ¢ — CLEIIEHUE (TIPEAE/IbHOE COMPOTHBJIEHHE BHYTPEHHHX CTPYK-
TYPHBIX CBA3ed — CBA3HOCTD).

[lo 3akoHy Kynona ycuine caBura t mpeof0JIEBAET TOPMO3HBIE CO-
APOTHUBIICHUS CLEMJIEHHMS W OT BHELIHEro aapieHHsi. TOpPMO3HBIE Harps-
xkeHna o (1.8) cocrosaT U3 BHyTpeHHHX ([TOTEHLMANBHBIX), BRIPAXKEHHBIX
[IapaMeTpoM C, H BHELIHHX — OT ACHCTBUA NMPHJIOKEHHBIX YCHIHH.

[ToTeHnHanbHEIE TOPMO3HBIE COIMPOTHBIIEHHUA B peallbHBIX MaTepHaax,
BKJIIOYAs XKUAKHE, HE MOTryT OBITh PaBHBIMHM HYJIO, T.K. CUEIUICHHUE BHYT-
PEeHHMX CTPYKTYPHbIX CBfizell B 3eMHBIX YCJOBHAX Bceria OoJiplie HyJid
(c> 0). CienoBateNbHO, BHYTPEHHHE PEAKLMH TOPMOXXEHUS O TIaBHBIM
OCSM IeHCTBHSI KOMIIOHEHTOB HOPMAJIBHBIX (0CEBBIX) HANPXKEHUH HE MOTYT
ObITH paBHBIMH HYJIO, KaK 3TO NMPUHATO B TEOPHH HAIpPSHKEHHOIO H Je-
¢OopMUPOBAHHOTO COCTOSHMA CIUIOLUHON cpeapl, TIle NPearnosaraercs
«TOJIBKO M3MEHEHME JIHH» 0e3 «CABHUroB» IO IVIABHBIM OCAM AcdopMa-
M [4]. Ho ecnn ecTh «yAJIMHEHHA», MYCTh TOJBKO MO I'TTaBHBIM OCAM, TO
MPUCYTCTBYIOT W CABHMIM NO OTHOWIEHHIO K HernaBHbBIM. [lo3aToMy ycino-
BUA, BhIpaXXeHHbIe ypaBHeHHAMH (1.4) u (1.7), HE OTPaXKAIOT PeEasIbHLIX
CBA3el KOMMOHEHTOB HANpsMIKEHHNW T, OHM ABIAIOTCA THINOTETHYECKHMH
H YCIIOXKHAIOT peleHUA 3a7a4 MO ONpEeAesIeHHIO PEaJIbHBIX pa3MEpoB Xa-
PAKTEPHCTHK NPOYHOCTH ¢ H @ (CM. IT. 3).

3axon KynoHa (Tpenus) NpHMEHUTENBHO K OJHOIUIOCKOCTHOMY CIABHTY
OCHOBATEJIFHO MMPOBEPEH M YCIICINHO IPHMEHACTICS Ui onpeneneHus
MPOYHOCTHBIX XapaKTEPUCTHK IPYHTOB M APYrHX MaTepUalioB, B YEM He-
manas (mpuopurerHas) 3acnyra K. Tepuarun, H.A. LlpiToBHya u npyrux
uccnemosatened [32]. OH ucnons3yercs npu pPelIEHHH MHOTHX 33134
B MEXaHHKE IPYHTOB U reoMexaHuke. Ero nppumMeHeHHe HAMETUIIOCH B TEO-
pHM NnpefesIbHOTO PaBHOBECHA CHINTY4ei cpeasl [S].

1.5. Kpyrn Mopa n nx ornbaiouwias

Kak cuuraer M.E. Xapp [35], 3akon KynoHa, BrIpaXeHHEIH ypaBHEHHEM
(1.8), «cBA3bIBaEcT 3MMHPUUECKH MNpPEHENIbHOE KACATE/IEHOE HAMPAXNKEHHE
B KpHTHUYCCKOH MIIOCKOCTH», a KpUTepuit Mopa «BBIPaXAET MpeleNbHOE
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COOTHOIIEHHE TOJIbKO 4Yepe3 rIaBHbIE HAUpsAxKeHUs». TakuM obpa3oM, oa-
HO YCJIOBHE ITPOYHOCTH AOMOJHACT APYTroe.

bossmuHCTBO Mccnenosareneit [9, 23, 30] cyuraioT, YT0 AUarpamMmMa
Mopa daeT HarasiaAHOe NPEACTABJICHUE O HANPSAXKEHHOM COCTOSIHUM MPU
pasIMIHBIX COYETAHMAX KOMIIOHEHT HampsokeHusd. I[Io3ToMy oHa oka3a-
nach YAOOHOH 171 reOMETPUYECKOro H300paKeHNA pe3yIbTaTOB ONBITHBIX
[1apaMEeTPoOB G; U Gy = O3 MPHU UCHBITAHUMU IPYHTOB U IOPHBIX MOPOA B YC-
NTOBHAX CJIOXKHOTO HANPHXKEHHOTO COCTOAHUS.

B coBepiieHCTBOBaHME rpaduUueckoro NMoCTPOEHHUA AUarpaMMbl mnpe-
OCJIbHBIX HaIpsDKeHMM 3HayuTenabHbl Bxnan BHecnd JI. IIpaHarib
u A. Jleon, cuuraer A. Hagau [23], 6naroaaps koTopeiM orubaroias kpy-
M HANpPsSOKEHHUH CcTajla OuepYuBaTbLCA BETBBIO Mapadoiibl, BEPLUMHA KOTO-
pOH pacriosioKeHa B YCIIOBHOM 30HE pacTArHBalOIMX HanpsixeHu#, a 6o-
nee NpAMOJHHEHHBIE YAaCTH, XapaKTEPHU3YIOILHE PEXHM CXaTHA, HAXOAT-
Cd B TMNPOTHUBOIOJOXHONW 4YETBEPTH OCEH KOOPAMHAT T M G, TIAe
pa3feNsloOTCA Ha OTHe/IbHbie NpAMOIuHelHHbie oTpe3kd (puc. 1.1). Ha
puc. 1.1 BMeCTO KpyroB mnOCTpO€HB! NONYOKpPYKHOCTH, BMECTO mnapabo-
1Bl — €€ BeTBb. B HanpHEHIIEM TOA «KpYroM» OyaeT MOHUMAThCA HE TOJh-
KO OKPYXXHOCTB, HO H €€ 4acT4 B PopMe HONyKpyra.

1
\/
? T
1
C
y 1 , - >
GHEN 0
L A
« G, -

Puc. 1.]. Orubarowas Kpyru npeaciabHbIX HanpaKeHUH

Kpyru Mopa u orubaroiias ux BeTBb 1napadoiibl NO3BOJMIH BOECAHHO

YyBA3aTh IAPAMETPhl MPOUYHOCTH € U @ C REHUCTBYIOIIMMHU KOMIIOHEHTaMU
NpeelbHOro HANpHKEHHOTO COCTOAHHA KAaK B YCIOBHAX CJIIOXHOTO OCe-
CUMMETPUYHOI'O CXKAaTHA C; > G, = O3, TaK H IIPH OXHOOCHOM CXaTHH G
M PacTSHKEHHH O,

HecMoTps Ha 3TH npeuMylUecTBa, MPH IPAKTHYECKOM IPUMEHEHHH
kputepueB Mopa—[lpauarina—JieoHa BEIABWINCE M CYLIECTBEHHbIC HEOOC-
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TaTku [6, 12, 23, 25, 27, 36, 37], rnaBHble U3 KOTOPBIX 3aK/TIOYAIOTCH
B CIIEAYIOLLEM.

1. Kpyru Hanpskenmii He OTpakalOT U HE YYHUTHIBAIOT CJI0XKHOE Ha-
NMPAKEHHOE COCTOTHUE G > G, > O3.

2. 'umoreTHyeckas KpHMBOJIMHEHHas BeTBb Napaboibl, orumbarouias
Kpyru Mopa, yCnoXHSeT pemeHNue NPHKJIAJAHBIX 3aJa4 [0 ONpEeACNICHUIO
yrjiia BHYTPEHHEIrOo TPEHMsi (0 M HE CoIiacyercl C INpenesibHON JIMHUEH
[UIOCKOTO CABHIa.

3. Ilpp mocTpoeHHMH KpyroB Mopa KOMIIOHEHTHI HaIlpsXCHUS O,
G2 = G3 OTK/I3ABIBAIOTCS OT OAHOTO Hayajla KOOpAHHAT 10 OAHOMY H TOMY
)K€ HAMNpaBICHHIO OCH HOPMAJILHOTO HanpsXkeHHA © 0€3 yyera BHYTpEH-
HUX HANpSHKeHUH ¥ B MPOTHBOPEYMH C MEXaHHMYECKUMHU NpaBUIaMH CJIO-
KCHHS CHIL.

4. He 000OCHOBaHO pPacrHoOJIOKEHHE KOMIIOHEHTOB pPacCTATHBAIOLLETC
HaNpsHKEHHA Ha OCH HOPMAaJIbHR{X (CKHUMAIOLIMX) HANPSXKEHHN G B CEKTO-
pe MNpOABIEHHA BHYTPEHHMX HANpAKeHHWH (HABJIEHHA CBA3HOCTH IO
H.A. LlpiToBHUY).

5. TlapameTphl MPOYHOCTH AHAJIMTHYECKH XOTA U yBA3aHBI C Aeop-
MaLIHOHHBIMH N0Ka3aTeNAMU, HO TPEOYIOT COBEPLICHCTBOBAHHA.

OTH H ApYrue HEROCTaTKU OoJice moApoOHO BHAIKU3IMPYIOTCH B TOCHIE-
AyrolUX pa3aenax. OHH BhI3BIBAIOT Y HEKOTOPBIX HCCNEN0BAaTEIE! BIIOJTHE
3aKOHOMEPHOE HeoBepHe, T.K. TeOpHs Mopa He cornacyercs ¢ ONbITHLIMH
JIaHHBIMH U €€ MPHMEHEHHE «BO3MOXKHO» MPUHECIIO BPEI pa3BUTHIO TEO-
PHH npoyHOCcTH, Tak cumntaer J1.X. Tposton B cOopHuke [8]. B kagecTse
OAHOTO H3 KPHTHUYECKHX aHAJIH30B YMECTHO IPHBECTH apTryMEHTHPOBAH-
Hele noBoAsl A. Hanau (B ero penakums {23], HO C HEKOTOPLIMU COKpallle-
HUSAMH).

«YKe MHOI0 JIET TOMY Ha3aJ, HUCCJICOBATE/IN PaBHOBECHS I'PyHTa CUH-
TaJTH, YTO OHM MOTYT PaCCMATPMBATh THIIEI CBA3HBIX IPYHTOB Ha JHArpam-
me Mopa (puc. 1.2)’, CABHHYB HauaJo OTCYeTa HATIPSKEHMH G, T, Ha IpPa-
puke HaMOGONBIIMX TIIABHBIX KPYrOB HAaNpsKEHHH BIPABO B MOJIOXKEHHE
Oo. Ilpu 3TOM OCTaerca Gojiee WM MeHee HEONMPENENEHHBIM, OTKYAA
JNOJDKHBI HAUMHATBCSH NBE npauonnﬂeﬁﬂme orubarolme Kpyrop Hampsxe-
HUK OB — oT ToueK By unu TOYeK B,, 4, KpoM€ TOro, UMEeTCA BO3MOXK-
HOCTBH NPoBEeCTH OKpY)XHOCTH (JyC (6, = G, 0, =03 = 0) HO,T (0,=06,=0,
03 = — O;) U1 COCTOSHK! OZHOOCHOTO C)KATHA W PacTHKEHUS, COOTBEICT-
BYIOILIMX MpeneiaM MpOYHOCTH FPYHTA HAa CXAaTHE U Ha pa3phbiB O, U O,.
Ecnu orubaiomme HaYMHAKOTCS B TOUKAX B,, 3TO O3HAYaeT, UTO Cpena He
oOrnianaerT KOHEYHBIM MPEAEIOM ITPOYHOCTH Ha pa3phiBy.

" Hymepauua Ensuosa 10.A., Ensuosa A 1O,
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Puc. 1.2. Kpyru Mopa no Hanau

«Tenepb Mbl KpaTKO MOSCHUM, KaK B HECKOJLKUX NPOCTHIX CIy4YasX
MOXXHO OIIPEHOEINUTh COCTOSHHE PABHOBECHUA BECOMOr(O CBA3HOIO I'DYHTA
nyreM 0ojiee aKKypaTHOTO yue€Ta HAJIMYKS B TAKOM FPyHTE pPacTATrHBalO-
WX HapsbkeHud. Mbl pacCMOTPUM I'PYHT C TOPM3OHTANIBHOM MK Ha-
KJIOHHOHM NIIOCKOH IMOBEPXHOCTHIO, T.. 0000UICHHYIO dopMy TOro, 4TO
HMEHOBAJIOCh COCTOAHUEM TIpeAesIbHOro paBHoBecHs Prnkuna. Ecnn du-

3UYECKUA JONYCTUMBI PacTATUBAIOIME HANPSHKEHMS, TO BHE3anHbli 0OpbiB
avarpaMMbl Mopa B HEKOTOpOH TOYKE, pacloNOoXeHHON nesee B,, Takolf
Kak TOuku By mnu B,, HapymaeT npaswio JleoHa. <...> HelCTBUTENBHO,
MOXHO NPOBECTH KPYrH HAIPAKEHUN, Kacalolldecs NpAMONUHEHHBIX OTH-
Oaromux OB takuMm 06pa3oM, YTO OHU MPOHUKHYT B 3ANPEIICHHYIO 00-
nacTb jieBee opauHat (JyBy wnu TB;|, KOTOpOo¥ He OTBE4alOT (PUIUIECKHU
OCYIIECTBHUMbIE HANPSKEHHBIE COCTOAHUSA. ITO caMo Mo cebe sBiAercA
NpoTHBOpeYreM» [23].

Y1o6B1 CHATH OTMEYEHHOE NMPOTHBOPEYHE, [IPUMEHUM HHOE MOCTPOCHHE
NMpEACILHON JNHHMY, TIPOXOAALIIEA MO TOYKAM MAKCHMAJIbHBLIX 3HAYCHUHA
TOPMO3HBIX T M OTNOPHBIX G CONPOTHUBJICHUMN, PacnoioKEeHHBIX Ha JTHHUHU

CHBHUTa, CEKYyIIel Kpyry HalpshKeHNMN, n3o00pakeHHRIX Ha puc. 1.3 B m. 1.6.

1.6. Ycnosua npodHoctu Tpecka—Mopa ¢ cekyiuen
npeaenbHoOn NuEKMen casura

[Io onbiTaM MHOIOYMCIIEHHBIX HCCIENOBATENIeM YCTAHOBIEHA KPHUBOJIM-

HeilHoCTh ormbaronieii K KpyraM HarpsOKEHHH ¢ POCTOM HapaMeTpoOB IIpe-
AEeNBLHOr0 HAMpPSHXXKEHHOTO COCTOsiHMA. [1o3TOMYy MOMCKH ceifuac Hampabiie-

Hbl Ha BBIABJICHUE BUAa OrudalOLIEH U OlpeleNeHue CBA3M I1apaMeTpOB
CABHIa C KOMIIOHEHTaMH HaNpsKEHUM.
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KpusoIMHEHHOCTh OrHOaloNIeid MPOCIIEKEHa ¥ OTMEYAETCSH B JIOBOJILHO
IUMPOKOM OHANA30HE M3IMEHEHHA NSUCTBYIOINUX AaBieHUM. Tak kak 3Kc-
NEPHUMEHTE HE MOATBEPOUIM HU TEOpuUrO mpouHocTH Kynona—Mopa, HH
Teopuio Museca—borkuna, To, kak cuutaeT M.B. Mansiues, BcTtana HEoO-
XOAMMOCTb [TOMCKOB HOBBIX yCIOBUM npodyHocTH [19].

B.H. Huxonaescxuit, 3.I'. Tep-Maprupocan, 10.K. 3apenkuit riomnara-
FOT BO3MOXXHBIM IPH CJO0XXHOM HAIPSHKCHHOM COCTOSHHH OPHEHTHPO-
BATHECA TAKXX€ HAa YCNIOBHE MNpOYHOCTH Tpecka—Xwuia, o KOTOpOMY Kaca-

TeJILHBIC HANPSOKEHUA JOCTUTalOT MAKCUMAJIBHOM BesIMIHHBI T. [IpMeM 3a
OCHOBY 3Ty PeKOMEHOAaUMIO ¥ OOIMYIIEHHE O NEpeceYeHUH KPYyroB Harpsi-
KCHHUH NIpe/ieIbHOR JIMHHUEH CABHIa B TOYKaX C KOOPAWHATAMHU

t=0,5(0,— 0y); 6=0,5 (0,+0y). (1.9)

Torna npy ycnoBuu, YTo NnpenesibHag JHHUA CABUra HAK/IOHEHA K OCH
O NOR yraom ¢, umeem | 13]

01"02=(0'1+0'2) tg(P+2C (110)

IIposepxa ycnosua (1.10) no pesynbraTaMm MHONOYHC/ICHHBIX CTaOH-
JIOMETPUYECKUX OIBITOB [OKA3ana, 4YTO Hapsdy ¢ KPHBOIMHEHHOM oru-
Harouieil BO3MOXHO NOCTPOCHHE JIOMAHON IMHHAY C MPAMONIMHEHHOM CBA-
36I0 MEXAY NapaMeTpaMy CIBMIra ¥ KOMIIOHCHTAMU HANpsOHKSHHHM Ha OT-
JEeNbHBIX €€ oTpe3kax. lIpm 7TOM 3HaueHHs cCuemneHus HU  yria
BHYTPCHHEI0 TPEHHA OKa3aNuch OIM3KO COBMANAIOIIMMH C JaHHBIMH O]I-
HOIUIOCKOCTHOTO CABUIA.

[loctpoenue mnpenenbHON MNpPAMOM, CEKYIIEH Kpyru HanmpsmKeHMIA
B TOUYKaX ¢ T = max (puc. 1.3), obecneyuBacT nomy4yeHHe yriia BHyTpEHHE-

ro TpeHHs ¢ MeHee 45°, yto nmoareepxkaaer ycraHosjieHHoe H.IT. Ily3bl-

pPeBCKHM OrpaHHYeHHE Yria ¢ B npeaenax MeHee 39°32' [28].

B pexuMe pacTsxeHns orubaroias Kpyru HanmpsaXKeHHl Takke KPHBO-
JIMHEItHa H NepeceKkaeT oCh ¢ MoJ NpsSMbIM yriioM. B To xe BpeMs koop-

OUHATHl TOYEeK MAKCUMAaJIbHBIX TOPMO3HBIX HANPHKEHHH NMPU PacTAKECHUH
H PaCTAXCHUH-CKATHN KaCAIOTCA NPEAEIbHON JIMHUU COBHIa, IMPOXOUIs-

INeH K OCH G HOj YrinoM 45°, T.e. M 34eCh BRIABIAETCA NpAMOJMHEHHAs
CBA3b MApPaMeTPOB CIBHra C KOMIIOHEHTaMH HanpsikeHuii, [lepecedenue
NpeaeIbHBIX MMPAMBIX JIMHUH pacTSHXKEHHA U CXKATHA NMPOUCXOHAUT B TOY-
xe 4 (puc. 1.3) ¢ xoopauHaramu [12]

¢c—0o.t C~0C
Ty = —— gcp; Cy= , (1.11)
1 -tgo 1-tgo

rae ¢, — NpeacIibHOE CONIPOTHBJICHUC PACTAXKCHHIO.
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Y cTaHOBIEHHOE MOYTH BEK Ha3al YCIOBHE NMPOYHOCTH C MPAMOJIHHE -
HOM CBA3BIO NMApaMeTPOB CABHIa ¥ KOMIIOHEHTOB HanpskeHHH cOnmkaer
pe3yJbTaThl ILIOCKOrO CABHMIa ¢ JaHHBIMH CTaOHiIOMETPHUECKHX HUCIBITA-

HUM B Y3KOM aUana3oHe ACHUCTBYIOIIUX HaNpsXEeHHH M yCTpaHAET IPOTH-
BOpeuHne, oTMeuecHHoe A. Hanmau.

=

G, —-

Puc. 1.3. IlocTpocHue cexyue# kpyru HanpsokeHHH

[IpeanoxeHHOe YCIOBHE 3HAYHTENBHO YNPOLlaeT pemieHue 3aaad npe-
AEJIbHOTO PaBHOBECUS U XapaKTEpHU3YET JIHHENHYIO CBA3b [APaMETPOB
CABUIra ¢ KOMIIOHEHTAMM HaNpsKCHUN IS NECHAHO-TJIMHUCTBIX T'PYHTOB,
O0eTOHa M cTekNna B y3KOM Auana3oHe. Ho OHO He ycTpaHAeT HEOOCTATKH,
OTME4YEHHbIE B 1. 1.5. [ 1aBHBIA )K€ HEAOCTAaTOK — BBINOJAKHBAHHUE Npe-
JAeJBHOH MPsSMOHM C POCTOM CXXHMAIOIIMX HaMNpshKEHMH — COXpaHsAETCs
3[1€Ch, KaK 4 Mo Kputepuio Kynora—Mopa.

[ToaToMy ecThb norpebHocTh B pa3paboTke HHBIX Mojeneii rpaduue-
CKOTO OTOOpaXkeHUA CBA3EH MeXIy KOMIOHEHTAMH HanpAXXeHHi U OCHOB-

HBIMH TIapaMeTpaM¥ MPOYHOCTH, HEOOXOOUMOCTh KOTOpO Mmom4YepKHBa-
nach paaoM uccnenoBarenei [8, 15, 19, 25].

1.7. PacTtsaxeHne-cxarme

AHaJIUTHYECKAA CBA3b MEXKAY CLEINIEHHUEM C, OJHOOCHBIM CXATHEM O,

" pacTsokeHHeM o, Obina yctaHosieHa Kénke (1858 r.) m nmoarBepxkaeHa
no3zaace Mépiuem:

¢ =400 - (1.12)
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Cornacao peurenmo Mopa
¢=0,5,/0,0, . (1.13)

Takoe 3nauutencHoe pacxoxaecHue nodyauno B.S. CronspoBa mnpo-
BecTH Oonee TIIAaTENbHOE HU3YYEHHE ITOM CBS3H, KOTOPYIO OH BBIPAXKAET

YpaBHEHHEM
C=1/Uplcc +crp,—-crp. (1.14)

[Ipn nomyuieHnH paBeHCTBA PAaCTATMBAIOMIUX YCHIHI yIIpyroMy CUEI-
JIeHWI0 (YNpyromMy COMPOTHBJIEHHUIO CBA3HOCTH) NoJy4yuM [12]

c=0,707 /o .0 (1.15)

5 -
[IpoBepka npuBEACHHBIX 3aBUCHMOCTEN MOKa3ajia pacXoXACHHUE pac-
YETHBIX 3HAYeHUH ¢ C OTBITHEIMM A3HHBIMHM K MOOYAMNAA K MOUCKY HOBBIX

YpaBHCHHUI CBA3H CLCIUICHHA ¢ C NapaMeTPaMH G, H T,

B >TOM KpaTkoM 0030pe Mbl HE MPUBOAKMM HU3BECTHHIE IMIHPHIECKHE
¢opMyJibl, paBHO KaK H HHBIC PELUIEHUs CBA3M CUEIUIEHHA C KOMIIOHEHTaMH
HANPSDKEHHA O ¥ Oy, NMOCKOJILKY OHH HMMEIOT OrpaHHYE€HHYIO 00nacThb
npuMeHeHns. JXenalomwuM NMO3HAKOMHUTBCS ¢ HUMH Oonee moapobHO pe-
KOMECHIyeM OOpaTUThCS K YNOMSHYTHIM BBIHIIE W APYrHM ONyOJIMKOBaH-
HbIM HCTOYHHKAM.

1.8. CBsizb k03 duumeHTa 6OKOBOro nasneHun
C napameTpamun NPOYHOCTH

Hcxonsa u3 nocrpoeHuit kpyroB Mopa (puc. 1.1) cooTHolIeHME KOMIIOHEHT
HanmpsHXeHus (63 U 6;) B hopme

of 1 +sing 2

YCTaHaBAHMBaeT 3aBUCUMOCTb KoddduuueHTa OOKOBOro HaBJIEHHS V OT
pasMepos yria BHYTpeHHero tpexusa. Ho, xax cuuraer H.II. Ily3bipes-
ckmii, popmyna (1.16) PenkuHa He BepHa [28].

CornacHo noctpoeHuio kpyroB Mopa (cM. puc. 1.2) no JIamOy Benu-
YMHa K03 ¢uuMeHTa v 3anuceiBacTcs B Buae [36]
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g3 b 1-tge
—_—=y = —_ = { 45&_ y 1.17
5 o o e g(45°- o) (1.17)

rae p — Ko3dppuuueHT 6oxoBoro pacmmperun (ITyaccoHa).

®opmyne! (1.16) u (1.17) ycTaHaBIMBAIOT AHATUTHYECKUE CBA3H MEX-
a1y AehOpMaLMOHHBIMH U NPOYHOCTHBIMM MOKa3aTeiaMu, cOnrkas pemie-
HUA TEOPHH YIIPYTOCTH M mpeaeasHoro pasHoBecud. [1o (1.16) npu o3 = 0
YyIoJl ¢ AOJDKEH COCTAaBUTh 90°, UTO IKCIIEpUMEHTANIBHO HE NOATBEPIKAACT-

cq. [To popmyne (1.17) npu o5, — 0 yron ¢ gomkeH ObITh MeHee 45°, 4To

cornacyercsi C ONBITHBIMM JAHHLIMH. 3TO COIMNOCTaBICHHE NMOATBEPXKAAET
oueHky H.IL. Ily3eipeBckoro, mpuBeaeHHyi0 paHee, U JaeT AONOJHUATEb-
HbIE€ aPrYMEHTEl HEKOPPEKTHOCTHU NMOCTPOSHUSA KPYTOB HAIIPSHKEHHN ¥ OrU-
baromel ux no cxeme Mopa-Ilpanarias—Jieona.

B pabore [16] aan 6onee noapoOHEIH aHanu3 U3IMEHEHUs Ko3pPpHuK-
€HTa Vv, HO JINWb IJiA recyaHblX rpyHToB. OJHako U B 3TOoH pabore Her
AOCTAaTOYHO MPUEMNEMBIX /1S NPaKTUKH NMPEANIOKEHUH MO onpeaesIeHUIO
K03 dunueHTa HOKOBOro aaBJieHH.



nasa 2. OCHOBbI NPOYHOCTHOW TEOPUWU
HAMNPAXEHHOIO COCTOAHUA

2.1. OcHOBHbIe KpUTEPUIN NOCTPOEHUSR KPYIrOB
HanpsYXeHW Npu CXXaTun

Kak onucano B rn1. 1, B OCHOBE NPHHATHA F€OMETPHYCCKHX TOCTPOCHUM
1A HaxOXKJICHUSA aHAJHTUYECKUX CBA3€dl KOMIIOHECHTOB HarpsKeHUH
C MPOYHOCTHLIMH XapaKTEPHUCTHKAMH OBIJIM MCNOJIb30BaHbl YHCTO THNOTE-
THYECKHE NMPHEMEI. B MpOYHOCTHON XK€ TEOPHH HANPSHKEHHOIO COCTOAHUSA
(ITTHC) ocHOBHBIE KpUTEpHUH OBLIIH NPHHATHI MOCJE MMOMCKA TAKHX reo-
METPHYECKNX MMOCTPOCHUH KpPYroB HAIpsDKEHHUHA U MpeacSibHON JIHHUU
CABHUTa, KOTOphie Obl B HAMOONBILEH CTENMEHU COBNAAAIUA C JAHHBIMH JKC-
[IEPUMCEHTAJILHBIX OTNpEAE/ICHUH H XapaKkTePU30BAJIUCh NMPOCTHLIMH HPSAMO-
JIMHEAHBIMH CBSA3AMM MEXAY KOMINIOHEHTAMH HalpsHXKEHUN U napaMeTpaMu
NMPOYHOCTH, 0a3UpysICh Ha 60Jice OOOCHOBAHHOM M YriyOJeHHOM [IOHHMa-
HHUM TTPOSBJIEHIA MEXaHWUYECKUX BO3JICHUCTBUH U B3aUMOIACHCTBUN dIeMEH-
TAPHBIX YaCTEH CIUIOIIHOMN Cpeabl.

2.1.1. OCHOOCHO® Cxxamue

PaccMOTpHM MeXxaHW3M BO3LEHCTBUA OJHOOCHOTO CXATHUA O, Ha JIEMEH-
TapHbilt 00beM B popme kyda (puc. 2.1).

0= G,

Puc. 2.1. DnemenTtapHbii Ky0 cpelbl IOA BO3ACACTBUEM BHYTPEHHHX
(o), ¥ 03) 4 BHCWIHUX ( 0, G, U G5 ) CKUMAIOILUX HAMPHKCHUH
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[Ipu OTCYTCTBHU MONEPeUHbIX BO3ACHCTBUH (67, 03) OCCBOMY CXATHIO
G| = O, B IHANa30HE OT YNPYTrHX A0 NMpeAeabHbIX pa3MEpPOB, NPOTHBOCTOAT
peaklMy OTIopa U BO30YXIEHHOE CONPOTHBIICHHE IMONEPEYHBIX BHYTPEH-
HHX CBA3ell ©) W O3, YPaBHOBEIIEHHBIX [0 MOMEHTa NMPHWIOXKEHHUA O .

[Tockonbky BenMuMHA BHYTPEHHHX CBsA3ell 3apaHee HeHM3BECTHA, TO KPYT
HanpsOkeHU cTpouTcs (cM. puc. 2.3), Kak U B NpPeAECTBYIOLUUX [I0-
CTPOCHHAX Ha puc. 1.1 u 1.3, pannycoM 0,50, OT YCIOBHOro Havana Ko-

OpAHHAT T — G. Torga uenTp Kkpyra Oyzer B Touke o =0,56_, a ero Bep-

INHHa B Touke T =0,5¢_,. 34eCb BEIHYHHA G XapaKTePU3YET YCIIOBHOE
OTIIOPHOE CONPOTHBIICHHE, a T — TOPMO3HOE.

N3 pemieansa TtpeyroneHmka ABB (puc. 2.3) umeeM: karer
Ab=0,50_, —c¢; xarer bB =0 = 0,50 ; Toraa

e ¢, @.1)

Gt T e— pret
(1-tgp) n

rae p — ko3 duumesT 6oxoporo paciaupernns (1.17).
Kak cnenyer u3 ypasHeHus (2.1), npeaeabHOMY JaBJACHUIO OAHOOCHO-

ro COKaTua O© . NPOTHBOCTOAT BHYTPCHHHC COIIPDOTHBJACHHMA, COCTOALUIHC N3

YABOCHHOrO pa3Mepa CUCIUIEHUA M IOIIOJHHUTENBHOI0 HANPAXKECHUA, BBHI-
3BAHHOI0 NPEOAOJICHHEM BHYTpPEHHEro tpeHusa. Takum ofpasoMm, 3aech
NpeIuecTBYIOUIAs MCTOPHUS HAarpyXeHus U BHYTPCHHEE HAIIpshKEHWe OTO-

XACCTBIAKOTCA C OTPE3KOM JABJICHHA CBA3HOCTH € = ¢/tg® H, 4TO 0COOEH-
HO BaXXHO, KO3(pduiHeHT OOKOBOro pacCIiMpeHHUs | PaBEH OTHOIIEHMIO
c/a, .

JomycTUM, 4TO BHYTpEeHHHE HalpMKEHHA O, =03 ACHCTBYIOT Kak

BHEIIHHWE, Toraa no ycnoBuio T = 0,5(c5 —a3) (cM. ria. 1) HanpshkeHue T
y 2 — O3

B YCHOBUAX OJHOOCHOIrO CXATHA JNOJDKHO OBITH PaBHLIM HYJIIO, YTO COOT-
BETCTBYET I€OMETPHYECKOM CXeMe, HO HE HANPDHKCHHOMY COCTOSHHIO,
00yC/IOBIEHHOMY HaBJIEHHEM CBA3ZHOCTH €, KOTJa YCIOBHOE Ha4alo KOOp-
AUHAT, HO HE HAYaJIbHOTO HANPAXKCHHOTO COCTOSHMA, PACIIOIOKEHO B TOY-

ke O, NnepecedeHns OCH ¢ npeaeapHON nuuMeit moa yrinoM ¢. Cnemona-

TEJIbHO, NPH OJHOOCHOM CXKAaTHY TMOCTPOCHHE Kpyra C paaHyCoM
1 =0,50, Oyaer oTpakaTh YCIOBHUSf CO «CKDPBITBIM» BIMAHHEM BHYTpEH-

HAX MOTMepedHbIX Hamps>KeHHH.

h
3nech ¥ Janee BhIAENEHHBIC YPABHEHHA ABASIOTCA OCHOBONONATAIOLINMM.
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Hoia cpennl, rae ¢ = 0, a @ = 45°, NOMYYNUM COCTOAHHAE HEYCTOWYNBOroO
paBHOBECUs, KOTOPOE MOXKeT OBITH paspellieHO Yyepe3 pacKphITHE Heolpe-

JACNeHHOCTH BHIA O, =0; =0/0. YcTOHYMBOCTD TakOd CHCTEMBI MpH

¢ = 45° MexaHH4eCKH OOBIACHACTCA PAaBHOBECHEM HACAIBHBIX LIAPOB, MHO-
CTaBJICHHBIX OAUH Hal ApyruM (puc. 2.2). I[lpu 3ToM Taxas cHCTEMa MOXET

BBIAATH M3 COCTOSHHMS PaBHOBECHA NpH JHOOOM 3HaueHMH o) = f(P), ecnu

PaBHOACHCTBYIOLIAS NMPIIOKECHHON CUIIbI P OTKIOHUTCA OT IJIABHOH reo-

METPHUYECKON OCH IAapoBOH CHCTeMBl, PacCMOTpeHHas cHcTeMa ABJIAETCH
BEPOATHOCTHOH CHUCTEMOHW, B OTJIWYHE OT JIETEPMHHUPOBAHHOH, IIPH
© <45°u c # 0 [12] n xapakTepusyeT H1eaNbHO JUCKPETHYIO cpeny 6e3
[IONEePEYHBIX CBA3EH.

P

45°

VAl
o
a 6

Puc. 2.2. HeycroltunBoe paBHOBECHE: @ — CXEMa NOCTPOCHUS NPEACNBLHON JIMHUH
CABUIa; 6 — MeXaHHUYecKas cxema

2.1.2. Ocecummempu4dHoe obxxamue u cxamue

PaccMOTpUM cXxeMy C OEHCTBHEM BHEWIHHX TMOMNEPSYHBIX HaNpsKeHHA
B YCJIOBHAX OCEBOI CHMMETPHH, Ileé G, = O, . B U3BECTHBIX MOCTpOEHNAX

Ha puc. 1.1 n 1.3 nonepeuHoe HanpshkeHHe G, OTKIAABIBAIOCH OT YCJIOB-
HOrO Ha4yajila KOOPAHHAT C HAJIOXKCHHEM Ha HEro HanpsKEeHHs ©), YTO He

O6BACHUMO C MO3ULHHU COXKEHHUA CHIL. [ToCKONbLKY HanpsHKeHHS G, U Oj

paBHBI H Pa3BUTH B OAHOH MONEPEYHOH [UIOCKOCTH, HO NEPNESHIHKYIAPHO
HAMpaBJICHHIO ©; , TO HX JI0JIA B IPOTHBOCTOSAHHH HAMNPSIKCHHIO O MOXET

OBITHL HalAeHa C y4eToM Ko3gPuiueHTa GOKOBOro JaBJICHUSA V. DTO BIIUA-
HHUE 10 CXeMe PHC. 2.3 YBEIHYHUBAET pa3Mep OTIOPHBIX peakuHi Ha BEJIH-

ynny 0,50,, torma ¢ =0,5(0, +0,). Ilo npeanoxeHHoM cxeme Ha
puc. 2.3 no/a BIUAHKA NMONEpevyHbIX HANps)KEHWH BO3pacTaeT B /Ba pasa
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ot cnoxenusa 0,50, +0,50, =06, =0,. B 3T0# CxeMe HaBieHHE CBA3HO-
CTHA YBEJIIMYUBACTCS HA BEJIMYHHY O, , @ LICHTP Kpyra MakCHMaJIbHOro Ha-

NpshkeHUss G, HaXoAuTcs B Touke (O, +0,50|) Ha ocH G OT paHee NpHHA-

TOrO0 Hayajla KOOpAHHAT. TOPMO3HOE K€ CONPOTHBIEHHE T OyneT paBHO
MOJIOBHHE MAKCHMAJIbHOIO HAlpsKEHHA O, B TO BpeMs KakK IO paHee

ncnonslyemoii popmyne (1.9) oso ymeHnsumaerca u TeM 6oJibllle, YeM 3Ha-
YUTENBHEE BO3pacTaer pasMep o, . IlocieaHee sBHOE NPOTHBOPEYHUT TO-
MY, YTO C POCTOM O0XHMAIOLIHX TMOIMepevYHbIX HAnpsKeHHl Bo3pacTder

CIalfHOCTH (CBA3HOCTD) H Ha ¢ Ipeoo/IeHHe HeoOXoauMbl 0OJIbIINE YCH-
JIMA CABHUra, IKBUBAJICHTHbIE TOPMO3HOMY COMPOTHBIICHHIO T .

L ’I
Puc. 2.3. CxeMa NOCTPOCHHUA KPYIrOB HaNPAXKECHUH U NHHUM CABHTa MPHU MPOCTOM
U OCECHMMETPUYHOM CXXaTHH

B noarsepxacHue MPHMBEISCHHBIX NOBOAOB o6pasely B ¢opMe KyOa
(cM. puc. 2.1) noasepraeM BpeMEHHOMY OOBEMHOMY CXXaTHIO IO GOKOBOMH
noBepXHOCTH. [locne CHATHA BHELIHMX YCHINI BHYTPEHHEE HAIMPAKCHHOE
COCTOSSHHE BHYTPH ero OyAeT MOBBIINIEHHBIM, YBEJIHYHTCA H CBS3HOCTH
(cnaiiHOCTB). JINa ero pa3spymueHusa norpedbyercsa yxke OoJibiliee Hanpsaxe-

HHE OOHOOCHOTO CXaTus O, = G;. Ha rpaduxke (cm. puc. 2.3) HOBbIH Kpyr
(BbIIENICHHBIN ITyYHKTHpPOM) Oyner Oosbmero panuyca t' =0,50,. Ilpe-

AeNbHasA JUHUA (IMTyHKTUP) NOJHUMETCS HA BEIMUHHY T — T MPH COXPaHe-

HHH yria HakyoHa ¢. Ho 3aech ropaszo uenecoobpastiee COBMECTUTh Mpe-
AeJbHbIC TUHUM CABHIra, U1 Yero HeoOXoQUMO CABMHYTH Ha4ajJo KOOpAH-
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HaT Ha oNpeleNeHHyl0 BeIuunHy. Takol npueM BrnoJiHe o0bsicHHM (dax-
TOM YBEJIHYEHHS OABJIIEHUS CBA3ZHOCTH, KOTOpoe no JI. YaTy «npeacrapisi-
eT o000l kak Obl MPHIIOKEHHOE HOpMaJIbHOEe HanpskeHue o» [21]. B aToM

ClIydyae BEpLIMHA Kpyra HaJlOXMUTCS Ha MNPEACIIbHYIO JIHHHIO COABUTa HC-
XOJHOI0 HaNpPSHKEHHOTO COCTOAHUAL.

B ycCloBHSX rMAPOCTATHYECKOrO CXKATHA, HAIPUMEP B HaKaYMBA€MOM
MA4e€, 0 YCiI0BUIO (1.9) kacaTenbHBIC HANMPSXKCHHA JODKHBI OBITh PaBHBI
Hyno. Ho moyeMy Torga Msa4 B ONpEAENICHHBIX YCIOBUAX (TPEIUUT 10
BCEeM UIBaM»? 31€Ch ACHO, YTO pa3phbIBHbIE HANPSKEHHA 10 Mepe HaKadyky
pacTyT ¥ NPEOAONEBAIOT B KaKOW-TO MOMEHT CONPOTHBIICHHE B COEHAMHE-

HMAX WBOB. TyT HanHuO poct HampsokeHud 1. [TocTpoeHHe rpadHKOB
CABUIa MO pe3yJbTaTaM OIBITHBIX HUCMBLITAHUI C HCIOJbL30OBaHHEM 3Haue-

Huti v no (1.9) nokaszano [9, 33], 4TO NMPOUCXOAUT YMEHBIIEHHE YrIJia
BHYTPEHHETO TPEHHS ¢ OJHOBPEMCEHHLIM BLINMOJAKUBAHHEM IIPEACTILHOM
JIKHUM CIIBHIa C POCTOM AeHCTBYIOMUX HanpskeHU. [1Ipu ucnons3oBaHum

dopmyanl (1.1) BeimonakKMBaHUA HE MMPOMUCXOAUT M JIMHHUA CABHMra coxpa-
HAET HAYAIbHBIA Yroji HaxjioHa B OOJIBIIOM Auana3soHe pocTa HaNpsaxe-

HUU. DTUM (akTOM MOATBEPXKAAECTCA NMPUHATOE HAMM IOJIOKEHHE O TIO-
CTOSTHCTBE YIJjla BHYTPEHHErO0 TPEHUA B MIPEJIENax pocTa G, 10 40,

[To reopum npouHoct Kynowa—-Mopa u runotese P. Xwuia mis ycno-
BUM oCeCHMMETpPUYHOro 00Xarusi ©, > G, =O0; HE YUYUTHIBAIOTCA HHU

NPEAIECTBYIOMAA UCTOPUA HArpy>XeHus, HU BO3HUKHOBEHUE HOBBIX
CTPYKTYPHBIX ¢BA3eH, NpoOpeTeHHBIX NOJ BIUAHHEM 00XaTud, npexue-
CTBYIOIIMX AEHCTBHIO OceBOM pa3pyuiaroined Harpysku. OTHocs 3TO 00-
CTOATENLCTBO K IVIABHOW NMPUYHHE UIMEHEHHA YrJia HaKJIOHA NPEAcsIbHOMN

JIMHHM CIBMTIa 33 TNpeAesiaMH, Koraa O, > G, , PACCMOTPAM BHOBb OTKpBI-
BaloUIeecs albTCPHATUBHOE MNPEINIOKEHHE, CYTh KOTOPOro CBOAUTCH
K ClIeIYIOLIEMY:

* NPH 3aJiaHHOM HAIPs>KEHHOM COCTOSHMU G, = O, TeJIo puobpeTaeT

NOMOHUTENBHYIO CTPYKTYPHYIO NTPOYHOCTbD;
e IaBJICHUE CBA3HOCTH YBENUYMUBAECTCA HA BENUYUHY G, = T4 ;

® MPEACABHOE KACaTEJIbHOE HANpPSA)KEHUE, COOTBETCTBYIOILEE HOBOMY
[THC, cocTaBageT MONOBHHY IJIaBHOIO OCEBOT0 HOPMAILHOIO HAampske-
HUA M XapaKTEPU3YeT CABHUT B IUIOCKOCTH HAUMEHBILETO CONIPOTUBIICHUS.
[Tpy NpUHATHIX AOMMYLICHUAX HMEEM

T—_-O,SG]; (22)
O =0, +1T=0,+0,50,.
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[ToactaBuB 3HaueHNs T H O 13 (2.2) B ypaBHeHHe KysnoHa (1.8), mosmyuum
c,(1-tgo) = 2(o,tge +c¢). (2.3)

Ycnosue npoyHocTH (2.3) npoBepeHo Mo pe3ylibTaTaM omyOankoBaH-
HBIX TPEXOCHBIX HCIIBITAHUM Pa3IMIHBIX MaTepHAIOB (CM. . 3).

2.1.3. Yenosus npoyHOCMU Npu CNOXHOM HANpAXeHHOM
CcOCMmosHuu

Jns ycloBHH CI0XKHOr0 HapsHKEHHOTO COCTOAHUA G, > G, > G35 YIOBIe-
TBOPUTENLHOr0 peIHICHHA HE MMeeTcd, 0O NMpU MOCTPOESHUH KPYrOB Ha-
IIPSOKEHUN DPOMEXYTOUHOE HANpPsKEeHHE HE YYHTBIBACTCHA, a 3TO BO3MOX-
HO TOJBKO B ClIyuyae PaBE€HCTBA O, = G5, PaCCMOTPEHHOro paHee. HMisect-
HbIH rapaMeTp NPOCTPAHCTBEHHOIO HAMpSAKEHHOro COCTOAHHWA Hajnan—
Jlone [9, 19] aBnseTca reomeTpudeckor abctpakuyel, CIOKHO CBA3aHHOM

C YIJIOM BHYTPEHHEr0 TPEHHA, U HE MOXeT ObiTh HCIIONB30BaH. ITO NOOY-

AWIO K NNOUCKY HOBBIX (POPM NOCTPOECHHA KPYIrOB HANpPMHKEHUH, IIPH ITOM
00s3aTeNIbHBIM YCIIOBUEM ObIJIO HAMTH TaKOE NOCTPOEHHUE, KOTAA BEpUINHA

Kpyra MakCUMajibHOro HampsxeHus T, =0,56, oxa3amace Obl Ha mpe-
NENBLHON JIMHUM CABUra. JTOMY YCIIOBMIO B HAMOOJAbIICH CTENEHH OTBEYa-
€T CXeéMa, IpUBeJAcHHAas Ha puc. 2.4.

Kax ¥ opu ocecMMMETPUYHOM CXaTuu G, = 05, B NpeanaraeMoii cxe-

M€, NMPOBEPEHHON MO pe3ybTaTaM ONBITHBIX AAHHBIX, MPHHAT NPHHLMUM
NepeHOca YCIOBHOro Ha4alla KOOpJAMHAT Ha BEJHYHHY G, B CTOPOHY YBe-

JIMYEHHS NABJIEHUA CBA3HOCTH 3a CYET HaMpskeHHH G, U G5. B 3TOoMH

CXEME, Kak U B NMpeAUIECCTBYIOLIEH, INTaBHOE MAKCUMAIbLHOE HANPAXCHUE
C, ynoxobiasercsa AeHCTBHIO HATIPSKCHHUA CKATUA O, MPEOXONECBAIOLIETO

peaKklMH OTIIOPa, BO3HHKAIOIIHUE OT CIOXEHHS BHYTPEHHHX H BHEUIHHX
MOTEPEYHBIX HANPAKECHUN.

HUtak, npy npuiokeHUU K Teny OOKOBBIX YCWIUH MPOHCXOAUT YBENWYE-
HUE CBA3HOCTH (CONPOTHUBIAEMOCTH). TOrAa BIOIHE JIOTHYHO M MEXaHUYEe-

CKM 060CHOBAHO pacCMaTpMBaTh MAaKCHMAJIbHOE HalpsKEHHE O; Kak Jeid-

CTBYIOUIEE YCWIHE OJHOOCHOrO cxatud. Hayano koopauHar pna 60oaeumioro
Kpyra HanpskeHHA G; MOXXHO 0OOCHOBAHHO NepeHecTH B HOBYIO TOYKY. Ilo

cxeMe puc. 2.4 B YCIOBHAX CJIOKHOIO HaNpHXEHHOr0O COCTOAHMA

(01> 05> 03) Takoit Toukol Moria 6sl ObITH m0bas U3 Tpex (7, 2 u 3) Ha
puc. 2.4. DKcnepUMMEHTAIbHAs [POBEpKa I1oka3ana, 4To Hanbonee ONTH-

MaNnbHbIM ABJIAETCA pa3MELIEHHE Havyala OTcYeTa O; OT TOYKHU /, KOTOpYIO
H MPUMEM 32 OCHOBY JaJIbHENIIUX ITOCTPOSCHMN U AHAJIUTHYCCKHX pelIeHuUIA.
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Puc. 2.4. CxeMa NMOCTPOCHHS KPYToB HaNPAXKEHHI MPU G, > 0, > G5 !

I, 2, 3 — BapHaHThLI pazMEILCHNA TOUCK YCAOBHOTO Hayana koopauHar O,
AJIA Kpyra HanpfaxXeHul o,

Hcxona u3 npuBeaeHHOro 0OOCHOBaHHA NMPHMEM MOCTPOCHHE KPYroB
HanpsokeHdd no cxeme puc. 2.4. OTcioaa BbITEKAKT CICAYIOMIHE 3aKOHO-
MEPHOCTH:

e YI0J1 BHYTPEHHETO TPEHUR IMOCTOAHEH, €CNU IJIaBHBbIE IMOMNECPECYHBIE
HanpsOKEHHA ©, > O3 HE TPEBHIUIAIOT COMPOTHUBIIEHHA OOHOOCHOI'O MpOo-
. CTOTO CXKaTHS,

e ipy AeicTBuu OGokoBoro obGxkarus GopMupyeTca MOBBLIINIEHHOE Ha-
IPAXKEHHOE COCTOSHHE;

e BHOBb IpHOOpETEHHOE NaBJIeHHE CBA3HOCTH YBEJIMYMBAETCA C yue-
TOM IJIaBHBIX HOPMANBHBIX HAMIPKCHHH O, > G, W NOHPAaBKH, 3aBHCAILCH
OT Yriia BHYTPEHHETrO TpeHUd, U NPUHUMAETCH 334 N3MEHEHHOE HadYano Ko-
OpPAMHAT Jj11 MAKCUMAITEHOr0 Kpyra Hanps>X€eHuH o ;

* MAKCUMAJILHOE HaNpAKEHHUE CIABUra COCTABJILET, KAK H MPH OAHOOC-
HOM NMPOCTOM CXXaTHH, MOJIOBHHY pa3pylUalOLIEr0 HaMpsKeHUSA Gy, OT-

KJIaZbIBAEMOI0 OT HOBOTO Hadajia KoopauHart O, .
HanoxeHHsle NONOXKEHHA NO3BOJAIOT NPUHATE CIIEAYIOEE:
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1 =0,50,; (2.4)

c=0,+050,;

c, =0,5[c, (1-tge) +o;(1+tgp)], 2.5)

[IPH OTCYETE OT paHee NMPHHATOrO Hayala KOOpAMHAT B Touke O.

HaitneHHbIe 3HadeHus T M ¢ U3 (2.4) noacraBuM B (1.8), oTkyaa noiry-
YUM

o1 (1 - tgp) = 2¢ + [0, (1 - tgg) + o5 (1 + tgp)] tgop. (2.6)

JIs oceCUMMETPHYHBIX HCNBITaHHH ypaBHeHHe (2.6) nmpeobpa3syeTcs
B (2.3), rae 6, =03.

2.1.4. Ynpyeaue napamempsbl

[TpeacraBiadeT HaydHbIH W NPAKTHYECKHH HHTEpPEC BBIJCJIICHHE YIIPYTHX
[IapaMeTpoOB MPOYHOCTH. I 3TOro pacCMOTpHM IAHAIMNA30H H3MCHCHHA

O, <C NpH O, =0, =0. JonycTum, 4TO CYLUECTBYET Nepexoa U3 ynpy-
roro COCTOSHHSA K YNPYTrOYIUIOTHEHHOMY MOCie INPEONOJIEHHs CHI cuen-
JIEHWS, KOTAa G, = ¢; TOrja «yInpyrue» rnapameTpsl ¢, H ¢y, MOXHO NONY-
YUTH U3 TTOCTPOEHHA, MPEICTABIIEHHOrO Ha PHC. 2.5:

Py=Q; (2.7)
¢y = 0,5¢(1 — tgo) = Jic. (2.8)

G, ©

Puc. 2.5. Cxema K onpelleSICHHIO YNIPYTrUX napaMeTpos NPOYHOCTH
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B sToM cityyae naBieHHE CBA3ZHOCTH ABJIACTCA BENMYUHON NMEpEMEHHOM

H XapaKTepH3YET YNpyryw €ro 4acTb, a 3Ha4€HHE Cy COrNIaCyeTca C IKCIIC-
PUMEHTANBHBIMH 3HAa4Y¢HWAMH YIOPYrUX CONPOTHUBJIEHUH CHABHIY, T.€.

cy = f(c,0).

Kak papHMaHT, IOCTPOEHHE Cy MOXET BECTUCH C pa3MELIIEHHEM Hadalla
O, B Ttouke (). Taxum 00OpazoM, OTpe30K AaBNCHUA CBA3IHOCTH MOXKET

OsITE pasneneH Ha otpesku Op0, (cBoGoaHas 30Ha), Oy0, (AHaMeTp Kpyra

pacTsbkeHHA — Ha puc. 2.5 He nokasaH) H ¢,0 (ynpyroe cuemienue). Ho
3TOT BApHAHT TpeOyeT NOMOIHUTEIBHOTO HCCIIeJOBAHUA.

2.2. PeXUMbl OQHOOCHOIO pacTAXeHUA-CXXaTUA

B rn. 1 6bu10 NOKa3zaHO MEXaHHMUECKH HEOOOCHOBAHHOE pPa3MeEIlEHHE pac-
TATHBAIOLIMX HAMPAKCHHH B Hauajle AuUara3oHa AaBJIeHUA CBA3HOCTHU. Mc-
XoAs W3 (PUINKO-MEXaHHMYECKHX MpEIACTaBIE€HUM, YCHIHS pacTDHKECHHS
OPEONONICBAIOT BHYTPEHHUE CTPYKTYPHBIE CBA3H, UPEACHLHBIC 3HAYECHHA
KOTOPBIX PaBHHI CLEIUICHUIO ¢, H, CJICAOBATEJIbHO, NMPOTHBOIOJIOXHO Ha-
NpaBJIEHBI, MOITOMY JOJIKHBI OTHOCUTHCH K OTPHLIATEJIbHBIM.

Jlns rpaduyuecKoro NOCTPOEHNA Kpyra pacTArMBalOLIEro HanpsKeHHs
3a Haya/I0 KOOPDOHHAT MPHUMEM TOYKY O, Ha OTpE3KE HABJICHHA CBA3HOCTH,
PaBHOM CLEIUVICHMIO, T.K. BHYTPEHHHME CWIbI CBA3HOCTH HE MOIYT TPEBbI-
[UATh pa3MEPOB CTPYKTYPHOH NMPOYHOCTH, paBHOM BenmuyuuHe c. Cnenona-
TENbHO, HOBOE HayasNo koopauHaT O, BrnoJiHe 0OOCHOBAHO C MO3MLMIA Me-
XaHUKH BHYTPCHHEro HaNpPsIKCHHOro CcOCTOAHMA. OCh PacTArUBaAIOIHNX
Hanps)KeHUH, NpeoaosieBalolMX CHIIbI CBA3ZHOCTH, HalpaBHUM B IPOTHBO-
MOJIOXKHYIO OCH T CTOpoHY. Jlna ygo6cersa rpad0aHaIUTHYECKOIO COMOC-
TaBJIEHHA W BBIABJIEHHA CBAi3eH O, C NapamMeTpamMu NPOYHOCTH C H ¢ TIEpe-
HeceM KpYT PacTAXXCHHA HAa OChb O, T.€. pa3MECTHM €ro B «CBOOOAHOM» OT
HATMPAXKEHUN OTPE3KE JABNCHUA CBA3HOCTH (puc. 2.6). 310 nolsonger ot-
KNaAbBIBaTh NApaMeTphl pacTAXEHUA G U T N0 aOCOMOTHLEIM pa3Mepam 0e3
YyUYeTa HX 3HaKa «—».

[Ipennaraemas #Ha puc. 2.6 cxemMa NOCTPOCHHS KOMIIOHEHT pacTATH-
BAIOIIMX YCWIMHK Hanbosiee yaauHO OTBOAMT MECTO MapaMeTpaM pacTsike-
HHUA Ha «CBOOOJHOM OTpe3Ke HaBJICHHUA CBA3HOCTH» HCXOAA U3 MEXaHW4e-
CKOro XapaKkrTepa NpOoABJICHUA MMpPOLEecca PacTAKEHHUA, IIPHU rpaduyeckom

n300paxXeHHH B YBA3KE C NapaMeTpaMM NPOYHOCTH ¢ H @ PEKHUMA CKaTHA.
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Puc. 2.6. Cxema IoCTPOCHUA KPYroB HanpshHKeHUH U npeaeasHoN JHHUK CABUra
B POKUME PACTAKECHUA U CIKATHA

Jng rpadMUEecKOro NMOCTPOESHHA NpeneabHON NpAMONR pexxuMa OJHOOC-
HOIO PACTAKEHUs ¢ HAYallOM KOOPAHHAT B ToYke O, NepeceueHus OTpe3Ka
IOABEHHA CBA3ZHOCTH C KPYTOM CLETUIEHUS UMEEM

(2.9)

MpU OTCYETEe OT NPOMEKYTOYHOr0 Hauvana KoopAauHar (O, 1Mo OCH T
¥ B cTOpoHY O, (CM. rpadHk Ha puc. 2.6).

[Ipun oagHOBPEMEHHOM ACHCTBHMH CXKHMAKOWIMX KU NONEPeYHO PacCTATH-
BalOLIMX YCHJIUHA KOMIIOHEHTHI PACTATMBAIOIIMX HanpskeHul (o, WK O, )

OOJIKHbI UMEThH OTPHULATENBHBIE 3HAYSHUA KAK MPOTHBOIONIOXKHO HAIpaB-
JeHHbie CxuMalomuM. TTOCKo/IBKY pacTAruBarolyde HanpsKeHUs O0cCial-
JIAIOT CONMPOTHBJICHHE TPEHHUA U YMEHbLIIAIOT COMPOTHBJIEHHE CABUTAIO-

lIeMY AEHCTBMIO COKMMAIOILEro HaNPHXKEHHA O, , TO I HCXOAHOTrO (BOC-
CTAHOBJIEHHOT0) 3HaY€HMA T U OC/IabJIEHHOTO 3HA4YeHHUA G IPUMEM

t=0, +0,50,;

(2.10)
0= 0,50'1 + Gn y

rae o, — adCoMOTHOE 3HaYEHME ITONEPEYHOT0 HANPAXKEHHSA, CO 3HAKOM «—»
IIPH OTPUIIATEIBHOM 3HAUCHHUH G, TONBKO AJIf HAXOXKICHNSA C.
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Pasmepsl O, pacCUMTHIBAIOTCSA 1O Gopmyiie (2.5), rae 3HaK «—» npume-

HSIOT TOJIBKO UTS PAcTACMBAIOLIMX HarpsokeHuit (o, WM o3), T.€. 110 ypas-
HEHHMIO

c, = 0,5+ o, (1-tgp) £ o;(1 + tgo)]. (2.11)

ITo npennoxeHHOM cxeme NOCTPOEHHMA KPYroB HanpsyKeHUM U mpe-
nenbHOW JMUHHH (CM. pHC. 2.6) TOYKH ¢ KoopauHaTaMu mno (2.9) u (2.10)
pacriojlararorcs Ha oTpe3ke Ab JMHUH caBura noja NOCTOAHHBIM YIJIOM .
Takum 00pa3oM 3anoJIHAETCA pa3pbiB MEXIY PeXKAMaMHU CKaTHA M pacTi-
KeHHsA, OTMeUeHHBIN A. Hapgan n npountHpoBaHHbId B 11. 1.5.

3ameHa napabosnel, orubaromet Kpyru HanpsKeHUA, NMPAMON JTHHHEH
CABHMIa-pacTXKEHHUS MO MOCTOAHHBIM YIJIOM (@, BIUIOTh A0 CBEPXBBICOKHX
naBieHu#t ¢ < 4G, 3HAYUTEJILHO YIIPOLIAET NPAKTHYECKHUE PacuE€Thl, JacT
ONHO3HAYHO ONpeAciseMbie NMapaMeTpbl MPOYHOCTH ¢ U (¢ H NO3BOJISET
MOJIYYHTh YPAaBHEHHE CBH3H PACTATHBAIOLLErO HAMPIXKEHHUS O, OT pacyerT-
HBIX N1apaMETPOB O, C, V, O:

2
0 =2ve=2c LB |2 (2.12)

d 1+tgo) (0.-c)

[IpouHOCTHass TeopHUS HANPAKEHHOTO COCTOSAHHSA, UCIONB3YS HOBBIE
cnocoObl rEOMETPHUUECKOro N300paKEHHA CBA3IM KOMIIOHEHTOB HalNpsxe-
HHIl ¢ MapaMeTpaMH NMPOYHOCTH, OCHOBBLIBASCE HA COBPEMEHHBIX HAOCTH-
KEHHAX MEXAHHKH BO3AEUCTBUSA B PEeXHMaX CXaATHA U PACTKCHHA, NPH-
Bena k 6onee TOYHBIM M OOOCHOBAHHBIM AHAJIUTHYECKHUM CBS3SM, BbIpa-
XKAOIIUM MEXAHHU3M B3aUMOIEMCTBHA 3JIEMEHTAPHBIX COCTaBHBIX YacTen
cpe/ini NOA BIUSHHEM W3MEHEHHs CHIIOBBIX (aKTOPOB.

Bce ocHoBHbie nonoxkenua [ITHC npoiuin skcriepuMeHTaIbHYIO pO-
BEPKY, pe3yJILTAaThl KOTOPON H3JIOXKEHBI B I'11. 3.

2.3. NameHeHune HanpsXXeHHOro COCTOAHUA

B TeOpHH YNPYroCcTH H reOMEeXaHHKe UCXOIAT U3 CIIeAYIOUUNX OCHOBOIO-
NAralolWMX THIOTE3: CIVIOMIHOCTH Cpelbl U PaBEHCTBAa HYIO HaYaJIbHBIX
HanpsokeHuii. OTHocuTenpHO nocneaneit H.U. besyxos [4] cumraeT, uro
CAMEIOTCH CMOCOOB! 3KCNEPHMEHTANBHOTO ONPEACNCHHA HadalbHBIX Ha-
npsAkKeHUui», a «06bACHEHHE 3TOro NpPEANoJoXKeHHs Morna Okl JaTh (€C/H
6p1a OBl pa3paboTaHa) AUCKpPETHAs TEOPHA YIPYTrocTH», 4YTO, OJHAKO,
BCTYNHAO OBl B POTHBOPEYHE C TMIOTE30H CIVTIONIHOCTH. BMecTe ¢ Tewm,
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WTHOPHUPOBAHME HAYAJBHBIX (BHYTPEHHHX) HANPAKECHUH HE JACT IOSHOTO
NpeACTaBIeHHA O ASHCTBHTEILHOM HAaNPXEHHOM COCTOAHHM, CMBLICIIOBOE
[IOHATHE O KOTOPOM pPa3HBIMM HCCJIEAOBATENISIMH TPAKTYETCH MO-Pa3zHOMY.
[ToaToMy ecTh HEOOXOAMMOCTh PACCMOTPETh NMOAPOOHEE MOHATHA U TEp-
MHUHBI JJI1 XAPAKTEPHCTUKH pPa3HbIX CTaJAUMH HANpPMHKEHHOTO COCTOAHMA,
TyJlIEro NMOHWMaHUA CBA3eH MeXOy HUMH H YTOYHEHHS UX CMBICIIOBOTO
3HAYECHHA.

Hauanvnoe (ucxoonoe) nanpsoicennoe cocmosnue — CHCTEMA NPHPOS-
HBIX (€CTECTBEHHBIX) BHYTPECHHE YPABHOBCLUEHHEBIX HAINPAXKECHUH B TBEp-
I0M Tene (cpene).

Hanpsaocenno-oucnoyuposannoe (6036yscennoe) cocmoanue — Co3iaH-
HOE CJIOKEHHMEM BHYTPEHHMX HANps)KCHUH M BHECUIHUX BO3ACHCTRUN OT
TEMIEPATYPHBIX, XUMHUYECKHX H CHIOBBIX (aKTOPOB.

H3amenenHoe (ocmamouHoe) HANPAXCEHHOEe COCMOsHUe — BO3HHKIIEE
110CHe HCKITIOYEHUS UIIH ocllabneHus cWiIoBOro Bo3jeiicTBua (rocne pas-
I'PY3KH).

IIpuobpemennoe (ynacnedosannoe) HanpaxcenHoe cocmosiHue — chop-
MHUPOBaHHOE M0 BIUAHUEM I€OXMMHYECKHX U F€OMHAMMYECKHX TIPOIIEC-
COB H NOCJIERYIOLNEH pelakcauuu.

B3auMocBs3n 1 nepexoibl MEXAY BbIACIEHHBIMH HANPAKECHHBIMH CO-

CTOSHUAMHU WUTIOCTPUPYIOTCS Ha puc. 2.7.

Penakcaius

HcxoaHoe Hanps-
KEHHOE COCTOAHHE

Cunosoe
BO3JCHUCTRUC

HanpsxeHHO-

AUCTIOLIMpYEMOe
COCTOAHHE

Puc. 2.7. Cxema popMHpOBaHHA CTAAHHN HANPSIKEHHOTO COCTOAHUNA
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'nasa 3. OMNbITHAA NPOBEPKA OCHOBHbIX
NAPAMETPOB NPOYHOCTU

3.1. OAHONNOCKOCTHOW COBWTI

JIIs nonmy4YeHUA MNMPOYHOCTHBIX XapaKTEPHCTHK (CUEIVIEHUA ¢ H KO3 du-
[[HEHTA (g2 yria BHYTPEHHEro TPEHUA) NPU U3YYEHUH FPYHTOB H FOPHBIX
MOpoA WIMPOKO HCMOAB3YIOTCS HCIBITAHUA OAHOIUIOCKOCTHBIM CABMIOM.
B MarepHasio- ¥ METAaUNIOBEACHUH 3TH HUCILITAHMA TOKA HE TNOJYYHIIH

J0JDKHOro npuMeHeHHs. Ilockonbky mpubopsl H METOAMKH OXHOIIIOCKO-
CTHPTrO ¢IBHUra MIMPOKO M3BECTHBI {9, 20, 30, 32, 35], TO 34eCh MBI OCHOB-
HOE BHUMAHHE YACIHM MANOU3YYEHHBIM acIeKTaM, HOATBEPXKAAIOUIMM
otaeasnsie nonoxenus [ITHC.

JKCNEPHUMEHTAJIBHBIC [OKA3aTelIM CIABHra (G — OCEBOE AABJICHHE
B TUIOCKOCTH CABHTa U T — CABHTAKOLIEE YCUIIHE, OPEOA0JICBAIOUIES TPEHHE
B 3TOH MIOCKOCTH) MCTIONB3YIOTCA A1 rpado-aHAIUTUYECKOrO Ompeaee-
HUA ¢ 1 @ (puc. 3.1).

' : i
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Puc. 3.1. Cxema 1 rpad UK OQHOILIOCKOCTHOIO CABHIA;
] — IRHHMA HATPY3KH, 2 — NUHHA Pa3rPY3KH

MHOTroOYHCIEHHBIE I3KCIIEPUMEHTHl MOATBEPXKAAIOT MNPAMOJHHEHHYIO
3aBUCUMOCTE INPEIEIBHOr0 CONMPOTUBJICHUS CABUTY T OT U3IMEHEHHS JcH-
CTBYIOIUErO AABJICHUs G, BhipaKEHHYK ypaBHeHHEM Kynona (1.8). IIpe-
genbHas INpaMas NUHUA caBHra !/ (cM. puc. 3.4) B OOJBIIOM AHana3oHe
poOCTa ¢ COXPaHAECT NMOCTOAHCTBO Yriia HAKJIOHA ¢, TAHM€HUIHAJILHAsA BEJIH-
YUHA ero (tge) XapakTepu3yeT NpHpaLIeHUE TOPMO3HOIO COMPOTHBIIEHHS,
1A NIpeoJoNIeHUss KoToporo Tpedyercs MoBbIMICHHOE YCHIIHE T. OTpe3ok

Ha OCH T pasMEPOM C €CTh NpelesibHOEe CLEIUIEHUE CTPYKTYPHBIX CBA3el,
OTpaXalOLIUX BHYTpPeHHEE HANpPsHKEHHOE COCTOAHME. Takum o0pazoM,
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nmapaMeTpsl ¢ Y tg@ YpaBHEHUA NMPEAC/IbHOH JMHUU CABHUTa €CTh NOCTOAH-
HbpI€ TIOKA3aTe/Id NMPOYHOCTH, XapaKTEPU3YIOLIHE 3aKOHOMEPHOCTL H3IME-
HEHHUS HANPAXKEHHOro COCTOAHUA 110/ BIHAHHEM BHELUHUX BO3JAECHCTBUH.

Eciy napaMeTpbt OQHOIUIOCKOCTHOIO CABHIa JIKCHEPUMMEHTAILHO OI-
peaesgIiOTCsa, TO BHYTPEHHEE HAYaJIBHOE HAMNpsHKCHHE 10Ka HE YCTaHaBJIH-
BaeTca. Otpe3ok OO0, Ha OCH G HA3BIBACTCA «ABNCHMEM CBAZHOCTHY» H 11O
pa3MepaM paseH (CM. puc. 3.1)

€= c/tgo. (3.1)

Ho 3nech ocraerca HeydTEeHHBIM pAa nonoxenuit. Ha otpeske OO0, no
npaBHiTy JleoHa OTKIAABIBACTCH KPYT pacTsKEHHA, BMECTO Kpyra cueruie-
HUA, U OH HaJENIeH MPOTHUBOINOJIOKHEIM 3HakoM. He BaaBasch B HCTOPHIO
3TOr0 BOIPOCA, OTMETHM, UTO A. Hanau U Apyrue uccnenoBaTesiy 0Tpe3ok
CUEIUIEHHA Ha OCH T pacCMaTpHBaJIM KaK INeOMETPHYECKHH OTpe3oK 0Oe3
HaZeJICHUA €ro KaKHMHU-T00 PU3NKO-MEXaHMYECKHMH KaueCcTBaMH, a TEM
bosiee paBneHHEM CBA3HOCTH £. B TO ke BpemMsa pa3Mep € 3HaAYHTEJIBHO
NPEBbILIAET CUEIUICHHE, ABMAIOLUEECA 10 CYTH CBOEH MNMpeacsibHOH BEJIH-
YHHON COIPOTUBIIEHUA BHYTPEHHHMX CTPYKTYPHbIX CBA3ei. Pasmep cuen-
JIEHUS!, 338 CYET AOMOJIHUTENBHO CHOPMHUPOBAHHON CHAMHOCTHU NMpH Kpart-
KOBPEMEHHOM CHJIOBOM BO3AeiCTBHH, YBEIHYHUBACTCS NPH pa3rpy3kKe, OT-
CeKass Ha OCH T HOBBIA OTPE30K, paBHBIA NPUOOPETEHHONW MPOYHOCTH
CTPYKTYPHBIX CBaA3eil (cM. puc. 3.1). Ecnn Xe ycroBHOE Ha4asI0 KOOPAHU-
HaT HaXOAMTCA Ha OCH COKMMAIOINUX HAIpPAKCHUI O, TOJBKO IS BHELIHUX
BO3IEHCTBHI, TO BHYTPEHHHE HA4YAIbHBbIE HANPAXEHUA Kak Obl HCKIOYa-
IOTCSA U3 pacCMOTpeHHA. 11pH 3TOM co3paeTca napaaoKcaibHas CHTYaLHA —
HaNpsXEeHUH (CBA3eH) CornacHo rpadHuKy HET, a CONPOTHUBJIEHHE pacTaXe-
HUIO TPUCYTCTBYET.

OroxnecTBUM CLETUIEHUE MEXAY YaCTHLAMH, BEIPaXXCHHOE OTPE3KOM
¢, C pa3MepaMy BHYTPEHHEro HanpskeHusa. Torga Hayano KOOpAMHAT LI
peXXHMa pacTsXXEHHs OTHECETCHS OT YCJIOBHOrO Hadajla KoopAuHaT O Ha
BENMUHMHY CUEIUIeHuA. B 3TOM Cliiyuae HanpsKeHue BHYTPEHHUX CBA3EH Ha
OCH G 3aIMET NIPOMEXYTOUYHOE MOJIOKEHHE MEXY CHKATHEM H PaCTAKECHH-
eM U 3aNOJIHUT TOT paspbliB, KOTOPHIK otMeuan A. Hamau (cMm. n. 1.5) Mex-
Iy C)KaTUEM M pacTsKEHHEM. B yCnoBHAX OJHOILUIOCKOCTHOTO CABMIa IO-
JIYYUTH MOATBEPKACHUE MOCTYJIUPYEMOMY HMOJIOXKEHHIO HEBO3MOXHO, HO
MPEANOCHUIKH K 3TOMY 31€Ch MMEKOTCA. MOCTOAHCTBO Yriia ¢; HalH4yHe
CUCIUICHHA, pasMEpP KOTOPOIo YBEIMYHUBACTCA MOC/E NMPUIIOKECHUA BHELU-
HUX YCHJIUH M NOCJIEAYIOLIEH pa3Trpy3KH.
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3.2. KoMmnnekcHble ucnbiTaHUA ANa onpeneneHus
napameTpoB NPOYHOCTH

Kpome npubopoB 1 yCTaHOBOK OJHOIJIOCKOCTHOIO CABHIra AJs OMNpeAecsie-
HUSA NMPOYHOCTHBIX XAPAKTEPHUCTHK C KU (© UCMHOJB3YIOTCH TaKXKe APYTHe
npubopsl H METOAUKH, HANPUMEP. HUCIHBITAHHUA PAa3HOYrOJIbHBIMH KOHYCa-
MH, KpPBLIBYATKOH B MEPEMEHHOM [M0JI¢ HANPSKEHHOTO COCTOSAHHWA W Jp.

[13]. Taxue ucneiTaHus HeoOXoAUMBI iA 60siee JOCTOBEPHOro OINpeaeJe-
HHUA [APAMETPOB C U ¢ W NPOBEPKH OCHOBHBIX TEOPETHYCCKHX ITOJIOXKEHHI
B OoNee MHUPOKOM nMaIazoHe CBOKCTB MaTepHalibHBIX CPEA.

Hns mpoBepKH PE3ybTATOB IKCIICPHUMEHTAILHOrO OMNpeAcsIEHHSA HOP-
MAJIBHBIX M KacaTeJIbHBIX HanpsxkeHudt ObLI0 NpoBEACHO 3HAYHMTEILHOE
YHCJIO CONOCTABHUTENbHBIX MCNBLITAHHN Pa3sHOYIONbHBIMHM KOHYCAaMH M Ia-
pajU1eNIbHO-0 AHOTLUTOCKOCTHBIM OBICTPhIM caBuroM [14]. HcnbIThIBaNHCH
IPYHTH pa3sHoOOpa3sHOro cOCTaBa M3 pa3jiMYHBIX PErHOHOB. Pe3ynbrarhl
KOMIUICKCHOr0 OnpoOOBaHHA OJHOrO H3 TaKHX IPYHTOB OTOOpaxKeHbl
B rpaduyeckol ¢popme Ha pHc. 3.2, rae noja pasdBHIOM IOHHUMAETCA
YAENBHOE CONMPOTHBIICHHE NPOHHKAHUSA KOHYCA, IPUXOAAIeceCs Ha CAHHU-
iy 60oxoBO#t nIoBepxHOCTH 3arnybyieHns B cpeay (CM. . 7).

Ty
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Puc. 3.2. I'padux casura npubopom I'TTI-30 co 3Hakom @ B conocraBieHUH
C pe3yNbTaTaMH HCIILITAHKHU KOHYCaMu —V, nonycdepoit — @ M KpeulbyaTkol — D

Ha rpajuxe puc. 3.2 u300pakeHbl pe3ynbTaThl HCIBITAHUS TPEMS CIO-
cobamu: pasHOyronbHeIMM KoHycamu 30, 45, 60 u 90° no a. c. 1428812;
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KPBIIBYATKOM NPYN TPEX CTYNCHAX MPHUTPY3KH 1o a. ¢. 1285112; cpe3oM no
cxeMe OBICTPOro OOHOIUIOCKOCTHOro cipura; nomycpepoll. Konycammu
nopoja (TJIMHAa) UCHBITHIBATIACE B PEXKUME IIPOHUKAHHUA C NNOTPYKEHHEM HX
Ha rnmyOHHy, paBHYIO BBICOTE Ka)KIOro KOHyca, 60KkoBas MOBEPXHOCTb KO-
TOpBIX Obla oAnHaxoBo# — 10 cM”. TTo pesynsTaTam NPOHMKAHMA OTIpesie-
JSUIACH HATIPAXEHHs G U T 110 popmyinam (7.33).

HcnbiTannd, npoBeieHHbIE ¢ BEChMa Pa3HOPOAHBIMH T'PYHTaMH, T0Ka-
3414, YTO pasMephl MapaMeTpPoOB NMPOYHOCTH ¢ U @ BIIOJIHE XapaKTepH3y-
I0T NMPOYHOCTHOE COCTOSHHE Cpelbl B YCIOBHUAX NEPEMEHHOI0 CHJIOBOIO
BO3eHCTBHA. [ TaBHOE AOCTOMHCTBO TAaKHMX HCNBITAHMH B TOM, YTO OHH
NOATBEPKAAIOT MEXAHMYECKYIO MPHPOAY CLEIUVIEHHR ¢, OCOOEHHO HCIhI-
TAHHEM KphIIbYaTKON M cdepoil B yCIOBMAX OTCYTCTBHA BHEIIHMX BO3-
ICHACTBHH, T.€. B CPEAC BIMAHMUA TOJIBKO BHYTPEHHHX CTPYKTYPHBIX CBA3el
(HanpsxeHuit). CneoBaTeNIbHO, YCIIOBHOE Hayao KOOPAMHAT HE O3HAYa-
€T OTCYTCTBMSl HANpPsKEHUH B OHANA3OHE OTpe3ka HABJICHHS CBA3SHOCTH.
X Hanudme H BIMAHHE MOXXHO TAKXKE MPOCHEAHUTHh MPH H3YYSHUH Karlui-
JIAPHOIC HATAXKEHHUSA U B3BCIIHBaIOHIeTo ACHCTBHA BOAbI B MECYAHBIX Cpe-
nax (cM. puc. 3.3).

Cyx#e necky Mpy OChinaHuy, a MOLITOYHO YBJIAKHEHHBIC (B NOABOA-
HbIX YCJIOBHAX) NPH OIUIBIBAHUH 00pa3ylOT €CTECTBEHHBIE OTKOCHI MOM
onpencseHHBIMH yrnaMu. lleckH, yBiaXKHCHHbIC KaNMJUIAPHOMN BIarom,
criocoOHBl 0Opa3’oBLIBaTH BEPTUKAJIbHBIE CTEHKHU, YIEPKHBaeMble CHIAMH
KanWLUIAPHO-MOJICKY/IAPHOIO HATHKCHHA.

B cBoux onbitax XK. ITnanTeMa’ yCTaHOBMII pa3MeEphl CONPOTHBICHUA
HOrPYXEHMIO KOHYCOB B CYXHe, BOJOHAChIMIECHHBIE W BIAXHBIE IECKH.
ConpoTHBIIEHHE NOTPYXEHHIO KOHYCa BO BIAXHBIE MECKH OKa3anoCh 0O-
Jiee YeM B IATh pa3 BbILIE, YEM B BOJAOHACHILLICHHBIE.

B cepu ONMLITOB NMOBEPXHOCTHOrO mpoHHkaHuA koxycos 30, 60 u 90°
B CyXHe, KalTWUIAPHO-YBIXHECHHBIE U NOJIHOCTBIO BOJAOHACKIICHHBIEC MEJIKO-
3EPHUCTBIC NMECKU OBbLIN MOTy4YEeHbI PE3yNIbTaThl, MPUBeACHHBIE B Tab. 3.1.

B Tabn. 3.1 non BenwunHOM pasasura, HanpuMmep 1,7, marorcs 3Have-
HUS T B UHCJIHTENIE, @& G — 3HAMEHaTeJsle, ONMpeacNeHHbIe Mo ¢GopMyliam
(7.33). llo pacuerHsIM pasMepaM T M O fIOCTpOCH TrpadMK CHBHra
(puc. 3.3), rae miA npAMBIX JIMHUYU caBura / U 2 pasMepsl 3Ha4eHHH T H O
NPUHATH! B § pa3 MEHBIINMY, YeM N NOCTPOSHHA NPAMON [ Kanunnsp-
HO-YBJIQXXHEHHOI'O MECKA.

Menko3epHUCThIN NECOK OOHOBPEMEHHO OBUT UCTIBITAH HA OCBHINAHHE,
MPU 3TOM Yrojl €CTECTBEHHOTO OTKOCa B CYXOM COCTOAHMH OBl paBHBIM

* Macnos H H. TTpo6nemer ycrofiunBoct v nedopmaimu rpynros. — M. ; J1.: 'ocanepro-
u3zaar, 1961.
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&= 31° a y BomoHaceimeHHoro & = 33°, T.e. OHY OKa3aliUCh COBMAIAI0-
INMMH C YyTiJaMd BHYTpeHHEro TpeHus: ¢ = 30° u ¢ = 35° (puc. 3.3, 6).
KanumispHoO-yBnaXKxHeHHBIE MECKH OKa3aJIuCh CIOCOOHBIMH YIEpPXHBATh
BEPTHKAJIBHYIO CTEHKY £ (pHC. 3.3, @) NpUMEpPHO paBHOM BHICOTE Kamwi-
JIAPHOIO MOACOCAa H BHICOTE BEPTHKAIBHOrO OOpBIBA, PacCUHTAHHOrO HO

dbopmyne (6.3): A, =Ac, ¢, p) =13 cMm.

Tabnuya 3.1. Pe3yabTaTel HCABLITAHUS NECKa KOHYCAMH

Cuenneuue

Pasznsur, xl1a 0,
MaTCpUAn cher c,xlla__| rpan
1,7 12,6
[ecok cyxolt 085/053 | 1.85/2.11 | 6,3/9.83 30
MMecok Baax-| 180 | 390 | 640 1
HbIl 9,0/5,58 | 19,5/22,23 | 32,0/49,92
ITecok BogoHa- 1,0 3,2 14,9 15
ChIIICHHBIA 0,5/0,31 1,6/1,82 7,4/11,62
T, klla 3 2
> ]
2015 y
e I

- I
z -f/
c -' 10 In2
‘./.‘ - 5 vl . ettt sl

Oo O 4 20 40 ans 3 o, klla

Puc. 3.3. 'paduk capura no BeIMYHHE pa3saBHra B EpPecYETe HA T H O
I — B Cyxux neckax; 2 — BOAOHACKHIUEHHBIX; 3 ~ BNAXKHBIX; 4 — KANHWLIAPHO-YBAAKHEHHEIH;
6 —~ cyxo# U BOJOHACHILUIEHHBIH

DKCNEpHUMEHTBl NOCTATOYHO YOEeOMTEeNbHO H HArNSAHO PaCKPHIBAIOT
dopMUpOBaHHE CTPYKTYPHBIX CBf3eH (BHYTPEHHEro HaMpsKEHHOro CO-
CTOAHHA) ¥ YKa3bIBalOT HA HCOOXOQUMOCTH UX ydeTa Aa)kKe 18 YaCTHIL BO
B3BEIIIEHHOM B BOJE COCTOSHHH, T.€. T = 0,50, ave 1= 0,5(0,—03) = 0.

Taxum obpa3zoM ewie pa3 noarsepxaactca ycnosue [ITHC o 3aBucu-
MOCTH HaIIpXKEHHA T OT Oy, 4 He oT nonypasdoctu 0,5(o; — 6,).
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3.3. TpexocHoe cxaTtune

HcnbiTanusa B yCIOBHMAX CIIOXKHOIO HaNps)KEHHOro COCTOSAHHA NPOBOAAT
10 ABYM CX€MaM: IPH pPaBEHCTBE MOMEPEYHbIX HAMNPSKEHHH, NPHIIOKCH-
HBIX K LUWIMHAPHYECKUM 00pa3uaM (0; = 05 < §,), U MPH Pa3HBIX BEJIMIH-
HaxX BCeX TJIaBHBIX HampsKEHHH, NeHCTBYIOUIUX 110 OCHOBHBIM ILIOCKO-
cTaM Kyba (o) > 03 > 03). CxeMbl 3TH ZOCTATOYHO HU3BECTHHI {6, 8, 9, 33],
HO MXx rpagoaHanuTHueckoe obocHoBaHue TpebyeT koppekTupoBkH. Ilo-
SICHUM 3Ty HEOOXOAHMOCTB 1O pe3yabTaTaM OImyOAHKOBAaHHBIX MCHRITAHHIA
[12, 15].

M3 BBINIOJHEHHOIO aHAJIN3a MOCTpoeHUA rpadukoB (puc. 3.4 u 3.5)
ClIeyer:

e orubarouas Kpyru HanpskeHUd KpuBOJHHENHA, C IIEPEMEHHBIM Yr-
JIOM HAKIOHa K ocH ¢ (cM. puc. 1.1);

e cexymias / K kpyram B Toukax T = 0,5(0, — 6, ) npaMONUHeHHa Ha OT-
pe3Ke, rae G, < O, 3aTEM BBINOJAXKHUBAETCA ¢ YMECHBIIEHUEM yriaa HakJIOHA
no 0 (cMm. puc. 1.2, 3.4);

e cexyuias 2 no pepunHaMm ¢ T = 0,50, npaMoauHeiHa Ha APOTHKEHHH
no o; < (l...2)c,, C nepesoMOM U YMEHBILUCHHEM YIila HAKNOHA K OCH O

npH 6, > (1...2)o. (puc. 3.4).

7, MIla “

500 .

-

2
mm

Puc. 3.4. llocTpoeHue npeaeabHbIX JTNHUK CABUra No pe3yabTaTaM HCIBITaHuM
mpamopa T. KapMauoM: / — no Mopy-Xunny, 2 ~ no 2/1bTEPHATHBHOMY PEILICHHIO

500 o 1000 o, Mlla
1

ConocTtaBidasa rpadukd caABura Ha puc. 3.1 U 3.4, nerko 3aMETHThb
YMEHBLICHHE YIJla HAaKJIOHA M YBEJIWYEHHE CLCIUVICHMA NMPH BO3IMOXKHOM
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pasrpyske, XO0Td B onkiTax, H300pa)keHHbIX HA rpaduke puc. 3.4, TakoBO
HE MPOH3BOAMWIOCHE. Ho ecnu A0MycTUTh, 4TO HanpsKeHHE B TOUKe A KO-
ra-TO0 COOTBETCTBOBAIO [ABJCHHIO INPH MeTaMopdu3Me H3BECTHAKA
B MpaMoOp ¢ MocCieayrolen penakcauvel HanpsXeHHOro COCTOAHMA, TO
TakOH mepesioM MONyYaeT BHOJIHE IpHEMIIEMOE OOBACHEHHE M HACT HC-
cieaoBaTeNdM HHPOPMAUMIO O HEKOTAa CYUWIECTBOBABIIMX HABJICHHAX.
3nech, 06pa3HO roBopsi, pacCKphIBAETCH «NaMATH» MOPOBI.

[IpoBepka OCHOBHBIX MOJIOXKEHHH MOCTPOCHMS rpadHKOB CIABHIA, H3JIO-
JKEHHBIX B I1. 2.13 npH CJII0KHOM HanpAXXEHHOM COCTOSHMH (G) > O, > G3),
BBIIOJIHCHA IO MaTepHajlaM U3BECTHBIX HUCCIEAOBaHUU B npubopax Tpex-
OCHOTO C)XaTug (CM. rpadguky Ha puc. 3.5).

[To nanneiM, 3auMcTBOBaHHBIM y A.C. Mopo3oBa, KOTOPBIH UCIBITHI-
BaJl THIIC B YC/IOBHSX TPEXOCHOIO CKaTHs, CpeAHee 3HAYCHHE YTIJjla BHYT-
peHHero TpeHus ¢ cocTaBuio 31°:

tge = (0 ~ 6,*) / (0, — 02¥), (3.2)

rae o* U o,™ — napameTpsl UCTIBITAHUHA BTOpOro o6pazua npu o; = 63* [14].
OnHako pacueTHO-rpadMUECKHM METOAOM IO puC. 3.6 yroa ¢ Obia Ofl-
peneneH 33°. OnnoBpeMEHHO Obljia BBINOJNIHEHA NPOBEPKA CXEMBl, MpUBE-
neHHOH Ha puc. 2.4 (n. 2.1.3), c BapyaHTOM 2 pa3MelleHHs HEHTPa B TOYKE
O,, roe 6,= 03 + (07— 63)/2 = (0, + 03) / 2. OupeaeneHHbIe pa3MepPbl T U G
o BapHaHTy | u 2 s HarasAHOCTH OblIM OTIIOXEeHB Ha OMHOM rpaguke
puc. 3.6. [Ipn 3TOM OKa3anoch, UTO BCE TOYKH C KOOpPAUHATAMMU IO BapPH-
aHty |, BeruucneHusle 0 dopmynam (2.4) u (2.5), umenu 6onee TECHYIO
CBA3b C MpeAenbHOU NuHMeld caBura. ToYkd ¢ KOOpAMHATAMH 2-T0 BapH-
aHTa pPacnoJIOKWINCL C OoJbIMM pa3OpocoM. DTOT HmpUMEp pacyeTa

U rpadUIECKOro NOCTPOCHUA [IOATBEPKIAET IPUTOAHOCTE NMPEAJIOKECHHON
METOAHMKH.

ITo npeanoxennoit B n. 2.1.3 MeToaHKe Bapuanta | ObUIM paccMoTpe-
Hbl PE3YyJbTAThl HCTBbITaHUN OeTOHA, CTeKna, rpauura, Tyda, necuaHMka
M APYTHX MATEPHAJIOB H TOPHBIX MOpPOX, U Be3Ae ObLIM MONy4eHbl MOJIO-
XHUTEeAbHbIe pe3yabraThl [12]. HO 31€Ch YMECTHO OTMETHTB, UTO B JAaHHOH
paGoTe He Oblla BEIMOJHEHA NPOBEPKA C PACMOIOKEHHEM KOOPAMHAT a-

pamerpa G, 1o 3-My BapuaHty (puc. 2.4), CyndlieMy yMEHBIIEHHE pa3Me-

poOB yrIjia BHyTpEHHero TpeHus ¢ . Takas npoBepka Oblia nMpu3HaHa Moka
NpeXACBPEeMEHHON W3-3a OTCYTCTBUA AaHHBIX CICIHANIBHBIX OMMBITOB.

36



T, MIla ..-;:;,4_ —

1,0 2,0 3,0 4,0 o, Mlla

0 50 100 o, Mlla

Puc. 3.5. Tlocrpoenue orubaroineit kpyru Hanpsokeuudt /; cexymeit no Mopy—
Xunny 2 u IITHC 3: a - necok; 6 — rnuua; 6 — rpaHuT



T, MIla ®

0,5

—— e e
0 0.5 1,0 1.5 o, Mlla

Puc. 3.6. I'paduk casura no pesynsTaraMm ucnbiTaHUH runca B npubopax Tpexoc-

HOT'O CXXATHSA. * — TOUKH ¢ KoOpAUHaTaMK ¢ U T 1o (2.4) u (2.5), @ — conocTaBnacMbIC TOY-
KH, KOOPAHHATE) KOTOPBIX G H T PACCYHTAHBI 6€3 yyeTa BIMAHUA YIa BHYTPEHHETQ TPEHUA
o CPEAHKM 3HAYCHUAM (G, + G3) / 2

3.4. AcnbiTaHus B pexxvimax CXaTus-pacTa)KeHns

CrenMaibHBIX OILITOB MO M3YYEHUIO CBA3M KOMIIOHCHTOB HaNpsKeHMM,
XapaKTepH3YIOINX OJHOBPEMEHHO CXAaTHE M pPACTAXKEHHE B HMX CBA3AX
C XapaKTePUCTUKAMH TMPOYHOCTH ¢ U @, €lle He NPOM3BOAUIIOCH. 31€ECh
ellle MHOro HesicHoctei, JIns nMpoBEPKH BBIABHHYTHIX B . 2.2 MOJIOKEHUM
obparuMcs k omnbitaMm, npoBeAcHHbIM JI.H. CHHAKOBBIM C NbINEBaTHIMU
cyriIuHKaMH (tabu. 3.2, napaMeTpsi Oy, 63, O3).

B 1abn. 3.2 pacraruBarolliue KOMIIOHEHTHI HAIpPsHKEHHS HMEIOT 3HaK
«—», pacyeTr 3Ha4Yenull o, T H O, ObuI BeIMOJMHEH N0 dopmynam (2.10)
H(2.11) c cobmonenuem TpeboBaHuid, U3NIOKEHHBIX B 11. 2.2,

[Io omBITHBIM AaHHBLIM PEKHUMOB OJHOOCHOIO CXATHA Mo (opmyJsiaM
CHulI 65110 paccuurano 31a4eHue ¢ = 0,14 Mlla, yron BHyTpeHHEro Tpe-
HUug ¢ = 24°. 1o 3THM HaHHBIM COMPOTHB/IEHUE pacTKeHHIO 1o (2.12)
cocraswio o, = 0,10 MI1a, 6 = 0,05 + ¢, T = 0,05, 3Ha4€HHA KOTOPHIX OT-
KJIaIbIBAJINCh Ha rpauke cABUra B auamna3OHe «BHYTPEHHHMX HalpsKe-
HHI» H COBNAIA C 3KCMEPUMEHTAJIbHBIMA 3HAYEHHUAMH CTpPOKHA 16
Tabm. 3.2 B JormycTuMbix npejgenax. [1o peaynsratam pacdeTHBIX 3HAUCHHH
o ¥ T NocTpoeH rpaduk casura (puc. 3.7), rae oTpULATENbHbIC 3HAYECHHS
G OTKJAABIBAIKCh OT HOBOI'O YCJIOBHOIO Hayajna koopauHar B Touke O,
B cTOpOHY Oy, COTIACHO CXEME, NPEOCTABNEHHON Ha pucC. 2.6.
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Tabruya 3.2. OnbiTHLIE B PacyeTHbIE pa3Mepbl HANPSAKEHUH

IJKCIEPAMEHTANIbHBIC 3HAYEHHA

PacyerHble XapaKTepUCTUKH

1 | o051 | o | o0 | o025 | o0 [ 025
2 | 05 | o | o | o028 | 0 | 08
3 “m 0,27 0,71
5 1,08 0,15 -ﬁ_ 0,69
6 | 135 | 1,38 0,69 1,22
7 | 054 | 0 | -0,019 -0,013 0,25
8 034 [ 016 | 050
9 | 063 | 062 | 0073 | 031 | 0114 | 045
10 -_m 0,17
1t | o061 | 028 -0,053 0,31 0,36
12 | 066 | 0,30 —0,04 0,33 0,40
13 ~0,05 —0,052 0,23 —0,05 0,13
14 0,25 -0,022 | 021
15 0,14 | 0,14 -0,07 0
16 | -0,00 ~0,045 | -c ¢+0,045
17 [ 0,09 | 0,13 | -0,04 0,005
18 -0,085 | 0,087 | 0,126 | -0,086 | —0,041
t, MIla
0,5 *
)
T
1)
Op™0™ O, 0 0,5 1,0 o,Mlla

Puc. 3.7. I'paduK ciBMra B yCJIOBHUSAX CIOXKHOI0 HAPSHKEHHONO COCTOAHHS
+ — 1O pe3ynLTaTaM OJHOOCHOTO cxaTHs (¢, > 0; 6;= 0= 0); A — npH TPEXOCHOM CXXaTHH

(01> 03> 63);, ® — npu pacTxReHUU-CxaTun (03 < 0; g, > 0, > 0);
@ — B ycnoBuax pacTakeHus-cxarsi (6, > 0; 61 < 6; < 0)
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AHaNOrMYHLIE pe3yNbTaThl MONYHEHBI IS CyIecel, rae mnpeaBapu-
TCIIbHO ONPEIACIACHHBIA YIroJ ¢ = 24° TakkKe HEe3HAYHTEJILHO OTANYAICA OT
yrjla BHYTPpEHHEro TpeHus 1npu rpagudueckoM criocobe H3zobpaxeHus pe-
3yJIbTATOB HCHBITAHHH.

B npemnoxeHHON cxeMe MOCTPOCHHA MPEACTbHON JUHUMA CIOBUra OT-
MeJaeTCs pasphiB, OOYCIOBJIEHHBbIA MEPEXOAOM OT NpeXEibHBIX COMpPO-
THBJCHUH K ynpyruMm. Ho 3ta Tema ocoboro paccMOTpeHHS U H3YUECHHUA.
31ech XKe OTMETHM, YTO MEPEHOC PeXHMaA PACTHKEHHA K3 30HBI YIPYroro
COCTOfHHA B 001acTh NpeleNbHBIX HANPAXKEHHH MO3BONMI YCTAaHOBHUTH
aHATUTHYECKHE CBA3HM PAaCTATHBAIOLUEIO HANPAKEHHA OT POYHOCTHBIX
mapaMeTpoB IO ypaBHeHMIO (2.12). D10 obnerymyno HaxoxiaceHHe (QYHK-
IHOHAJIBHBIX 3aBHCHMOCTEN MEXAY HANPsXKCHUAMH OAHOOCHOIO CKaTus
H pacTsXKeHHA, KOTOpblc B HAHOONBIIEH CTENEHH COrNIACYIOTCA € IKCIEPH-
MCHTQJIbHBIMH BEJIMUNHAMU Oy, B G, O UeM CBUICTEJILCTBYIOT MMOKa3aTENH
Tabn. 3.3, cocraBnenno# no gauueM I'.I7. Llep6ak [17].

Tabauya 3.3. IlapaMeTpbi NPOYHOCTH

3 Op,
Tun aopogst | ¢, klla | o, rpax p, I/CM MFIa
Ilecvanuxu 27,0 2,39 1,27
Anesponu-
ThI 33,0 2,38 1,64
ITecuanuku
MaCCHBHbIE 107.0 2,53 6,36
[lecyanuku
C/IONCThIC 72,0 2,50 3,71
[lecuanuku -
TPEIUHOBA-
Thie 68.0 2,50 3,45
Anesposnm-
Thl  MAaCCHB-
HBIC 82,7 2,50 4,20
ANEBpONHK-
Tl CIIOUCTBIE | 53,0 2,48 3,08 3,05 101
AJeBpOnu-
Tbl TPEUHH-
HOBAThIE 38,0 2,48 1,95 2,06 95
AneBpou-
Thl YIJIACTRIE | 25,2 2,44 1,29 1,23 105
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ConocrasieHue OMNBITHBIX 3HAYEHHH O, C pacCYHTAHHBIMH G,* MO
¢opMmyne (2.12) nokasajgo XOpOILOYID CTEHNEHb COBHaJCHHA PE3YyJIbTaTOB.
[Tposepka nauubpix mo 107 mpobaMm, npuseneHnsiM B.E. OnbxoBareHKO
B [26], mana cpemuioo crenedb cXoaquMocTH 115 %, mo ¢popmyne (2.12),
TOTAA KAakK 0OpH HCIOJB30BAHHMHA SMIMpHYeckok dopmynsl 3eitbosnna
Op = 1,78c/6,[15] pacxoxaeHHne cocTaBmio 149 %,

[IpuBenennoe conocraBneHue MOATBEPKAAET 06OCHOBAHHOCTL OCHOB-
HbIX nmoJioxxkenuit I'THC.

3.5. HanpsxxeHHoe cocTosHUE B MaccuBe 3eMHON KOpbt

B reoMexaHuke TeKTOHHYECKHE (IIPUPOJAHbIE) HANPsHKEHHUS B MaCCHBHBIX

FOPHBIX MOPOJIaX XapaKTEepH3YIOTCH ABYMSA THUIAMH MOJEH HANPAKEHHOro
COCTOAHMSA; re0CTaTHIECKHUM U reoiMHaMHIIecKuM [33].

Kak w3BecTHO, mepexoj MarepHaja U3 OJHOI'O COCTOSHHMA B ApPYroe
NPOUCXOOUT MOA HefiCTBHEM KacaTEIbHBIX HANPs:KEHHI Ha MPON3BOJIhHBIX
[UIOMIA/IKAX CKOJbXEHHA, IPUYEM B KauecTBE KPHUTEPHs MPOIHOCTH PEKO-
MEHIYETCS MPUHHUMATE «CPEIHIOI0 KBAAPATHYHYIO BeJIMUMHY KacaTeJbHBIX
HampsokeHui». B o0mem ciyyae MpOCTpPaHCTBEHHO HAINPSHKEHHOTO CO-

CTOAHUA, Korjga o, = O; > O3, MAKCUMAJIbHOE€ KacaTelIbHOE€ HampsikeHHne
cocTaBuT [12]

t=0,50,. (3.3)

JIs. NpOBEPKH 3TOrO YCJIOBUS BOCIMOJB3YEMCSH pe3ybTaTaMH 3aMEpOB
HanpsOKEHUX B ropHbiX BbIpa0oTKax, rae ObUI0 CHATO FeOCTATHYECKOE

JABJCHHE OT BeCa BBHILICJIEKALUMX MOpPoA. Torma ocraro4yHoe TOPH3OH-
TaJILHOE HAIPAXKCHUE

To =T — T4 = 0,5(c; — pH), (3.4)

I'ie ©; — COCTABAAIONIAA MAKCHMAJIBHOIO HOPMAaNLHOro AaBlieHusA, H —
rnyOrHa 3aJieraHys; P — INIOTHOCTD TOPOJBI.

Pe3ynapTaTsl COMOCTAaBICHUA BLIYMCIICHHBIX 3HAUYEHHMM Tg C pa3MepaMH
T, U3 [15] mpusenensl B Tab. 3.4.

BrinojireHHOE conocTasicHMe B Tabn. 3.4 3aMepeHHBIX KacaTelbHBIX Ha-
NpsOKEHHN T, U PaCCUMTAHHBIX 10 ¢opMyne (3.4) no3BoNgeT reocrarudecKoe
IaBJIEHUE OTHECTH K MPUTPY3Ke. CHeloBaTeNbHO, KacaTeIbHOE HATIPAXKEHHE B
NPUPOAHOM COCTOSHHM JO Pa3rpy3kd PaBHO MONOBHHE OT MAKCHMMAaJIBHOIO
HaIIPSDKEHMST ©). JTO NOJIOXKEHHE corjiacyercs ¢ mporxHo3oM H.K. BynuHa
[15, 24}, xoTophiii, oueHuBad npeaeibHoe 3Ha4eHue o,= 100 MIla na rnyon-
He 3 000 M, nonaraet, YTO BEIMYUHA Tpya COCTABUT 0,50,
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Tabauya 3.4. RanHble 3aMmepoB HANPsSKEHUHA B FOPHBIX BbIpaboTKaX

Hanpsxenue, Mlla

I"'eocTaTHueckoe nas-
nenune pH, Mlla

Mecto usmepeHu

PacBymuopp- 3.0 27,0
CKMHA pYAHHK 18,0 30,0
Kuposckut pyu- 3,0 15,5
HHK 9,0 14,0
TairraronsCkuid 12,0 3,0
PYAHHK 15,0 11,5
HlaxTa 31/32 7,5 23,2
3bIpAHOBCKHA
PYAHHK 3,5 7,0

Pynuuk Temnp-
Tay

9,0 11,5

Hrax, oTMeUaeMoe B reOMEXaHHKE U FTOPHOM JeJIe CYHIECTBEHHOE pac-
XO0XJAEHHE H3MEPEHHBIX MOPU3OHTANBHBIX HANPAKEHHUH B 3eMHOM KOpE I10
CPAaBHEHUIO C TEOPETHYECKU BBIYHMCICHHBIMYA HX pa3MepaMH 110 reoCcTaTh-
YECKOMY JaBJIEHUIO TpebyeT MHOro 060CcHOBaHUA U OOBACHEHMA.

Hcxons u3 paspaborannbix B IITHC ycnoBuil npo4HOCTH 3TH PacXOxX-
ACHHA OOBACHAIOTCH:

® HAIMYMEM OCTATOYHBIX HAMPSHKEHUH, YHACIICHJOBAHHLIX OT NEPHOIOB
HauboJbIMIUX TEKTOHUYECKUX U TENIOBBIX BO3AeUCTBUY Ha MacCHBHI I'op-
HbIX MOpPOH;

® HECOOTBETCTBHEM TECOPETHUYECKMX 3HAYCHUH KACaTEJBHBIX HallpsiKe-
HMH, paBHBIX NOJYPA3HOCTH MEXAY INIaBHHIMH HOPMAILHLIMHM Hamnpske-
HUAMH, PEANbHBIM YCIIOBHUAM HPOABJIEHHHU CHJIOBOIO BO3AEHCTBHUA.

MuoruMM HcCieJOBAaHWAMH YCTaHOBJIEHO, 4UTO YIOJ HaK/JOHa IIpe-
OeBHON MpAMON N0 BETBU HArPy>XeHHA OOJbIE yriia o BeTBU pa3rpy3KHu.
Ecau AOMyCTHTB, YTO MAacCHBBI 3€MHOM KOpbl HCMBLITHIBAJIM [IEPEMEHHBIE
CUJIOBLIE BO3JEHCTBHA U PEJIAKCHPOBAJIH, TO, PACIIPOCTPAHUB OTMEYEHHYIO
BBIIIC 3aKOHOMEPHOCTE Ha TFOPHBIE MOPOABI, MOABIACTCS BO3MONKHOCTH
MOJENHPOBAHUSI H IPOrHO3HPOBAHHA IIAPAMETPOB IMPEALIECTBOBABHIECTO
HANpPSKEHHOTO COCTOSIHMS MO XapakTepy H3MEHEHHUS NpPEeAeTbHOH JIHHHH
CABHTa. |

PaccMoTpyM TIpeaenbHY¥O JIMHMIO 2 (CM. pHC. 3.4), rae oTMedaercs ABa
NpAMONMHENHBIX yYacTKa C pa3HbiMM yrjiamMu HakjoHa. [IpuMeM TOYKy
fiepeyioMa 3a KOOPANHATH AeHCTBOBABLICIO HEKOra CHWIOBOIO BO3ASHCT-
BHUd, BO3MOXHO, B MOMEHT TEIUIOZHHAMOMETaMOp(U3Ma H3BECTHsIKA
B MpaMop. 3aTéM NPOLODKUM B OOPaTHYIO CTOPOHY BETBE MPSIMOM CBEpX-
BBHICOKHMX HaBJICHHMH J0 NepeceuyeHMs e€e ¢ OChI0 T, TOTAa HOJy4YAM HOBOE
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3HAUCHHUE CLEIVICHUA C, IIpH TakoM NOAX0JE CTAHOBHUTCA BO3MOXKHBIM
«BOCCTAHABJIMBATL» NMapaMETPbl NMPOYHOCTHLIX CBOUCTB MOPOJ, 3anedar-
JICHHBIX B MaKCHUMAJIbHBIX MPOYHOCTHBIX XapaKTEpHMCTHKaX ¢, U T, H B
TOYKE NepesioMa NpeAeNnbHON JHHUA ¢ KOOPAUHATAMH T, U O,. [lockonbky
B pe3yJibTaTe peJIaKCallHOHHBIX NPOLECCOB rOpHBIC Nopoapl OyIyT HMETH
MHBIE XapaKTEPUCTHKH BHYTPEHHEr0 HalpAKEeHHOro COCTOSHUA, TO HeoO-
XOAUMO HaiTu criocod rpaguyeckoro oTobpaxeHus HavaJbHBIX IapameT-
poB BHC.

IIprumeM Touky O, nepeceyeHus npenecabHON JMHUM CABUra C OChIO ©
3a abCO/mOTHOE (MCXOAHOE) Ha4yallo KOOPAMHAT, 4 BHYTpeHHee (Tpeneb-
HO€) KacaTeJIbHOE HaTpAXKCHHE IIPHPABHAEM CLICIUICHHIO, T.€. Tp = C, TOraa

[10 pHC. 3.8 1nq OCCCHMMCTPHYHBIX yCJ]OBHﬁ BHYTPCHHETO NPDCRCIABHOIC
o0xxaTHAa ((5'03"_" Op2< Ggl)

Gz =c(ctge — 1);
T2 = (1 — tgo).

B cnyyae BHYTPEHHE YPAaBHOBEIUCHHOTO COCTOSAHHUA G, BBIYHCIACTCA MO
bopmMmyie (2.5), a OTCYET G, BEACTCA OT O,

(3.5)

Puc. 3.8. IlocTpoeHKe KpYrOB HanpsHKEHHR A8 YCIOBHI BHYTPEHHErQ
HaMpAXKECHHOI0 COCTOSHHA

g npoBepKH BBIABUHYTBIX TTOJIOKEHUH BOCIIONb3yeMCsl IKCIIEPHMEH-
Ta1sHBIMY faHHbIMU M.B. I'soBckoro, U.A. Typuanunosa, I'.A. Mapxosa

u ap. [24] (tabn. 3.5), 0 KOTOPBIM NMOCTPOEHB! KPYrH HaNpsKEHUR BO
B3aUMOCBA3Y C NpeaenbHON J1uHnuel capura (puc. 3.8).

OKCrepMMEHTANIbHBIE JaHHbIE, MONyYeHHbIe H3MEPEHHEM HaNpsHKeHUH
METOAOM pa3rpy3kd B Bbipabotkax (Ha raybmHe 600 M B HHOJHT-
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YPTATOBOM MacCHBe PacBYMYOPPCKOro pyaHHMKa) U APYrHMH criocobamu,
naHbl B Tabn. 3.5 coBMECTHO C pacyeTHBIMH NMapaMeTpaMH, XapaKTepH-
3YIOIMMH BHyTpeHHee HanpmkeHHoe coctoanue no ITTHC.

Tabauya 3.5. Hanpsixennsa B niloTHT-ypTHTOBOM MaccuBe PacsyMuoppcekoro
PYAHHKA

Pasmepel, Mlla

HanpmxeHHA W Apyrue napaMeTpsl 1O ONBITHBIM [0 PACYCTHEIM
JAHHBIM JaHHbIM

I naBHBIE HOPMANILHBIE HANPSHIKEHHS HCXON-
HOT'O HANPAXKECHHOrO COCTOSHHA!

o) {03 — N0 NMEPBOKUCTOUHHKY) c,* =78
0, (G, — 110 NEPBOHCTOUYHHKY) —

o; (0; — N0 NEPBOUCTOYHHK c,* =16
ConpoTusicHKe OAROOCHOT0 CXKATUS O, 170 —
ConpoTHsICHKE OXHOOCHOTO pacTAKEHHUI O, 12,5 15,5
KacarensHoe Hanpsixenue 1, = 0,50, — 39,0
CuenyeHue ¢ —_ 32,6
Ynpyroe ClenieHue ¢, — 6,1
Yros «BHYTpEHHEr0» TpeHUS (CBA3HOCTH) — 32°
Koa¢ppuumenr 60koBoro gasiacHus — 0,23

M3 aHanu3a aaHHBIX Tabn. 3.5 U NOCTPOEHUA KPYroB BHYTPEHHHX Ha-
NpAOKECHUH CIIEaYET:

® OTPE30K OCH G «JABJICEHUS CBA3ZHOCTHY XapakKTEpU3yeT Ha4YyaibHOC
HanpsHKEHHOE COCTOAHMNCE;

e CUEIUIEHHE HMeEeT BriosiHe OOBACHUMBIN (H3MUEeCKHH CMBICT — 3TO
COMPOTHBIICHHE BHYTPEHHHX CTPYKTYPHBIX CBs3el, CHPOpMHUPOBAHHBIX
HaYyaJIbHBIMU (BHYTPSCHHHMH) HANPSHKCHUAMHM (CWiIaMHM CBSA3HOCTH TIO
H.A. LipiTOBHUY);

* MIPEBHILICHHUE OCTATOMHBLIX KAcaTeNIbHbIX HamnpsXxeHuit 1, pasmMepos
CLEIUVICHHs Ha BENHYHHY Oojiee YMpyroro CUEIUIEHMS ¢, NPH YCTPOACTBE
FOPHBIX BBIpAbOTOK MOXKET BHI3BATh M30LITOUHOE (CKalbIBAKOLIEE) AABJie-
HHe U O0BACHAET MPHUUUHY (CTPEJIAHUA» MOPON B FTOPHEIX BhIpabOTKaX.

M3 npuseacHHoro ananmu3a IITHC ypanochs o0BbsacHHTE mnapaMerpsl
BHYTPEHHErO HAMpPAXKEHHOr0 COCTOAHUA B CHCTEME IpaoaHATUTHYECKOrO
u300paXeHHsA 3KCNEPUMEHTAIIBHBIX JaHHBIX U MOJY4YHUTh OTBETHl HA NPH-
YHHbI PACXOXKICHHA HX C ONpeAcACeMbIMH N0 U3BECTHHIM TEOPETHYECCKHM
[TOJIOKCHHUSAM.
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(nasa 4. PABHOBECHOE HAINPAXXEHHOE
COCTOAHUNE

4.1. O6Lwme nonoXxeHuns

PaBHOBECHBIM HaNpsH>KCHHBIM COCTOSHUEM Ha3hLIBACTCSH TAKOE COCTOSHHE,
KOrJla BHETIIHHE CHJIBI 1 BHYTPEHHHE HaNps)keHNA He NPEBBIINAIOT CONpo-
THUBJICHHS CTPYKTYPHBIX CBA3€H 3JIEMEHTOB CILIOIIHON Cpelbl.

[Tpu Hanuuuu 0O6bveMHBIX cHN JuddepeHUHANBHbIE YPABHEHUA PaBHO-

Becusi, nosrydeHHble Jlame n KiafinepoHOM, B cHCTEME IUIHHIAPHYECKHUX
KOOpAWHAT MMEIOT BUA [5, 31]

aG" +l%+%+0r-—oﬁ _-RO =0:

or r 00 0z r
Ul” +lareilr +ac" +£’Z——Z=0; (4.1)
or r 00 Oz r
urr +1509+afez+2’fﬂe =0,

or r 09 0z 4

rae R, ¥ Z — cocraBnmolnue odbeMHON cuibl, ACHCTBYIOLIHE B MEPUIH-

ATbHBIX IUTOCKOCTAX c 0buiel ocero cumMmerpuu OZ. [ing ocecuMMeTpHY-

HBIX YCIOBHH BCE IMPOM3BOAREIE 110 O 06paiialoTcd B HOJb.
Toraa BMecTo Tpex ypaBHEHHH paccCMaTpUBalOT JIBa.

do, or,,

G, —0g

+ + =Ry ;
or Oz r Ro
(4.2)
atrz acz T.?"Z
— +——==7.
or Oz ¥

IIpu orcyTcTBHMH OOBEMHBIX CWI HOACTAHOBKON MOXXHO YOEaMTHCH,
4TO ypaBHEHHSA (4.2) yAOBACTBOPAIOTCA, €CJIH NPUHATH [31]

2
o, ....—_....a._ uv?‘ __._a__.(iE , Og =..?_( VZ _...!....@(_E);
Oz or Oz r or

4 2 ) 2

%, 0 % %,

o, =—|@-pV* ——-(23 Ty = | (=2 - |,
0z | 0z°
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roe V2 - oriepaTop, COOTBETCTBYIOMIMI oneparopy Jlamnaca; ¢ — QyHk-

¥ HanpmkeHus; Y — ko3dpuuueHt Ilyaccona (6oxkoBoro pacimMpeHns).
Ypasdenus (4.3) noaHOCTBHIO OTBEYAIOT AM(pdepeHIMAIbHBIM YpaBHE-
HHUAM paBHOBecHs (4.1).

U cocpenoTOUEHHOM CHiibl (QYHKUMIO Hanps>KeHHs NPHHHMAIOT IO
KensBuHy paBHOii

@ = Bf(r,z) (4.4)

WIx © = B(r* + zz)% : (4.5)

rae B — nocrosHHas, onpenenseMas 1o (4.10).
[ToncraBnss 3HaueHue ¢ B (4.3), NOJY4YalOT COOTBETCTBYIOLINE KOMIIO-
HEHTBI HAIPAKEHHA:

C, = B[(l—?u) z(r2 +zzy% —3!‘22(1‘2 +22T%_ :

5o = B(1-2p) 22 + 22 72 (4.6)

G; = "B[(l‘ﬁr--u)z'(r2 + zz)—% +323(r2 + 22)'%] :
T,, = "B[(l-Zu)r(r2 +zzy% +3rzz(r2 N zz)%] |

Bce kOMMOHEHTHbl HampsykeHHA o (4.6) ¢ mpHOMIKEHHEM K Havary
KOOPDAMHAT CTPEMATCA B npeaese K 6eckoHeyHocTH. YUToOB!I H30€XaTh Oec-
KOHEYHOCTH, MPUHUMAIOT Ha4ajao KOOPIAMHAT 3a LEHTp Majol chepude-
CKOH NONOCTH.

IJia onpeaeneHust NOCTOAHHONA B BBIACAAIOT KOJBLEBOM IEMEHT Ha
NIOBEPXHOCTH cepHuecKkoii nosoctH (puc. 4.1).

A3 ycnoBust paBHOBECHS KOJIBLIEBOTO 3JIEMEHTA M BepTUKAIbHAA KOM-
NOHEHTA NOBEPXHOCTHOH CHJIBI

Z = —(1,,SInyY + G ,COSY ), (4.7)

Tie Y — YIOJl MeXY BEPTUKAJIbIO H HanpaB/IEcHHEM Ha pacCMaTpHUBAEMYIO
TOYKY.
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Puc. 4.1. CxeMa K onpeaeneHHK) KOMIIOHEHT HANpPSKCHU
BHYTpH chepuueckoit nosocTH

M3 puc. 4.1 cnenyer

siny = r(r2 +zzy% =AQ; Cosy = z(r2 +22)')/“E = %@’ (4.3)

TOraa
Z = B[(l 22 +22 ) 4322 +z2T2] . (4.9)

PesynbTHpyonmas 3THX CHI 10 ITOBEPXHOCTH TOJIOCTH

A
pP=2 J‘E\/# +z22dy2nr =8Bn(l —p) (4.10)
0

OTCIOJIa YCTAHABIMBACTCA 3HAYCHHE NMOCTOAHHOMN B 1A cepehl.

Ha nonycdepsl 3HaueHHa nocrosHHoil B no (4.10) 6yayr ciueayio-
IAMU:

B=%n(1_“). (4.11)

B Mexanuxe rpyHTOB ypaBHeHud (4.6), BoiBeacHHbIe B 1848 r. KebBH-
HOM, HCMOJIB3YIOTCS IS pellieHUs 3aJ1a4 O BAABJIMBAHHH LMITMHIPHYECKOIO
30HJa C NMOJyCHEepHHECKMM HAKOHEUYHHKOM [12] ¥ mis ucciaenoBaHnd Ha-
NMPXKEHUA 110 KOHTAKTY OCECUMMETPUYHBIX Tell, BHEIPAEMBIX B I'PYHT.
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Ui onpenesieHns HanpsXKeHUuid oT AeMCTBHUA COCPEHOTOYCHHOM, paB-
HOMEPHO pacCHpeAeIEHHOM Harpy3ku HCMNONB3YIOT pelueHHs1 byccuHecka
[32], roe cocTaBnsioniue HaNpPsHKEHUA B TPEXMEPHOM IIONYIPOCTPAHCTBE
paBHBI:

s _3F 2
4 275 R5 )
o 3P| Yz - 1 @Rz’ z ],
S 2n| R 3 |R(R+2) (R+2)*R* R |
(4.12)
5 _3P 12_.3+1-2p 1 (R+z2x*  z |
* 2n| R 3 |R(R+z) (R+z2*R* R}
T —§£!£.2_ T -—ﬁiz_z_ T _E__x_}_fi_“l—zu (2R+z).xy
Zy Yot RS » YZx It RS ¥y vYxy 275_R5 3 (R+Z)2R3 )

rne R — paguyc A0 paccMaTpuBaeMOM TOYKH.
YpasueHus (4.12), nonyuyeHHole U3 pewieHui KenbBHHA, UMEIOT TOT
X€ HEAOCTATOK, YTO U (4.6), HO B OTJIMYME OT HUX KOMIIOHCHT HamnpsKe-

HHUA O, 34EChb HE 3aBUCHT OT KO3((PuUuHMEeHTa Y, YTO CO3TAET ONpeHL/ICH-
HO€ NMPEUMYILLECTBO NPH PELUCHUHM MHOTHX 3aJay.

ITo puc. 4.1 umeem R?*=r?+2z%, HO z=Rcosy, Torna ypaBHEeHHUA
(4.6) B NOJAPHBIX KOOPAMHATAX 3AIUINYTCA CAEAYIOLHM 00pa3oM:

o, =-E§—%[(l~2p)—3sin2w];
Gg =%(l~2u); -
G, =-;;£'§9('%5k1-2u)+30032 \p]; |
T,, =-I1;—}};§-—i(l—;tf—m[(l—2u)+3coszw].

M3 ananusa ypaBHeHHH (4.13) KOMIIOHEHT HAIPAKECHHA G, ABJIAECTCA
CXKUMAKOMWM, KOMIIOHERT Og — PacTACMBAKOIIUM, KOMIIOHCHT O, N3MCH-
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€TCA OT PACTATMBAIOIIHX 0 CXHMAIOIIMX 3HaYeHUM npy nepexoje y ot O

no nf2. V3sMeHeHWE KOMIIOHEHTA O, 00YCJIOBICHO KOOPAHHATAMH TOYKH

BO3HHKHOBEHUA HaNpPsHKEHUA.

B mexanuxe rpyHToB H.II. [1y3mipeBckuit pacTArHBalOine KOMIIOHEH-
Thl HAMpPSAKCHUS NMPHHAJ CUUTATh OTPULATEIbHBIMH, CKHMAIOIMUE — HO-
JIOKHUTENBHBIMH, T.€., B OTJIMMHE OT MAaTEpHANIOBEICHUA U TCOPHH YIIPYToO-
CTH, C TPOTUBOIOJIOKHBIMH 3HAKaAMH.

Orciona ypaBHeHusa (4.13) ¢ mompaBkod Ha NMPaBWIO 3HAKOB OymyT
HMETh CISAYIOILIHI BHA:

G, = —-—f-gﬂl,—(l -2l —35in2\,u);
4n(l1-u)R
Pcosy
Gy = —————(1-2u);
T T ama-mRE . "
(4.14)
o, = ———}—D—E—.ﬂ—i—(l -2U +3c0s° W) ;
4n(l-p)R
Psiny 2
T, =————(1 -2 +3co5°Vy).
“ an(1-p)R?

KoMmnoneHTsl HanpsokeHua no (4.14) cnpaBeJIMBLL TPH pagHaIbHOM
pacnoCTPpaHEHUH CHUMOBOI'0 BO3JACUCTBHAA Ha4YMHaA OT MOBECPXHOCTH IJIC-
MEHTApPHOM YacTHIIbI.

4.2. NccnepoBaHune HanpsiXXeHun npu BO3geucTsmm
OCECUMMETPUYHDbIX HAKOHEYHUKOB

YpaBHEHHS KOMIIOHEHTOB HanpsokeHHi (4.14) cnpaBesTHBBI I onpee-
JICHUA CHIOBOTO oA B JIOO0OH TOYKE HMXKE KOHTAKTa BO3ACHCTBYIOLIETO
Ha IPYHT nojaycdeprndeckoro HakoHeyHuka. J[ng YHCIEHHOro onpenene-
HUS KOMTIOHEHTOB HANpsKCHUH NPH MOCTPOSHUM H3OIHHUH HanpsHKeHHO-
ro nond ypaBHeHus (4.14) ynobHee npeactaBurbh B HWIMHAPHYECKHX KO-
OpOUHATAX:
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o, = -——-—}i———-l‘(l —2|.t)z(1*'2 + ZZT% - 3?‘22(1'2 + ZZ)'% :

4dn(l - p) -
= P 2 2 %_
o an(—m) —(1 - Zp)z(r + z )_ :
- _ (4.15)
3
P
T = an(l - “)[(l 2u)r(r + Z T/+3rz (r + 7 )‘/]

N3 dopmyn (4.15) nerko yOeauTsCs, YTO KOMIIOHEHT G, SBJIACTCH
CHKUMAaOUWUM 110 ocH OZ ¥ nepexoauT yepes HoJlb B OTPHIATeNbHbIE (pac-

TACMBAIOINME) 3HAYCHMA. ' paHyLly pa3aeiia MOXKHO ONMPEAEINTb, €CIIH NPH-
pasHaeM wWieH o,=0. 3areM BBIHECEM 3a CKOOKH o0mui 4ieH

z(;»-2 + 22)—A M TOTAa HAaWAEM BEPTHUKAIBHYIO KOOPAMHATY TOYEK pa3eia
MOJIOXKUTENBHBIX ¥ OTPHILATE/IbHBIX 3HAYEHHH O,

z =r2(1+ WA -2p). (4.16)

Cornacso (4.16) npu u =0,5 rpanuna pasaena coBnajgaet ¢ ocsro OZ

*
M BCE 3HaYCHUA O, OyayT OTPULATEIbHBIMY, T.€. PaCTATHBAIOIAMY .
Hrak, ¢popmyisl (4.15) npu ycaoBud z # 0 marepHalM3yIOT YpaBHe-
HUs KenbByMHA 018 nOnycdepel.

OnpeaenuM Tenepb KOMIIOHEHTbl HANpPAXKEHHS I KOHYCHOIO HaKoO-

HeYHHKa. /1 3TOro paccMOTpHUM HanpsHKEHUA B Touke M Kolblia KaCaHUA
BNUCAHHON B KOHYC nonycdeps! (puc. 4.2).

Puc. 4.2. Cxema xacaHui nojaycepsl,
RIIMCAHHON B KOHYC

" A. Hanau B [23] Ha c. 302 dopmyny (4.16) aaer no MakcuMansHOH riayGuHe:

zZ= rJZ_(I + p:-)/(? —-2;15-
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B Touke xacaHus M KOMIIOHEHTHI HaNpsHKeHUs NoJiychepbl 1 KOHycCa
NOJDKHBI OBITH paBHBI Mexay coboit. Orcrona, ypaBHeHus (4.15) MoxHO
HCIIOJIb30BaTh JIA HAXO0XKJAECHHA KOMIIOHEHTOB HANpPXKCHMH UIA KOHYCA.

Jlnist 3TOrO 3aMeHUM napameTpsl nonycdepsl R 4 W Ha napaMeTphbl KOHyca
anif.

Tax xak (mo nocrpoenno puc. 4.2) R=acosp= (r2 +z° }% ;

z = asinBcosp u r = acos’p, To ypaBHeHun (4.6) BBIpazsMM uepe3 napa-

METPbl KOHYCA, ITOMCHAB IIPH 3TOM 3HAKHU Ha IIPOTHIBOIIOJIOXHBIC, COrJjiacC-
HO NIPABHUJIY 3HAKOB MCXdHHKH I'PYHTOB, TOI'Zla

Bsinf3

G, = ————— 1-2 —300526);
azcoszﬂ( :
Bsin
Gy = —-‘2—2%‘(1 ~24);
@ cos 4.17)
G, = -—?fﬂf—(l —2u +3sin’P);
a‘cos“p
T,, = Z—B—(l —2u + 3sin’P).
a“cosp

B (4.17) nocrosanHas B MoxeT ObiTh npuHsaTa paBHoit P/4n(l— ), xax

i nomycdepsl, HO TOTAa KOMITOHEHTBI HaNpsHKeHUs OyayT cripaBe/JIuBhI
TOJIBKO JUIS TOYEK KONBLEBOro 35eMeHTa M nonycdepsl 1 Ha ITOM NpUMe-
Henue ypaBHeHUH KeneBuHa orpaHuuuTca. [[eficTBUTENbHO, A1 TIOCKOTO

KpyrJioro HakKOHe4YHUKd, rae 8 = 90°, xoOMNOHEHTH HanpsXXeHHd CTaHyT
paBHBIMH OeckoHeunocTH. OTcroa, cocpeaoToueHHas cwia P 6e3 Touku
BO3EHCTBHUA U B3aNMOZIEHMCTBHA — 3TO CHa Oe3 BelllecTRa.
Jna MaTepyanu3alid KOHYCHbIX KOMIIOHEHT HAaNpsHKCHUA HaWIeM HO-
BYIO MOCTOSAHHYIO B.
" K3 ycioBus paBHOBeCHS HOPMAJIEHOE HAIpsHDKEHHE Ha HAKJIOHHOM
IJIOCKOCTH 00pa3yrolel KOHYC

_ Psin’B

n
RAd .

o = VsinB, (4.18)

riae V — pasnsur (gaBiedue o 60KOBOM MOBEPXHOCTU KOHYCA).

[IpupaBHaeM G, paguanbHOMY HanpsHXXEHHIO, KOTOpOe M1 paccMaTpH-
BaeMo# cxemsl [31] HaxoauTca no GopMye
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Op = c,,sinzw + o'zcoszxp + 27, SINYCosy . (4.19)

[loncraBuM B (4.19) xOMIIOHEHTHI G,, G, H T,, U3 (4.15), npensapu-
TENbHO 3aMEHHB YToJ1 \ Ha B:

Bcos Bsin
0p =22~ ) gt = 22 - )b (4.20)
R a’cos’p
[lockoneky npuHHMaeM G, =Gp, TO
Psin’p Bsinf3
s—=2(2-p)— (4.21)
na a’cos’p
OTKyZa
y J
_ Pcos™Bsmf3 | (4.22)
27(2 — W)

Clie10BaTENbHO, KOMIIOHEHTBI HANPSXXKEHUs JJIA KOJIBIIEBOTO 3JIEMEHTA
M OynyT UMeTh BUJ

C, = Psin” L (1 21 —3cos 2B);

271:(2 w)a’

Psin’
Og = "—'—“'“““'E"f(l ~2u);
27(2 - wa
(4.23)

c, ——PS]P—E—-—-(I 21+ 3sin’P) ;

2n(2 — n)a’
¢, =SB0 (| _ 2y + 3sin?p)

2n(2 — p)a’

U3 (4.23) nonyduM KOMIIOHEHTHI IJifl LIEHTPa IUIOCKOI'0 KPYIJIOro Ha-
KOHe4YHHKa, koraa 2P =180°:

P (1-2w)P Pigo .
Glzqz:-——z—;czzﬁ'rz——————p'—-i-=—-——§———-——-——!
na 2n(2 -w)a na“ (3 + tgo)
(4.24)
G3=GB=___.(_;1_“2“)E_——___ P ;Trz=0:

2n(2-w)a®  ma’(Getge +1)
rae (¢ — yroji BHyTpeHHero Tpexus no (1.17).
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o, LHEHTPOM IINOCKOI'C Kpyrjaoro HakOHe4yHHka G, = 0Oy, 4 G, PaBHO

CpEeAHEMY JAABICHUIO NOA NOAOIIBONA. 3TO COOTBETCTBYET OOILUICTIPHHATHIM
MpEeACTaBIACHHIM H IKCIIEPUMEHTAILHBIM JaHHbBIM.
KoMnoneHTs! HanpmkeHus no (4.24) aBnsroTcsa rinaBHbIMH, 0 HAM HaH-

A€M KHTCHCHBHOCTD HAIIPAXKCHUA O, B UEHTPE KPYTIIONO HAKOHCYHHKA.

| ____ -
Cup = J_E.,/(cl ~5,)2 +(0, -0,)* + (05 -0,)° , (4.25)
HITH
Gy = _£.5;4_____E)f_, (4.26)
2na” (2 —u)
OTKY/a
2na’c. . ~2,5P
p= R (4.27)
na o, —2P

2
[Ipn n3MeHeHHH Ta o,

ko3¢ duurenTa OOKOBOro pacHIMpeHHs YCTAHaBJIMBAIOTCA B Hpenenax

0...0,5, T.€. cOBNaaaloT ¢ OOLICTIPHHATHIMUA 3HAYCHHUSAMH L.

Hns ynobcrBa manbHeHmux npeobpa3oBaHuil M nepexona or aedop-
MALMOHHBIX K MPOYHOCTHBIM IOKa3aTessM NpUMEM cieayowme odo3Ha-
YeHHS OOIHNUX YJIEHOB B ypaBHeHUAX (4.23):

A = Psifp / 2n(2 — wa* = (VsinB) / (3 + tgo); n =1 -2 = tgop, (4.28)

OT 3HaucHuA paBHoro P no 1,25P pa3mepsnl

rae V — pasgsur koHycoM (cM. 1. 7).
Torna

o, =—A(n- 3cos’P):

Gy =—An;
(4.29)
o, = AG3sin’B+n);

T, = A(3sin’P + n)ctgP .

3a€ech, TaKMM O00pa3oM, NoKa3zaHa BO3MOXKHOCTH NOJHON 3aMeEHbI Ae-
GopMaLMIOHHBIX XaPAKTEPUCTUK MTPOYHOCTHEIMM NapaMeTpaMHu.

OnpeneauM HanpsHKEHUSA Ha OKTa3ApHYECKOM LIOAAKE, Ha3bIBACMOH
€l IUIOEAAKON pe3yNbTHPYIOIUMX HANpsSXeHUH, IJIA 3TOTO BOCIOJNbL3Y-
eMcs GOpMYJIIOH HHTEHCUBHOCTH HanpaxeHud [4]:
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1 e U S —
C, = 5 (6,-0,)" +(c,~0,)? +(o, ~0,)’ +6(15, +15, +12,) (4.30)

yz
TAC KOMIIOHCHTB! HAMPKEHHA O ,,0,,0,,T,,,T,,,T,, MOTYT ObiTh Halifie-

HbI 110 (4.29) ¢ ucnosbs3opaHueM (GOPMYIT EPEXOaa:
O, =0,005°0 + 0gsin“0 — 21 ,45inOcosO ;
. 2 .
G, =5,5in"0 + 0gcos°0 + 21,4sinBcos0 ; (4.31)

T,y = (0, —0g)sinBcoso + 1,4(c0s’0 - sin’0),

rae O — yrojx noBOopoTa CHCTEMBI MOJIAPHBIX KOOPAUHAT OTHOCHTEIBHO
paaHanbHON IIOCKOCTH; T, — paBHO O Mo ycnoswio (4.29), a KOMIOHEHT

C; IIDH 1IOBOPOTEC CUCTEMBI KOOPAHHAT HPH HEU3IMEHHOM paxuyCce OCTacTCA
NOCTOAHHBIM, KOMIIOHCHTHI T vz 5 Tz 6y;.'[y T PABHLI.

T,, =71,,5M0 ;

(4.32)
1,, =1,,C080.

A3 ananuza (4.31) cnenyert, YTO IIpH Nepexone ¢ OJXHOM CHCTEMEI KO-
OpAMHAT B APYIYIO IOMEpeYHble KOMIIOHEHThI HAMPAKEHHS MPH IOBOPOTE

X Ha yroj O MEHAIOT CBOXO BEIMYHHY, NPpHIEM HauOOJBLICE M3MEHEHME
JAOCTUTaeTCA NPM roBopore Ha 45° (puc. 4.3).

Puc. 4.3. IloBopoT crcTeMBbl OTCYETA KOOPAMHAT Ha yron 8

Taxkum 00pa3oM, npy nepexone CUCTEMbI MOJIPHBIX KOOPJAMHAT K MpA-

MOYTOJIbHBIM U TIPH MOBOPOTE MX BOKPYT OcH OZ Ha yroji O OTHOCHUTENIEHO
paguaNbHONM TUIOCKOCTH NOyvyaeM 6 ypaBHEHHN KOMIIOHECHTOB Hallpske-
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HUA. JTO TIOJNIOKEHUE MOJHOCTHIO OTBEYAET YHUC/y YPAaBHEHHI Hepa3phiB-
HOCTH B 00mieM ciiydae €BKJINAOBa TPEXMEPHOTO NPOCTPAHCTBA.
B BhIJIEICHHOM 3JIEMEHTAPHOM Konble (cM. puc. 4.2) Hapsay ¢ KOMIIO-

HEHTAaMH O©,,04,0,,T,, ACHCTBUTEAbHB TAKXKE KOMIIOHEHTBI B TMPAMO-

YrOJBbHBIX KOOpAUHATAX, HAIIPABJICHHBIE B YaCTHOCTH NOA yriioM 45° x pa-
NHAJIBHOMN ITOCKOCTH:

c, = A(1,5¢c08*B ~n) ;
g, = A(1,5c052[3 O F

o, = AQ3sin’p + n);

(4.33)
Ty = 1,5A4cos*B ;

1,, = 0,707 A(3sin’p + n)ctgf ;

1, = 0,707 A(3sin’B + n)ctgp .

Cornacso (4.33) KOMIIOHEHTH G,,0,,1,,,T,, B YCIOBHAX OCEBOMH CHM-

yz:
METPHH TOIIAPHO paBHbI MeXIy COO0H.

B.B. Coxonosckuii cyuTaer, 4To HNpH NEPEXoAe OT (ILIACTHYECKOIO
HECOKUMAEMOT0 K IMOJHOCTBHIO HECKHMAEMOMY MaTepuanyy» KodQpQPHuumneHr
§ CTAHOBHUTCA paBHBIM (,5. TO COCTOSHHE MOXHO B NOJHOM MEpe OTHECTH
K I'PaHMILE TBEPAOrOo KOHYCHOIO HakOHE€YHuHKa ¢ rpyHroM [12]. Cnenora-
T€JIbHO, 3HaYUTEJILHO YIIPOIIAETCA OMpPEACNICHUE pe3yabTHpYiero (ox-
Tadapuueckoro) HaupspkeHus no dopmyse (4.30) ¢ noacTaHOBKOY B Hee
ypaBHeHHH (4.33), rae 3HaueHue n paBHO HYJMIO; NMockonbky p = 0.5, To
pe3yIbTHPYIOIDME HOPMAJILHOE M KacaTE€/bHOE OKTa3APHYECKHE HAIpsKe-
HUA OyAyT paBHBI:

o, =34,
(4.34)
T, = v24.
C yyeToMm 3HaueHuii A u B o (4.22) u (4.28)
o, =Vsinf;
(4.395)
J2
T, = —;G,
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HopMmanbHOe HanpspkeHHe M0 HaKJIOHHOUW TpaHH KOHYCHOrO KOJBIA
B TOUKe M TOXIESCTBEHHO PaBHO PAJIHAILHOMY H MOXET OBITh OIpeIeIeHO
10 KOMIOHCHTAM HanpsHK€HHA B MOJIAPHOH CHCTEME KOOpPIAHUHAT I10 ypaB-
HeHuIo (4.19). B cBolo ouepenn, pesynpTUpyromee (OKTadApHYECKOE) Ha-
NPAKEHAE TAKXKE TOXKACCTBEHHO PaBHO HOPMAJIBHOMY HAIPAIKECHUIO TMpU
p= 0,5 4 HAXOOUTCA MO KOMIIOHCHTAM HamnpsKEHUs B NPSMOYIOJIbHOA
cucrteMe koopauHart (4.31) u (4.32).

3anuileM yCI0BUA Ha NMOBEPXHOCTH KOHYCA:

X=0‘xl+1xym+1xzn=w;
2(2 - )
V=1, /+0,m+1,n=0; (4.36)
L=t l+1,,m+a n-———~K———(1—2u+33in2|3)
ST T 22—

B marpuunoit hbopMe 3TH ypaBHEHMA NIPEACTAaHYT B BUIEC caenyromei
TaOJIH1IBI.

MaTtpuua HanpsixeHHi

Hanpassisiomye KOCHHYChI
m = cos90°

[To Tabnuie BUAHO, YTO 3HAUYECHUS HANPaBILIOLIUX KOCHHYCOB crpa-
BEIUTUBBI 11 KOHTAKTHOM IJIOCKOCTH B HAIIpaBJCHHUM TJIaBHBIX OCEH.
Orcioga HOPMAITBHOE COKUMAIOLIEE HANPAKEHHE

c=0l"+ Gym2 +o,n° + 21, im+ 27,0l + 21 ,mn =

=Xl +Ym+Zn=Vsinf} = %Sinl_’), (4.37)

Casuraronee (KacaTe/bHOE) HalpsKECHUE

T= \/V2 —o* =VcosP . (4.38)
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IlonyyeHHsle 3HaYE€HUA G M T COBNANAIOT C pELICHHAMH I HAKJIOH-
HOH IUIOCKOCTH, M3BECTHBIMH H3 Kypca CONpPOTHBJICHHA MaTepHanoB. Ta-
KUM 00pa3oM, elle pa3 MOATBEPXKAAETCA NMPaBUIBHOCTh ONpeaesieHHs No-
CTOSHHON B m nokaswiBaeTca TeopeMa O BO3MOXXHOCTH IPHBEACHHA OCC-
CUMMETPHYHOH 3a1a4M K PELICHHIO B MEPUAHANILHOHN IIOCKOCTH.



Mnasa 5. JEGOPMALMM U OUCTIOKALINY
B CMNOLWHON CPEAE MNPV BHEAPEHWUU
HAKOHEYHUKOB

9.1. NMoHATUA 0 gepopmaynsix n gucrokaymsax

Bo3aeiictBHe HAKOHEYHUKOB Ha CpeAy NPUBOLUT K M3MEHCHHUIO €€ Harps-
XKEHHO-A¢POPMHUPOBAHHOTO COCTOAHMA. PasMep BO3ACHCTBHA 4e€TKO (MK-
cupyeTcs OOBIMHBIMH CpeJCTBAaMH W3MEPEHHA T0 TapaMeTpaM: Npeneib-
HOMY YCUIMIO ¥ rlyOUHE BHEAPCHUA HAKOHESUHHUKA.

HanpsxeHuo-gedopmupoBannoe cocroauue cpeabl (HAC) uamenser-
CH MOJ BO3ACHCTBMEM HAKOHEUHMKA U, B CBOIO OYE€pelb, BIUACT HA XapaK-
TEP OTBETHBIX Peakuuil OTIIOpa WIH B3aMMOJECHCTBHA. JDKCIIEPHUMEHTAJIb-
Hoe uccienoBanue HIAC u3-3a ManbeIX pa3MepoB HAKOHEUHUKOB JOBOJILHO
CJIOXKHO, 2 IBMEPECHUE KOMIIOHEHTOB BHYTPEHHEI'Q HAMNPSKEHUS BO3MOXHO
NYLIb OMOCPEAOBAHHO, MOITOMY JUIA YBA3KH H3MEPAEMbBIX NapaMETpOB
U BHYTPEHHMX HanpHKCHUH OOnblIOE 3HAUYCHHE HUMEKHT TEOPETUYECKHE
HCCIEI0BAHMA C NMO3HIIMM MEXAHUKYU IPYHTOB, CIUTOIIHBIX CpeX U TBEPABIX
TeJl.

CromHas cpefa SBIACTCH CIIOXKHBIM MPUPOJAHBIM OOpa3OBaHHMEM Kak
10 COCTaBy, TaK K MO CBONCTBAM, 4TO M HOpeAONpeacseT Xapakrep B3auMo-
ASHCTBUA €€ C HAKOHCUHHMKAMH, NPOABJAIOMIANCA B BHAEC AcdopMauui
M gucnokanui. BHeapeHre HAKOHEYHHMKOB BHI3BIBAET B CILIOUIHOMN cpelie He
TOJBKO AcPOpMalMM KaK TAKOBEIC, HO H CMellleHUsa OTAeJbHLIX OJIOKOB,
HapyLICHHE TEKCTYPbl ¥ YacTU4YHOE paspyueHne. [losToMy BNHOMHE 3aKOHO-
MEPEH BOMPOC: A0 KaKAX MNOop NepeMelICHUs YacTH Cpebl CUUTATh Achop-
MaLMAMH H TO¢ HAYHHAIOTCA AUCAOKAUMHU U MPOHUCXOAUT pa3pylieRHe.

PaccmorpuM Goiiee nmoapoOHO, UTO MOHMMAaETCA Noj AedpopMauMaMU
1 AMCJIOKaLHAMHA B MAaTE€pHAJIO- U TPYHTOBEACHUH, B MEXAHUKE CIUIOUIHOH
cpenbl 4 rpyHToB {12].

B.B. Cokonmopckuit cuuraer, 4to nedopMauyusa COCTOMT H3 yHpyrowu
M OCTaTOYHOH YacTeH, NpHYEM MNOCJIEIHIOK OH CBA3BIBAECT C IUIACTHYHO-
CTBEO WK XPYNKOCTBIO Tena. COCTOAHMA, KOria OCTaTOUHbIE AchOopMauyH
M0 CPAaBHEHHIO ¢ YNPYTHUMH UMEIOT Oonbue BEeIHYMHBI 0€3 3aMeTHOro
ocjiabJIeHUs CBsi3ei MEXAY 4YacTULAMM, TPUHATO HA3BIBATh «IUIACTHYE-
CKUMM», HO €CJI1 OHHM Majibl U NPEAUIECTBYIOT pa3spyLIeHNIO, TO HX OTHO-
CAT K «Xpynkum». Ilo ero MHeHMIO, MakpOCKONIHYCCKHE MNEPEMEILCHHA
B BHJI€ BbIZJaBMIMBAHUA TUTACTHYSCKON MAcCChl TP BHEAPECHHNH KIIHHA H CJIO-
€B CKOJBbXEHHUA NPH U3rude CTANbHBIX 0aNOK XapakTEpu3yloT YUCTO IuIa-
CTHYECKOE COCTOSHUE,
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Kak yrBepxnaetr B.U. Camyns: «Pa3znnyaior apa BHIA NEpEeMEIICHMIA:
IEpEMEILEHUE BCEro Teja UeNMKOM O€3 ero aedopmanmit 1 nepeMeIticHHE,
cBa3aHHoe ¢ achopMmanuei tena». [loa rwiacTuyeckol OH NOHMMAaET OCTa-
TOYHYIO feopMaLlIO, HO YTOYHAET — «0€3 MaKpOCKOMUIECKHX HapyleHHH
CIUTOIIHOCTH» (OCHOBB! TEOPUH YIIPYTOCTH U IUTACTAYHOCTH. 1970).

HTak, B MaTepHaJIOBEACHUH pa3IMyalOT [ABa BHAa AchopMalluif: ynpy-
'Mé U IUIACTUMECKHE WM XPYIIKHe, T.€. CpeAa HEeNpepRIBHA H, CJIeNOBa-
TEJIbHO, OTCYTCTBYIOT NIEPEMELLICHUA OTACIbHBIX OJI0KOB.

B mexanuke cruoluHo# cpeasl ynpouenne, o JI.KA. Cenony, ectb pas-
HOBHJHOCThH IUIACTHYECKOrO AeOpMHUPOBAHHA, 3 MTOBEPXHOCTh RHUCIIOKA-
U ABJIAETCA MOBEPXHOCTBIO KACATENbHOrO pa3phisa [iepeMeileHui [29].

B rpyHTOBencHMH pedopMalM noapasaenfiorca Ha ynpyrHe (obpa-
THMBIE), TUTacTHUECKHE (HeoOpaTtuMmblie) 1 paspymeHus. OnHako moupo6-
HOY paciuupoBKH 3THX AedopMalMit HE HaHO, HO YKa3aHO, 4uTo aedop-
MalUUK B TIPYHTE CHOCOOCTBYIOT U3MEHEHUIO CTPYKTYpPbl B pe3yJIbTaTe
YMEHBURICHUA TTIOPUCTOCTH TPU CMBIKAHWHM TPEIOHMH U MOP, paspbiBa CTPYK-
TYPHBIX 3JIEMEHTOB, YaCTHYHOIO H3MEHEHMA HX (QOpPMbI B pa3pYIICHHA.
TakuM o0O6pa3oM, OCTaeTCa HEACHBIM, Kak COOTHOCATCA CTPYKTYPHO-
TEKCTYPHbIE H3MEHEHHUSA C YNPYrHMHM M IUIACTHYECKMMU AedopMauMAMHK
M pa3pylICHHEM.

B reosioruu pa3jiu4aloT IIMKATUBHBIE H AU3bIOHKTHBHBIC JUCJIOKALIMH,
3aXBaTHIBAIOIIYUE LIeJIbIE€ TE€OJIOTHYECKHE PErdOHBl. 31eCh H3MEHEHUe Tep-
BUYHBIX QOPM 3aNe€raHys Npu AUCIOKALUMOHHBLIX ABHXKCHMSAX HaAYMHACTCHA
¢ IacTuueCckoro ae¢popMHpPOBAHMA, KOTOPOE 3aTEM CMEHSETCA pa3phiB-
HbIM HapYHICHHMEM CIUIOLUHOCTH MACCHBOB. OTH X€ ABJICHHA B TCOPHH
IUTACTHYHOCTH OOBACHAIOTCA TCUEHHEM TFOPHBIX MOPOA. 3aech HeoOXoaH-
MO OTMETHTb, YTO HEKOTOpbIE UCCIACAOBATENN NUCIOKALIMHM TBEPABIX TeN
pacCMaTpHBAIOT HE TOJILKO Ha MHKpPO- H MeraypoBHAX, HO H KakK Helpa-
BRJIIBHOCTH B aTOMHOM MJIM KPHCTAIUIMMECKOH pelieTKe.

B MexaHHKke rpyYHTOB IOBOJILHO MPOYHO YKPEMWIOCh yueHHe 0 ¢a3o-
BOM Hanps»K€HHOM COCTOSHMH, KOraa rpyHT NPH ACHCTBHH Ha HEro MeECT-
HOW Harpy3ku NpereprieBaeT nodranHo ynpyrue (obpatumeie) aedopMa-
LIWH, YIUVIOTHEHHE U a3y CABHUIOB, NEPEXOAALIYIO 3aTeM B ILIaCTHYECKOE
WIx OPOrpecCHpyIolee TEUYCHHUE.

TakuMm 06pa3oM, BCe MCCIEAOBATEIN €ANHONYIIIHB B OlLICHKE YIPYTHX
achopmaumit ¥ pacXoAATCS BO MHEHHUAX NPH OLICHKE H ONpPEACACHHN IUC-
MOKaUUi u riacTudeckux aedopMmauuil. [IpyuuHa TyT, NO-BHAUMOMY,
B [TOAXONE M TPAAMIIMAX, OBITYIOIINX B Pa3IHYHBIX 00J1aCTAX 3HAHMS, pac-
CMATPUBAIOIIHX CTOJIb HECXOXKHE MaTtepuansl U 00BeKThI MCC/IEHOBaHNA,
KaKMMH ABJSIOTCA, HAIPUMEDP, METAILI, MIACTMACChl, FPYHTBI ¥ F€OJO0TH-

YECKHE CTPYKTYPHI.
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M3 npoBeAeHHOro 0030pa CACAYET, YTO YNOPAAOUYSHHE TOHATHII ABJIS-
eTCs KpaiHe HeoOXonuMbIM, OCOOEHHO NMPH PacCMOTPEHHH TAKHX CJIOXK-
HBIX Cpell, KaKUMH TIPeACTaIOT IPYHTHI.

B nanpHeHIIEM W3MOXEHNM NMPHUHHUMAEM, 9TO MHKPO- ¥ Makpouedop-
MalHH CpeaBl 3aKI4aloTcs B 00paTUMOM H HeoOpaTHMOM H3MEHEHHHU
¢opMel HnH 00bEMA TOA BO3AESHCTBHEM BCECTOPOHHErO JABJIEHHA H Kaca-
TEJIbHBIX HAIPDHKECHHIA.

Hedopmauma (ot nar. deformatio — HCKkakeHue) cKIaabIBAETCA U3 Je-
dopmauuit OTAEIBHBIX JJIEMEHTAPHBIX YAaCTHL cpedbl B 06beMe, Bocnpu-
HHMAIOIEM HaTIPIKCHHS OT NPHIOKEHHOH HAIrPY3KH.

HedopManuu noapasensioTcs Ha ynpyrue (oOpaTHMbIE), YIIOTHEHUS
H IulacTHYeCKkHe. JIBe nocieaHue XapakTepPH3YIOTCA I[IOABJICHHEM OCTa-
TOYHBIX AePOpMaLH.

[pu ynpyrux aedpopManmax He H3MEHAETCA CTPYKTypa Cpellbl, €€
CBOHCTBa, H OHM (AchOopMaLIMH) ITOJTHOCTBIO UCYE3at0T MOCIIe Pa3TPY3KH.

Ecnu nonsrue 06 ynpyrux aegpopmaumsax kak o6paTUMbIX HJIM BOCCTa-
HABJIMBAIOLIUXCA YCTOAJIOCh U UETKO OYEPUYEHO, TO TEPMHUHOJOIHsS OCTa-
TOYHBIX aepopMaluit OKOHYATEIbLHO HE 33KPEIHIACh U HYKNAETCHA B CO-
BepmieHCTBOBaHHH. Tak, H.A. LIsiToBHY cpeau octaroyHsix aedopmaliuif
BhIACHAET: AedopMalni YIJIOTHCHUA, HAaOYyXaHHA, MOJ3YYECTH H UYHCTO
OCTaTO4YHbIe. B TO k¢ BpeMs B PE€OJIOrHH YaCTh W3 HHUX OTHOCHUTCA K ILIa-
CTHUYECKHMM, T.€. HE COKMMAEMBIM IO CBOMCTBAM.

[TocKkoNbKY TEPMHUH «IUTaCTHYECKME AedopMaliu» cran ynoTpeSiars-
CA B MEXaHHKE I'PYHTOB U MaTepHAJIOBEICHUH, TO 1ieIeCO00pa3HO YCTaHO-
BHTh €r0 CTaTyC M JaTh pa3rpaHudeHne HeoOpaTuMbiX (OCTaTOYHBIX) Ae-
dopMaumii Ha repopMalii YIDIOTHEHHS M IIacTHYESCKHE, WX CABUTa.

HedopMallu YIINIOTHEHHUA BBI3BIBAIOTCSH HEOOpPATHMbBIM YMEHBIUCHHEM
obbeMa nop (NMOPUCTOCTH), ITACTHYECKUE XKE ABJIAIOTCH CJAEICTBHEM CMe-
ILIeHHA YyacTHl, T.e. HeoOparuMoro casura. Takum obpa3zoMm, ocTaTOUYHBIE
nedopMalii MOTYT BO3HUKAaTh 338 CUET YIUIOTHEHMSA, 3 TaKXKe NMPH MECT-
HOM CHBHI€ W CMELIEHMH YaCTHUIl CPeAbl C YACTHUYHHIM M3MEHEHHEM e€e
cocrosnud. Takoe meneHue HeoOpaTuMbIX nedopmaumii YCIOBHO, HO He-
0OX0MHMMO I MOHUMAaHUA MEXaHHMYECKHX IpoleccoB. B noarsepxacHue
H3JIOXEHHOTO IOJIOXKEHUA PacCMOTPHM JAePOPMHUPOBAHHE HEKOTOPBIX Ma-
TEpPHANIOB HAa NPUMEPE UCTILITAHHS IPYHTOB.

Hopucreie, CWIBHO CKHMaeMbl€ MaTepHabl, HalIpUMEDP NECKH, AAIOT
fonbllUyI0 HeOOpaTUMYIO OCaAKy MOJ HAKOHEYHHMKOM 33 CYET COKPALICHUS
oObeMa MNop OT CWIOBOIo BO3AeHCTBHA, H ObLIO OBl HEBEpPHBIM YTBEp-
KNaTh, YTO OHH IIperepneau Iuactuueckue aedopmanun. U Haobopor,
BOJOHACKIILIEHHbIE CIa0ble MTUHUCTBIE FPYHTHI, NPAKTHYECKH MTHOBEHHO
HEC CKHMaeMble, TAKXe CIMOCOOHBI AaBaTh 3HAYHTEIBHYIO OCAAKY HAKO-
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HECYHMKA MPH 3arpy3Ke, HO YK€ 3a CYET CABHIra YacTHI FPYHTA H OTKaTHA
Boabl. Takue aedpopmanMM cleayeT OTHOCHTh yXe K IUIaCTHYECKHM, HIIH
CABUTOBBIM.

[To BpeMenu peiicTBus, BeNlW4IHHE M XapakTepy Harpy3kd H.A. I{piTO-
BHY JIJIS MEP3JbIX I'PYHTOB JlaeT CIeaylomyo kiaccupuxauuo gedpopma-
[IH}M: MTHOBEHHBIEC, JJTUTEJIbHEIC H Pa3pYIICHHA.

MrHoBeHHbie nedopMalun 06nanaroT cnocOOHOCTBHIO OLICTPO BOCCTa-
HAaBJIUBATHCA, T.€. MPUCYILLUM Cpele ¢ YOPYTMMH CBOUCTBAMM.

JinurenpHbie AchopMalMid MPHBOJAT K YMJAOTHCHHIO, 3aTyXalolleH
MOJI3YYECTH WIH TUIACTUYECKOMY TEHSEHMIO. Tak Kak BHEIpPEHHE HAaKOHEY-

HAKOB — ITPOLECC OTHOCHUTENBHO OBICTPOTEYHBIH, TO M3 MIWUTENbHBIX Ae-
dopManmii 34ech MOXET HE NPOABUTLCA B NOJIHOM O0BEME IUIaCTHYECKOE
TEUCHHE H 3aTyXawllas I10J3Y4eCTh, [IO3TOMY HNPUMEHHTEIBHO K HaKO-

HeYHUKaM Oollee MNpaBWIBHO  BBIACHATL  MIHOBEHHBIE  YIPYIo-
macTH4Yeckue Aedopmanuu. ITH JepopMalMU XapaKTEpUA3YIOT AOIIpe-
OeNBHOE Y NMPEAC/IBHOE HaINPsSHKEHHOE COCTOAHHUE M 3aXBaThIBAIOT 3HA4YH-
TeNbHblE 00BbEMBI Cpelibl BOKPYT HakOHe4YHHMKOB. [Ipu nedopmauusx pas-
HOCTb MepeMelneHnii BHyTpu AcQOpMHpYEMBIX 3NEeMEHTapHbIX 0ObeMOB
HE JOJIKHA MPEeBLIIIATh Pa3MepPOB YACTHLL HIIH IIOP Cpelbl.

3a nepopMaruaMH CAEAYIOT OUCIOKALUM, ABJIAIONAECT €CTECTBEHHBIM
IPOJIOIKEHHEM M3MEHEHHNA B CTPYKTYpPE Marepuajia B NpelejibHOM H 3a-
NpeieIbHOM COCTOAHMAX. JINCIoKaluK OTMEHalOTCA M0 IUIOCKOCTAM Hau-
MEHBILEro CONMPOTHBJICHHA, U MX CJIEAYyET pacCMaTpHBaTh KakK 3aBepllalo-
HIYIO CTAOUIO MPOSABJIEHHS peakKUHUN cpelbl Ha JOCTHXKEHHE MpeacabHOro
WM 3anpeaesibHOrO COCTOSAHHUSA, BLI3BAHHOIO BHEHPECHHUEM HAKOHECYHHKA,
COIIPOBOXKIAIOMMUMCH BO3HUKHOBEHUEM I[IOBEPXHOCTEH CKOJILXKEHHUS HIH
JTOKAJIbHBIX 30H pa3pylleHUA.

Hucnokaums (ot nart. dislocation — cMeuieHne) eCTh 3HAUNTEIbHOE Ha-
PYIICHHE MNEPBHMYHOIO CIOKEHHUA Cpeabl ¢ pa3phiBOM WIH 0e3 pa3pniBa
CIUTOIHHOCTH. JIMCIIOKalLMH, BbI3BaAHHBIE BHEAPEHUEM HAKOHEYHHKOB, NPO-
HCXOOAT B BHIE CMEILICHNA H CKOJIbXEHHUS OTACIbHBIX O/IOKOB OCHOBAHHA,
(IPOABJIAIOTCA Yepe3 H3MEHEHHA TEKCTYPbl I HapyLICHHE CBA3CH YacTHIL
MaTepuana B odbeMax, CONOCTABUMBIX C pa3MepaMH HaKOHEYHHKOB. Ta-
KUM 0Opa3zoM, eCTh MOHATHE AUCIOKaLKK 0olee IMPOKOE U OHO XapaKTe-
pU3yeT CMELECHHE HAa MaKpO- 1 MEraypoOBHSX.

XapakTep nposBacHUA AchopMaurilt B aAucIoKkaluik B Buae PopMOHa-
PYUIEHHUS MM CMATHSA 3aBUCHUT OT BHUJAA U COCTaBa, CBOACTB M COCTOSHUA
cpeanl, GOpMBI U pa3MEPOB HAKOHEYHHKOB, I1yOHHbI BHEAPEHUA U BIIHA-
HUA BHELUIHMX PaKTOpOB.

Yro kacaeTcsa paspylleHHA, TO OTHECEHHE €ro K AepopMallsiM (KCKa-
KeHUsaM) Tpebyer yrouHeHud. Paspyiiesue marepualia NMpH BHEAPECHUH
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HaKOHEYHHKOB CJIEAyeT OTHOCHTh K 3aBeplIaOLICH CTaAuM pa3sBUTHA THC-
JOKalUMH, T.€. MOJ pa3spyLICHUEM cleayeT MOHUMAaTh APOOeHHE, BO3HHU-
Kalolee B JIOKAIbHBIX 30HAX MPH CKOJIBXXEHHH OTIEJIBHBIX OJIOKOB Cpeapi,
U CaMO HapacTaioniee CKOJbXEHHE ITHUX OIIOKOB.

Tak kak ycrosBuieficd KnaccupUkayd AUCIOKANUN €le He CO3TaHO
M NMOCKOJIbKY paspylI€HHE - NMPOLECC, COIMYTCTBYIOLIHHA MPOABICHHIO TUC-
JIOKauuH, paCCMOTPUM ITPUMEHUMOCTbh CHCTEMATHKH pa3spyLIeHHH K IuC-
JIOKaLHAM.

Xpynkoe H Ba3koe paspyuieHue Boraenser C.C. Bsanos [9]. [Iposais-
HbINM TUN paspywerus pasznudaer .M. Uepkacos [34]. B Teopuu Tpeuus,
kotopeie JLM. Cenos paccmaTpuBaeT xak pa3opBaHHbie (HECOMKHYTHIC)
AVCIIOKALMH, pa3pyLICHHE HA3bIBACTCA XPYNKHM, KBa3HXPYNKHM, BA3KHM,
yOpyro-iaCTHYECKHUM, T.€. BHA pa3pymIeHHs 3aBHCHT OT CBONCTB Marte-
pHanoB. OJHAKO MPUMEHHUTENbHO K IPYHTaM YIpPYro-IUIaCTHYECKOE CO-
CTOSIHUE BPAL I MOYKHO CUHTATH pa3pylLIeHUEM.

Ha ocHOBaHMM M3BECTHBIX Kiaccudukaumii paspyuieHus nedpopManuu
M AUCOKALMHY MOXKHO NOAPA3ACANUTh Ha CIIENYIOLIME THIIBI:

1) obpaTnMble (yrpyrue) Win BOCCTaHABJIUBAaCMbIE;

2) HeobpaTHMBIE (OCTATOYHBIE):

¢ HeoOpaTUMOrO YIUIOTHEHHUA WIM yIpoueHUs (CKaTHs),
® HeoOpaTHMOro MECTHOTO CABHMIra HJIH IUVIaCTHUYECKHE;
3) pa3pbIBHbIE WU NOJ3YYECTH (TEKYUECTH):

® BA3KHE (TEKYy4HeE),

® xeCTKUE (XpYNKHUEe WIH CKOJIbHBIE),

¢ IPOBAJIbHBIC (MECTHBIC UJIM JIOKAJIbHBIE).

JedopMallHOHHO-UCTOKAUHOHHBIE H3MEHEHHS! QOPMHUPYIOT TEKTOHH-
Ky, T.€. BeCb TOT 00BEM cpejibl, IEPBUYHOE MOJOXKEHUE KOTOpOH HeoOpa-
TUMO M3MEHsSeTCA noA BHeIIHUM BosaelictBueM. Iloa texktoHukOM (OT
rped. tektonikos) B CTpOHTENBCTBE NMOHUMAKOT MOCTPOEHHE APXUTEKTYP-
HeIX (opM, 3N1aHUNK; B TEONOTMM — TUIMKATUBHOE HWIH NU3BIOHKTUBHOE
CTPOCHHE Y4acTKOB 3€MHO KOpBI.

3neck BaXXHO OTMETHTh OTIHYHE M OCOOEHHOCTH IXedopMHUpOBaHUSA
INeMEeHTapHOro obbpeMa MaTepuana M cpefisl B LEjJoM. B ajieMeHTapHOM
o0beMe pa3sBUBAIOTCA OOBIMHBIE NEpPEeMELICHUS OJIHOTO THIA, B TO BPEMA
kKak B caMol cpefie MOXXHO HaOmoaaTh MoCIeAOBATENILHBIA HIH pe3KHif
nepexok 0T OAHMX THUIOB AedopMaLMif ¥ AUCIOKAIMHA K IPYTHM.

HedopMalHOHHbIE NIEPEXOABI OOBIYHO PAa3BUBAIOTCA MMOCTEIICHHO, CME-
Ha nedopMaLuit IHCTOKAUMAMH TPOUCXOANT CKaYKOOOpa3HO, pe3Ko.

[lo ynpyroMy THILy HAKOHEYHHWKaMH 1eQOpMHPYIOTCSA BCE MATEPHAJIbI.
HcknrodeHne COCTaBNAgIOT PHIXJbI€ MECKH, Wbl, HEKOTOPHIC Pa3HOBHIAHO-
cTH Topda, MopUCThIE MAaTEpUANILl U Cladsie INIMHUCTBIE TPYHTBL, Y KOTO-
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pBIX OYEHb IUIOXO BBIPAXEHBI HauajlbHbIE ynpyrHe CBOHCTBA U MaJIbIMH
obpatnMeIMH TedopMaLIMAMH MOXKHO npeHeOpeus. YNpyrue aedopmaumx
nmoapasfeisiioTcs Ha MeCTHhIE ¥ obmue. [lepBrie NpUCYLIH PHIXJIBIM H 110~
PUCTBIM MAaTEpHajlaM M TIpPYHTaM, BTOpbi€ — YIUIOTHEHHBIM C BOJHO-
KOJUTOWAHBIMY, KPUCTAIUIM3ANMOHHBIMH H L[EMEHTAUHOHHBIMH CBA3AMHA,

VYnpyrue aedopMalMi nociie NMPEoaOICHA CTPYKTYPHOH MPOYHOCTH Tie-
pepacTaloT B HeoOpaTUMBbIe: YIUIOTHEHHA H MECTHOIO CABHIa, NMPOTEKAIO-

A€ COBMECTHO WJIM [0 OTAEILHOCTH B 3aBHCHMOCTH OT CBOWCTB M CO-
CTOSIHUA MaTepuana, GopMbl HAKOHEYHHKA U XapaKTepa CHJIOBOro Bo3ieii-
CTBHA.

[Ipn HarpyXxeHMH A0 NMPEAECALHOIO COCTOSHHA MaTepHANIBl Mpereprie-
BAIOT ynpyro-Heobparumeie nedopmauuu. [Ipu npubamxesuu k mpenens-
HOMY COCTOAHMIO AedOopMalMM HAYMHAIOT NEepepacTaTh B AUCIOKALMU
¢ hbopMHpPOBAHHEM MOBEPXHOCTH pa3pbiBa CIUIOIIHOCTH.

Ynpyro-xKecrkoe pa3BUTHE TEKTOHHKHU MPHUCYLIE KPENKHM BELIECTBAM
C KPHMCTAJUIM3AUMOHHBIMHM HWJIHM LEMCHTAaUMOHHBIMU CBA3AMH. Ilo 3TOMY
THITY AMCIOLHUPYIOTCH, HaAlpUMEP, CKalbHbie U TMONYCKAIbLHBIC, a TakXe
OYEHb IUIOTHLIE MECYAHBIE U OUECHb NMPOYHBbIE INTHHHUCTHIE IPYHTHI. JXect-
KO€ AMCNOUMPOBAHUE COMPOBOXKIACTCA TPENIHHOOOpa30OBaHUEM (CKOJIOM),
T.€. pa3pbiBOM CIUIOIHHOCTH. JIMCIIOKaLM 3TOro TUIMA BO3MOXHBI B YCJIO-
BUSIX pa3BUTHMA KacaTeJIbHbIX HaNpAXKeHH! NMpu HATWYUK OAHOW WIH He-
CKOJIBKMX cTeneHedt cBoOoanl. IlepeyucnenHbie MaTepHalbl, HO CNOCOO-
HbI€ K YACTHYHOMY YILUIOTHEHHIO, NePOPMHPYIOTCH H AUCIOLHPYIOTCA YKe
MO YNPYro-yIIOTHEHHO-)XXECTKOMY THITY CO3JaHUA TEKTOHUKH.

[InactuuHO-BA3KOE NePOPMHPOBAHUE W AUCIOLIMPOBAHHE NPOHCXO-
JUT B MaTepHanax, He oO0nanamuuX SPKO BLIPAXEHHBIMH YIPYIHMH
CBOMCTBAMH M HE CIIOCOOHBIX K YIUIOTHEHHIO B HadallbHON cTaaum fe-
¢dopmupopanns. [Io takoMy THNy npH BHeApeHUHM HAKOHEYHHKOB IHC-
JOUMPYIOTCS [IOJIHOCTHIO BOAOHACHILICHHbIE cfladble MaTepHansl, rae
BA3KasA TEKYYECTh WIH MOJA3Yy4YeCTh O00YCNOBICHA «BA3KOCTHIO TEYECHUAN
BOALI B MOpax, HANpUMEP B IPYHTE. 3aeCh XOTA H BO3MOXHO YIUIOTHE-
HUE, HO OHO PacTAHYTO BO BPEMEHH, 3aBUCUT OT CKOPOCTH OTXXaTHA BO-
Abl (BA3KOCTH TEYEHHUHA) M NPH BHEIPEHHH HAKOHEUYHUKOB MPOSBISETCA
HE3HAYHUTEJBHO.

Ypyro-1laCTH4HO-BA3KOE M yNpPyro-HeoOpaTUMO-BA3IKOE CO3HaAHHE
TEKTOHHKHA MPOHCXOAUT B Marepuallax ¢ BOAHO-KOJUIOMOAHBIMH CBSI3AMH,
obecrieynBalOIIUMHU CPETHION H Oojiee BICOKYK NPOYHOCTH. DopMupo-
BaHHE TEKTOHMKHM B HUX COINPOBOXKAAETCS CMATHEM WM BHIMOpOM, Oe3
pa3pbiBa WIM ¢ MTHOBEHHBIM W KPATKOBPEMEHHBIM Pa3phiBOM CIUIOIIHOCTH
0 MOBEPXHOCTH CKOJIBXKEHHUA. JlucroumpoBanre 3TOro THa MPOUCXOAUT
TaxXe B IPYHTaX C KPHCTAIH3ALMOHHBIME H HEMEHTAUHOHHBIMH CBA3AMH
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B YCIIOBHAX CJIOXKHOTO NPOCTPAHCTBEHHO-HANPAXKCHHOIO COCTOAHMUA TIPH
HIHYMHU OAHOH, HO OrpaHH4YEHHOM cTeneHH CBOOOEI.

Bo3HHKHOBEHME YNPYro-YIJIOTHEHHO-IIPOBAJIBHON TEKTOHHKH NPHCY-
€ CHWIBHO NMOPHUCTHIM MaTepHallaM C LHEMEHTALMOHHBIMM, KPUCTAJIJIM3a-
LIMOHHBIMH H BOJAHO-KOJIJIOMZHBIMU CBA3IMH, HAIIpPUMEP, TaKUM Kak Jiecc,
Tpenen, nemMsa v Ap. JAuciaouupoBaHue B HHX HOCHT NpOBajibHBEIN Xapak-
TepP, BEAET K YaCTHYHOMY BBITIOPY B CTOPOHBI, MPOCEAAHHIO NTOBEPXHOCTH
Ha HeOOoNbIIOM PacCCTOAHUH BOKPYT BHEAPAEMOIr0 HAKOHECYHHKA M COMNpO-

BOXKAAaeTCA (POPMUPOBAHMEM ANpa M JIYHKH 3a CUET MECTHBIX mepeMelle-
HUH, YIUIOTHEHHS U pa3pyIUECHHS.

YIUIIOTHEHHO-IIPOBAILHBIC MPOABIICHUA JAedopMaumii U AUCHOKALUA
oObIYHO HAbMOZAIOTCA B PBIXJIBIX HECBA3HBIX MAaTepHasax: Neckax, mblje-
BaTbiX OTJIOKEHUAX. 3ACCh BHEAPECHHE HAKOHEYHHKOB COMPOBOXKAACTCA
OCEIaHHEM TOBEPXHOCTH CO ClIeAaMHU TpelIMHOOOpa30BaHUA BOKPYI JIyH-
Kd, a aepopmalid M AUCIOKALUMH Pa3BHBAIOTCA MPEHMYUIECTBEHHO NOJ
MOBEPXHOCTBI) 3arpyXKEHHUS.

Bonue Obu1M BeIAENIEHBI TOJIBKO OCHOBHEIE 3Talbl Pa3BUTHS TEKTOHUKY,
HO BIOJHE SICHO MOT'YT CYLUECTBOBATh M ApPYrue nepexonaHbie GopMHl.

M3 npoBeacHHOro pacCMOTPEHHMA BBITEKAlOT BaXXHbIE OCOOEHHOCTH
H OTIMUMTENIbHBIE HMPH3IHAKKH MEXAY naedopMalMAMH U JUCITOKALIMAMM.
Ecnu nedhopmaniiy BO3ZHHUKAIOT BO BHYTPEHHHMX U KOHTAKTHBIX 30HAX JJie-
MEHTAPHLIX YacTHUIl CcpeAbl MNOA ACUCTBHEM  INPOCTPAHCTBEHHO-
HanpAXEHHOro COCTOSHHA, TO AMCIOKALMH NPUYPOUYEHBI K IUIOCKOCTAM
HaMMEHBINEIO COIMPOTUBACHUSA U MPOABJAIOTCA IIPH 3HAYUTEILHOM pa3BH-
THH KacaTeJIbHBIX HAMNPSAXKEHHNA U NPH HAIWYHH OHHON WM HECKOJIBKHX
creneHed ceoboapl. CnegoBareNbHO, TpaHUbl AedopMauudil H HHCIOKa-
i ABNAIOTCA PU3HUECKHMH KU OTPaXaloT BIHOJIHE OMNpPEAC/ICHHbIE MEXa-
HUYECKHE NIPOLIECChl, XapaKTepH3ys ABOMHOI pasaes cpeAsl Npu BO3xeH-
CTBHM, HANPUMEP, HAKOHEYHHKOB.

5.2. OcHOBHblIe MeToAb! N3yyeHus gedpopmauun
U aucnokauvn, BO3HUKaLWUX nog Bo3nencTemvem
HAKOHEeYHUKOB

MHoroobpazue THNOB Ae(HOpMUPOBAHUA W AUCIOLMPOBAHUA CIUIOLIHOMN
cpelbl, OOYCIOBJIEHHOEC CJIOXKHOCTBIO M pa3sHooOpa3ueM ee cocraBa
H CBOMCTB, NOpoAUIO 60JbLIOE KOMUYECTBO METOAOB HX M3YYEHHA H HCC-
) (91(0): 713156

Cnocol cTaTH4YeCKOro Harpy»XeHufl INIOCKOr0o HaKOHe4YHHUKa. Me-
TOJ, CTATUYECKOI0 HArpyXeHHUS IUIOCKOTO HAKOHEYHHKA — OJHUH U3 CaMbIX
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MEPBBLIX M IIHUPOKO PACTIPOCTPAHEHHBIX CIIOCO00B U3YUEHMS RedopManuin
rpyHTOB — 0611 OcyiectBiaeH Kukom u Hlreiinepom B 1879 r. B [Ipare. On
O3BOJIAET ONPEIEINTD UHTEPBAJIBI PA3BUTHA OOPATUMbIX W HEOOPATHMBIX
nedopmaiidif, a TaKke MOMEHT BACTYIUIEHHS MPEAebHOr0 COCTOSHHS MO
U3MEHEHUIO CBA3M MEXAY ocankoit U AasineHueM (puc. 5.1). ITo xapakrepy
MOBEACHUA TTOBEPXHOCTH CIUIOIIHOM Cpelibl BOKpYr HAKOHEYHMKA, B COBO-
KYNHOCTH C XapakTepoM OCaIKH, MOXKHO CYAUTh O THIIE TMpOSBJIEHUS le-
dbopmaumii 1 aucnoxkauui. K HeaocraTkaM Mmeroja CIeAyeT OTHECTH He-
BO3MOXXHOCTh HPOCTPAHCTBEHHOIO ONpeAencHHs 30H AehopMUpPOBaAHHA
U IUCIIOLMPOBAHUA.

P

S

Puc. 5.1. I'padmk $a3zoBoro pa3BuTus 0CaikH MJIOCKOr0 HAKOHECYHMKA:
Ss — oOparuman BOCCTaHABJIMBaEMas MacTh ocaixu, S, — HeoOpaTHMas ocajika, BbI3BaHHas
YIIOTHEHUEM, S, — OCTATO4YHad ocaaKa ((acruueckas), o6ycnhoBjieHHas OOKOBEIM pacnopom
H MECTHBIM CABHTOM; S, — OCa/ika BHEAPEHHSA, COOTBCTCTBYIOWIAA AUCTIOUMPOBAHMIO (MT0NI3Y-
| YECTH) HAH Pa3PyIICHHIO MaTepHana

Metoa doroduxcauuu Kypmomosa—Maabtuiesa. B 1889 r.
B.U. KypmomoBeIM 06111 pazpaboTan gororpaduueckuit cnocod uzyueHus
nedbopMauvii ¥ ANCIOKALMA, NMO3BOAUBUIMKM BLIABUTL BUAUMYIO KapTUHY
nepeMeileHni YacTHL, MOJEJLHOrO MecYyaHoro MaTepuana IoJ IUIOCKHM
HAaKOHEYHUKOM. DoTorpadupoBaHUe NepeMelleHNd Npyu BHEAPEHHH Ha-
KOHEYHHKA OCYLIECTBJANIOCh Yepe3 Npo3payHyi0 CTEHKY JIOTKA Ha OAMH
U TOT K€ Kaap. braroaaps takoMy npueMy yaanoch 3aneq4aTneTh KpHUBO-
JIMHEHHBIE TPACKTOPUM IEpEMEILCHUS YacTHll Marepuana npu aehopMmu-
POBaHUM U AUCTOLMPOBAHUM.

Meron Kyparomosa Ob11 nononnes M.B. Mansimessim B 1953 r., do-
TOrpaupOBaBIIMM TEPEMELICHUS YaCTUL, HA OJHH U TOT XK€ Kaap oTo-
annaparoM, nepeMelaromumMes OAHOBPEMEHHO C HaKOHEYHUKOM. Takum
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o0pa3oM ylanoch BbIABHTH XKECTKOE Apo, 00pasyioieecs nepell npoasy-
raroIMMCA HAKOHEYHHKOM.

Merton Kypaiomopa—MaibinieBa LIMPOKO HMCIIONL3YETCA M1 H3YYEHUS
KapTyuHbl AeDOPMHUPOBAHUS M AUCIOLMPOBAHHUA PBHIXJIONO MaTepHania NpH
BHEPEHWH HAKOHEYHHMKA M NMOJY4YUJl BCEMHPHOE TIPU3HAHME,

K "HepocTatkaM MeToja OTHOCHUTCSH: BJIMAHHE CTEHOK HAa TEKTOHHKY:;
€ro HeNb3S NPUMEHATH B MarepHanax €CTECTBEHHOI'O CJIOXKEHHMSA, UM He
BBIABJISETCA MTHOBEHHAs KapTHMHA AHCIOLMPOBAHMA W He (PUKCHPYIOTCS
HEBUAUMEIEC [IEPEMELLICHHUA.

Metoa HBETHBLIX IOJIOCOK H €ro pazHoBMaHocTu. [Ipuopurer B pas-
paboTke MeToJa LBETHBIX TOJOCOK NPHHALJIEKHT, IMO-BUIHUMOMY,
K. LlunMMepMaHy, KOTOPBIH HCIIOAbL30BAI NMECOK, YIIOKEHHbIH CoAMHU pas-
JTAYHOTO LBETA, YTO MO3BONUIIO 3aME€YaTETh HX HCKAKEHHUSA OT BO3AEHCT-
BHSl MIOCKOro HakoHeuHuka. EMy, TakuM o0pazoMm, yaanoch yCTaHOBHTH
NpUMepHbI 00beM BO3EHCTBUA HAKOHEYHHMKA Ha cpeny (puc. 5.2) U ot-
METHUTb HATHYHE KecTKoro sapa [13].

S V  n o= /
gy -

‘l e - /
N ¥ 4

Puc. 5.2. TexTronnka npocNoeBHOTO 11€CKA HOCHE NOTPYIKEHUA B HEIO MOJICALHOM
ceaiiku (no Linmmepmany)

Pa3sHOBUIHOCTAMM 3TOI0 METOJAA ABJAKTCA CHOCOOBI 3aKOIMYECHHbIX
IKpAHOB, (PUKCUPYEMbIX YACTHLL U BBEJCHUS B CIIOUCTYIO TONILY BSXKYILHX
U1t PUKCALIMK TEKTOHHKH.

MeToa UBETHBLIX MOJOCOK U €0 Pa3HOBHIHOCTH IIMPOKO HCIIOb30Ba-
JIMCh MHOIMMH KCCIENOBATE/IAMM M U3YUEeHUS AedOpMUPOBAHHA U JUC-
JIOUMPOBAHHA. JTU CIIOCOOBI UMEIOT TE K€ CAMBIC HENOCTATKH, KOTOPHIEC
npucymwy gorodhukcauuu, Ho, B OTIIHYHE OT NochaeaHeN, obnanaroT 60b-
el HarNAOHOCTBIO M AOCTYNHbI BU3YaJIbHOMY HA0M0AeHHI0. ITO U Npe/-
onpeaenwio HauboJsiee LIUPOKOE NX MPUMEHEHUE.

M3yyenne TEKTOHHKH BOKPYI HAKOHEYHHMKOB. B peanbHbIX TpYH-
Tax, Ha MeCTeé €ro €CTeCTBEHHOrO 3ajieraHuf, s W3YUYEHUA TEKTOHUKU
HCTIONB3YIOT OTKOIKY MOrpyXEHHBIX cBafl. ITOT Merol okaszaincs Haubo-
nee >pPexTHBHLIM B JICHTOYHBIX TJIHHAX 4 C YCIEXOM HCIONb30BAJICH
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C.A. boxenkoBsiM U A.A. buprokossiM B 1936 r. nyrem ¢goTorpadupona-
HHSA HapyILUEeHHH CIIOUCTOCTH I0CJI€ BCKPBITHS.

Pa3zHOBUIHOCTBIO 3TOr0 METOAA ABIAETCHA CHOCOO U3Y4YEHHUsA MPOYHO-
CTH M TUIOTHOCTH IPyHTa B yIJlaX MOCTPOCHHOM CETKH Ha CTEHKE packomna
C pa3HbIX CTOPOH 3a0UTOro HaKOHEYHHKa. ITOT cnoco® Haubosiee BLHINOA-
HO MIPUMEHATH B IPYHTaX OJHOPOAHOrO CTPOECHUs U oKpackH (puc. 5.3).

Puc. 5.3. lllebeHo4Has koHycooOpa3Has nara ©-1 B Hayane BrpamMObIBaHuUA:
I — NYHKW OT UCMBITAHUSI FPYHTA KOHYCOM

Ilpy M3y4yeHHUH UIOTHOCTH KU NMPOYHOCTH BOKPYT BHEAPEHHBIX B IPYHT
HAKOHEYHUKOB MOXXHO BBbISIBUTb 30HbI MOBBILIEHHON IMJIOTHOCTH U pa3pbiX-
NeHusd. MeTo/l He NPUroJeH Mis BbIABJICHUS MPAaHUL U MOBEPXHOCTEH pas-
pbiBa CIUIOIUHOCTH M PaspbIXJICHUS MPU CTATHYECKOM BHEAPEHHH HAKO-
HEYHHKa, 10O OHM MIHOBEHHO BO3HHKAIOT U TYT XK€ HCYE3alOT OT HEHCT-
BUS CTAaTHYECKOMU HArPY3KH.

Metoa ¢poroynpyrocru. Meroa GoToynpyroctu, OCHOBaHHbIN Ha OT-
kpeiTu4 1. Bproctepa B 1816 r., 6611 npumenen A.H. 3eneHHHBIM M ApYy-
MMM UCCJIEAOBATENAMM IJId U3y4YeHHUs HalnpsokeHud u aedopmMauuii npu
BHEJIPEHUHU HAKOHEYHHUKOB (pUcC. 5.4, a). MeToA Nno3BoaseT noay4yarsh yii-
pyrylo KapTuHy pa3BUTHA oOpaTUMBIX nedopMauuili U KOCBEHHO OTpakaeT
aAehopmanuu MaTepuaia OT BO3ASHCTBUA HAKOHEYHHUKOB.

B pabore O.K. CnaBuna u ap. (Meroasl ¢poTodpuxkcauum B MamIuHO-
ctpoeHun. M.: MamwuHocTpoeHnue, 1983) npuBeaeHbl HHTEPECHBIE OMBITHI
MO BBISIBJIEHUIO KacaTebHbIX AepopMauuit MeTogaMu (poToynpyrocTu npu

67



ACUCTBHH HUMITYJIbCHOM Harpy3kd Ha ynpyroe mnojaynpoCTpaHCTBO
(puc. 5.4, 6).

a 6

Puc. 5.4. KapTunsl nonoc GporoynpyrocTu: a — u3oXpoMsl 1o KOHyCHbIM HAKOHEYHH-
KOM; 6 — reoMETpHUYECKas MHTEPNpETalMsa KapTHHBI AeopMUpoBaHus | Nonocsl GoToynpy-
roCTH B MOJYNPOCTPAHCTBE NMPU UMNYJILCHOH HArpy3Kke

BoisiBsienne nedopmaumii 1 AMCJIOKANMI MO BIAMSIHUIO Nperpajabl.
BiausHue nperpajbl Ha CONPOTUBJIEHUWE BHEAPEHUID HAKOHEYHUKA OTME-
4yeHo BriepBbie B.U. KypAioMOBBIM, OJHAKO HU OH, HU MOCIECAYIOLUIHUE HC-
CJIEAOBATENIM HE HCMOJIb30BaAMU ITOT (aKT A ONpEAeNeHUuss pa3MepoB
obsiacTu BO3AEHCTBUA HAaKOHEYHMKOB Ha rpyHT. B 1970 r. 10.A. Enbio-
BbIM pa3paboTaH u onpoboBaH cnocob onpeaeneHuss OCHOBHBIX nedopma-
LIUOHHO-AUCJIOKAIIMOHHBIX U3MEHEHUN MaccuBa Cpebl, 3aTPOHYTON CHUIIO-
BbIM BO3JI€HCTBHEM HakKOHe4YHHMKa. Crnioco® no3Bosivwil OOHApYXHUTh sABJIE-
HUE [BOMHOIO pasjena rpyHTa MNpv BHEJAPEHMUM B HEro HAKOHEYHHUKA
U caeJiajl BO3MOXKHBIM ONpelesiaATh pasMepsl Ae(pOpMUPOBAHHBIX U JIUCIIO-
LIMPOBAHHABIX 30H C BLICOKOH TOYHOCTBIO [13].

Kunopuxkcauus pasButusi TeKTOHHKH. ECiu 4depe3 npo3payHblii
3KpaH npv GOoTOPHUKCALMH YCTAHABIHUBAIOTCA CJIe/ibl NEpeMeIeHUs Yac-
THL] TPYHTa 3@ HECKOJIBKO CTYINEHEW nepeMelleHus U MojiyyaeTcsi UHTe-
rpajibHas KapTHHa INEepeMELleHU YacTul, NPOMEXYTOYHbIE AETalu Bbl-
MajgarT U3 Mnojisi HAOMIOACHHUH, TO NPHU KMHOCHEMKE CO3HAETCA Hemnpe-
pbiBHAsi W LEJbHAss KapTHHA CO3JaHUsA TEKTOHHKHM [pPU BHEAPECHUM
HakOHe4YHHMKA. [I[puHUIUMNUANBHBIX OTIHYUN MeXAY PoTo- U KMHO(DUKCa-
uueint Her. [locnenuuit cnocod paer HarusAHOE NMpPEACTABICHUE U HAUDO-
nee 3 PEeKTUBEH VA JEMOHCTpALUM ClIeLMaIucTaM U CTyaeHTaM. Brep-

Bble, MO-BUAUMOMY, 3TOT Metropa ocyuectBieH C.C. TumodeeBbiM
u C.A. Sxosnesbim [13].
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M3yuyenune aepopmaumii ¢ HCNOJIb30BAaHHEM PEHTreHOBCKOI0 H3JIy-
yeHusi. BriepBble peHTreHOCbhbeMKY nedopmaluii mecka co CBUHLIOM NpH-
MeHus1 Xyrd B 1927 r. B Litopuxe. B CCCP peHTreHOBCKO€ npocCBeYHBa-
HUEe jaedopMUpyeMOro mMarepuajia co CBUHUOBBIMU ONUWJIKAMM HCIOJB30-
Banu M.I1. Bonaposuu u C.H. Mapkos npu norpyxeaum KoHycos 15, 30,

60, 90 u 120°.

PedTreHorpamMmsl npouecca NPOHUKAHUA WHIHHAPHYECKOro 0oii-
ka (puc. 5.5), nonyuennsie B 1964 r. JI.B. bensesiM, @.@. Burmanom
u H.A. 3naTuHbiM, UCTIONB30BaHbl IS U3y4eHUs AePOpMHUPOBAHUA MaTe-
pHaJa CaMOTrO HAKOHEYHHKA .

Puc. 5.5. Pentrenorpamma npoHvkanus 0o¥ka B noJynpocTpaHcTBO

5.3. DopMmuposaHue TEKTOHUKU B MaTtepuanax
noa Bo3nencreuemM HakoHeYHUKOB

OOpaTUMCs K COCTOSIHMIO BOTIPOCA O rpaHuuax aegopmaiyoHHOro pasje-
Jla B CIUIOLUHBIX CpeliaxX, MOJHOCTBIO noJiaraich Ha cyxaenus JI.LH. Ceno-
Ba, OO CIUIOLIHAA cpela COCTOMT U3 COBOKYIMTHOCTH MHOXECTBA 3JIEMEH-
TapHBIX YacCTHLl, 3aNOJIHAIOLIMX TOJULy WM OTAECNbHbIA €€ 00BbeM, YTO
MO3BOJIAET UCTIOJIL30BaTh arnapar HenpepbiBHbIX QYHKUUNA, AU PEpEeHIIU-
aJIbHOE M HHTerpaJibHOEe ucHUcaeHus [29].

[losiBneHue ocTaToOuHbIX nedopMaumii B Tene nocjie NOCTHIKEHUS
BHEIIHEX HArpy3KOH OINpeNeieHHOro npejena XapakTepu3yeT COCTOsSTHMe
U «OCHOBHO€ CBOMCTBO IUIACTHYHOCTH», HO NPHU BCECTOPOHHEM CXATHHU

" Cazomonsn A.A. TIposukanue. — M.: MI'Y, 1974, - 300 c.
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IracTHYeCKHe aegopMaldi «HEe BO3HUKAIOTY, CJIEAOBATE/ILHO, HE oOpa-
3YIOTCA IpaHuLb! pa3aena faxe Mg HEOrpaHHYEHHO OONBIIKUX AaBACHHIA.
Taxum 00pa3om, B CIUIOWIHBIX cpefax NMpU AeHCTBHH BHELUHHUX HArpy-
30K pPacCMaTPHBAIOTCS TOJNBLKO YIIpYrvUe u INlaCTHYECKue nedopMmauuw,
riepepacTaoiliie ¢ YBEJIMYECHHEM HanpsHKeHWH B noasyuecrth. OQHOBpe-
meHHo JI.K. CenoB yka3eiBaeT, 4TO B HaCTOALIEE BPEMs NMPOHCXOAHNT yCO-
BEpLIEHCTBOBaHUE W 00001ieHHe TEOpHM IUIACTUUYHOCTH AoOaBlIeHHEM

HOBbIX NMapaMeTPOB ¥ TaKHUM I1IyTEM HaMeE4vaeTcCs MOJIYYHUTh TEOPHUIO OUCIO-
KaluH.

Ilpy u3yueHuy KauecTBeHHOM KapTHHBE 00TEKaHUS TeJl B CBEPX3BYKO-
BOM ra30BOM NOTOKE ObLIN NMOAYYEHBI ACHO BUAMMbIC CKAYKH YIJIOTHEHU,
CMEHsieMble 30HaMH pa3pexeHus (OTphiBa 0TOKA), T.€. ObIIU BBIAENECHD
rpaHMLbl pasfieia, KAYECTBEHHO COBMNaAaloude C TAKOBbIMU B MOJEJbHbIX
¥ TPYHTOBbBIX Cpelax.

Utak, npu obieM pacCMOTPEHHH BONpoca O rpaHuLAax pasaesa obpa-
[13eT Ha ceDda BHUMaHHe abcoJIoTHOE npeobiiajaHue «OOUHAPHOroO pasie-
Ja» Cpeabl Ha 30Hbl YIIPYTHX M IUNIACTHYECKKX AePopMaLMii, YTO BCTYNaeT
B MPOTUBOpEHHE C HajiMuMeM Tpex ¢a3 neopMHMPOBAHHR U TPEX OCHOB-
HbIX TEOpHIt, XapaKTepH3YIOLLKUX YCI0BHUA 3THX das3s.

HeornpeneneHHOCTh M HEAOCTATOYHOCTh OAMHAPHOrO pasaena aedop-
MHPOBAHHBIX 30H CIOEPXHMBaeT onpelelicHue pasMepoB AcPOpMHUPYEMBIX
06beMOB, yTOUHEHUE TNpedecsibHOW Harpy3kH BHEIPEHHA HAKOHECYHHMKOB,
H00 N3BECTHbIC TEOPUH MpeAeSibHOrO PaBHOBECHS IOKA HE MOCYT IOJHO-
CTBIO OTBETHTh HAa BOMPOC O KMHEMATHYECKON CTOPOHE paccMaTpHBaeMoOH
3ada4H.

sisneHue NBOHHOrO pasznesia CIIOUIHON cpellbl NPH MPOHUKAHHH B HEE
HaKOHEYHHUKA 0DOCHOBBIBACTCA CICAYIOLUMMH IKCIIEPHUMEHTANbHBIMU (aK-
TaMH 1 HabmoaeHUAMU.

1. B ynpyro#i ¢aze aedopmauuu nponopurdOHaNbHbl HANpIOKEHHIO.
[Tpn pa3rpyske OHM 00OpaTHMBbI, @ PU3UKO-MEeXaHUYECKHE CBOMCTBA MaTe-
prHana He usMeHsoTcs. lnga 3Toit ¢a3sl cnpaBeUIMBLI pPELICHHUS TEOPUHM
YOPYroCTH.

2. B ¢aze yninoTHEHUs TNPEOJOJIEBAETCH CTPYKTYpHasaA MPOUYHOCTH
H, HapANy C YNpYrUMH, BO3HUKAIOT OCTatrouHsle aedopmauun. B obdbeme
YIUIOTHEHHS MaTepHast cpeabl H3MEHAET CBOMCTBA, NEPEX0ad B HOBOE yIiI-
pyro-ymioTHeHHoe coctosHue. st 5To# a3kl MPUIrOAHbI PEILIEHHs TEO-
PHUH YNPYIOCTH C OTKOPPEKTHUPOBAHHBIMHU JEPOPMALIMOHHBIMHM MapaMeT-
paMX.

3. B 60x0BbIX 30HaX, rac HaNpsHXKEHWA NPEBHIIAIOT CTPYKTYPHYIO
MPOYHOCTh, pa3BUBAIOTCA HeoOparumseie aedopmauuH OOKOBOro pacrnopa
H MECTHbIX CJBHIOB, BJIEKYIUME YNIOTHEHHUE 3TUX 30H. Pa3zBUTUIO TakMx
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necpopmaumii crmocob¢TByeT (POpMHpPOBAHHME sAnApa MNeEeped BHEAPACMbIM
JIOCKUM HHAEHTOPOM. 311€Ch K€ 3apOXKIAIOTCA YCJIOBUA MECTHBIX TUTHKA-
TUBHBIX H AU3BLIOHKTHBHbBIX AUCJIOKALIMHN.

4. IIp1 0OCTUXKEHHUH NTPEAELIILHOTO COCTOSHHUA Y PH HAJTHYUUA HE MEHEE
ABYX CTENeHEeH cBOOOAb! MPOUCXOAMT CMbIKAHHE MECTHBIX AUCJIOKALMMA
1 00pasyeTcs MOBEPXHOCTb CKONBLXEHHUA (HAUMEHbIIEr0 CONPOTHBIICHHA).

18 XxapakTepUCTUKH HATPAXKEHHOrO0 COCTOSHHUA 31eCh MPHUMEHUMO YCJIO-
BHUE MPOYHOCTH KyJtoHa.

5. B uenoM HeJMHEHHbIN XapakTep pa3BUTHA nedopManui 1 AUCIOKA-
UM CKIAABIBAETCA M3 HAJIOKCHUA OTACNHLHBIX (PAa30BbIX HIMEHEHHU CO-
CTOAHUA T'PYHTA H PaCUICHSETCA Ha 4acTHU € JIMHEHHON CBA3LIO Nepeme-
[IEHUH OT AeHCTBYIOWIUX AaBleHHH (cM. puc. 5.1).

Ha ocHOBaHHUM COOCTBEHHBIX OIBITOB ¥ aHAJIU3a ONyONIMKOBAHHbBIX HC-
CACAOBAHUN ABTOPBI YCTAHOBWIH, YTO B YCAOBUAX NMPOHUKAHHUA IJIOCKOTO
AHACHTOPA, TMPEeAIUECTBYIOUUX HAOCTHKEHHIO TMpPEeAEeNbHOro COCTOAHUA,
oz ero NoJAoWBoN obpasyercd aapo, UMeEoLEe GJIH3KYIO K TPEYTrOJIbHOM
¢opmMy ¢ BepmiHoH 90° + @ (cM. puc. 5.5). OaHaKo 3TO AAPO HEYCTONYH-
BO Y Ha OTAEJIbHBIX CTaAUAX MOTPYKEHHUA MOXKET MEHATh GOpPMY M pa3Me-
pel. OHO MOXeT 00TauuBaTbCA, JOCTPAUBATLCA, OTKIIOHATLCH B CTOPOHY
u T.4. [locne Beinopa 4YacTn Marepuana BepuidHe sapa Oyaer NpOTHBOCTO-
SITb MUK HIDKEACXKALUEH YIINIOTHEHHOM 30HbI (pHUC. 5.6), NPH NOCAC AYIOLUEM
CONMMKEHHNU AJpa N MUKa OHU OYLYT CMHUHATLCH, OAHOBPEMEHHO BhIITUpas
y>K€ CABHHYTYIO 4acTh MarepHana. B 3TOT ke MOMEHT NMpoUCXOAHT POCT
U «OKpYTJeHHe» saipa U GOpMHUPOBAHUE 30HbI CMATHUS C CO3AHHEM YCJIO-
BUMl 151 ZOCTPOHMKH HOBON BepLIMHbI. OHAKO 3TO ABJICHHE HE YYHUTHIBA-
JIOCh MCCNICAOBATE/ISAMM, YTO U NPHUBEIO K Pa3sNU4YMIO B3ITAS40B HA GOpMY
M pasMepsl Aapa.

TpeyronsHoe ceueHue sapa MOJYYEHO B OflbITaX MHOTUX HCClenoBa-
TEJIEH, NPOBOAMBIUMX HCHOBITAHUA B pexxUMe 3arnyOnenus. Hanpumep, noa
LIEPOXOBATLIM INIOCKHUM HakOHeYHUKOM JK. buapeu W Apyrue uccrienona-
TEJIN MNMOJIyYHNIH 4YeTkoe TpeyrosnbHoe aapo. llox rmaakoi xe nmoaowmBoi
HAKOHEYHHKA, [IPU OTHOCUTENbHO HEDO/IbUIOM 3arnyONeHHH, TPEYTroJIbHOE
AP0 OBLIO C BOTHYTHIMM CTOpOHaMu (pHC. 5.6), HO npu 3arayGncHMM,
pPaBHOM IIMPUHE HAKOHEYHHMKA, BOTHYTOCThb I[IPAKTHYECKH HCUE3acT.
B paccmaTpuBaeMbIX ONbITax BJIMSHUE CTECHOK MPO3pPayHOro 3KpaHa HC-
KJII0YajioCb TNPHUMEHEHUEM [JIOPAIIOMHUHHEBBIX CTEPKHEH OJAHHAKOBOH
C TUIOCKUM HaKOHEYHUKOM AJIMHBL. DTO MO3BOJMIIO MIONYYHTh NOCTOAHHOE
OyepTaHHEe sapa METOAOM (dorodukcauun B J0O0M cedeHUH (B LEHTpE
1y cTeHOK) [21].

71



Puc. 5.6. ®opmMa sigpa u3 onsiToB JK. buapeua

JMcnokaumMoHHbIE U3MEHEHUS B TMPEAECHbHON M 3anpenenbHOM (asax
MOrPYXECHUS WUIIOCTPHPYIOTCA CHUMKOM TPacKTOPHUM mnepeMelleHHs Me-
TAUTHYECKUX CTEPXKHEN NOA IUIOCKMM HAKOHEYHMKOM (puc. 5.7 mo ¢oto
. buapen).
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Puc. 5.7. Tpaekropuu nepemenieHus pukcaTopoB NMoj riagkuM ManosariayoneH-

HbIM HAKOHEYHUKOM: [ — A1po; 2 — NOBEPXHOCTH CKOJBXEHHA; 3 — 30Ha CMATHA, 4 — M0-
BEPXHOCTb CMEIICHHSA
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HOucnokauuy U aedopmanny, NoaoOHbIE NMpHUBENEHHBIM Ha pHC. 5.7,
MoJIyYaI MHOTHE UCCienoBaTenu. PasHuUa Obina nuillb B OTAENBLHBIX AC-
TaIAX, OOYCHOBIECHHBLIX TOYHOCTBIO M BO3MOXKHOCTAMU H3MEPUTENbLHBIX
cpeacts. OHM TTOATBEPXAAIOT PAKT ABOMHOIO 30HANBLHOTO pa3jesia cpeabl
noJA BIUAHUEM BO3ICHCTBHA HAKOHECYHHKOB.

M3 ananu3a ABoi#iHOro xapaxkrepa AeQopMUPOBaHHA MOJASNBHOIO MaTe-
puana, BeiaBleHHoro HaMH [15] no skcnepuMentam I.H. IToxporckoro,
X.P. Xakumona, .. Yepkacora, [1.A. Konosanosa, B.M. Uuxuinena
W Op., CNEAYET MOATBEPXKICHHE PEanbHOCTH ABOMHOrO pasjena TPYHTa
¢ pU3MIECKUMHU I'PAHULIAMHA YIIPYTHX U YIIPYFO-YNNOTHEHHBIX COCTOSHHH,
C pa3pbIBOM MO MOBEPXHOCTH HAUMEHBIUIETO COMPOTUBIIEHMS, O KOTOPOH
NPOUCXOAAT MI'HOBEHHO IPOTEKAIOLUIME AUCIOKALHOHHBIEC TIEpEeMEILICHHS.
JIBOMHOHN pa3fei UAST Ha BCEM ITAlNE NMPOHUKAHHWA M INOTPYKEHUS HAKO-
HEeYHMKOB. B HaYanbHOM XKe cTaguy HArpyXeHUs NoJIHOTO pa3BHTUS JUC-
JIOKAaLIMOHHOIO pa3feiia MOXKeT He ObITh, H 3A¢Ch BIIOJHE MPHUEMIIEMA CXe-
Ma OJMHAPHOIO pasjiecfia, HO HE MO MOBEPXHOCTHU CKOJBXKEHHUSA, KaK ITO

ObLI0O NPUHATO, @ MO OOBEMIIOLIEH TOBEPXHOCTH 30HB! YIUIOTHEHUSA, COOT-
BETCTBYIOLUECH ONPEACIICHHOMY HAIPAXEHHOMY COCTOAHMIO.

30HE YMIOTHEHHUA, IPAaHULAM M MOBEPXHOCTHU pasfeiia €€ ¢ ynpyroi
0051acTHIO NIpepJiaraeTcsa NPUCBOMTh UMA €€ nepBooTkphiBaTens B.A. Kyp-
nromMoBa. OCHOBHEIE pa3Mmepbi 3TOH 30HBI Hanbosiee TOYHO YCTaHABIMBa-
IOTCA 10 BIHAHUIO TIperpanbl MM H3MEHEHHMKD TJIOTHOCTH, T.€. B HeEe
BKJIIOUAIOTCA MUKPOCKOMHYECKHE MNEPEMEHICHUA, HEC YIaBNIHUBAIOLIHCCSA
doToduKcalHeH.

30He Boinopa (MOBEPXHOCTH CKOJIbXEHHA), HA BO3MOXKHOCTh CYHIECT-
BOBaHUA koTopod ykaspiBana rurioresa H.A. llpitoBHua, npepnaraercs
NPUCBOUTHL €ro uMs. [10BEPXHOCTH CKONBXEHHUA €CTh NOBEPXHOCTb HaM-
MEHBUIEro CONPOTHRNEHUS BHYTPH 30HBLI YIUIOTHEHHUSA, I'leé MpPeodoieBa-
IOTCA CLEIUVICHUE M BHYTPEHHEE TPEHHUE MPH MNpEeacIbHOM HaNpPSKEHHOM
COCTOAHMU. OHA MIHOBEHHO BO3IHHUKAET U OOHAPYKUBACTCH MO TPEUIUHAM
pa3pblBa U 30HAM Pa3pLIXJICHHA, a TAKXKE MO BIHAHHUIO MTPETrpabl.

M3 comocTaBneHUs ¥ U3ydyeHHUs OnyOJIMKOBaHHBIX Pa3HbIMHU MUCCIEI0-
BaTCJIAMH pe3yAbTAaTOB MCHBITAHUA 1ITaMMaMH H OCTaTOYHBIX NEpeMelie-
HUU MapOK B LICHTPE NOJ HUMU YCTAHABIIMBACTCH PE3KOE MNMPENIOMIIEHUE
rpaduka ocaaxu ¢ riyouHoi. [lpupaieHue e OCTaTOYHBIX OCa[0K 3a
nocAacaHue (npeanpeneybHyl0 H NPENCNbHYIO) CTYNEHH HarpyXeHus
B uHTepBane rinyOoun 0,5...0,6 nuamerpa uMmeer NOCTOAHHYIO BENWUHHY,
T.€. 3[1€Ch PYHT NEPEMEILACTCH KaK €IUHOE LEeN0E CO mITaMIoM, oOpa3ys
SIAPO.
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ConocrasjicHye rpa¢uMkoB OCTAaTOYHbBIX OCafOK ¢ rpaduuecKuM Iio-

CTPOCHHEM IPAaHML pasjiesia MoKa3aio XOPOIUYK) COMNOCTABUMOCThL UX Me-
Ky coboit (puc. 5.8).
Ry

m“_"

i

Puc. 5.8. Cosmemenue sapa /, o0pa3yiomux ckonbxeuus 2 ¥ cMelenus 3 ¢ rpa-

¢HKOM OCTAaTOYHBIX NEpEMELICHHIT MapOK MO LWITAMIIOM 3a BECh NICPHOJ] Habmo-

aeuunt 4 u rpa@ukoM pasHOCTH NnepeMellieHn 3a ABe oc/ieIHHE CTYHEHH Harpy-
XEHUA 5

Ha OCHOBaHHH aHAIM3a UCILITAHHK IPYHTOBOM cpelibl HAKOHSYHHKaM U
H INTAMINIAMH Pa3JIHYHbIX Pa3MepPOB YCTAHOBJIEHBI CJERYIOLIHE 3aKOHO-
MEPHOCTH:

® HEe3aBHCHMOCTH MPHUPAIECHUA OCAIKH OT pa3MEpOB HAKOHEYHHKOB
NPH 3anpeaenbHbIX HArpy3Kax;

e ocafka B da3e YIIOTHEHHUA ABJIAETCE MTHOBEHHO 3aTYXalOIICH;

e NIpH pa3BUTHU OOKOBOrO pacnopa U MECTHBIX CABMIOB MIHOBEHHasd
ocanka npeodnagacT Hag ATUTEIBHOM;

® OTHOLICHHE CYMMbl MITHOBEHHBIX OCaJIOK K AHaMeTpy LUTaMIla Nnpu
NOIPEAETbHBIX 3HAYCHUAX JaBJACHUH — BEJIMYHUHA CPABHHTEIBHO MOCTOSH-
Hasl.

BrisBIEHHbi€ 3aKOHOMEPHOCTH TMO3BONMMNAM pa3paboTath rpadoaHaiu-
THYECKHI METOA MOCTPOESHUs rPaHULl ABOHHOIO pa3nesia rpyHTa npy BHE-
JApEeHHH B HEr0 HAKOHEYHHKA, PasMepPbl KOTOPbIX PaBHbI:

spa
H, = atgy, (3.1)

BHYTPEHHUI paluyCc NOBEPXHOCTH CKOJIBXKEHUA (rnyOrHa 30HbI)

Hy = afcosy; (5.2)
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paadHUyC BbIXOAA I'PAHHLUbBI CKOJILXKXCHHUA HA TOBEPXHOCTDH

Ry = a(1+1/siny) ; (5.3)
rnyOuHa 30HbI CMELLICHUS
Hy = a(2tgy +ctgy) ; (5.4)

paalycC BbIXOJa rPaHULbl CMEHICHHUS Ha IIOBEPXHOCTh
Ry = a(2tgy + ctgy)/simy | (5.5)

F1€ \J — YTOJl, paBHbII 45° — ¢/2.
Pazmep Hy, o ypaBHeHHIO (5.4), 61430K 110 3HAYECHUAM YABOCHHO TOJI-

LMHe PKBUBaJIeHTHOTO ciioda H.A. L{pIroBuua [2/13 = na(3 + tge)/ 4] [15].

B HacTrosueil riase npeacTaBiaceHb! UL OTACNBHBIE PE3YNbTaThl IKC-
nepumeHToB, B 6051ee nosiHoOM oObeMe OHM npuseneHs! B paHee onmyOnn-
KOBaHHBIX Tpyaax [13, 14].

5.4. OnpegeneHue NOBEPXHOCTEN CMELLEHUS
N CKONbXEHUA NO BANAHUIO CTEHOK U [iHA
Ha NPOHUKaHNE KOHycCa

B n. 5.2 6wu10 1nokazaHo pasHooOGpasue cnocoboB BbIACHEHHUA TOH WM
MHOH 4YacTH ABOWHOro pasjaena TCpPYHTa MOBEPXHOCTAMHU CMELICHMA
U CKOAbXKeHUA, OAHAKO HENPHCMOCOONCHHOCTE HMX A KOMILJIEKCHOIO
BRIABJICHUA PaHUL pa3esia BO MHOIOM CAEPXKHUBAET JalibHEHIee UX MPpH-
MECHEHHE,

Haubonee npoCTO MOBEPXHOCTH CMEUIEHUA U CKOJIbXKEHUA OOHaApYyKH-
BaKOTCS IPH BAUAHUM Mperpajnsl B BUAC AHA U CTEHOK MO HApYLISHMIO
rpaduka NOpAMON OPOMOPUHUOHATIBHOCTH MEKAY YCHINEM HPOHHKAHHSA
W [TOBEPXHOCTBIO KOHTAKTa KOHYCa ¢ IpyHTOM. BiusHue nperpaibi mpH
COMPUKOCHOBEHHH C HEIO MOBEPXHOCTH CMEHICHHA H CKOJIbXXCHHA OTMEYa-
€TCA IO YBEJIHWYECHUIO YCUIIMA TPOHUKAHUA M HArNAJHO TNPEIACTABJICHO
rpaUKOM B CHCTEME KOOPJMHAT: YCHJIME NMPOHUKAHHA — KBaJpar rinyOu-
el A (puc. 5.9).

Cnoco® onpenenenus pasMepoB NOBEPXHOCTH CMEWIEHHA U CKOMbXe-
HUA 110 BJAWAHUIO TIpErpanbl 3aiMiueH a. ¢. 635169 ot 21.04.70 r. (aBTOp
IO.A. EnsnoB), nposepeH U noapodbHo uznoxed B [13], noatoMy 31ech
OXapaKTEPU30BaAHbBI JHIUIbL MPHHIMAMHAAIbHbBIE TIO0XKEHUAL.
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2

Puc 5.9. I'paduk 1ipoHHKaHUs KOHYCA: P — YCHIINE NPOHUKAHUA, & — ryOuHa,
[ — 6e3 BAUAHUS, 2 — C BIIMAHHMEM NHA, 3 — C BAUSHHUEM CTEHOK

HcnsiTanne rpyHTa, NOMELECHHOTO B KOABLUO WIH THIb3Y, BEAYT C pe-
ructpaimeit rnyOUHBI NMPOHMKAHUA W CTYNEHEH Harpy3kd Tak, 4ToOBbI
MOXHO ObLJIO MONYYUTh HETIPEephiBHBIN rpaduk nponukaHus. Ucnoas3yor
pPa3HOYIrOJIbHBIE KOHYChbl, INOMEPEMEHHO IIOrPYKAaeMble B KOJBLO WIH
TUIB3y C FPYHTOM M OTAEJBHO B MOHOJIUT MOBBIIIEHHBIX Pa3MEpOB, COE
BIIMAHHUE TIPETpabl YK€ HE CKa3biBaeTCH.

PesynbtaTsl UCnbITaHUU 0OpabaThIBAlOTCA OTACIBHO JJIA KaXAOro TH-
ra KOHYCOB IyTEM HAJIOXKE€HUS HA OJMH rpaduk NaHHBIX NMPpOHUKaHUA Oe3
BIMSIHHA M C BJMAHHMEM JHA M CTCHOK B CHCTEME KOOPAMHAT P — A° unn
P — F. Touku ¢ koopauHaTtamu P, h* Ha rpaduke COENUHIOT NPSAMBIMH,
BhileJiAs HanboJsiee XapakTepHble HHTEPBaibl OTKJIIOHEHHMA OT NPAMO Mpo-
nopunoHansHocTd (4, B, C, D). ITpu sToMm cihenyeT uMeTh B BUAY, YTO
BJIUAHHUE JHA MOXET NMPOABIATHCA OUECHb Cl1ab0, ¢ HE3HAYMTENILHBIM Orne-
pexeHneM npudimxeHus BepiinHbl KoHyca 30° ko aHy.

Hndg Toyexk OTKNOHEHMA rpaduka NPOHUKAHUSA KOHYCa B TIPYHT
(B KOJIbLIE MJIM TH/Ib3€) B OMNbITAX C BJIUAHHUEM INIperpajibl ONPEAC/IAIOT CO-
OTBETCTBYIOLIME MOIYJIH BIUAHUS.

PaccuurtsiBaioT Monyne A s ONpele/IiCHUd paauyca 30Hbl CMEUICHHS
M0 OTHOIIEHMIO pajaMyca IPyHTa B TWb3€ /. K I'IyOHHE NMPOHUKAaHUA A,
B ITPYHT, COOTBETCTBYIOLIEH Hayaly NEPBOA CTyNeHM BO3pacTaHus Ha-
IPY3KH OT BJIUAHUSA CTEHKU CHIIB3bI:

A=r.[h . (5.6)
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Mounyas B ansg onpedencHus paauyca 30Hbl CKONBXEHUS BbipaXaerTcs
OTHOLIEHHEM paJuyca IpyHTa B T'wib3e r, K rinybuHe h; norpyxeHus
B ITPYHT B MOMEHT HadaJila BTOPO! CTYIIEHY BO3paCTaHNA Harpy3KHu:

B=r/h,. (5.7)

AHJIOrMYHO HaxooAT Mmoayib C ofipeaeneHus riayOnHsl 30Hbl CMELIE-
HHA 110 OTHOIUEHUIO BBICOTHI KOJIbLA C TPYHTOM A, K rayOuHe h;, rae ot-

MEYACTCA HAYAJIO MCPBOI'0O HHTCPBAJIA YBCIIMUCHHUA YCHIIUA NTPOHHUKAHHUA OT
BIIUAHNAA HA.

C=h/h. (5.8)

VYcranapnuBaioT Moayns D pia onpepeneHUs riayOMHBI 30HBI CKOJIb-
YKeHMS, NpeacTaBICHHBIA OTHOLIEHHEM BBICOThI IPYHTA B KOJIBLE A, K Iy~
OuHe 74, COOTBETCTBYIOLLEH HaYasly BTOPO# CTYNEHH ITOBBLIIICHUS Harpys-
KY NpY NMPOHUKAHUMU KOHYCa B PYHT:

D=h/h, . (5.9)

[To nonyvyeHHbIM MOAYJIAM PacCUMTHLIBAIOT OCHOBHbIE pa3Mepbl MO-
BEPXHOCTEN CMCLICHHUA M CKOJILKEHUS s J1000# rnyOuHbl NOrpyxeHus
otae/ibHO Ana koHycoB 30, 60, 90°. Ina atoro monynu A, B, C, D yMHO-
KAKOT Ha 3a0aHHYIO MyOUuHy A:

Ry = Ah;
Ry, = Bh;
He = Ch: (5.10)
Hy = Dh.

BbluepuuBalOT CXEMY BEPTUKAILHOTO CeYeHUs A€HOPMHPOBAHHBIX 30H
BOKPYI 3aaBieHHOIo KOHyca 1o cxeMme puc. 5.10, rne obpasyrowas no-

BEPXHOCTH CMEUIEHMA npoBoauTcd yepe3 Touku K, K, paguycom R, u3

Touku (O’ nepeceucHuss ocu OZ NEPNEHANKYIAPOM K CEPElHE XOPIbI,
COEAMHAIOIENA TOYKH, KOOPAHHATHI KOTOPLIX (Ry, 0) 1 (0, Hy).
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Puc. 5.10. Cxema nocrpoeHus jinHui, 00pasyiolinx NoBEpXHOCTH CMelICHUS /
U CKOJBLXKEHUSA 2 NPU NPOHHKAHKM KOHYCA, BEBIBJICHHBIX O BAUSHUIO JHA U CTEHOK

Obpa3yiomas MoBEPXHOCTH CKOJIBXKEHHUA CTPOUTCH U3 BEPIUMHBI KOHY-
ca mo toyku C,(r,H;), 3areM pe3ko nosopauynBaercs Ha 90° u mposo-

OWTCS MNapajulesibHO oOpasyoued koHyca no touku C,(2r,z = rctgf)

u panee o touku Cy(R0). [IpomexyrouHbie Touku obpasyowux [ v 2

HaxXo AT Mo BIMSAHUK) CIICHHAANIBHLIX BBICTYIIOB B CTCHKC HUCIIONIB3YCMOI'O
KOJIB1A.



Mnaea 6. YCTOMUYUBOCTbL CKNOHOB

H3BecTHBIE METOABI paCYETHON MPOBEPKH YCTOMYMBOCTH CKIIOHOB (paBHO-
npouHoro otkoca H.H. Macnosa, kpyrmon/JIHHAPHIECKUX TOBEPXHOCTEH
M Ap.) NO3BOJIIOT HAWNTH BO3MOXHOE OYEPTAHHE MIOCKOCTH CKOJIBXCHHA
0c¢3 yueTra HanpsAXKCHHOrO COCTOAHMA, T.€. O0e3 moapa3AciieHNA Ha IJIH-
TEJIbHYIO M MIPEACNABHYIO YCTOHYMBOCTH.

JINUTENbHYIO YCTOHUMBOCTD OTOXAECTBUM C MPEOJOJICHAEM YIIPYTOro
COTNIPOTHUBIICHUA cABHUry. IIpuMeM 3a OCHOBY YCJIOBHE pPaBHOBECHUS MO
ypaBHEHUIO (2.6) ¥ 3anMLIEM €ro B BUAE

oy(1-tge) = 2¢, +[o,(1- tgp) + o5 (1 + tgo)]tge, 6.1)

rae ¢, — CUCIVIEHHE npeaesa yIpyrod craauu, no ypaBHeHmo (2.8).

y
PaBHOAEHCTBYIOIAA HANPAXEHUA C, W O3 [0 HAKIOHHOW IUIOCKOCTH

COCTaB/IACT O = 0,C0s0 + 045in0 . Ee npoekuns Ha FOPU3OHTAJILHYIO TUIO-

H
P

B xpaeBoif 30He ckioHa (puc. 6.1), rue 6, = G4, PaBHOACHCTBYIOHIYIO KOTO-

IAAKy ApH KOCOM casure non yriom 45° Oymer ¢, =o,c080 =6, =0;.

PbIX NPHPABHSAEM HAIPAKEHHUIO TPEHHs CO 3HAKOM MUHYC, Gy = —C, . Toraa

C YYETOM IMPEOJONECHUA YIPYIoro cueruieHns 0yieM UMeThb

o, =ph=c(l-tgp)=2c, . (6.2)

Puc. 6.1. CxeMa K pacyery BEPTHKANBLHOrO 06peiBa: a — miax; 6 — pa3pes
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Ortciona BbicoTa 00pEIBa NPH AONTOBPEMEHHOM YCTOHYHBOCTH COCTABHUT

h, = c(1 — tg @)/ p. (6.3)

Bemwunna hy, 1o (6.3) MoxeT ObITh MPUHATA 32 BHICOTY BEPTHKAJIbHO-

ro oOpeIBa, He TpeOYIOLLIEro KperseHn,.
HaudHast ¢ KpOMKH, [0 OOpLIBY BO3HHKaeT OOKOBOE aKTHBHOE [iaBJie-

HHE OT BeCa I'PyHTa (IpeooNieBalonice yIpyroe CONpOTHBIIEHUE CABUTY),
BEJIMMHUHA KOTOPOrO COCTABHUT

Ea - h(“z max )/2 ’ (6'4)

FOE Oy, — MAKCUMAJLHOE NMONEPEYHOE HANMPIKEHHE MO MOJOIIBE 3a-

JaHHOTO CEUYCHUA.
Kak n3BecTHO,

O, = VO, = Vph, (6.5)
rae sHageHue v paBHo no (1.17)

v=(1-tgp)/ (1 + tgp) = tg(45° - p), (6.6)

TOorda AJid 3addaHHOI'0O CCUCHNA, Ha CAHHHULY JJIHHBI CKJIOHA, GyneM MMCTDH
E_ =0,5ph’tg(45° - ). (6.7)

AKTHUBHOMY JAaBJIEHHIO IPYHTA IPOTHBOCTOSAT CHJIBI TPEHHUS 110 MMOOMI-
B€ CKJIOHA 3aaHHOro ceueHus (puc. 6.2), BenuuHHa KOTOPBIX Ha €AHHHILY
JUTHHBI OTKOC2 COCTaBHUT

T=1x,, (6.8)
roe
T, =otge+c, =05(h - b, )ptgo +c, . (6.9)
[Ipupasusiem E, 3Hayenuto T u3 (6.8), Torna

x; = [ph;’ tg(45° — @)] / [p(hi— hy)tgo + c(1 - tg)]. (6.10)

Ypasaenue (6.10) nozsonser onpenensars KOOPAHUHATHI CKJIOHA X, MO

33IaHHOMY 3HAUCHUIO A, B YCIIOBUAX JJIHTEIILHON YCTOHYHBOCTH.

80



Puc. 6.2. PacueTHas cxema npoduis ckaoHa

[To nocTpoeHuto puc. 6.2 Hainem yroj HakJioHa oOpa3yiouieil CKiaoHa
K TOPH30HTY:

tga = dhj dx . (6.11)

AHAJIOTUYHO BBIMICONMUCAHHOMY HAXOMATCA KOOpAUHATHI 00pasyromeH
CKJIOHA NPEeRENbHON YCTOMYHUBOCTH MPH NPEACTBHBIX 3HAUYCHHAX CLEeIie-
HUA:

x, = [ph; tg(45° — @)] / [p(hi— hu)tgo + 2c]. (6.12)

ConocTaBjIeHUE HPHUPOAHOrO OINOJI3HEBOIO CKJIOHa Ha Oasze «Kpyrbie
ropku» ¢ npoduieM, paccuntaHubiM nio (6.10), namo xopomee coBnaie-
HHE U [TO3BOJIWIO AONIONHUTEJIBHO BBISBUTH Pa3MEPhbl 30HbI BHIBETPHBAHUS
(cMm. puc. 6.4).

[IpousBeneM npoBEpKY MNPEMIOKEHHBIX (OPMYS B CONOCTABJICHHH
¢ MeTooM «Fp» paBHOompouyHoro orkoca H.H. Macnosa no koopauHaTam
YHCJIEHHOTO HUX OIpeAcseHUs ¢ UCNONb30BaHUEM XapaKTEPUCTHK IPYHTO-

BOro orkoca: ¢ =15°, ¢=0,04 Mlla, p=20 kH / M> u3 [20]. Pe3ynbrars
pacyeTra JaHbl B Tabi. 6.1 u rpaduyeckyu Ha puc. 6.3.

Tabauya 6.1. KoopaAUHATHI KOHTYPOB CKJIOHA

[Tpumeua-
HHe

Pa3Meps rop13oHTaNIBHON KOOPAHHATHI X

h [ 146 ] 20 | 40 | 60 | 80 [ 10,0 | 12,0 BricoTa
o | = | 07 [ 27 | 61 | 96 | 145 | 193 Mo «Fp»
x, {088] 1,4 | 43 | 78 [11,5] 154 | 194 Io (6.10)
x, | 03] 06| 19|40 | 64|92 |12 o (6.12)
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M3 BBIOJIHEHHOTO COMOCTABJICHUA ClIEAyeT, YTO pa3Mepbl NpodHIIL
JUIXTSIBHON YCTOMYMBOCTH OKAa3aJICh COBNAJAMOIIMMH C TMOKa3aTeIaMHU

MeTOna « £,» — PaBHOMPOYHOIO OTKOCAa. B OT/IMYHE OT COMOCTABHMOTO

criocoba IMpeATOKEHHbIN [103BOJIAEr HAXOAWTh BBICOTY BEPTHKAIBHOIO
OOpbiBa, NMOABEPTalOMIEroCcs BHIMOJAKHUBAHHIO IPH BBIBETPUBAHUM B HaH-
Oonpuieit CTENneHH. BaXHBIM OTIMYHMEM HBIAETCA TaKKE€ BO3IMOXKHOCTH
YCTAHOBICHHA Npoduasa npenesbHOro (KpUTHYECKOro) COCTONHHA, obec-
[ICYHBAIOLICTO JINIL KPAaTKOBPEMEHHYIO YCTOWYHBOCTH, HAIpHIMEp, INpH
pa3paboTke rpyHTa B KOT/IOBaHAX U Kaphepax.

Kax cuurtact 3.I'. Tep-Maptupocau: «lereHne CKIOHOB HA yCTOHYH-
BhI€ H HEYCTOMYMUBhRIE YCIIOBHO», HO OHO HeoOxonumo. [1oatomy nmponsse-
JICHA WHXXCHEpHas IpOBEpKa onpelesicHUs Takod YyCTOWYHUBOCTH. YCTOMH-
9ABOCTH CKJIOHOB, Kak M3BECTHO, XapaKTEePH3IYeTCA OTHOLICHHEM MOMEHTA

CHJI yiepXKUBAIOUX M, K MOMEHTY COBHraromux M, :
n=My/Mc. (6.13)

B ycnoBuAX pa3sBUTUS MeOCTAaTHYECKUX HANPAKEHHH, O] ACHCTBUEM
NPEUMMYIIECTBEHHO CHJI TPaBMTallMH, MOMEHT CWIbI M 1M NpoBEpAEMO-

ro CKJIOHa MOXHO MPHHATL paBHBIM MOMEHTY CHJI CKJIOHA JUIHTEJILHOU
WIH MOpeleabHON YCTOHYMBOCTH, TOTAAa OTHOCHTENbHYIO YCTOHYHBOCTH
3aIaHHOT0 MacCHBa MOXHO HaXOAWTb U3 COMOCTABJICHHA TOJBKO MOMEH-

TOB CHl M, . JIEHCTBHTENBHO, €CJI B STAJIOHHOM — 3alaHHOM — pa3spese
3 3 3
NPHHATL 1 = M, /Mc =1, a no paccmaTpupaeMomy M’ = M;’/Mf , TIe

M? =M_ 1o NpuHATOMY YyCJIOBHMIO, TO M3 OTHOLIEHMA mM" / n° MOXHO
onpeaenurs Ko3PPHLUHEHT OTHOCHTEIbHOMR YCTOHUHBOCTH:

ﬂn':Mf/Ms; (6.14)

rne M? ¥ M] — MOMEHTB! CHJI CIBUTAIOIIMX TI0 PACCUHTEIBAEMOMY IIpO-

(IO B COMOCTABJIACMOMY.
B dopmyse (6.14), opu paBHO# BBICOTE CK/IOHA (paguyca BpalLEHHUA)
H B OJIHOPOJHLIX I'PYHTaX, KOA(PPUUHEHT M, ONpedcNUICI U3 COOTHOLIE-

HUi pa3MepoB Myrd BpallCHUS 10 3aJaHHOMY CE€YE€HHIO K Jyre M0 3TaJIOH-
HOMY, IIPUHATOMY 3a OCHOBY COIIOCTaBHTENILHOT'O aHAJIN3a.

JInd pacyeTHOH NMpaKTUKM JOMYCTUMO 3aMEHATH AYTy BpallEeHHUS UIH-
PUHO# NIPH3MEI CKJIOHA [0 PacCMaTPUBAEMOMY MJIM 3TAJIOHHOMY CEYECHHMIO.
Torna, NpuUHAB B Ka4eCTBE ITAIOHHOro Mpodwak, rae KacaTelbHbIE Ha-
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NPSHKEHUA JOCTUTHYT PasMEPOB, MPEOJ0JIEBAIOLIMX CHIIbI TPEHHUSA, LIIHPUHA
OCHOBaHHA onpeneyurcs no ypasHeHno (6.10) wnu (6.12). Orcrona dop-
Myny (6.14) MOXXHO 3anucaTth B BUIE

Ne =x,3/x,3l : (6.15)

rac x, — HIHpHHA CKJIOHa CCTCCTBCHHOI'O WIH 3aAaHHOI'O OU€PTAHHUA, HA-

npumep 1o (6.10) unm no (6.12), B 3aBUCHMOCTH OT LIEJIH CONMOCTABJICHHUS;
X, — WIMPUHA 3TAJOHHOIO CKJIOHA, NpedHa3HAYEeHHOro I COMNOCTaBH-

TCIIBHOIO dHAJ1HN3a.

dopmyna (6.15) ynobua ans npubIMKEHHOM OLEHKH M CONOCTaBJE-
HUii. JIeCTBUTEIBHO, €CJIM B KA4€CTBE LIMPHUHDBI 3TAJOHHOTO CKJIOHA MPH-

HATH PACUCTHOC 3HAYUCHHUE X, U X, , TOI'la B CONNOCTABNICHHHU C pasMCpaMH

NPUPOIHOro CKJAOHA B paCCMAaTPHMBAEMOM CEYEHHMH MOXXHO YCTARHABJIHBATh
CTENEHb YCTOMYMBOCTH MOCHAEAHETO MO OTHOLUESHHIO K NEPBBIM, T.€. K Npe-
NEeJIbHOW U MINTEJILHOW CTENEeHW YyCTOMYMBOCTH. Tak, ecniu IWMpHHA M0-

AOLLBBLI NMPUPOAHOro CKJIOHA Oonblie pasMepoB x, 1o (6.12) n MeHblIe

BbiUMCIeHHBIX 110 (6.10), TO TakOM CKJIOH OTHOCHUTENBLHO CTaOHNEH, HO elle
HE JIOCTHUI COCTOSHHUA MIUTEIHHON YCTONYHBOCTH.

0 . 10 20 | X, M
‘ 4 T T

1071 \

15 !
YA M 3 5

Puc. 6.3 1locrpoenue n conocrasnenme npoduieit cknona: / — no H.H. Macnosy;
2 — anutensHoR ycroluusoctH no (6.10); 3 — npeaensHo# ycrofiunsoctv no (6.12);
4 — BepTHKaNbHbIH OOpLIB — 30HA BBIBETPUBAHHS
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Puc. 6.4. Paspes no onosisHeBOMY CKNoHY p. KaMbl ¢ KOHTYpaMH JUTMTEABLHOMN « Ay,
NpelenLHOA «K» YCTORYMBOCTH U 30HbI HHTCHCHBHOIO BLIBCTPUBAHUS «B»

ITIpennoxxeHHas METOAHKA HE NMPETEHAYET HA MOJHOTY Y4Y€Ta BCeXx, 10-
BOJIbHO MHOIOYHUCNIEHHBbIX (DAaKTOPOB, BIHAIOIINX HAa YCTOHMYHBOCThH CKJIO-
HOB, HO B NEPBOM NPHUOIMIKEHUMN MO3BOJSAET CHPOrHO3IUPOBATH AANbHEH-
IHIe€ H BO3MOXHOE pa3BUTHE OMOJI3HEBOrO NpoLecca.

[1o n3noxeHHON MeToaouKe, 10 pa3MepaM €CTECTBCHHBIX CKJIOHOB M3
[20], ObiIH BBITIONHEHB! pacueThl 0 YCTAHOBJIEHUIO K03 duIIMEeHTa OTHO-

CUTEIBHON YCTOHYHUBOCTH 1|, B CONOCTABJIEHHH C apaMeTpaMy Npeleiib-

HOro coctosHug no (6.12) Ha rnybuHe noaowiBbl CKJIOHA. BLIYUCIIEHHbIE
3HAYCHUA X,, X, NOMELEHH B Tabu. 6.2 B cONOCTaBIIEHUH C KO3IPPHLH-

eHTaMH YCTOMYMBOCTH, 110 pe3yjibTaTaM APYrux UcCiaenoBaHuil. B tabau-
e HIMPHHA NMPHPOAHOro CKJIOHA Oblia BBIYMHCIICHA 1O BBICOTE CKJIIOHA F
U CpEHEMY YIJIy €ro HakjiIoHa a, a HyMepauus rOPU3OHTAIBHBIX CTPOK
COBINAAAET € MOCIeN0BaTENbHOCTLIO nepBOoUCcTOYHHKA [20]. PacueTh! noka-

3bIBAIOT, YTO KOIPPHUHMEHT OTHOCHTENILHON YCTOMYHMBOCTH 1), MO YMHC-

NEeHHbIM pa3MepaM B OONBLUIMHCTBE Clly4yaeB 3aHHUMAET MPOMEKYTOYHOE
NOJIOXKEHHE  MEXAY 3HAaYECHUIMH  KO3QPUUMEHTOB  3amaca o
B.B. Cokonosckomy ¥ H.H. MacnoBy, a B rpade 7 00 OTHOLIEHMIO rpad
6/4 BBIABJISIOTCA OTKOCHI U CKNOHbI, JOCTUILUINE MUIUTEIbHONH YCTONYHBO-

CTH, Koraa n, > 1.
Bricota BepTukanbHoro obpeisa no B.B. CokonoBckoMy onpeaensercs

1o popMmye

2ccosP

p(1-sing)

h, = [2cctg(45° - (p/Z)yp = (6.16)
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Tabruua 6.2. IlapaMeTphi eCTeCTBeHHLIX CKIAOHOB

Yron KoadbUuKeHT 3aaca H OTHOCHTEAbHON YCTORIHBOCTH N0 METOLAM
OTKO- e 10 (6.15) 203 Coko- |Mac1osa
caa, | x=f[H) sad Teitnopa | Genopoa | Tepuarn | Yyraesa | Kpes 'JIBB{:KGI‘G Fop
rpan 4/5
+ o2 1 3 [ 4 1 5 1 6 f 7 | & | 9 { o [ u f 12 | 13 § 14 | 15
- 1. MPAPOIHKIE CYXUE CIJIOHEL NOBOJDKLA
S 155 | 44 | 6 | 102 | 216 | 1,3 | 16 3,2 2,1 1
7 75 | 29 | 135 | 24 | 52 | 04 | 5.6 45 | 45 1 a2 | 43 | 42 [ 45 1,8
3 m-m-m 1
4 | 85 | 44 | 88 | 36 | m—2,4 30 29 29 {30 | 29 I 30 [ 1
5 497 | s } 14 T 24 | 24 } 24 1 24 | 24 | 12 | 07
_6 -m-m-m 0.9
7 | w0 | 4 | 19 [ 32 | 75 [ 06 | 37 [ 44 | 44 [ 44 | 46 | 44 { 35 14
8 | 48 | 49 1 25 | s8 | 12 | 20 { 44 | 46 | 44 | 47 | 44 | 25 !
9 40 F w07 | 63 ] 132 f 42 o7 [ 33 b 32 F 31 | 32 | 31 | 19 | 09
10 20 42 2.2 5.2 5.8 0,4 4,3 2,8 1
2. BE3BOJHBLIE CKJIOHbB] 3ANOPOXCKOH OBJIACTH _
1 56 | 94 ] 26 | 49 | 05 -
12 56 0,5 28 2,7 0.8
13 50 1 1009 | 65 | 116 1} 2,3 0.9
eSS
15 2,7 1,2 3 1y | 22 4,6 48 | 46 | 48 0,7
16 6 [ 61 | 89 ¢ 31 | 56 | 06 | 29 0.8
17 13,5 -E-Em 1
18 2 6 11,3 0,9
9 [ 12 ' ss { 84 {35 t & 1 1 { 24 " 31 § 34 {3 {1 32 | 32 | 23 | i
20 | w6 ] €3 | 82 } 7 | 132 | 16 | 12 | 36 | 37 1 35 | 38 | 36 | 23 [ 07
24 | 95 | 32 [ 152 | 39 | 58 | o4 | 39 [ 2% [ 21 | 2 | 23 | 22 | - 1 -
3. OBBOIHEHHAIE CKJIOHBI ¥ OTKOCHI
22 | 54 7 20 | 1484 | 318 1 433 ] 03 | 47 } -} - 4 2 | 21 | 2 ] - | 5
23 { 182 | 32 { 291 t 95 ¢ 151 1 es Y} 31 I 1T - 1 2 1 2 ) 9 1 - 1 1
24} 20 | 29 | 31 | 88 | 64 | o5 | 4t | -t - | 26 1} 26 | 26 | - | 09
25 | 30 | 4 | 313 | 181 | 232 | o7 ' 37 | -~ [ - 1 43 I 14 1 13 | 19 | 09
26| 350 1 23 1 85 1 42 | 715 1 09 } 18 1 - | - | 14 1 14 | 14 F 12 | 09
27 { 9 I 25 | 193 | 66 | 276 | 14 | LU § -t - 12 @ 12 4 {2 { - | i
28 1 95 { 13 | 41 1 208 | 349 | o8 | 20 1 - | - 1 32 1 33 } 13 ] 13 ] 10
29 1 93 | s | 347 | 184 | 323 | 09 | 49 - 1 - P12 § 12 | 12 [ 13 [ 10
301 29 | 19 | 82 | 294 | 363 | o4 | 28 | - | - | 14 1 15 | 14 | - | 10
3 ) 7 ] w | 23 { 57 | 79 | o4 | 35 | ~ | - 1 7 | 5 | 1,8 | 13 | 11



[lo B.K. LiseTkoBy [14]

b, = [ectg(45° - @/2))/2p | (6.17)

T.€. OOpBIB COCTABJIAET 4€TBEPTH BuICOTHI A, 110 B.B. CokonoBckomy.

B Tabn. 6.3 nausbl, is conocraBieHHs, pa3Mepbl BHICOT OOpHLIBOB,

BBIYMCACHHBIX 110 popmynam (6.3), (6.16), (6.17). 3nech ke NpHBEACHBI
pacyeTHEIE€ ITOKa3aTe/Id TPyHTa B JionojiHeHue K Tabn. 6.2 ¢ coBnajgaro-
e Hymepauue BepTHKANbHOU CTPOKH /1.

Tabauya 6.3. ConocraB/ieiHe 0CHOBHLIX NAPAMETPOB CKJIOHOB

nlbleienlinl=h

BricoTa 06psiBa h;,,

no (6.16 mo (6.3)

No BsicoTa PacuyeTHbIE MOKA3ATENIU FDYHTA

n/n_| cknoka H, M m c, /M

1 15,5 12,5 16,8 5,6
2 7.5 1,7 23 6,0 10,3 2,6 2.0
3 11,0 188 | 22 5,5 8,7 2.2 1.7
4 8.5 1,88 22 5,5 8.7 2.2 1,7
5 31,0 2,09 14 20,0 245 6,1 7.2
6 24.0 1,86 12 18,0 23,9 6,0 7.6
7 10 2.01 21 11,5 16,6 4,2 3,5
8 5,5 1,88 10 1.5 9.5 2.4 3,3
9 9 1,88 | 10 7.5 9.5 2.4 3,3
10 20 1,95 30 10 17,8 4.4 2,2
11 14 1,71 31,8 8,8 18.4 4.6 2
12 16 1,71 31,8 8.8 18,4 4.6 2
13 13 1,99 212 7,3 10,7 2.7 2.3
14 14,3 1,83 23 11,8 19,5 4.9 3,7
15 5.3 1,83 24.5 6,8 11,5 2.9 2
16 16 1,71 31,8 8.8 18,4 4.6 2
17 13,5 1,71 31,8 8,8 18,4 4.6 2
18 12 2,01 20 7,7 10,9 2,7 2.4
19 12 1,83 23 11,8 19,5 4.9 3,7
20 16 1,93 21.8 10 15,4 3.8 3.1
21 9.5 1,99 26,5 3,5 5,7 1,4 0,9
22 54 2,2 24 14 9,8 2.5 3,5
23 18,2 2 22.5 7.8 11,7 2.9 2.3
24 20 1,97 22 126 | 19 4,7 3,8
25 30 1.8 | 245 5.1 8,8 2,2 1,5
26 35 1,92 | 125 10 13 32 4,1
27 9 1,95 | 8 2.5 l 3 0,7 1,1
28 95 | 1,92 6,5 2.4 2.8 0,7 1,1
29 9.3 1,95 6,0 2.9 3.3 0,8 1.3
30 | 29 199 | 195 38 | 2.7 0.7 1.2
31 | 7 i 1,92 20 1,6 ] 24 | 06 0,5
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M3 ananuza nanHsiX 1abn. 6.3 BeiCOTH 0OpBIBOB 1O ¢opMyne (6.3)
Onu3ku pazmMepam no ypasheHmo (6.17), npemnoxennomy B.K. I]seTko-
BbIM. PasMepsl BeICOTHI 00pbiBa MO (6.16) sBHO 3aBHILLEHL! U HE MOIYT
NPUHUMATLCA BO BHUMAHUE, KaK He HaOnmoaaeMsie B npupoae. Tak, pac-
yeTHas BbICOTa 0OphiBa o (6.16) B Tabn. 6.3 nmoa HoMepamu 1, 2, 4, 7
K T.4. 0Ka3anach BbIIIC CAMOro CKJIoHa. A oOpeiB o Ne 15 mpesbicun

ero BLICOTY B 2,1 paza, yron HakJOHa KoToporo coctaBui 63°. OrTcyrct-
BUE BEPTHKANIbHBIX OOPLIBOB Y PACCMOTPEHHBIX CKIIOHOB M OTKOCOB
MOXXHO OOBACHMTH TakK)Xe HX BbINIOJIAXXHBAHMEM IIPH BLIBETPHUBAHUM.
B npupoae BepTHKalibHble OOpPbIBbI HAONIOAAIOTCA NPEUMYILECTBEHHO
y CBEKHX OIOJN3HEMN.

[TIpoBepka nprumeHuMocTH ¢opMyn (6.10) u (6.12) Obina ocyuiecTsiie-
Ha NpH U3YYEHHH ONOJI3HeBOTro CcKiloHa (Ha p. Kame) [14]. Ha puc 6.4 na-
Hbl pe3yabTaTbl rpadUueckoro HajloXeHda npoduwied ANUTenLHOH
! nipelenbHON YCTOMUMBOCTH Ha NPOoUIb CeYCHUs KOPEHHOrO CKJIOHA,
OCJIOXXHEHHOIO NPUrpy3koit B H¥DKHEN 4acTy B BHIE HEOONBIIOrO OCTaH-
1a OBpaXXHOro npomoBusA. bonee noapoOHbie CBeaeHNs 00 ONOJ3HE U3-
NIOXEHbI B HAYYHO-HCC/IEA0BaTENILCKOM OTueTe, peruct. Ne 01880068107,
1990 r., MxeBck, HxeBCkuit MEXAHHUYECKUH HHCTUTYT.



I nasa /7. [IPOHNKAHVE KOHYCA
B CMNOWHYIO CPEQY

7.1. SKCnepuMeHTanbsHo-TeopeTuyeckoe odbocHoBaHue
NPOYHOCTHbLIX UCNbITAHWUIA NPOHUKAHUEM

HccnenoBaHUs NMOCpEeACTBOM IIPOHUKAHMA KOHYCA B CIUIOHIHYIO Cpedy
Ha riyOMHy He Oonee €ro BbICOTHI MO3BOJAIOT H3y4YaThb (PHIUKO-
MEXaHHUEeCKUEe CBOUCTBA Y NOKAa3aTeau B NMOBEPXHOCTHOM ¢¢ cnoe. [pu
3TOM PETUCTPUPYIOTCS YCHIIME U rNYyOMHA BHEAPEHUSA HAKOHEYHHKA U [10
HHM HaXOIMTCH MpsMas XapakTepucTuka — pasasur V. [lox BeauuuHon
pa3aBura ¥ moHUMaeTcs NaBNICHUE, NPUXONsALeecs HA eMHULY OOKO-
BOM MOBEPXHOCTH MOTPYNEHUA KOHYCA B PEKUME NMPOHUKAHUA:

V=P F=const, (7.1)

roe P — ycHnne nmpoHuKaHus, F — OOKOBas NMOBEPXHOCTh NMOTPYIKCHUS
B HCIIBITYEMYIO cpeay [13].

Bo3MOXHBI ABA OCHOBHBLIX PEXHMA MCIIbITAHUsA NMPOHMKaHUEM. [Ipu
MEPBOM PEKUME HEMPEPHIBHO UIMEPSAETCA MyOUHA H YCHIHE NMPOHUKA-
HUA. JTa METOAMKA NMPEUMYNIECTBEHHO HCIONb3yeTCa NpH aaboparop-
HbIX HCHBITAHUAX W AAA PEUICHHA CrieHHaJIbHBIX 3a/ayd, Hanpumep s
M3Y4YEHHUA BJIUAHMA IHA U CTCHOK W OTpelesIeHUs rpaHHy pasaena. llpu
BTOPOM DEXHME PETUCTPHPYETCS TOJILKO KOHEYHOE YCHUJIME BHEAPEHUS
P npu 3anaHHOM rnyOMHE NpPOHMKAHUA, YTO AONMYCTUMO U3 YCIOBHA
V = const. DTOT pe)XuM NMPUMEHAIOT IPH HENOCPEACTBEHHOM OnpodoBa-
HHH IPyHTa B KOTIOBAaHAX M APYrux BbipaboTkax. 31eCh UCMONB3YIOTCH
PY4YHBIE NPOYHOMEPDH! KaK ¢ OJHUM KOHYCOM 30°, Tak M ¢ NPUMEHEHHUEM
HAKOHECYHMKOB ¢ pa3HbIMHM YIJIaMM NpH BepiiuHax {15].

[1Io pe3yabsTaTaM HCHBITAHUA PA3HOYTOJILHBIMU KOHYCAMU OIPELEIIs-
eTcs Ko3hdULUEHT pa3BHra:

K, = v, , (7.2)

rae ¥V, U V, — pasaBurd KOHycoMm 30° H KOHYCOM C HHbIM YIJIOM [pH

BEPILIHHE.
[Tpy npUMEHEHMH HECKONIbKHX Pa3HOYTONbHBIX KOHYCOB yCTaHaBJIH-~

BarOT cpeaHuit xo3phuHeHT pazasura o gpopMyne

KV — [/I(VZ + V3)/2V2V3 ‘ (7-3)
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B pabote [13] nokazaHo yMEHbIIEHUE NOTPEIIHOCTH B ONPEAEICHUH
c 4 ¢ B bosiee yeM 1,5...3 pasa, eciid BMECTO ABYX NPUMEHATh HE MEHEE

TPEX pa3HOYroJIbHbIX HaKOHEYHHMKOB, MO3TOMY HMCIIOJb30BAaHHE K, sAB-

NAETCA NPEANOYTHTEIbHBIM.
I'padux 3asucuMmocTH K, OT yria BHYTPEHHEro TPEHHA ¢ Ha

puc. 7.1 cocTaBieH N0 cpeHEB3BCIICHHEM 3HAYEHHUAM MapasiebHbIX
MCITLITAHUN MPYHTA pazHoyrosibHbiMU koHycamu (30, 60 1 90°) u B npH-
Oopax OAHOMIOCKOCTHOrO CABUIAa MO APEHHPOBAHO-HEKOHCONUAHPO-
BaHHON cxeMe (OBICTPhIN CABHUIY) 0OpabOTAHHBIMH METOJAAMH MATEMATH-
YEeCKOI CTATHCTHKH.

tge
@, rpal

0,3

30

20

10

0
0,3 0,4 0,5 0,6 0.7 Ky

Puc. 7. 1. CBA3b MEXlY YITOM BHYTPEHHErO TPEHMUS rPYHTA (@ U CpeaHHUM k03(-
¢HUUMEHTOM pa3aBura Ky : crinomHas JHHUA | — 10 TEOPETHYECKUM OfIpeac/ie-
HHAM; NYHKTHP 2 ~ CPEAHEB3BEIIICHHBIC DKCNIEPUMEHTANILHBIC SHAUCHHS NPH
npuMeHeHHH koHycoB: 30, 60 1 90°

Hanuuue koppensuuoHHO#M CBA3U Mexay Ko3pPuuHeHTOM pa3faBura
U YIJIOM BHYTPEHHErO TpeHuA, ONM3Koi K QYHKUMOHANIBLHOHN, NMO3BOJIAET
OTIPEACAATh 3HAUYCHHA ¢ MPKH UCIBITAHHH IPYHTA HECKONBKUMH pa3Ho-
yrojibHbIMU KOHyCaMH. Takasi BO3MOXXHOCTb, KaK U3BECTHO, OTpHLIAIACh

HEKOTOPLIMHU HCCIIEA0BAaTENIMY, NosjaralomumMe K, =const, rae K, -

KO3 HUHMEHT NPONOPUHOHATLHOCTH, TOXACCTBEHHbIH K .

HecocToATenbHOCTh YTBEpPXKICHUA 0 K, = const Noka3aHa HaMH

B pabote {13]. MHuenue, uto K, = const ecTb pe3ysibTaT HEOOOCHOBAH-
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HOTO ocpeaHenus koadguuueHtoB K, (30°/60°), skcnepuMeHTaNbHbIE

3HAYEHHUA KOTOPBIX M3MEHSANUCh B nipeaenax 0,123...0,47, t.e. ¢ pa3zbpo-
com B+ 1,5...2,0 u 6onee paza OoT CpeXHUX 3HAUECHUM.
llo rpaduky puc. 7.1

teo=+1,13-1,47K,;

(7.4)
©° = 54 - 69K, ,

riae Ky — cpeanuit korxdduunenTt pasasura ans kodycon 30, 60 u 90°
no (7.3).

YpaBHeHua (7.4) AaBAAOTCA NpUOAYIKEHHBIMN A AHANa30HaA H3MeE-
HeHHA @ B nipeaesiax 8...32°. [lo Mepe HAKOIJIEHUA OTBITHBIX COMNMOCTA-
BUTEJILHBIX JAHHBIX YHCIIEHHbIE MOCTOAHHLBIE B (7.4) MOI'yT YTOYHATHCA,

HafpuMep ¢ yuyeToM BNUsHUA KOd(pduuueHTa O0KOBOro pacilupeHmH,
KaK 3TO cliesiaHo B 1. 7.2.

IlocraHoBKa K PCILUCHHE 332134 H NIPDOHHKAHNS KOHYCA

B paborax [12,15] paccMoTpeHbl yCI0BHS NPEJIENBHOTO PABHOBECHH,
rae MOCTYJUPYIOTCH CASAYIOLINE MOJIOKEHUS:

e MPOHUKAHUE XKECTKOro KOHYyCa COIMPOBOXJAaeTcs ABOWHBLIM pa3fic-
JIOM Cpelbl 10 MOBEPXHOCTAM CMEILIECHUA U CKOJIbXEHUS,

* NPEACTLHOE COCTOAHME BHEAPEHUS KOHYCA BO3ZMOMXKHO TOJIBKO MPH
[TOJTHOM Pa3sBUTHH MOBEPXHOCTH CONPOTUBIIEHHUS CABHIY (CKOJbXECHUA);

e Ha (OpMHUPOBAHHE MNOBEPXHOCTH HAUMEHbLIIETO COMPOTHBICHUSA
OKa3bIBAIOT BIMAHHE TE€OMETPUUECKHE NAPAMETPLI KOHYCa H MPOYHOCT-
HbIE€ CBOUCTBA CpEbl;

e Cpelia MPHHUMAETCA HEBECOMOM, H 3HAUCHUS pa3ABHIra MOCTOSHHbI
BO BCEM MHTepBaJIE NPOHUKAHUA;

® [10 MOBEPXHOCTH HAHUMEHBILETO COMPOTHUBIECHHA BHINONIIAETCA YC-
JIOBHE TIpeaesibHOro paBHoBecHs B ¢popme 3akoHa KynoHa.

Takum 06pa3oM, MpU TIPUHATHIX MNPEANOCHUIKAX 3ajaya Oyner 3a-
KJIFOYATBCA B OMPEACNCHUM MPEACTIBHOIO YCWIHS NPOHHUKAHUA M B Ha-
XOXKIEHUH 3MOpbi HOPMAaNbHbLIX HATNPAXKEHUH MO [IOBEPXHOCTH HaM-
MEHbLUETO COMPOTHURIIEHUS.

[loka okoHYATEILHO HE peUlcHa KOHTAKTHaf 3ajaya pacnpencjieHus
HOPMAJIBHBLIX HAMNPsSKEHHUH 1O MOBEPXHOCTH KOHYCa i OMPEACIICHUA
BUAA MOpPLI HOPMAJLHBIX HanpsHkeHui, odpaTUmca Kk 0TpabOTaHHOMY

B TEOPHHU MpEac/IbHOrO paBHOBECHUA anmnapaty BbIUYHMCICHHH CpERHEro
IPMBEACHHOTO HOPMAJILHOTO HaNpskeHus (puc. 7.2).
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Puc. 7.2. Cerxa nuHuit ckonbxeHnns (o B.I'. bepesanieBy) » anropa npuseacH-
HBIX HOpMAaNLHBIX HaNpseHuit no obpasyrolicit koHyca M pa3sBepTke THHNNY
CKOJbXCHMS

AHa/3 pacnpeneneHus NPUBEACHHbIX HOPMAbHBIX HaNpsXKEeHHHN Mo
JTHHNAM CKONBXXCHHSA KaK JJIA IUTOCKHX, TaK K /11 KOHYCHBIX HaKOHEY-
HUKOB [10Ka3blBAET, UTO I8 NPUONMKEHHBIX PacCYETOB I[IPEHENBHOIO
PaBHOBECHS 3MIOPA HOPMaJIbHBIX HanpshkeHuli 1o odbemmowet JnHUn
CKOJNIbXKEHUA MOXET ObITb NPHHATA TPEYyrojbHOH, a 1o obpasyromek
KOHYCa — TpaneueuaaibHOl ¢ MAKCUMYMOM Y BEPIIHHBI KOHYca. OnHa-
KO TpaneueuaaJibHbiii BUA 3MOPHl OTAMYAETCA OT 3IMOPH HOPMAILHBIX
HanpsbxeHud B onbiTax B.M. Xa3una [13]) ¢ k1HMHOBOH cBaeH, rae max-
CUMYM OblT OTMEUYEH N0 KpaTuaiiilieii HopManu K LEHTPY €€ OCHOBaHHUA.

Takoe otanuve MOXeT ObITh OOBACHEHO repepacnpencieHUeM Ha-
NpSKEHUA B MOMEHT AOCTUXEHUA MNpeacnbHoro cocrosHusa. ilepepac-

NpenesiCHHE HOPMaJibHBIX HanpsaKeHUH G, B MOMEHT COBUra AOMyCKaeT
nepexol K paBHOMEPHOMY pacripeeNeHUI0 G, H KOCBEHHO MOATBEPXAa-
eTCA MOCTOSHCTBOM 3HauyeHMI pacropa, HO MPU 3TOM AOHKHO cobmo-
AaThCA PaBEHCTBO fUiowaacH 3mop no obpasyrollen KOHyca U MoBepX-
HOCTH CKOJIBKECHUS.

[IpoHHkanne KOHYCHOro HakOHEYHWMKa B IPYHT NpPH JOCTHXEHHHU
NPeACNILHOIO COCTOSHHUS CBS3aHO C TMIPEOJOJICHHEM TPEHHUS KOHYCA
O TPYHT H IPpYHTa MO TPYHTY NO MNOBEPXHOCTH CABHra ¢ HaMMEHbLIUIHUM
conpoTuBJIEHHEM. PasMeprl 3ToH NOBEpXHOCTH HEOOXOAHMO 3HATL AJif
onpeaesieHUA YCUIHH NPOHHKAHUA.

H3BecTHO, uTO 371eMeHTapHas paboTra cun TPEHHUS NPH NEPEMELLICHUN
paBHa aireOpanyeckoil cymMMe 3J€MEHTapHbIX pabor Ha OeckOHedHOo
MaJslbIX MJIOIHAagKax KOHTAaKTa:
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(P+AP)Al = ) Tcospdl, (7.5)
1=]

rae 7, — cuibl TpeHUs Mo BCEMY KONBILY CKOJIbKEeHHA, d! — djieMeHTap-

HOC MEpeMELICHUE KOJbLUEBOrO 3J1eMEHTa KOHyca; P+ AP — ycwiue

MPOHHKAHHA [OCe AOCTHKEHUS NpPENEIbHOTO paBHOBECHA; B — yroi
MEXAY TpaeKTopueil nepeMelieH!ss ¥ OChIO NMPOHHKaHUA (MOJIOBUHA
yriia ipy BEpPILIUHE KOHYCA).

[1lo ycnosuio (7.5) onpexeneHue yCHIMHA NpOHMKAHUA KOHYCa CBO-
OUTCS K HAXOXKACHHIO pa3MepoOB MOBEPXHOCTH HAMMEHBINETO CONMPOTHUB-
JIEHHS, rae DOCTHraeTcss MUHHMYM paboThl Ha NepeMelleHHE.

PaccMmoTpuM ciryyait, koraa noBEPXHOCTb HAMMEHLILIETO CONPOTHUB-
JIEHUS TPOXOAUT napajiesibHO oOpasylolieii koHyca Ha OEeCKOHEUYHO
MaJIOM pacCTOAHHUH Aq, T.€. IOMUMO MPEOAOJICHUS CUJI TPEHHUS KOHYCa
O cpelly YCHIHE NMPOHUKAHUS PEATU3YETCS Ha NPeOIONICHUE TPESHHUA Cpe-
Ibl o cpene (puc. 7.3).

Puc. 7.3. Cxema Boiriopa rpyHra no odpasytouiei koHyca (a), MHOroyroibHHK
neicTpyrommux cun (6)

CHna TpeHMst KOHyca O Cpelly, C Y4€TOM HX CUMMETPUYHOCTH pac-
npeaeneHna no 60KOBOH NOBEPXHOCTH KOHYCA IIpH MpeaesibHOM paBHO-
BECHH, ONPEACNAETCS HUHTETPHUPOBAHHEM:

2 2
T =1 [=od0 = = (otge+ myo), (7.6)
: 2simnp sin
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rie ¢ — HOPMAaJIbHOE Hafps)KCHHUE, PaBHOMEPHO pacnpelejieHHoe IO
DOKOBOH MOBEPXHOCTH KOHYCA;, My — KOIPPUUMEHT yMEHLIICHUS Tpe-

HHS KOHYCa O Cpelly; a — paiuyCc OCHOBAHHA KOHYCa NMPOHHUKAHMA; T —
KacaTejibHOE HalIpsSHKEHHUE IO TMOBEPXHOCTH HAKOHEYHHKA, COOTBETCT-
BYIOLLEE NpeaenbHOMY cocTosHuio (1o Kynony).

Cuibl TpeHHUs cpenbl 1o cpeliec Ha 6ECKOHEYHO MaJIOM PaCCTOAHHUH OT
obpa3yrouel KOHyca paBHb)

“ (a-+ Aa)’
2sinf3

T2 —_ Tz Cﬁ ’ (7'7)

0

Wi, npeHeOperas 0eckoHeUHO Manol BenuuuHoi Aa, UMeeM

27 g, p

{d Ta
T, = 40 = ot . 7.8
) =1, szsinﬁ g 10+ (7.8)

[TpaBbie u nesbie yacTu (7.6) v (7.8) YMHOXKHM Ha JUHY o0pa3syio-
e Konyca / v npoanddepernuupyeM. 3ateM HaHACHHbIE 3HaYCHUs 7T

u 7, nNoacTaBUM B ypaBHeHHe (7.5) u nocne npeodpa3zoBaHus Halaem

 ma‘cosp

P -—[;——- [20'tg(p + (1 + myg )c] = F cosB[2crtg(p +(1+ myg )c], (7.9)
SN

rae F— 60koBas MOBEPXHOCTh MPOHUKAHUA KOHYCA.
[lpaBasa yacte ypaBHeHMA (7.9) MoxeT ObITh MONYYEHA HEMOCPEACT-

BEHHO W3 MHoroyronbHuka cui: P = (7, +7,)cosp .
[locne noacranoBku 3Ha4eHH o = Vsinf3 1 npeobpazoanuii UMeeM

P(1 -sin2ftgop) = (1 + my )cFcosP . (7.10)

Yucnenroe pewenne P no (7.10) npu ¢ >0 u Fy = F, ;5 114 pas-

HOYTOJIbHbIX KOHYCOB AAcT QOJIbILUEE YCUIHUE ANA KOHYCA C MEHBLIUM
yriom, T.€e. Py > P 55, @ 370 OpOTHBOPEYUT ONbITHBIM 3HAYCHHAM, KO-

roa Py < Py . CrrenoBareibHO, CKONbXEHUE cpeAbl BOJIM3U KOHYCa HE

OTBEYAET PEAIbLHBIM YCUIHUAM NPEHE]bHOTO COCTOAHMA NPH BHEIPECHHH
KOHYCa, OHO CHpaBE/UIMBO IJIA pUKoWleTa U 1A MNEpeMELUCHUA BIOJib
FpaHMLbl KOHTAKTa KOHYyCa CO Cpeloi.

[io (7.10) pmona ycwnuili Ha npeoaoscHUEe BHYTPEHHEIO TPEHHA CO-

cTaBifAeT SIn2Ptge OT yCWNHi, pealu3yIOLUXCA Ha NPEoJoJIEHHE COTIPO-
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THBJICHHA NPOHUKAHHIO HAKOHEYHHKA, X1 HE MOXKET NMPEBLILLATL BETHYKHBI
sin2Btge . OTcroga UCXOAA M3 PaBEHCTBA IUIOLIAZAEH SIIIOP HOPMAJILHBIX

HanpspDKEHUH MO0 KOHTAKTY KOHYCa CO Cpenod U MO0 MOBEPXHOCTH HaM-
MEHBIIIETO CONPOTHBIIEHUS IpuMeM WieH (1 -sin2Ptge) =const ans mo-

Ooro oyepranus oOpasymolieil JIMHUH CKONbXEHHA. Takoe NONyIIeHUE
3HAYUTENBHO YNIPOLIAeT pelleHue 3aaun NMPOHUKAHUA 6€3 CYIECTBEH-
HOTO CHMDKEHMS TOYHOCTH U CBOAMT €ro K OTbICKAHHMIO TOBEPXHOCTHU
HauMeHblllero  conpotusneHus. B sTom  ciaydyae  BenMYUHa

P(1 —sm2Ptgep) nnd 3agaHHbIX yrjia BHYTPEHHEr0 TPEHHA H Ire€OMETpUH

KOHyca OyAeT onpeAenaTbCs MPOSKUUAMH Ha PaBHOAEHCIBYIOLLYIO CO-
CTABJIAIOUIMX CHII CLICTJIEHHUS [0 KOHTAKTY KOHYCa CO CpeaoH, pa3BHTLIX
[0 MOBEPXHOCTH HAUMEHBUIErO CONPOTHBIICHHUA. Takoe OTAENEHUE HE
[POTHBOPEUYHUT 3aKOHY KyJiOHa, rae cueryieHue — BeJIM4nHa, He 3aBHCA-
Ifast OT BHELUIHErO HAMPSHKEHUSA, U IO3TOMY COCTABJIAIOLINE CUIT CUEILIE-
HHUSA ONpeAessiOTCA pasMepaMu MJIOLAA0K C/IBMUra.

[Ipu paccMoTperuM YCIOBHH NpeAeNbHOrO PaBHOBECHSA C pa3iiMy-
HbIM HauyepTaHUEM [MOBEPXHOCTEN CKONbXeHUs ObLI0  YCTAHOBIEHO
Oosibliee COOTBETCTBHE IKCICPUMEHTAM YCHWJ/IWH, BBI3BIBAIOUIUX pa3BH-
THE CABMra (BbINOpa) Mo MOBEPXHOCTH CKOJIbXKEHHA, @ HE MO MOBEPXHO-
CTU cMeleHus (CM. puc. 5.7).

B neppoM mpubsivkeHUH 00pasylolylo MOBEPXHOCTb CKOJIbXKEHUA
annpokcumupyem nomanoit AbBI'/] (puc. 7.4), Torna oOwwmi BUA ypas-
HEHHUS PaBHOBECHS C TNPUHATBIMU paHee AOMYLICHUAMY PUMET BUA

P(1 -sin2Btgp) = CcosP + Cysin + CycosP + Cysiny ,  (7.11)

roe C,,C,,Cy,C4 — COCTABAAIOMINE CHIT CUETUIEHHUS 10 TMOBEPXHOCTAM

BpalleH!s, 00pa3zoBaHHBIM COOTBETCTBEHHO OoTpe3kamMu BA , Ab, bl

U Fﬁ; Y — Yroa MexI1y IMOBEPXHOCTBIO TPYHTA U OTPE3KOM FI[_
(puc. 7.4), pasHbliit 45°—-@/2.

ITo (7.11) yacTh yCHIHS NPOHUKAHUA (32 MUHYCOM CHNT IO [IPEOAO-
JIEHHIO BHYTPEHHErO TPEHMS) peayiu3yeTcs Ha [PEOoJOJICHHE CUJ ClLel-
JICHHUSA, BBIPAXEHHBIX CYMMOH CKAJISIPHBIX NPOW3BEIEHUN CLEIJIEHHA Ha
[JIOHIAAH 3JEMEHTApPHbIX YYacTKOB CKOJIbKEHUS [0 3aJaHHOMY
(KpUBOJIMHEHHOMY HJIM JIOMAHOMY) KOHTYpPY CHBHra, rie BOINpOC O
3HAKaX CWJI CLEMJIeHUa sABJifeTCS JAUCKYCCHOHHbIM. Tak, M.H.
Fonsawreitn, mnonemMm3upys ¢ E.M. Xappom [35], cuurtaeT Bce
KacaTejbHble CHJIbI NPOTUBOAEHCTBYIOIIMMH, T.€. OHU JOJ/KHBI OBITH
OMHOI0 3Haka, 4To 0o0Jjiee OTBEYAeT YCNOBUAM NO MNPEOHONICHHIO CHII
CUEIUICHMA.
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Puc. 7.4. CxeMBl CHI NPEAEIILHOTO PABHOBECHS [TPH PA3BUTHUH CABHUIOB 110 [10-
BEPXHOCTH CKOJIbXXEHHA (@); CXeMa MHOT'OYTOJIbHMKa CHJI (0); CyMMapHBIE CHIIbI
cuericHus C

BBuay OCECUMMETPUYHOIO XapakTepa pa3sBHTHA MMOBEPXHOCTH
CKOJILXXECHUSA, T1€ BCE PEAKUUU OTHOPA U CONMPOTUBIECHUA OYyayT Hanpas-
JICHbLI HABCTPEUY PABHOAECHUCTBYIOIUEH NPOHUKAHUA, 3aTPYAHEHHS B [10-
CTPOECHHHY MHOFOYIrOjIbHHKA CHUJI MOXKHO NPEONOJIETh ITyTEM 3aMEHBI CHJI
CLECHJIEHHS HAa OTAEJBHBIX YYACTKaX 3KBHBAJIEHTHBIMH HM 110 BEIUUMHE,
HO TMPOTHUBOIIOJIOKHO HANpPaBICHHLIMH CHITAMH B3aUMOJEHCTBUSA, HC-
[10b3ys W3BECTHBIN MPUHLUKT JeHCTBUA U NPOTHBOAEHCTBHA U NEPEHO-
cCa CHJI, YTO HE MNPOTUBOPEYHUT OOUIEMY pEIICHHIO PABHOBECHS CHII
(puc. 7.4).

[To xOHTaKTY KOHYCa CO cpeloil cocraBasiiollas CHIIbI, MNpeoaosie-
Balowie cuersieHune, C, paBHa CKIAPHOMY NPOM3BEACHHIO BEIMYHUHBI

my¢ Ha OOKOBYIO MTOBEPXHOCTH KOHYCA NPOHUKAHHUA:

a

C, = 2nmyc j Flat+ £ 2z dz, ‘%%E Irdr, (7.12)

0

rae z U r — pa3MEpbl KOOPAWHAT OO PACCMATPUBAEMON TOUKH.
CocTaBgiolasn Cuil, NpeoRoNeRaoIMX CUETHIEHHE 10 MOBEPXHOCTH
BpallleHHs C 06p3;3y101ueﬁ AB, onpenensercs aHanorudHo (7.12):

C, =2nc J.f(zz)1/1+f (z5)dzy = 2T Irdr, (7.13)

COS

rae 2 — annaukaTa K [OBEPXHOCTH CKOJIbXKEHHA.
COOTBETCTBEHHO HaXOAATCA cocTapisAromme ¢ C; u Cy
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2a
rdr , (7.14)

2TC

sinf3
1

ih?
C, =2nc j f(z3)\/l +f12(z3)dz3 =
h

mas

¢

hye ] )
C, = 2me j Fz W+ £ H(z)dzy = =5 Irdr. (7.15)
h COSY

IToncrarus 3Hauenus C u3 (7.12)...(7.15) B ypaBuenue (7.11), nony-
YHM

r- -

_ a 2a R
P(1-sin2Btge) = 2nc| (myctegP + tgP) {rdr + ctgB {rdr + tgy {rdr |, (7.16)
L 0 a 2a

el

rae R — paguyc BbixoZa o0Opa3ylouleit JHHHH CKOJIbXEHHA Ha MOBEPX-
HOCTh; @ — pagyuycC NNOrpy>X€HHOH 4aCcTH KOHYCA.

Ilocne maTerpupoBanus (7.16) U BbIpaXX€HUS NOBEPXHOCTHU CKOJIb-
XEHUA B JOJSX AN OT T[OBEPXHOCTH KOHyca IPOHUKAHHUSA
f =nF = nna? /sinB OJIy4uM NpelesibHOE 3HaueHUue pasasura U3 (7.1)

6e3 yueTra BECOMOCTH Cpelibl:

P c[(3 +my )cos B + (5 + tgBctgy)tgP sin[}]
AP \ i - S 27 . (7.1
F | -sin2ptgo

Mo (7.17) BennuuHa paszasura V' GyHKUHOHANIbBHO 3aBHCHT OT Teo-
METPHUYECKHUX NapaMeTpOB KOHyca MPOHHKAHHA, pa3MepoB NOBEPXHOCTH
CKOJIb)KCHHSA, IPOYHOCTHBIX CBOMCTB Cpeabl U TPEHMsSI KOHYCa O Cpeny.
Ho npu C = 0 umeem V = 0, oTcioga B pacuerbi HEOOXOAUMO BBOAUTH
MofnpasKy Ha Maccy () BbIMUpaeMOH 4acTU Cpeabl B 00beMe Tejla Bpa-
LieHHs ¢ oOpasyloueit ckonsxeHus AbBI/1, npnbnuxenHo paBuyto

_ 77ra3p

9 sin23

(1-2sin’By=M,a'p . (7.18)

[TonpaBka B 10A4X IJIOLMAANA KOHYCa NPOHUKAHUA OYAET COCTABIIATD

g = O 3,50 - 2sin’B)ap

=M ap. 7.19
F cosf3 q9P (7.19)

B ¢opmynax (7.18) u (7.19) M, M, — Ge3pasmepHbie KOIPPHULIH-

€HTBI, 3aBUCAIIHE OT Yrja KOHYCa 3; p — MJIOTHOCTH Cpes!.
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YpaBHeHnue (7.17) xapakrepu3yeT YCIOBHUS NpeAeIbHOIO paBHOBECHS
[10 [MOBEPXHOCTU CKONBXEHUS ¢ nomaHol obpazyromeit. OxHako peansb-
Has NOBEPXHOCTL 00pa3oBaHa KpusonuHeliHol obpaszytomeit, uTo Heob-
XOHUMO YYUTHIBATh MONpPAaBKaMU Ha KpuBH3HY B (7.17) niy BBeieHHEM
0ojiee TOUHOTO aNMpPOKCHMHUPYIONIEro ypasHeHma oOpasyrowe#. [lid
MIOCKOr0 HaKOHEUHUKA C AAPOM Mepell HUM B JOopMeE KOHYCA ¢ BEPILH-

HO#H 2P =90° + ¢ unen ypaBuenusa sin2Btgp Oyner pasen sing. Toraa

3HaMeHaTenbp ¢opmynsl (7.17) coBnagaer no BeJIMYHHE CO 3HAMEHaTe-

neM ypasuenust B.B. Cokonosckoro (CraTuka ceinyueit cpennl. 1960).
YpasHenue (7.17) ¢ nobaBneHneM nonpasox Ha MaccCy BhiTUpacMoOM
cpeanbl (7.18) u KpuBu3HY 00pa3yionieit 3anuuieM B CIEAYIOLEM BHIE:

v cl(3 + my )bcosp + (5 + tgBetgy)b tgPsinp]
- sin2Ptge

+M,ap, (7.20)

roe b u b — nonpaBouHsie Ko3pdHUMEHTL HA KPUBH3HY, ONpeaense-
Mbl€ IoAdOpoM: b = sin(45° —(B+ (p)/S) , b =cos(45° - +PB/5).
Bripaszum kosxdduiueHT my Takxke depes ¢ H B. ITockonsky 3kcne-

PUMEHTAJILHBIE  €r0  ONpeACNeHHs  MAJIOYHUCICHHBI,  TIPHUMEM
my =sin(B+y), uro 6AU3KO MO BEJUYMUHE K ONBITHOMY 3HAYE€HHUIO OT-

HOWEHH YCUIIMH NIPOHUKAHUSA [JIaJKOIr'0 M UIEpOX0BATOT0 KOHYCOB. J[ns
ynobctBa ypasHeHue (7.20) npuBeaeM K KAHOHHYECKOMY BHAY:

V-=cN+Map, (7.21)
rae N — 0e3pazmepublii ko3gduumenT, 3aBUCALIUN OT yriia BHYTPEHHET O

TpeHHs, 3HaYeHHA KOTOoporo TabynupoBaHsl B Tabn. 7.1 ¢ yuetoM npu-
HATBIX Pa3sMEpPOB KO3(PULUEHTOB: b, b, H my .

Tabauya 7.1. Pasmepni kodpPpuunenta N

Yron Kony- Benuwunna xoadduunecHra N npu 3HadeHUsX ¢, rpan
ca 2P, rpan 0 10

30 2,74 2,92

60 3,17 3,88

90 4,16 3,74

Hsist rpyHTOBOM Ccpeabl, oOnagaionicli CLEMNCHHEM, a K TAaKOBOM OT-
HOCHTCA npeobaajgaiouiee OONLIIMHCTBO PasHOBHAHOCTEH FPYHTa, BTO-
peIM 4ieHOM B (7.21) kak BENWMMHON BTOPOro MOpSAKa MaioCTH A
HaKOHEYHHKOB MOXHO npeHebpeus, TOrma
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V = ¢N. (7.22)

J1A nlapbl pasHOYroJibHbIX KOHYCOB [B; ¥ [3, ¢ paBHOI MOBEpXHO-
CTBIO NMPOHKKAHUA F' ¥ NIOCTOSHHBIM 3HaYeHHeM c 1o (7.22) umeeMm

N M f(o). (7.23)

K, =
V, N,

Ycinosue (7.23) nokassiBaeT BO3MOXHOCTb OTNpEAC/JICHNUS yriia BHYT-
PEHHEr0 TPEHUA HECKOJILKMMHM Pa3HOYIOJIbHbIMH KOHYCaMH.

Mannbie Tabn. 7.1 ynoOHee npeactaBuTh B BHAE rpaduUKOB
‘(puc. 7.5). Ilpu nocrpoenun rpapnka N3y = Q) UCNONB30BANTUCH HJAH-
Hele Tabn. 7.1 ans xonyca 30°, a ang kpuBoit N,;, = f(K, ) rpadpukn /

m2(puc. 7.1), 1.x. K, = f(9).

Ky 2
0,7 0. rpa
0,6 40
0.5 30
0,4 2
0,3 10
2,5 3 4 o

Puc. 7.5. 3aBucumocts kodgpuunernra N aus konyca 30° ot yria BHyTPEHHEr0
TpeHus / u cpeaHero ko3¢gpuiierTa pasasura 2

3aBHCHMOCTb N ans koHyca 30° or K, KpHUBOJHHelHa ¥ anInpoOKCH-
MHPYETCA YPaBHEHUEM

Nig = 2,74 + (1,46 — 0,45K, tgo (7.24)

WK, ¢ yueToM (7.4), Oyner
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Ny =436 -261K, +0,65K2 . (7.25)

[lo Mepe HakomnieHUs1 ONBITHLIX AaHHBIX ypaBHeHHA (7.24) u (7.25)
MOTYT KOPPEKTUPOBATHCH, YTOUHATLCA.,
[ToncranoBko# 3Hayenus N u3 (7.25) B (7.22) onpeaeanM CUEIUICHUE
V) 4

c= A= | (7.26)
N3g 4,36 — 2,61KV + 0,65KV

rae ¥V, — pa3aBur konycom 30°,
dopmyna (7.26) MoxeT ObITh YNPOILUEHA 33 CYET OKPYIJICHUSI U UC-
KJIFOYCHHA WICHA BTOPOro nopsaka Manoctu K 3 \

c=0,38V,/(1,7-Ky,). (7.27)

dopmyna (7.27) akcnepuMeHTaNbHO MPOBEPEHA, €€ MOYKHO UCMOJIb-
30BaTh U NIPEABAPUTENBHOTO OMNpEHAECHUA CUCINIEHUA B [E€CYaHO-
[MTUHUCTBIX TPYHTaX COBMECTHO € (7.34).

7.2. [penenbHbie HANPSXXEHUA NO KOHTAKTY KOHyca
CO cpenon

J1s wenoro paaa 3anav HEOOX0AMMO onpenenaTs 06001eHHbIE CABHIO-
Bble (KacaTeIBHBIC) T U OTNOPHBIE (HOPMAJEHbLIC) G HANPAKCHHUA, KOTO-
phle A HAKNOHHOM MIIOCKOCTH CABUIa (PUKOLIETA) UMEKOT BHI

T =nVcosf3;

(7.28)
G =mlVsinf} .

[Ipumenenue (7.28) mna paclunPppoBKU UCHBITAHHH PA3HOYIOJIBHBI-
MH KOHyCaMH 1o 3akoHy KyrnoHa, korga n = m = 1, IpMBOAUT K 3aBbI-
[UEHHBIM 3HaYeHMAM cuerieHud. OO0 3TOM B YaCTHOCTH CBUAETENHCTBY~
0T onbIThl A.B. Hukonaesa v aBTopoB nadHoi# paboret. IToapobHO pac-
cMaTpHBaeTca 3TOT BONpoc B {13], raoe nokasaHo, yto npu n = m = 1

[MOJTYYAIOTCA HCKAXXKEHHbBIE 3HAUEHUs K, .

He npuHecno ycmexa HCMoab30BaHUE (GOPMYN pe3ynbTHPYIOLMX
3HAYCHUHA HOPMAJILHOTO U KAacaTeJIbHOIO OKTa3ApUYECKMX HanpsxeHUH,
Te eCTh BIWAHKE KO3 PULMeHTa OOKOBOIO paclliupeHus i
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o, =SVsinp;

(7.29)
T, = \Eo, /3,

rae S — cyMMa 4iIeHOB ypaBHEHUA, coaepxalux pu (tabn. 7.2).

Tabauya 7.2. 3na4eHHNA CYMMbI “WISHOB YPABHEHHS, 3aBUCHILCH OT
Ko3¢ppuumnerTa 60KoBOro pacinpeHHs

Koadduument 6okonoro _ UYnciicHHbIE 3HaueHus S 113 KO

pacuIMpeHus p - 30° 60°
0,2 £,59 1,27
0,3 1,34 1,17
0,4 1,14 1,08
0,5 1,0 1,0

e il —

dopMyna HHTEHCUBHOCTH HOPMAJILHOTO OKTa’IpPHUYECKOro Harips-

xeHua o©,(7.29) nonyyena no ¢opmyne (4.29) noacraHoBkoi B Hee
yjieHOB ypaBHeHHA (7.32). Ilna snaueHust p = 0,5 dopmynsl (7.29) npu-
BOAATCA K BURY (4.34).

JU1s nmoyucka npHeMieMsiX H B TO )K€ BpeMsA 000CHOBAHHBIX pa3zMEpoOB
o 1 1T Obna caenana nomnbiTka 06bEAUHEHHOrO UCTIONBL30BaHUA (POpMYJI

(7.28) u (7.29) pna nonydyeHus cpenasux 3HaueHuit [14] (mpu S =1,
n=0,5)

c =VsinpB;

T = VM(sin B)/3 + COS B]/Z .

ITpn ucnions3oBanuu popmyn (7.30) pesyabraThl ONpencsICHUA [la-
paMETPOB CABHIa N0 HUM OKa3aauch Oonee conocTaBUMbIMY C AAHHBIMU
OBICTPOr0 OAHOIUTIOCKOCTHOrO caBura. D10 nodyawno nposectu Gosice
yrayOseHHYI0 TEOPETHUECKYIO MNpopaboTKy YCNOBHH HAnpsXEHHOro
COCTOSIHMA IPYHTA NMOJ BO3AEHCTBHEM MPOHHUKAKLICTO B HErO TBEPAOro
KOHYCA.

Buiniop rpyHTa npd BHEAPEHHMHM KOHYca ObIBa€T OJAHOCTOPOHHHUM
(3KCHEHTPUUHBIM) M MHOTOCTOPOHHHMM, TI€ B CHOXHOI paaManbHOU
MOBEPXHOCTH Pa3fAe/ioB MOIrYT ObITh BbIE/ICHbI HANPSAKEHUA, YCTaHAB-
nvBaeMbie o (7.28); a Mo GOKOBBIM IJIOCKOCTAM — OKTa3APHUYECKUE
(7.29). Otciona, paBHOAEHUCTBYIOUIAE HATIPSDKEHUST OYAYT CpeAHHMMH OT
CJIOMEHUA BhIIENEHHBIX HanpsxeHuH (puc. 7.6). Toraa, Hcnoab3ys TEO-
PHIO HANpsxeHuH, cnenyer AOMYCTUTh pa3BUTHE CABUIOBBIX HANpPsKE-
HHit 1O BceM XapaKTEpPHBbIM IUIOCKOCTAM (MO YEThIPEM OKTaAPHYECCKUM

(7.30)
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M LIECTH IIaBHBIM IUIOLIAAKAM JJIA KacaTeJbHbIX HanpsikeHwil) [4].
Bcero ke cnemyer paccMaTpuBaTh TPUHAALATE «OCOOEHHBIX» 3JIEMEH-
TapHbIX TUIOCKOCTEH, BKJIrOUas TPH B3aMMHO MEPHNEHIUKYIAPHBLIE, IAe

KacaTe/lbHbi¢ HANPSAXKEHUs T, OTCYTCTBYIOT. Torma, no H.U. bezyxory

[4], HOpMaJIbHBIE Hamps>keHUs OYAyT «CPEONRMMMY, a KacaTeNbHbIE MpH-

MYT 3HaUYE€HMA, «XapaKTepHbIe I CY>XAEHHS O MPOYHOCTU MarTepHaa
BO3JI€ PACCMATPUBAECMOU TOUKHY.

Orcrona cienyer:

6., = (60 + 30, +40,)/13 = [(9 + 4S)Wsinp}/13;
(7.31)
Tep = (61: + 314 + 41, )/ 13 = kcosﬁ + (41/§S sinﬁ)/ 3]V /13,

e G, — HOPMA/ILHOE HanpsKeHHe NO KaXAOH U3 TpeX B3aHMHO TepricH-
JAVKYJSPHBIX TUI0CKOCTEM, HOpMabHBIX K o0pasyroue#t koHyca (G, = O );

Tp— KacaTeJIbHOE HaTNpPsXKEHHUE TI0 TUIOLAAKaM pa3BUTHSA Gy, paBHoOE 0.

Puc. 7.6. Cxema BbINOpa rpyHTa KOHYCOM: @ — OJIHOCTOPOHHHI BLINOP;
6 -—- MHOTOCTOPOHHUH BHITIOP

Cpeanue napametpsl no (7.31), B cpaBHeHHH C BhIIIEPACCMOTPEH-
HbIMU BapuaHTaMH, OKa3aluchk 00Jiee COBMALAIOLUMMU C IKCHICPHUMEH-

TaNbHHIMU 3HAYEHUAMU G U T, HONYUECHHBIMU HHBLIM nyTem [12].

TakuM 00pa3zoM, UCTIONB3YA MPHEMBI pelLlicHUsA 0OpaTHOI 3anauH, T.e.
3a/1aBasch pasnuHON KoMOMHALIMENH OKTA3ApUUECKHUX M TJIABHBIX IJIOIA-
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JOK 1O pa3BEPTKE MOBEPXHOCTH CKOJILXEHHUS, MOXHO YCTaHOBHUTHL IpO-
NOPUHH MOCTOAHHBIX MHOXHTEJICH MM ONpEAENCHHA paCYeTHLIX 3Hauye-
HUH HOPMANBHOIO M KacaTeJIbHOIO HaMpsKEeHUH, MO3BOJAIOHWIUX IOJY-

YaTh COMOCTaBUMBIE C SIKCIIEPUMEHTANILHLIMH TIapaMEeTPhl CABMIa G U 7.
BrinosHEHHBIH Jasiee aHAIKU3 M0 ONPEAEICHUIO AeHCTBYIOIIMX KOH-
TAKTHBLIX HAMPAXKECHUHN NMPU NPOHUKAKOILUEM BO3ACHCTBHUH KOHYCa HA OK-

Py Xalolilylo cpeny NnoKasaj, 4To CpeAHHUE 3HAYCHHA HANPAXKCHUN O H T,
KOTOpbIe BO3KHKAIOT MO 00BEMITIOILEH NOBEPXHOCTH CKOJILXKEHHMA M Clla-
raloTcs U3 KOMOMHAUHUK HaNpsHKCHUH, NeHCTBYIOUMX HA YEThIPEX OKTa-
APUUECKHX U TpPEX HAKJIOHHBIX Maolaakax, OyayT paBHbI:

_40,+30 _ 4S+—3-'-Vsin[3;
7 7

O

(7.32)

3\
'r=ir-' T 452 sinf + 3cosp -’f-
7 3 )7

Ypasuenus (7.32) npuBoasTtcsd K BULy, yA0OHOMY AJ1 NPaKTHYECKO-
ro MCIOJb30BAHUA:

c = nVsinf =m/V,

7.33
1T=V/2, ( )

rie n — MONpaBka, 3HauY€HUA KOTOpOH TadynMpoBaHbl B 3aBUCHMOCTH OT

(U ¥ Wi Moryr ObITb MPUHATH! IS MPHOSIHXERHBIX pacyeToB PaBHBI-
mu 1,15, 1,10, u 1,05 ana xonycos 30, 60, 90° cooTBETCTBEHHO C A0OMyC-
THMOMN NOrpemHOCTHIO + 5 % (419 NECKOB U cyneceil — ¢ MICoM, A

[JIHH — ¢ MHHYCOM); m — pac4yeTHbIA k03¢ dULUHEHT, 3HAYEHHA KOTOPOTo
daHe! B Tabn. 7.3.

Tabaruya 7.3. Paimepbl Ko3pdHuyenTa m A48 0CHOBHBIX pasnocTell necya-
HO-TIHHHUCTLIX 'PYHTOB

il ik L S

I'pyHT

PazMephl KOIMPUILIHEHTA 77 A KOHYCOB 2f

30° 60° 90°
[Tecok, cynecs 0,31 0,57 0,78
CyrnnHok 0,30 0,55 0.74
I'nuna 0,28 0,53 0,71

[To 3HauYeHUAM T U O}, Ty U O3, T3 U G3, BHIYHCIACHHBIM 110 opMysiaM
(7.33), ana kouycoB 2P = 30, 60, 90° cooTBETCTBEHHO CTPOAT rpadHk

CIABUIa ¥ N0 HEMY YCTAHABJIMBAIOT CUEIJICHHE H MOAYJIb TPEHHS 12Q.
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[Tposepka dopmynsl (7.32) u (7.33), BbINONHEHHas B YaCTHOCTH
B 3, n. 3.2 ¢ nocrtpoeHreM rpaduka casura (cM. puc. 3.2), rnokasana
XOPOLIYIO CONOCTABUMOCTL PE3YAbTATOB UCHBITAHMNA Pa3HBIMH METOJAMH.
B ypaBuenur Kysona (1.8) TopMO3HOE CONPOTHBACHHE T U OTIIOP-
HOEe HaNnpsXeHHe ¢ 3aMeHUM KX 3HauyeHHAMH no (7.33) ang konyca 30°,

a pa3Mep cLermieHna ¢ npuMeM no (7.27), toraa nocje npeodpasoBaHH
MOJYUUM

tge = [0,5(1,7 - K,,) - 0,38]/m, (1,7 - K,)), (7.34)

roe m; — KoagpuuneHTs no tabdn. 7.3 g konyca 30°.

[TIpu BoiBOAE opmynbl (7.34) 33 OCHOBY ObUIH B3ATHI HCHLITAHUS
koHycoM 30°, nna kotoporo pasmepsl T Hanbosiee OJIM3KU K 3HAUCHUAM
CUCIUIEHUs, a BJHAHHE Kxo3PPuiHeHTa OOKOBOro pacmIBpeHus
CKa3biBAE€TCA B HAMMEHbLICH CTENCHA.

[TonyueHHnle 3HayeHHA tg@ B HaubOoablieH CTEHNEHH COBIAAAIOT
C IKCIIEPUMEHTANIbHBIMMU pa3MmepaMy Kod¢gduuMeHTa yriia BHYTPEHHErO
TPEHHUA B CPABHEHUH C MOJYUYEHHbLIMU 10 (7.4).

Gopmynsl (7.27) u (7.34) no3BOAKIOT NpeABAPHUTENLHO IOYYUTH fa-

paMeTpbl MPOYHOCTH C M (P pacueToM C NPOBEPKOH pe3yabTaToB rpaguye-
CKUM CITOCOOOM € MCMOJIb30BAHUEM pa3MepoB T 1 ¢ 110 ¢opmynam (7.33).

7.3. JkcnepuMeHTanbHo-TeopeTuHeckue NpeanocbUlku
ANns onpegeneHua gedopmaloHHbiX nokasartenen
NPU NPOHUKAHNK KOHYCa

Teopetnueckne OCHOBBI MO onpeAcACHUID NePOPMAaUMOHHBIX CBONHCTB
[PH NMPOHUKAHHM KOHYCHbIX HAKOHEYHHUKOB €LUE TONBKO HaAYMHAIOT CO3-
napatbca. [103TOMY npeacraBistoT HECOMHEHHBIH HHTEpeC MobbIE TEo-
peTHueckue npopaboTku pedopMalHOHHLIX YCHOBUMHA #H HaKOIUIEHHE
IKCMEPUMEHTAIILHBIX JAHHBIX.

Penkunbim (1.16), a 3atem JIamGom (1.17) Obuta ycraHoBneHa QyHK-
LIMOHANLHAA CBs3b KO3 duuueHTa 60KOBOro AaBjieHUS OT MPOYHOCTHBIX
XdpaKTEpHCTHUK, H, €CTECTBEHHO, MOSBUNIACE BO3MOXHOCTh HAXOAUTh

K03pPULIHUEHT V MO pe3y/ibTaTaM KOHYCHBIX HUCIIBITaHUH.
B ypasHenus (1.17) napametp tgo 3amenuM Ha 3HaueHue K, U3 (7.4)

wiu (7.34), a koadduuueHT 6O0KOBOro AaBJCHUA V BhIpa3sUM 4epes L, TO-
ria nojy4uM HOBOE 3HAUYCHHE Ko3(¢uLueHTa OOKOBOro paclIMpEeHHA:

C
n=(1-1gp)/2 = —;’-=-§—*4txy). (7.35)
C
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Tak qoKka3bIBaeTCss BOIMOXHOCTD onpeAesicHn Ko3hduuueHron 60-
KOBOrO pacCIHHpeHHA U JaBJCHHUA MO pe3yibTaTaM HCINBITAHHUNI pa3HO-
YroJibHbIMH KOHYcaMHi. HavineHHbie 3Ha4eHNs v 1 L BIIONTHE XapaKTepu-
3YIOT IPYHTEI B IPEAEIBHOM HANPSXKEHHOM COCTOAHUM,

3azaya onpencncHus AcpOpMaLUOHHBIX H  JAUCIOKALHOHHBIX
CBOUCTB MaTE€PHANOB MO pe3yjbTaTaM KOHYCHBIX HCIIBITAHHH ABIAETCS
BEChbMa CJIOXKHOMH, T.K. CWJIBHO 3aTPyXAHEHO OTHAE/ICHHE OCAJOK YILUIOTHE-
HUA OT obmIeH OCajKW NMPOHMKAHMA, Kyla BXOAMT COCTABHOM 4acCTbIO
Oocajka, CBSA3aHHas C BBHIIIOPOM IpyHTa Ha MOBEPXHOCTHL. [103TOMY Ha
COBpPEMEHHOM CTaJuH U3YUYCHHOCTH MOKa Helb3g 000iTHCH 6e3 onpele-
JICHHBIX JOMYIUEHHUH W I'HIIOTE3.

B xauecTBe HCXOAHBIX NMPHHUMAIOTCS CIEAYIOWHE NPEAIOCHIIKH:

o CIUIONIHAA Cpelia HEBECOMA U UCMBLITHIBAET JIMHEHHO-(a30BOE AHC-
JIOUMPOBaHKE B PU3MUYECKH ONpEaESIMMbIX MPaHULIAX;

o 00BEM COKpALICHHUA NOP ¥ CMbIKAHUSA TPELIHH MPH OCEBOM U 6OKO-
BOM O0XKaTUM U YINIOTHEHUH PaBeH 00bEMY MPOHMKAHUA HAKOHEUHUKA,

e BHEHIHAA rpaHUla YIUIOTHEHHOMN 30HBI ¢ OCTATOYHBIMH IEepeMe-
HIEHWSIMH YacTHULl TPYHTa cOoBrajiaeT ¢ oOpa3youleil NOBEPXHOCTU CMeE-
HICHMS,

¢ Harpy3ka Ha HaKOHEYHMK TNPHHUMAETCA 32 COCPEJOTOUEHHYIO
B nonynpocTpancTee KeabBUHa.

Ecnu paccMaTtpuBaTh TENO BpailleHUst ¢ KPUBOJIMHEWHON 00pa3syio-
e cMmemenna 2 (puc. 7.7) kak o0beM yIIOTHAEMOM Cpelipl, TO €€ pas-
MEp MOXKET OBITh ONPEACIIEH HHTEMPUPOBAHUEM:

R‘i’
Ok == [Lr(Tar . (7.36)
0

B nepBoM npuOMDKEHHH BBIACIUM TEO BPALICHUA, OTPAHUYEHHOE

obpasylomeit cMmemnedusa B Buae ayru ¢ xopaot A'Jl' (puc. 7.7), pazme-
pbl © 00BEM KOTOPOrO paBHbI:

y) )
Ry =a l+——1,;
sin2Ptgy
Hy = d tgy +——— | (7.37)
< v sin2f )’ |
p R+ Hy
Y 2H,
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O == H3RE + H});

rae y — yroja 45° — o¢/2.

['paduueckoe MOCTPOSHUE U HAXOKACHHE OCHOBHBIX Pa3MEPOB Tena
BpalllcHUsT TOHATHO M3 CXeMbl pHC. 7.7, KOoTOpas cripaBelIMBa jif
IH3AKOTO XKeCTKOTrO KoHyca.

Puc. 7 7. CxeMa noCTpoeHHUA TeNa YIUIOTHEHUA ¢ 006pa3yioeit noBEpXHOCTD
CMELIEHHA 10 KOHYCHOMY BapuaHTy /, no mapoobpazHoMy 2

OObEM rpyHTa, BLITECHEHHbIH KOHYCOM,

O = %t-ha2 . (7.38)

[Tpumem QO u3 (7.38) 3a 00bEM yMEHBIICHHS MOP H MYCTOT B IPYHTE
NpH NMPOHUKAHWN HAKOHEYHHMKA W NpUPaBHAEM ero Kk o0beMy Koisla

OCEJIaHUA YIUIOTHEHHOrO rpyHTa 0e3 HW3MeHeHus paauyca Ry, Toraa
CpeaHsAs BEJIHYHMHA €ro 0CaAKH MOXET ObITh 3alIMCaHa

s = Oy [7RE . (7.39)

3aMeHa o0beMa HAKOHEYHHMKA KOJBLUOM OCEJaHUA NO3BOJACT pac-
CMATpUBATh YHJIOTHECHHYIO 4acTh KaK JKBHBAJICHTHBIN YIJIOTHAECMBbIH

CJIOM, Jie onpeaesieHUs OCaaku KoToporo OyaeT npuroada ¢opmyna
ocajkH [32]:
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_ (1-p*)gHy
E 3

Sk (7.40)

[fie g — HArpy3Ka Ha ocHOBaHHe koHyca; (1-p’) — mns NpUGIMKEHHBIX

pacuyeToB MOXeET ObiTh NPUHAT pasHbiM 0,8; £ — Moayns obweit gedop-
MaIuH.

3amenuM B (7.40) napamerp s, ocanxoit no (7.39); H, — 3HaueHH-

eM u3 (7.37), Toroa ¢ yueroMm npeoOpa3oBaHHA NMOJYYUM [JiS 3HAYSHHH
pacnopa F, wepoxosaToro koHyca 90° o cxeme Ha puc. 7.7:

E = 3~/:2_ (1-— p.2 Wi (2 +tgy)(1+ 2ctg\p)2 . (7.41)

Ilo (7.41) monyns obiieir nepopmanuu £ QyHKIIMOHANBHO 3aBHUCHT
OT yTJia BHYTPEHHEr0 TPEHHUA W ONpedensaeTcs no pe3yjibTataM MCNbITa-
HUH He MEHee YeM TpeMa pasHOYTOJIbHBIMH KOHYCaMH.

B ypasHeHuu (7.41) npousBeacHue 3»/5(1—-;12 2+tgq1) B 4YHCJIO-

BOM BBIPaXCHUU Oyner maMeHAThCAa B npeacnax 9,78...10,4 pns Bcero

AHara3oHa pacCMOTPEeHHBIX 3HaueHUi yraa ¢ (0...40°). Orciona s
peleHUa [PaKTHUYECKUX 3aJay CpelHee 3HAYSHUE PACCMOTPEHHOro

MPOU3BEACHUA AOIMYCTUMO MpUHATh, paBHbiM 10, torma (7.41) MoOxHO
Oyaet Bbipa3uthb B 60Jice NPpOCTOM M YAOOHOM AJ1 pacyE€TOB BUOE:

E = 10(1 + 2ctgy)* V.. (7.42)

7.4. ConpoTuUBEHUE B XXUOKUX cpenax

B peleHuax TeopeTHUECKOW TUAPOMExXaHWKU TpH ONpeneeHUHd Ha-
NPSOKEHUH HE YYUTBIBAIOTCA CUJIbI TPEHUA. DTO MPUBOAUT K pPe3yibTa-
TaM, PacXoHAUIMMCH C IKCTNIEPUMEHTANILHBIMU HaHHBIMHU. JeHCTBHUTEb-

HO, B YCIOBHAX THAPOCTAaTUYECKOTO MAABNEHHUA, KOrAAa G =0, = 04,
HMEEM

2t=0;,-0,=0;
(7.43)

B Baskux xupkocrtax, kak orMmevaer B.C. SA6noHckui, cyliecTByIOT
KacaTeJibHble HANPSXKEHUA, [UIA HAXOXKACHHS KOTOPBIX HCMOJIL3YETCA
«HM3BECTHA aHAIOTUS MEXAY HalpHKSHHAMH BHYTPEHHEro TpPEHHA
B MMIPOMEXAHNKE M Kacate/bHbIM HANpsHKEHHEM B yIipyroM tene» [37].
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[lo 3xcnepuMeHnTaM ¢ BOJOHACHILICHHBIMH TPYHTaMM, NPH yBEJIH4eE-
HUK BJIIAXKHOCTH A0 I'PaHHUILIbl TEKYYECTHU, YCTAHOBNEHO tg@ — 0. IJ10 XKe

cBoiicTBo cnemyer u3 ycnosus (1.17), korna v=1 npu o, =6, u 9=0.

Torna, nojaraga 2t =0, no ypaBHeHuio (1.1) u ¢ yuerom (1.8) npH
tgp =0, OyaeM MMeTh

t=c=0,/2=05p,H , (7.44)

roe p, — IUVIOTHOCTb XHIKOH cpensl; H — rny6buHa norpyxeHus; ¢ —
CLICTJIEHME.

Taxum obpa3om, ecnu 41 HACAIBHO ChIMYyYUX T cueruienue ¢ = 0,
a MOAYNb TPEHUA tg@ =1, TO B HACANIBLHO XHUAKOH Cpelie TPEHUE OTCYT-
cteyeT. KacarelbHoe HanpsKeHHe BO3ZHHKAET OT CLEIVIEHHS 4acTHIL,
pasMepbl KOTOpPOro 3aBHUCAT OT IUIOTHOCTH XUIAKOCTH H riyOuHb! no-

'PYKCHUA WIH TOJLKO OT pa3dMCpOB BHECUIHETO JABJICHHA B 3aMKHYTOM

NMPOCTPAHCTBE, B YCIOBHUAX M'MAPOCTATHYECKOTO HANMPAXKEHHOro COCTOSA-
HUsA, Korja

g =0y =0, =03. (7.45)

[To aHanoruy ¢ TeKy4uMHU rpyHTaMH PacCCMOTPHM BHEIpEHKE KOHYCa
B cpeny, rae ¢ =0 u nna kotopoit Oyaer cnpaBeyiuBO OTKOPpPEKTHPO-
BaHHOE ypaBHeHuUe conpotusienus (7.20):

V =P[F = c[(3 + m)a cosP + (5 +tgP)b thSi"B]+ dpyH , (7.46)

rae P — ycunue BHeapeHus; F — 60KoBas NOBEPXHOCTh KOHYCaA; f3 — mo-
NOBUHA YIja 3a0CTPEHUA KOHYyca; m — KO3PPUIIMEHT TPEHNUA (BA3ZKOCTH);
a, b, d — nonpaBouHbie KOIQPULMEHTHI, 3aBUCALINE OT 3.

[ocne noacranosku B (7.46) 3Hauennit ¢ u3 (7.44) nonyyum popmy-

Iy CONPOTHUBJICHMS:

V= p,H[(3 + m)acosP + (5 + tgB)btgPsinP + dj. (7.47)

CornacHo ypaBHenusM (7.44) u (7.47) B xunxow cpeae xacaTelbHbie
(ckonp3suve) HANMPAXKEHUS HE MOrYT ObiTh PAaBHLIMH HYJIO, KaK 3TO

cieayer U3 21 =(c, -0,)=0. 3aech, Takum o0paszoMm, eule pa3 noa-
TBEPXKJAETCA NIPABUIILHOCTh NPUHATHA T =0, /2 .
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3akKnyeHue

B HayyHOM HM31aHWH NYyTEM CONMOCTABJICHUA W3BECTHBIX (PyHIAMECHTAIb-
HbBIX OCHOB Pa3JIM4HBIX TEOPU FIPOYHOCTH C BHOBbL pa3dpaboTaHHLIMH
MOJIOXKEHUAMH TIPOYHOCTHOW TEOpUU  HANPAKEHHOIO COCTOSAHMS
(IITHC) nony4eHsl 3KCNIEPUMEHTAILHO-TEOPETHYECKHE 10KA3aTENbCTBA
€€ MNPHMEHUMOCTH Mg OlIpEAC/CHUS IPOYHOCTHBIX IapaMeTpOB
CIUTOHIHOH Cpelbl.

Hcnons3opanue ITTHC nmozpomwio ananutusecku 000CHOBATH HOC-
TOBEPHOCTb ONPEAEICHUS MNPOYHOCTHBIX XapaKTEPHUCTHK MaTepHaloOB
B PA3JIMYHbIX pEKHMAaxX HATPAXKERHOTO COCTOAHMSA. YIIPYIOM U Mpeaeciib-
HOM; MPH CXKAaTHH U pacTAXKeHUU. [IpU 3TOM nonyyaeMbie napaMeTpbl
XOPOLUO COTJAACYIOTCH € 3KCIIEPUMEHTAILHLIMY, TTOITOMY OHYA TPHHATHI
KaK OCHOBOIIONAralUe B MEXaHUKE BO3EHCTBAS HAKOHEUHHKOB U NpH
OLIEHKE YCTOWYHBOCTH CKJIOHOB B COCTOSSHHUAX NMPEAEIbHOro U AJTUTE b~
HOIr'0 paBHOBECHA.

[TpouyHocTHeie napameTpbl (CUEMJCHHE U MOAYJb TPEHMS) BMOJIHE
OTPaXkaloT HaNpsHKEHHOE COCTOSHHME JIOKANbHBLIX YYacTKOB CIUIOIIHOH
cpelbl NPH UIMEHEHUH CHJIOBOTO BO3ACHCTBUA, OHK afeKBaTHLI Aedop-
MALMOHHbIM TOKAa3aTessM M YCTaHABJIMBAIOT BHYTPEHHIOI CTPYKTYPY
cBA3eil JJIEMEHTApHLIX COCTAaBHBIX 4YacTed Marepuasna (cpenst). Ilpu
3TOM OTKPBIBAIOTCA HOBBI€ BOIMOXXHOCTH 3KCMEPUMEHTAIILHOIO MPUME-
HEHHA KOHYCHbIX HAKOHCUHMUKOB I MCIBITAHUA METAIIOB, TI'OPHBIX
MOpPOJa ¥ TPYHTOB.

OcHoBononaraiotue npuHuunsl ITTHC moryT ObiTH MCN0JIL30BAHDI
NpY PacCMOTPEHUH 3aauy B TEOPUM IUTACTUYHOCTH, reoMexaHuke. OHHU
JAOT BBIXOA W3 TYNMUKOBBIX MOJIOXKEHHH, OCOOEHHO B 00N1acTH npUMe-
HEHHUA HAKOHEYHHMKOB, ABIAIOHIMXCA Oojiee MpPUEMIEMBIMU OPYAUIMU
MCIIBLITAHUSA MAaTEPHUaJIOB.
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