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I'naBa 1

METO/1bI MCGTETOBAHUA
EOMEXAHUYECRUX
[IPOLECCOB




1.1. YNCJEHHBIE METOABI
B 'EOMEXAHUKE

1.1.1. O6mue ceeneHnsn

PacCMOTpeHHbIE B MEPBOM TOMe yueOHHKa aHaIuThYec-
KMe 3a4a4d ObuIM peLIeHbl MPUMEHMTENIbHO K ONWHOYHBIM
NPOTSUKEHHBIM BbIPaOOTKAM, HE MCNbITHIBAIOLMM BIMAHHUA
ApYrux BeIpaOOTOK MM BbIPaOOTAaHHOTO MPOCTPAHCTBA Ja-
Bbl. B TOM ciyuae, eciu Takoe BIUSHHE MMEETCH, PELUEHUE
HAMHOTO YCJIOXHSETCs, NONYUYeHHe HOCTATOYHO KOMITAKTHbBIX
AHAJIMTUYECKUX 3aBUCHMOCTEH CTAHOBMUTCA HEBO3MOXHBIM.
HanpuMep, IJIOCKOe CeYeHHe NOATOTOBUTENbHON BbIPpabOTKH
apouHOl GOpPMBI, COnpsramoLLeiics ¢ BbIpaOOTAHHLIM TTPOCT-
paHCTBOM JaBbl (puc. 1.1), npexncraBnseT cOOOH MIOCKOCTD,
OC1a0NCHHYIO BHIPE3OM AOCTATOUHO CIOXKHOIN HOpMbL.

Hannuue obnactu oOpyuIeHHbIX NOPOL CO3AA€ET AOMNOII-
HUTENBHYIO HEONHOPOAHOCTb PaccMaTPUBAEMOIO MACCHBA.
[Tonyuutb pelieHre TakoW 3agauyd METONAMH, PACCMOTPEH-
HBIMU BbILLE, JUIS MPUBEACHHON OOsacTH, AaXke B MPEANOIO-
JKEHMH, 4TO MACCUB AeQOpMUPyeTCs TOJILKO YNPYTo, He npea-
CTABJACTCA BO3MOKHBIM. B HHXXEHEPHOW NMPAKTHKE Ul yueTa
NEPEUUCIEHHBIX BbILIE (PAKTOPOB, KOTOPLIE HE YAAETCS BBECTH
B PACUETHYIO CXEMY, HUCTNIONIb3YIOT Pa3auuHble KO3 ULHEHTSI,
NOJIly4eHHbIE, KaK MPAaBWIO, SMIIMPHUUECKHM IIyTEM HA OCHOBE
00OOIIeHMsT HaTypHbIX HaONOAeHUH WM OaHHbIX Jlabopa-
TOPHBIX UCHBITAaHHH. OLHAKO MCMONB3OBAHME IMIHPHUECKHX
KO3 PUIMEHTOB, «MOANPABISIOLMX» AHATUTUYECKOE peLue-
HHE, OrPAHUYEHO TEMH KOHKPETHbIMH YCIIOBHSIMH, B KOTOPbIX
NPpOBOAMIKCHL HaOmtoneHust WK sxcnepuMenT. Takol nogxon
upeBaT 3PPEeKTOM «HAKOIUIEHHs! OLUMOOK»: NMPOEKTHPOBLIMK
BbIOMpaeT 3HAYEeHHE HYKHbIX eMy KO3(P(PUUUEHTOB U3 HEKO-
TOPOro nuana3oHa (MHOTAA JOBOJILHO LUMPOKOrO), HE HUMest
NOCTATOYHOTO OCHOBAHMUS AJIs BbIOOpPA UMEHHO 3THX 3Hadye-
Hui. Yem Gonblie k03hULUMEHTOB HY/KHO BBECTH, TeM OOJb-
L€ BEPOSTHOCThL TOrO, YTO MMOJIyyaeMass B PE3yNbTaTe BEIH-
YHHA OTKJIOHSAETCS OT CBOETO WCTUHHOIO 3HAYEHHA, M TEM
SonbLie 3TO OTKIIOHEHHE.



Puc. 1.1. [lmockoe ce-
YeHHE BLIPadOTKH, co-

MPsHKEHHOE ¢ BbIpado-
TAHHBIM  MPOCTPAIICT-
BOM JIABLI

bonee TouHOe
PeLlIeHHe MOCTABJIEH-
HOHM 3amauM MOXHO
MONYYHTb, €CJIH pac-
4YeTHAs CXeMd M MEeTOH PELIeHHs MO3BOJIAIT H3HAYaIbHO
yUecTb MHTepecyrolune uccnenoBarters (paktopsl. Lupokue
BO3MOHOCTH OTKPbIBAalOT B 3TOM MJIAHE TAK Ha3blBA€Mble
YUMCJIEHHBIE METOMbl PELICHHUS, 3aUMCTBOBAHHBIE U3 MEXAHHKH
nedopmupyemMoro TBepaoro tena. Haubonee addexTuBHBIE
U3 HUX — Menoo KoHeulwlx daemenimog (MKI3) v smemoo epa-
Huynelx onemenntog (MI'3). VHTeHCMBHOE HX pa3BUTUE H
NPHUMEHEHHE B NMPAKTHKE MHKEHEPHBIX PACYETOB CTAJIO BO3-
MOXHBIM C Pa3BUTHEM M IOCTYMHOCTbIO BbIYMCIHUTEIBHON
TexHUuku. B nocnennue nBa gecatusnerus OGaarogaps npuMeHe-
HHUIO 3TUX METONOB CYLIECTBEHHO pacUIMPHIICS KJlacc 3anad,
pelaeMbix B reOMeXaHHuKe.

B, |

f
|
L=+

1.1.2. MeTox KOHEYHBIX 3JIEMEHTOB

Peruenue 3anau MexaHuku 1epOpMUPYEMOTO TBEpAOTO Te-
J1Ja METOJOM KOHEUHBIX 3JIEMEHTOB OCHOBbLIBAETCSA Ha NPHMEHE-
HUM NIPUOIIDKEHHBIX METOMOB BbIUMCIEHHH, METONOB MaTpHU-
HOW U JuHelHOH anreGpel. ChopMymupoBaHHblii Bnepsble B 50-¢
roasl — Bpemss 9BM nepBoro noxonenus, MKD paccmatpu-
BaJICA CHayasla KaK BapuHaHT pacLIMpeHUs M Pa3BUTHS MaTpHy-
HOIO MeTOJla pacueTa KOHCTPYyKUMit. B HacTosuiee Bpems: obLue-
NPU3HAHA CBSI3b 3TOTO METOHA C KIACCHUYECKHMH METONAMH
CTPOHTENbHOH MEXaHUKH, BAPUALIMOHHBIMH H Pa3HOCTHBIMHU Me-
tonamu. [ToagpoOHoe ero u3noKeHre NPUMEHHTENBHO K 3a7ayaM
reoMexaHuku comepxurcs B [1]. Huxe npuBeneH ykpynHeHHbIH
anroputvm MKDO ¢ onucanHeM ero cocTaBaAOLUMX (OMyLUEHbI
HEKOTOpPbIe BbIBOAbI K HE PACCMATPUBAIOTCS YACTHBIE NETAJIH
MCIONb3YeMOro MaTeMaTHYeCKOr O annapara).
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PaccMOTPUM YK€ H3BECTHYIO 3aJavy O MPOTANKEHHOM
rOpHOH BbIpaboOTKeE, ¢ TEM OTJIHUHUEM, 4TO opMa nmonepeu-
HOTO CEUeHHs BbIPaOOTKM NPOMU3BOJIbHA, & OKPYKAOUWMI
[IOPOIHBIH MAacCUB MOXET ObITb HEONHOPOAHBLIM 1O CBOHM
1eGOPMALMOHHBIM CBOHCTBAM (Hanmpumep, cnoucThbii). Ce-
yeHWe BbIPAOOTKH, MEPNEHAUKYJIAPHOE K €€ MNPOIAOJbHOMH
ocH, TMpencTaBisieT coOOi TsKEIY0 BECOMYIO MOMNYIIIOC-
KOCTbh C COOTBETCTBYIOLUMM BbIpe3oM. [Ipu pacuetax noJs-
HbIX HANpsiKEHUH OHA MOXET ObITb 3dMEHEHA HEBECOMBIM
MIOCKUM NMPSMOYTOJIBHUKOM CO CTOpOHamu a u b (puc. 1.2)
1 ¢ OTBEPCTHEM TAaKOH *e GOPMbl B LUEHTPE, 3arPyKEHHBIM
HAa BHEIUHMX TIpPaHMLAX CKUMAOLWUMH HaNpPIKEeHUIMH,
PARHBIMH HAUYA/IbHbLIM HANPAKEHUAM B MaCCUBE HA TNyOuHE
3an10XXEHHS BbIPAOOTKH.

RRERERE

Puc. 1.2. Ycnosus HarpyxeHHs 3aKpEILIEHHOM TOpH30HTaJIbHOM BEbIpa-
6o1xu (2) B mopomHoM Maccuse (I):
a4 — du3Hueckas MOAeNb; 6 — pacueTHas MOJIENb, HIIH pacuyeTHas cxeMa; 8 — Ha-
YaJIbHbIC HAIIPAXCHHSA B MACCHBE Ha I‘IIyGHHC 3aJI0XKCHHA Bblpa6OTKH



Mcenenyemass obnmacth pa3buBaeTcs Ha MIOCKHE Tpe-
YyrOJIbHBIE JJIEMEHThl €AMHHYHON TOJLUMHBLI /I, B3aUMOAEHCT-
BYIOLLHE MeXAY CODOU uepe3 CONMpPUKACAIOLIMECS TOUKU-Y3IIbI
(y3noBble TOUKH). B npegenax kaxxaoro U3 3JIEMEHTOB MACCHB
NPeANONIaraeTcss OQHOPOAHBIM M yNpPYyruM. Bce Bunbl Harpy-
30K, JEHCTBYIOILLME Ha Hccnenyemyro obnacte (puc. 1.3, a) n
(dhopmupyOLIKNe B Heil OnpeeNeHHOe HanpsixKeHHO-aAedhopMu-~
POBAHHOE COCTOsIHHUE, NMPUBOAATCS K CTaTHYECKH 3KBUBAJIEHT-
HBIM CHJIaM, NMPUJIOJKEHHBLIM B Y3JIOBBIX TOUKaX. PaBHOMEpHO
pacnpeneneHnas Harpy3ka ¢, OeWCTBYIOLLAs, HampuMmep, Ha
OAHY M3 TpaHel aseMenTa (puc. 1.3, 0), nomkHa ObITb 3aMeHe-
Ha paBHOBEJIUKUMH COCPENOTOUYEHHBIMH Y3JIOBBIMH CHiTaMu F.
Ob61beMHble CUIbl P, BbI3bIBAEMbIE, HAaMpumep, COOCTBEHHBIM
BECOM FOPHOH MOPOABl, TAKKE MPUBOAITCA K COCPEAOTOUEH-
HbIM CHJIaM, AEUCTBYIOLUMM B Y3JIOBBIX TOUKaX U COCTaBIISIO-
wum 1/3 BenuunHbl 00BeMHOM cunbl TaxecTu P (puc. 1.3, 6).

a 0

1% a/2
1 Y Tsouwans &
= | 42
F =94
0 ¥ F.=F, )
¢
P/3
P/3
P/3
P

Puc. 1.3. TIpuMepsl npHBENEHHA HATPY30K K CTaTHCTHUCCKH IKBHBAJICHT-
HOI{ CHCTEME Y3II0OBLIX CHIL
a — pacrpezeNneHHasi Harpyska, JelicTByioliast Ha HCCHEAYEeMYIO 00NacTb; 6 —

3aMena paclipefleNeHHoll Harpys3Kil ¢ YCJIOBHBIMH cHiaMil F, 11 F,; ¢ — pasnoxe-

HIlE CHIIbL TSDKECTIE P Ha CLCTEMY Y3IOBBIX CHIT, 2 — paszfoxeHile yanooll cutel R Ha
cocrapnsioliiie R, u R,
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Ha BHelIHEM KOHTYype paccMaTpuBaeMoil obmactu mac-
cUBa U Ha KOHTYPE BbIpabOTKH 3a1at0TCsl IOBEPXHOCTHLIE CU-
nbl Fii, KOTOPBIE B CIIy4ae OTCYTCTBUS ITOBEPXHOCTHBIX HArpy-
30K paBHBbI HYJIO, & MEPEMELUEHHUs Y3JIOBBIX TOUEK KOHTYpa
Heu3BeCTHBI. [1o ycmoBuHIO 3aaauy MOTYT ObITh 3a1aHbl Nepe-
MENIEHHS Y3JIOBbIX TOUEK, TOTA& HEU3BECTHLIMHU ABAKIOTCS Y3-
70BbIe CHIIbI. YHallle BCEro BCTPEUAIOTCH CMELUAHHBIE TPaHUY-
Hbl€ YCIOBHSA: B OTHOM M3 HAIPABJICHUH U3BECTHO Iepemellie-
HUEe ¥ HeOOXOAMMO OMPEAESTUTh CUIlYy, B IPYIOM — M3BECTHA
cwiia U HeOOXOAMMO ONIPEAEIIHTL HEU3BECTHOE NEPEMELLEHHE.

B pacyeTHOH cxeMe pacCcMATPUBAEMOH 3aJayd B CUILY
CUMMETPHUH HUCHOJIL3YIOTCS CIEAYIOUINE TPAHUUHBIE YCIOBHA:

B/OJIb BEPTHUKAIbHOU rpaHuubl obnactd (X = 0) — paBHbI
HYJIFO TOPH3OHTATIbHbiE KOMIIOHEHTbl MEPEMELIEHUH Y3JI0B;
BJOJIb TOPU3OHTANBLHOU rpaHulbl (Y = 0) — paBHbBl HYJIO

BePTUKAJIbHBIE KOMIIOHEHTHI nepemewieHWd. KoHTyp BbIpa-
60Tk cBOOOAEH OT HanpsiKeHui (6, = o, = 0).

HensBecTHBIMU SBISIOTCA MEPEMELICHUST BCEX Y3JIOBBIX
TOYEK BHYTPH MACCHBa, HA KOHTYpe BLIPAOOTKH U HA TpPaHULE
obnactu. BeplunHb! TPEYroabHbIX 3JIEMEHTOB, CXOISLIUXCSA B
y3jax pa3OueHHsi, MOXHO paccMaTpuUBaTb KAK BEPLUMHBI —
y3JIbl JUIsl OTAEABHBIX 3JIEMEHTOB.

Pacuer HaunHaeTcs ¢ POPMHUPOBAHUS OCHOBHBIX Xapakx-
TEPUCTHK TPEYrONIbHOIO 3JIEMEHTA, KOTOpPble 3aTEM COCTaB-
JAI0T €AMHYIO pa3peLlaoulyio CUCTeMy anredbpanyeckux ypas-
HeHui. [TpuBeneM 3TH XapaKTEPUCTUKH.

[Tepemewienns u neopmauuu 3J1eMeHTa

B MK?D nepemeilienyss BHyTPeHHUX TOUYEK 3JEMEHTA Ofl-
PEOENAIOTCs yepe3 nepeMelieHus ero sepiluuH. [lycTs Bepuuiu-
HbI TPEYrofbHUKa (Y371bl) 7, 5, I UMEIOT KoopauHaTel X,, Y,; X,
Y, X, Y, IlepemeleHue mMpOU3BONLHOW BHYTPEHHEN TOUKH
3NIEMEHTA ONpPEeNeNseTCcs BEKTOpOM {O} ¢ KOMMNOHEHTaMH: ro-
pusonTanbHbiM — U 1 BepTHKaIbHBIM — V.

{8} = {U, V3.
1



Tlpu 3TOM nonaraercs, YTO KOMIMOHEHTbI MEPEMELICHUH
BHYTPEHHHUX TOYEK 3JIeMEHTa SBISIOTCS JMHEHHbIMH (DYHK-
UUSIMH KOOPAMHAT CIEAYIOLIErO BUAA!

U=o +a,X +0a,Y,
(1.1
V=os+asX +a,Y,
rae a,, a,, d;, 4, Oy, &, —— KOHCTaHTbl, KOTOPLIE MOXHO OIl-

penesuTb U3 MPUBEACHHBIX YPABHEHUHM MO YKA3aHHBIM BBILIE
koopaunatam (X, Y, X, Y, X, Y,) U nepeMelleHUsM Yy3JOB,
KOTOPHIE XapaKTePU3YIOTCA BEKTOPAMHU

(8 ={U, V,} (i=r,5,1).
[lonHbift BEeKTOP NEepeMeLeHU) y3710B UMEET BUJ
B =06,5.8=U,.v.U.V, UV}

IloncTtaBuB BBIUMCIIEHHBIE TAKMM OOPA30M KOHCTAHTHI B
ypaBHeHus (1.1), MOXHO YCTAHOBUTb CBSi3b MEXKAY Mepeme-
LIEHUSIMH Y3JIOB U BHYTPEHHMX TOYEK 3JIEMEHTA 4Yepe3 TAK Ha-
3piBaeMble pyHKUHMM GopMbl. OHU BeIOMpPAIOTCS TakuM oOpa-
30M, 4TOOBI YAOBIETBOPUTD YCIOBUIO HEPA3PLIBHOCTU nedop-
MaLMHi TOYEK MOPOJHOrO MACCUBA:

U= EIE[(G' +b,X+¢Y)U, +{a, +b X +cY)U, +(a,+bX +cY)U,],

V= EIE[((I, +b X +c,Y)V, + (aj +b X +cSY)V: +(a, +b X +c,Y)V, 1

(1.2)

rae ¢, =y, =%(ai +bX +CiY) — ¢pysxunu Gopmsl;

a,=XY-XY; b=Y-Y: ¢=X-X;
a,=XY,-XY; b=Y,-Y: ¢, =X, -X;
ar :XrY.\'—Xx r; br:Yr_Y.\'; C! :XA'_XI"

CkansipHblii MHOXMTeNb S, NMPEACTaBASIOIMN IUTOLAIb
paccMaTpUBAaEMOro TPEYTOIBHOIO 2IEMEHTA C BEPUIMHAMMU T, §, I
12



I X, Y,
=21
2
1 X

B3auMHOe NepeMelieHne BHYTPEHHHUX TOUEK 3JIEMEHTA
XapaKTepHu3yerca BeKTOpoMm aehopmauui {€} = {€, &, v, }.
Bektop nedopmaunii cBA3aH C BEKTOPOM I[E€PEMELLEHUHN 3le-
MEHTa, a4 4Yepe3 HEro — ¢ BEKTOPOM Y3JIOBBLIX MEPEMELIEHUH
MaTPHYHbIM PABEHCTBOM:

{e}= B}, (1.3)

rae B — marpuua, sneMeHTbl KOTOPOH ONPENeNSIIoTCs BUIOM
BbIOpaHHBIX QYHKUUH POPMBI:

b 0 b0 b 0

=—0 ¢ Oc, 0 ¢ | (1.4)
28 :
¢, b cb ¢ b

H I

B

Marpuua ynpyroctu
Martpuua ynpyroctu CBs3bIBAET MeEXIy cOOOi BEKTOp
nepopmanuii {€} 1 BEKTOp HANPsUKCHMHU snemeHTa {6} = {1,.
O,, T,,} W ONPENENAETCA COOTHOLIEHHEM 3aKOoHa I'yka mpume-

HUTENBHO (B JAHHOM CIIy4de) K YCIOBUSM MJIOCKOM nepopma-
LHH:

l-u pn 0
I-u 0 : (1.5)
0 0 (1-2u)/2

E
S wy ()

roe £ — monyns ynpyrocru; 4 — ko3 duunent [Tyaccona.
3axkoH ['yka B MaTpuuHO# dopme numeeTt BUL

.+ {o}=Dle}=DBs}. (1.6)
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210 BBIPAXXE€HHE HENOCPEACTBEHHO CBA3LIBACT BEKTOP
Haﬂpﬂ)KeHI/li/i BHYTPCHHHUX TOYCK 3JICMEHTA C MICPCMCIICHHUAMHU
€ro BEPLIUH — Yy3JIOB.

MaTpHua KeCTKOCTH TPEYroJbHOI0 3JieMeHTa

PaccmaTpuBaemblii OTHAENBHO TPEYTOJIbHBIA 3JIEMEHT C
BEepIUMHAMHU 7, §, [ OydeT HAXONUTLCS B PABHOBECHH, €CIH 3a-
MEHUTb ACHCTBHE OTOPOLICHHBIX Y4aCTKOB HCCIenyeMoil o0-
NacTH CTATHYECKH IKBUBAMCHTHOU CUCTEMOU CUM, MPUIIONKEH-
HBIX B BepLUMHAX TPEYronbHUKA. DTa cUcTeMa cul oOpasyer
BekTOp {F},. PaboTa BHEWIHUX cul DOMKHA ObITh paBHa pa-
OoTe cun BHyTpeHHuX. M3 3TOro nonoXXeHnus BbITEKAET paBeH-

{F} =lkl.B}. (1.7)

B KOTOPOM Martpuua [k], Ha3bIBaeTCsl MATPULEH XKECTKOCTH
aneMeHTa. B ciydyae TpeyrojabHOro 3jeMeHTa OHa ONpenens-
€TCSl MATPHUUHBIM PABEHCTBOM

II m
[/\]g:—{g—B DB, (1.8)

rae B” — TpaHcnoHupoBaHnHas matpuua B.

O060011eHHAas MATPHLA KECTKOCTH CHCTEMbI

OTan NOArOTOBUTENbHBIX paboOT NMpH pacyeTe METOAOM
MK?3 3aBepuiaercs HopMHUpPOBAHHMEM MATPHUbl KECTKOCTH
BCeM crucTeMbl KOHeYHbIX 3memeHToB (MJKC), wimy, uro TO XKe
caMoe, MOCTPOEHUEM Pa3ZpelaoWeld cucTembl anredpauue-
CKUX yPaBHEHHUH.

IlycTh B cooTBeTCTBUMU C MeToaukoi MKDJ uccnenyemas
obnacte pasOHTa Ha M TPEYTOJbHLIX 3JIEMEHTOB, COCJIUHEH-
HbIX MEXIy cOOOH B /1 Y3JIOBBIX TOUKax. B kaxaom ysne ¢ Ho-
MEpPOM [ paccMaTpPHUBAIOTCSl BEKTOPBI CUII {F;} U nepeMelleHUn
{U;}. N3 mHoxectBa BektopoB {F;} u {U;} obpasyrorcs
obobuweHHbIe BekTOpBl cunt {F} u nepemewenut {U}. Ansa
JIMHEHHBbIX 3aJay TEOPUM YOPYTOCTH CIPABEUIHB TIPHHLHUII
JEeUCTBHUSI HE3aBUCUMOCTH CHJl. MICXOOs U3 HEro, BEKTOPbI CUJT
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{F} n nepemelieHud {U} mMoOryT ObITb CBA3aHbl CUCTEMOM 2n
ypaBHeHHﬁ. B maTpuuHOl (popMe OHa UMEET BUJ

{F} =K {U}. (1.9)
3pech kBanparTHas Matpuua K nopsaka 2n nmpenctasis-
er coboit MIKC, a ee aneMeHThl K; — JKECTKOCTh I-TO y3I11a
CHCTEMBI 3JIEMEHTOB IPHU MEPEeMELUEHMH HX B HANpPaBIEHUU
xomnoHeHTsl j. [loatomy anementor MXKC onpenensiiorces Be-
JHUUMHON 3JIEMEHTOB MaTpPHL XECTKOCTH [K], TpeyroabHbIX
3eMeHTOB. YcraHoBlenue siBHOU cea3u MIXKC ¢ marpuuamu
JxecTKocTel aneMeHToB (K ¢ [k],, rne e = 1, 2, 3, ..., m) no3Bo-
aseT cOPMUPOBATH MATPHLY XKECTKOCTH CHCTeMBL. 1loapob-
Has npouenypa GopmupoBaHus matpulbl K W3JIOKEHA B pa-
6ore [1].

HUrax, ypasnenne (1.9) aBnsercs 3aBePLiaOiivm 3TAanoM
NOATOTOBKHM 3adauu. PeuieHue 3TOro ypaBHEHUsl OJHUM M3
M3BECTHBIX METO/IOB JIMHENHOM anreOpwl (Hanpumep, Taycca,
3efigens ¥ Ap.) JAeT HEU3BECTHbIM BEKTOP Yy3NOBBIX NEpeme-
wenui {U}. 3atem no gopmynam (1.3) u (1.6) onpenensitorcs
JedOopMalivu ¥ HaNPSKEHUS KaXI0ro 3JEMEHTA.

PaspaboTaHHble H& HACTOSWIMIA MOMEHT BbIYNUCIUTENb-
Hble nporpammsl, peanusyomue MKD (oaHa u3 HuX npuse-
JAeHa, Hanpumep, B [1]), B OCHOBHOM MpPEeANONAraroT BbINOJ-
HEHME CIIeIyFOLMX ITANOB.

1. Boibupaercs cetka pasOWBKU W B COOTBETCTBHUU C
3TUM Hccneayemas oOnacTb NPEACTaBIsSETCS B BUJIE KOHEUHO-
O MHOXeCTBa NpPOCTeHIMX eMeHTOB. HasznaueHue ceTkw,
T. €. BbIOOp pa3MepOB 3JIEMEHTOB, MPOU3BOAUTCS C YUETOM
HEONHOPOAHOCTH CTPOEHUSA MOPOAHOro Maccusa. B paiione
OXMHaeMblXx HanOONbLUIMX T'PAAUEHTOB HANpPsKEHUH (Hanpu-
Mep, BOIU3U KOHTYpa BbIPpaOOTKH) 11e71eCO00Pa3ZHO HCIONb30-
BaTb Oonee Meskoe pa3bueHue, Ha yyacTKax, I'ie OXHUIAeTCs
TUTABHOE U3MEHEHUE HANPSIKEHUH, — OoJlee KpymnHoe.

2. Kaxxnomy 3neMeHTy CTaBSTCS B COOTBETCTBHE (PU3U-
KO-MeXaHUYeCKHe XapaKTEPUCTUKHU Cpellbl, 3AKIIFOUEHHON BHYT-
PH 351eMeHTa, KOOPAMHAThI Y3JIOB, YCIOBUS HATPYXKEHHS U T. 1.
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3. OOPMHUPYIOTCH MaTPULB! JKECTKOCTU INIEMEHTOB, MAT-
puua xectkoctu cucrembl (MOKC) u, B COOTBETCTBUM C YCIIO-
BUSIMM HarpyXeHusi, — BeKTOp {F} neBbix yactell ypaBHEHUi
(1.9).

4. Pewnaercs cuctema ypasBHenuidl (1.9), B pesynbrare
ONpPEHENSAIOTCS HEU3BECTHBIE NEPEMELLICHUS Y3NOBbIX TOUEK.

5. I1o Hall/IcHHBIM 3HAUECHUSIM MEepPEeMELIeHUI Y3JIOB Bbi-
YUCIAIOTCS AePOpMaLlvi W HanpsiKeHWss B LUEHTPE KaxI0ro
3JIEMEHTa.

CrenyeT OTMETUTL, UTO HUKAKUX OTPAHUUYEHUN OTHOCU-
TEJIbHO HEOAHOPOAHOCTHU MOPOAHOro MaccuBa no aedopma-
UHMOHHBIM CBOICTBaM He HakyaablBaercs. I1onb3ysacek annapa-
ToM MKDO, MOXHO MOAEnMpOBaThb CAOUCTLIM MacCUB, TPEUIU-
HOBATOCTb, AHU3OTPOMNUIO CBOUCTB MOPOJ, sBAEHHE (UITH-
Tpauud. HMmerTcs nNpakTUYECKH HEOrPAHWYEHHBbIE BO3MOK-
HOCTU MOCTPOCHMUS «YJIYUILEHHBIX» 3JIEMEHTOB. B 4acTHOCTH,
JJ11 MOACTIHPOBAHUSA CUEIACHUA CIOEB H& KOHTAKTaxX UCHOMb-
3YIOTCs CreUUalIbHble «KOHTAKTHBIE» 31eMeHThl. Pazpaborta-
Hbl CMIELUAIbHBIE PUEMBI AT MOJEIHMPOBaHUS B3auMOJEHCT-
BHUSl Kpenu BbIPAOOTKU C OKpYyXawoluM maccuBoMm. CoBep-
LIEHHO OYEBUIHO, UTO CKOIbKO YFOMHO CIIOKHbIM BBIPE3 B
NONYTUIOCKOCTH, a4 TAK)KE€ KOHEYHOE YUCIIO TAKUX BBIPE3OB HE
SIBJISIFOTCSl TPENSITCTBUEM K NPUMEHEHUIO MeTtoaa. Moaenupo-
BaHue OOPYHICHHBIX MOPOJ TaKKE JIETKO OCYLIECTBUMO B
pamkax Meropa. CrnegyeT TONbKO OOOCHOBAHO BbIOPATL YyC-
JIOBHbIE «YNPYTUE» XAaPaKTEPUCTHKH OOPYLIEHHBIX HEYNJIOT-
HEHHBbIX TOPOJ Ha OCHOBE [OMOJHHUTEIbHBIX UCCIENOBAHUUI
(Hanmpumep, o pPe3ynbTaTaM UCIBITAHUMN OOpPa3lOB MOPOA HA
npeccax MOBBILIEHUH KECTKOCTH 1O YPOBHS OCTaTOYHOH
NPOYHOCTH).

Annapat MKD3 npumeHuM He TONLKO K PELICHUIO IBY-
MEPHBIX (IUIOCKMX) 3amad reoMexaHuku. [IpocrpaHcTBeHHas
obnacthb MaccuBa TakKXe MOXeT ObiTb annpoKCUMMHUPOBAaHA
KOHEYHbIMHU 3JIEMEHTAMU, HO YK€ HE TPEYyrONbHbIMH, d, Ha-
npumep, TeTpasapuueckuMu. OTMETHUM TaKXe BO3MOXXHOCTb
16



FIONYUEHUS PEIIEHUN B HETMHEHHOM MOCTAHOBKE, T. €. B IPel-
[IOJIOKEHUH, YTO NMOPOAHBIN MAacCUB IePOPMHUPYETCA HEYNPY-
ro, obHapyXuBaer actuueckue aedopmauny Unu Xpynkoe
paspyiuenue. Mcnonb3ys BbIYUCIUTENbHbIE BO3SMOXHOCTH Me-
TONa, HETMMHEHHOEe pelleHUe MONy4yaroT Kak IOCIENOBATENb-
HOCTBh ynpyrux peweHuit. [logpoOHoe u3noxenue nmpueMoB
NpUOIMAKEHHOIO TOJIyYEHHsl HEYNPYIMX pPEIUEHMH MOXKHO
HayTu B padore [1].

1.1.3. MeToa rpaHH4HbIX 3JIEMEHTOB

YtoObl MOSCHUTH CYUWHOCTb METOAAa IPaHHYHBIX 3lle-
MenToB (MI'3J) [2], oOpaTuMcs BHOBL K 3aaye O MPOTSIKEH-
HO# MOJIOCTU B OECKOHEYHOU ONHOPOIHOU cpere (BbIpabOT-
ke). Ilnockoe ceuenue taxoll MONOCTH MpeACTaBIsieT cOOOM
3aMKHYTbIH KOHTYp C B 6eckoHeuHOit ruiockoctu R (puc. 1.4).
Llenb peurenus 3ajay TeOPUM yNPYrOCTH COCTOUT B HAXOXKJe-
HUM HanpsOKEHUW M CMELLEeHUH B yNPYroM Teje, NOABEPKEH-
HOM JEWCTBUIO 3aJaHHBIX OOBEMHBIX CIJI, @ TAKXKE HaMpsiKe-
HMU ¥ CMELIeHUH Ha rpaHuue obnactu (Ha koHtype C).

IIpu 3TOM pelieHue BO BCEX TOUYKAX PaccMaTpuBaeMOi
0o0nacTu AOJKHO YAOBJIETBOPATh AH(depeHInanbHbIM ypaBs-
HEHHUSIM PABHOBECHSI U COBMECTHOCTH Ae(POPMALIUM.

Mns cnywas, xorna obiacte R ogHOpoaHa, a koHTyp C
HMEET CaMYI0 MPOCTYIO — KPYIJIyI0 — (POpMY, pelIeHHUe Jer-
KO HAXOJOMTCS aHAJUTUUYECKMMH METONAMHU, T. €. HEIOCPenCT-
BEHHBIM HHTETPHPOBAHUEM YpPaBHEHHUH.

B npenpiayiem noapaszmene ObUIO MOKa3aHO, YTO €CIH
obimacte R HeomHOponHa, a C UMEeT CKOJIb YrOIAHYIO CIIOX-
Hy1o dopmy, pelieHrHe MOKHO MOJAYYUTh NPUOIIHKEHHO, NPH-
MEHsIT METOJ KOHEYHBIX 3JIe-
MeHTOB. [(na 3Toro obmacThb
R nomxua ObiTh OrpaHHYeHa
BHewHuM KoHTypom (i, a 3a-
TeM pa3bura Ha CeTKy OJJle-
MEHTOB.

Puc. 1.4. K dopmymupoBke 3amauu
TEOPHH YIPYLrOCTH
)




[Tpu 3anaHuy KOHEYHO-3JEMEHTHOH CETKH HYXHO OTBe-
TUTb HA TPU BOMpPOCa:

® JOCTATOYHO JIU [eTajibHa ceTka BOMHU3U BHYTPEHHEro

KoHTypa C7;

® JOCTATOYHO JIM yAajieHa BHELUHsis rpaHuua cetku C)

OT BHYTpPeHHEH?;

¢ OCTATOUYHO JIY [NaAKO OCYLIECTBIEH B CETKE NEPeXos

MEXKIY KPYMHBIMH 3JIEMEHTAMM Y BHELIHEH T'PAHMUbI U

MEIIKUMU Y BHYTPEHHEH.

Kak yBuaum Huxe, npu ucnonb3oBaHud MI'D Ha ane-
MEHTBI JOCTAaTOYHO Oyzer pa3Outh Tojbko kKOHTYp C. U TO-
ra CyLieCTBEHHbIM OCTaeTCsl TOJIbKO MEPBbIil BOMpOC.

MeTon rpaHUYHBIX 2JEMEHTOB OCHOBaH HAa TOM, YTO
JIOCTATOYHO JIETKO MOJIyUUTh aHAJIMTHYECKOE PELUeHUE, OTBe-
4arollee TOYEYHOMY BO3MYLUEHHIO B OE€CKOHEUYHON OOHOPO-
HOHU cpene. DTO BO3MYILEHHE MOXET MNPeAcTaBisiTb COOOH,
Harnpumep, COCPEeNOTOUEHHYIO CHIly B YNpyrom Ttene. Takue
PELICHUS MPUHATO HA3LIBATL CUHTYISAPHBIMY, TTOCKONBKY OHU
BelyT cebd XOopowo BCAy B obnacth R, 3a UCKIIOYEHHEM
TOUKH BO3MYILLUEHHS, TA€ UMEET MECTO MaTeMaTHuecKas aHo-
Manus — CUHTYNSPHOCTb. [Ipu Hamuuuu B Tesle HECKOJIIbKUX
TOUEK BO3MYLUEHMS] ANsi OTbICKAHMUS pelleHust (B JMHEHHbIX
3aauax) MOXHO CYMMHUPOBATL OTAENbHBIE PELIeHHUs (OTAEIb-
HbIE CYNEpU3ONALUK). I8 ONMCAHHOMN BbILIE 3aa4H O MOJIOC-
TH B OECKOHEYHOM TENE YUCIIEHHOE PELIEHHE CTPOUTCH Ha OC-
HOBE MOJIy4YE€HHbIX NPEABAPUTENBHO AHATTUTUUECKUX PELUEHHH
JUIS MPOCTBIX CHHIYJSPHBIX 3adady TakUM oOpa3oM, 4TOObl
YIOBJIETBOPUTbL NPHUOIMKEHHO 3a0AHHBIM T'PAHHYHbIM YCJIO-
BUAM HAa KaxnaoM anemeHte koHTypa C. [lockonbky kawpoe
CUHTYJSIDHOE peLUEHUE YAOBIETBOPSET B R ONpeaessfoluM
nuddepeHUHaTbHBIM YPABHEHHSM, B 3TOM Cllyyae HET HeoO-
XOIIMMOCTH AENUTb camy oOmacTb R Ha ceTky anemenToB. Ko-
HeyHas CUCTeMa JIMHEHHBbIX ypaBHEeHMH OyleT B 3TOM ciydae
3HAYMTENbLHO MEHbLIE, YEM CHUCTEMd, KOTOPas MONyyaercs Npu
UCIIOJIb30BAHUU METO1a KOHEUYHBIX JIEMEHTOB.

B kauectBe cuHrynasipHoro (0a3oBoro) petueHus B [2] uc-
NONb3YEeTCs PELIEHHE O MOCTOSSHHOH COCPEeNOTOYEHHOHN CHITe
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P = (P, P,), IPUIOKEHHON K KOHTYPY IIMHOM v2(1 (puc. 1.5).
HanpsikeHHs, BbI3bIBAEMbIE B YNPYIOM Tene AEHCTBHEM yCH-
aus P Boojb orpeska |x| < a, y = 0, BbIpaxaroTcsi uepes
dysruunio fx, y), MMEIOLLYIO BU/ (BBIBOJ ONyCKaeM)

f(x,y)=4n(]]_“)y[arctg ‘“V —arctg J j—(.\'~a)><

X—-a X+a

xIn (x—a)2 +37 Jr(,\'Jra)ln\/(.\%a)2 +37,

a TaKXe €€ IMPOH3BOAHBIEC!

f =+—1—[ln\/(.\‘—a)2 +y° —ln\/(ix+a)2 +y ],
' 4n(l—p)

v 1 y y
=—————larctg arctg \
S5 4n(1—p){ 8 x-a x+a}

T Y - "
Y An(l-p)(v—a) +) (x+a) +)y

f’ _—f” _. | X—a 3 XN+a
T T 4a(l-w)| (x—a) +yr (v+a) 4yt |

Takum obpazom:
o, =P |G- ) [+ S |+ P.Qufl 4310,
o, =P |-(-20) 7 —yr2 ]+ PRa-wyr, -y ], (10
v =nba-wser e pli-aor-r )

B P |
V”x 0 / / X
-a a o

Pue. 1.5. K 3agauc o COCPEROTOYEHHOI CHIIE, MPHIIOXKEHHOH K OTPE3KY
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B toukax x = *a ¢pyuxuus f(x, y), cnenoBaTeIbHO, U Ha-
MPSDKEHUS, a4 TAKXKE CBS3aHHBIE C HUMHU CMELLIECHHS, BbIpaxe-
HHS TSt KOTOPBIX HE MPUBOAATCS, HMEIOT OCOOEHHOCTb.

OTto peuienue cocranisier ocHoBy MI™D nnst HaxoxaeHus
YUCIEHHOTO pelueHus moOoit KpaeBoil 3amadyu TeOpUU ynpy-
FOCTH, B TOM UHMCII€ U PACCMOTPEHHOM BbILLE 3a1a4y O MONOC-
™1 (BpipaboOTKE) B OECKOHEUYHOM Tene (MOPOJHOM MAacCHBE).
AnnpokcuMmupyeM KoHTyp nonoctu C (rpanuny obnactu R) ¢
nomouipio N OTPe3KOB — 3JIEMEHTOB, IPUMBIKAIOLUMX IPYT K
npyry (puc. 1.6).

JIMMHy XapakTepHOro i-ro rPaHu4yHOro 3nemeHTa 00o-
3HaunM 2a'. BmecTe ¢ robansHoil cucteMoii koopanHat XOY
OyneM paccMaTpMBaTh ISl KaXAOTO 3JEMEHTA JIOKAJIbHbIE
KOODIAMHATHI A, S, U3MEHsIOLMEcs OT TOYKHM X Touke. [Ipen-
MOIOKHUM, YTO KOHTYP MOJOCTH MOABEPKEH AEHCTBUIO HOP-
MalbHOIO HAanpsKeHus ¢, =—P (T. e. CXaTHIO), a KacaTellb-

Hoe HanpsikeHue o, =—0. TpebyeTca HallTh cmeleHus U Ha-

NPsKEHUs B TeJle, BbI3BAHHbIE 3TOH HArpy3kol Ha TPaHHLBbL.
I'paHnYHBIE YCIOBUS IPH 3TOM HMEIOT BHI:

(L.11)

Puc. 1.6. Vmmoctpainis MeToja TPaHUYHBIX JIEMCHTOB Uid 3ajadil
0 MOJOCTH (BLIPADOTKH):
a— (buanqecxaﬂ 3ajavda, 6 — yHCIeHHas! MOJeCIb
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3agauya ¢ TAKUMH 3a[aHHBIMU YCIOBMSMU PELIAETCA C
QOMOIIBIO MOAENH, U30OpaxeHHOH Ha puc. 1.6, 6. IlyHKTHUD-
yas npsmas C”umeeT Takyio xe popmy, kax u kpuas C, uc-
[OJIb30BaHHAas I 3aJaHus rpaHul obnactu. OxHako KpuBas
C’ He aBIseTCs TPaHMLeH, OHa TONBbKO OOO3HAYACT MECTONO-
JIOKEHHE OTPE3KOB B OECKOHEYHOM TENE, KOTOPLIE COBMNANAOT
¢ TPaHUYHBIMH 3JIEMEHTAaMHU HA KOHType nojoctu. Ilpencra-
BUM TEIEPb, UTO Ha KAXIOM U3 N OTPE3KOB BIOONL MYHKTHUP-
HOW KpUBOM OCHCTBYIOT MOCTOSHHBIE HOPMANbHOE W Kaca-
tenbHOe HanpsokeHus. Ha puc. 1.6 s npocToThl noxasaHsbl
TONBLKO HANPSDKEHMd, NPWIOXEHHBIE K j-My OTpe3Ky U 00o-
spavennsie P/ u P/,

[TpyHUUNKAATBHBIM MOMEHTOM SIBIISIETCSl TO, YTO HEUCT-
BUTEJILHBIE HOPMANbHOE W KAacaTeNbHOE HANMPSKEHUsSI HA j-M

orpeske C”He paBHbl P/ u P/. JIns KaXIOTO MeMEHTa KPH-
Boil C’ HEOOXOAMMO PAa3NMUyYaTh IBE Pa3Hble IPYNNbLl HaNps-
KeHul: npunoxenusie P/ u P/ u melictButenbuble ¢/ u 67,

KOTODBIE BbI3BAHbI AEHCTBUEM NPHUIIOXKEHHBLIX HAMPSIKEHUH Ha
Bcex N aneMeHTax KpMBOM. DTH IeHCTBUTENbHbBIE HATIPSXKEHUS
MOXHO BBIYMCIUTb, HCIOONbL3YS B COBOKYITHOCTH PpEIUSHUS
(1.10). Pe3ynbTupyoLine BbipaKeHusi HMEIOT BHL

sn

. N . . N vy .
o =2 AP/ +Y AP
= - , i=l., N, (1.12)

N
o' =4 P+ A P/
Hs s o n
j=1 j=

31eCb A — ko3 ULHEHT BIMAHUS HANPSKEHHI.
Tax, koappuunent A’ , nanpumep, naer melcTBUTEND~

HO® KxacaTenbHOE HampsiKEeHUE B LEHTPE i-rO OTpe3Ka (ci),
BBI3BAHHOE MOCTOSHHON eMWHHYHOW HATrPy3KOH, HPUIIOXKEH-
HOH Ha j-m otpeske (P! =1).
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Ecnu Teneps ygacTcst HalTH Takye 3HAUEHUS TTPUIIOKEH-
HbIX HanpsbkeHuit P'w P/ mis j = 1, .., N, 4TO n Oedcteu-

TeJIbHBIC HAMPSDKEHUs! ¢/ 1 o‘,f B (1.12), TO MBI MONYUUM TIPU-

OsvKeHHOE pelueHue HU3nUecKor 3amaun, U300PaKeHHOHN Ha
puc. 1.6, a.

CrnenoBaTtenbHO, Mbl TpeOyeM BbINIOJTHEHUS! PABEHCTB

N N

— y pJ ¥y pJ

0 - ZIAMI).; + z:lAsn})n )
J= J=

,i=1, .., N. (1.13)

n’

N N
Ny » J i pj i pJj
P - 2[ AH.S'PS + z:lAHnP
J= J=

oOpasyrouux cucteMy 2N JIMHEHHbIX YPaBHEHUH C TeM Ke
YHCIIOM HEU3BECTHBIX.

Hanpsokenus P/ u P! B 3THX ypaBHEHMsIX SBIAIOTCH

$uxTUBHBIMU BeriurMHaMu. OHH OblTH BBECHBI KAK CPEACTBO
YUCIIEHHOTO PEeLUEHHMS 3a7aud U HE MMEIOT (PU3HUYECKOrO CMbl-
cna. OnHaKo NHHelHble KOMOMHALMK (PUKTUBHBIX HArpy3oK, 3a-
JlaHHble TOCPEACTBOM BhIpakeHui (1.12), B paccMaTpuBaeMOH
3agaye yxe UMET pusnuyecknid cMmbica. Ha 3TOM 1 OCHOBaHO
MOCTPOEHUE CUCTEMbl asireOpanueckux ypaBHeHuH (1.13). Pe-
IUMB 3TM YPAaBHEHHS, MOXHO BbIPa3UTb CMEILLUEHUS W HANps-
JKEHHs B NMPOU3BOJILHOU TOUYKE TeNa yepe3 APYrue JIMHEKHHbIe

¥ [ -
koMOuHauMu GUKTUBHBIX HArpy3ok P/ v P, j=1,..., N.

OnucaHHbIM BapMaHT METOAA TPAHUUHBIX 3JIEMEHTOB
Ha3blBAIOT METONOM (PUKTHUBHBLIX Harpy3ok. OH He siBisercs
€MMHCTBEHHBIM METOIOM pelleHHs MUIOCKHX 3aaau. B {2] npu-
BOJATCS METO[ «pPa3pbIBHbIX CMELIEHMI», OCHOBAHHBIN Ha
JIpYroM CHHTyndpHOM (0a30BOM) peLIeHHMH, H NPAMOH METOXN
I'PaHUYHBIX UHTErpano. CoueTaHHe 3TUX METOAOB OTKpPbIBA-
€T LUMPOKHE BO3MOXHOCTHM JUISl PELUIEHMS 3addy U3 pPa3sHbIX
obnacTel TeXHUKH, B TOM YUCIIE U reoMexaHuku. B [2] npuse-
JIeHbl BBIYUCIHUTENbHbIE NPOrPaMMbl, KOTOPbIE MOIYT ObITb
HEMOCPEACTBEHHO HCMOJIb30OBaHbl ISl ONPEIENICHHUs Hamnps-
22



-keHHO-11€(POPMHUPOBAHHOIO COCTOSIHKA B OKPECTHOCTH BhIpa-
GOTKM NMPOU3BOIBHOTO OYEPTAHUA MM HECKONbKUX B3aHMO-
BIIMSAIOLIMX BbIPAOOTOK.

1.2. PUBNYECKOE MOIAEJINPOBAHHUE
FEOMEXAHUYECKHUX TPOLLECCOB
B IABOPATOPHBLIX YCJIOBUAX

1.2.1. O01wue cBegeHs

OnHHM U3 METOIOB MCCIIEAOBAHUS CIIOKHOCTPYKTYPHBIX
0OBEKTOB B T€OMEXAHUKE ABIAETCA MOJAEIMPOBaHue B J1abo-
PATOPHBIX YCIOBUAX PA3JIMHHBIX QU3HYECKKX TPOLECCOB rOp-
HOro npou3BOACTBA. llenb MOAENMPOBAHMS 3AKIIIOUACTCS B
BOCIPOU3BENEHUH U U3YYEHUH Ha MOJE/HU (PHU3HUYECKOTO Mpo-
tecca, nMOAOOHOrO NPOUCXOAALNEMY B HATYPHBIX YCIOBUSX.
MeToa MOAENHPOBAHHSA [O3BOJIAET HA YMEHbBLUEHHBIX WIH
YBEJTUYCHHBIX MO OTHOLIEHHIO K AECHCTBUHTEILHOCTH MOJIEISX
MPOBOAMTL KAYECTBEHHbIE U KOJIMYECTBEHHBIE NETAJIbHBIC UC-
CIeOBaHUs U3yuaeMOTO NMPOLECCa.

Metoabl MOAENUPOBAHHA AOCTATOUYHO LUHPOKO HCMOJb-
3YIOTCSl B Pa3fiMyHbIX OOJIACTSAX COBPEMEHHOIO €CTECTBO3HA-
HUsI U TEXHUKHU. [IpUMEHHUTENILHO K F€OMEXAHUKE 3TH METO/bI
MO3BOJISAIIOT BBISICHUTH OCHOBHbIE KAYECTBEHHbIE 3J€MEHTbI
NPOLECCOB NePOPMUPOBAHHS U Pa3PyLUEHUs TOPHBIX MOPOA
NP BEACHUH OUMCTHBIX U MMOATOTOBUTEbHBIX PabOT, SBISACH
HEODXONMMBIM 3TanoM Npu pa3pabOTKE HOBBLIX T[HIIOTE3 W
TEOPHH, a4 TaKXKe€ NPOBEPKM pELUeHUH, MONYyUYEeHHbIX aHATUTH-
YECKMMH METOAMH.

B reomexaHnuke, u3yuarouiedl, Kak NpaBuio, OOBEKThI
BeCbMa OONbIIMX Pa3MEPOB, NPHMEHSIOT MOJSIMPOBAHUE,
CBSI3AHHOE ¢ YMEHbLUEHHEM aOCOMIOTHBIX Pa3MepPOB OOBEKTOB.
Ilo npuHuunam, Ha KOTOpPBLIX OHO OCHOBAHO, Pa3IMYAOT MO-
AenupoBaHue AByX BHUIOB: ¢husuueckoe u ananozogoe. Ileppoe
IpeaycMaTpUBaeT BOCCO3AAaHMUE B MOZEIU TeX JKe cambiX (u-
3HYECKHUX MOJIeH, KOTOpble NEHCTBYIOT U B OOBLEKTE HATYPHI,
HO M3MEHEHHBIX TO CBOWM AOCONIOTHBIM 3HAY€HUSM B COOT-
BETCTBMM C NPHHATHIM MacluTabOM MOIEIHPOBAHHUSA. AHamo-
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rOBOE MOZEIMPOBAHME MPENYCMATPHBAET 3aMEHY B MOZENH
OAHUX (PU3UUECKUX TMONIed APYTUMH, HAMpUMep 3aMeHy Ha-
TYPHOIO TMOJSI MEXAHUUECKUX HAMPAKEHUH IIEKTPUYECKUM
nosjeM B Mozenu. Ilpm 2TOM Ha MOIENAX H3Y4YAKOT 3aKOHO-
MEPHOCTH SIBJIEHUH M NPOLECCOB, NMPOTEKAIOUIUX B HATyPHBIX
OOBeKTax, HUCMOAb3ys MAaTEMAaTHYECKYIO AHaJIOTHIO pa3iuy-
HBbIX 110 PU3NYECKON NPUPOAE MPOLECCOB, T. €. MaTeMaTHye-
CKYIO TOXAECTBEHHOCTb OCHOBHBIX 3aKOHOB, OIHCLIBAIOLIMX 3TH
NPOLECCHI.

MaccuB ropHbix NOpPOA ABJISETCA BECbMa CIOKHOM cpe-
JIOH, B KOTOPOW MpH BEASHKUK FOPHBIX paboT OZHOBPEMEHHO
IMPOUCXOIAT Npouecchl AePOPMUPOBAHUS PA3IIMYHOTO Xapak-
Tepa: YNpyrue, ynpyromiacTu4eCKMe CMELeHUs U pas3pylue-
HHUE NOPOA € Pa3spbIBOM CIUIOWIHOCTH. llosTomy ananuTuye-
CKUE pPacyeThl Ae(POPMHUPOBAHUS TOPHBIX NOPOA, NPOYHOCTH U
YCTOWUUBOCTH TOPHBIX BEIPAGOTOK U PA3JIUYHBIX COOPYIKEHUN
B MOPOIHBIX MACCUBAX 4YaCTO MPEACTABIAIOT cOOOH TPyaHO-
pewlaeMbie 3anayd. HaTypHble WCCIEOOBaHUS OTIMYAIOTCS
3HAYUTENBLHON TPYHOEMKOCTBLIO, BBICOKOH CTOMMOCTBIO, Tpe-
OyIOT ZOBONBHO JIMTENLHOTO nepuosa Bpemenu. Kpome to-
ro, B HATYPHBIX YCIOBUAX OOBIUHO BECbMa OTrPAHUYEHb! BO3-
MOJXHOCTH BAapbUPOBAHUS MapamMeTpamMu CHCTEMBI, TEXHOJO-
ryued W NOCIeAOBAaTEeNbHOCTLIO BENEHHUA TOPHBIX padoT, Torna
KaK IOpH MOACIHPOBAHUM MOKHO NPOCHEAMTb BIUAHHE OC-
HOBHBIX MapamMeTpPoOB B CAMBIX WHPOKUX npenenax. Takum
oOpa3oM, MOAEIUPOBAHUE OTKPBIBAET TAKKUE BO3MOXHOCTHU
M3YYEHHS TEOMEXAHMYECKUX MPOUECCOB, KOTOPLIE HE AAIOT HU
AHANUTHYECKUE METO/bl, HU HAOMIONEHMS] U U3MEPEHUS B Ha-
TYPHBIX YCIOBHSAX.

B TO Ke BpeMsl Ha MOZEISIX HEBO3MOXXHO BOCIPOU3BECTH
BCE IeTaIM MOAETUPYEMBIX OOBEKTOB, MOITOMY MOAEIHPOBA-
HHE TIO3BOJIET BECTH U3YUYEHHME MPOLECCOB C OMNPEHAECIIEHHOU
CTENEHBIO YIIPOLUEHHSA U CXEMATU3aUUU HATYPHbIX OOBEKTOB,
4TO CYLIECTBEHHO OOJeryaeT HHTEPNpeTauuio pe3yabTaToB
LMIaXTHBIX HAOMIONEHUH M U3MEPEHUH, NMO3BOJAg ¢ Oonbluei
CTeNEeHbI0 OOOOWIEHHS MPOCAEOUTb M YTOYHUTb MEXaHW3M
NpPOLECCOB U MAKCUMANILHO MOJHO U3YyYHUTh BAMSIHHE HA 3TH
npoueccs! AeHCTBYIOIUX (PaKTOPOB.
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OO6BIYHO NPHU PELIEHUH 3a4ad reOMEXaHWKH METOAaMH
MOJETMPOBAHMUSA MCIBITAHMIO TOABEPTalOT CEPHIO MOJENEH
pasn{iHbIX MacTaboB, UCNOIbL3Ys NpH 3TOM Hanbonee a¢-
(peKTUBHBIH [UIA PELICHMs KOHKPEeTHOH 3amauu merox. Ha-
npuMep, CHayaga Ha MOLENSX MEJIKOro macuraba u3y4aror
ob111ie 3aKOHOMEPHOCTU NPOLECCOB B MpPENENax BCEro y4yacT-
Ka MAacCHBa, MOIBEPKEHHOIO BIMSHUIO BbIPAOOTKH, & 3aTeM
Ha Moensix Oosiee KPyNHOTO macuwitaba ASTanbHO U3Yy4aroT
3aKOHOMEPHOCTH TMPOLIECCOB B HEKOTOPOU OGIacTH MAacCHUBa,
B 4YaCTHOCTH, NMPOLECCOB B3aHMOICHCTBUS NMOPOL € KPENbIo
poipabotku. TIpu aTom B Mopenu kpynsHoro macmraba BOC-
MPOU3BOAMTCS JIMUIb HEKOTOPAs 4acTb MACCUBA, a OEHCTBHE
Bcell OCTAIbHOW 4YaCTU KOMIEHCUPYETCS C MOMOLULIO MPH-
TPY3KH, OCYLUECTBIIAEMON HArPy304YHBIMH NPHCIOCOOTIEHUAMU
PBIUAXKHOTO, NPYXUHHOTO KM FMAPABIMYECKOrO TUMA.

ITepBble NONBITKH MOAENUPOBAHHA NPOSBIEHUH I'OPHO-
ro naeieHus Obutn ocywiecteiaeHsl B 1885 r. M. ®alionem, xo-
TOPBIA PacCMaTPUBAN CAOUCTbIE TOPHbIE MOPOALI KAK P He-
CBSI3@HHBIX MEXIy cOOOW MOPOAHBIX CIOEB M uU3ydan aedop-
Mauuu u3ruba ropHbIX MOPOA HA MPOCTEHINUX MOACTSX, CO-
CTOSAILLMX U3 MAYKU MOMIOC, onuparoiieics Ha ase onopkl. Onbl-
Thl, TPOAENIAHHBIE C PA3AMYHBIMU MaTepHanaMu (JKENe30, Kyc-
KM IJIOCKUX PYyIHUYHBIX KAHATOB, VIMHA, CTEKJIO, TUIIC U AP.),
NOKa3aau 3aTyxaHue NMporuda CloOeB CHHU3Y BBEPX, YTO MO-
CILy)KWJIO MOBOAOM ISl CO3AHUS TMIIOTE3b! CBOJA NaBJICHHUS.

K meronam nabnroneHu Ha NPOCTbIX MOALNAX OTHOCST-
cq Takxe oneiThl A. Jleona, ®. Bunsreiima, @. JleBuncona-
Jeccuura, M.M. Ilporomeskonosa, I'. Ulnakkenepa, @.A.
Benaenko u np. Ha ceronHsunuil [eHb, yY4UTHIBAs CIIOKHOCTh
TE€OMEXAHMYECKUX NMPOLECCOB, MPOUCXOISLINX B TOJNLIE MTOPOA
NpU NpOBeAeHUN BbIpaDOTKH, METOMbl MOAENUPOBAHUS NPO-
AOIDKAIOT OCTABATbCS HEOOXOAMMbBbIM 3BEHOM MCCIIENOBaHMIA.
HauGonee ynoGubiM m1s MccnenoBanus NposBIEHHH TOPHO-
PO N4BIEHUS SABASETCA METOA MOAECNMPOBAHUsI Ha 3KBHUBA-
JCHTHBRIX MaTepuanax, npemioxerubidt I.H. Ky3HenoBeiM B
1936 r. [3]. MexannyeckoMy nOAOGCHIO YIOBIETBOPAET TAKKE
METON UEHTPOOEIKHOIO MOIENUPOBAHUS, pa3pabOTaHHBIM U
Npaxrnyecku pa3sutblid I'.W. IlokpoBckum [4].
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BecbMa LEHHBIM METOAOM, NO3BOJSIOLUMM MOJTYyuaTh
BAX(Hbl€ KOJIMUECTBEHHbIE XaPAKTEPUCTUKH HEOAHOPOIHBIX
HamnpsHKEHHbBIX COCTOSHUE 3JIEMEHTOB CIIOXHBIX MEXAHUUYECKUX
CUCTEM, SIBNISETCS TAKXKe ONTHUYECKUN METOHN WCCIECAOBAaHUS
HAMPSKEHHOTO COCTOSIHUST BOKPYI MOI3EMHBIX BbIPabOTOK,
Hayajo KOoTopomy Obuio nonoxeno d. Jlesunconom-Jleccuu-
rom [5].

Cpenu opyrux METOHOB 3aCIyXHBAIOT BHUMAHMs 3JI€K-
TPOAHAJNIOTOBbIE METOAbI MOJAENMPOBAHHS, T. €. JEKTPUYE-
CKOe MonenupoBanue GU3NYECKUX MOJIEH, a TaKKe Pa3inyHble
KOMOMHUPOBAHHBIE METO/bl, HaNpUMep, CoUYeTAIOUIUE NPUH-
LMN METOA@ 3KBUBAJEHTHBIX MATEPHANIOB U IMPUHLIMI LIEHTPO-
OeKHOTrO MOJIETIMPOBAHUSA U AP.

1.2.2. OcHoBHbIE NMOJI0KEHNA TEOPHH [10J00HSA

C ydeTom crneuM(puKku TOPHOTO AeNTd BEIUYMHLI, MOIY-
YEeHHbIE HA MOJEJISAX, HENb3s MEeXaHUUECKH MePeHOCHUTh Ha Ha-
TYpPHbIE YCJIOBUSL MPOCTbIM YMHOXXEHHEM Ha COOTBETCTBYIO-
uui Macwitad. B ocHoBe MoaennpoBaHus PU3MUECKUX SBIIC-
HUH JIKUT yueHHe O MOoJOoOHH, OCHOBBI KOTOPOIO 3aJI0KEHbI
ewe M. HrrotoHoMm, copmynupoBaBliuM OOlIee MNOHATHE
JMHAMHUYECKOro NogoOus MEXaHUYECKUX CUCTEM.

OcHOBHBIE CBONCTBa MOMOOHBIX SABJIEHUN W MPU3HAKHU
noao0Hsl paccMaTpPUBAEMbIX SBIEHUM Mexay coDoil xapakTe-
pHU3YIOTCs Tpemst TeopeMamu nogobus. Ilepsas, ycraHOBNIEH-
Has JK. beprpanom B 1848 r., ocHOBaHa Ha OOllleM NOHATUH
auHamuueckoro noxobus HelOTOHZ W BTOPOM 3aKOHE Mexa-
Huku Hourotona. Axan. M.B. Kupnuues naer cnemyroutyio
bopMynupoBKy nepBoii TeopemMsl noaodus: «IloqoOHbIMK Ha-
3bIBAIOT SIBIEHMS, MPOUCXONSAIUME B IEOMETPUULCKU Noaosb-
HbIX CHCTEMAX, €CJIM Y HUX BO BCEX CXOACTBEHHBIX TOUKAX OT-
HOIUEHUS OAHOUMEHHBIX BEJIMUUH €CTh IIOCTOSIHHBIE YHCIIay.

Bropas Teopema nonobusi ¢cpopMynupoBaHa B Hauaie
XX B. HeE3aBUCHUMO apyr ot apyra k. bykunremom n A. ®e-
nepmaHoM. OHa yCTaHaBIMBAET BO3MOXKHOCTb Npeodpa3oBa-
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nug (PU3MUECKOro yPABHEHHS CBA3M, ONMCLIBAIOLLErO MAaHHOE
gBJIEHUE, [IPU 3TOM MOJIY4YaeTCsl yPaBHEHUE, COCTABJIEHHOE U3
KPHTEPUEB (MM MHBAPUAHTOB) nonobusa. COrnacHo BTOPOH
TEOpeMe Pe3yNbTaThl ONBITOB MO U3YUYEHUIO KAKOTO-ubO (pu-
3UUYECKOTO SIBJIEHUS, PEACTABICHHbIE B BUAE KPUTEPHAJIbHBIX
ypaBHEHWH CBSI31, BO3MOXHO MEPEHECTH HA APYrue sBACHHUH,
NOAOOHbBIE HCCIEAOBAHHOMY.

Tperbs Teopema nonobus chopmMyIupoOBaHa U JOKA3aHa
B 1930 r. akag. M.B. KupnuueBelM 1 HOCUT HA3BaHUE TEOpe-
MbI O cyluecTBoBaHuu noaodbus. CormacHo 3TOH Teopeme Uis
CyLLEeCTBOBaHUA NMofodus MEKAy sSBIEHHUAMU HEOOXOOUMO U
JOCTATOYHO, YTOOBI 3TH SIBIIEHUsI MMeENU NOAOOHLIE YCIOBUS
OIHO3HAUYHOCTH U OJMHAKOBbIE OMNPEACNAOUE KPUTEPHH
nopobus.

3axkoH HbI0TOHa OTHOCUTCSl K PACCMOTPEHUIO JBUIKEHHUS
¥ PABHOBECHS OJHON MaTepualibHOM yacTuubl. MexaHuueckoe
e cOCTOsiHKME NeOopMUPYEMOTO Tena B KaXAOH TOYKE ¢ KO-
OpPAMHATAMM X, J, Z XapaKTepu3yeTcss KOMIIOHEHTAMM Hanps-
KEHUH O,, G, O, T,,. T, T, KOMIIOHEHTAMH MEPEMELICHUS U,
V, W i KOMIIOHEHTaMHU 1eOpMaluil €, €, €. Yy Vyo Yoo MeEK-
Ay 5TUMH BEJIMYMHAMH, XapaKTEPHbIMU Ul KAXKIOrO Harpsi-
)KEHHOT'O COCTOSIHHsl HATYPBl U MOLENH, AOJKHO OBbITh B3aUM-
HO OIHO3HAYHOE COOTBETCTBUE, TAK KaK TOJBLKO IPU ITOM YC-
JOBUU MOXHO NMyTeM MOJEIHPOBAHUS ONPEAENIUTL HATYPHbIE
BEIMYMHEBI CMELLEHUS NOPOA.

Jns BbIsICHeHUsI yCIIOBHE, oOecneunBarOLIMX CYLUECTBO-
BaHME OJHO3HAYHOTO COOTBETCTBHUSI MEXdHHUECKUX COCTOS-
HUH HATypbl U MOJIENH, TOJKHA ObITh paccMOTPEHa B oOLeM
BUZE CUCTeMa ypaBHEHHH, oTpaxkarwoinas AepOpMHPOBAHHOE
cocrosinue cpenbl. [lockonbky mponeccel neOpMUPOBAHUS
FOPHBIX MOPOJ B OKPECTHOCTH BbIPAaOOTKHU SIBAAKOTCS BECbMa
MEICHHbIMU, TO MHEPUHMOHHBIMH CUJIAMH MOYKHO TpeHeOpedsb,
1 TOra ypaBHEHHUsl paBHOBECHS MOTYT ObITh 3aMHCaHbl B Clle-
Aywl1uei hopme, ecu OCh X BePTHKAIbHASL:

do. Oty Ot
~t—+—==Y,
ox dy 0z
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yz v vz 0
ox ’ oy ' az ’
ot atﬂ+ do, _0:
dx dy dz

rae Y — yAenbHbIi BeC TOPHBIX OPOA.

Mexanuyeckoe nopobue APOLUECCOB B MOAECIH U HATYpE
Oyner obecneyeHo, ecny 3anucaHHble 11 MOJZEIN U HaTyphbl B
Oe3pa3sMEPHOM BUAE YPABHEHUS PABHOBECUA OYIyT TOXKAECT-
BEHHO COBNanaTh. BBeneM Oe3pazMepHble KOOpPAMHATHI U Ha-
PSOKEHUS:

x=[E;, y=m; z=I
6, =7YIR,; 0, =YIR; T,, =YIR,,
TOT/Ia YPAaBHEHHS] PaBHOBECUS MPUMYT CICAYIOLLMMA BUI:

dR, dR, dR,
+—1+—= =] utr.o  (1.14)

& o o
HAns obecneuenuss TpeOyeMOro TOXKAESCTBA yPaBHECHUH
PaBHOBECHS Ul HATYPBI M MOJENU HeoOXoaumo, 4To0b! Jo-
Oass KOMIMOHEHTa Oe3pa3MEepHOrO HaNpsSKEHHs B HAType

o,
(Ry), = (—& Obula paBHAa COOTBETCTBYIOLUEH KOMIIOHEHTE B
(v)),
o,
momenu (R,), = u‘—)“—’, MO3TOMY
SN

(Gfk)}{ =Y_Hlﬂ __’Y_H)\‘,

(Gik )M YM IM YM

rae A — JuHeiHslid MaciiTab MomenupoBaHus. ClieqoBaTeNb-
HO, MaclITad HamPsIKEHUH

W=y, o (1.15)

28



3nech M Janee MHOGKCOM «H» OOO3HaueHbl NMapaMeTphl
HATYPbl, & HHIEKCOM «M» — MOJIEIH.

Macwrab cut B MoxxeT ObiTh HallleH yMHOXEHHeM Maciil-
raba HAMPSDKEHMH Ha MacluTad rrowanei, T. €.

B=Tegn?=Tay, (1.16)
Yu Yy

IIpu XapaKTePUCTUKE TOrO MM MHOTO MEXaHHYECKOIO
npolecca MEXaHMUYECKOe Moa00He MOXKET ObITh ONpeneneHo
3aJJaHMEM TIEPEXONHBIX MHOXHUTENeH M MacwutaboB s
muH (reoMmeTpryeckoe nomodue), Ans BpeMeHH (KHHEMaTH-
yeckoe nogobue) u s mace {AunamMuieckoe nopobue).

Jns nByX mOJOOHBIX CHCTEM YCIOBHE MEOMETPUYECKOrO
noao0us 3aKJII0YaeTcsl B TOM, UYTO BCE Pa3MepPbl MPOCTPAHCT-
B4, 3aHATOTO CUCTEMOUW B MOJEIH, U Pa3Mepbl OTAEIbHbIX
3NMEMEHTOB MOJIENH U3MEHEHBbI B OMPEHASICHHOE YUCIO pa3 no
CPaBHEHHIO C COOTBETCTBYIOLIMMH pa3MepaMH HaTYpHOMW CHC-
TEMBI.

YcnoBue KMHEMATUUECKOTO MOA0oOUst 3THX CHUCTEM CO-
CTOMT B TOM, UTO JIKOOBIE CXOJCTBEHHBIE TOUYKH (HaCTHLbI)
CHCTEM, OBMTasiCh MO I'€OMETPUYECKM NOJOOHBIM TPASKTOPH-
SIM, MMPOXOAAT F€OMETPHUUECKH NOAOOHbIE NYTU B MPOMEXYTKH
BPEMEHH, OTJIMYAIOLLMECS MOCTOAHHBIM MHOXUTENEM.

YcnoBue IMHaAMHUYECKOro NOAOOUS CUCTEM 3aAKITIOYAETCS
B TOM, 4TO Macchl JHOObIX CXOACTBEHHBIX YAaCTHI] 3TUX CUCTEM
OTIMYAIOTCs APYT OT APYra MOCTOSTHHBIM MHOXHTETEM.

Ilpn m3yyeHuun nNpoueccoB pa3pyllieHHs TOPHBIX MOPOL
LIMPOKO MOJNB3YKTCA Teopueld MmMpouyHOCTH Mopa, corjacHo
KOTOpPOi onpeAensolUMHA MapaMeTpaMy SBISIOTCS 3JIEMEH-
ThI MacnopTa NPOYHOCTH, T. €. CUEIJICHHE U BHYTPEHHEE Tpe-
Hue. Taxum 0Bpa3zoM, MacmopT MPOYHOCTM I MaTepuana
MONENnM pnomkeH ObiTh TCOMETPHUYECKM MOAOOEH NACIOPTY
IpOYHOCTH peanbHON ropHOM mopomdsi. [Ipu moabope 3KBH-
BaneuTHoro marepuana g C1abbix M IIIACTHYHBIX TMOPOZ
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I'.H. Ky3HenoB pexoMeHayeT Nonb30BaThCs CIEAYIOIUMHU CO-
OTHOULUEHUSIMHU:

R,=ilup:
l!l YH
R =21k
L,
HIIu
cM =~lﬂ‘_hcﬂ;
Ly Vs
tgp, =tgn, (1.17)
rae R, m R — npenensl NPOYHOCTH HA CKATHE COOTBETCT-

BEHHO MAaTepUaia MONENM U HATYphl; R

u R — npenenst
M H
NPOUYHOCTHU Ha PACTSKEHUE MaTepraia MOACIIN U HATYPbI; Cy U
Cn — KOI(PPUUUEHTBl CUCIUICHUS AJi MaTepuana MOIEIU U
HATYPLI; P, U P, — YIJIbl BHYTPEHHErO TPEHHs maTepHasa
MO U HATypPhl.

Hnsa cobnromenust nopodus nMpu MOASTUPOBAHUM YIIPY-

THX CUCTEM HEOOXOAHUMO, YTOOBI ObliH BbINOJIHEHBI CICAYIO-
LI1e YCIOBUS:

L =£‘1YLEH HU, = U, (1.18)

M
H H

rne £, n E — MOoynu ynpyrocTd MaTEPHAJIOB MOIENIH U Ha-
Typbl COOTBETCTBEHHO; W, u U, — koo uunenTtsl [1yaccona.
J1s MOmenMpoBaHUs MPOLIECCOB B YCIIOBHAX IMIIACTHYe-
ckoro nedopmupoBaHus (0e3 yyera BpeMeHHM) HeoOXomumo,
4yTOObl YpaBHEHUS, CBA3bIBAIOUIME AePOPMALUU U HANpsKe-

HHsA, ObUTH TOKIECTBEHHbBI KaK Ul HATYPbI, TAK U ISl MOAETH
NpH YCIOBUU HammucaHus ux 6espasMepHoil GopMmbl.
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BaXXHbIM 3JIEMEHTOM B COOJIIOJIGHUM YCIOBHI nomobus
4BJISETCSl OTPAXEHHE B MOJENHN CTPYKTYPHBIX M TEKCTYPHBIX
0coBEHHOCTeH MaccHBa —- CIIONCTOCTH, KIMBAXa, OTAEIbHO-
creit ¥ ap. OHAKO KONMUYECTBEHHASI OLEHKA TeONOrO-TNeTpo-
rpapuyUEcKuX OCOGEHHOCTEH CTPOCHHS M CIIOXKEHHT [MOPOA
pecbMa 3aTPYIHUTENIbHA: OTCYTCTBYIOT MOKa OOBEKTUBHBIE
cnocoObl KOITMYECTBEHHOTO yueTa 3TUX (PAKTOPOB NPH OLIEHKE
IPOYHOCTHBIX CBOMCTB MACCHBA KaK LETOTO.

1.2.3. MeToa LieHTPOGEKHOI0 MO THPOBAHUA

MeTtoa 3akiouyaercs B 3aMEHE IPABUTALMOHHBIX CHI
MHEPIMOHHBIMY, CO3JAaBAEMbIMH B MOJENM B PE3yNbTATE €€
BpAllIeHNs B KapeTke nenTpudyru. B npunnune MeTo no3so-
ng€T MOINEIUPOBaTb OOBEMHOE HaMpsKEHHO-AePOPMUPO-
BayHoe coctosinue (H/IC) nopon BOkpyr BbIpaBOTOK Kak B
ynpyroi oGnacTu, Tak U 3a ee npeaeaamu.

Mopenb 0ObekTa, BBIMOJIHEHHYIO B 33aJaHHOM TE€OMET-
puyeckoM Macutade, OMELIAOT B UEHTPUDYTY M MyTeM paB-
HOMEPHOTO BpAalUEHUs] HArpyxaroT OOBEMHBIMH HHEPLHUOH-
HBIMM CUJIAMH, TPUAABas TEM CaMblM MOPOLAM MOJIENH HEKO-
TOPbI (PUKTHUBHBIH yOENbHBIA BEC. DTO MO3BOJAET B psAle
CIyyaeB JUlsi U3TOTOBJICHUS MOAEGIH MPUHATb MATEPUAN, OJU-
HAaKOBbIH 10 CBOUM (QPU3HKO-MEXaHHUECKUM CBOHMCTBAM C Ma-
TEPUAJIOM HATYPBbI, UTO CO3AET OMPENENEHHbIE NPEUMYLIECT-
Ba Mepes METOIOM 3KBUBAJICHTHBIX MaTepHaslOB.

Hentpudyra npencrasnser cobolf KOPOMBICIO, YKper-
71eMO€ Ha BepTHUKaNIbHOM Bpawatowerca ocu (puc. [.7). K
HEMY NPUKPEIVIIIOT CbEMHBIE KAPETKH, B KOTOPbIE TOMELIAOT
uccnenyemble mMoaenu. M3 ycnoBuii 6€30macHOCTH U € yHETOM
SHAYMTENLHBIX pa3MepOB UEHTPUPYT (auaMeTp 3—5 M) ux pas-
MEIIAIOT B MOMEILUCHHUSIX C MAacCHBHBIMH OrPAXXACHUAMH, vallle
BCEro B noppaax.

C noMowpo CcneuHanbHoro yCerpoicTea npu pabote
UCHTpHDYrH U3MEPSIOT H KOHTPOIHPYIOT CKOPOCTb BPALLEHHUS
H Pa3sBOpOT KapeToK U3 BEPTHKAIBLHOTO MOJIOXKEHUS B TOPH-
3OHTanbHOe (npu HabGope CKOPOCTH BpalleHus) U OOpaTHBIH
Pa3BOPOT (IpH CHUIKEHUU CKOPOCTH).
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Habnronenus 3a nedhopmauusmMu MOASIU BEAYT C MOMO-
LIbIO SJIEKTPHYECKUX WIK NPYTUX TeH304AaTUUKOB, a3pOCTaTu-
4eCKUX OUHAMOMETPOB, CEILCHHOBLIX Nap, UHAMKATOPOB 4a-
COBOTO THIA ¥ APYTMX OATYMKOB, MO3BOJISIOIINX B Npouecce
BpalleHust LEBRTPUPYTH HENPEPLIBHO NOJNYyYaTh HHHOPMAUUIO
Ha MyJIbTe yrpapieHusi (QMCTaHUMOHHO). Puxcupya aedop-
MaUuMyd ¥ HANpPsOKEHHs MOPOL MOJEIM B Pa3lIMUHBIX TOUKAaX,
U3YUAIOT TAKKMM INyTeM 3aKOHOMEPHOCTH MPOLECCOB I MO-
JENUPYEMBIX YCIOBUH, @ TAK)KE YCTAHABIMBAIOT ONTUMAsbHbIE
napaMeTpbl TOPHOTEXHUYECKUX OOBEKTOB U COOPYKEHUH MO
(haxkTOpy YCTOMYNBOCTH.

Jlnst HenOCpeACTBEHHOro HAOMIOACHHUA 34 MAaKpoaepoOp-
MalusiMU MOAENel B npouecce LeHTPUPYrupOBaHUs NMpUMe-
HSIOT TAK)Ke AUCTAHUMOHHBIE POTO-, KHHOYCTAHOBKHU U KMHO-
TENEBU3HOHHO-CTPOOOCKOMUYECKUE YCTAHOBKH, MO3BONSIOLIUE
IpOCIeaNTh KMHETUKY AedopMaluii MOOeIU Ha KUHOILIEHKE.
Crpobockonbl (MpubOPEl, MO3BOJAAOILHE GUKCUPOBATh ObIC-
TPONPOTEKAIOLLIHE NEPUOANYECKHE TTPOLECCHI) NPUMEHSIOT TaK-
e A1 BU3YallbHOTO HaONIoAeHuS.

IIpu pewieHuu 3agay reoMeXxaHUKU ¢ IPUMEHEHUEM LIeH-
TPOOEKHOrO MOAENUPOBaHKUS OOBIUHO UCHBITHIBAIOT HECKOIb-
KO (2—90) uaeHTUUHBIX Mopaeneil (Monenei-Onu3HEeUOoB), MO-
MeLasi UX NOMAPHO B KAPETKU UEHTpU@yru. Pe3yabraTel sKc-
NEPHUMEHTOB 32TEeM YCPEIHSAIOT, OMHOBPEMEHHO KOHTPOIUPYS
JOCTOBEPHOCTb ONBLITOB O MPU3HAKY MNOBTOPAEMOCTH pe-
3yJbTATOB B NPEAENax CIy4yaHbIX OTKIOHEHUH, T. €. BOCHPO-
U3BOJMMOCTH SKCHEPHUMEHTA.

Meton ueHTpoOEeKHOrO MOIENMUPOBAHUS C YCIEXOM U
OONbIIOW CTEeMEHBIO HANEKHOCTH NMPUMEHSAIOT TPH PELUCHUU
3ajady, CBA3AHHbLIX C ONpPENeIeHUEM pa3sMepOB YCTOMUMBBIX
NIOTOJOYHMH KaMEP, ONTUMAIbHOW (POPMBI M [apaMeTpoB Oop-
TOB Kapbe€pOB U OTBAJIOB, AaBJeHUs OOPYLIEHHbIX NOPOJ Ha
JHHLIA OYUCTHBIX OJIOKOB, BIUSHHSA IJIMTENbHON HAarpy3ku Ha
Kpenb KalmuTaibHbIX BeIpaOOTOK, MPOBEAEHHBIX B MI4CTHY-
HBIX TVIMHUCTBIX OPOAax U Ap. Mcnonb3oBanue cnenuanbHbIX
YCTPOHUCTB MO3BOJSIET MOAETUPOBaTH B UEHTpUdyre OmHO-
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BPEMEHHOE JIEHCTBHE CTATHYECKOrO MOIs HAMPSIKEHUA W au-
HAMHUYECKOro MoJisl, CO31aBaeMOro NMpPH B3PbIBHbIX paboTax.

JOCTOMHCTBOM LIEHTPOOEKHOrO MOJEIMPOBAHUS SIBIISI-
€TC TO, UTO 3TO €AUHCTBEHHbIN U3 METOAOB MOAEIMPOBAHMUS,
B KOTOPOM Omnarojapsi MCMNOJIb30BAHWIO €CTECTBEHHBLIX TIOp-
HbIX MOPOJX COOMIOAAeTCs COOTBETCTBUE MEXKAY pa3Mepamu
4aCTUL U MOJeKYI. ISl HEKOTOPBIX 3aJau 3TO UMEET Ba)XHOe
3HayeHue.

BMecte ¢ TeM maHHBIM METOO UMEET U PsAJ HEAOCTATKOB.
OOuH U3 HUX — OTCYTCTBME OJHOPOJHOCTH MEXAHHWYECKOIro
CHJIOBOI'O MOJS, TaK KAK BCIEACTBUE OTPAHMYEHHOTO paaunyca
LUEHTPU(PYTHU CUTIOBbIE JIMHUM M 3KBUIIOTEHUHAIIbHBIE MTOBEPX-
HOCTH B MOJENHW HenapauiensbHel. KpoMme Toro, ¢ ynaneHuem
OT UEHTPA TSKECTH MOJENIH B Ty WJIM HHYKO CTOPOHY MO ee
BbICOTE M3MeHsieTcs 3(D(eKTUBHbIA paguyc BpAaLIEHUs, COOT-
BETCTBEHHO M3MEHSIeTCd M Maclitad MOIENMPOBAaHUS. YKa-
3aHHOE OOCTOSITEILCTBO MU TEXHHUYECKHE BO3MOXHOCTH Orpa-
HUUYMBAIOT MPENelbHbIE pa3sMepbl MOMENeH MO BLICOTE, a Clle-
JIOBAaTEeNbHO, U BO3MOXHbIE INTyOUHBI MOACAUPYEMOI TOILLH
MOPOJI.

IIpu ueHTpoOEKHOM MOAENUPOBAHUU TAK/KE KpalHe 3a-
TPYAHUTEIBHO, @ HHOTA U COBCEM HEBO3MOXKHO BOCIPOU3BO-
JUThb CIOUCTbIE TOJILUM PAa3HOPOAHBIX MO COCTABY M CBOMCT-
BaM nopoa. bonbline TeXHHYECKHe TPYAHOCTH MPEACTABISIET
¥ BOCIIPOM3BENEHHE B MOJICIU NepeMelieHus 3a00s BO BpeMe-
HHU, YTO OrpaHu4uBaeT obnactb 3Q(PeKTUBHOIO NPHUMEHEHHUS
JTAaHHOTO METOAa, NMO3TOMY B pslie CIyyaeB BO3HHUKAET HEOO-
XOOMMOCTb OOpalleHust K APYTUM MEeTOIaM MOAEIHPOBAHHS.

1.2.4. MeToa 3KBHBAJICHTHBIX MATEPHAJIOB

Haunbonee 0cBOGHHBIM H LIMPOKO pacnpPOCTPAHEHHBIM B
HACTOsALIEE BPEMS SIBJIAETCA OTMEUABLUMMHCA BbILIE METOI MO-
JeNMPOBaHUs Ha O3KBUB@JIGHTHbIX MaTrepuasnax. OCHOBHblE
MPUHUMIIBI 3TOTO METOAA CBOISTCS K 3aMEHE B MOJENHU ecTe-
CTBEHHBIX TOPHBIX MOPOJ HCKYCCTBEHHBIMM MAaTEPHANIdMH C
(GU3HKO-MEXaHMYECKUMH CBOHCTBAMM, KOTOPbIE B COOTBETCT-
BUM C MPHUHATBIM MaclITaboM MOIEIMPOBAHHS HAXOAATCA B
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OTPEAETEHHBIX COOTHOLLICHHUSIX ¢ (PU3MKO-MEXaHHYECKHMU CBOH-
cTBAMH €CTECTBEHHBIX TOPHBIX MOPOJ.

OnHUM U3 NPEUMYLLIECTB METOJA MOACTHPOBAHUS Ha 3K-
BUBAJIEHTHBIX MaTepualax sBJAsIETCS BO3MOXHOCTb U3MEDPEHNS
nokaszareneid, orpaxarowux HAC maccnBa B nHTepecyroLux
0BacTAX, KOTOPbIE B HATYPHBIX YCJIOBUSAX OCYLISCTBUTH MPaK-
THYECKH HEBO3MOXXHO BBHAY TPYAHOLOCTYNHOCTH YyYacTKOB
MaccuBa.

[Ipu ycnoBHM YHOBJETBOPEHHUS BCEX KPUTEPHEB MOAO-
6us I 9KBHUBAJIEHTHBIX MAaTEpUAIOB U OOeCneYeHUH TeoMeT-
PHYECKOTO MOAOGHA HATYPBl M MOJENH COBNANEHUHE MEXaHH-
yeCKMX IMPOLECCOB MOXKET ObITb oObecreueHo npu nogoduu
rpaHHYHBIX YCIOBHH. B npuHLune MOAEAbL JOCTATOYHO MOJIHO
orpaxaer HJIC maccuBa B HaType. CobntoaeHue xe rpaHuy-
HBIX YCIOBHH MO TOpUAM MOZAENH HE MpeAcTaBlseTcs BO3-
MOJKHBIM, OJHAKO B CUNy M3BecTHOro npuHuuna CeH-BeHnaHa
MOJYHO YTBEPkAAThb, YTO POJIb TOPLUOB CTAHOBUTCS 3aBEAOMO
MaJioil Ha pacCTOAHHUAX OT HMX, PABHBIX TOJILKMHE MOIEIH.
[Toatomy npu OTpaboTKe MOJEEH 3amMepbl BEIUYUH CMeLle-
HUK KPOBJIIM W NABJIEHUS HA KpPENb SBISIOTCS AOCTOBEPHbLIMH
TOJIBKO B €€ CpeJHEeH YacTu.

JIaBopaTopHblil NOAOOP U UCHBITAHUA 3KBUBAJIEHTHOTO
MaTtepuasia uisi U3TOTOBJIEHUS MOJEIEH HalpaBJIeHbl B CTOPO-
Hy M3bICKaHUs ygo0ooOpabaTbiBaeMbIX CMecei, KOTOpble He
obnaganu Obl JIMTENbHBIME CPOKAMU CXBATBLIBAHUS W TBEP-
ACHHUS, a MO CBOUM (PU3HMKO-MEXaHUUECKUM CBOMCTBaM obec-
neyuBany Obl noaodue ¢ rOpHbBIMU nopoaamu. [lpu atom Oe3-
Pa3MepHble KOHCTAHTbl — KO3 PuuneHTol [lyaccona v yrib
BHYTpEHHEro TpeHUs — AOJIKHBI YUCIEHHO COBMNANaTh B 3K-
BUBAJICHTHOM MaTepuasie U TOPHbIX MOPOaaXx.

o nmpupoae cBa3ymoOUMX BEIIECTB MPUMEHSAEMbIE B Ha-
CTOdALIEee BpeMsi IKBUBAJIEHTHbIE MAaTE€pUaNlbl Pa3fessioTCa Ha
CICAYIOLIME YETbIPE TPYIIIBL:

1) Ha ocHOBe yrneBonopoaoB HEPTIHOrO NPOUCXOKAE-
HUS (BasenuH, napaduH, Macia U ap.) — o6nagaroT MIacTHy-
HBIMH M yNPyromnIacTUYHbIMU CBOHCTBAMMU;
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2) Ha OCHOBE HEOPraHWYECKHWX T'MIAPABIMYECKUX CBA3Y-
IOLIUX (LIE€MEHT, THUIIC, XHUIKOE CTEKIIO, THOCYIbL(AT HATPHUs) —
0oBrnafarT XpPyNKUM XapakTepoM paspylueHHs, a npu gobasne-
HUM B COCTAB TIUHbI MPUOOPETAIOT MITACTUYHBIC CBOHCTRA;

3) Ha OCHOBE CHHTETHUYECKHUX IMOJMMEPOB (3MOKCUIAHASA,
kapOamuaHas, KPEMHMHOPraHUUYECKast U NPYrHe CMOJbl) —
00nanarT yNpyromwiacTHYHbIMU U XPYNIKUMU CBOWCTBAMU;

4) Ha OCHOBE CMOJI €CTECTBEHHOTO MPOUCXOXKAeHUS (TeK,
kaHudonb U Ap.) — obJafalT CBONCTBAMM XPYNKHX Marte-
puanos.

[Ipn monOope 3KBUBANEHTHbIX MAaTEPUAIOB C KOHKPET-
HBIMU CBOMCTBAaMHM HCIOJIL3YIOT Pa3jIMuHble MOAU(DUKATOPEIL,
NPUCANKH M MHEPTHbIe 3anoNHUTeNnd. B kayecTBe nmocneaHux
MTPUMEHSIOTCSl MEJIKHE KBApLEBLIE MECKH U MENKOIUCIIEPCHbIE
matepuans! (UEMEHT, Mell, HHEPTHAs NbUlb, TIOPOLUKU CONEH
MeTauioB U ap.). IlonobpaB u yTOUHUB peUenTypbl 3KBUBA-
JIEHTHBIX MATEPUasioB Ul BCEU MOAECIUPYEMOU TOMLLHU, NPU-
CTYNArT K CJIEeNYIOLEMY 3Tally — HM3TOTOBJIEHUIO CaMOW MO-
JIeNU.

Mopaenu HM3roTaBIMBAIOT HEMOCPEACTBEHHO B HCIBITA-
TEILHBIX CTEHIAX, MPEACTABISIOLMNX COOOM XKECTKHE paMHble
METaJUIM4YeCKHe KOHCTPYKUMH. 71 M3rOTOBIEHHSA U MCIBITA-
HUSl NJIOCKUX MOZEJEH, BBINOJHEHHBIX B paszpe3e MO NMpOCTU-
PAHHUIO MEPNEHAUKYISIPHO K MIIOCKOCTSM HAIIACTOBAHMS, CIIOH-
CTOCTU WJIM NMOJIOCUYATOCTH MOIEIHPYEMON TOJIUU, NPUMEHS-
10T CTeHIbl, TONOOHbIE MPEACTAaBICHHOMY Ha puc. 1.8.

Ecnu HeoOXOmMMBI IIIOCKME MOZETH, BbIMNOJHEHHbIE IS
HAKJIOHHOI'O 3aJleraHusl MOPOJ B pa3pese BKPECT NPOCTUPAHUS,
MPUMEHSIFOT MOBOPOTHbIE (KPyrosble) cTeHabl. st 0ObeMHBIX
MO/IENEH UCTIONMB3YIOTCS TPEXMEPHbIE TOBOPOTHBIE CTEHBI.

B 3aBHCMMOCTM OT peluaeMbIX 3agay MOIEIHWPOBAHME
BEAYT B PA3JIMYHBIX TE€OMETPHUYECKHUX MacluTabax: MenKkux (OT
1 :400 go 1 : 100) unu xpynHbix (o1 1 : 60 o 1 : 10). Ton-
WK cnabblX MOPOd MOAEIUPYIOT TOJIBKO B KPYINHbIX Macui-
Ttabax.
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Puc. 1.8. O6numii vyt mocko.
10 Crenaa Juit mozempona-
HIBL Ha SKBHBAalICHTHBIX MaTe-
puanax (Hammonarmuag rop-
Hast akaieMust Ykpannr)

Pasnenenne TOJILLH
fIOpox B Monenu Ha ot-
ACIbHBIE cilon  oBecre-
YHBAIOT nyTem MPUCHITI-
KH NMOBEPXHOCTH kaxmo-
IO Cios  kpynuoii mo-
JOTOH crronoii, TpeLIn-
HOBATOCTL MJIM KIMBajK
BOCIIPOM3BOASAT  Hacey-
KOH CBeXenpuroTosney-
HBIX CJI0eB 110 OTBepIe-
HHSA  WIM  cXBaTbiBaHus
Marepuasnos,

HapHO 3akpensnsiemble Ha Becy ICPHOA McnbITaHUA MOmeny.
Ans sTux nenei MPHMEHSIIOTCS JIMCTOBBIC 3akaneHype CTeKJa,

[locne usrorosnenns MOZEH 1 HaGopa 3KBUBaIEHTHLM
MaTepHasioM npoynocTy (Mu ero OCTBIBAHHMA) HA noBepx-

fIEPHON MCTIbITaHMSA, a Takike BBINONHAXOTCA MONOCTH, UMUTH-
PYIOLIHE ropHeie BbipaGoTky, g KOTOpLIC BCTpauBaroTes mpu-
Oopsl, BOCTIpOu3BOMsime paGoTy Kpernu.

Hanpskennoe cocrosupe H nedopmauun snementop
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Puc. 1.9. Hexoroprie BAPHAHTBI MOJICICH M3 YKBHBAICHTHBLIX MaTepHa-
JIOB, BBIMOJIHCHHBIC HA Pa3IMYHBIX CTCHLAX:

@—JUId I3Y4EHHsI XapaKTepa cMelleHHiT TOH NMOpoA Hajt BbIpaGOTaHHBIM Npo-

CTPAHCTBOM; 6 — JUISl H3YYeH s XapakTepa cMeLLeHHs OPOJL BOKPYT 3a60si Noj1-

FOTOBHTENLHOI BbIpaGOTKH, Nepecekaroleit TPCLIHHY; 8 — JUISl H3Y4YeHHs XapaK-

Tepa 1epOPMHPOBaHIS IPHKOHTYPHOTO MacciBa B OKPECTHOCTH OJAHHOYHOII Bbl-
PaboTkH, 3aKperIeHHol MeTalIHYecKoil apOuHOIl Kpenbio ¢ 06paTHBIM CBOIOM

HOCHTENIbHO Apyr npyra. Basa usmepenwii B Momensix ¢ mno-
MOLIBIO YKa3aHHBIX Bbile NPUOGOPOB cocTapiser 40—50 MM,
4 OTHOCHTeNbHAs norpewHocTs (1+2)107, 1. e. Ha mopsgok

HIKE, YeM NPH U3MEPEHHSX B HATYype.

A onpenenenns caBHKEHMI TOYEK MIOCKOL MOJIeNIH B
fIponecce ee UCnbITaHUS MPUMEHSIETCS METO. boropukcaunu
— Nepuoanyeckoe (ororpadpupopanue GOKOBOI MOBEPXHO-
CTH MOJICITH C YCTAHOBJICHHBLIMH B Hell Mapkamu u nocienyo-
HHE H3MEPEHUs CMEILEeHHI MapoK Ha (HOTOCHMMKAX, ocylile-
CTBIIEMEIC Ha koMnapatope. Meron ¢oTtodukcaunn nosso-
J5eT OBICTPO M OHOBPEMEHHO PErHCTPUPOBATL CMELLIEHHS BCEX
TOYek Ha OOKOBOi MOBEPXHOCTH MOIEH, HO TOUHOCTE onpe-
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JEJIEHUs1 CMELLICHUH TOUYeK MOJENH, YYHThiBast Maclutad Mose-
JMPOBAHKs, OKa3blBaeTCss OOBIYHO HHMXKE TOYHOCTU Ompeaene-
HHUSl CMELEHUN COOTBETCTBYIOLMX TOYEK NPHU W3MEPEHUSAX He-
MOCPEACTBEHHO B HATYPHBIX YCIOBHUSIX. Y CTaHOBKa Ha OOKO-
BOH MOBEPXHOCTH MOAENH OMOUHBIX TEH3OMETPOB MO3BOJISAET
NOBBICUTh TOYHOCTb OMnpenenceHus cmeweHuit B 20 pas. [lpu
macttabe orocHumka | : 10 u reomerpuueckom macurtade
mozenu | : 100 3HauYeHUs CABHIKEHUI TOYEK B IEPECUETE Ha
HATYpy MOTYT ObITb OMPEAEIEHbl B 3TOM CIydyde ¢ TOUHOCTBIO
no 1 MM. Takyto xe TOUHOCTL OnpeneneHus cMellenui obec-
NEYUBAOT 3€PKAJIbHLIC U ONTHUYECKUE TEH3OMETPHI, NPH 3TOM
CMEILEHUs PENepoB B YBEIMYEHHOM BUIE (PUKCHUPYIOT Ha IK-
paHe.

Jns BocnipousBesieHUs: paboThl Kpenei NpUMeHsIOT NpHU-
OOpbI MLE3OMETPUUECKOTO U PbIYAXKHOTO TUMOB — ISl MOJIE-
nel MenKnX MaciuTaboB, PIYAXKHO-MASTHUKOBOIO ¥ TUAPABIIU-
4eCKOrO TUMOB — JUIsl MOJIENel KpYNHBIX MacluTaboB.

3aBeplIaoLMM 3TaroM MOACIUPOBAHUS SIBISETCS COO-
CTBEHHO MCHBITAHUE MOJEJH, T. €. BOCIPOMU3BEAEHHUE B OIIpe-
JleJIeHHOM Macilutabe BpeMEeHM Npouecca WU3MEHEHMil nonel
HaNpspKeHUH, aepopMaumid ¥ CMELUEHHH C pa3peIBOM CIUIOLL-
HOCTU npu paspabotke. Mcxons u3 KOHKPETHOMN 3aaauu, Npu
UCObITaHUU Moaenu Oomnee nmoapoOHO U3YyHaKOT pacnpenese-
HUE HaNpPsKEHUH B MaccuBe BOKPYr 3a00st BoIpaBoTKH, TUOO
pa3BuTHe AePopMalil U CABMIKEHUI TOJILLH ITOPOA U 3€EMHOMU
MOBEPXHOCTH, NUOO pa3BUTHE AehOpMalUM, paspylIeHUH U
CMELUEHHH NMOopoA B Npu3aboHHOM NPOCTPAHCTBE U B3aHMO-
OEUCTBHUE MOPOA € KPENbIO U T. .

Ha puc. 1.9 nokasanb! BUABI HEKOTOPBIX MOZE/IEH U3 IK-
BUBAJEHTHOIO MaTepuasa ¢ pas3MYHbIMU BapHaHTamu pe-
[IaeMBIX 3a7au.

[To OKOHYAHUU UCHBITAHUS MOAENH OOBIYHO U3 €€ 4ac-
TH, HE NOABEPIHYTOH nedopmauusiM MPH UCILITAHUAX, Bblpe-
3a0T oOpasubl MaTEpUAJIOB-3KBUBAJIEHTOB I [IPOBELEHMUS
KOHTPOJIbHBIX ONPEAEHAECHUHN WX CBOHUCTB.
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O6paboTka pe3ybTATOB UCCIEAOBAHUN MPOU3BOAUTCS
myTeM MOCTPOEHHUS (YHKLHMOHATBHBIX 3aBUCHMOCTeH U3yyae-
MbIX [1aPaMETPOB OT U3MEHEHHS TOPHO-TE€OIIOTHYECKUX U TOp-
HOTEXHHYECKUX ycioBuil. OHU NPEACTaBAAIOTCS B BUAE OTHO-
CHTEILHBIX MOKa3aTesnell, NPy 3TOM MOIy4YEHHbIE 3aBUCUMOCTH
JOJKHBI COMOCTABIATBLCA C PE3yNbTaTaMM HATYPHBIX HCCrIe-
noBaHuU. st TOCTPOEHUs NPOTHO3HBIX 3aBUCUMOCTEN CEpUH
OTILITOB MIAHUPYIOT TaK, 4TOOBI MAKCUMAIbHO OXBATHTbL BCE
HeOOXOMUMbIE YCIOBUS M IMOJYYUTb HAAEKHBIE PE3YJIbTAThL,
JUI% 9TOTO MCIMONB3YIOT COBPEMEHHbIE HayUHbIE METOMAbI MJla-
HUPOBAHUS 3KCMIEPMMEHTOB, HANPUMED METOJ, JIATUHCKHX
KBaJpPaToOB.

MopnenupoBaHue Ha 3KBHUBAJIEHTHBIX MaTepuanax Ino-
3BOJIAET C OONbLIOU CTENMEHbIO AETATbHOCTH MPOCIEOUTh Me-
XdaHHU3M MPOLECCOB B TOJLUE MTOPOA NPU ABUKEHUM 32005 Bbl-
paboTKH, OCOOEHHO MPOLECCOB Ae(POPMUPOBAHUS TOPOA C
Pa3pbiBOM CIUIOLIHOCTH, UYTO OOBIYHO UCKITIOUEHO NMPU APYTUX
MeToax MOJEIMPOBaHHsA. BCIeACTBHE 3TOTO METOH IKBUBa-
JICHTHBIX MAaTEpUAJIOB MONYYMWJI LWIMPOKOE NPUMEHEHUE TNpPH
PELIEHUH PA3IMYHbIX 3aJa4 FreOMEXaHUKHU.

1.2.5. IToaspu3auoHHO-0NTUYECKUI METOL,

[Toaspu3auMOHHO-ONTHYECKUH, WIM MPOCTO ONTHYe-
CKHM#, METOJ, MOJENIHPOBAHHS MO3BOJAET YCTAHABINBATL Pac-
NpeneneHe U 3HAUYEHUS HANPSKEHWH B MAcCUBaX MOPON U
JJIEMEHTAX COOPYKEHUH moOoW kxoudurypauuu, korma ne-
bopmannu moxenu mpoucxoast 6e3 pa3pbiBa CIIIOLIHOCTH.

Ewe B 1816 r. . Bpycrep oOHapyX Wi, YTO €ciad KyCOK
CTEKIa, HAXOAAWMMUCA B HANPAXKEHHOM COCTOSIHUH, OCBETUTH
NOJSPU3aLMOHHBIM CBETOM, TO Ha 3TOM CTekjie OyaeT BUOHA
OKpauleHHasi B sipkue LBeTa ¢Qurypa. ITu uBeTa, Kak OblIo
YCTaHOBJIEHO, 3aBUCAT OT BEJIUYMHBI IEHCTBYIOMINX HAMPsIKe-
Hui. JI. Bpycrep npemnmoxuii BOCMONL30BAThCs Habiwomae-
MBIM 3¢dekToM as OfipenenceHus HanpsDKEHUH B Tenax
CNIOXHOH KOH(GUIypauuy NMpU MOMOLUM H3TOTABIMBAEMbBIX U3
CTeKN1a MOneNnen, KOTOPbIEe JOMIKHbBI UCCIIEAOBATLCS B MOJSIPU-
34UMOHHOM CBETE NPU Pa3JIHUHbIX YCIOBHUSAX HAarpyXeHus.
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ITo3xe Obla ycTaHOBMIEHA 3aBUCHMOCTb MEXKIY ONTHYECKUM
3 (}HEKTOM U BEIMYMHOM PAa3HOCTH IEHCTBYIOLUHUX B HEKOTO-
pOH TOYKE Tena IVIaBHLIX HOPMalbHbIX HanpsiKeHuH. beuto
3aM€YEHO, YTO HU3MEHEHHE TOJILUMHbI IUJIOCKOM MOIend Mnpo-
NOPUHOHAIBHO CYMMeE IJIaBHbIX HOPMAJIbHbLIX HANPSIKEHUH,
JEUCTBYIOLIMX B 3TOM ke Touke. IIpakTnueckoe npumeHeHue
ONTHYECKUM METOA MCCIECAOBAHMS HAIPSKEHHS MONYYUIT
TONLKO ¢ 1901 r., KOrga B KayecTBe MaTepuana Uit MOAEIeH
CTaJIM NIPUMEHATH Leutysioua U Obila pa3paboTaHa TEXHHKa
U3MEPEHUS HATIPSIKEHUH.

Taxkum obpa3om, ONTHYECKUIH METO OCHOBAH Ha CBOMU-
cTBe OOJNBIIMHCTBA MPO3PAUHBIX WM3OTPOMHBIX MAaTepHAIOB
(uemnynoun, 6akenut, (peHONUT U Jp.), HA3bIBAEMbIX ONTHYE-
CKU-YYBCTBUTENIbHBIMU, NPU NMPHWIOKEHUH MEXAHHYECKUX Ha-
Tpy30K NpUOOpeTaTh ONTHYECKYK AHU3OTPONUIO U NPOsB-
JSTh CIOCOOHOCTHL IBOMHOrO Jyuenpenomienus. Ilociaennee
3AKJIFOYAEeTCs B TOM, UTO JIyY CBeTa, MPOXOAs 4Yepe3 npospay-
HYIO KPUCTAJUIMYECKYIO CPeNy, pasiaraercs Ha OBe B3aUMHO-
NEPIEHANKYIISIPHBIE MIIOCKONOISPU3OBAHHbBIE COCTABIIAIOLINE,
KOTOPbIE PpacnpPOCTPAHSIOTC BHYTPH CpeIbl C Pa3iIdyHOM
CKOPOCTBIO.

Bnepebie 3toT Meron Obul npumeneH @. JIeBUHCOHOM-
Jleccunrom u A. 3alilieBbIM NpPU UCCIEAOBAHUM BIUSHHSA
(OpPMBI CEUCHUN TOHHENEW Ha XapakTep pacnperereHus Ha-
npsikeHud. [IpoBeneHHbIe ONBITHI MOKAa3ald, YTO HaubombLIee
CKMMarollee HanpsokeHue (MPU OJHOOCHOM HAavalbHOM Ha-
NPSIKEHHOM COCTOSIHMHM) BO3HMKaeT Mo OOKOBBIM CTOPOHAM
OTBEPCTUSA U YTO OHO JOCTUTaeT, NPHMEPHO, TPOUHOIO 3Ha-
YEeHHs 110 OTHOLIEHHUIO K CXUMAOLIeMy HAaNpPsOKEHUIO B HEHa-
PYLUEHHOM MAacCUBE; HAaUMEHbLIME HaNpPSIKEHUS] BO3HUKAIOT
IpPU OBAJIbHOM U MOJKOBOOOPA3HOM CEYEHHAX, BBITAHYTBIX B
HaIPaBJIEHUHU ACUCTBYIOLIUX CUII.

[IpuMeHeHe ONTHYECKOro MeTOoAa B reoMexaHuke Oa-
3upyeTcs Ha Teopeme JleBu—MuTuesna O HE3aBUCUMOCTH Xa-
paKTepa pacnpenelieHus HAMpsKeHUH B INIOCKHMX MOIENAX (B
TOM YHCJIE W3 ONTHUYECKU-UYBCTBUTEIbHBIX MAaTEPHUAIOB) OT
YOPYTUX NOCTOSAHHBIX MOJEJEH NMPU PABEHCTBE HYJIO PaBHO-
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JEHCTBYIOIIEH BCeX MPUIIONEHHbIX BHEILUHHUX CUIT (INIABHOTO
BEeKTOPa) M PaBHOAECHCTBYIOLIEH BCEX MOMEHTOB (IVIaBHOTO
MOMEHTA), UTO TO3BOJSIET NPHU MOAEIMPOBAHHMU OOecneuu-
BaTb TOJILKO F€OMETPHYECKOE ON00ME MOJENH H HATYPBI.

OnTHYeCKU-4yBCTBUTENIbHbIE MaTEPHAIIbl, TPUMEHSIEMbIE
[UId M3rOTOBJEHMs Monesel, NOKHbl 00JajaTh BLICOKOH
NpO3PAYHOCTHIO, ONTHYECKOH U MEXAaHMUYECKOW HM30TPOMHO-
CTBIO, CTAOUJILHBIMU ONTUKO-MEXAHUYECKUMH XdaPaKTEPUCTU-
KaMK U HeOOXOAMMOUN MPOYHOCTLIO. BMmecTe ¢ TeM OHH NOJIK-
Hbl XOpouo obpabarTkiBaThCs W NPOSBIATH JOCTATOYHO Ma-
able KpaeBble 3(PeKThl, CB3aHHbIE C MOSABIEHHEM OMNTHYEC-
KO Pa3HOCTH XOHa Ha KOHTYpPE IJIACTUH BCIEACTBHE BHYT-
PEHHUX HAMPSKEHUM.

[Ipon3BOACTBO HOBBIX MOJUMEPHBIX MATEPUANIOB C pa3-
HOOOPa3HbIMU ONTUKO-MEXaHUUYECKUMU CBOUCTBAMHU OTKPbLIO
IIMPOKKHE BO3ZMOXKHOCTH B NoaOOpe MaTepHasoB Ul ONTHYE-
CKOTO MOJEMUPOBaHUA. B 4aCTHOCTH, AJTa 3a8a4 reOMEXaHHKH
BECbMA YIOOHO IMPUMEHEHHE OPraHWUYECKHUX CTEKON U IMOK-
CUIHBIX CMOJ. B MIlacTMHKax M3 yKa3dHHBIX MATEPHANIOB B
NPUHATOM MacuiTabe BbIPe3aloT KOHTYPbI M3YYaeMbIX BhIpa-
OOTOK (UITH CUCTEM BbIPAOOTOK), BOKPYT KOTOPbIX HCCIIELYyeT-
Csl pacrpelesieHue HAanpPsUKEHUNH NpU pas3fiUyuHbIX CXeMax Ha-
IPYXKEHUs [IACTUHOK MO KOHTYPY pPacTArMBAOLIUMH UIIH
CXKMUMAIOLMMK CHIIaMH.

JInHeltHy0 pa3HOCTb Xoza [” M HANpAaBIIECHUS TJIABHBIX
Hanpsi:KeHU ONPEeneNsoT NPU NMPOCBEYNBAHUN TIJIOCKOH MO-
aenu B noasipuckone (puc. 1.10). JIyu cBeta OT UCTOYHHKA [,
npoiing uepes nonsipuzatop 2, miocko nonspusyercs. lons-
PHU3OBAHHBINA CBET, NMPOWHIA Aajiee yepe3 HANPSIKEHHYIO MO-
JAenb 3, MpeTepreBaeT ABOWHOE MPEIOMIIEHME, KOTOPOe pas-
JUYHO B pa3HbIX TOYKAX MOJEIU B 3ABUCHMOCTH OT 3HAUECHUH
U HampaBIeHUH TIIaBHBLIX HANPSDKEHW# B 3TUX Toukax. Jlanee
oba nmyda, oOpa30BaBUIMECS B PACCMATPHBAEMON TOUKe MOIE-
7, IPOXOAAT Yepe3 aHAIU3ATOP 4 U NIPH ITOM NPUBOAATCS B
OAny mnockocTe. [Ipoweniue yepes aHanU3aTop MIIOCKOMNO-
JIAPU3OBAHHBIE JIyud HHTEPHEPUPYIOT NPU ONPENAELIIEHHOHN OIl-
THYCCKOH PAa3HOCTH XOMa, KOTOpas NPONOPUHMOHAIbHA Pa3HOCTH
INIABHBIX HANPsXKeHH B COOTBETCTBYIOIIEH TOUKE MOJIETIH.
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Puc. 1.10. TNprmiyiniaabHas cXeMa ONTHKO-TIOIAPH3AIHIOHHOH YCTaHOBKH:
I — KOpOG]\’ﬂ C MaToOBbLIM CTEKIOM; 2 — NOaApH3aTOP; 3 — wucnsiTbiBaeMas
MOJAENDb, o — aHan3arop, S5 — IKpan

Ecnu uctounuk / B nonsipuckorie usaydaer Oenblii CBET,
TO MOZEb M AHAIM3ATOP MOCJE MPOXOXKACHUS JIydeH CBETa
yepes MONAPU3ATOP MNOJYHAIOT Ha IkpaHe 5 uzoOpaxeHue,
OKpauUIeHHOE B pa3jIMyHbIe L[BETA CBETOBOro cmektpa. IIpu
ITOM KAXOas UBETHAS TONOCA TPEACTABAAeT COOOWU reomer-
PHHECKOE MECTO TOUEK C ONMHAKOBOW ONTHUYECKON PA3HOCTHIO
xona I’ u, cnegoBaTenbHO, ¢ OOHOM M TOW K& Pa3sHOCTHIO
[JaBHBIX HOPMANbHBIX HANPSKEHUH ©,~0C,, NOAYpa3sHOCTb

KOTOPBIX MPEACTaBIAET COOOH MAKCUMAJIbHOE KAaCaTelbHOE
HaIpsKEeHHe:
C,~C
T =—'—é—l. (1.19)
Taxum oOpa3oM, LIBETHbLIE MOJOCHI HA 3KPAaHE NONAPU-
CKOMa MPEACTaBNSIOT COOOl JIMHWKM PABHBIX MAaKCHMAJbHBIX
KacaTelbHbIX HanpsKeHU# wecnenyeMoil Monenn. DTH JIMHUH
Ha3blBAIOT w3oxpomamu. KapTuHy H30XpOM, MOJY4aeMylr B
NOJIE aHaIM3aTopa, MOXHO BHU3yaJlbHO HabmromaTh U (OTO-
rpaguposath (puc. 1.11, a). B HekOTOpBIX TOUKaAX Uccaenye-
MOH MOJENM IUIOCKOCTb KojeOaHus Jyya COBNAZAeT C Ha-
npaBleHUeM Kakoro-nudo M3 riaBHbIX HOPMajbHbIX Hamps-
XeHMH. B Takux TOouykax [ABOIHOIO JIyYENpPeJOMIIEHHS He
NPOUCXOIMT. ECiHN MAOCKOCTH NOJspU3aUHy NONSIpU3aTopa U
aHaJIM3aTOPa B3aHUMHO NEPNEHAUKYIAPHBL, T. €. CKPELUEHb], TO
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Puc. 1.11. UzoxpomaTiueckas KapTHHAa MOJIOC B ONITHYCCKHX MOJIEIISX:
@ — KOJIbLIeBast Kperb; 6 — Kpelb TpaneiHeBiIHoil hopmbl

Ay B yKa3aHHBIX BBILIC TOYKAX MOJEIH yepes aHaIu3aTop
He nMpoxonaT. B pesynbTate Ha skpaHe mosBasoTCS YEepHbIe
AMHUH, NEPECCKAIOLIME LUBETHYIO KAPTHHY H30XPOM. DTH NH-
HHH TIPEACTABAAIOT COOOH reoMeTpHYecKHEe MecTa TOueK, B
KOTOPBIX HAanpaBJIeHUs TJIABHLIX HOPMaTbHBIX HATPSKEHUI
flapa/uiebHel MeKAY cOG0M. Takue NTMHUM HA3LIBAIOT N30K U~
Hamu. 11oBopauuBas ckpelneHHbie MOJIIPU3ATOP M aHasu3a-
- TOP Ha Pa3sJIHYHBIC YIJIbI, MOAYYAIOT CHCTEMY H3OKJIHH, [MO-
SBOJIAIOLLYIO ONPENENNTh HANPABICHHS [TTABHBIX HOPMAJIbHBIX
HANpsKeHUH B m000# Touke mopenu. I1o M30KIMHAM CTPOSIT
TPACKTOPHH INIaBHBIX HANPSKCHWH, HA3BIBAEMbIE U30CHIANIa-
Mu. TIpn npocBeYMBAHNUN HANPSAIKEHHONH MOIENH TeMHbIe Ms5T-
Ha 00pasyloTCs TaKKe B TOUKAX, CBOGOIHBIX OT HamnpsH KeHuH,
1 B TOUKAX, Ile IJIaBHbIE HANPSKEHHsS PABHBI MeXJy COBOIi.
ITH TOYKH HA3LIBAIOT u3omponuvimu nin ocobbiMu. Ocobpie
TOUKH ONpPeNeNAT CTPYKTYPY M30XPOM H M3OKJIHH M MO3TO-
My MMEIOT Ba’)KHO€ 3HAYEHHE MPH HCCIENOBAHUN pacnpenene-
HHA HAMPSKEHUH B MOENH.

Ecii TpeGyercs uckmounts nosenenue Ha KpaHe HU30-
KIHH, TO BMECTO MJIOCKOH MOMSAPH3ALMH CBeTa UCIOJNIB3YIOT
Kpyroy:o. Jljis 3TOro B nonspuckorne KOHCTPYKTHBHO Npejy-
CMOTPEHBI MJIACTHHKH M3 CITIO/IbI TAKOTO Ke JAMameTpa, Kak u
y nonsponaos. OQHy W3 HUX BBOIST B ONTHYECKYIO CHCTEMY
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no3anu mnojspusatopa (OTHOCHTEIbHO HMCTOYHMKA CBETA),
APYyTyI0 — BHEpenu aHamuszatopa. [ns cBeTa, monsspu3oBaH-
HOTO MO KPyry, BCE HANpAaBiICHUs: B MOAENH, HA KOTOPYIO OH
najgaer, PaBHOLEHHBI, MO3TOMY MO WM3OCTaTHUYECKUM HAmpaB-
JICHUSIM JIy4 HE rnoracaer.

Kpowme Oernoro ceera, npu HCCIEIOBaHWU pacnpemnene-
HHUS HANPSOKEHUI B MOJENH MCHONb3YETCs TAKIKE MOHOXPOMaA-
TUYECKUU CBET C ONPEAECTICHHON UIMHOW BOJIHBI, YTO 3HAYH-
TEIbHO OOJerdyaeT KOJMYECTBEHHbIH aHalu3 HANpsKEHUH B
pasAMYHBIX TOYKaxX MOAENH. [[7g 3TOro nNpUMEHSIOT HaTpHe-
BbI€ WIM PTYTHBIE JaMmIbl co cBeTOoQuIbTpaMu. OObIYHO Bbi-
eS0T 3€JIEHYIO JIMHUIO CBETOBOIO CHEKTPa ¢ IJIMHOM BOJIHBI
A = 546 mMxMm. Eciu HanpsiKeHHYIO MOZENb NpOCBEYUBATH MO-
HOXPOMAaTHYECKMM CBETOM, TO Ha 3KpaHe BMECTO LIBETHOM
KapTHHbI U30XPOM MMOJIyUdeTCs YEPENYIOLUUNCS Psil TEMHBIX U
CBeTJIbIX nosnoc (puc. 1.11, 6), npuyem B Tex TOUKax, rae pas-
HOCTb XO[1a paBHA YETHOMY UUCITY MOJYBOJH (T. €. LielOMY Y-
CJly BOJIH), MPOMCXOAUT MOTACAHHUE CBeTa U OOPa3yroTCsi TeM-
Hble MOJOCHl. B Tex ke Toukax, rae pa3HOCTh XOAa pPaBHA He-
YETHOMY YMCJY MOIyBOJH, NPOXOAALLMA CBET NOCTUIaeT Hau-
Oosnblueil HHTEHCUBHOCTU U HAONIOAAOTCS CBETIIbIE MOJOCHI.

[lopcunTaB uKcIO MONOC, KOTOPBIE MPOLIM YEPEe3 MC-
CJIEAyeMYIO TOUKY MOJETH IpU ee HarpyxeHuu, Jubo 4uciIo
MOJIOC OT HEHArPY>KEHHON TOYKHU, JIETKO ONPEAENUTh ONTHYe-
CKYIO PA3HOCTb XOAd, 4 MO HEH — MAKCUMAJIbHOE KacaTellb-
HOE HampsikeHue B 3TOM Touke. OOHAKO B COOTBETCTBUHU C
BbIPa)XEHUEM OCHOBHOIO 3aKOHa (POTOYMPYTrOCTH AJs 3TOTO
HEOOXOAMMO 3HATb ONTHUYECKUHM KOIPPUUMEHT HaNpsuKeHUH
C, KOTOPBLIii SBIISIETCS MOKAa3aTeNIeM OTHOCHTENLHON YYBCTBH-
TE€IbHOCTU OMNTHUYECKU-YYBCTBUTEIbHBIX MaTepuanos. Koad-
¢uuueHT C yCTAHABIMBAIOT NMYTEM HUCHBITAHUS KOHTPOIbHBIX
o0pa3LoB B PEKUMAX PACTAKEHUS, CKATUS WIH UUCTOrO M3-
ruba. OH uMeeT pa3sMepHOCTb, OOPATHYIO pPa3MEPHOCTH Hal-
psiKeHUsl; OOBIYHO €ro BBIPAXKAIOT B OprocTepax, Npuyem
1-10”7 em¥/kre = 0,98 6Gprocrepa.

Himes nannble o koapdpuuuente C, onpenessitor onTuye-
CKyIO Pa3HOCTb Xoma [ M pJanee NepexofsT K BeIUUYMHAM
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6,—0, U T, . Js 3TOro NPUMEHSAIOT Pa3IMYHBIE CIOCOOBI.

OnvH U3 HUX — crnocob noinoc — B OOLIMX yepTax OnucaH
BbillIe. DTOT CNOCOO NPUMEHSIOT Il MOALIIEH U3 MATEPHAIIOB
¢ BBICOKOH OINTHYECKOW YYBCTBUTENLHOCTBIO. OH JOBOJIBLHO
npOCT U OGECIIEYNBAET TOYHOCTh, JOCTATOUHYIO [UISl MPAKTHU-
qecKuX uenei. Jpyrum sBusieTcs cnocod CONOCTaBIeHUs LBe-
TOB 1O LIBETHOW KapTHUHE U30XPOM, NONYYaeMOU Npu nNpocse-
yuBaHUU Mozjenu OenbiM cBeTOM. [lisi onpeneneHus mno kap-
THHE UW30XPOM 3HAUEHHUs OMNTUYECKOM pasHoctu xoma [’
MCIIONB3YIOT LKAy LBETOB MM Tabmuuy useToB HbroTOHA.
Onpenenus UBET YU MOPANOK U30XPOMbI B JAHHOW TOYKE MO-
AW U YCTAHOBUB MO Tabmulie COOTBETCTBYIOLYIO PA3HOCTH
XOfa, BBIUUCIISIIOT 3HAYEHUE O, — O, N0 popmyie

["'=Cd(c,-0,). (1.20)

JanHblid cnoco® MeHee TOUYEH, YeM NPEeAbIAYLIUM, Tak
KaK BKJIIOYaeT B ceOs LBETOBYKO OLIMOKY WHAMBHUAYAIbHOTO
HaOmonarens. bomee TouHbIM siBisieTcs €roco® KOMIeHca-
UUM, MNPeAyCMaTPUBAIOLIMKA MCMOAb30BAHHE CIELUATBHOTO
npubopa — komrmeHcaropa. [IpuHuun atoro cnocoba cocTo-
UT B TOM, YTO Ha PAa3HOCTb XOAa JyuyeH, CO3AaBaeMylo Moze-
Jb10, KOMIIEHCATOPOM HAKIIaIblBAETCsl PA3HOCTb XOJa, PaBHas
IO 3HAuYEHHIO, HO oOpaTHas No 3HaKy. PesynbTupyrouas pas-
HOCTb XOZla OKAa3bIBAETCsl HYJIEBOH, T. €. IPH CKPELUEHHBIX IO-
NAPOUAAax B UCCIEAYEMON TOYKE MOAENU MPOUCXOAUT 3aTeM-
HEHUe.

OnHako KOHEYHOM 3amaueit sSBJIAeTCS pa3fesbHOe MOITy-
YEHHE 3HAYEHUU TTIABHBIX HANPSIKEHUH B KOKIOW TOUKE MO-
Aenu. CriocoObl pa3zeneHus raBHbIX HAMPSUKEHUH OCHOBAHbI
Ha UCMOJb30BaHUN AHPQepeHLnaIbHbIX YPABHEHHH paBHOBE-
CHd C NPHBJIEUEHUEM MPH ONPENEIEHUAX KAPTHUH U3OXPOM U
uzocrtar. Ocobo ciemyeT OTMETHThL Crnocol pasjesieHusl Ha-
NPAKEHWH ¢ UCTNONIb3OBAHHEM JIMHUN CYMM IJIaBHbIX Hamps-
KEHHH — ¥30naXuK, KOTOPbIe MOTYT ObITh MOTYYEHbl Pa3IUY-
HBIMH MeTORAMU — ¢ NMOMOLIbLIO 3ddexTa MyapoBBIX MOJOC,
Jla3epHON unu romorpaduueckoil HHTepHepOMETPHH.
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Ilpu pewrenun 3amgay, KOTOpbIE HE MOTYT ObITh CBEHEHRI
K IJIOCKKWM, NPUMEHSIOT OOBEMHbIE MoJenH. g HaxoXaeHus
HanpsiKeHWW B KakOK-muOO BRYTpeHHeH oOnactu oObeMHom
MOJEAH BBIAETAIOT 3Ty 0051aCTh TaK, YTOOBI MO NYTH NPOXOK-
JIeHns CBETOBOTO JIyya HANPSLKEHHOE COCTOSIHME NPAKTUUECKH
He MeHsIOCh. OCHOBHBIE CTIOCOOBI peleHus OOBbEMHBIX 3a1ay;
a) cnocod, OCHOBAHHBIN HA MCHOJIb3OBAHUH CBOWCTB ONTHUYE-
CKH-UyBCTBUTENIbHBIX MATEPHANIOB MOZenael (PUKCUPOBaThH
(«3amopakuBaTb») onTuveckuil agpdexr; 6) cnocod paccesu-
HOTO CBeT4; B) CIIoco0 ONTHUECKU-UYBCTBUTENbHBIX BKIICEK.

Haubonbuiee pacnpocTpaHEHUE MOAYUMI MEPBbIH CrO-
€00 — «3aMOpaXHBaHUE» ¢ MNOCAEAYIOLIEeH PacnIOBKOH
06beMHOH MOJENM Ha TOHKHE cpe3bl TONWHHON |—3 MM. On
OCHOBaH Ha OTKpwITOM I'. Onnesnem B 1936 1. addexTe coxpa-
HEHUS. KapTHUHBI [MOJIOC HEKOTOPBIMH ONTHYECKN-YyBCTBU-
TEJbHBIMU MaTepuanamMu, OOYCIOBICHHOM OCOOCHHOCTAMHU KX
AByX(a3Hoil MOJNEKYIIPHOU cTpykTyphl. CHauana Monens Ha-
rPY)XaloT NPH MOBBILIEHHOH TeMepaTtype, 3aTeM, He ybupas
HArpy3ku, MOCTENEHHO OXJIAXAAIT OO KOMHATHOW. I1py cug-
TUU HArpysku aeopManuu, NOIyuYEHHblE NPU MOBBILLIEHHOM
TeMIepaType, OCTAIOTCsl, COOTBETCTBYOUIEE UM ABOHHOE JIy-
4enpesIoOMICHHE TAKKE COXPaHseTcs. TemnepaTypsl «3amopa-
KUBAHUS» PaA3jIMYHBIX ONTHYECKU-UYBCTBUTENIBHBIX MaTepua-
J10B konebmoTes B npenenax 80—150 °C.

B nocnennue roawsl mMeron (GOTOYNPYrocTH BCE UIMPE
NPUMEHSIIOT U Ul pelleHUsl AMHAMUUYECKUX 3anad. [Ipu 3ToM
BO3HUKAMOLINE B MOAEIAX UHTeP(EPEHUHOHHbIE KADTHHDI Ja-
JOT BO3MOXHOCTb O€3bIHEPIUMOHHO HCCIEeNOBaThb PacnpocTpa-
HEHWE BOJIH HAMNpPsIKEHMH Ha BCEX CTANUAX AUHAMHUYECKOTO
npouecca. Tonapu3auoHHO-ONTHYECKOE UCCIEAOBAHHE AM-
HAMHUUYECKUX SIBMEHUN CBA3AHO C OCOOEHHOCTSIMU MOIEIHPO-
BAHMS, TEXHUKH PErucTpaunu ObICTPONPOTEKAIOLIUX Mpoiiec-
COB, ONPEACNCHUS 3aBHCUMOCTH MEKIY MEXaHUYECKUMHU U Ofi-
THYECKHUMM BEIUMYHHAMH H BbIOOpa METOAOB pa3aeneHusd
HanpsKeHuH. B 4acTHOCTH, M1 NPUMEHAEMbIX MaTepHANOB
HEODXONMMO OLCHWBATL BIUAHUE BSI3KOYMPYIUX CBOWCTB C
TOYKHK 3PEHHsl MOTPELIHOCTH B ONpPeHelIeHUH HAMpsiKeHWH H
48



gepopmanmii. s perucrpaluuy MHTEPPEPESHUUOHHBIX Kap-
THH TMPUMEHSIIOT BbICOKOCKOPOCTHBIE KaMephl, B KAUECTBE HC-
TOYHMKOB CBETA WCHONB3YIOT OOBIUHO Tra3opaspsHblE HM-
MyNbCHBIE JTaMIbl. MOIENUPOBAHUE JUHAMUYECKUX HArpy3ok
OCYLUECTBIISIIOT C MOMOILBIO KONPOB Pa3jIWYHbIX KOHCTPYK-
LMif, @ TaK)Ke B3PbIBOB ClELHaNbHbIX 3apsagoB. [Ana pasnene-
HYS HANPSOKEHUE OAHOBPEMEHHO C perucrpanueid KapTuH no-
JIOC MPOU3BOIAT 3anuch Aeopmannil B MOAENIHU C MOMOIILIO
TEH3OMETPHUYECKHX UM TeOMETPUYEeCKUX (Myap, ronorpadus,
CETKH) METOJIOB.

Jpyroe HanpaBieHHE CBSI3aHO C UCIOJIb30BAHUEM METO-
Ja npyu uzyyenuu aeOopMUPOBAHUS NOPOJ B YCIOBHAX NpPO-
ABIIECHUST HEYNPYrux aedopmauuii, B 4aCTHOCTH AedopMaLui
MJIACTUYHOCTH M MOJM3Y4ecTH. B 3TOM ciyuyae peuyb uaer od
3ppexte POTOMNACTUUHOCTU M (POTOMON3IYUECTH NPUMEHse-
MBIX ONITUYECKU-YYBCTBHUTENbHBLIX MaTepuanoB. ITpu mopenu-
POBAHUMU AMHAMUYECKUX MPOLECCOB, a TAKKE HAIPAKEHHOIO
COCTOSIHMSL OOBEKTOB € YUeTOM AeopmaLvid TUIACTUYHOCTH H
NON3y4ecTH, B OTVIMYME OT CTATHYECKUX 3aJa4, HeOOXOOMMO
O0OUBATBHCA COOTBETCTBHSI PEOIOrHYECKUX CBOHCTB HATyphl U
MaTepHana MOJAEIH.

Taxum oOpa3oM, ONTHUECKOE MOAENUPOBAHKE TO3BOS-
€T MONYYUThb BECbMA HAIJIAJHOE MPEACTABIEHHE O IOJIe Ha-
NPSHKEHUI B MACCUBE MOPOL BOKPYT BrIpabOTOK N0OOH KOH-
¢burypauuu. [TosTomy maxke nonyueHue KaueCTBEHHOH KapTu-
Hbl pacnpelenenus HanpsoKeHUH HMHOTAa MO3BOJIET CAENAaThb
Ba)KHbIe 3aKJIIOUYEHHMSI W BBIBOJbl, BBLIEAUTH HAUOONIEE U HaH-
MEHEe HaNpsHKEHHbIE yYaCTKU MOPOAHOTO MAaCcCHBA.

1.2.6. [{pyrue MeTOaAbI MOACTMPOBAHMS

[Ipu peiienuy 3anay reOMEXaHUKY, HApAdy C NPUMEHE-
HHEM OMNUCAHHBIX BBILIE Pa3IHYHBLIX METOIAOB, HCHOOJNb3YIOT
TAK)Ke U UX KOMOMHAUWHU: HarpUMep, HEHTPOOEKHOro Moje-
TUPOBaHUsI U TMOJSAPUIAUUOHHO-ONTUUECKOIO Meroaa, aubo
METOMa 3KBUBAJICHTHBIX MATEPUAJIOB M LEHTPOOEKHOrO MO-
ACNHpPOBaHHUA.
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Meron, coyeTaromuil TPUHUMIT METOAA 3KBUBAJIEHTHBIX
MaTEpPUAIOB W MPUHUHUI LEHTPOOEKHOro MOAENHPOBAHMUS,
NONY4YHJI IIMPOKOE NMPUMEHEHUE B PE3YIbTAaTe MHOTOJETHUX
uccineaoBaHuil KpuBOpOXKCKOTO HayuHO-UCCIEA0BATENBCKOTO
ropHopyansoro uscrturyrta (HUI'PH). I[Ipumenenuem B Mmoge-
JIM SKBUBAJIEHTHBbIX MATEpPUAJIOB B3aMEH €CTECTBEHHBIX TOp-
HBIX [OPOJ U Harpy>XKeHueMm Moenu B ueHTpudyre odecrieuu-
BAETCSl BBIMOJHEHUE YCIOBUH NOAOOUST B T€OMETPHUUECKOM
macwrabe momenu. Takum oOpa3oM, CYyLIHOCTb AAHHOTO Me-
TOJA COCTOUT B TOM, YTO BMECTO MOJENM M3 €CTECTBEHHbIX
TOPHBIX MOPOJ, MPUMEHIEMON B METONE LEHTPOOEKHOTO MO-
JeNUPOBAaHUs, MOZEIb W3TOTAaBIMBAIOT U3 3KBHUBAJIEHTHBIX
MaTepHaloB, MEXaHUYECKHE XaPAKTEPUCTHKH KOTOPLIX YIOB-
JETBOPSIIOT YCIOBUIO B HEKOTOPOM [OCTATOYHO KPYMHOM
reoMerpuueckoMm macwitabe. Monenbs noMelarT B LEHTPU-
dbyry u noaBepraroT WUCHBITAHUSIM MPU MapaMeTpax Bpallle-
HUS, OTIpenesisieMblX NPUHATHIM MACIITA0OM UEHTPOOEKHOrO
MoaenupoBaHus. B naHHO# xoMOMHaUMK [BYX METOAOB Ieo-
MeTpHUeCKUd MacTad MOAENN U3 3KBUBANEHTHBIX MaTepua-
JIOB, WCHBLITBIBAEMON B UEHTpU(Yre, paBeH NPOU3BEICHHUIO
3TUX JIBYX F€OMETPUUYECKHX MaclITaboB.

[logOupas skBUBaNEeHTHbIE MaTepHalbl ¢ YYETOM TIeo-
MeTpuueckoro macturada, Hanpumep 1: 20, 1 3agaBas napa-
METPbI Bpallenus UeHTpudyru npu macurade HeHTPOOEKHO-
ro moxenuposanus 1: 20, obecneunBaercs oOLMNE reoMeTpu-
yeckuil macwutad mMogenu 1: 400, B KOTOPOM M HEOOXOAUMO
U3FOTOBUTDH BCE 3JIEMEHTHI MOJAENH, MOArOTABINBAEMON K HC-
NbITaHUAM. M3100XKeHHBIH MOOXOA CYLUECTBEHHO PACLUUPSET
TEXHUYECKHE BO3MOKHOCTH U3TOTOBIIECHUS] MATEPUAJIOB U HC-
MBITAHUS] MOJIENIEN B ILUMPOKOM JIMANa3oOHE FeOMETPHYECKHX
MacLTaboB.

OObemMHBIE MOJIENH U3 OMTUYECKU-UyBCTBUTENbHbBIX Ma-
TEpPUANIOB TakXke OObIYHO HArpyXarT ¢ UCNONb30BaHUEM LEH-
Tpudyry, coueras B 3TOM CIy4de NPHUHLMUIBI ONTHYECKOIO
METOJ@ U METONA LIEHTPOOEKHOTO MOIETUPOBAHHUS.

Cpenu npounx METOAOB 3aCIy>KMBarOT OCOOOro BHHUMA-
HUS JIEKTPOAHAIOTOBBIE METOABI MOJENUPOBAHUS, T. €. JJIEK-
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TPUYECKOE MOIENUPOBaHHe GU3NYECKUX TONeH. ITH METOMIbI
OCHOBAHBbI, KaK OTMEYaJIOCh Bbillle, HA COBNaAeHUU Oudde-
peHUHANbHbIX YPAaBHEHHH, ONMUCLIBAIOIUMX MPOUECCHI B JICK-
TPUYECKOM M MEXAHHYECKOM CHJIOBbIX NOysix. Takue Mozenu
MOTYT ObITb OBYX THIOB. B nepBoM — MeTOE 3EKTPOruapo-
quHamudeckux ananoruit (QUA), npemnoxennom B 1922 T,
axazn. H.H. ITaBnoBCKUM, — UCMOAB3YIOT MEHAIOLIUECS IIIEK-
TpUYECKHE CBOUCTBA CIIIOLIHON NPOBOAsAUIeH cperbl. Bropoi,
M3BECTHBIM KaK METOJ JNEKTPHUYECKUX CETOK MPsSIMON aHalo-
run (DCITA), npenycMaTpuBaeT 3aMeHy CIUIOLUHON Cpeabl
CeTKOI M3 HEKOTOPBIX 3/IEMEHTAPHBIX 3JEKTPUUECKHUX sUeeK,
napaMeTpbl KOTOPBIX HA3HAYAIOT, UCXOAA U3 CBOWCTB CPellbl B
MEXAHUYECKOHU CHCTEME U KPUTEPHEB MOM00Us. DJeKTpuue-
CKHe STYSHKH — 3JIEMEHTbl HaNpsDKEHHS, CUbl TOKA, MHIAYK-
THBHOCTH, €MKOCTH — CJIYXaT aHaJOTaMH MEXaHUYECKOTrO
HaNPsUKeHMs, CKOPOCTU YNPYrOro CMElleHHsl, Macchi, NMONAT-
JIMBOCTU 3JIEMEHTAPHBIX OOBEMOB MOJIETMPYEMOrO MAaCCHUBA
MOpPOJ.

DNeKTpOaHaIOrOBble METOAbl MPUMEHSIOT B HacTOsLLEe
BpeMsl Ui PElIeHMs 3a7ay, CBA3AHHbIX C AUHAMHUECKUMHU
npoueccaMu B MOPOAHBIX MacCUBaXx, a JalbHEHIIee pa3BUTHE
9TUX METOAOB MOXKET OTKPBITH MYTH MOMACIIUPOBAHHS COBMeE-
CTHOTO ACUCTBUS CTAaTUYECKUX U JNUHAMMUYECKUX IeOMeXaHHU-
YECKUX MPOLECCOB.

YacTo uUCnonb3yloT B COUETAHMM ONTHYECKUH METONI M
METOJI 3KBUBAJIEHTHbIX MaTepuanoB. Hanpumep, onTuYeCKUM
METOOOM Haubonee AETANbHO M3Y4aroT pachpelereHue Ha-
NPSDKEHUH B 30HE OMOPHOIO HAaBiIeHMs, a METOAOM 3KBHUBa-
JCHTHBIX MAaTEPUANIOB U1 T€X )K€ YCIOBUU HCCIENYIOT pa3BU-
THe neopmauui TONIUM C Pa3pbiBOM CIUTOLIHOCTH M Mexa-
HU3M B3aMMOAEMCTBUS CABUTAKOLLUXCS OPOJ C KPENbIO.
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1.3. THCTPYMEHTAJIBHBIE METO/1bI
HCCIEJOBAHHUA TEOMEXAHHYECKHX
INNPOLHECCOB B HATYPHBIX YCJIIOBUSIX

1.3.1. Mzmepenue aedopmanuii 1 HANps:KEHNI
HA MOBEPXHOCTH rOPHBIX BbIPAdOTOR

Pa3zpab®oTka TeOpeTHUECKUX NPEeACTaBIeHH B reomexa-
HUKE, KaK PaBWJIO, HAYMHAETCA U 3aKAHUMBAETCS HATYPHBIM
akcriepuMeHTOM. OOHapyKeHUe HECOOTBETCTBUSI MEXKIY TeO-
PETHUYECKHMH W IKCIEPUMEHTANbHBIMU PE3YJAbTATAMH CIYKHUT
OCHOBAHHEM U CTUMYJIOM AJIsi JallbHEHIIEro COBEPLICHCTBO-
BaHUS TeOpHHM. B CBA3KM 3TUM HHCTPYMEHTAJbHbIE METO/bI
M3YUYEHUS TEOMEXAHHYECKUX TPOLECCOB UMEIOT OUEHb BaXXKHOE
3HAYEHUE B KOMIUJIEKCE HAaYUHbIX MCCIeIOBaHUM. JlocTaTouHO
noapoGHOe ONMcaHHe 3TUX METOAOB NPUBEACHO B [6].

Hawnbonbiee npuMeHeHue Ui ONpeaesieHUst HamnpsixKe-
HUI Ha MOBEPXHOCTU TOPHBIX BbIPAOOTOK MONYUMIU METOM
NOJHOU pa3rpy3kd, METOA YaCTUYHOH pasTPy3KH U METON
KOMIIEHCAMOHHOU pa3rpy3Ku.

Memoo nonnoii pasepy3ku OCHOBAH Ha U3MEPEHUU [e-
dbopmMauunii, BOSHUKAKOLMX MTPK MMOJTHOM CHATUMW HaNpPsKEeHU
Ha OTMPEACIIEHHOM y4YacTKe MOBEPXHOCTH MACCUBA MYTEM CO3-
IaHus yetwipex weneit (Bpybon). Ilpu 3Tom nmomnaraercs, 4To
IO pasrpy3Kyd NOPOAHBIK MAaccuB HAXOAMWICS B YNPYTOM CO-
CTOSIHMM, M IUIACTMYECKAast COCTABJsfOLas gedopmauuid OT-
CYTCTBYET.

B npeanonoxeHuu, 4To CBA3b MEXAY HANPSUKEHUSIMU U
nedhopmauusaMU JIMHEHHA U U3BECTHBI HAMPABICHUA ACHCTBUA
TJIABHBIX HANpPsKEHUH (HanpuMep, TOPU3OHTAIbHOE U BEPTH-
KaJIbHOE), I IUIOCKOTO HAMPSIKEHHOT'O COCTOSIHHS MMEIOT
MECTO CIISAYIOLINE 3aBUCHMOCTH:

E
6, =—— (g, +ue,),
1 1_p2(l HE, )

E
0, =5, +pe), (1.21)



rae €, € — M3MEepeHHble I1aBHble nehopMauuy; G, C, —

BbIYUCIIEHHBIE TIIABHBIE HAMPSKEHUs!; £ U L — COOTBETCTBEH-
HO MOOyJNb ynpyroctd U ko3dgduumeHT IlyaccoHa ropHbix
[IOpOId B MECTe U3MEpEeHUH.

ITopsiIOK BBLIMONHEHHUsS OMNEpPAlHi MPH HUCIONb3OBAHUU
MeTOHa MOJHON pa3rpy3ku caenyromuit. Ha soiOpannom yua-
CTKE TOBEPXHOCTH T'OPHOU BbIPAOOTKM YCTaHABIMBAIOT MO
nsa penepa (puc. 1.12), KOTOpbIE € MOMOLILIO LEMEHTHO-
[eCYaHOTO PACTBOPA 3aKPEIUIIOT B NPEABAPUTEINLHO Npody-
PEHHBIX IINYPax, PacHOJOKEHHbIX HA IBYX B3aMMOMEPIIEHIM-
KyJSIPHBIX JIMHUSAX (TOPH3OHTAbHOM U BEPTHKAIbHOM).

Mexny penepaMy pa3MelllarOT TEH30MeTPUYeCcKue nat-
YUKW WIM WHOMKATOPBl 4acoOBOro Tumna 2. 3aTeM MNpOBOAST
BEPTHUKAJIbHbIE LIETTM U HU3MEPSIOT TOPU3OHTAJbHbIE Aedop-
mauuu. Ilocne npoBeaeHUs: TOPH3OHTAIbHBIX 1IETeH HU3Mepsi-
IOT COOTBETCTBEHHO BepTHKabHble Aedopmauuu. Ha oxoH-
TYPEHHOM LUEISIMH y4acTKe OTOMPArOT KEPHOOTOOPHUKOM
npobbl, Ha KOTOPBIX B JIaDOPaTOPHBIX YCIOBUSAX ONPEAENSIOT

nedOpMalUHOHHbIE XaPAKTEPUCTUKU £ 1 L.
Memoo wacmuunoti paszepy3ku OCHOBAH Ha W3MEPEHHH

neopMaumii B OKPECTHOCTH CKBaKMHBI HEOOMbILOTO (30—60
MM) AMameTpa, NpoOypeHHON B LIEHTPE HUCCIIELyEMOTO y4acT-
Ka MOBEPXHOCTU BbipaboTku (puc. 1.13). B atom cnyuae na
NOBEPXHOCTH BBIPAaOOTKM B BEPLIMHAX PaBHOCTOPOHHErO
TpeyronbHuka OypsT LINypbl, B KOTOPbleé HA LEMEHTHO-
MECYAHOM PACTBOpPe MOMewlaroT aHkepsl /. Mexy ankepamu
YCTAHABIMBAIOT TEH3OMeTprueckue npudopsl 2. B ueHtpe
TpeyronbHuka OypsiT pasrpy3OuHyi0O CKBAXHMHY 3, TiayOuHa
KOTOpO# AOMKHA OoOecreyuTh CTaOUNbHbIE MOKa3aHWs THpu-
Bopos. CkBakkMHa co3maeT yCIOBMS /IS YACTHYHOH pasrpys-
KW MaccuBa, 4TO NaeT BO3MOXKXHOCTb U3MEPHUTD nehopMauuu U
IO crnienmanbHbiM (QopMyJiaM pacCUMTaTb BEIHYMHY W Ha-
NPaBieHKe IIIaBHBIX HANPsKEHUH B Mecte n3mepenuit. LlImy-

Pbl DAcNonaraloT Ha pacCTOSHUM 2—3 IMAMETPOB CKBaXXHHbI
OT ee ueHTpa.
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Puc. 1.12. CxeMa 3KCIEPHUMEHTa 110 H3MEPEHHo AedopMalitii Ha MOBEpPX-
HOCTH 00OHaXKCHHSA METOAOM IOIHOH PasrpysKIL:
1 — mnypsl; 2 — TeHzoMmerpHuecKii npudop; 3 — pasrpysouHas Lieib

Memoo komnencayuounoil Ha2py3xu ABISETCS PA3HOBUI-
HOCTBIO PACCMOTPEHHOTO BhILIE METOAA pasrpy3ku. OH OCHO-
BAH Ha OMNPENEIECHUH HAMNpPsKEHUH NpPU BOCCTAHOBJIEHUHU YIi-
pyroii nedpopmauuu, BOZHUKAIOLIEN MpU pa3rpyske, KOTOpas
KOMIIEHCHPYETCA [IYTEM HANPsUKEHUS PasrpyKEHHOW 4YacTu
MAaCcCHBa IO CBOETO NMEPBOHAYAIBHOIO HANPSIKEHHOIO COCTO-
sHus. Ilpu 3TOM HET HEOOXOOMMOCTM ONpeHessiTh YNpyrue
XapaKTEPUCTUKH MTOPOAL.

Cy1luHOCTb U3MEpEeHU HANPsKeHUH N0 TaHHOMY METOLY
COCTOUT B creayrouiem (puc. 1.14).

Ha oOHaxeHHOHN MOBEPXHOCTH IIollanpto o [—2 m?
YCTAHABIMBAIOT HECKOJIBKO TEH3OMETPUUYECKHX [aTUYMKOB,
PACIOJIOKEHHBIX Ha TAKOM PACCTOSIHUM PYT OT APYra, 4TOObI
OblJIa BO3MOXXHOCTb HE3aBHCUMO PETHCTPHPOBaThH Aedopma-
I[MM MacCUBa B Pa3JIMYHBIX HanpasieHusx. [locne CHATHS Ha-
YalbHBIX MOKAa3aHUH C MaTYMKOB B MacCHBE CO3HAKOT TOPH-
30HTAJIbHBIE LIENU-BPYObI, a 3aT€M W BEPTUKAJIbHbIC, WIH OJ-
HOBPEMEHHO T€ WU APYyrue, KOTOPBIE YACTUYHO Pa3rpyxaroT
MOPOAHBIM MaccuB. Haxopmsuiuecs B nmpemenax aeicTBus pas-
TPY3KHU JATYUKU PETUCTPUPYIOT ONpeaeneHHbie aedopMaLuu.

54



Puc. 1.13. Cxema usMepeHHd feopMalrii Ha MOBEPXHOCTH BEIPabOTOK
10 METO/IY YaCTHYHOH pasIrPy3KH:
] —1unyp; 2 — TeH30MeTpHUYeCcKHIl npudop; 3 — pasrpy3oyHas CKBaxHHa

Puc. 1.14. Cxema u3MepeHHi 1o METOy KOMIEHCAIIHOHHON HATPY3KH:
] — TeH304aTUHKH; 2 ~— pasrpyKeHHast 30Ha Mopoj; 3 — ruapoLoayLlika; 4 —
LIEMEHT; 5 — MaHOMETp; 6 —- PYUHOH IHApOHacoc

3ateM B 1ienb (WK B L€M) YCTAHABIMBAIOT HATPY30YHOE
YCTPOHCTBO, KOTOpOE obecrneunBaeT BOCCTAHOBJICHHE MEPBOHA-
4anbHOTO HANPSHKEHHOrO COCTOSAHUA ydacTka maccuBa. B xaue-
CTBE HArpy304YHOIO YCTPOWCTBA OOBIYHO MCHOJNB3YIOT I'MIPAB-
JUYeCKUe NOAYLIKU. I'MapaBnuueckas NOAYLIKA MPEACTaBIseT
coOOl MeTaTNYECcKyI0 KOPOOKY, CBA3@HHYIO Hepe3 IHAPOCUCTe-
My ¢ ruapoHacocoM. OObIYHO THAPABIMYECKME MOAYLIKH HUMe-
10T pasmepsl 0T 300 X 300 x 30 no 600 X 600 X 60 MMm. Maxkcumans-
HO€ napiieHMe, CO3HABAEMOE 3THMHU YCTPOMCTBAMH, COCTaBISET
50—70 MIIa. 3uas BenuuMHy HArpy3Kd M IUIOLIA/b €€ IPHIO-
KCHUS, BBIYMCIAIOT HANPSIKEHKE, EUCTBYIOLES B MACCUBE TIEP-
NCHIMKYIAPHO pa3rpy304HON LETIH.

1.3.2. U3mepenue aedopmanuii u HanpsizkeHUH
B I1yOMHe MacCHBa
Hanpsikenno-nehopmMupoBanHoe COCTOSHNE TOPOAHOTO
MAaccuBa B OKPECTHOCTH BBIPAGOTKH M3Y4YaroT, HCTONB3Ys Me-
"00 pasepysku kepna 6 ckeadicuie.
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Komnnekc nccmemoBaHuil COCTOUT M3 HECKOJIBKMX 3Ta-
noB:

¢ OypeHue CKBaXXWHBI HA 3aJJaHHYIO TTyOUHY;

® YCTAaHOBKA4 HA €€ TOPLE TEH3OMETPUUECKUX MPUOOPOB

Y CHSITHE HAaYaJIbHbIX MOKA3AHMH;

® BLINOJHEHHE MEPONPHUATHI MO CHATHIO HATIPSKEHUN B

TOpPUE CKBAXHHbI;

® DErucTpauus MOKa3aHWI TEH30METpHUUeCKHUX npudo-

POB;

® OTHACNIEHHE KEpHa Ui MOCAEAYOLErO ONpenesIeH s B

1abopaToOpHH YIPYTUX XapaKTEPUCTHK;

® pacyeT HaANPSHKEHUH, JEACTBYIOLIMX B MACCHBE.

M3pecTHbl B4 BapuaHTa M3MEPEHMH HAMNPSKEHUH MO
METONly NOJIHOU Pa3rpy3Ku KEPHA B CKBAXKHUHE:!

® METOJ pasrpy3ku TOopua CKBaxkHHbI 110 cxeme BHHUMUMU;

® METOJ PAa3TPY3KH K€PHA C LEHTPaJIbHOU CKBAXKHHOH.

Ilo neprOMY BapHaHTy HanpsiKEeHUs ONPENENsIOT Ha Oc-
HOBE M3MePEHHs AePOpMaLKH €, €,, € YIPYrOro BOCCTAHOB-

JIEHUS TOpLa CKBaXXHHbI MpU BeIOypuBaHuu kepHa (puc. 1.15).
3aTeM, UCTIOMb3ysl U3BECTHLIE COOTHOLIEHUS, BBIUUCIIAIOT KOM-
IIOHEHTbl HANPSHKEHHUH, ACHCTBYIOLIUX B MOPOLHOM MacCHBe.
[Topsaok M3MepeHUH npu 3TOM cienyrowiuid. B obHaxeHuu
npoOypHUBAIOT Ha 3aJaHHYIO IMyOUHY CKBaXHHY OHaMETPOM
ot 100 7o 200 MM B 3aBHUCHUMOCTH OT NPOYHOCTU nopod. Crenu-
anbHbIM LIIUGOBAIbHBIM JHCKOM, YKPEIUIEHHBIM Ha LUTAHTE,
TOpell CKBa)XuHb! Wnngpyercs. Ha Topue CKBaxuHbl 3aKpen-
JSI0T PO3ETKY UEKTPOTEH3oAaTyuka (cM. puc. 1.15). B nep-
BO€ BpeMsl Ha MOPOAY HAKIEHBAJIW TEH3OAATUMKHU THHOHN 30
MM C TOMOIIBI CHeuHanbHoro npucnocodnenus. B nocie-
ayrouieM Obuin pazpadortaHbl Oonee COBEPLUEHHBIE U HANEKHbIE
KOHCTPYKLHUU CbEMHBIX TEH30METPOB.

Tensomerp npencraBnseT coOOH JErKyrO MeETalIxye-
CKYIO KOHCTPYKUHIO, HECYLIYIO HEOOXOAUMOE YMCIIO JaTYMKOB
(po3eTky U3 2—3 HaT4YUKOB). DTOT TEH3OMETP IJIOTHO MpH-
KUMaeTcs K 320010 CKBAXHHBI, TAK YTO AATUYHMKH MOJIYYArOT
LOCTaTOYHOE CLEMJIEHUE ¢ MOBEPXHOCTHIO 3a60s. DukcupyloT
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Puc. 1.15. CxeMa m3MEpeHHs HANPSDKEHHI 110 Merojly pasrpysKil KepHa
€ MOMOIIBIO KOJIbLIEB OFf 1I1eNH:
] — cxBaxUHa; 2 — TEH30ATUHKY; 3 — KepH; 4 — KonbieBas uienb

TEH3OMETP C MOMOMIBIO aHKEpa, 3aKperuisieMoro B orepe-
KAIOLIEM OTBEPCTHM, MPOCBEPJIEHHOM B MOPOAE, NHUAMETPOM
6 MM ¥ MHOH 50 MM. Kabenb OT TeH30MeTpa MpONnycKarwT B
NycTOTeNy0 OYPOBYIO WITAHTY H C MOMOWILIO KOPOHKH BbIOY-
PUBAIOT KOJBbLEBOU BpyO. B pesynpTaTe NpoHcXxoauT ynpyroe
pacCLIMPEHHE KEpHA, KOTOpOe (UKCHPYETCs H3MEPUTENBbHOM
annapaTtypoM B npouecce BulOypuBaHus kepHa. Moaynb yn-
pyroctu E u koadduument Ilyaccona p onpenenstor B jado-
PATOPHbBIX YCIOBUAX Ha OOpa3uax, NOJyUEHHBIX U3 KEPHOB.

Eciu MMEIOTCS HOCTATOYHO HAlEKHblE MaHHbIE O Ha-
NpPAaBI€eHNH OJHOrO U3 TJIABHBIX HANPSDKEHMH B MaccuBse
(HanpuMep, MO BEPTHUKAJH OT I'PaBUTALMOHHBIX CWUJI), TOTHa
OrPUHHUYMBAOTCA MABYMS [aT4YMKaMH, HAMPaBIECHHBIMHU IO
BEPTHKAJIM ¥ TOPU3OHTaANU. Ecny HanpaBieHUs TIaBHBIX Ha-
OPsHKEHUH TOYHO HEU3BECTHBI, TO HEOOXOAMMO NPUMEHHUTH
PO3eTKYy M3 TPeX TEH30MATUMKOB, PACIOJIOKEHHBIX NMOA yria-
My 45 n 60°, a pna onpeneneHus BEHYUHbBI [JIABHLIX Hanps-
KEHWH W WX HANPABJICHMs HCMONbL30BaTh COOTBETCTBYIOLIME
pacyeTHble popmymnl [6].

[Tocne naMepennii Ha 3amaHHOMN TiIyOHHE KepH OOIaMbl-
BaeTcs, CKBaXXMHA YriyOmsieTcs N[O CIEeAYIOWEro 3adaHHOro
HHTEpBaNa U KOMIUIEKC paboT MO pa3rpy3Ke KepHa MOBTOPS-
€Tcsa. IlocnenoBaTenbHO BBIMOMHEHHBLIM UMka paboT Ha 3a-
NaHHYIO I1yOMHY ITO3BOJISIET MOCTPOHTDL 3MIOPY HANPSIXKEHUH B
NOPOAHOM MacCUBE, OKPYXKatolleM BbIpaboTKY.
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Puc. 1.16. @opMLI TOPIIOB CKBaKHHbI

Ilpu u3yueHum BOMPOCAa O COOTBETCTBUH HANPSIKEHHH
Ha TOPLE CKBaXKMHbI HAMIPSIKEHUSIM B MacCHUBe ObUIO yCTaHOB-
JIEHO Haju4ue OTKJIOHEHHWH B 3aBUCUMOCTH OT (POPMBI IO-
BEPXHOCTH TOpUA CKBaXXMHBL. Tak, IIpU MJIOCKOM TOpPLE (pHC.
.16, @) HanpspKeHUs OKa3aauch MEHbIle, YeM B MAcCHBE, —
ko3(gpuurueHT koHueHTpauun K = 0,8, npu chepudeckoit
dopwme (puc. 1.16, 0) —K = 1,3+ 1,4. [1pn kOMOMHUPOBaHHOU
(dopme B BHIE YCEUEHHOTO KOHyca (puc. 1.16, 8) ¢ pazMepamu

1
a =25 u d=—D xo3dPuUUMEeHT KOHUEHTPALMKU HA IEH-
2 p

TpanbHOW MIoWagke ONMU30K K €IMHHUIE, T. €. HANPKEHHS
31€Cb COOTBETCTBYIOT HANPSIXKEHHSM B MacCUBe.

ITo BTOpPOMY BapHUaHTY ONpPELEHSIOT HU3MEHEHHE ua-
MeTpa Wi Aeopmaluu CTEHKH LEHTPATbHOM CKBaXKMHBI B
BbIOypuBaeMoM kepHe (puc. 1.17).

Metonuka HM3MEpPEHHH, MO CPABHEHUIO C MNPEAbIayLUIeH,
BKJIFOYAET HOMNOJHHUTENbHBIA 2Tan — OypeHHE UEHTPaIbHOU
CKBA@XUHbBI. B 3aBUCMMOCTH OT UCHOIB3YEMOIO U3MEPUTENLHOTO
npubopa pas3uyaroT BE CXEMbl ONPEENCHUs] HAPSDKEHU:

¢ HAa OCHOBE M3MEPEHHUs AUaMeTpa LUEHTPalbHOHN CKBa-

JXMHBI B BBIOYpPUBAE€MOM KEPHE;

® Ha OCHOBE M3MepeHus neopMauuil CTEHKU LEeHTpalb-

HOM CKBaXXWHbI B BLIOYPUBAEMOM KEPHE.

B cnyuae ucnonb3oBaHus MepBOM CXeMbl U3MEPHUTEINb-
HbIM NPUOOPOM CIIYXKUT AaTUMK HAMPSHKEHUM, MO3BOJSIOMIM i
ofecreunTh NpeABapPUTENbHBIN pacnop B ckBaxkuHe. Ilpu pas-
IFPY3KE KEPHA C LIEHTPAIbHON CKBAXXHHOU MOKA3aHUs OaTYHKa
HanpsoKeHUi OyayT YMEHBLUATLCS MITH YBEITHYMBATLCS B 3aBUCH-
MOCTH OT TOT'O, HAXOAWJICA JIM MAaCCUB MOJ IEHCTBUEM CXKUMAIO-
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Puc. 1.17. CxeMa M3MepeHHs HaNPACHHIT 110 METOJy Pasrpy3KH KepHa
¢ HeNTpajabHOH CKBAKHHOI:
] — CKBaXHHA, 2 — KONbLIEBAs Liefb; 3 — KepH; 4 — LeHTpajbtas ckBaxiiia; 5 —
nedopmomerp

MX WIKM PACTATMBAKOLMX Harpy3ok. MeTonuka pacuera nosBo-
JISIeT ONPEAENUTh BEIUUMHY M HallpaBIeHME [VIaBHbIX HamnpsKe-
HUM, JEUCTBYIOWMX B MaccuBe. MeTON PEKOMEHYETCsi UCTIONb-
30BaThb B U3BEPKEHHBIX U APYTrUX BECbMa KPEMKUX 1OPOAaX.

D¢ (PeKTHBHOCTL METOAA PA3rPY3Kd KEPHa ¢ LUEHTPalb-
HOM CKBa)XXMHOH CYIIIECTBEHHO 3aBHCUT OT COCTOSIHUS Ke€pPHA U
COOTHOLICHMSI MEXKAY €ro NIMHOW M auamerpom. nsa yriei
CpedHE KPenocTu 3TO COOTHOLUEHHE NMPUHUMAETCS PABHbLIM
2,5—3,0, mig yrned Kpenkux, apruiuldToB, aleBPOIIMTOB —
3,0—4,0, nns necyanukoB — 5,0—6,0. Ha To4HOCTH H3Mepe-
HUH HANpsOKeHWH B MACCUBE TOPHBLIX NMOPOJ O METOAY pas-
TPY3KH KEPHA B CKBAXXUHE BIMsIET MHOTO (PaKTOPOB: MOrpeLl-
HOCTb annapaTypbl, aHU3OTPONHNS M1 HEOTHOPOJHOCTb TOPHBIX
NOpOA, aHeKBATHOCTh AHATHUTHYECKON MOAETH pealbHbIM yC-
JOBHSAM 3KCIIEPUMEHTA, COOTHOILEHHE pa3MepoB KepHa u Oa-
3bl TEH30JaTUMKOB, (GOpPMa TOpUA CKBAKHHBI, TOTrPEIIHOCTH
NpU ONpeleNeHny yIpyrux nokasarenei nopon. Ilpu xopouo
OTpabOTaHHOI METOAMKE IKCIEPUMEHTA CyMMapHasi rnorpeLi-
HOCTEL coctaBmsier 20—30 %. 3aTpaThl BpeMeHM Ha OJHO W3-
MEPeHHE COCTaBNAIOT 2—4 U.

Hsmepenue nanpsixennit B nryGuHe NOPOAHOTO MacCHBa
MOXET ObITb BBIMONHEHO TAKXKE C HCIONb30BAHHEM Menood
euopopaspelea creHku OypoBON CKBAXHHBI. MeTton obecrieyu-
BaeT nomyyeHue BeTUUMHBI M HANPABICHUS MAKCHMAJbHBIX U
MUHHMANbHEIX TJIABHBIX HANPsIKeHUH B MOPORHOM MAcCHBE B
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TUIOCKOCTH, NEPNEHAUKYISPHOH K OCH OypOBOW CKBaKHUHBI.
ITpenmyiiecTBOM 3TOrO MeTroAa M3MEPEeHHUH MO CPaBHEHMIO C
BbILLIEONUCAHHbIM METOOM PAa3rPy3KHU KepHa B CKBAXKMHE SB-
JsieTca OTCYTCTBUE TpeOOBaHUM K onpeaeneHuio nedopmaliu-
OHHBIX XapPaKTEePUCTUK NMOPOAHOro Maccupa. Meroa nHaubo-
Jjee NPUMEHUM 1751 U3MEPEHUH HanpsbKkeHud B riyboxux Oy-
POBBIX CKBa)XXUHaX, T. €. BHE QMANa3OHa NMPUMEHEHHUsS METOHa
pa3srpy3Ku KepHa.

Meron npeaycMaTpuBaeT NPWIOKEHUE NABJICHUS KU~
KOCTH K BBIOPaHHOMY y4acTKy OypOBOI CKBaXXWHbI, H30JIUPO-
BaHHOMY nakepaMu. IIpu UCHBITAHKAX U3IMEPSETCS AaBJICHHE
KUIIKOCTH, HeoOxonuMoe st oOpa3oBaHus, pa3BUTUSA M 10~
BTOPHOI'O OTKPBITUSl TPELUMHBI HA CTEHKE CKBAKUHLI B OKPY-
)KalolleM MOPOIHOM MACCHUBE M CBSI3AHHOE C CYLIECTBYIOLIMM
MOJIEM HANPSKEHUI B MAaCCUBE U3BECTHBIMH COOTHOLUSHUSIMHU.
OpueHTauusa HanpsuKEHUM ONpenensercs no pe3yapTaraMm ofl-
peaeneHus OpHeHTAaUMK CO3AaHHOM TPELHHbI THAPOPAa3pPhIBa,
YTO JOCTUTAETCS CIEAYIOLMMH METONAaMU: BHU3YyaJIbHbIM, HC-
MONbL3YIOLIHH CKBAXUHHBIE MNEPHCKONbI UM TEIEBU3MOHHYIO
KaMepy; aKyCTMYECKUH, OCHOBAHHbIA Ha aHaju3e OTPaXkeH-
HbIX CUTHAJIOB; WHCTPYMEHTAJIbHbIA, WUCMOJBL3YIOIUNA KaBep-
HOMeTpbl. lIpu NIaHMPOBAHMM OJKCIEPHMEHTA HANps KeHHe
OypoBOH CKBAXXMHbI ITPUHUMAETCSl COBMANAOLIMM C HANpas-
JI€HUEM OAHOTO U3 IJIaBHBIX HANPSKEHUI, a A1Ba APYTrUX IJiaB-
HbIX HaNPSIXKEHUs! ONPEAENSIOTCS B PE3ybTaTe KCIEPUMEHTA.
Kpome Toro, B npougecce IKCnepuMeHTa HeoOXoauMO onpeae-
JSATb MPOYHOCTh FOPHOM MOPOABI HA Pa3pbiB (pPacTsiKeHHUe),
YTO JOCTUrAeTCs MCMbITaHHEM OypOBOro KepHa WKW NpU
CpPaBHEHMM HaBJIeHUs OOpa3OBaHUs TPELIMHBI C TaBICHUEM ee
NOBTOPHOTO OTKPbITHSL.

Kpome nepeurcieHHbIX cOCOOOB U3MEPEHUST HaMpsiKe-
HUI B NOPOIHOM MACCUBE, U3BECTHBI TAKKE 3JEKTPOMETPHYE-
CKUH U 3BYKOMETPUYECKHUU METO/IBI.

Snekmpomempuyeckuil Menoo U3IMEPEHUs HaNpPsSKEHUN B
MacCuBe OCHOBAH Ha B3aUMOCBSA3U YIEIbHOIO 3JEKTPUUECKO-
rO COMPOTUBIEHHS MOPOA ¢ BEIMYMHON HanpsxkeHud. Ha oc-
HOBE 3TOW B3aUMOCBSI3M KOHCTPYHUPYIOT KAPOTAXHbIE CHApPs-
Ibl, KOTOpbIE NPH MEPEMEUICHUH 10 CKBAXHHE MO3BOJISIOT
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M3MEPATD IEKTPHUECKOE CONPOTUBIEHHE MOPOJ U MO CONMpO-
THBJIEHHIO OLICHUBATH HAMPSKEHHOE COCTOSHUE.

3eykomempuneckuii Memnoo COCTOMT B PErHCTPALMH KO-
JIMYECTBA 3BYKOBBLIX CUTHAJIOB, BO3HUKAIOLIMX B HANpPsKeH-
HOM MaccuBe BCIeNCTBUMEe MUKpopaspyuienuil. Ilpu ypemnue-
HUM HAMpPSDKeHUM B LENHKE WIM IPYyrod 4acTy MacCuBa HH-
TEHCUBHOCTb MMKPOpa3pyLIeHHH BO3pacTaer, UTO U (PUKCH-
pyerca npubopamu. Ilpu onpenencHHOM KOJIMYECTBE B €IIH-
HULY BPEMEHU MHKPOpA3PyLISHUs SABISIOTCS Kak Obl CHIHa-
gamu OOpYILIEHUS MaccuMBa MOPOX, Pa3pyLUEHUs LEIUKOB W
T. II. DTO MO3BOJIAET NPENNPUHSITH MEpbl, 0OeCreUnBaroLIne
6e30MmacHOe BeICHUE TOPHBIX paboT.

M3mepenns HanpsokeHnd B OOKaxX TOPHBIX BbIPaOOTOK U
LeNKKax, MPOBEACHHbIE MHOTMMU HCCIEAOBATENAMH METOIOM
pasTpy3ky, NOATBEPAUIH B OCHOBHOM T€ XapaKTE€PHCTHKH
MOJsi HANpsDKEHMM BOKPYTr BbIpabOTOK, KOTOPbIE MOJIYYEHDI
pacyeTHbIM METOJOM U Ha (QOTOYNPYTUX MOzendx. B uactHo-
cTi, B OOKax BbIpaOOTKU Habmonanach KOHLEHTpAauus Ha-
NPSKEHUH, MaKCHMaNbHOE 3HaUeHUEe KOI(PPUUHEHTAa KOHLEH-
Tpauuu HanpsKeHui cocraBisiio 2—2,5. Hapany ¢ aTtuM Ha
HEKOTOPBIX MECTOPOXKACHHSIX ObLT BbISBACH HPUHUUIUAIBLHO
APYroil xapaKTep HaNpsHKEHHOTO COCTOSIHUS, KOTJa TOPU30H-
TaJIbHbIE HATIPSDKEHHs NPEBLILLIAOT, MHOTIA B HECKOJIBKO pas3,
BEPTHUKANbHbIE HanpsskeHus. Takoe sIBICHUE CBS3aHO C He-
OTEKTOHMUYECKHUMU MPOLECCAMHU.

1.3.3. 3mepenne nepemerueHuii
B OKPECTHOCTH FOPHBIX BbIpadOTOK

OCHOBHBIM CpEICTBOM M3yueHHs XapakTepa aedopMH-
POBaHUS MOPOAHOrO MAacCHBA B OKPECTHOCTH BLIPAOOTOK £B-
NA0TCA penepyl. B 3aBUCHMOCTH OT 3a4ay MCCIIENOBAHMH pe-
NEPbI MOTYT ObITh KOHTYPHBIMH, € TIIYOMHOM YCTAHOBKH 1—3 M,
W I1yOUHHBIMH, ¢ TYOHHOM ycTaHOBKH Gonee 3 M. PenepHoe
YCTPONCTBO MOXET COCTOSTh U3 COOCTBEHHO penepa, THOKOM
HJIH JKXECTKOM TATM, KOMMYTATOpa [Ulsl MOJCOSAMHEHHUS JATYH-
KOB, perucrpaunoHHoro ycrpoiictBa. Kak npaBuio, penep-
HO® yCTPOUCTBO COCTOMT M3 NEPBbIX ABYX 371eMEHTOB. Penep
O0bIMHO npencTaBmsier coBOi OTPE3OK TPYGbl MTHHOH 30—S50
MM, K KOTOpPOMY mpHuBapeH T'MOKW# YCHK, BbIMONHSIOMMNI

61



3 .

4
A 2777
/ ] ] . ;

/

; ;o

Puc. 1.18. KoucTpyKius mpocTeiiniero penepHoro yerpoiicrna:
1 — cxBaxuHa; 2 — pernepbl; 3 — CToNnopHbie yerpoilcrsa; 4 — Tsri

pOJIb CTONOPHOTrO YCTPOMCTBA, U TAra — rudkas Wil KecTKas
(puc. 1.18). [1pu ycTaHOBKE B CKBaXKMHE 711 PEMEPOB WX TATH MPO-
XOmaT uepe3 Bce npeapiayiune (n — 1) penepbl. COBOKYMHOCTb
penepoB B CKBaKMHE OOpa3syeT penepHyro HabaromgaTenbHYIO
craHuuio (puc. 1.19, a). IIpyu BbIMOMHEHMU U3MEpeHH nosjara-
10T, 4TO CaMblid JajbHHUI penep UMEET MPaKTUUECKU HYJIEBbIC
nepemewenns. Ero tara, BblBeHeHHasi B BbIPAOOTKY, SBIAETCA
Gaszol mns orcueta. I1o OTHOWEHHIO K HEll M3MEpSIOT nepeme-
LIEHUS BCEX OCTAJIbHBIX TAF M CTPOST COOTBETCTBYIOLIME Tpadu-
K1 IeopMaluii TOPONHOTO MaccuBa BO BpeMeHH (puc. 1.19, 0).

a

N Nz Ny N, N

1,5

3,0
4,5

6,0

U, MM
Ny ]
o AT
Iy
100]/
N,
ot M L .

50 100 150 200 300 400 T, cyr

Puc. 1.19. Cxema periepHoii cTaHIMH (¢) H XapaKTep rnepeMellieniii mopos (6)
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Puc. 1.20. CxeMa pa3sMeEILEHHS CKBa- N,

sKUH UL OMPEJICIICHH MMOJIHOH Kap-

THHBI TEPEMEIIEHHI B OKPECTHOCTH 8
BbIPaOOTKH

Jnst monyueHus MONMHOM
KAPTUHBI NIEPEMELLIEHUI B OK-
pECTHOCTHU BBIPAGOTOK OypsT
HECKOJIbKO CKBaXKUH, MopsaKa
pocbMu. Cxema ux pasmeuie- p \
His MpuBeneHa Ha puc. 1.20. ¢ N,
[nybuHa CKBaXXWHbI TIPHUHH- ¢ M
maetcs paBHOU (3+4)a, roe a — noaynposieT BripabOTKH.
[ToNHYIO BEIMYMHY B3aUMHOTO CONMXKEHHS] KPOBIM W MOYBBI
unu OOKOB BbIpabOTKY HA3BIBAXOT KOHBEP2€Huell COOTBETCT-
BEHHO BEPTHUKAIbHOU U FOPU3OHTAILHOM.

YacTo ObIBaeT MOJIE3HBIM 3HAThb, KAKYK 4acTb B BEPTH-
KalbHOW KOHBEPreHUUU COCTABIAOT OTACNbHO NEePEMELUEHUSA
NOYBbl ¥ KPOBIHU BbIPabOTKH. (15 3TOTO MCMONB3YIOT JUOO
HHUBEIMPOBAHHUE, YTO AOCTATOYHO TPYAOEMKO, JMOO TMApO-
penepsl. KoHcTpykiuus ruapopenepa cnenyowas (puc. 1.21).
B Goky BbIpabOTKM B pallOHE penepHbIX cTaHUUH OypsT cKBa-
)KUHY / nof HeOGOMBLINM YITIOM K TOPHU30HTY (0L = 8 + 10°). B 3a-
OOl CKBaXMHBI [OCBUIAIOT M TaM PAacKPEIUIIOT Kancynay ¢
KHUIKOCTLIO (OOBIYHO 3TO TEXHMUYECKOE Macjo), TaK Ha3biBae-
My runpokancyiny 2. I'mapokarncyna coobluaercs ¢ Bbipa-
GoTKOH npu noMoruu TpyGKHu 3, KOTOpas THOKMM NMEPEeXOIHH-
KOM 4 cOoelMHeHa CO CTeKJIssHHON TpyOkoii 5. CoenuHss Tyro
HaTSHYTON HMUTBLIO JBA TNOJOXEHUS CTEKJISHHOW TpyOKH, Io-
Ty4atoT ypOBEHb OTCYETA, MO OTHOLIEHWIO K KOTOPOMY H3Me-
PAIOT OTAEIIBHO NEepeMeLeHUss KPOBIU H MOYBBI.

s u3MepeHuit OTHOCHTENbHBIX CMelleHuil OOKOBBIX
IOPOA B OYMCTHBIX U MOATOTOBUTENbHbIX BbIPAaOOTKAX MC-
NOJIB3YIOT TaKKE, KPOME KOHTYPHBIX PENepOB, YHHUBEPCAIIb-
Hele croiiku (CVY). YHuBepcanbHble CTOMKH INPENCTaBISIOT
Cobolt Temeckonnueckyro cucTeMy TpyO M [uTaHr. Mexmy
BEPXHUMU W HHXKHUMU TpyOamu YyCTAHABIUBAIOT PErUCTPH-
PYIOLIEE U3MEPUTENBLHOE YCTPOUCTBO (CaMomucell, MHIUKAaTOP
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YPOoReHbL KHAKOCTH

s OTCUCTA

Puc. 1.2]. YcrpoitctBo rujpopenepa:
[/ —ckBaxuHna; 2 —ruapokancyna; 3—1tpyoka; 4 — rubkilii nepexoasuk; 5 —
cTeKJIsiHHas TpyOka

4acoBOTO THIA WIM MHAYKTUBHBIM AaTuuK). s yCTaHOBKH
CTOEK B MOYBE U KpOBie BbIpaboTku OypAT wwnypbl. B HUX 3a-
OUBAIOT JEpeBsiIHHbIC NMPOOKM, Ha KOTOPbIE ONUPAIOT HAKO-
HeyHUKU TpyO. C NOMOWIBLIO YHHBEPCAIbHBIX CTOEK MOXKHO
PErMCTPUPOBATEL BEJTHUMHY MEPEMEILEHUH C TOYHOCTHIO MO
0,01 mm.

1.3.4. MI3mepeHue HArpy3KH Ha Kpenb
rOPHLIX BbIPAaGOTOK

UccnenoBanns B3aMMOIEHCTBUSI KPEMU TOPHBIX BbIpa-
OOTOK ¢ NOPOAHBIM MACCHBOM NPOBOLSATCA NPEXKIOE BCEro ¢
LENbIO MPOBEPKH AHAIMTHYECKUX pelleHui, cOopa u 0600-
UleHHUs OAHHBIX M3MEpPEHHUU sl pa3pabOTKH HOPMAaTHUBHBIX
JOKYMEHTOB, NPEIHA3HAUEHHBIX U1 MPOSKTUPOBAHUA NOA-
3EMHBIX COOPYIKEHUH, a TAKKE MOCNEAYIOLIETO YTOUHEHUS Pa-
LMOHAJIbHBIX MaPAMETPOB YCTAHOBJIEHHOMN KPEIH.

J1s v3MepeHUs HATrPy3KUM Ha Kpelb MCMNOAb3YIOT Nps-
MBbIE U KOCBEHHBIE METOMBI.

Ipamvle meni00b1 OCHOBAHBI HA NMPHUMEHEHHH ClELHAIb-
HBIX JHHaMoMeTpuueckux ycTpoiicts. IIpu atom npubop Mo-
JKET pacnoiararbest MO0 MEXKIy KPEnbpl0 U NOPOAHBIM KOH-
TYPOM, JIHOO BXOAUTb B KOHCTPYKLMIO TaK Ha3bIBaeMOW OM-
HAMOMETPUUECKOU KPEMH.
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Koceennsle menoods! mpeanonararoT u3MepeHue BeJIMYHH,
KOTOPble (PYHKUMOHAIBHO CBsI3aHbl ¢ Harpy3kou. Hampumep,
U3MepPEHNEe KPHBU3HBI 3IEMEHTOB METAMIMYECKON KPENH WK
CTAaTUCTHYECKAss OUEHKa COCTOSHHSI BbIpaOOTKH, B KOTOpPOU
YCTaHOBJICHA KPEMNb ¢ U3BECTHBIMU MIAPAMETPAMU.

IIpsmble MeTOab1 H3MEPeHHS

BenmuuuvHa Harpy3ku Ha Kperb 3aBUCHUT OT CTEMNEHH ee
JKECTKOCTH: YEM JKECTUe KPerb, TEM BbIILIE B OJHHUX U TEX XK€
ycaOBUAX OEHCTBYIOIMass Ha Hee Harpyska. Ilpu ycraHos-
K€ JMHAMOMETpa Ha Kpernb o0pa3yeTcss UCKYCCTBEHHAs! CUCTe-
Ma «Kperb — IUHAMOMETP — MOPOAa», KOTOpas OTJIUYALTCs
OT €CTeCTBEHHOHU «Kperb — MOpPOAd» HAIUYHEM [OMOJIHU-
TEILHOTO 3JIEMEHTAa — AWHaMOMeTpa. B CBA3M € ITHM KecT-
KOCTb JAMHAMOMeETpa AOJUKHA ObIThb TakoW, uTOOBI €ro npu-
CYTCTBME HE OKAa3blBaJO CHJIIBHOTO BIMAHMS Ha XECTKOCTb
U3y4aeEMON CUCTEMBI.

B ob1uem cnyuae mis mo00ro 3aaHHOTrO 3HAUEHUs CONPo-
THUBJIEHHS] KPEIH 1 NPOU3BOJIbLHBIX CUJIOBBLIX XaPAKTEPUCTUK NPU-
Gopa f M Kpernu ( KECTKOCTb CUCTEMbl «Kperb— IMHAMOMETP»
OTPEAENSIeTCs O YPABHEHHIO

K = S (x,)9(x,;)
i - ——*—_7
Fx,)+0(x,)
T€ X;i U X — BEJIMYMHBbl CMELIEHUH COOTBETCTBEHHO AMHA-
MOMETpa U Kpenu npu Harpyske P, B cnyuae TMHEHHBIX CHIIO-
BLIX XAPAKTEPHUCTUK AMHAMOMETPA U KPENM XKECTKOCTb CHUC-
TeMbl OyfIeT onpenensithes no Gopmyme
— KgKk — KA—
¢ 3
K, +K, 1+K,/K,

(1.22)

(1.23)

rne K; u Ki — XeCTKOCTb COOTBETCTBEHHO JHHAMOMETpA M
Kpernu. ;
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BenvunHa, obparHas MXECTKOCTH, Ha3bIBAETCH IOMAT-
JIMBOCTBIO CUCTEMBI:

L =K (1.24)

Ananuz BoipaxkeHus (1.23) mokasblBaeT, 4TO i1 TOTO,
4TOOBI JKECTKOCTb CHCTEMbl OblUIa MPUMEPHO paBHA JKECT-
KOCTH KpeNH, CIeAyeT NPHUHMMATB XECTKOCTb AMHAMOMETpa
3HAYUTENBHO BhIlIE XXEeCTKOCTH kpenu (pas B 10 u Bonee).

ITorpeitHOCTL M3MEPEHHs HArpy3KH INpU HCIOIb30Ba-
HUU JTUHAMOMETPOB 3aBUCUT OT NE€OMETPUYECKUX ITAPAMETPOB
Kpenu U OMHAMOMETPA, 4 TAKXKE OT BEIMYHMHbBI UX OTHOCHU-
TeNbHBbIX AedopMauuil. B ciydae pasmelueHuss AMHamMoMeETpa
NOJ CTOHKOH KpENnu IOTrPELIHOCTb U3MEPEHUsT ONPENENSETCs
U3 BBIPAXKEHUS

h,(e,—¢
5=l 8 (1.25)
he, +he,

rae h, U he — BBICOTA COOTBETCTBEHHO JHUHAMOMETPA U CTOU-

KM; € U € — OTHOCHUTENbHbIE AePOPMALUUN JUHAMOMETPA U
CTOHKU.

JmHaMOMeTpBbI, NpHUMEHsieMble NPU HCCIENOBAHUM TOpP-
HOrO JaBJIEHUS, B 3aBUCHUMOCTH OT UCIMOJb3yeMOrO B HUX YYB-
CTBUTEJILHOTO 3JIEMEHTA ACIATCS HA MEXaHW4eCKue, TMOpaB-
JTHYECKUe, NEKTPUUECKUe, MarHuTo- W ¢goroynpyrue. I[lpu-
MEHSIOTCSl B OCHOBHOM MEPBbIE€ TPU THUMA.

IIpuHUMD nedicTBHA MEXaHUUYECKMX AUHAMOMETPOB OC-
HOBAH Ha M3MepeHuu ynpyrux aepopmauuii memOpaHbi, BO3-
HUKAIOUIMX MOJ BIIMSHUEM MPWIOKEHHbIX HArpysok. [ledpop-
MalMUKM Yalle BCErO M3MEPAI0TCS MHOMKATOPOM 4YacOBOIO TH-
na. Cnocob orcyeta MOXKeT ObITh HEMOCPEACTBEHHbIM HIIM C
NOMOLUBIO camonuIylux ycrpoicts. Ha puc. 1.22 uszobpa-
XKeH MexaHuuyeckuit nunamometp 501-180.

[laBnenue Ha MemOpaHy / nepenaercs yepes pacnosiararo-
LIYIOCsl HaJl Hed BepxHroro onopy 2. Ilox Harpyskoil memOpaHa
nporubaeTcs BHU3, CXKUMas NMPYXUHY 3. BenmuunHa nepemelle-
HUHM, YBEIMYEHHAas B HECKOJIBKO pa3 C MOMOILUBIO pblyara 4,
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Puc. 1.22. Mexanuueckuii | 250 =~3

smmamoMerp S0-180 =& 6 s 4
cHaOKEHHOTO BO3Bpa- / 72
THOH TNpYXUHOH 5,
¢ukcupyercs MOx OT- ]
pepctieM 6. [t onpe- ! / 3

JesieH s BEIMYHHBI e~
peMemeHHﬁ KOHLIA Pbl-
yara B OTBEpCTHE BCTa-  Sammmmac
BIIAETCA  U3MEPHUTENIb- L 7150
Hbld CTepXKEeHb HHIHK-
KaTOpa YyacOBOro THIA, LEHA AeTIeRUs KOToporo coctasnseT 0,01
mM, xoin — 10 Mm. HauanbHblit OTCUET MOKHO pErynupoBaTh
BuHTOM 7. OTBepcTHE B HepaboyeM COCTOSHMM 3aKPbIBAETCS
konnaukoMm §. Becb nuHaAMOMETpP CMOHTHPOBAH Ha MACCHBHOM
ocHoBaHHU 9. XapaKTEPUCTHKA PACCMOTPEHHOTO TUHAMOMETpPa
ciaemyroutas: pabouas Harpyska — 500 kH, xon peruara — 6—7
MM, TOYHOCTb Noka3zaduii — 5 kH, macca—9,5 kr.

[Ipunuun geiictBust runpaenuueckux auHamomerpos 'C/L-
6 (puc. 1.23) OCHOBaH Ha CBOWMCTBE HEC)KMMAEMOCTH JKUIAKOCTH
(pTyTH, TAMUEpUHA UM Macia). KUIKOCTh NMoMellaeTcss B no-
Jocte I, obpasyemyro crakanom 2. [lon gaBneHuem Ha onopsl 3
H 4 cTakaH neOpMHUPYETCs U KUIKOCTh Yepe3 KaHalm S BbIIaB-
NYBACTCA B MU3MEPUTENBHYIO TPYOKy 6. BiausHue mMomeHTa cui,
pacnpeneneHHbIX O OnopaM, UCKIIFOYAeTCd LAapoBOW NATOH 7.
['vnpaBnuueckne MUHAMOMETPLI OTJIMYAKOTCA NPOCTOTOM YCT-
poiicTBa ¥ OONMbLIOH
NPOYHOCTBIO. "‘"_‘%‘

Hunamomerpuye- 6 |
CKHE Kpenu ABISIIOTC ) ;
OCHOBOW W3MEpHUTEIIb- 4 ‘
HBIX cTa”uuil. OHu yc-
TAaHABIIUBAIOTCS B BbI-
paGotkax cpasy ke
nocne noauranus 3a-

 —
W~ N
.

o187

Puf. 1.23. T HIpaBJIMeC- i
KM minamomerp I'CJI-6 125
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Gost BbipaboTku. 1o npuHUKNY OSHCTBHS U3MEPHTENLHBIX YCT-
PONCTB PA3INYaIOT CIeAYIOLINE BUAbl IHHAMOMETPHUYECKUX Kpe-
neii:

® C npUMeHeHueM pabouuX 3JIEMEHTOB KPEIH;

® OCHAUIEHHBbIE 110 NEPUMETPY KPENU IPynnoil auHamo-

METPOB;

¢ C NPUMEHEHHUEM CNEUHATbHO MPUCTIOCOOEHHBIX JJle-

MEHTOB KpENH MJIsl W3MEPEeHHUs HArpy3oK C MOMOUIbIO

JAMHAMOMETPOB WJIH AHHAMOMETPHYECKUX OalIIOHOB.

KoHcTpykunn IMHAMOMETPUUYECKON KpPENu, yCTaHaBIIHU-
BAEMOW B BEPTUKAIbHBLIX CTBOJIAX U TFOPHU3OHTAJIbHBIX BbIpa-
OOTKax, ABISIOTCA pa3MyHbLIMU. B cTBO;max, coopykaeMbix
OOBIYHBIM CIOCOOOM, MPUHUMAETCS IHHAMOMETPHYECKas KPEIb,
KOTOpAasi COCTOUT U3 TIOOMHTOBBIX CETMEHTOB /, SIBJISFOLIMXCSI
HECYIleH YacThblO KPENH, TUAPABAMYECKUX OaljIoOHOB 2 W W3-
MepUTeNbHOH anmnapaTypsl (puc. 1.24). 3axpernHoe npocTpaH-
CTBO, [ OOecreueHust MIOTHOrO KOHTAKTAa KPEeNu ¢ MOpOI-
HbIM KOHTYPOM, 3arlOJIHSIE€TCA LEeMEHTHO-NEeCYaHbIM PacTBO-
POM.

JlaBrneHue Ha Kpenb BOCOPUHUMAETCS TMIPABIMUYECKMMHU
OaJuIOHAMH, JKECTKO CBA3aHHBIMH C IMHAMOMETPHUUYECKUMH
CerMEHTAMM M HECYLIMMH 3JIeMeHTaMU Kpenu. ['mapaBnuue-
CKMI OaJyIoOH mpenacTasisieT cOOOW IeéPMETHUECKYIO CBAPHYIO
CTaJIbHYIO KOPOOKY, BHEIIHSS MOBEPXHOCTb KOTOPO#H BbIMOJ-
HeHa B BuAe rubkoii memOpansl. [loz AelicTBHeM HaBleHUs CO
CTOPOHBI TOPONHOrO MaccHBa MeMmOpaHa nporubaercs, Ha-
Ipy3Ka BOCHPWUHMMAETCS BS3KHUM 3aMOJHUTENEM (HalnpuMep,
GuTymMOM) OajuioHa M nepenaeTcs Ha MeMOpaHy JAHHAMOMET-
pa, YCTAHOBJIIEHHOTO Ha CerMeHTe Kpenu. Jns wusmepeHus
NPOAONBbHBIX U MONEPEUHbIX AepopMaLnii CErMEHTOB Ha HUX
YCTAHABIMBAIOTCS TeH30MeTpbl. /st paboThl B peKuMe pery-
JMpYyeMON MOJATIMBOCTH THAPABIHYECKHE OallIoOHbl CHaOXe-
Hbl CMNEUUATbHBIMM KJAaaHaMu MOLATIMBOCTH, [O3BOJISIO-
HIMMHU BBIMYCKATb U3 HUX YACTh BA3KOTO 3amnoiHuTens. Yucno
KOJIel[ THHAMOMETPHYECKOH Kpenu 3dBHUCUT OT TUMa pellae-
MBIX 3a7]a4 ¥ CBOHCTB BMEILAIOLIMX IOPOA.
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Puc. 1.24. CxeMa H3MepHTEILHOM CTaHIMI

[Tpumep KOHCTPYKUMH M3MEPHTEIb-
HOll CTAHUMU B TOPH3OHTAIbHOW BbIpa-
GOTKE TIPU JKECTKOH KOJIbLEBOH Kperu
npeAcTaBieH Ha puc. 1.25. M3mepurens-
Hasg IMHAMOMETpHYEecKas CTaRUMS B Io-
PU3OHTANLHON  BBIPAOOTKE COCTOMT M3
KOJBLIEBOM Kpenu /, BLIMOJIHEHHOH U3 Ba-
JIOK ABYTABPOBOIO WJM CHEUMAJILHOIO
xenobuatoro npoduins. Bokpyr kpenu
yCcTaHaBAMBAETCS 8—10 BHELIHUX SIeMEH-
TOB JMHAMOMETPHUYECKON Kpenu 2 B BUAE
OTAENBHBIX CErMEHTOB M3 CIIELHAIBHOTO
xemobuaToro npoduis, noBepx KOTOPBIX
YKJIa/IbIBAETCS JKETEe300€TOHHAs 3aTAXKKA
3. Mexny OCHOBHOM KpPenbio U BHELLIHUMHU
aNIeMEHTAaMH ycTaHaBnuBaercs: &—10 1MHaMOMETPOB 4, Hax Ko-
TOPBIMH, MEXJLy 3aTsKKOH W MOPOAOH, 3a0UBAKOTCS METasliiMye-
ckue KJuHbA. JlMHamOMeTpuueckas Kperb BO3BOJWTCS BIEpe-
MEXKKY C OOBIYHOMH KPEMNbIO.

[Ans onpeneneHuss nepeMelicHUd NOPOAHOTO KOHTypa
CTaHLKUU OOOPYHYIOT KOHTYPHBIMM pEenepamu, BCTaBICHHbI-
MH B LIYpbl 5 AuamerpoM 42 MM U riyOMHOU Okoio 1 M.
HexoTtopsie craHumu mist HaONrOACHME 32 pa3sBUTHEM Obiac-
TH Heynpyrux nedopmauuii oOOpyHyHOT KOMIJIEKTAMM TIIy-
OMHHBIX PeNepoB, YCTAHABIMBAEMbIX B CKBAKMHBI 6 IUAMET-
poMm 60 MM u ry6uHoil 1o 10 M. M3MeputenbHbie yCTPOUCT-
B4, pacnojIOKEeHHbIe MOA MyTsAMU ¥ 0annacToM, UMEIT orpa-
KOeHue 7.

[Ipumep ucnonb3oBanus GOTOYNPYrHX HATUYHUKOB s
ONPENENeHNsT HAarpy3OK Ha NEePEeKpPbITHE MEXaHU3UPOBAHHOU
Kpenu nokasax Ha puc. 1.26.

JaTuuKK HakIeMBAOTCSA HA JNEMEHTbI KPEMU IO MOMEH-
Ta UX yCTAHOBKH, T. €. KO[/Ia KPelb He HAXOAUTCS B HAMpsi-
KEHHOM cOCTOsiHUM. HanpskeHus M3MEPSAIOTCs Yepes omnpe-
HCNCHHBIE MPOMEXKYTKH BPEMEHH C MOMOLUBIO NOPTATUBHBIX

NONIAPUCKONOB ONHOCTOPOHHETO AEHCTBUS MO TapUPOBOYHO-
My rpacuky.

b

.l
i
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Puc. 1.25. Cxema u3MepHTENLHOM CTAHIH B FOPU30HTAIILHOI BRIpaboTKe
{(ro 10.3. 3acnaBckomy)

7104 K/m?
56144/

Puc. 1.26. Cxema pacnioyiokeHHs (poToynpyrux JaTYHKOB TIpH H3IMEPEHHH
Harpy3oK Ha Kpenb:
/—13 — HOoMepa DaTYHKOB



KocseHnbie MCETO1bl H3MEpEHHUS

B ocHoBe onpenenenus Harpysku Ha Kpenb BhIPaGOTOK
KOCBEHHBIMU METOOAMU JISKUT U3MEPEHHE HEKOTOPBIX BEIH-
YMH, KOTOpbIE CBA3aHbI C MCKOMOW BEIMYHMHOH HEKOTOPBIM
ONOCPEOBAHHBIM (HEABHLIM) OOpa3om. Hinke paccmorpen
METOJ, OCHOBaHHbI# Ha U3MEPEHNHU YIIPYTHX Aedopmanuii Me-
TaJJIMYECKOU apOUYHON KPENU CNEUMATIbHBIMU YCTPONHCTBAMHU
— nepopmomeTpamu.

CusnoBoe BO3/eliCTBHE NOPOJHOrO MaccuBa (Harpys-
Ka) Ha METAJJIMYeCKylO Kpelb BbI3bIBaeT AehOpMaLHUIO ee
3JIeMeHTOB. Jedopmauus apkd B NPOMU3BOILHON TOYKE, B
CBOIO Ouepe/ib, CB3aHa C H3MEHEHHWEM KPHUBU3HBI B 3TOU XKe
Touke. Takum 06pa3om, U3IMEHEHHE KPUBU3HBLI B PUKCUPO-
BaHHOM TOYKe Je(POPMHMPOBAHHON METAUIMYECKOH apKH
GYHKUHOHATBHO CBA34HO C HAIPY3KOH, pacnpeaeneHHol no
KOHTYPY a4pKH.

a
Kpusnsna apxu msme- © _—" [T~

pAeTCad npu NOMOIUM KpH- /[
Bu3HOMepa. [TocnenHuii npen- = N
cTaBisgeT coboil muardopmy
I ¢ 6a3oii 100 MM, Ha KOTO-
pOW  YKpEenjieH WHIOMUKATOP
4acoBOTO Tuna 2 ¢ LEHOM
nenenus 0,001 (puc. 1.27, a).
Msmepenus mnposomarcs B
CJIENYIOLICH INOCHEAOBATEIb-
HOCTH. B momnexatueir 06-
CJICAOBAHUIO BbIpabOTKE Bbi-
OupaeTcs y4acTok M3 He-
CKOJIbKHMX paM, B JIOCTaTOY-
HOH CTeneHu OOKaTBIX Top-

Puc. 1.27. CxeMa m3MepeHHs Ha-

IPY3KH € MOMONIBIO KPHBH3HOMEPA:

@ — obwnii BUg KpUBH3HOMEpa; 6 —

CXeMa K onpezeneHHIO aedopmalruii
Kpenu
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HBIM [ABJICHHEM, HO HE HUMEIOILIMX [JIACTHYECKHX aedop-
Mauui. Ha BHyTpeHHedl MOBEPXHOCTH apku (UKCUPYIOTCS
TOYKH, pacrnonoXeHHble Ha pacctosuun 400 MM gpyr or
Ipyra. B 3aBUCMMOCTH OT TUIIOPA3Mepa Kpenu 4YUCIO TaKux
toyek paBHo 20—30. Ilepen Hayanom uszmepeHuud, Ha craguu
BO3BEACHHUS KPENu, ONPENeNsoTCd HayajdbHble 3HAaUYCHUS pa-
JIMyCOB KPUBU3HbI R B KaXIOM i-il Touke usMepenus. 3atem
B 3TMX JX€ TOYKAX C ONpPEAEIEHHON NepUOAUYHOCTbIO NMPOU3-
BOJIATCS 3aMepbl paauyca KPUBU3HbI B (PUKCHPOBAHHBIX TOY-
xax R,

Kaxnomy WU3MEHEHWIO KPUBU3HBL B {-U TOUKE COOTBET-
CTBYET M3THOAIOHUA MOMEHT M;, KOTOPBIH ONpenenseTcs 1o

dbopmyre

M_1_ 1 (1.26)
El R R
rane E— monynb FOHra martepuana kpenu; [ — MOMEHT UHEp-
LIY MTOTIEPEYHOTO CeYeHUst TPODHUILSL.
C yueroM oOO3HaueHUH, NPUBEAECHHBIX Ha puc. 1.27, 0,
nocyie HeoO6XOMUMBbIX MpeoOpa3zoBaHuil ¢opmyia 1 u3ruda-
IOLLIMX MOMEHTOB OKOHUATENbHO UMEET BUL

Mi_2 0«
L=""(h'—h), 1.27
EI D (127
rae b’ u h' — COOTBETCTByIOWIME MOKA3aHUA WHAMKATOPA

YaCOBOI'O TUMNA B i -i TOUKE B MOMEHT YCTaHOBKHM kpenu (1 = 0) u
10 HCTeUeHUH BpeMeHH (1 =1 ); b— 6a3a HHAMKATODA.

Harpy3sku Ha Kpenb B i -l TOUKE

1
=AM, 1.28
4=z AM, (1.28)

rae AM; — npupaileHue u3rubarilero MOMeHTa.
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Puc. 1.28. I'pauxu 3amepon KpH-

BH3HBI B KOHTPOJILHLIX TOYKaX MO N |
niepuMeTpy pambr kperu [TK-112 8 - 1 & £
5-M CEBECPHOM KOPCHHOM UITPCKE d i — 8_
HIaXThI «AJIMa3Hag» N g
=
N
Cpennss Harpyska Ha TP B
-
e il
Kpernb T %
I ) 4 &
g=—Yq,. (1.29) DN T[S 2
n — \ - 20}
J \1\' = 2
. - - dm =y eTem 4 b el ol
XdpElKTeprIe rpauku r)}omg N % ‘
M3MEPEHUH KPUBU3HBI B KOH- o ﬁ
TPOJIBHBLIX TOYKAX MO NepHMe- (q Vi g
TPY KPenu B LITPEKE 1HAXThbl CQ- a
«Anmasznas» XK «Jlobpo- \j >
NOJIbLEYTOb» MPHUBEOEHBI HA —
puc. 1.28. M3 Hux cremyer, { ;
YTO MPOLIECC HarpyKeHHUs OT- Bis
JEeJILHOH apKu PACTAHYT BO - | o
BPEMEHH U HMEET BbIPAXKEH- - o
HbIH CIIy4aliHbI} XapaKTep. -l da L 71 1o r.i
=3
soweg | ) 9
1.3.5. ABToMaTH3HPOBAHHASA - |
CHCTEMA reoMeXaHHYeCKOro L/Q am
MOHHTOPHHIa <,/"’ﬂ\
» | <
Cucrema reomexaHnue- Nj\j\ ™~
CKOTO MOHMTOPHHIA MpEIHa- N >
3SHa4YeHa JJI1 HEenpepbIBHOIO Fpﬁ
KOHTPOIJI1 HanpshkeHHO-nedop- ,4_4 -
MHPOBAHHOIO COCTOSIHUS [0-
T =

PONHOro MaccuBa B OKPECT- S5 o
HOCTH noazeMHbIX BoIpabOTOK e~
noboro yaszuauenus. Oua co-

CTOMT U3 OTHENbHLIX JIOKATbHBIX IHArHOCTHYECKHUX MOAyJeld u
CTPONTCA MO OTKPBITOH CXeMe, YTO IMO3BOJISET MOAKIIOYATh K
HEeH Taxike MOZyJIM ra30BOrO MOHUTOPMHIA, MPOTUBONOXAPHOH
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CUTHAIM3aLMH, 3aLUMTHI TEXHOIOTHYECKOTrO 000OPYIOBAaHMs1, BEH-~
TUJIALIHOHHOTO MaHEBPa ¢ BLIBOJOM HEOOXOANMO nHPOpMALHH
Ha LUEHTpaIbHYIO DBM, yCTAHOBIIEHHYIO B [TOMELUEHUH [AHCIIET-
YEPCKOH CI1y)KObI MPEATPHUATHS.

bonblune pabOTEI MO CO3AAHUIO CUCTEMBI F€OMEXAHHYE-
CKOrO MOHUTOPHHIa BeAyTCs B MOCKOBCKOM TOCyIapCTBEH-
HOM TopHOM yHuBepcutete (Poccust) [7]. OCHOBHbIMU 3N1EMEH-
TaMH CUCTEMbI SBJISIFOTCA JATYMKH U3MEPEHUs] HANPSKEHUH B
nopogHoM Maccue. Pazpabotuuxamu MITY npenmoxeHsl
IBa TUNA TEH30PE3UCTOPHBIX JaTUHKOB C MEMOPAaHHBIMH YYB-
CTBHUTEJIbHBIMU JJIeMEeHTaMu. KOHCTPYKTHUBHBIE CXEMbI NATYH-
KOB SIBJIAIOTCS WIAEHTHYHBIMU W OTJIMYAIOTCS APYr OT Apyra
TOJILKO pa3MepaMy, TONLUMHOW MeMOpaH U Auana3zOHaMHu U3-
mepeHui. [lepBblil THII 1aTUMKOB UMEET NMANa3OH U3MEPEHUH
0—0,6 MIla, Bropoii — 0—20 MIla. KoHcTpykTuBHas cxema
JIATYMKOB NOKa3zaHa Ha puc. 1.29.

PaGounM armeMeHTOM HaT4yHKa SBISIETCS PO3ECTOUYHAs TEH30-
pesuctopHas coopka tuna KOSM-10-200-H-12, xoropas npen-
cTaBisieT HabOp U3 YEThIPEX TEH3OPE3UCTOPOB, COSAUHEHHBIX
MO MOCTOBOW CX€ME U3MEPEHHUH.

JlaTunky pa3sMeliaroTcest B TaK Ha3biBAEMBIX M3MEPHTENbL-
HBIX MOMYJISIX, KOTOPbIE BBINONHAIOT (PyHKLUUIO KOHTEHHEPa I
JIOCTAaBKU JATUMKOB B LUIYP AHaMETPOM OKOi0 40 MM, U, KpoMe
TOTO, OHYU MO3BOJISIFOT OIPENEIEHHbIM 0OPa3oM OPHEHTHPOBATh
MeMOpaHbl JAaTUYMKOB, OCYLUECTBIISIA TEM CAMbIM BEKTOPHOE H3-
MepeHue HanpshkeHuil. Beero paspabo-
TaHo ABa TUna moayneil. Koncrpykrus-
-~ Hasl CXxeMa MOZyJa NepBOro Tuna Ipu-
BemeHa Ha puc. 1.30, moaynst BTOpOro
THna —Ha puc. 1.31.

I 2 3AA4

Puc. 1.29. KoHcTpyKUMS AaTYHKA:
1 — xopnyc; 2 — ynpvrui sneMeHT; 3 — OCHOBa-
HIIE C NPEAOXPAHITEIbHbIM 3]IEMEHTOM; 4 — TeH-
30PEe3HCTOPBI; 5 — H3OJIIPOBAHHBIE TOKOBbIBOJbI;
A — BHYTPEHHSIS [TOIIOCTh JAaTYHKa




Puc. 1.30. KoncrpykTusHasi cxemamme- [ 2 3 4 5 2 6 78
- N 7
PHTEIBHONO MOJTYJIS1 [IEPBOLO THIIA Y [ /\ ] f
100 S=F
Momynb NepBoro THIa IPe/- 270 !

cTaBisieT coOOU KecTkyw ¢u-
T'YPHYIO IUIACTUHY-KOPIYC 3, UMe-
JOLLYIO LEHTPUPYIOLLME 37IEMEH-
Thl 4 ¥ THE3A0 8 nns pukcaunu
B T'OJIOBKE 3axBaTa y3na OoOcC-
TaBKM MOy B mnyp. Ha xopnyce MOZymsi ¢ MOMOLUBIO Jie-
TaJied KPeruleHus 2 YyCTAHOBIICHB! AaTUuKu /, 5, 6. [ng 3amu-
ThI JJEKTPUUECKUX LeNel HaTuuKa OT BO3ACUCTBMS BJIATM UX
nokpeiBatoT repmetukoM ¥30-M3C-10. Jdatuuku /. 5 uMeroT
npenen usmepenns 0,6 MIla, natuux 6 — 20 MIla. DnexTpu-
yeckye NpoBoAad 7 OT AAaTYMKOB 3aJIOKEHbI BIIOJbL KOpPHyca
MOAYJISL U 3aKPEMJIeHbl HUTOYHbLIM OaHaaxom. [latunku 5, 6
NPEAHa3HAUYEHbI JUIsl U3MEPEHUsI HOPMAIbHOW COCTABIAIOLLEN
CYMMapHOI'O BEKTOpA HaIlpsKEHUs, JEHCTBYIOLLETO B MOPOJI-
HOM MAacCCHBE, aTUMK / — [JI U3MEPEHUSl HANPSDKEHMUs!, Hei-
CTBYIOLLErO BAONL ocd wnypa. Obluas AauHa U3MEepUTEIbHO-
ro monyas cocrasiser 300 Mmm.

KoHCcTpyKUMS U3MEPUTENHLHOTO MOJAYJS BTOPOTO THIA
(cMm. puc. 1.31) npeacrasnsier cobol repMETHUHYIO €MKOCTb,
3aMnOJIHEHHYIO TPaHC(OPMATOPHBIM MAaCIOM, B KayecTse 000-
JOYKH KOTOPOW HCMOJb30BAH HAINOPHBIH apMUPOBAHHBIN
UJIAaHT 2 ¢ BHYTPEHHUM JuMaMeTpoM 25 MM (TIOPUTOBBIN
1aHr). BHyTpu uumiaHroB pa3smMellieHbl ABa JAaT4YMKA C Tpere-
Jamu usmepenus 0,6 u 20 MIla. Onqun Topen uiaHra 3arepme-
THU3UPOBAH 3AIJIYLIKONH / ¢ HAKOHEYHUKOM, APYroWl — 3ariy-
IIEH repMOpPasbeMOM S [U1s BbIBOAA 3JIEKTPHYECKUX NMPOBOHOB
6 OT naT4MKOB 4. J{71s yCTaHOBKU B LUMYP MOMYJIb 3aKaAHYNBa-
€T¢a xBOCTOBUKOM 7. Ilpu neicTBUM TOpPHOroO pAaBfieHUs
LUITaHr 2 C)KMMAETCs, U Yepe3 Macio 3 yCHIue CKaTus nepena-
€TCa Ha matuuku 4. [locnenHue npeoOpasyioT maBieHue B
NMEKTpUYeCKUi curHan. IlpocTpaHCTBO Mexay CTEHKaMu
HImypa v KOPIycOM H3MEPUTEIbHOIO MOJYJsl 3arOJIHAETCA
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Puc. 1.3]. KoHCTpYKTHBHAs CXEMa MOy
BTOPOro THIA

LEMEHTHO-TIECUAHO-TJIMHAHONR CMeChbIO C TIOMOLUBID OCOOBIX
npucnocotnenuil. IIpoueHTHOe COOTHOLIEHHE KOMMOHEHTOB
B cMmecH 40:40:20. LiemenT npumensieTcs mapku 400.

[Ans ycuneHuss M MHOMKAUMM CHTHAJIOB C TEH3O0pE3H-
CTOPHBIX JATYUKOB HCNONb3YETCSl TEH3OMETPHUUECKas CTaHLIUS
tuna K3/1-Ugr. B TeH30CTaHUMU BHITIOIHACTCS NIPAMOE yCuIe-
HHE CUTHAJIOB C TEH3OPE3UCTOPHBLIX JAaTYUKOB C MOCTOBOWM
W3MEPUTENILHON CXEMOW W BU3yanu3alUs pe3yjabTaTOB U3Me-
peHust B LM(POBOM BHUIIE B €AUHULAX NpeoOpa3yeMoil naTuu-
KaMW MEXaHMUECKOU BemnuuHbl. TeH30CcTaHuusa oOecneunBaeT
NUTAHUE MOCTOBBIX MU3MEPHUTENbHBIX CXeM NATUMKOB HAMpsxKe-
HUEM MOCTOsIHHOTO ToKa. TensoctaHuus K3/1-UB B xoMnnekTe
C aKKYMYJISTOPHBIM OJIOkOM HcnosHeHust PB mMoxer skcrutya-
THUPOBATBbCSl K4K B HOPMAIbHBIX, TAK W BO B3PbIBOOMACHBIX
YCJIOBHSIX, HANPUMED B YTOJIbHBIX LIAXTax.

YCUlIeHHbIE B TEH30CTAHLMHU CUTHAIBl MO KabensM nepe-
naroTcs B OBM, a npu HEOOXOAUMOCTH W Ha MPUHTEP BLIBO-
JATCSl pe3yibTaTbl M3MEPEHUH, CO3OAeTCs KapTUHA Hamps-
KEHHO-e(POPMHUPOBAHHOTO COCTOSIHUSI MOPOJHOIO MAaccuBa B
OKPECTHOCTH BbIPaOOTOK M OLICHHUBAETCS CTEMEHb €ro omnac-
HOCTH. AHAanu3 MOJIyYEeHHbIX JAHHBIX MTO3BOJSIET CBOEBPEMEH-
HO NPUHATH aAeKBaTHblE HHKEHEPHBIC PELIeHUs NO ymnpasie-
HUIO TOPHBIM JaBIIEHUEM.
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1.3.6. O1leHKa CTPYKTYPHO-MEXAHHYECKHX
0CO0EHHOCTEl NOPOAHBLIX MACCHBOB
MeToJaMH ToMorpaguu

[Ipy MpOBENEHHH MOA3EMHBIX TOPHBbIX BbIPabOTOK, OT-
paBoTKe MOArOTOBJICHHbBIX 3AM1ACOB MONE3HOrO UCKOMAeMOTo,
CTPOMTENLCTBE NMOM3EMHBIX M 3ariyONeHHBIX 304HMH M CO-
OpYyXEHHH YPE3BbIYAHHO BAXHO MMETb TEKYWIyr HHpOpMa-
[IMIO O COCTOSIHMM BMELLAOIIUX nopon. OaHUM U3 Takux me-
TOMOB, MO3BONSIOIIHUX HENPEPBIBHO «BUIETH» COCTOSIHME MO-
PONHOTO MacCuBa BIEPENM MPOBOAMMOW BBIPAOOTKH HA
MOHHTOPE KOMIILIOTEPA, SBISIETCS METOJ aKyCTUUYECKOU TO-
morpaduu, paspaboraHnbii xomnanumer NSA Engineering
(deusep, Konopano, CILA). Ota cucrtema reodpuznueckoro
KapTUpoBaHus nosyuuna HaszpaHue RockVision3d™. Omna
NPUMEHSETCS U1l TOMOIPauuecKoro OToOpakeHus B PEkU-
Me peaJlbHOTO BPEMEHH MOAINOBEPXHOCTHBIX Je(pEeKTOB, MO-
JIOCTeH TeOIOTMUYECKUX CTPYKTYP, TPEXMEPHOTO pacipesene-
HUS HANPSDKEHUH, TO3BONSS AUCIIETUEPY NONy4yaTh UHpOPMa-
LIMI0O O TMOTEHLUAIbHbIX OMNACHOCTAX, @ TakXke OBICTPO WU
aZIEKBATHO pearupoBaTh HA HUX.

Cucrema xOMNbIOTEPHOH TOMOTrpaduu MOPOIHBIX Mac-
cuBoB RockVision3d™ coctoutr M3 annapaTHbIX CPeACTB U
NporpaMMHOro obecrnevuenus. B kauecTBe UCTOUHHKA aKYCTH-
YECKHX KOJEeOaHMH CIyXKHUT LIYM pa3pylIarolledcss moponabl
(yras) npu paboTte pasiuuHbIX MEXaHHU3MOB: NPOXOMYECKHUX U
AOOEIYHBIX KOMOANHOB, CTPYrOB, OTOOHHBIX MOJOTKOB H T. II.
AkycTrueckie xoneGaHus, Npoias yepes CTPyKTYPHO-HEON-
HODOJIHBIH NMOPOOHBIK MACCUB, KakK Obl «CYUTBIBAIOT» UH(DOP-
Maluio O HEM M MONagarT Ha MPUEMHBbIE YCTPOWCTBA (reo-
doner) (puc. 1.32).

3aTeM OHM perucTpupyroTcs ceiicMorpadom U no kabe-
IO "epe3 MOAEM NEePefaroTCs HA CUCTEMHbIH OJIOK KOMITbIO-
Tepa, KOTOpLIA pacnojaraercs aubo noxd 3emieit, mubo Ha
nosepxHoctu. IlonsemHas annapaTypHasl 4yacTb TOMOrpadu-
HECKOro Komrmiekca HMEET B3PbLIBOOE3OIACHOE HMCIONHEHHE.
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O6paboTtanHas MHOpPMALMSA PACNeyaThbIBACTCS HA LBETHOM
NMPUHTEPE B BHJE TPEXMEPHLIX reOPU3IMYECKHX KapT, JIErKO
MOIAIOLINXCH HHTEPIIPETALIMH.

Dusnyeckas 4acTb METOMA MOA3EMHOMN ToMOrpaduu 3a-
KIIOYaeTCs B CleAYOLIEM. AKYCTHYECKMH CHTHaJl OT HCTOY-
HHUKa pacrpoCTPaHIeTCs B HACAIbHOH MOPOAHOM cpene no nps-
MbIM JHHUSAM (puc. 1.33, a@). Ilpu 3TOM nMmeeT mecTO onpe-
ACTICHHAasi CKOPOCTb €r0 MPOXOXK/IEHUS W 3aTYXaHHUS SHEPTHH,
O0ycnoBieHHas yNpyriMH KOHCTAHTAMH cpeabl. B HeomHo-
POHOH Cpe/ie MPUCYTCTBYIOT Pas3sIMYHOrO POAa CTPYKTYPHbIE
ne(eKTbl, KOTOpbIE HMEIOT OTIIHYAIOLIMECS YIIPYTHEe CBOHCTBA.
[TyTb akycTH4YeCKOro CMrHaza MexIay MCTOYHHKOM M NpHeM-
HUKOM MCKPHBJ/IACTCS B 3aBUCUMOCTH OT AU pepeHuupOBaHHS
€ro CKOPOCTH M 3aTyXaHHs B NOPOAHOM MaccuBe (puc. 1.33, 6).

B CBA3M ¢ 3TUM M3BECTHbI [ABAa JOCTATOYHO OJIM3KMX
NOAXOAA, Ha KOTOPBIX OCHOBLIBAKOTCS TOMOrpaduyeckue mMeTo-
Abl: AHAJIW3 CKOPOCTH MPOXOKJIEHUS aKyCTHYECKOIro CHrHasa
W aHanu3 ero 3atyxaHus. Cucrema RockVision3d™ ocHoBaHa
Ha aHaJIM3e 3aTyXaHHUs MOCTYNAOUIMX K MPHEMHUKY CHUTHAJIOB.

Puc. 1.33. Cerka cKOpOCTH, OLCHHBAIOMIAS JUIS CPABHEHHS OJHOPOIHYIO
(a) n HeomHOpOHYIO (0) cpebl
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Ilo mepe nepemelleHnss MCTOUHMKa curHana (komOalin,
CTPYT) 4epe3 KaXAYIo TOUKY HCCACAYEMOM ODI4CTH MPOXOAUT
OrPOMHO€ KOMMYECTBO aKyCTHUYECKUX CHUTHANOB, KaXIbld U3 KO-
TOPBIX UMEET CBOIO BEIHUYMHY 3aTyXaHHs, UTO OOBSICHSETCS pas-
HBIMH MYTSIMU U YCJIOBHSIMH €rO NPOXOXAEHHS. DTU CHIHATIbI
oOpabaThiBatOTCst ¢ MOMOILBIO OUEHb CIIOXKHOrO TOMOrpaduue-
CKOTO KOAa MporpammHoro obecneuenus. PesynmbraThl OOpa-
OOTKM MHOXECTBA HNaHHbIX KOAUPYIOTCS € MOMOILbLIO 1IBETOB
PasaMUHON OKPAaCKH U BBIBOIATCS OO Ha 3KpaH MOHWTOpA,
OO0 HA LUBETHOM NPUHTED.

Ecnu no mepe nepemelueHus 1OObIYHOTO MeXaHU3Ma Bbl-
SABJIEHHbIE HEOOHOPOAHOCTH HE MEHSIFOT KOH(UTIYpanuu U Mec-
Ta PACIONIOKEHHUSl, TO OHU OLEHUBAIOTCS KAaK CTPYKTYpHbIe
(reonoruyueckue) HapyLLeHUst; €CIU K€ HEONHOPOAHOCTH MUT-
PUPYIOT, MEHSI LIBET, TO 3TO MECTa KOHLEHTPALUU Hanpsxe-
HUH, MeCcTa NOTEHLHATbHbIX JUHAMHYECKHX [TPOSBIICHHIT rop-
HOTI'O J1aBJIEHUS.

K coxanenuro, cucrema nog3eMHon Tomorpagpum Rock-
Vision3d™ He mO3BOAAET MOKA MONYYHUTh KOHKPETHYIO BEJIH-
YYHY HamnpsiKeHUHd U YCTaHOBUTb CTENEHb UX ONACHOCTHU C
TOYKM 3PEHHUsI pa3pylleHusi NOPOAHOIo maccuBa. Pabota B
3TOM HANPABICHUH COTPYAHMKAMU QUPMbI BEAETCA.



In1aBa 2

[EOMEXAHITYECRIE
MPOLECCHI

* BOKPYT TOPHBIX

~ BBIPABOTOR




2.1. TEOMEXAHHWYECKHME ITPOLIECCHI
BOKPYI IIPOTAKEHHDBIX
KAITUTAJIBHBIX FOPHBIX BLIPABOTOK
1 MMOJA3EMHBIX COOPYKEHUN

2.1.1. O6ue cBeAEHHS 0 T€OMEXaHHYECKHX NpoLeccax
BOKPYI FOpPHbIX BbIPA0OTOK

TIpou3BOACTBO TOPHBIX PabOT, U B YACTHOCTH MPOBEIE-
HHe FOPHBIX BbIPAGOTOK, CONMPOBOXKAAETCA HAPYLIEHUEM €CTe-
CTBEHHOrO (HAYaIbHOTO) HAlpPsKEHHO-AePOPMUPOBAHHOTO
COCTOSIHUS TOPOAHBIX MAcCHBOB. B pesynbTaTe mpOMCXOOUT
n1eOpMUPOBAHHE MOPOAHBIX MACCUBOB M MEPEPACIIPEALIIEHHE
HaMpsUKEHUH B OKPECTHOCTH NOBEPXHOCTel oOHaxeHud (60-
KOB BbIPaOOTKH, MOBEPXHOCTEH LENUKOB MU T. A.). MHBIMH
CTIOBAMH, CIICACTBHEM HAPYLUEHUS €CTECTBEHHOTO HAMpPsKEH-
HO-11e()OPMUPOBAHHOTO COCTOSIHUS SIBJISAIOTCA TE€OMEXaHHYe-
CKHE MMPOLECCHI, KOTOPbIE NPUBOIAT K POPMUPOBAHUIO HOBO-
rO PaBHOBECHOIO HaNpsKEHHO-AEPOPMHUPOBAHHOTO COCTOsA-
HUs MaccuBoB [§, 9].

OOGpa3syercst HOBOE IOJIE HANPSIKEHUH, KOTOPOE OT/InYa-
eTcsd OT HAuyallbHOTO KOHUEHTpauuel HampsKeHUd BOMU3U
NOBEPXHOCTEH OOHa)keHWi. Ha BelMYMHY KOHUEHTpAaUuHu Ha-
NPSOKEHWH  BIMSIET MPOTSKEHHOCTb BbIpaOOTKH: KaMEPHbIE
BbIPAOOTKH, UMEIOLIHE COU3MEPHMbIE pa3Mepbl MO TPeM Ha-
NPABIIEHUSIM, WM NPOTAKEHHbIE BbIpabOTKH, pa3Mepbl KOTO-
PBIX MO NPOXONBHON OCH HAMHOI'O OOl MOMEPEUHbIX Pa3-
MepoB. Hanbomnbluee BnusHUe OKa3biBaeT (popma NMonepeqHo-
TO CeYeHHs, T. €. OUepTaHUe MOPOJHOro KoHTypa. Mmeer 3Ha-
YC€HUE TaKKE€ NPOCTPAHCTBEHHAs OPUEHTAlLMs BbIpaOOTOK B
NOPOTHOM MAaccHBE OTHOCHTENbHO MOBEPXHOCTH 3€MIIU (BEP-
TUKaNbHbIE, TOPU3OHTANbHBIE, HAKIOHHbIE BbIpaboTkH). KoH-
UCHTPALMS HaNpsDHKEHUH B NOMNEPEYHBIX CEYEHHX MPOTSIKEH-
HOH BBIPaGOTKH 3aBMUCUT OT GINW3OCTH PACCMAaTPUBAEMBIX Ce-
HCHUI K 320010 BbIpaboTKH. CyLIECTBEHHBIM OOPA30M BIMS-
10T Ha KOHUEHTpaUUIO HANpsKEHUH nedopMaLUOHHbIE CBOW-
CTBa NOpOA M pacnpenesieHHe X B MacCuBe (aHU3OTPOMHUS U
HEOAHOpOAHOCTL MaccuBa).
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MaxkcumanbHass KOHUEHTpaUus HanpspDKeHWud Habmroma-
€TCsl Ha KOHTYpe BbIpaOOTKM WU CMELLUEHa B riyOb MaccuBa,
€CAY nopoAp!l BONM3M KOHTYPa MMEIOT NOBBILIEHHYIO aedop-
MHPYEMOCTb MO CPABHEHHIO C OCTAJIbHBIM MACCHBOM, Harmpu-
MEP, B OKPECTHOCTU BBIPAOOTOK, COOPYKAEMBIX OYpPOB3PbIB-
HbIM criocobom. M1 B TOM U B Opyrom ciyudae KOHLEHTPaLHKs
HANps>KeHUH OBICTPO 3aTyXaeT MO Mepe ydaleHus B riyOb
MAaCcCHMBAa OT KOHTYpa BbIpaOOTKH. Pa3zMepbl 30HbI BIMsSIHUS,
T. €. 30HBl IOPOJHOIO MACCUBA, OXBAUEHHON KOHLEHTpaLueii
HANPAKEHUH, 3aBHCAT OT pAa3MepOB MNONEPEUHOrO CeueHUs
BbIPaOOTKHU.

YCTaHOBUBLIEMYCSl MO0 HAMPSIKEHUH B OKPECTHOCTHU
BbIPAOOTKHM COOTBETCTBYET MOJIE NMepeMelieHnii. Makcumainb-
HbIE€ NEpPEMELICHHs] MOPOJHOrO MACCUBa B HANPABJIIEHUU BbI-
pabOTaHHOTrO NPOCTPAHCTBA HAOMIOMAIOTCS Ha KOHType H
TAKXKE 3aTyXaroT B IIyOb MaccHBa, KaKk U KOHLEHTpalus Ha-
NPsIKEHUH.

Heobxoaumo 3ameTuTh, 4TO HAbMIOaeMble B OKPECTHO-
CTH BbIPaDOTOK NEPEMELLEHUs TOPOAHOIO MAcCUBa SBIISIOTCS
JIOMOJIHUTEIbHbIMY, CBS3AHHBIMU C OOMOJIHUTEIbHbIM MOJEM
HanpsKeHWH, onpenensaeMbiM oOpa3zoBaHNeM BbIpaOOTAHHOTO
[IPOCTPAHCTBA, KOTOPOE HAKIIAIbIBAETCSl HA MOJIE HavyallbHbIX
WIIM €CTECTBEHHbIX HAMNpsUKeHWH, CYLIEeCTBOBABIlEE B MOPO.-
HOM MaccuBe A0 nposeneHus BeipaboTku. Ilpu 3ToM cnenyer
CUUTATb, YTO HAYANIbHbIE NIEPEMELLEHHUS B TOPOAHOM MAaCCUBE,
CBSI3aHHBle ¢ GOPMUPOBAHUEM T10IIs1 HAYAJIbHBIX HAMPSIKEHUH,
JIaBHO 3aKOHYMJIUCb 3a JJIUTENbHbIH I€0JOrMueckuil BO3pacT
UCCIIeAYEMOTO MOPOAHOIO MAaccHBa W K MOMEHTY NPOBENEHHS
BblpabOTKU paBHbl Hymto. Takum obOpa3oM, npu uccnemoBa-
HUM HamnpsKeHHO-Ae(POPMUPOBAHHOTO COCTOSIHUS M TeoMexa-
HUYECKUX MPOUECCOB pa3pyLIeHUs BOKPYT BbIpaOOTOK mpen-
METOM aHaju3a SBISAIOTCS TONbKO AONOIHHUTENbHBIE MEpeMe-
LIeHUsT ¥ neopMaLMH, Ha3blBa€MbIe B JajlbHENILEM MPOCTO
nepeMerieHusIMU ¥ fepopMalusMHu.

YCIOBHO MOXHO BBIAEIUTb YNPYIYIO U HEYNPYIYIO CO-
CTaB/SIIOLLME TEPEMELEHNH NMOPOAHOrO KOHTYypa. Ympyrue
nepeMellieHHss TPOUCXOAAT MPAKTUUYECKH MTHOBEHHO CO CKO-
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pOCTBIO PACTIPOCTPAHEHHS YIPYTUX BOMH B MACCHBE. Benuuu-
Hbl YNPYTUX NEPEMELIEHUA OUEHb Mallbl H, KK MPaBHIO, CO-
CTABJSIIOT BCErO JIMilIb HECKONBbKO MPOUEHTOB OT KOHEYHBIX
pepemetieHui. Heynpyrue nepemerierns 6onee 3HaYNTEIbHbI
1 Pa3sBUBAIOTCA CO BpeMeHeM. VX BeMMUMHbI MOTYT B AECATKH
pa3 NPEBOCXONMTb BEIUUYHHY YNPYIHX MNEPEMELUCHUi, OCo-
GeHRO IpH OONbLIOH IIyOHHE 3aJIOKEHHs BbIPAOOTOK U B
cnabbIX mopoaax.

OkpyXarwlluKe BbIpadOTKY MOPOABI, ¢ OJXHOH CTOPOHHI,
MMEIOT OTPaHMYCHHYIO HECYILYIO CIOCOOHOCTB, T. €. Cnocob-
HOCTBb COTNPOTHUBIISITLCS YBEIMYEHUIO HAIPsKEHWH, ¢ ApYron
CTOPOHBI — MOTYT IeOPMHUPOBATLCA Ge3 Pa3sphIBOB CIIOLIHO-
CTH TOJILKO B OrPaHUYEHHBIX Npeaenax. IloaTomy cnencteuem
HOBOT'O HAaNPSHKEHHO-Ae(POPMUPOBAHHOTO COCTOSIHUS NMOPOA-
HOro Maccusa, CPOPMUPOBABIIErOCH Nocne oOpa3oBaHUs Bbl-
paboTkH, MOTYT ObITb T€OMEXAHMUECKME NPOLECCHl pa3pyLle-
HUS, CBS3aHHBIE C YACTUYHOU WM IMOJIHOW MOTEper Hecyluen
CrnocOOHOCTH OKPYXAIOLIUX [TOPOI.

B atom cityuae BOKpyr Belpa®oTku 0Opa3yroTcs obnacTu
3anpeAenbHOrO COCTOSHUS M TOJHOIO (PYWHHOrO) paspyiue-
HHS MOPOJA, KOTOPble MOTYT OXBaTbiBaTh 4acTb KOHTYpa WIIH
BECh KOHTYp BbipaboTku. IIpouecc nepexoma mopoa us no-
NPEJEIbHOTO B 3aNpeleibHOE COCTOSHHME pa3BUBAETCS BO
BPEMEHH, TAK KAK UX MEXaHUYECKUE XapAKTEPUCTUKH CHHXKa-
IOTCst MoA AeHCTBUEM (PH3MUECKOTO BbIBETPUBAHUS U MPH AJTH-
TEIIbHOM IPUIIOKEHUH HaTPY3KH.

B 3aBucumoctu ot ocobenHocTeil nedopMupOBaHUS
PA3JIMYHBIX TOPHBIX MOPOJ 3a MPEAeIOM NPOYHOCTH [e€OMeXa-
HHYECKME MPOLECCh], CBS3aHHbIE C pa3pyLUEHUEM, MOTYT pea-
JM30BBIBATLCA B BUIE MIACTHYECKOTO TEYEHUs WIH B BUIE
XPymnKoro paspyuienus. ITocnenHee MoXeT UMeTh IBOHCTBEH-
HBIIl XapaKTep: MPaKTU4YECKM MIHOBEHHOE Pa3BUTHE TPELIMH
WIH NOCTeNEeHHbIH Nnepexon M3 3anpene/IbHOrO COCTOSIHHS B
COCTOsIHUE MONHOTO pa3pylieHus ¢ oOpa3zoBaHuem obnacted,
3ANONHEHHBIX pa3pyLieHHON nopoaoil. OObeM pa3pyLIeHHON
[Opoak! U ee nepopMUpPyeMOCTh YBETUUUBAKOTCS, UTO IPHUBO-
ANT K CYLIECTBEHHBIM HOINOJHUTENbHBIM [IEPEMELICHUSIM KOH-
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Typa BbIPabOTKH, KOTOPBIE BO MHOTO pa3 MPEeBOCXOAST yIpy-
I'YIO H HEYNIPYTYIO COCTABISAOLIHE.

Konuenrtpauus HanpsKeHud B oOnacTsiXx 4aCTUUHOIO U
MOJIHOTO Pa3pyLUCHHUs] NAanaeT U MAaKCMMyM KOHLEHTPAIHUH
nepeMelnaercs B r1yOb MaccuBa, B OONacTb Hepa3pyLUEHHBIX
nopoa. Mexny 3THMH 30HAMH MOPOLHOTO MACCHUBA HE CyLIe-
CTBYET YETKO BbIPAKEHHOU IPAHULBI, XOTs Ha €€ MOJIOKEHUE
OPHUEHTUPOBOYHO YKA3bIBAET MAKCUMYM KOHUEHTPAUWW Ha-
NpsKEHUH.

YToObl NpeaOTBPaTUTh CMELIEHMS TIOPOJIHOIO KOHTYpa
1 oOpa3zoBaHue BBIBAJIOB NOPOMLI, T. €. obecneunTh Ge3omnac-
HOCTb 3KCIIyaTaluMHu BblpabOTOK, MpemycMaTpHBAIOT CHELK-
anbHble MEPONPUATHUS MO UX NOMANEPNKAHUIO: MCKYCCTBEHHOE
YyKPEIUIEHHE OKPYKAIWKUX NOPOA LUEMEHTALUUOHHBIMU U LPY-
FUMH PACTBOPAMH, @ TAKXKE UX AHKEPOBAHHUE, TOPKPETUPOBA-
HHe OOKOB BbIpaOOTKHU, BO3BEINEHHME OIPaXAAIOLUX U TPYy30-
HECYLIUX KOHCTPYKUMH KPErH.

[Ipu Hanuumu kpenu B BbIpabOTKE TEOMEXaHUYECKHE
NPOLECCEl B OKPYXKarOLIeM [TOPOOHOM MAacCUBE Pa3BUBAIOTCS
cregyromum obpasom. Koncrpykuus kpenu, nedopMupysch
COBMECTHO € MOPOAHBIM KOHTYPOM, YMEHbLIAET €ro nepeme-
wenuss. KOHUEHTpauua HanpsKeHuid BOKPYT BbIPabOTKH NpHU
3TOM HECKOJIBKO CHUXKAETCsl, & 30HBl PAa3pyLUEHUS MOPO, €CliU
OHHU TOSABJAIOTCS, UMEIOT OrPAaHMUYEHHBIE PAa3MEPbl U pPa3BH-
BaroTcs MemieHHee. OHAKO 3TO BO3MOXHO TOJBKO MPH AOC-
TATOYHO KECTKOW KOHCTPYKLHHM Kpernu, odianarouell BblCo-
KOM Tpy30HecyLieil cnocoOHOCTIO. boree nonaTnuBbie Kpenu
MCIIBITBIBAIOT MEHBbLIME KOHTAKTHBIE HAUPY3KH, HO HE CIO-
cOOHBbl MPEAOTBPATHTL PACCIOEHHE NOPOAHOrO MacCHUBa H
0oOpa3oBaHUE BbIBAJIOB, HATPY3Ka OT KOTOPbIX TAKKE AOJKHA
BOCIPUHUMATLCS KOHCTPYKLHUEH Kpenwu.

IIpu MCKYCCTBEHHOM YNPOYHEHUH OKPYKAOLIMX MOPOL
Kpenb HCMIBITBIBAET MEHbLIME HArPY3KH, TaK Kak MepemMelle-
HUSl MOPOJHOTO KOHTYPa U Pa3BUTHE TEOMEXaHHUECKUX MPO-
I[ECCOB PA3PYLUCHUs MOPOA B 3TOM Ciydae HMCKYCCTBEHHO Or-
PaHUUYMBAIOTCS. B MOCTAaTOUHO NPOYHBIX ONHOPOAHBIX MOPO-
nax BbIPpabOTKHM MOTYT 3KCIUTyaTUPOBaThCsl O€3 KpersieHus.
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HexenaTelbHOE Pa3BUTHE TeOMEXaHHYECKUX [MPOLECCOB B
5TOM CJIy4yae OTPAHMYMBAETCH BbLIOOPOM HAMISKALIMX TeOo-
METPUYECKHX Pa3MepOB BBIPAGOTKHU ((pOPMBI H Pa3MEPOB MO-
IepeyHoro CeueHus), NPOCTPAHCTBEHHOU OpUEHTAlUEeN Bbl-
paboTKH B [OPOJHOM MACCHBE M COOTBETCTBYIOLIEH TEXHOJIO-
rueii ee mpoBeaeHus [10].

2.1.2. I'eomexaHH4YECKHE NPOLECCHI
AOMNpeieIbHOro 1eOpMHPOBAHNUS

Pa3neneHue reOMEXaHUUECKUX MPOLIECCOB B MACCHBAX Ha
npouecchl 1eOPMUPOBAKKs U PA3PYLICHHUS SIBISETCA YCIOB-
HbiM. Kak 3TO cieqyeT w3 TONHBIX AuarpaMm aedopMupoBa-
HHsl, POLIECC Pa3pyLUEHUs B TOPHBIX NOPOAAX HAYMHAETCS Ha
JOTNPEeneNbHON CTAAUM U B MOJHONH MEpe NPOABIIAETCS Ha 34-
npeaenbHON cTaguu 1ehOPMHPOBAHHUS, IPAKTUYECKU ONpene-
s ypoBeHb HaOmomgaeMblx aeopmanuil (ABIeHUEe QUIATaH-
cun). C Ipyroil CTopoHbl, ¢ pocToM Aedopmauuid 3a mpe-
JIENIOM MPOYHOCTHU HeCyllas CIOCOOHOCTb TOPHBIX IOPOL
yMeHbluaercs. Takum oOpa3om, npouecchl AepOpMUPOBAHUS
U pa3pylUeHHsi OPTaHHYECKH CBSI3aHbI MEXIy cOOOM: OHU B3a-
MMHO NPOHHUKAIOT U KOJHUYECTBEHHO ONPEASIIOT APYr Apyra
[9, 11, 12].

Bmecre ¢ Tem Habmomaercs KayeCTBEHHOE pPa3yiMyue
F€OMEXaHUYECKHX MPOLECCOB Ha NONPEAESTIbHON H 3aNnpeaeb-
HOUW cTanusx. Ha monpenenbHOW cragyu ONpeaeisiominuMu
ABJIAIOTCS NpoLecChl AePOPMUPOBAHUA: ¢ POCTOM aedopma-
UMH HAanpspKeHUsl YBeJIMYMBAIOTCS IO MPEACTbHOTO YPOBHS,
npU pasrpyske Oonbiuast yacTb AedopMaluu BOCCTAHABIUBA-
€TCS W paspbIXJICHUE NMOPOA He3HauuTenbHOe. Ha 3anpenens-
HOM CTaJMM ONMpPENENSAIOUIMMH ABISIOTCS MPOLECChl pa3pyLiue-
HUA: ¢ pocToM nedopmauuil HANpsKEHUsS YMEHbLUAKOTCA OO
HEKOTOPOro MUHUMAaILHOIO YPOBHS, MPH pa3rpyske Oonbluas
HaCTh medopmauuii HE BOCCTAHABIMBACTCS M Pa3pbIXJIeHHE
NOPOI NOCTUraeT 3HAYUTENbHBIX Pa3MEPOB.

Heobxomnmo oTMeTnTh, 4TO M3ydeHHE AONPEIENbHOTO
AebOPMUPOBaHUS TOPOMHEIX MACCHBOB, KOTAA MPOLECCHI
Paspywienus ele He nposBIAIOTCS, OoJsiee AOCTYNMHO MIA MC-
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CJIEAOBATENEH U B 3TOM CMBICIE NMO3BOJAET OLUEHUTb BIUSHUE
OONbLIMHCTBA (PAKTOPOB, ONPEAENSIOLINX MEXaHHYECKOE CO-
CTOSIHHE MOPOIHBbIX MAaCCUBOB Ha JOMPENENbHOM, a 3aTeM U Ha
3anpeaenbHON cTaguu Ae@OopMHUpPOBaHUs. MeTonbl U3ydeHHs
3anpeaesbHoOro AeOPMUPOBAaHHS U PaspylUeHUs NpPEeAcTaB-
nar0Tcs Oonee CIOXHBIMM M MeHee pa3spabOTaHHbBIMM Ha Cce-
roauswHuid nedb. Takum oOpaszom, aHanu3 (akTOpOB, BIIUA-
IOLLMX Ha JONpenaenbHoe nehOopMUPOBaHUe, NO3BOMASET B ON-
PEIENIEHHON CTENEeHU NPOTHO3UPOBATH 3aKOHOMEPHOCTHU 3a-
NpeAebHOTO Ae(pOPMUPOBAHUS U NPOSIBJIEHUS TOPHOTO IaB-
JIEHUS.

OTtcroga BO3HHKAET OCHOBHAA 3a7avya IO U3yUEHUIO JO-
npenenbHoro AehOpMHUPOBAHUS — 3TO KAUECTBEHHBIH M KO-
TUYECTBEHHBIM aHANIN3 €ro 3aKOHOMEPHOCTEN OT BO3ACHCTBHUS
pasnmuuHbiX ¢akTopoB. K TakuMm onpenensromiuM ¢akTopam
CIIeyeT OTHECTH:

® CTPYKTYPHO-MEXaHHWYECKHE OCOOEHHOCTH MOPOLHOTrO

MaccuBa ((puznyeckas U reoMeTpHyecKass aHW30TPOMNus,

UCKYCCTBEHHAss HEOOHOPOOHOCTb, HayajbHOE Hamps-

XKEHHOE COCTOSIHUE);

e TUN BEIpaOOTKH (MPOTSXKEHHAS, KAMEPHas), dopMma ee

MIONIEPEYHOTO CeUeHUs, BIHSHUE 32005 BbIpabOTKY;

® 3aKOHOMEPHOCTH MOBEAECHUs TOPHBIX NOPOA MO Ha-

rpy3koil (HeMHHEHHOCTh AeOPMUPOBAHUSA, PEOJIOTHYE-

CKHE NPOLECCH U T. 1I.).

HccnenyeM HanpsikeHHO-IePOPMHPOBAHHOE COCTOSHUE
B pe3yiabTaTe OONPeAenbHOro AeOPMUPOBAHMS MOPOJHBIX
MacCCHBOB BOKPYT FOPHBIX BBIPAOOTOK € YYETOM NEPEUNCIIEH-
HbIX (PAKTOPOB, YTO MOXKHO BBIIOJIHUTb aHATTUTUYECKUMHU Me-
TomaMHu (cM. nepBblid TOM «OCHOBBI F€OMEXaHUKW»), O3 Npu-
BJIEYEHUS UMCIIEHHbIX MeTOnOB. MccnenoBanus HauHeM C pe-
LWEeHUsl NPOCTEeHIIEH 3a1a4ui, KOTIa NOPOAHbIM MAaCCUB MOKET
ObITb MPEACTABIIEH OJHOPOIHOU HM3OTPOMHOU JNHHEHHO-nedOop-
MUPYEMOHM TIeOMEXaHMYEeCKON MOMENbI0, HayalbHOE HaNps-
KEHHOE COCTOSHHE PABHOKOMIIOHEHTHOE, a BhIpaboTka UMeeT
KPYrOBO€ MOMEpPEeYHOe CEYeHUE U pacCMaTPHUBAETCs Kak Mpo-
TsKEHHasl, 3armyOrnenHas. Peluenue takoil 3afauu npumem 3a
88



6a30BOE U B CPaBHEHMH C HUM OyoeM NMPOU3BOAMTHL OLIEHKY
BIMSHMA PA3IMYHBIX (PAKTOPOB HA HAaNPKEHHO-AEHOPMU-
pOBaHHOE COCTOSIHUE MMOPOLHOrO MacCHBa.

[1pu uccneqOBaHUM T€OMEXAHMUYECKUX MPOLIECCOB B OK-
PECTHOCTH TOPH3OHTAIBbHBIX 3arTyOICHHBIX MPOTSIKEHHbIX Bbl-
pabOTOK KPYTrOBOTO MONEPEYHOIO CEUCHHMs, COOPYXKAECMbIX B
OIHOPOIHOM HM30TPONHOM «HECKMMAEMOM» (KO3(D(HHUHEHT
[lyaccoHa paseH 0,5) MaccuBe C PABHOKOMIOHEHTHBIM Ha-
yaTbHBIM HAIMPSIKEHHBIM COCTOSIHUEM, MOXHO BOCIIONIb30BATbCA
pelueHHeM OCECUMMETPHYHOH 3a/JauM TEOPUH yNpyrocTH. Ec-
¥ OCh NWIMHAPUYECKOW CHCTEMbl KOOPIMHAT COBMECTUTH C
POIONBHON OCBIO BbIPAOOTKH, CeYeHHs MOPOTHOrO MACCHBA,
HOPMaJIbHbIE K OCH, OyAyT HaXOAUTHCA B COCTOSAHUH TFIOCKOH
aepopmauny. MHbIMU COBamMM, B 3TOM Cjy4de MOXHO pac-
cMaTpuBaTh 3aAadyy B MOCTAHOBKE IJIOCKOH aehopMauuu ¢
OCEBOM CHMMETPHEM.

HauanbHoe HanpsHKEHHOE COCTOSIHME MacCuBa XapakTe-
pHU3yeTCcst KOMIIOHEHTAMH

cz:Gr:cezq’ Trzztroz":@::oa (2'])

r€ g yYUTbIBAET BJIUAHUE T'PAaBUTALHOHHBIX CHUJI U OCTAILHBIX
(daxkTOpOB.

CooTsercTByIOIasl pacueTHas Cxema il ONpeneeHus
MOMOJHUTENbHBIX HAMpsUKEHHWH B MaccuBe MpEACTaBlIeHa Ha
puc. 2.1, a rpaHUUHbBIE YCIIOBUS UMEIOT BUI:

G, = p—¢q npu r= 1 (Ha KOHType BbIpaboTKH),
6,=6,—0 npur=-co, 2.2)

A€ p — PEAKTUBHOE CONPOTHBIIEHNHE KPEITH.

KOMMOHeHTBI HOTMONHUTENbHBIX HANPSOKEHHH, TONyYeH-
HBIC U3 PELIEHUs 3a1aul, UMEIOT BUJ

G, = > ;GO:—p:q;GZ:O;Tl'z:Tr6=TB~:O' (23)
v ro -

[TonHble HampsKeHHs B MOPOLHOM MacCHBE HaXOIHUM B
PE3yabTaTe CYMMUPOBAHHS HAaualbHbIX (2.1) ¥ HOMOIHHUTENDL-
HBIX Hanpsokeruit (2.3):
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A Puc. 2.1. Pacuernas cxeMa mopoHoro

MAMMAM ARAAADAAMARARRAMM AR AL MAacCHBA BOKPYI' FOPH3OHTAILHOL BLI-

padoOTKH NpH ONPEeJSICHHH JOMOTHH-
TEBHLIX HATIPSDKCHHTT

0',,:(]+ p gq;c():q_p Qq’
Z r r

=T, =T, =0. (2.4)

4

C.=q,T,
KomnoneHntel aedopmauni,
KOTOPBIE 110 NPOUCXOKIAEHHIO AB-
JIAIOTCS TOTIOHUTENbHBIMY, OIl-
PENCIHUM, HUCMONb3YS JONONHU-
TeJIbHBIE HaNpsKeHus (2.3):

3 g-p
€y =—€, =— .
Y

(2.5)

CooTBercTBYIOLLME PaguaIbHbIE Oe3pa3MepHbIe CMELIEHHS

3 —
2 47p (2.6)
2E r
AHa/u3 3aKOHOMEPHOCTEH pachpenenesns MOMHbIX Ha-
NPSXKEHUHU G, U Gy BOKPYT BbIPaOOTKYM MOKa3bIiBaeT, 4TO HaA €€
KOHTYpe (IIpH r = 1) TAHreHUMANbHOE HAMPSIKEHUE G, UMEET

MaxKCUMaJIbHOC 3HAYCHHE, a paAHalIbHOEC G, — MHHHUMAJIbHOE.

[To mepe ymanenuss OT KOHTypa BbIpaOOTKM HamnpsKeHMs
CTpeMsiTC] K HayalbHbIM HAMNpPSKEHHUSM B HEHapPyLIEHHOM

maccuBe. B Tabn. 2.1 mpuBeneHsl 3HaYeHUs G, Gy, G, IIpH

p = 0 (He3akperuieHHast BbIPaOOTKa). XOPOLIO BUAHO, YTO B
3TOM ciy4yae KOI((HUUUEHT KOHLEHTpAaUUU HanmpsuKeHHH Ha
KOHType KPyroBO# BbIpaOOTKM PaBEH ABYM M HE 3aBUCUT OT
MECTOINOJIOKEHHSl PacCMaTPUBAEMOMl TOukM KOHTypa. Cme-
LIEHMS] TAKKE MMEIOT MAKCHUMAJIbHbIE 3HAUEHHUSI Ha KOHTYype
BbIpaOOTKY M OBICTPO 3aTyXarT MO Mepe ynaneHusl B IiyOb
MaccHBa.
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Tabauya 2.1

r HaripsieHiist B eIHIILax g r Hanpsikenns B equHimax g
o, Op o: O (o3 O

1 0] 2,00 1,0 6 0,97 1,03 1,0

2 0,75 1,25 1,0 10 0,99 1,01 1,0

4 0,94 1,06 1,0

Ecnv HavalbHOE HANPSDKEHHOE COCTOSHME MacCHBa OT-
JU4AETCsd OT PABHOKOMITIOHEHTHOTO, yCIOBHSI CHMMETPHUM Ha-
pyLIaoTCa. PacCMOTPUM HA4aIbHOE HANPSKEHHOE COCTOSAHME
MaccHBa C PaBHbIMH TOPH3OHTAIBLHBIMU KOMMOHEHTAMH Ha-
NPsKEHHUH, KOTOpOe B NMPAMOYTONbHOM CHUCTEME KOOpAMHAT
MMeeT BU:

0,=¢q, 0,=0,=Aq, T, =T

vV

=1, =0, 2.7)

Xz yz

rae A — ko3hpuuueHT 60KOBOTO pacnopa.

ITepexons K LHAMHAPHYECKUM KOOPIAHHATAM, MOJIOKUM,
4TO yroji O OTCYUTHIBAETCS OT BEPTHKAIBHON OcH (puc. 2.2).
Pewas 3agavyy B AOTOJHUTENbHBIX HANPSKEHUSX W mosaras
oTcyTcTBHe Kpend (p = 0), 3anucbiBaeM T'PaHUYHBIE YCIIOBHUS
clIeAyIoIUM oOpa3oMm:

1+A 1-A 1-A
0, =—- ——+——c0s 20 |g; T,, =——¢sin 26
r 2 2 q ] 2 q
npu r = |;
0,=0,=T,—0 npu r— oo (2.8)

Brruncnendple TakuM 00Pa3’oM KOMIIOHEHTHI HOMOJIHHU-
TENbHBIX HAIPSIKEHU UMEIOT BU!

I+A 1 1-A(3 4

=— — ~——| = —— |cos 20 |;
T 2 7 2 0 F
I+A 1 1-A 3
o, :q{—z—ﬁ———z—ycos 26};
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Puc. 2.2, Tpaduk pacnpeseneHuss HaTpspKe-
HIT BOKPYDT COPH3OHTANDIION BLIPadOTKH Npil

D
JOTIPEACILHOM I[C(IJOPMI‘IPOBHIIHH MaccriBa B
HCPABHOKOMITOHICHTHOM TIOJIC HAYaJlbHBIX Ha-
o TP sHREHUI
<r
o
\ ;
[ag}
Oy
2,0
\ \ ~ \
6” 3 \\4
NN 1,0
= \_LGZ
1
[#353 S 0'9 G
90
] 1 2 3 4 5 6 r
1-1 4
c,= —q———l;—cos 20;
' 2 r
I-A(2 3.
T =—q—| — —— |sin 26. 2.9)
2 \r r
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KOMNOHEHTE! HayalbHbIX HaNpsoKeHUH (2.7) B LUIUHA-
PUYECKOI CUCTEME KOOPAMHAT 3aNNCbIBAIOTCS TAK:

2 2
1-A
0 =( l—Jr—}i————cos26 ;
2
1-A .
r,oz——z—qsm 26; 0. =Aq. (2.10)



Cymmupys (2.9) u (2.10), noIyuynM KOMIOHEHTHI NOJI-
HbIX HANIPSKEHUH:

c,=q Ez—}‘(l—%)+l—i2&(l~%+i)cos 20 |
p .

oo

1) 1-A
Gy =¢ 1—;—}—\(1—%;2—]——5——(1+r—34—}005 20 ¢

o, = q{k - ul—_z—}l’jizcos 26};

1- 3
T, :—q—zi(H%—F]sin 20. .11

Jlerko BUIETD, YTO Mpu A = | BeIpakeHHs sl HANpPS-
JKEHUH COOTBETCTBYIOT MPHUBEACHHBIM BbllLE BbIPAKEHHUIM
IUJIi OCECHMMETPHUYHOTO ciyuas. B kauecTBe MiIOCTpaUuu
UCCACAYyEM HaNpPsKEHHOE COCTOSHHE OAHOPOHAHOTO H30-
TPOIMHOIO MAacCcUBa TOPHBIX MOPOJ B OKPECTHOCTH HE3aKpe-
NIIEHHOW BbIpaboTKU (p = 0) KPYroBOro MoOmnepevyHoro ce-
ueHHus npu koddduuneHte GOKOBOro pacmnopa A, paBHOM
0,3 u 0,6. B Tabn. 2.2 npuBeAeHbI 3HAUEHHUs MOJIHBIX Ha-
MPSOKEHUH, MOMyYEeHHBIX JJISI TOYEK KOHTypa: yroi 0 paseH
0, 45 u 90°. Tlo mauHbIM Tabn. 2.2 MOCTPOEHbI TpadpHKH
pacnpeneneHus Hanps KeHUH B eMMHUUAX g npu A = 0,6 nns
To4yek 0 = 0° u B = 90° (puc. 2.2).

AHanu3upysi NOJYUYeHHbIE PEe3YJbTAThl, MOMXHO BH-
NeTb, YTO npu koadduuuenre Goxooro pacmopa A < |1
NPOUCXOMAT U3MEHEHUS] B PACNpENCIIEHUH HaNps KeHUH no
CPaBHEeHHIO co cinydaeM A = |. Tak, mpu yMmMeHblueHHH A
TaHreHuManbpHOE HarnpsiXeHUe Cp HAd TOPU3OHTANbHOU OCH
KOHTYpa BbIpaOOTKM YBENMMYMBAETCHA, @ Ha BEPTHUKaJbHOU
~ YMEHbluaeTcs W npu A = 1/3 MEHseT 3HaK, T. €. CTaHO-
BUTCA pacTsaruBaroluM,
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Tabnauya 2.2

Harpsiseritist B ¢UNMILAK ¢ Ui PARTHYHBIX PATHATIBHLIX Koadit-
/ Haripasnennii 0 LHeHT
O, Co G- 00KOBOIO

0° 45° 90° 0° 45° 90° 0° 45° | 90° I pacriopa A
0 0 0 |{-01{ L3 | 27 {-0,02]0,3070,62
0,56 10490421 0,4 0,824 1,2310,220,30{0,38
0,70 1 0,58 | 0,46 { 0,36 | 0,69 { 1,04 0,28 } 0,30 { 0,32 0,3
0,9410,631032]0,3270,671162]0,2910,20]0,31

‘Z) 0,99 1 0,64 10,30 } 0,31 ]0,651,01}0,2910,30}0,30
J

~ S N =

0 0 0 1080 1,60]210]0,300,60]0,38
0,64 10,60105610,721 1,0 {1,38]0,53}0,600,08
0,90 { 0,751 0,62 10,65]0,85]1,05]0,58]0,60}0,62 0,6
0,96 10,78 10,61 0,63108211,0310,591]0,60]0,61
(77 0,98 10,79 10,60 ] 0,61 10,81]1,0110,59]0,60]0,60

pR Y

ITpuunHON eCTeCTBEHHON &HW3OTPONHH B NOPOIHBLIX
,CCHBAX SIBIISIETCS UYALLE BCErO HAMIACTOBAHHME TOPHBIX MO-
1\4 4. Takne noponHele MacCUBbl, Ile MIOCKOCTb HAMIACTOBA-
V‘Zﬂ SBISIETCS [UIOCKOCTBIO M3OTPOMHH, MOKHO KiacCupHLM-
# gaTh Kak TpaHCBEPCANbHO-H3OTPOMHbIE. PaccMOTpUM reo-
pi;&aﬁnqecxne MPOUECCHl B OKPECTHOCTH FOPHBLIX BbIpabOTOK,
¥ ppy’KaeMbIX B OIHOPOJHBIX MAaCCHBAX C FOPU3OHTAIBLHBIM
¢ (TaCTOBAHHEM MOPO.L. QOueBUIHO, B OKPECTHOCTH BEpPTH-
14‘ fIbHBIX BBIPAOOTOK KPYTOBOIO NOMEPEYHOrO CEYEHHUS C Bep-
IziﬁdeHOI/I MPOAOIBHON OCBI 7 (BEPTHUKAIbHbIE LIAXTHLIE
T}/QOHH) HOPMAJIBHOM K NIOCKOCTH HannacTOBAHUS, NPU Ha-
v ;IbHOM Hanps>keHHOM COCTOSIHMM C KOMIIOHEHTaMH O¢ = O,
pmexannqecxne MPOUECCHl HOCAT OCECMMMETPHYHBIN Xapak-
?5. Benu MpU 3TOM NPEANONOXUTb, YTO [OPHU3OHTAIbHBIE
1 JeHUs OCTAIOTCA TUIOCKMMM B npouecce nehopMUPOBaHUs,
G&Jxmo IUTsl onpenesieHysl JONONHUTENbHBIX HANpsKeHuH BOC-
¥ Ib30BaTbCA PELUEHUEM INIOCKOH OCECHMMETPHYHOI 3anauu.
0" HauasbHble HANPSUKEHUS B TAKOM MACCHUBE C COPH3OH-
MbHBIM HATUTACTOBAHHEM 3aNHIIEM CEAYIOUUM obpaszoM:

,{ﬂ
0.=q,0,= 0, =hq,T_=T,=T,, =0,  (2.12)



rne kz—E—ﬁ—SI; E v Ey— monynu nedbopMauuy nopoaHO-
I=p

rO MAaCCHBa COOTBETCTBEHHO B IUIOCKOCTH HAIUIACTOBAHHA H

[10 HOPMalH K IIOCKOCTH HAMIacTOBaHUs; I ¥ Ui — k03phdu-

yuenTol [lyaccona mpu neOpMUPOBAHKM COOTBETCTBEHHO B

[JIOCKOCTH HAIUIaCTOBAHMS M 1O HOPMAalM K MIIOCKOCTH Ha-

T1aCTOBAHUS.

Torma asns onpeneneHns AONONHUTENbHBIX HANPKEHUH
IPUHUMAEM DaCUeTHYIO CXeMy, OKa3aHHy¥o Ha puc. 2.1, n
3anuChbiBaeM TPAHUYHBIC YCIOBUS U1 HE3aKPEINIEHHOU Bep-
THKAJILHON BbIpabOTKH (p = 0):

C,=—Ay npu r=l,
0,=0,—0 npu r— ce. (2.13)

Peluenue naHHON MIIOCKOM 3aMayy NO ONPEAENEHHIO J0-
MONTHUTENBHbIX HaNpsSKEHUH COBNANaeT ¢ TOYHOCTBIO 0 Ipa-
HHUYHbBIX YCJIOBHUH C PELICHHEM COOTBETCTBYIOUICH 3azadu Anis
u30TponHoro maccusa npu p = 0. Mcnone3ys 310 peuienue u
rpaHnyHbie ycnosus (2.13), noaydum:

KOMITOHEHThI JONMONHUTENAbHbIX HAaNPsKEeHUH

1 1
c, = —?\qF; O, =?»q7; 0,=0;7,=1,=7,=0; (2.14

KOMITOHEHTHI NTOJHBIX H&HpSDKQHI/[f/'I
.._}\’ 1 . _.)\' 1 .
G, =/q l_r-z 10y =Aq| 1+ 1,0, =¢;
r

Tr: = T,\ﬂ = T(];_ = 0; (2. 1 5)

KOMMNOHEHTH! AehopMalunil, OnpeaesseMbie ¢ NOMOLIbIO
AONMONHUTENBHBIX HanpsikeHuit (2.14),

I+p g
€, =—€ =A——; 2.16
[¢] r E 7 y ) ( )

ne



pagvanbHble Oe3pa3MepHbIe CMELLEHUs

Ituq
.

U=¢gyr= (2.17)

YUToObl NMPOWUTIOCTPUPOBATL MOJNYYEHHOE PELICHUE, HC-
CIIEyEM HaNpsHKeHHO-AE(POPMUPOBAHHOE COCTOSHUE OJIHOPOI-
HOT'O aHM3OTPOMHOrO MACCUBA B OKPECTHOCTH HE3AKPEIUIEHHOI
BEPTHKaIbHONW BbIpaOOTKH KPYrOBOIO [MOMNEPEUHOTO CEUSHHS
NpH CIeAYIOMMX MCXOOHbIX manHblx: E/E; = 1,5; u = 0,375;
ur = 0,2. PesynbTaThl pacyeToB HampsikeHW# G,, Cp, O, BbIpa-
JKEHHbIE B €IMHULAX ¢, U CMELLEHUH — B eIMHULAX gRy/E (The Ry
— pannyc BbIpabOTKH B IPOXOJIKE), MOKa3aHb! Ha pHC. 2.3.

CpaBHMBasl TNOIYYEHHbIE 3HAYEHUS KOMIIOHEHTOB Ha-
npsokeHud (puc. 2.3, a) u cMeweHuid (puc. 2.3, ) B aHHU30-
TPOMHOM MAacCUBE C COOTBETCTBYIOLIUMH KOMIOHEHTAMU B
U30TpONHOM MmaccuBe (£ = Ej; = Wy = 0,375, NyHKTUPHbIE
KpHBBIE Ha pUC. 2.3), NPUXOAUM K BBIBOJY, YTO KaUECTBEHHbIX
U3MEHEHHH B IE€OMEXAHMYECKUX MPOLECCAX HE MPOUCXOAMT.
Y4eT aHU3O0TPONUHU TOPHBIX MOPOA IPH UX TOPUIOHTAIIBHOM
HAruUTaCTOBAHMU BHOCHT JIMIUbL HEKOTOPbIE KOJIMYECTBEHHbLIE
nonpasku. Tak, HANPUMEDP, aHU3OTPONUSA B JAHHOHU 3ajave
NPUBOIUT K CHHIKEHHIO 3HAYEHUHM KOMITOHEHTOB HaNpPsKEHUI
U CMEILEHHUM MO CPAaBHEHHUIO C M3OTPONHBIM MAaCCHBOM IpU-
OnuzutenbHo Ha 20 %.

bonee cioxHON NpPeAcTaBIsSIeTCs 3a1aya Mo MCCIEAOBa-
HUIO TEOMEXaHUYECKHUX IMPOLECCOB B OKPECTHOCTU IOPHU3OH-
TaJlbHbIX BBIPAOOTOK, COOPYXKAEMBIX B aHU3OTPOITHOM MACCH-
Be. PacCMOTpUM rOpU3OHTANLHYIO NPOTSXKEHHYIO 3arityOiieH-
HYIO He3akperuieHHYo (p = 0) BbipabOTKY KpPYroBOTO MOTIe-
PEUYHOTO CeUeHHUs C POAOJIbHOM OCBIO Z, MapauleNbHOU FOpu-
30HTAJIBHBIM IUIOCKOCTSIM HAIUIACTOBAHUSI MOPOJAHOrO MacCU-
Ba. [{ns ynpouieHus 3agaun OydeM CUMTaTh HayajdbHOE Ha-
NPSKEHHOE COCTOSIHME MAacCcMBa PaBHOKOMIIOHEHTHbIM. B
npouecce aAeOPMHUPOBAHHUS CEYEHHUs, HOPMallbHble K Npo-
JIOJILHOW OCH BbIPaOOTKHM Z, OCTAOTCA IUIOCKUMU. [loaTomy
BOCIMOJIb3YEMCSl PAaCYE€THON CXEMOU NPU onmpeneseH’uu AOMNOo-
HUTEJIbHBIX HAMPAXKEHWH, TOKA3aHHOM Ha puc. 2.1, a rpaHUy-
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a 7]
o u
q q%
2,0 20
[o)
1,0 &2 1,0
h— L R~

o, —~1- == \\\

V e b

1 2 3 4 5 6 i 2 3 4 3 6 r

Puc. 2.3. Tpaduxu pacnpenesieHHs HaIPsSOKeHHIH H cMellleHHH BOKpYr Bep-
TUKATLHOH BRIPAOOTKH B aHU30TPOIIHOM MOPOIHOM MAaCCHBE C TOPH3OH-
TaJIbHLIM HAaIIacTOBAHHEM

Hble YCJIOBHs, COOTBETCTBYIOLIME PAaBHOKOMIIOHEHTHOMY Ha-
4aIbHOMY HaNpPsHKEHHOMY COCTOSIHUIO, OyIyT UMEThb BUI:
6,=—q npur=l;
6, = 09— 0 npu r — oo. (2.18)
Pewienne stoil 3amauu Obuto nmonydeHo C.I'. JlexHuu-
kuM. He npuBOoms NpOMeEKYTOUHBIX BBLIKIAIOK, 3auLieM
OKOHUATENIbHBIE BBIPAXEHUs] 11 MOJIHBIX HAIpsKEHUH W

cmewieHuid. Tlonuble HANPSKEHUSt Op U CMELLEHUS ¥ B TOUKaXx
KOHTYypa:
Ha TOPU3OHTAILHOU OCH

-1
ce=q1+§a—;u=é}m—a+pwy (2.19)

Ha BEPTUKAILHON OCH

09=q(1+B—OC);u=Ei(OCB—0C+MXy), (2.20)

X

rage
a=JE/E;:B= [2(JEJE, ~n, )+==;  (2.21)
1
=Lt p=—t .y Bl . E oy
-’ _E 2T E - 21+,
—Eﬂh
1
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B xauvecTBe mpumepa paccMOTPHM pacnpeneneHue Ha-
NPSDKEHUN Cp U CMELUEHUH U HA KOHTYPE TOPHU3OHTAIILHOU
NPOTSIKEHHOW BbIPpaOOTKM B aHU3OTPONHOM MACCUBE INpU
CIeAylolux OepOpMaLMOHHBIX XapaKTepHCTHKAX MaccuBa:
E/E, = 1,5, E/G, = 4; w = 0,375; w, = 0,2. [IpeasapurenbHoO 110
hopmynam (2.22) onpenenum E,, E,, W, 3aTeM 10 GOpMystaMm
2.21) —a = 1,3, B = 2,57. HanpskeHust Cp U CMELICHUS U
BbIYMCIIMM, KCIIONb3yst BeIpaxeHus (2.19) u (2.20). ns cpas-
HEHUS! OMPENEIUM Cp U U B TEX XKe TOUKaX KOHTypa HU30TpOI-
HOI'O MaccuBa C xapakrtepuctukamu E/E; = 1; u = w; = 0,375.
Jnst 3TOro BOCNONbL3yeMCsl YKa3aHHbIMU PACYETHBIMU BbIPa-
xenusimu (2.19) u (2.20), npunss B Hux o = 1, f = 2. Pe3ymnb-
TaTbl pacyeTOB NpPUBeeHbI B Tabm. 2.3.

IlonydyeHHBIE Pe3yNbTaThl MMOKA3LIBAIOT, YTO B aHU30-
TPOMHOM MAacCCHBE C MPHUHATHLIMH B pacyeTe XapaKTePHCTUKA-
MH, KOTOpBIE COOTBETCTBYIOT MOpPOJAM THUIA MECYAHUCTBIX
CIIAHLEB, HAONIONAETCS HE3HAUUTENbHOS YBEIWYEHUE Hanps-
XeHUi. [Ipn OTHOCUTENLHOM yBENMYEHUH CMEILUEHUH Ha Bep-
TUKaJIbHOUM ocu moutd Ha 50 % ux abconroTHAsE BEIMYMHA OC-
TAETCs KpalHE MaJIOM U [l PEAJIbHbIX YCIOBUH COCTABIISIET
NOpsiIKa HECKOJIbKUX MWIIMMETpoB. [ToaTomy mnpu oueHke
BIIUSTHUSL aHU3OTPOMNHUH CIIEIYET YUUTHIBATh ITIABHBIM OOpa3oM
OTKJIOHEHMsI B BEIMUYMHE HANPSDKEHHUH, TaK KaK UMEHHO OHH
MOTYT B AajbHEHIleM ONpeensTb KOH(MUIYPALUIO 30H pas-
pYLUEHHS.

Tabnuya 2.3
KoopaHaTsl AHH30TpONHLII MaccHB H3oTponuslii Maccus
TOUYKHM KOHTYypa
BbIpaGOTKH
HaMpPSHKEHWs Gp | CMELUeHIA HanpsOKEHIA Cp | CMeLLeHI 1
B €[IHHHLIAX B ¢[RHHIIIAX B ¢MIHHLIAX B ¢/IIHHLIAX
q qRJ/E q qRVE
Ha ropmson- 2,21 1,37 2,0 1,38
TallbHOI OCH
Ha BepTHrain- 2,27 2,03 2,0 1,38
HOI ocH
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B pesynbTaTe pa3snuyHbIX MO CBOEMY XapaKTepy M MH-
TEHCUBHOCTH TEXHONOIMYECKUX BO3HEACTBUN HA IMOPOAHBIN
MACCHB MPH BEOSHUU TOPHOCTPOUTENbHBIX PabOT MOSBISAETCS
HICKYCCTBEHHasi HEOAHOPOJHOCTb MaccuBa. PaccMorpum mo-
POMIHBIH MAccuB ¢ PABHOKOMIIOHEHTHBIM HaualbHbIM Hamps-
KeHHbIM cocTosiHueM (2.1), B KOTOpOM OypOB3PBIBHBIM CIO-
coOOM coopyxkaeTcst 3ariyOneHHas MPOTSKEeHHast BplpaboTKa
KPYrOBOTO MoMnepeyHoro ceyexus. IlepBoHauyanpHO OAHO-
pPOIHBII M3OTPOMHBIA MAacCUMB B PE3ylbTaTe NPOU3BOACTBA
6ypOB3PBIBHBIX paboOT NMPUOOPETAET UCKYCCTBEHHYIO UK TEX-
HOJIOTHUYECKYIO HEOOHOPOAHOCTh Ae(OPMALMOHHBIX XapaKTe-
PHCTUK: MOAYJIb AepopMannn E nMeeT pacnpeneneHue Buaa

E(r)=E(l-ar™), (2.23)

rae a, n — rapaMmeTpbl anipoKCUMaLUU (PaKTHUYECKOTO pac-
npefenenust Monys neopMaLuy OKPYKAKLEro BhipabOTKy
MOPOIHOTO MACCUBA.

HccenoBanust Moka3plBarOT, YTO BeNHYKMHA KOdpPuuu-
enta I[lyaccoHa |\ MPAKTUYECKH HE BIUSET HAa KAYECTBEHHYIO
KapTUHY HaNpsKEHHO-AS(POPMUPOBAHHOIO COCTOSIHUS M He-
3HAYUTENbHO BIIMSET HA KONMYECTBEHHbIE nokasatenu. [lo-
3TOMY B LENSAX YNPOIUEHHUS 3aJayd U NMPeACTaBIICHUS KOHEU-
HBIX Pe3yJbTAaTOB B (POpME, MPUTOAHON U1 CPAaBHUTEIBHOTO
aHanusa, npuMeM B = 0,5. PaccMOTpuUM 3agavy ¢ OCeBOU CUM-
MeTpHel B MOCTaHOBKE MNIOCKOH AehopMaLui.

N3 peluenus 3anayu Npu rpaHUYHbIX ycroBusx (2.2) Ha-
XOOMM KOMIIOHEHTB! AONOMHUTEIbHbIX HATIPSIKEHUH:

. =(p- )n+2—2ar‘”i_
=P n+2-2a r*’
n+2-2aln+Dr" 1
%~ (p=q) n+2-2a 7,
anr™ 1
o,=(p—qg)————;
=P q)n+2—2ar2
T,. =T =Ty =0. (2.24)

99



CyMMupyst HauaibHble HampsokeHus (2.1) ¢ gononHu-
TEJILHBIMH, MOJIYYHUM BBIPAXEHUS I MOJIHBIX HATIPSKEHUM:

n+2-2ar" 1

o.=qg+(p- —
=4t =9) n+2-2a r’

n+2-2a(n+Hr" 1

%o =4-(r=9) n+2-2a rt’
anr™" 1
o,=q+(p—-q)————;
=0+ q)n+2—2ar2
T, =Tg =Ty =0. (2.25)

Breipaxenune nnsa 6e3pa3MepHbIX pafvagbHBIX CMELUEHUH
3anMULIeTCs CIEAYIOUM oOpa3oM:

_3q-p n+2 1
2 E n+2-2ar

Jlerxo Buzets, yTo npu a = 0, T. €. B cllyyae, KOr4a Hc-
KYCCTBEHHAs] HEOJJHOPOHOCTb OTCYTCTBYET M MAacCHB MOXET
paccMaTpUBaTLCA Kak OAHOPOAHBIN, popmyisl (2.25) u (2.26)
npuHUMAaroT BUA (2.4) u (2.6).

B kavecTBe nmpuMepa npeanoaoKuM, 4To OypoB3pbiBHAS
BbIEMKa NOPOAbl GOPMUPYET B OKPECTHOCTH BbIPAOOTKU TeX-
HOJIOTMYECKYIO HEOHOPOAHOCThL BHAa (2.23) ¢ mapamerpamu
n=6,a= 0,85 Hccnenyem Hanps:keHHO-AePOPMUPOBAHHOE
COCTOSIHHE TaKOT'O Maccupa npu p = 0 U CONOCTABUM €ro ¢ Ha-
NPSXKEHHO-IEPOPMUPOBAHHBIM  COCTOSSHUEM  OJTHOPOIHOTO
maccuBa. COOTBETCTBYIOLIEE pacNnpenciIeHUe HanpsKeHUH
(puc. 2.4, a) u cMeweHul (puc. 2.4, 6) B HEOOHOPOJHOM MdcC-
CMB€ MOKAa3aHO CIUVIOWHBIMM JIMHHUSAMH, B OOHOPOAHOM —
NYHKTUPHBIMU JTHHUSIMHU.

Kax BUAHO U3 npuBeNEHHBIX TPaUKOB, HAJMYUE HCKYC-
CTBEHHOW HEOIHOPOIHOCTH B3PLIBHOI'O IPOUCXOXKIAEHUS MPU-
BOAMUT K 3HAYMUTEIbHbBIM KAaYeCTBEHHbIM W3MEHEHUSM B pac-
NpEeNeNeHUH HANPSIKEHUR Gp: KOHLEHTPALMS Op CMeLlaeTcs ¢
KOHTYpa BbipaboTku B ri1yOb maccuBa. MHbIME cnoBamu, 00-
100
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Puc. 2.4. Tpaduxy pacripe/IcieHus BanpsKeHnH H CMEIIEHHH BOKPYT BLI-
patOTKH, MPOBEACHHOI 6YPOB3PLIBHLIM c1OcoboM

JaCTh HAPYLUEHHBIX B3PBIBOM IOPOJ SABIISETCA HEKOHUEHTPA-
TOPOM HanpsiukeHud. KayecTBeHHAs KapTHHA PACpeneieHus
CMELEHHH U OCTaeTCs MPEXHEH, HO BEIMYHWHA CMELUEHUH B
HEOHOPOAHOM MacCHBe OONbIIIE.

Jist oLleHKH BiAUSIHUS (OPMBI KOHTYpa MOMEPEYHOro ce-
yeHust BLIpaOOTOK Ha reoMexaHuueckue npoueccsl M.B. bak-
JALIOBLIM PACCMOTPEHbI BbIpaOOTKH, YPaBHEHHE KOHTYpa KO-
TOPbIX 3aMUCBLIBAETCS B MAaPaMETPHUUYECKOM BHIE CIECAYIOILUM
obpazom:

X = R(cos 0+ ¢, cos nb+c, cos 7”9);} (2.27)

y =R(sin 6~¢, sin n0-c, sin m0),

rae R — macmrtabhblll napaMeTp, ONpENeNsommuil pasmepsbl
KOHTYpA, €|, ¢y, B, N — NapaMeTpbl, ONpeaeioLHe OUepTa-
HUE u GOopMy KOHTYPa; 6 — MONAPHBIH yro.

IIpu cootBercTBYIOIIEM NOXOOPE MAapaMeTpPoB Cy, Cy, N, M
TpeXwieHHas (popMyna AaeT BO3MOXHOCTb OINMCATb KPYrOBOH,
SJUTMITUYECKUHM, CBOAYATBIM, KBAaAPATHBIA W IMPSAMOYIOJIbHbIN
IPOCKTHBIE TVIAAKUE KOHTYPbl BbIpaOOTOK, a TAKXKE KPYTOBOI,
SJUTMTNITHYECKUM, CBOAYATBIM U KBAJpaTHBIN peabHble KOHTYPbI
BbIDAGOTOK C TEXHOJIOTHUECKUMH HEPOBHOCTAMH.

HauanbHoe HanpskeHHOE COCTOSHME MOPOLHOTO Mac-
CHBA paccMaTpUBAaeTCsl Kak paBHOKOMMOHeHTHOE (2.1), Bbipa-
OoTku HesakperuieHHble (p = 0). C uenbro ynpoLIEHUsl aHAIH-
34 MONyYyeHHOE pelleHre 3aJa4d 3alulleM A7 CIyyasi JABYyX-
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wIeHHbIX GyHKUNHK (2.27), Toe cienyer NOJOXUTL ¢; = 0, T. e.
PaccMOTPUM FeOMEXaHUUYECKHE NMPOLECCHl B OKPECTHOCTH BbI-
paboTOK € TIIaIKUM KOHTYPOM: KPyroBbIM (c; = (), 35IUNTH-
yeckuM (0 < ¢; < 1; n = 1); cBoguateiM (¢1 = 0,1; n = 2) u
kBaagpatHbeiM (¢1 = 0,1; n = 3). IlocKkOAbKY MPOMEXYTOUHbBIE
BBIKJIaIKH B JAHHOH 3afaue sBIsIOTCS HOCTATOYHO TPOMO3J-
KUMH, OTPAaHMYMMCS 3aMHMCbI0 OKOHYATENbHBIX BbIPa)K€HUM
A7 KOMIOHEHTOB MNOJIHBIX HAMPsKEHUU B Haubolsee xapak-
TEPHBIX TOYKAX KOHTYpA.

Pacnpenenenrie NONMHBIX HANPSKEHUH O, U Cp B OKPECT-
HOCTSX TOYEK KOHTYpd ¢ MAKCUMAIbHON KPUBU3HOH (YTJIOBBIE
TOYKH) 3aMUChIBAETCS CAEAYIOLIUM O0pa3oMm:

ol _ "+, +

+1
o r" = nc

A+ ne)r +ne) —nn+ Der™ (7™ +¢))

* ; (2.28)
(rn+l _ ncl)?) (
Ha KOHTYp€ BbIpabOTKHU
0, =2¢ 1% & =0, (2.29)
1-nc,

Pacnpenenenue Hanps>KeHUH O, M Op B OKPECTHOCTSIX TO-
YeKk KOHTypa ¢ MHHUManbHOH KpuBHU3HOH (Ooka, mouyBa U
KPOBJISI) 3aMMCbIBAETCA CIEAYIOLIUM 0Opa3oM:

Ge rn+l _ ’lC1
= q n+l +
o, r+ng
r2n (1 + nClZ )(rn+l _ n'lc‘ ) + n(n + l)clrnﬂ (rnH _ Cl)
* n+l 3 ; (2.30)
(r'"" 4 nce))
Ha KOHTYpe BbipabOTKu
l1-nc
c, =2g—; 0, =0. (2.31)
1+ nc,
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PacnpenesieHue HanpsKeHUH Op HA KOHTYpe BbIpaboTOK
[0 MIOLIAAKaM, HOPMAJIbHBIM K KOHTYDY,
1-n’c}
0, =2q = : : (2.32)
1+ n’c; —2nc,cos (n+1)0

I1pu HaMMUYMU TEXHOIOTMYECKMX HEPOBHOCTEH Ha Iiaf-
KOM TPOEKTHOM KOHTYpPE BbIpabOTOK COXpaHSOTCA olliue
3aKOHOMEPHOCTHU PaCHpeeNIeHUs HANPsKEHUH B TOYKAX C Mak-
CUMaJbHOU KPMBHU3HOH (BMAAUHBI) U C MHUHUMAJIbHOH KpH-
BHU3HOU (BBICTYIBI).

JIIst WITIOCTPALMK NPUBEASHHOIO PELUEHUST HCCIIeayeM
HANPSKEHHOE COCTOSIHME B OKPECTHOCTH BBIPAOOTOK pa3Iny-
HOIO TOMEPEeYHOrO CEYEHUsl, NMPOBEAEHHbIX B OAHOPOAHOM
M3OTPOMHOM MAacCCHUBE C PABHOKOMIIOHEHTHBIM HadalbHbIM
HANPSDKEHHBIM COCTOSIHMEM. 3HaueHUsl napameTpoB, onpene-
JSIOLMX ouepTaHue U GopMy KOHTYypa, CIeAyrolluue: AJs 37-
aunca —n = 1, ¢; = 0,14; nna xBagpata —n = 3, ¢; = 0,15;
s kpyra— n = 0, ¢; = 0. 3HaueHuUst MONYUYEHHbIX HATpPsIKe-
HUH, BIDAXKEHHBIE B EUHULAX ¢, IPEACTaBIM B BUIe rpadu-
KOB Ha puc. 2.5. IIpuuem Ha puc. 2.5, @ nokaszaHbl MOPLI Ha-
NPSOKEHNAH B OKPECTHOCTH BbIPAOOTOK MO OCAM, MPOXOAALIUM
Yyepe3 TOYKM ¢ MaKCUMaJIbHOU KPUBU3HON KOHTYpa, a Ha pHc.
2.5, 6 — 1o ocsiM, NPOXOISLIUM Yepe3 TOYKM ¢ MHHUMAIILHOU
KpUBM3HOW KOHTYypa. Ha puc. 2.6 npeacraBieHsl 3MI0OPLl pac-
NpeneseHnuss HANpsSHKEHUH Oy 1O KOHTYPY BbIpaOOTOK KBal-
PaTHOTO W 3JUTUNTHYECKOrO MONEPEUHBIX CEYEHUI.

AHATU3UPYs 3MIOPbI HANPSUKEHHH, MPUXOIUM K CIIEoYO-
KM BbIBOIAM. MakcuMaiibHass KOHLEHTPALUS HAMpsSKEHUH Gy
COCpenoTOYeHa B MecTax HauOoJblLIed KPUBU3HBI KOHTYPA BbI-
PaboTKH (YIJIOBble TOUKM KBAAPAaTHOTO CEYEHMsl, TOUKM Ha
OONbLIOH MOMYOCH SIUIMNTUYECKOTO CEUEHHs) U MOKET JOCTH-

T'aTh BEITMYMHLI Oy >> 2q. Ha ydacTtkax HEKpyroBOro KOHTypa ¢
MUHUMaNIbHON KPUBU3HOM HampsiKeHUsl Op < 2¢g, T. €. MeEHblLle

HAaTIPAXEHUI Op HA KOHTYpE BbIPAOOTKHM KPYTOBOTO MONEPEYHO-
TO ceyenmst. Ilo mMepe ynmanmeHHst OT KOHTypa KOHLEHTPALMs Ha-
TpsuKeHunid ObICTPO yObIBAeT U NPH 7 = 5 NPAKTHYECKH MCYE3aeT

HE3ABHCHMO OT POPMBI KOHTYPA, T. €. Op = O, = q.
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a o Puc. 2.5. Tpaduxn pacnpe-
4 JelleHHs HalpsDKeHHi Bo-

KpPYT BeIpalOTOK ¢ pa3iHy-

30 HOI1 ¢opMoii rorepeyHoro

CEYEHHS:

\1 2 1 — smmnTideckHii KOHTYP;

2 —— KBaJpaTHbIl KOHTYp;
2,0 O'a\ 3 — KpyroBoii KOHTYp
J

N [IpumeHenue reo-
— MEeXaHUUYECKOW MOIETH
23 7/-; JTHHEeHHO-nedOopMUpy-
€MOTO MMOPOJHOIO Mac-
CMBa OTPAHUYECHO On-
PEeHENEeHHBIM yPOBHEM
NEeUCTBYIOLLUX HaNps-
XeHud. 3a npenenamu
3 nuHeliHoro negopmu-
pOBaHUsT B MaccuBe
HabIMooanTca KadecT-
— BEHHbIE OTIIMUUS B I€O-
MEXaHUYEeCKUX MpOLec-
1 cax. Paccmorpum mac-
CHUB, CJIOXKEHHbIH IO-
1 2 34 5 6 7”7 ponmamu, dusnueckas
HEJIMHEHHOCTL nedop-

MHPOBAHHsI KOTODBIX aNnnpOKCUMHUPYETCS] BbIPAKESHHEM ClTe-
JYIOLIEro BHOA, 3aMUCAHHBIM B CHCTEME KOOPAMHAT «HUHTEH-
CUBHOCTb HANPSIKEHUN O, — UHTEHCUBHOCTD nedopMalui €»:

o, = EQ(e, )E;, (2.33)

s

N
o

1,0

\V/a

rAc o(e;)=¢&", 0<m<l, £<I.

Hccnenyem reoMexaHuveckue MpoLECChl B OKPECTHOCTH
MPOTSUKEHHON TOPU3OHTANBbHOM He3aKperieHHOU (p = 0) ropHoi
BbIPabOTKH KPYroOBOI'O MONEPEYHOIO CEYEHHsl, COOPY)KaeMOH B
M30TPOITHOM MACCHBE ¢ PABHOKOMIIOHEHTHBIM HayalbHbIM Ha-
OPSODKEHHBIM COCTOSTHUEM, CIIOKEHHOM MOPOAAMU C (PU3UUECKOH
HEJIMHENHOCTBIO BUIA (2.33) M TEXHOJOTHYECKOH HEOAHOPOA-
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Puc. 2.6. I'paduxu pacrpe- a 6
JeNCHUA  HAIPSDKEHHE 110 O

KOHTYPY BbIPabOTOK KBaj-
paTHOro (a) 1 >wDIITHYEC-
Kxoro (6) MorepeuHbIX CeUEHHI

HOCTbIO BUaa (2.23) mpu
u = 0,5 Teomexanuye- | /
CKOM MOJIEJIM TaKOIro Mac- A.e
CHBA COOTBETCTBYET (u-
3MYECKOE ypPaBHEHHE

_3(0,-0,) _3(0,-0,)
' 4E(r)o(e;) 4EY(g;, )
rae duzMueckas HEITUHEHHOCTb U HEOAHOPOIHOCTb MaccHBa
l—ar™

~2m

(2.34)

€y =—

YUYUTBIBAIOTCA PyHKUMEH W(r) =

I'pannyHble YCIIOBHUS VTS ONPENETIEHHS [IOTIHBIX HANPSKEHHI:
0,=0 npur=l 6,=0, —q npu r—o. (2.35)
HanpHelias nocienoBaTeNbHOCTh PELISHHST Takas xKe,
KOTOpas Oblaa NPUHATA B MPEObIAYLUMX 3aauax. Y IOBIETBO-

pAst TPAHUYHBLIM YCIIOBMsIM (2.35), 3alMILEM BbIpaXK€HUS IS
MOJIHBIX HAMPsOKEHUH

3 n+2(1-m)(Il=ar™) 1 |
o, =q1- W-m)
n+2(l=m)(l—a) r

Co=qil+ 2a-m)y-r+20-m)(l—ar™)) 1_ i
n+2(1-m)(1-a) e

_ 2an(1=myr™" 1 (2.36)
n+2(1-m)(1—a) r’™ '
H CMCLIeHu it
1
2-m T
3 - —
_ BT g 20-mn+20-m)) 1 e

2 &E n+ 2(1 - nl)(l - a) r2(1—m)
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[Ipu OTCYTCTBUM TEXHOMOTHYECKOH HEOJIHOPOIHOCTH
HANpPSIKEHUS ¥ CMELLEHHS 3aTIMCbIBAIOTCS CIEAYIOLIMMH BbIpa-

KEHUSAMMU.
1 1-2m .
o, :q{l_——rZ(l—m)}’ Oy =q{1+m}; (238)

1
BY" g 2-m|”

HerpynHo Taxxe BUOETb, uTo nipu m = 0 u & = 1 (reo-
MEXaHU4eCKass MOIENb JIMHEeHHO-AePOPMUPYEMOTO MAacCHBa)
dopmynel (2.38) u (2.39) npeobpasyrores B (2.4) u (2.6), roe
crenyer NOJOXKUTh p = 0.

B kauectBe npumepa wuccrenyeM HanpsHKeHHO-Oedop-
MHPOBAHHOE COCTOSIHME BOKPYT TOPHM3OHTAIbHOM TOPHOU Bbl-
paboTku B HENUMHEHHO-AehOPMUPYEMOM HEOOHOPOIHOM MO-
PONHOM MAacCHBE NPH CIEAYIOWUX NapaMeTpax ero HeJIMHEH-
HOCTH W HeomHopomuoctd: m = 0,1; & = 0,4, a = 0,85;
n = 6. PesynbTatsl pacuetos npu q/E = 5- 107 npeacTasnensl
Ha puc. 2.7, rae NyHKTUPOM IOKa3aHbl COOTBETCTBYIOLLHE
rpaguky pacrnpeneneHus HampsDKEHUH U CMELUEHUH IS JIH-
HellHO-1e(pOPMUPYEMOrO HEOMHOPOAHOTI'O MaCCHBA.

XOpouwo BUAHO, YTO B HETHHEHHO-Ae(OPMUPYEMOM Mac-
CUBE KaUeCTBEHHAsl KapTHHA reOMEXaHUYECKHX MPOLECCOB CO-
XpaHsieTcss Heu3MeHHOW. HenmuuelHOCTh nepOpMHUpOBaHUs I10-
pon, xapakrepusyemasi BeJIMUMHAMM m U &, BHOCUT B OLEHKY
3THUX MPOLECCOB JIHLIbL KOJTUUECTBEHHbIE U3MEHEHHUS: CHUKAET-
Csi MaKCHMaJIbHAasi KOHUEHTPALIMS HANPsUKeHWM M yBenu4uBa-
IOTCSl CMEILIECHUS], TPUYEM TeM CHIIbHee, yeM OoblIe BeMUuHa
OTHOLIEHUA ¢/E. B paccMOTpeHHOM mpuMepe napamerpel He-
JIMHEHHOCTH AeOPMUPOBAHUS SIBISIIOTCS XapPaKTePHBIMU AJIs
ONPEeneNIeHHOro Kiacca TOpHeIX nopoa. CHuXEeHHE KOHUEH-
TpalWu HaMpsKEHUH Oy cocTaBiseT Bcero nuub 10 % u mo-
3TOMY MOJXHO ObIO Obl BIMSHME HEITMHEHMHOCTH HE YYMTBI-
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Puc. 2.7. l'paduxu pacnpenene- ¢

Husl HATIPSDKEHHH (@) 1 cMellle- <
guii (6) BOKpPYr BbIpabOTKH,
COOpYKAEMOH  OYpOB3PLIBHLIM
crioco0oM B HemuHeiiHO-Tedop- Sy =

~ Y
MHPYEMOM TIOPOJHOM MAaCCHBE Lol D .
, S ——

paTb. B apyrux ciyuasx ¢u- .
3UYECKOM HENTMHEHHOCTH 3a-
MeHa MOJEIH Ha JIMHEHHO-
nedopmupyemyro  mMoker 0
oKazaTtbcs rpyObIM Npubnu- —%-
JKEHUEM. 95

ITo XapakTepHbIM OCO- 5
GEHHOCTAM IIONI3y4YeCTH BCE \ \
rOpHble MOPOAbI MOXKHO AN N
noApa3sAeNnuTh Ha ABa THU- \:\_\
na: nopoAbl NepBoro Turia = ===
(TBepable) OOHAPYKUBAIOT
OTPAHUYEHHYIO T[OJI3yye-
CTh; MOPOIbI BTOPOTO TUMA (TIIMHUCTBIE) ~— HEOTPAHUYEHHYIO
NOI3y4ecTb. PacCMOTPUM IeOMeXaHMUECKUE MPOLECCHl B OK-
PECTHOCTH TOPHOM BBIPAOOTKM, COOpyx)aeMoi OypOB3pbIB-
HBIM CNOCOOOM B yKAa3aHHBIX MOPOAAX C PABHOKOMIIOHEHT-
HbIM IOJIeM HayalbHBIX HanpsokeHud (2.1). Pemaem cooTet-
CTBYIOUIYIO 3aziauyy METOAAMU TEOPHM MON3YUYECTH B IOCTA-
HOBKE MIOCKO#W medopMauuu ¢ oceBoi cummerpueit. Coot-
BETCTBYIOLUME TPAHMYHBIE YCIIOBUS MPHHUMAaEM B BUAE (2.2).

Torma s nopox nepBoro Tuma cMeleHus: ONPeaesTCs
U3 BbIPaXKEHUSI

[y
0o
(98]
-
w
N e
~

— +2 _t 1
_2azp_n a+(l-oe “ (=, (2.40)
2 EO n+2—2a ¥

e o= EyE. 2 1; Ey u E.. — moaynu aegopMainiy BMeLato-
HWIMX TOPHBIX MOPOJ COOTBETCTBEHHO NMHAMUYECKUH H CTATHU-
UCCKMH; f)— BpeMs pesTaKCaLHH.
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[ nopox BTOpOro THna CMELLEHHs OMNPENENSIOTCs Mo
dpopmyne
3q- n+2 1)1
u=— q9-p (1

+— |- 2.41
2 E, n+2-2a( 4 r (241

0

715 unmrocTpaury MOJYyUEHHOTO PELUEHMs HCCITeAyeM Ha-
NpsKeHHO-1e(POPMUPOBAHHOE COCTOSIHHE B OKPECTHOCTH He-
3aKperyieHHbIX BbIPaboOTOK (p = (), MPOBENEHHbIX B TOPHBIX
nopojiax MepBoro U BTOPOTO TUNOB OYpPOB3PBLIBHBIM CIO-
coBoM, 4TO GOPMUPYET TEXHOJOTHYECKYIO HEOAHOPOAHOCTH
BUIA

E(n=E(-ar™), E (nN=E_(1-ar™),

rae a = 0,85 n=6; E//E. = o= 1,3; tp = 30 cyT.

CMeLueHHs ONpeneniM Ul MOMEHTOB BpeMeHu ¢ = 0 u
t — oo. Ha puc. 2.8, @ nokazaHo pacnpenencHue CMELCHUN B
nopomax neporo tuna mid ¢ = 0 (NyHKTHPHas KpuBas) U
{ — oo (CHJIOLUHAS JUHHUS), HA pHUC. 2.8, O — U3MEHEHHE BO
BPEMEHHU CMELUEHUU Ha KOHTYpe BbIpabOTKU B nopomax nep-
BOTrO (NYHKTHPHAsl KpHUBas) U BTOPOTO (CIUIOLIHAS KPHUBAs)
TUIIOB 1O PEOIIOTUYECKUM CBOUCTBAM.

AHaXu3 MONYyUYEHHOTO PEUIeHUs TO3BOJISIET CETIATh Bbl-
BOJ O TOM, 4TO yueT pakTopa BpeMeHU NpU ONMUCAHUY T€OMeE-
XaHUYECKOTO COCTOSIHMS MOPOA BOKPYI TOPHBIX BbIpabOTOK
Ha IONpeaenbHOU cTaguu 1epOpMUPOBAHUS MPUBOAUT K yBe-
JUYEHUIO CMELIEeHUH MaccuBa: B MOPOAAX MEPBOTO THMA CMe-
UIeHUs HAa KOHTYpe HAapacTarT BO BPeMEHU 1O norapudmude-
CKOMY 3aKOHY JO ONpPEAEIEHHON BEJHUYHHBI, a B IOPOJax BTO-
POTO THIAa — MO JHHENHOMY 3aKOHY HEOTPAaHHUUYEHHO.

PaccmaTpuBas nocnemoBatelbHO pa3jIMUHbIE reomexa-
HUYECKHE MOZENH, Mbl M3YUMIH BAMSHHE KaXAOTrO U3 OCHOB-
HBIX (PakTOpPOB Ha AomnpeneiabHoe neopMUpOBaHUE MOPOI-
HbIX MacCCHUBOB BOKPYI NPOTSKEHHbIX TOPHBIX BbIpaOOTOK.
OnHako cleAyeT UMETb B BUAY, UTO B PEalbHBIX YCIOBMSIX
NeHCTBHUE BCEX 3TUX (PaKTOpPOB (Wi OONBIIMHCTBA W3 HUX)
IPOSIBIAETCS ONHOBpeMEHHO. K coxaneHuro, uccnegqoBaHUe
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Puc. 2.8 I'paguxm pacnpe- 4
jleTleHHs  CMEIICHIIT B Mac- %
cuse (¢) B X H3MeHeHne o 97 I
BpEMCHH 11a KOHTYpe BbIpa-
gorku (6), coopyxacMoil B
10pOIaX MIEPBOLO U BTOPOro
THIOB O  PEOJOTHYECKHM i — .
CBOHCTBAM ~ I

7

CIIOXHBIX  T€OMEXaHU-
YeCKUX MOJMELIEH, Yuu-
TBIBAIOWIMX Gonbluoe yu- O
CIO  CTPYKTYPHO-MEXAHH-

yecknx OCODeHHOCTeMH E

MacCuBa, aHaJIUTHYeC- 30

KMMHM METOAAMH Kpaiu-

HE 3aTPYIHEHO. 2.0 S —
B.A. Kaptosusi Gbl- ("‘ T T

N1 TIPOBEAEHBI CIIElH- 1,0 |

10 20 30 40  SOZ cyT
albHblE WCCASIOBaHUsA

JAHHOI'O BOMPOCA C MOMOILBIO METOA KOHEUYHbIX 2JIEMEHTOB.
MccnenoBaHusi MPOBOAMIIUCH € MOCIEAOBATENBHBIM YCIIOXKHE-
HUEM TFeOMEXaHMYECKOU MOOENHU M PACYETHOHN CXEMBbI 3a[auH.
BHuauaie uccnegopanach OIHOPOAHAS MOMAENb MACCUBA C YIO-
PSIIOYEHHOW TPELIMHOBATOCTBIO. 3aTeM MOJENDb OblIa yCIOXK-
HEHa 3a CYeT TEeXHOJOrHMYECKOH HeogHOpomHocTu. M, Hako-
HEll, yKazaHHas MOMENb Oblja pacCMOTPEHA B YCIOBHSIX He-
PaBHOKOMITOHEHTHOTO HAYaJIbHOTO HAMPSIKEHHOTO COCTOM-
HUS [pU HEKPYTOBOM OYepTaHUM BeIpaOOTKU. I'maBHad wenb
YKa3aHHBIX MCCIIENOBAHMI — KayecTBEHHAas W KOJIH4YECTBEHHAd
OLEHKA BIMSIHMS Ha BEJIMUMHY MAKCUMAIbHBIX CMELLUECHUHN NO-
POAHOroO KOHTYpa BbIPAOOTKH KaXKIOTO U3 MMEPEUUCTIEHHBIX
$bakTOpoB B OTAENBEHOCTH U NPU OJHOBPEMEHHOM UX AEHCTBHU.
Kax noxasamu pe3ynbTaTbl NMPOBEACHHBIX HCCIENOBa-
HUH, y4yeT CTPyKTYPHO-MEXaHHUYEeCKHX OCOOEHHOCTel Mopoa-
HOrO MaccuBa MPUBOAUT K YBEIMUYEHHIO PACYETHBIX CMeELlle-
HUH NOPOXHOTrO KOHTypa, NPHYEM YAETbHbIH BEC PA3IMUYHBIX
AKTOPOB HEONMHAKOB. Tak, Hanmpumep, A1 ONPENENICHHbIX
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YCIIOBHMM TEXHONIOTUYECKasi HEOAHOPOMHOCTb YBEIMUMBACT 3TH
cmetleHus Ha 40 %, HEPaBHOKOMIIOHEHTHOE IMOJIe Hampsixke-
Huit (A = 0,4) — Ha 15 % u dopma BripabOTKU (apoyHas 1o
OTHOLUEHHUIO K KPYyTroBoit) — Ha 55 %.

HeobxomuMO OTMETUTB, YTO CYMMAapHOE BIMSAHHUE 3THX
(paKTOPOB He CTOJIb BEIMKO MO CPABHEHHIO C BIIUSIHUEM, OKa3bl-
BAE€MbIM €CTECTBEHHOM TPELIMHOBATOCTBIO MOPOAHOTO MAaCCUBa.
OTO NOATBEPKAAET NPEANOJIOKEHHUE O TOM, UTO OOBIUHOE pac-
XOXKICHHUE PACUETHBIX 3HAYEHUM CMELLEHWI ¢ HaOlogaeMbIMU B
HaTYPHBIX YCIIOBUSIX OOBSCHSETCS B OCHOBHOM HEIOOLCHKOMH
BIMSIHUS CTPYKTYPHO-MEXAHHUUECKUX OCOOEHHOCTEH, M MPEKIIe
BCETO €rO eCTECTBEHHON TPELLIMHOBATOCTH.

Hanuune B nOpoaHOM MaccuBe TEXHOMOTMYECKOU HEon-
HOPOAHOCTH B3PbIBHOIO MPOUCXOXKAEHHUS! TPUBOOUT K YBEIHU-
YEHUIO CMELIEeHUH, HO BMeCTe C TeM CYLIECTBEHHO OcrnabmseT
BIIMSHHME TaKUX (PAaKTOPOB, KaK HEPABHOKOMIIOHEHTHOE Ha-
yanbHOE HAMpPsKEHHOE COCTOsHME U (POopMa MOMepevyHoro ce-
4yeHus BbIpaOOTKM, X MO3BOJSET B 3aJauax, paccMaTpUBAIO-
LIUX AonpenenbHoe AePOPMHUPOBAHUE MOPOM, CYLIECTBEHHO
YOPOCTHUTh T€OMEXAaHUYECKHE MOJENHM W PACUETHBIE CXEMBI.
3710 00YyCIOBNEHO TEM, 4TO abCONIOTHAS BEMWUYMHA CMELLEHUH
KOHTypa BbIpaOOTKM B NOpPOAax Ha NOMPEAENbHOH CTaauu
ieOPMUPOBAHUS HEBENMKA U CYLIECTBEHHOTO BIMUSIHUS Ha
YyCTOMYUBOCTb BEIpaOOTOK HE OKAa3bIBACT.

OnHako crienyer NOMHUTb, UTO MCCIEIOBAaHHbIE (PaKTO-
Pbl MOTYT BbI3BaTb HEOIAronpusaTHOE pacnpeneacHue Hamps-
KEHHUH, UTO, B CBOIO OYepelb, MOXKET MPHUBECTH K NEPEXOAY
TOPHBIX MMOPOJ B 3aNpelelIbHYIO CTAAUI0 Ae(POPMUPOBAHUS U
reoMexaHuyeckue rmnpoueccel OyayT OOHapyXKMBATb KayecT-
BEHHO U KOJIMYECTBEHHO HOBbBIE [1POSABJICHMUS.

2.1.3. I'eomexaHn4YeCKHE NPOLIECChI
3anpeaesbHOro 1eopMHpPOBAHUS U PA3PYLLICHHUS

OcobeHHOCTH 3anpeenbHOro  aeopMUpPOBAHUST  T1O-
POIHBIX MAacCUBOB, BMELIAIOLUX FOPHBIE BIPAOOTKH, 3aKITIO-
Yal0TCs NPEXAe BCero B 00pa3oBaHMH XapaKTepHbIX oOnacTel
3anpenenbHOro AeGOpMUPOBAHUS U OCTATOYHOU MPOYHOCTU
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Puc. 2.9. Pacuernas cxeMa IUIOCKOH 3a/1a4H 0 3aNnpeaeibHoM AehopMHpO-
BaHHU [IOPOJHOTO MaccHBa (¢) H pacrpeaeciie MpoYHOCTH TOPOTHOTO
MaccHBa BOKPYT BBIPabOTKH (0)

TOPHBIX mOpoz, T. €. 00NacTel paspyLIeHHsi, OXBATbIBAIOLIHUX
4aCTh KOHTYpa WK BECh KOHTYP F'OPHbIX BbIPAOOTOK, KaK 3TO
TOKa3aHo Ha pacueTHOHU cxeme (puc. 2.9, a).

IlepBbiit cnyuail peamusyercs Toraa, KOrja Ha AOMpe-
ACTbHON cTannu gehOpMHUPOBaHUS OOPAa30BAIHCE JIOKAIbHbBIE
OBIacTH KOHUEHTpaLHH HAMPSKEHHIT B MPHKOHTYPHOM Mac-
CUBE, cBs3zaHHBIE ¢ QOPMOU KOHTypa (cM. puc. 2.5 u 2.6 —
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YIJIOBbIE TOYKM KOHTYpa W BEPLIMHBI TEXHOJIOTHYECKUX He-
pOBHOCTEHM NpU OypPOB3PLIBHOU BBIEMKE) WIIM C HEPABHOKOM-
[IOHEHTHBLIM MOJIEM HAYAJbHBIX HANPOXEHUH (CM. puC. 2.2).
OO6pa3oBaHue TOKaIbHLIX OOJAcTell pa3pyLUEeHUst Ha OTHEHb-
HBIX y4acTKaX KOHTYpa BeIpaOOTKH HaONIONAeTCsl TAKXKE B He-
OIHOPOAHBIX MOPOOHBLIX MAacCHBaxX, KOrJa Ha KOHType BCTpe-
YAIOTCsl TOPHbIE OPOJbI C NOHUKEHHON MPOYHOCTHIO.

Btopoii cnyuaii popmupoBanus obnacrtell pa3pyLIeHus,
OXBATBIBAMOILUX BECb KOHTYP BbIpabOTKM, peaiu3yeTca B ycC-
JOBMSIX HOOMPEHeNnbHOTO AehOPMUPOBAHHSA OOHOPOAHBIX IMO-
POIHBIX MaCCUBOB ¢ PABHOKOMIOHEHTHBIM TMOJIEM HadaJIbHbIX
HanpsKeHUH BOKPYr BbIpaOOTOK, HMEIOLLMX KOHTYP, Onu3kuit
K KPYrOBOMY, T. €. B YCIOBHSAX OCECUMMETPHUYHOIO HOIpe-
JaenbHoro pedopmupoBanusa. Ecnu oOpasoBanue obmnacreit
pa3spylieHUss PacCMaTpuBaTb BO BPEMEHHU, Y4UTHIBaA [UIM-
TEABHYIO MPOYHOCTb TOPHBIX MOPOA, TO B HAyvallbHbLIA MO-
MEHT, OYEBHIIHO, Bceraa oOpa3yroTcs JIOKajdbHble OOIacTu
pa3pylieHHs, KOTOPbIE 3aTeM YBEIMUYMBAIOTCA B pasMmepax Io
KOHTYPY M B ri1yOb MaccHBa MO MEpPEe CHUIKEHHS MPOYHOCTH
BMEILAIOLUX MNOPOA MO HAarpy3kou, M IO HUCTEUEHHUH IJIU-
TENLHOTO MPOMEXKYTKAa BPEMEHU OXBATBIBAIOT BECb KOHTYP
BbIpabOTKH.

AHanu3upys cirydait oOpa3oBaHusl 3aMKHYTBIX oOnacTei
pa3spyLI€HHs, PAaCCMOTPUM IE€OMEXAHUYECKYIO MOJENL OJHO-
POIHOrO U3OTPOMHOIO MACCUBA C PABHOKOMITOHEHTHBIM Ha-
YalIbHBIM HANpsDKeHHbIM cocTosHueM [cM. dopmyny (2.1)].
CIIOKEHHOrO MOPOaMHU MEPBOTO TUMA (TBEPALIMH) 1O PEOJIO-
FMYECKMM CBOWCTBaM. B maHHOM MaccuBe COOpPYyXKaercs npo-
TsKEHHas 3ariiyOneHHast BeipabOTKa KPYyrOBOTO MOMNEPEYHOTO
CEUEHU, 3aKPEIUIEHHass KOHCTPYKLUHMEH KPENHU C PEAKTUBHBLIM
conpotusineHuem p. COOTBETCTBYIOLAsl PACUETHAS CXeMa IS
paccMaTpuBaeMOi IUIOCKOM OCECUMMETPHUUYHOU 3aJay4y IOKa-
3aHa Ha puc. 2.9, a.

B ofuwem cimyuyae BOKPYr BbIpaOOTKH OOpa3yroTcs TpH
xapaxkTtepHble obmacTu geOpMUPOBAHHUS U pa3pylueHus (puc.
2.9, a), COOTBETCTBYIOLIME TPEM XaPAaKTEPHbIM Y4YacTKaMm Ha
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HONHOU auarpamme nehOPMUPOBAHMS FOPHbIX MOPOA: 3 —
NPUMBIKAIOLIAs K KOHTYPY BbIPAOOTKH OOIaCTh OCTATOYHOM
[IPOYHOCTH, TZ€ MOPOAbI NEPELUTH B COCTOSHUE MPEACIBHOTO
pABHOBECHS C YUETOM MX OCTATOYHON NMPOUYHOCTH Oy, HIIH 00-
jacTb PYMHHOIO paspylleHus1, Koraa op = 0; 2 — obnacTh 3a-
NpeRenbHOro 1eOPMUPOBAHUS C MOCTENEHHO BO3pacTaroLeil
B r1y6b MaccuBa NPOYHOCTLIO NOPOM OT Gy IO Npeena npoy-
HOCTH Ha CKATUE Ocx; / — OCTalIbHasg 4acThb MAaCCHUBA C NPOY-
HOCThIO MOPOJ Ocx, HAXOAALWAACS B COCTOSIHUU NONPEAENbHO-
ro mepopmupoBanua. Ha puc. 2.9, 6 noxasaHo W3MEHEHHE
npeaena NPOYHOCTH TOPHBIX MOPOA HA OJTHOOCHOE CKATHE OT
MAKCHMAaJbHOI'O 3HAaUeHUsl Ocx B 0OMacTH / OO OCTATOYHOM
NPOYHOCTH Co B 0bnactu 3.

I'panuLbl pa3zaena xapakTepHbIX OOnacTel, NOKa3aHHbIE
Ha puc. 2.9, a NyHKTUPOM, UMEIOT PalualIbHble KOOPOUHATDI:
Ry — KOHTYpP BbIpabOTKM B MPOXOAKE; Ry3 — IrpaHuULa pas3fe-
na Mexay oOnacTsMU OCTATOYHOM MPOYHOCTH M 3aNpelelb-
HOrO nedopMmupoBaHus; R, — rpaHuua pasnena mexay ob-
JIACTAMH 3aNPEAEIbHOTO U JONPEAeIbHOIO AePOPMUPOBAHHUS.
B nanpHeiiliemM wucnonp3yroTcs Oe3pa3MepHble paaualibHbIE
KOOPOMHATBHI B €OuHHLAX Ry, T. €. 1y = 1, 13 = Rys/Rs, 12 =
= Ryy/rs. Tlpu orpanuyeHuu nedopmauuil TOPHBIX MOPOA B
BbIPaBOTaHHOE MPOCTPAHCTBO, YTO OOBIYHO JOCTUraercs yc-
TAaHOBKOM KOHCTPYKUMH kpenu, obnactu 3 U 2 WIH TOJBKO
obnactb 3 MOTYT He OOpa3OBLIBATHCS, T. €. PLalu3yroTCs Ciy-
Hau rip = | viu Yz = l.

Peonoruyeckue mpouecchl BBI3BIBAIOT yBENHYEHUE pa3-
MEPOB XapaKTEPHBIX OONACTed pa3spylUueHUs TOPHBIX MOPOM,
T. €. CMELUEHHE YKa3aHHbIX TPAHULL 712 U 123 B T1yOb NOPOIHO-
IO MaccuMBa, YTO B KOHEYHOM CYETE MPUBOAMT K CHHIKEHHUIO
YCTOMYHMBOCTH BbIPaOOTOK M YBEIMUYEHHUIO HAT'PY3KH Ha Kpelb.
Peonornueckue npoueccsl Ha6MIOAAI0TCS KaK Ha JOMPENeb-
HOH, Tak U 3anpenenbHOl cramuu nepopMmuposanus. Hccie-
AoBanusamun M.K. Tennosa u C.B. PonomaHueBa ycTaHOBIe-
Hbl pa3n{YHble CKOPOCTH PEOIOTHYECKUX NMPOLIECCOB Ha 3THX
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CTAAUsIX: B YACTHYHO Pa3PYLICHHBIX MOPOAAX PEOJIOTUYECKUe

NPOLECChl NMPOTEKAIT ObICTpee, HANpPUMEP, BpPEeMs pelakca-
- ’

LUK Ha 3aMpefenbHON CTaauu !, MeHblIe BPEMEHH penakca-

LMY HAa JONpenenbHoOU cranuu aehopmupoBanus ty B 10=—103
pas.
[Tpu mamoll NMPOLOMKUTENBHOCTH 3KCINYaTALUU Bblpa-

’
GoTOK (! = 1, ) CIeAyeT YYUThIBATH PEOJIOTHUECKHE NTPOLECCHI

Ha 3anpeaenbHON CTalMM, a NpU IMTEIbHON 3KCIUTyaTaluu
BbIPAOOTOK (I = fj) ONpPENeNsIOIUMH SIBIISIOTCS PeOsoTHYe-
CKHE MPOLECChl HA AONpeaesibHONW craguu. [Tockonbky Mak-
CUManbHas BeNMYMHA BPEMEHM pelakcaiuyl TOPHBIX MOPOX
Ha 3anpeenbHOl craauu !, = 106 ¢, T. e. mopsmka 10 cyT,

BCeraa MEHbLIE CpoKa CayXObl KaNmWTaJbHBIX BBIPAOOTOK
U TIOA3EMHBIX COOPYXKEHHUM, KOTOPbId U3MepseTcs HecsiTka-
MU JeT, MPaKTUUYeCKOe 3HAYEHUe OJsl OLEHKH YCTOHUYMBOC-
TH BpIpaDOTOK MMEET y4eT PEeOoJIOTHUYECKHX MPOLECCOB HA NO-
npefenbHOM craguu negopMmupoBaHus. [ns pewieHus 3Tou
3amayy BOCMOJIb3yEeMCsl COOTBETCTBYIOLIMMH HCCIEAOBAHUSIMH
B.I". Xnonuosa.

B oGnactu ponpeaenbHOro nedopMupoBanus / ms pe-
LICHUS 3a7a4d UMeeM CHUCTEMY YPABHEHUH, BKIIOHAIOUIYIO
YpaBHEHHUsI PABHOBECHS, HEPA3PLIBHOCTH nedopmauuii u ¢u-
3UYECKOE YPABHEHUE COCTOSHUS MOPOA NEPBOTO TUMA, KOTO-
poe npu U = 0,5 npeobpasyercs ciaeAyrluM oOpa3om:

de, 3 d(o,—o, N 3 (o0,-0,) E,

o 2E, 0, 2 ) 2Es\ 2 ) Eg

£, (2.42)

re MIMTeNbHbIH MOonynb nedopmauuu E.. cBsi3aH ¢ MTHOBEH-
HbIM MoOayieM aepopmainuu Ey 3KCNEPHMEHTAIbHO YCTAHOB-
JIEHHBIM COOTHOIICHHEM

c 1
E /E =—%%=—, (2.43)
o, «
Ok U Opxeo — COOTBETCTBCHHO npenen MT'HOBEHHOH H JJIN-

TEeIbLHOMU NPOYHOCTH T'OPHBIX NOPOA HAa OJHOOCHOC CXKATHE.
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Jlsist pellenys 3a[a4d B IOJIHBbIX HAMPKEHHAX FPAHMY-
Hble YCIOBUA B IMyOHHE MacCUBa NPU 1 — oo, T. €. Ha BHELUHEH
yCHOBHoﬁ rpanuue obnactu /, umerot Bug (2.1), a Ha BHYT-
peHHel TPaHULe pasfiena r = r12(f), KOTOpas ¢ TeUEHUEM Bpe-
MEHHU JKCIUTyaTtauuu ¢ JepeMelnaercs B rinyOb MaccuBa, rpa-
HUUHbIE YCIIOBHUS MOJNIYYUM M3 YCIIOBMS NPEAEeNbHOIO PABHOBE-
cusi TOPHBIX TOPOJ COINIaCHO MPAMOJIUHEHHON orubaroureit
peaeNbHbLIX KpyroB Mopa:

o0, =(2A+1)o, +0,,.(1), (2.44)

sin P .
roe A =————— KO3(PPHUHEHT, KOTOPLI CBA3aH YKa3aH-
1-sinp
HbIM COOTHOLUIEHHEM C YIJIOM BHYTPEHHErO TPEHHS TOPHBIX
NOPOJ P U KOTOPBIM HE CIEQYET CMELIMBATH C KOIPPHLKEH-
toM GOKOBOTO pacmopa A, NPHUBENEHHLIM B moapasm. 2.1.2;
Ocx(f) — CHMKAIOWIMICS BO BPEMEHH NpPedes NPOYHOCTU Top-
HbIX MOPOJ Ha OJHOOCHOE CXKATUE, KOTOPLIN AMMPOKCHUMUPY-
eTCs IKCIIEPUMEHTAIbHO YCTaHOBACHHOH 3aBUCUMOCTBIO.

GC’)K (l) = GC)Koc + (GCX( - GC)KOO )eﬂ/lo * (2'45)

Pewas 3amaqy npu yKa3aHHBIX TPAHUUHBIX YCJIOBUSIX, B
UTOT€ MONYYUM KOMITOHEHTBI ITOJIHBIX HAMpsKeHUH, aedop-
MalWi U paguanbHbIX CMELIEHHH B O0OmacTu AONpPeneabHOTO
negopMmupoBanus I:

:q—ég-).@,

2.46
! 3 7 (2:40)
2
o, =g +20 e 9] (2.47)
(1 -
€g=—€, = 8912(1) Lr(z ), v (248)
R (1)
=gy, (N2 (2.49)

r
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rae pyHKUuUs BpeMeHH
2)q +0,,(1),

A()=3 20l (2.50)

OKpYyXXHasi nepopmanysi B MacCUBE Ha IPaHULE paszena /i, B
BUAe GyHKLUU BPEMEHU

tE
A A A\ uE,
Selz(l)zzE +(2l§ TSF )e oo (2.51)
=3 0 oo
32O, 4 32N+ O (2.52)
2(A+1) 2(A+1)

B oGnactu 3anpenenbHOro AeopMUpPOBaHUs 2 UMEEM
CUCTEMY ypPaBHEHHH, BKIIOUYAIOIIYIO YPABHEHUsS PaBHOBECHS,
HEPa3pbIBHOCTH fepopManuii 1 PU3NUECKOe YPaBHEHHUE, ONU-
CbIBAIOLIEE CHUKEHUE IMPOUYHOCTU TOPHBIX MOPOJ B 3TOU 0O-
JaCTU B 3aBUCUMOCTHU OT NpPUPALUEHUH 3anpeaenbHbix aedop-

Maruii €q,
6, =(2A+1)o, +0,,. —M._g, , (2.53)

rae M. — JAJIWTeNbHBIM MOAYJNb Chana rOPHbBIX NOpPON Mpu
OOHOOCHOM C)KaTUM, ONPENENSIEMBbIA 3KCIEPUMEHTANILHO YC-
TAHOBJIIEHHOH 3aBUCHUMOCTBIO

o -0
_ Koo 0
M_ =M, —s=""0

, (2.54)
0071( - GO

rae My — MIHOBEHHBIM MOAYJb CIAaa MPU OJHOOCHOM CXKa-
THUH; Oy — OCTATOYHAS NPOYHOCTb FTOPHBIX MOPOA Ha OAHOOC-
HOE CXKaTHe.

Crenyer UMETb B BUAY, YTO B ypaBHeHHH (2.53) momHble
3anpenenbHble nedpopmanuu ¢ yuetoM (2.51) 3anuceiBaroTcs
CIeAYIOLIUM 0Opa3om:

€y =Eoy (1) +E¢, € =—€o,(1)=Bry, -  (2.55)
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rme P — yABOCHHAs BEIMYUHA KOIPQHULHEHTA MONEPEYHOH
neopMalnK Ha 3anpefenbHOH cTaanu HepOpMHUPOBaHMS,
KOTOPBIH ONPENENAETCS B YCIHOBUAX OIHOOCHOTO CXKATUS LM-
JMHAPUYECKUX 0OPa3LOB rOPHBIX MOPOI.

Torna, peuias ypaBHEHHE HEPa3pLIBHOCTU Aedopmauuit

i YHOBJIETBOPAA [PAHNHBIM YCIOBHAM €9 NIPH T = riz, NONY-
yHM BbIPAKEHHE JUIS MPUPALLEHHH 3anpenenbHbx aedpopma-

1707
’ 2 rBH([)
€y = BHeel{ ”rﬁﬂ ~1], (2.56)

IMoacraBuM (2.56) B usnueckoe ypaBHeHue (2.53),
NpeBAapUTENLHO 3aMUCaB KOMIIOHEHTLI HANpPSKEHUM uepes
(YHKLHIO HAaNPSIKEHUH, T. €. YAOBICTBOPUB YPABHEHHIO PaB-
HoBecus. B uTOore mnomydymM ypaBHEHue Uil ONpeneNeHus
GYHKUMHU HANPSHUKEHUM U 3aTEM C €€ MMOMOILLBIO — BbIPAXEHUS
JUIs KOMIIOHEHTOB HanpsikeHud. OKOHYATENbHO 3amnuiieM
KOMIIOHEHTHI MOJIHBIX HanpsDKeHUM, nedopmauuih U cmeule-
HUH B oOnacTy 3anpeaenbHoro aeopMupoBanus 2:

G, =0, {LTA ¥ P (OM. - D10 r Y -1+
(0 20(B+D) (1)

2M.eq, (1) 7, (1) BH_ ROV (Y .
+(B+1)(B+1+2x)( r ] (rn(l)] (rn(t)] s (2.57)

B+l
0y =(2A+1)o, + 0, _2M. gy, (1) (rlz(l)j b s

B+l r
— 1 1 rlz([) Bl
€y —28912(t) —2_+B+_1 " = N (259)
= L, B (oY
€, = —28912 )] '2‘ +ﬁ . -1 (2.60)
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r

1 1
=28, () —+—
MR 2 B+l
I7e On3 — HANpsDKeHUe O, HA IpaHule pasgena r:3(f) co cro-
POHBI O0aCTH OCTATOUHOM MPOYHOCTH 3.
Ecnu yyecth, uTO mpupailleHust 3anpefenbHbiX nedop-

MalMi €5 HA TPAHKULIE PA3aeNa o5 (1) HMEIOT BEUUYNHY

B+l
j ~1tr, (2.61)

8/ = GC}K _GO — Gc;;\‘oc —Glﬁ)
[¢]

M, M

: (2.62)

o

NOJYYUM M3 BbIpaxKeHHs (2.56) COOTHOLIEHUE MEKIY KOOPIU-
HaTaMu 712 (I) v r23(1) B BUOE

R |, G =0)@+D P

p() = r.(0) WM e, (1)

. (2.63)

rae p(f) He SABISETCS PaHee NPUHATHIM ODO3HAUYEHHEM Yria
BHYTPEHHEIO TPEHUS .

B obGnactn octaTOUHON NMPOYHOCTH 3 AN pelUeHUs 3a-
Jlaud MMEEM CUCTeMY ypaBHEHHUI, KOTOpas BKIKOYAET ypaBHe-
HUSl pAaBHOBECHA U (PU3UUYECKOE YPABHEHHE

o,=(2Ar+1)o, +0,. (2.64)

HnTerpupyst 3Ty CHCTEMY YPABHEHUH M YIOOBIETBOPSIS
TPAHUYHBIM YCIIOBUSIM Ha KOHTYP€ BbIPaOOTKHU

o,=p npur=1, (2.65)

Te p — PEAKTHBHOE CONPOTHUBIIEHHE KPENH Ha KOHTYpPE BbI-
pabOTKH, OKOHYATEIBHO 3aNHLIEM KOMIIOHEHTHI MOJHBIX Ha-
MPSKEHUH:

00 J2A GU
Y 2.66
© (ZK p]’ 2A " (2.66)

O, = (2A +1)(%+ p)rn —20—)‘1. (2.67)
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KoMmnoHeHTsl nedopmaluii 1 CMELEHUH B oOnacTu oc-
TaTOYHOM MPOYHOCTH ONPENEUM U3 YPABHEHHSI HEPA3PLIBHO-
ctu AehOpPMALMEA € yueTOM HECHKMMAEMOCTH pPa3pyLIEHHOU
rOpPHOIi TIOPOJIbI B 3TOH obnacrty, T. €.

?” ”

£ =—g , (2.68)

r

” ~
rae 8:’ u €, — npupauenus aepopmauuii B obmactu ocra-
TOYHOH NMPOYHOCTU M TPAHMYHBIX YCIOBMH s nedopmauui
Ha rpaHuLe r3(#) cornacuo (2.59) u (2.63). B urore nonyuum:

. _U-Bo. -0y (B+1)0, —0,) A0
0 2M, 2M, 2

{EOIZ(Z) + (269)

— — - 7 :
e - (1-B)o,, —0,) —{8912(1) + (B+1)(0y —0y) )’23(2),‘)’ (2.70)
2M, 2M, r

_U-P(o, -0,
oM,

(271

B+1)(o,, —0,) |20
r

r+| €gn (D) +
lionz() oM, ]

[Tonoxus B (2.66) r = ry3, NONY4YUM TPAHUYHOE Hamps-
JKEHHE O3, BXomsLuee B popMytnl (2.57) u (2.58):

5., =[ S, p)rf;” —%. (2.72)

s onpenenenus KOOPAMHATHI rip(f) NMpUPaBHAEM Ha-
OpAXKeHUs O, B oOnactsax / u 2 Ha TpaHuue pasgena ri(?). Ilo-

JyUHUM Clefyrollee ypaBHEeHUE € yueToM 0003HayeHuH (2.63) u
(2.72):

rz — { 2 “ ZMW‘Sg]z(I) (pB+l+2k _ 1)_
o, + 20 (B+1D)(B+1+21)

1
Mgy, (D40, B+ (m N, S n . ADOTP , a
YOI (b :-1)+5}:p +q T} L (2.73)
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ITocne BbIUMCIIEHUS] KOOPAMHATHI 7io(f) W3 YpaBHEHUSs
(2.73) xoopmuHata ry3(f) ONpenensiercss U3 COOTHOLUEHUS
(2.63).

Ecnu obmacte octaTouHOM npoyHoctH 3 He oOpa3oBa-
Jach (123 = 1), KOOpAMHATA 1,3(f) ONMPEOEISIETCS U3 YPABHEHUSA

% 2Mm8912 (t) Brl+2h _ 1) _

P (B+1)([3+1+2k)(‘2 !

"M D/, A
B el G| IEE CHERCLE

OcoOblii HHTEpeC NMPEACTaBISAOT ABa KPalHMUX ciyvas,
MO3BOJSIIOLINE OLUEHUTh MOJOXEHHUE T'PAHULBI Fix(f): MOEATIbHO-
XPYNKUU NOPOAHBIM MACCHB U MAEANIbHO-TIIIACTUYHbINA MTOPO/I-
Hbii MaccuB. IlpuBegenHoe Bbillie pelieHWe OOLEH 3amadu
npu M. — oo, 113 = 3 [AaeT NPENENbHBIN NEPEXO K PEIIEHUIO
N7 UICATbHO-XPYNKUX TOPHBIX NOPOJA, a npu M. — 0, 0y =
= Ocx, 123 = 1 — K PELIEHUIO NI UAEaNbHO-INIACTHYHBIX MO-
poa. He npuBoas BeIpaXKeHUN M1l HANIPSKEHUU U CMELLEHUH,
3anMuIeM BbIPAXEHUS U1 KOOPAMHATHI FPAHULbI pa3aena:

B UJICAIbHO-XPYNKHUX MOPOJHBIX MAaCCUBAX

1

- 2%

r(1) = 2Alg - A(1)/3]+ o, , @.75)
: 2Ap+0,
B HACAJIbHO-TUIACTUYHBIX NNOPOAHBIX MaCCUBAX

1

2Mg - A@)/3]+o, | P
r(r)= | 22— AT O |7 (2.76)

2ap o

IlepeiineM K HCCAEOOBAHUIO MOJYYEHHOIO PELICHUS.
IIpexne Bcero uccrieayeM XxapakTep pacnpelneneHus] Hamnpsi-
KEHHUHU U CMELIEHUN B MOPOJHOM MACCHUBE, 4 TAKXKE pa3Mepbl
obmnacteil pa3pylueHuss Npu 3alpeneabHOM a1ePOpMUPOBAHUN
U pa3pylUEeRUU F'OPHBIX MOPOJ B HaYaJIbHblii MOMEHT BPEMEHH
t=0.
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Puc. 2.10. Tpapuxu pac- @ %
npezeleHHs HanpsDKCHHH
(@) 1 cMemeHui (6) Bo-
Kpyr BBIPaOOTKH fIDH 3a-
IpeNeTbHOM  JiehOpMHpO-
BaHHH ITOPOJHOrO Mac-
CHBA, CTIOKEHHOIO I'OPHbI-
M TIOPOJaMH ¢ Pasjmy-
HOI CKJIOHHOCTBIO K XpyT-
KOMY PaspylueHHIo

B kauecTBe M-
JIOCTPALlUM Ha PHC.
2.10 criIOLIHBEIMY JIM-
HUSIMHM TIOKAQ3aHO pac-
npenenenne Hanps-
xeHuil (puc. 2.10, a)
¥ paguaibHbIX CMe-
menuii (2.10, 6) Bo-
Kpyr BeIpaOOTKH B Ciyyae OOpPa30BaHUs TPEX XAPAKTEPHBIX
obnactell MeXxaHU4YeCKOrO COCTOSTHUST BMELLAOLIErO NTOPOAHO-
ro mMaccuBa. /{151 cpaBHEHUs HA TOM Xe€ PUCYHKE IPU cOmnoc-
TaBUMBIX UCXOAHBIX JAHHBIX MOKA3aHO pacnpenesieHue Hanps-
XeHuit (em. puc. 2.10, d) u pamuanbHBIX CMELUEHUU (CM. puC.
2.10, 6) B umeanbHO-XPYNKOM TOPOAHOM MaccuBe (IYHK-
THUPHBIE JIMHUK) ¥ UAEaTbHO-TIJIACTUYHOM MOPOJHOM MaCCHBE
(WUTPUXTYHKTUPHbIE TUHUM), KOTIa BOKPYT BLIPabOTKH 0Opa-
3YIOTCS TOJIBKO BE OONACTM MEXAHUUYECKOrO COCTOSIHUS Mac-
CHBA C TpaHULAMU pa3zesia 7, ONPeaeIsieMbIMU COOTBETCTBEH-
HO u3 ypaBHeHui (2.75) u (2.76).

Ananmu3 rpadukoB HanpsxkeHu# (cMm. puc. 2.10, g) noka-
3bIBAET, YTO HAMPSIKEHUS Op UMEIOT MAKCUMYM Ha IpaHuLE
pasaena ry; mexny obnacTblo OONpPenenbHOro aeopMupoBa-
HUSL ¥ oOnactsimMu paspyuieHusi. C yBEeNUYEHHEM CKIOHHOCTH
FOPHBIX MOPOJ K XPYNKOMY Pa3pylUECHUIO MAKCUMYM Hampsi-
KEHHU Op NMPU NMPOUYMX PABHBIX YCIOBHSX OCTAETCS Ha MPEX-
HEM ypoBHe, HO cMmeulaeTcst B riybb MOpoOOHOro maccusa. B
pPacnpeneneHun HanpsyKEHUH O, KAa4YeCTBEHHBIX HW3MEHEHUH
TIPAKTUYECKU HE MPOUCXOIHT.
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PanuanbHple cMeleHHs MOPOJHOIO MacCUBa B CTOPOHY
BbIPaOOTAHHOrO NpoCTPaHCcTBa (CM. puc. 2.10, 0) B uaeanbHo-
XpYNKHX TOPHBIX nopoaax Oosblle, YeM B HMAEaJbHO-ITAc-
THYHBIX, UYTO OOBACHAETCH OONBIUMMHU pazMepamu OOIacTH
pa3spyllIeHHs B IEPBOM CiTydae.

Ho ocoGenHo BO3pacTaoT paguajibHble CMELLEHHS NpPH
yueTe 3anpeaenbHoro aedopmuposanusa v gunatadcuu (§ > 1),
4YeMy COOTBETCTBYET CIUIOILIHAs JIMHUs Ha puc. 2.10, 6. Ha
puc. 2.11 nokasaHbl rpaduyeckue 3aBHCUMOCTH Oe3pazmep-
HbIX paIualbHbIX CMELIEHUH Ha KOHType BbIPaOOTKU OT
YPOBHS HauyajlbHbIX HAMPAKEHUH G/Cex ANS OBYX IEOMEXAHM-
4ecKHUX Monenel maccuBa: rpadguk / — 3anpenenbHoe nedop-
MHUpOBaHHUe U paspyiuenue npu 3 = 4, M/E = 0,5, p = 0,1 MIla,
o, = 0: rpajuk 2 — gonpenenbHoe 1ehOPMUPOBAHUE TOPHBIX
nopon. Cmellenust, onpenenseMble no rpaguky /, CTaHOBATCA
ONMU3KKMMHU MO BEIMYMHE K peanbHO HaOMIONaeMbIM B HATYPE,
YTO HEOAHOKPATHO OTMEuUanoch MHoruMu astopamu. llo-
ClleJHEEe CBMIETENILCTBYET O JOCTOBEPHOCTH HPHUBEACHHOIO
PeLUEHUS 3ad4l U O BO3MOXKHOCTH €rO HCHOAb3OBAHMSA s
OLEHKH YCTOWYMBOCTH M OINpEAENeHUss HAarpy3kKu Ha Kpelb
BBIPAOOTOK.

B Tabn. 2.4 npuBeneHbl Pe3ynabTaThl COMOCTABICHUS
daxTuuecknx Ge3pasMEPHbIX CMEIUEHUI KOHTYpa BbipabOTKU
Uy C PACYETHBIMM U, KOTOPbIE ONMPEAETIEHLl HA OCHOBE Npen-
JIATAEMOTO PEIUEHHUS!, U C PACUETHBIMH Uy , BbIYUCIEHHBIMHU IO
pexomenpauuam BHMMH.

JIns OueHKM yCTOMUMBOCTH BbIPabOTOK 0COOOE 3HAUEHUE
MMEIOT pasMmepbl o6nacTeil 3anpeaesibHOro aeopMUpOBaHus
U OCTATOYHON MPOUYHOCTH, T. €. KOOPAUHATHI TpaHuLl pa3aeia
riy ¥ rs. Ha puc. 2.12 npencrasnedsl rpadukd 3aBUCUMOCTH
r12 (CTUIOUIHBIE JIMHUU) U F2; (MYHKTUPHbIE IMHUM) OT YPOBHS
HAYaJIbHbIX HAMNPSKEHUH g/Ccx VTSI TOPHBIX MOPOI C pasnny-
HbIMM 3HAa4YEHHAMU KOIPPUUHEHTA nONEPEYHON AePOopMaUnH
B. I'padux I/ COOTBETCTBYET reOMeXaHHWYECKON MOMeNH MIe-
aJIbHO-NIACTUYHOTO MACCUBA, OCTAJIbHBIE I'PapHKU — reome-
XaHUYECKOH MOIENMU C 3anpelenbHbiM 1epOPMHPOBAHUEM H
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Puc. 2.11. 3aBHCHMOCTH u
cMetieHHil KOHTYpa Bbl- .
palOTKH OT YPOBIBL Ha- g 45
qallbHOI'0 HAMpPsKEHITO- /

\1\\

ro COCTOSHHA MacCHBa 0.04
14 reoOMEXaHHYCCKIIX !

MocIIelt: /
0,03

] — ¢ y4yeTOM 3anpeneihb-

yoro JedopMHpOBaHHSE 1 /
paspyluens; 2 — TOnbKo 0,02

nonpeebHoro  aehopmii-
POBaHIIs 0.01

obpa3oBaHuem 00- ] 2
J1aCT! PYUHHOTO pas- 06 07 08 09 LO 1) 12 13 14 5%
pyuueHus (Go = 0) .
npu p = 0,1 MIla. Jlerko BuaeTh, 4T0 A0 yPOBHS HaYanbHBIX
HANPSKEHUH §/Ocx, COOTBETCTBYIOLINX OOpa30BaHUIO 00NaCTU
PYMHHOTrO pa3pyiuenus (neperuObl Ha rpadukax ri2), Koauye-
CTBEHHBIE OTJIMUMS OT PELUECHUs I FEOMEXAHHYECKOH MOne-
M MOeaNbHO-TUTACTHUYHOrO MaccuBa He3HauuTenbHbl. Ilpu
0o6pa3oBaHUN 00NacTH PYHHHOIO PA3pyLUEHHst MPOHUCXOAAT
CYUIECTBEHHbIE KAaYECTBEHHbIE M, OCODEHHO, KONHYECTBEHHBIE
MU3MEHEHHU .

Haubonee cyuiecTseHHoe BIMsSHUE HA pasmepbl odmac-
TEH pa3pyilieHUsi OKA3bIBAET AWIATAHCHS Pa3PYLUEHHBIX [1O-
pon, xapaxrtepusyemas napamerpom . Ha puc. 2.13 rpadux
ro(f) mokasan cnmowHON nuHuel, a n3(P) — NyHKTUPHOl
NMHKEH NpH /0 = 1,2; M/E = 0,5. C yseauuenuem 3 u coort-
BETCTBYIOLUMM YBEJIMYEHUEM AWIATAHCUM CYLIECTBEHHO BO3-
pacrarT pazmepsl obnacreil pa3pyLIeHHs.

Pasmepel obnactell paspylieHus 3aBUCST TakkKe OT
CKJIOHHOCTH TOPHBIX MOPOJ K XPYNKOMY Pa3spyLICHHUIO, KOTO-
past xapaxrepusyercs nmapamerpom & = M/E. Ha puc. 2.14
CHNOWIHON ninHuelt nokasan rpadguk rp(E), NyHKTHPHON JiK-
HHeH — rpaduk rs(f) npu g/oex = 1,2; B = 4, p = 0,1 MIla,
Go = 0. C yBenuuenyueM CKIOHHOCTH TOPHBIX MOPOA K XPyri-
KOMy paspywenuto (§ Bo3pacraer) pasmepbl obnacreit pas-
PYLIEHUS yBENHYMBAIOTCS, KPOME TOTO, r'»/rs — 1. Mceneno-
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Puc. 2.12. 3asucinocty paiMepon obnacreil paspyuic-
HIS BOKPYT BbIPabOTKM OT YpOBHS Ha4aJILHOIro Ha-
APSDKCHIION0 COCTOSIHHS MacCHBA

BaHMs MOKA3bIBAIOT, UTO PAacCMOTPEHHbIE
BblllIe [1BE HIEaJU3HUPOBAHHbIC M€OMEXaHH-
YyecKkue Moaenu (MACATbHO-XPYNKUHA U Hae-
AJbHO-TUTACTUYHBLIM  MOPOAHBIH  MaccuB)
J410T OLUEHKH, KOTOPbIE OTPAHUYUBAIOT CO-
OTBETCTBEHHO CBEPXY W CHH3Y BEJIMUYHUHY
KOOPIMHATHI r1x(f): B NTOPOJHOM MACCHBE C
YyUYETOM €ro 3anpelesibHoro neopMHUpoBa-
HUS KOOPAMHATA TPaHULbI 712(!) MeHblUe
COOTBETCTBYIOLUEH KOOPAHHATBLI B HA€aNb-
HO-XPYINKOM MaccuBe, HO Oojblie, yeM B
WIE€ANIbHO-TINIACTHYHOM.

UTobb! OUEHHUTb BIMAHHE PEAKTHBHO-
rO CONPOTHBAEHUS KPENU ) U BETWUYHHBI

OCT4TOYHONH NMPOYHOCTH TOPHLIX MOPOA Oy
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1 2

Py, ra3

Puc. 2.13. 3asucu-
MOCTDL Pa3Mepon 00-
JIacTel paspylieHus
BOKPYI' BbIpadoTku
OT CTEreHH Jriia-
TAHCHH FOPHBIX IO~
pox (CTermeHH  HX
PasphLISIIEHHS.  TIpH
pa3pyIIcHHH)

Ha pasmepbl 00-
JIaCTER paspyuie-
Hus, oOpaTtumcs
K aHanausy ypas-
Henuit (2.73) wu
(2.75). Pasmepsr
obrnactedl  paspy-
HIEHUsS, U B YacT-

HOCTH i3, YBETUYUBAIOTCA C YMEHbLUEHUEM p U ). [lpu oy = 0
NOPO/Ibl EPEXOAAT B COCTOSHHE PYMHHOIO paspylieHus, U 06-
JIaCTh NPUKOHTYPHOrO MACCHBA, 3AMOJIHEHHAS! TAKUMH MOPOaa-
MH, MOET CYLUECTBOBATH TOMLKO MPH PEAKTUBHOM COMPOTHB-
nenun kperu p > 0. Ilpu otrcyrcrsum kpenu (p = 0) no-

E=

~
™

LI

)
0,1 Mlla

8

9

10 riz,ra

ponbl B 3TON 00-
7aCcTH TEPSIIOT yC-
TONYMBOCTL: TIPH
co=0up=0, cy-
I8 1O YpaBHEHM-
sam (2.73) u (2.75),
P12 —> oo,

Puc. 2.14. 3aBucu-
MOCTL pasMepoB 00-
nacTell  paspylueHus
BOKPYT  BbIpaboTKH
OT CKJIOHHOCTH [Op-
HBIX TIOPOJ K XpyI-
KOMY paspyLUeHHIO



Puc. 2.15. 3aBucumo- 4 ri2. 3

1,7 ry
CTH PpasMcepoB obac- ’
Tell paspywicHIl BO- 16
KpYT BoipaboTKH (¢) H 1,5t
CMEIIICHHIT ee KOHTY- 141
pa (6) OT MpOJOIDKH- i3
TEeAbHOCTH JKCIUIYa- 124
TaLHH !
{ Y A R
PaccMoTpHM 0 6 12 18 24 30 36 42 48 54 60 66 12 4,4
pnusiaie  akropa 0 u-10%
BpEeMEHH Ha pas- ol
Mepbl 0bIacTel pa- sl
3pyLLUEHUs], 4TO YIO- n
OHO cHenaTh B pe- 3}
3yJIbTaTe€ YMUCIIEH- 2}
HOro aHamusa QyH- 1
KU rio(f) 1 () 0 6 12 18 2430 36 42 48 54 60 66 72 1,4

Ha ocHOBaHuH (2.73)

u (2.63). IToctpoum rpaduuecKkue 3aBUCUMOCTH ri(t) U Fa(t)
Opy CIeNyrLUMX UCXOAHBIX AaHHbiX: p = 0; g = 3,3 MIla;
Ocx = 6 MIIa; Owe. = 3 MTla; 6y = 0,5 MIla; Ey = 800 MITa;
Mo = 1200 MITa; o = 10%¢; p = 30°; B = 4,5.

Pe3ynbTaThl MOCTPOEHUH, BEIMOIHEHHBIE IO yPaBHEHHAM
(2.73) u (2.63), nokazaunsl Ha puc. 2.15, a. Ha puc. 2.15, 6 no
dopmyne (2.71) nocTpoeHa COOTBETCTBYIOLIAS 33BHCUMOCTb
Oe3spasMepHBIX pafManbHbIX CMelleHUii KOHTYpa BhIPaGOTKH.
Pasmepr! obnacreii paspylienus u pamuanbHble CMeLIEHHS CO
BPCMEHEM YBENIMUYMBAIOTCS MO HENMMHEHHOMY 3akony. Obpaso-
BaHUe OONMACTH OCTATOYHOM MPOUYHOCTH HA KOHTYpE BhIpa-
OOTKM COMpOBOXIAETCS CKAUKOOBPA3HBIM MPHUPALLEHHEM DPas-
MEpOB olnacTy 3anpenensHOro nehOpMUPOBAHNS 1 PaaMallb-
HBIX CMELICHHH, YTO 3KCHEPHUMEHTAILHO ObLIO YCTAHOBJIEHO
W.JI. Yepuskom u JPYTUMH UCCIIENOBATENSIMH.

B xauectBe mimoctpaumn npusemeHHOro perneHus 3a-
H441 PACCMOTPHM HE3aKPEIUIEHHYIO BbIPAGOTKY KPYrOBOTO
TONepeyHoro ceyeHus ¢ paguycoM B NPOXoake Ry = 2 M B
KApPHAIIMTOBOM MaccHBe ¢ HayaabHbIM HANPSKEHHBIM COCTOS-
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Huem g = 3,3 MIla u pacyeTHbBIMH MEXAaHHYECKUMH XapaKTe-
PUCTUKAMU: Ocx = 6,3 MIIa; Ok = 2,7 MIla; 6o = 0,4 MI1a;
Ey = 800 MTIla; M, = 1240 MIla; B = 4,3; p = 36° ¢, = 105 c.
Onpenenum koopauHaThl obnacrell paspyureHus yepes 20 jet
skcrutyaTtaund. Y3 ypasuenuii (2.73) u (2.63) naxonum r3 = 1,4,
ri = 1,7. I'panuna pasgena ry; HaXOAUTCS HA PACCTOSHHUH
Ry, = ri; Ry = 3,4 M OT uenrpa BbIpaDOTKM WM Ha IIyOMHE
1,4 M oT KOHTYypa BbipaboTku. CpaBHUTENbHBIE PACUYeThI MO
dopmyne (2.75) ansg MoAenU HACAILHO-XPYNKOTO MacCHBa
nawoTt ri; = 1,9, a no gopmyne (2.76) msis MOneny UaeaIbHO-
IUTACTUYHOTO MaccuBa — ry; = [,2. Takum obpaszom, koopau-
Hata r; = 1,7, BbIYMCIIEHHAss U3 ypaBHeHus (2.73), yuHTHI-
BalOLLETO 3(MPeKThl 3aNPenesibHOro NepOpMUPOBAHUS TOPHbBIX
nopon, JexuT B uHtepsane 1,2 < 1,7 < 1,9, onpenensieMoM no
topmynam (2.76) u (2.75), KOTOpbIE AAIOT NpeaeiIbLHbIE OLEH-
KM 3TOW BEIIMYMHBI KU MOTYT OBITH UCNONB3OBaHbI ISl OILle-
HOYHbIX PaCYETOB.

2.2. OCOBEHHOCTHU TEOMEXAHUYECKHUX
MNPOLECCOB B OKPECTHOCTH 3ABOA

1 CONPSKEHUI T'OPHBIX BLIPABOTOK”

2.2.1. T'eoMexaHUYeCKHUE NIPOLIECCH]
1eQOpMHPOBAHHS U Pa3pyLICHHUS
B OKPECTHOCTH 320051 FOPHBIX BLIPA6GOTOK

PaccmoTpenHble BbIlE F€OMEXaHWYECKHEe NMPOLECChl BO-
KPYT NPOTSKEHHBIX BbIPAOOTOK UMEIOT OCOOEHHOCTH BONU3H
3a00s1 ¥ B OKPECTHOCTH CONPSKEHUH 3THX BbIpabOTOK C Apy-
TUMHU BbIpabOTKaMu. B 3TUX criydasix yxe Henb3s aHaIU3UpO-
BATb F€OMEXAHUUECKUE MPOLECChl ATl MOMEPEUHbIX CEUEHUHN B
NMOCTAaHOBKE IUIOCKOW NegOopMauHyd W MPUXOTUTCA paccMmart-
pHBaTh OOBEMHYIO MOCTAHOBKY reOMexaHuuyeckux 3aaad. [Ipu
9TOM YXK€ HE IMPEeACTaBISIETCS BO3MOXHBIM HCIONbL30BAThb
AQHATIMTUYECKHE METOIbl MONEIMPOBAHMS, NMOCKOJIbKY Mate-

" [aBa HamucaHa npu yyactus B.[. Xironmosa.



Puc. 2.16. Pacuernniit pparment
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Puc. 2.20. O6nacTyn niactTuyeckoro aegpopmupoBanus
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OTMETKE OT peprved raHnLe PACYETHOMD GParvenTa, M

Puc. 2.21. PacnipeiciieHUE CMELIIEHUI CTCHOK CTBOJIA
1o Mepe yaaienus ot 3ad0s (ormerka 3ab0s —40)




.

Toct

1.15813
1.09625
1.03438
0.9725
0.910625
0.84875
0.786875
0.725
0.663125
0.60125
0.539375
0.4775
0.415625
0.35375
0.291875

Puc. 2.23. PacnipesienieHne OKTa3IpHYeCcKux
KacaTe/JIbHbIX HANPSIKCHHH (B eMHUIaxX YH)
[0 IMOBEPXHOCTH CONMPSIKCHHUS




)

‘_____“

.9

Goct
-0.335
-0.41
-0.485
-0.56
-0.635
-0.71
-0.785
-0.86
-0.935
-1.01
-1.085
-1.16
-1.235
-1.31
-1.385

Puc. 2.24. Pacnpenenenue
OKTa3IpPHUYECKHX HOPMaJbHBLIX HAMPAKEHHH
(B eanHuLax YH) 1o noBepXHOCTH CONPAKCHHUSA
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Puc. 2.25. 30Hbl pa3pylicHHs HA MOBEPXHOCTH COMPSIKEHHUH
(0 — ner; ] — naacTH¥ecKoro; 2 — Xpyrkoro)
npu YH/G = 0.6
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MAaTHYeCKHe TPYIHOCTH HEM3MEPHMO BO3PACTAIOT, M MPHXO-
auTCS OOpallaTbCad K YHCIEHHBIM METOJaM MOACIMPOBAHUS
(MKD u MI'9). Cnenyer uMeTh B BHIY, 4TO OONAacTb MOME-
NUPOBaHUs, KOTOPAas OrPaHMYMUBAETCA OONACTEHIO BIMSHUSA 3a-
60si WM COMpPsIKEHUs BbIpaOOTKH, UMeeT I'pPaHULbl, ymalleH-
Hble Ha paccTosiuue 5D, rae D — XapaKTepHbIH NONEPeUHbIN
paszmep 32005 WK CONPAKEHMUS.

AHanuM3 TeOMEXaHUYECKHX MPOLECCOB B OKPECTHOCTH
3a00st BbIpaOOTKHU BBIMIOJIHUM YUCIEHHBIM MeTo0oM MKD.

Ha puc. 2.16 (cM. uB. BKJ.) NOKa3aH pacyeTHklil ¢par-
MEHT OOBEMHOM 3ajauM, MOIENMpPYIOLeH Npu3aboiiHylo He-
3aKPEIUIEHHYIO YaCTh BEPTUKANbHOIO LIAXTHOTO CTBONA AUa-
meTpoM & M. 3agaua pewlanacb B MOJHBIX HaNpsKEHUSX C
rpaHUYHBIMU YCIOBUSIMU: BEpDXHAS I'paHb (PparMeHTa UMeeT
npurpysky 16,5 MIla ot Beca BelIene)Kawux nopoq; no 6o-
KOBBIM M HMXKHEU I'PaHsM (pparMeHTa — OrPaHUYEHHS B CMe-
IIIEHHUSIX IO HOpMalu K rpaHsaMm. CeTka KOHEYHBIX 3JIEMEHTOB,
KaK MokazaHO Ha puc. 2.16, cryweHa BOnu3u 3abos cTBONA,
YTO CHIDKAET MOTPELIHOCTh YMCIEHHOTO MOASITHPOBAHUS.

Ha puc. 2.17 (cM. uB. BKII.) NPeNCTaBIEHbI PE3YIbTAThI
MOIENNPOBAHUS U1 JMHEWHOro 3akoHa AehOpMHUPOBAHHUS

npu koadgduuuente Ilyaccona u = 0,4, 4TO COOTBETCTBYET
ko3 duunenty 6okosoro pacriopa A = 0,67, B Buae pacrpe-
JENEHUs] MHTEHCMBHOCTH HANPSKEHUH

o, :—\/%\/(c1 -0,) +(0,-06,) +(0,-0,)",

rae 6,, 0,, 0;— KOMITIOHEHTbI ITIaBHbIX HANPSAXKEHHH.

Jlerko 3aMeTuTh, UTO pachpeneneHue G, BOmM3u 3a60s
CTBONA MMeEET OCOOEHHOCTH, KOTOpPbIE He HaOIomalrTCs Ha
yAaaneHuu ot 3ab0s, Iae 3a1a4y MOXHO paccMaTpPUBaTh B IO-
CTAaHOBKE INIOCKOH nedopMauuH, Kak 3TO ObUIO CHENAHO B
nogpasma. 2.1.2.

5 Janee ObIIO BBHIMONHEHO YUCIEHHOE MOIALITUPOBAHHE
TOH K€ 3afayu Oj1sl HeMMHEHHOTrO 3aKkoHa IeOpMHPOBAHMS,
TIOKa3aHHOrO Ha puc. 2.18 (CM. UB. BKJI.) B BUJE AUArpaMMbl

129



nepOpMUPOBaHUS G, —€, TNPU OJHOOCHOM CXAaTUHM TOPHOH

nopons! ¢ kodpduuuentom Ilyaccona p = 0,4 u kpurepu-
€M IulacTuyeckoro nedopmuposanus o, =6, = |5Mlla, rae

G_ . — Npenei JIMTEIbLHON NPOYHOCTH TOpHOH nopoasl. Ha

OX
puc. 2.19 (cMm. UB. BKJI.) NPEACTABIEHbl PE3YJbTAThl MOIEIH-
POBAaHUs B BULE PACIpPENeeHUs] UHTEHCUBHOCTH HaNpsDKEHUM

G,, KOTOpPOC OOCTATOYHO HArIAOHO CBHUACTCILCTBYET O CHH-
JKCHHUHU YPOBHSA HMHTCHCHBHOCTH Hanp;m(emm G, IO CpaBHE-

HUIO € Mpeablayllelt Momenbio JuHEeHHOTO AeopMUpOBaHUs,
4TO B OOJbLIEH CTENEHH COOTBETCTBYET PEAlbHbIM IeoMexa-
HUUYECKUM MpOLeccaM B OKPECTHOCTH 3a00s1 BEPTHKAIbHOTO
crBona. Ha puc. 2.20 (cM. uB. BKJI.) MOKa3aHbl OOIACTU Iia-
CTUYECKOTrO AeOPMUPOBAHUS, NMOCTPOEHHBIE ISl PUHSATOrO
3aKOHa HENMUHEeMHOro nedopMupoBaHus (cM. puc. 2.18, uUB.
BKJI.)! MaKCUMAaJIbHOE TIJlacTHYeckoe AeOpMUPOBAHME Ha-
OmroiaeTcs B yriIOBbIX TOUYKax 3a00s, HeOObLIOE — Ha OOKO-
BBIX CTEHKAaX CTBOJA, B 3a00€ — COXpPAaHsETCs yNpyroe ne-
(bopMHUpOBaHUE.

OcoOblii MHTEpPEC I aHAIM3a TeOMEXAHUYECKHUX NpPOo-
eccoB BONMU3HM 320051 U MPOSKTUPOBAHUS KPENU CTBONA Mpe-
CTaBIISIET PACNPENLICHHE CMELEHUN MOPOAHbIX CTEHOK CTBO-
Jla 1o Mepe yaanaeHus oT 3a00si, KOTOPOE NO pe3yabTaTaM Mo-
JIeNIUPOBAHUS NPUBEACHO Ha puc. 2.21 (CM. UB. BKIL), Ile OT-
MmeTka —40 M COOTBETCTBYET MIOCKOCTH 3a00s1 U ONPEAENeT TaK
Ha3blBaeMyro (QpyHKUUIO BiMsiHHA 3a00s (cMm. nmonpasa. 2.4.3)
JUIsl IPUHSTON reomexaHunyeckoi monenu. M3 anamusa puc. 2.21
(cM. LB. BKIJI.) BUIHO, YTO yXe Ha PACCTOSHUH OT 3a001 24 M,
T. €. TpYM AUaMeTpa CTBOJIA, CMEUICHUS] MOPOIHBIX CTEHOK CO-
ctaBisaoT 0,97 OT cMelleHUi B YCITOBHSIX IIIOCKOU AeOpMALIMH.

2.2.2. I'eomexaHHueCKHE MPOLIECCHI
Je(popMHpPOBAHUS H pa3pyLICHHA
B OKPECTHOCTH COMNPSI’KEHHSI TOPHbIX BbIPAGOTOK

B xauecTBe wimrocTpauuun ocoOeHHOCTEN reoMexaHuye-
CKUX MPOLECCOB B OKPECTHOCTH COMPSIKEHUS! BbIpaOOTOK pac-
CMOTPHUM COIPSKEHNUE BEPTUKAIBHOIO LIAXTHOIO CTBONA KPY-




[OBOrO TMOMEPEUHOrO CeYEHHs C MPOTSKEHHOW BBHIPAOOTKOH
OKOJIOCTBOJILHOIO JIBOPA, MMEKIIEH CBOIYATOE MNONEPEUYHOE
ceyenue. PacueTHblll GparMeHT 3TOM 3aa4yd B BHIAE MOJIOBU-
Hbl COTPSKEHHs C YKa3aHWEM XAPAKTEPHbIX T€OMETPUUECKHUX
pa3MepoB IMOKa3aH Ha pHC. 2.22. AHamu3 reoMexaHHYECKHUX
NPOLIECCOB BHIMONHEH YHCICHHBIM MeTogoM MID npu y4a-
ctun M.B. BsnbueBa. 3amaua pelianach B MOSHBIX HANPsKe-
HMSAX C TPAHMYHBIMH YCIIOBHSAMU: Ha BHELUHMX I'DAHMLEX MO-

genu 6,=0,=06,=—yH (roe y — ylenbHbIH BEC NEPEKPbI-

BaOIIUX TOPHBbIX nopof, H — riyOuHa 3aI0XKEHHs] OKOJIO-
CTBOJILHOIO [IBOpa OT IOBEPXHOCTH), YTO COOTBETCTBYET
PABHOKOMIIOHEHTHOMY TMAPOCTATHYECKOMY MO0 Hayallb-
HBIX HANPSKEHUH; HA BHYTPEHHEH NMOBEPXHOCTU COMPSIKEHUS
HOPMAaJIbHOE PEAKTUBHOE CONpOTUBIIEHUE kpenu p = —0,1yH.
B pesynbTate pelleHUs 3adaud Il [EOMEXaHMYECKOH
MOENU JIMHEHHOro Je(pOpMUPOBAHUS ObUIM ONpeeneHbl:
KOMIIOHEHTBI TNTABHBIX HANPSKEHWH ©,, G,, G,, OKTasApuye-

CKHE KAaCaTCIbHBIC HANTPSXKCHUA

1 2
— 2 2,
Tom_g\/(gl_cl) +(62_0-3) +(63_61) ’
OKTa3apuUYCCKUe HOPMAJILHLIE HATTPAXKECHWUA

!
6, =—(c +0,+0,)

OKT ~§

B enuHHLax YH.
Ha puc. 2.23 (cM. uB. BKIL) NPEOCTABIEHO pacnpemnene-
HHE T ., @ Ha puc. 2.24 (CM. LIB. BKJL.) — PacCnpenesieHue G

11O MOBEPXHOCTH COMPSIKEHUS B NMpenesiax BbIpabOTKU OKOJIO-
CTBOJILHOTO nBOpa. Kak BUIHO M3 PUCYHKOB, MAaKCUMalbHbIE
HANPsKEHNsT T KOHUEHTPUPYIOTCS B YITIOBBIX TOYKAX MO-
BEPXHOCTH CONpSKEHUs, @ MAKCUMAIbHbIE HAIPSUKEHUS G —
Ha GOKOBBIX IOBEPXHOCTSIX COMPSIKEHH.
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Puc. 2.22. Pacuernnlif parmMeHt pe-
eHus 3axaqL:
1 y1 2 — noBepxXHOCTh COOTBETCTBEHHO CO-
MPSIKEHHS U 1TPHMBIKAIOUIErO K COMNpsiKe-
HHIO YUacTKa C¢TBOJIa

Jnst oueHkH pasmepos 00-

JmacTeil  paspylieHusi Obll  Hc-

», TIOJIb30BAH METOX yNPYIroro Ha-
noxkeHus u orubaromas mnpe-
JIeNbHBIX KPYrOB B KOOPAMHATAX

Y T, — O, NIOCTPOECHHas [UIsl Npe-

oKt *

ACITBHOTO YCIIOBUA

TOKT = f(GOKT )’

npeanoxeHHoro M.M. @unonenko-bopoauu. B pesynsTarte
OBUTM MOCTPOEHBI JIsI MOBEPXHOCTH COMNPSIKEHUs! 30HbI IJ1a-
cruyeckoro (/) u xpynkoro (2) paspylleHHsi BMELIAIOLIUX
TOPHBIX NMOPOA NPHU Pa3IUYHBIX COOTHOWEHUAX YH /G, rae

G — TMpenen HNPOYHOCTH FOPHBEIX MOPOJ Ha OIHOOCHOE

ckartde. B xauecTse wiumocTpauuu Ha puc. 2.25 (CM. LB. BKIIL.)
MOKa3aHbl 30HbI paspywenust npu yH/o__= 0,6, a na puc.

2.26 (cMm. uB. Bki.) — npu yH /o = 0,8. M3 ananusa pucyH-

KOB CJIEYeT: 30Hbl pa3pyLUeHusl JOKAIN30BaHbl BOIU3N YIJIO-
BbIX TOUeK U B OOnbllel CTENEeHH B KPOBJIE BEIPAOOTKH; XPyII-
KO€ pa3pylueHHe, Kak NPaBHIIO, CBSA3aHHOE C TPeLHHOOOpa-
30BaHUEM, BO3HMKAET Ha (POHE MIACTHUECKOTO pa3pylleHus,
KOTAa, OUEBUOAHO, Heynpyrue aehopmauuu JOCTUTHYT Mpe-
NeNIbHOTO YPOBHS; ykKe npu ycnosuu yYH /o, = 0,6 u Tem 0o-

nee npu ycnoBun YH /6, = 0,8 TpebyeTcs BO3BEAEHHE MOLI-

HOM JKECTKOU KOHCTPYKLHMH KPEMU Ha Y4aCTKE CONMPSKEHUS.
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2.3. TEOMEXAHNUYECKHUE NPONECCHI
BOKPYI' KAITUTAJ/IbHBIX
I'OPHBIX BLIPABOTOK
U INOBEMHBIX COOPYKEHUI
KAMEPHOI'O TUTIA

2.3.1. I'eomexaHuueCKNe NpoLECChI
JonpeaenbHoro egopMupoBaHus

['eoMexaHUUECKHE NMPOLECChl BOKPYT KaNUTAIbHBIX rOp-
HbIX BBIPaOOTOK M MOA3EMHBIX COOPYKEHUM KAMEPHOIO THIA
MUMEIOT CBOM OCOOEHHOCTH, KOTOPLIE CBSI3AaHbI C FeOMeETpUei
3TUX BbIPAbOTOK. B 3TOM ciiyyae njs aHamu3a reoMexaHuue-
CKMX TPOLECCOB HEJb3si OTPAHNYMBATLCS [UIOCKUMU MOMepey-
HBIMU CEUEHHUSIMU BbLIPabOTOK U ClenyeT paccMaTpuBaTh O0b-
eMHBbIE 3alaud, UIA PEeIieHUs KOTOPBbIX LENeCOOOpa3HO HC-
nosp30BaTh uncieHHele Metoasl MKD unu MID. Ilo cyTtu
Iena Takde 3aJaud yXe ObUIM pelleHbl BBILIE NPU aHAIM3E
reoOMeXaHM4eCKHUX TPOLECCOB B OKPECTHOCTH 3200 U comps-
KeHuil BpIpaboTOK. ONHAKO NPUBEACHHBIE UNCIICHHbIE pelle-
HMS MMEIOT U CBOW HENOCTATKH: OHU BOCHPOM3BOASAT BIIOJIHE
KOHKPETHYIO TEOMEXAHUYECKYIO CUTYallUI0, a [UIs aHajlu3a ee
IPOCTPAHCTBEHHOTO MIIM BPEMEHHOTO PAa3BUTHUS HEOOXOIMMO
PELLUThL CEPUIO TEOMEXAHNYECKUX 3a4a4, YTO NPEeBPaLIaeTCs B
GonbUIYIO BEIUKCAUTENBHYIO paboty. Ho naxe mocne suinon-
HeHUs Takoll paboTel ObIBAeT TPYAHO MOCTPOUTHL MPOTHO3bI,
BBIXOJILLME 34 PaMKH PELUEHHOU cepuM 3anay. B atom cinyuae
HeoOXonuMO npuberars K MOCTPOSCHUIO AHATUTUYECKUX DYHK-
UUOHANBHBIX 3aBUCUMOCTEH, aMPOKCUMHUPYIOLUHX YHUCIIEHHbIE
PELICHHS, YTO BO3MOXKHO COSIATH C AONYCTHMOM MOTpPEeLIHO-
CTbIO TONBKO JJjIs1 OTPAHMYEHHOIO YMCjla BIMSIIOLIMX Napa-
METpoB. Takum 06pa3oM, YHCIICHHbIE METOIb! PELIEHHUS TeO-
MEXaHMUYeCKUX 3a4alu, HECMOTPsI HAa HMX KaXYLIYHOCs yHMBED-
CATbHOCTh, UMEIOT CBOM HEAOCTATKH.

[oaTomy mns ananusa reoMexaHHUYECKUX MTPOLECCOB BO-
KPYT KanMTaabHbIX FTOPHBIX BIPAOOTOK U MOA3EMHBIX COOPY-
KEHUH KAMEPHOIO THMA UMEET CMBIC MOCTPOMTh AHAIUTHYE-
CKHeE pellienus;, XoTs Obl B Clly4ae YIPOLIEHHO! UX TEOMETPHH,
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Hanpumep, Ulsl TOPHBIX BhIPAOOTOK U MOA3EMHBIX COOPYIKe-
HUI B BUAE cepuueckux nonocrei. Takas 3amaya npenacras-
JII€TCSl BIIOJIHE PealibHOM, €CU UMETb B BUAY, YTO B MOI3EM-
HOM CTPOMTENLCTBE MOJIYUYWIM LUMPOKOE PacipoCTpaHeHue
NOA3eMHbIe BbIPAOOTKU-EMKOCTU, TEOMETPUSI KOTOPLIX OIu3-
Ka Kk cepuueckoil.

ITonsemuble BbIpaBOTKU-EMKOCTH, KOTOPbIE B JTalIbHE-
LIEM MMEHYIOTCS KaK NOA3EMHbIE €MKOCTH, COOPYXKAIOTCS B
NOPOAHbIX MACCHBAX JJIsl XPAHEHUS KUAKHX U ra3000pa3HbIxX
YIJIEBOAOPOAOB, a TAKXKE OIS 3aXOPOHEHUs BPEOHBIX NpO-
MBIIUTIEHHBIX OTXOAOB. CylIeCTBYeT HECKOJIBKO TEXHOIOIHYe-
CKHX CNIOCOOOB COOPYKEHHS NOA3EMHBIX EMKOCTEH: C UCTIONb-
30BaHUEeM OypOB3PbIBHbIX pabOT B CKaJbHBLIX MAacCHBaX, Ka-
My(reTHbIX B3PbIBOB B TJIMHMCTBIX MAacCHBaXx, BbILIETauu-
BaHHUSl B COJIAHBIX MaccHBax M apyrue. Ilom3emMHble eMKOCTH
OOBIYHO HE KPensTcs, MO3TOMY OLEHKAa YCTOWYMBOCTU BME-
LIAFOLIMX MOPOAHBIX MAcCUMBOB MpHoOOpeTaeT ocodoe 3Haue-
HUE NPU HA3HAUCHUU TIyOUHBI 3aJ0XeHus, GOpMbl U Aomyc-
TUMbIX T€OMETPUUECKUX Pa3MEPOB €MKOCTEH U3 YCIOBHH UX
HOpManbHOU skcrmyaTauru. C 3TO# LeNbI0 pacCMOTPUM OCO-
OEHHOCTH OONPENEnbHOro NeOPMUPOBAHUS MOPOIHBIX Mac-
CHMBOB BOKPYI MOJ3EMHbIX €MKOCTEH NPH Pa3IMYyHOM TEXHO-
JIOTUHU UX COOPYKEHHUS.

['eomerpuueckue (GopMbl MOA3ZEMHBIX €MKOCTEH MOTYT
ObITb Pa3NUUHBIMU. BMecTe ¢ TeM NpPH HUCHONB30BAHMU Ka-
My(]IETHBIX B3PBIBOB U BBILIENAUMBAHUS, KOTOPbIE MPUMEHS-
IOTCS OCOOEHHO IIMPOKO B TNOCHENHEe BpeMs, OOpa3yroTcs
NOA3eMHBIE eMKOCTH, UMerollne popMy, OIU3KyI0 K chepuye-
ckoit. Kpome Toro, kak ObUTO YCTAHOBJIEHO BbILIE (CM. MOJ-
pasa. 2.1.3), oTkiioHeHHe GOPMbI [ONEPEYHOIO CeYEeHHUs BbI-
paboTKu OT KPYroBOW BHOCHT BO3MYyLIeHHE B nedopMupo-
BA4HHOE COCTOSIHME MAacCHBa TONbKO BOIM3M KOHTYypa, a pas-
pylUeHUE NPUKOHTYPHOI'O MAacCHBa CYLIECTBEHHO HUBEIUPYET
pasnuuue B yCTOMUHBOCTH BbIPAOOTOK € PA3NMUUHBIM OuepTa-
HUeM KOHTypa. IlosTomy B manbHeliliem npencraBmsercs Le-
J1€COO0Pa3HBIM NPOAHATIM3UPOBATh BIMAHUE PA3IHYHbIX (PaK-
TOPOB HAa OCOOEHHOCTH NePOPMUPOBAHUS MAacCUBOB BOKPYT
cepuyUECKuX eMKOCTEH.
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B xauyecTBe 6a30BOU 3agaun AJI TAKOIO aHAIM34, KakK U
B noapasa. 2.1.2, paccMOTpUM CHEPUUECKYIO EMKOCTL, CO3a-
BaeMyIO BBIIIEIAUYHBAHMEM B ONHOPOAHOM H3OTPOITHOM JIH-
HellHO-1ePOPMUPYEMOM MACCUBE C PABHOKOMITOHEHTHbBIM MO-
jeM Ha4asJdbHbIX HAlPSKEHHUH g, MoJaras, 4To Ha KOHTYPE eM-
KOCTH CYLUIECTBYET PEaKTHBHOE IABMEHUE p, CO3AABAEMOE peaK-
TUBHBIM NPOTHUBOAABAEHHWEM HanosHuTens. B Takoil nmocra-
HOBKE 3aJ1a4a SBJISIETCS NMOJSIPHO CUMMETPUYHON U Ui €€ pe-
[IeHHsl HeOOXOIHMMO NMPOUHTErPUPOBATL B CPEPHUECKOU CHUC-
TeMe KOOPAUHAT CUCTEMY YPABHEHUH, BKIIIOYAIOLLYIO yPaBHE-
HUSI PAaBHOBECHs, I'€OMETPMYECKUE YPABHEHHsl, YPA4BHEHHS He-
pa3pbIBHOCTH AedopManuii u pusnveckne ypaBHeHUs, IIe Mo-
CTOSIHHBbIE MHTEIPUPOBAHMS AOJDKHBI OblTb OINpEAeNeHbl U3
IPaHUYHBIX YCIIOBHMH:

npu r = 1 (Ha TOPOAHOM KOHTYPE €MKOCTH) G, = D,
pu r — oo (B riyOMHE MaccHBa)

G, =0, =0, ={. 2.77)

BeruncneHHble TakuM OOpa3oOM KOMIIOHEHTBHI MOJHBIX
HANPSKCHUN UMEIOT BUL!

c,=q+

1 =1 =0. (2.78)

CooTBeTCTBYIOLIHE KOMIIOHEHThI TOTIPENLbHBIX 1edop-
Mauui

o4

_347p o _347Pp
* 4E 177 2E P
Bespa3mepHble panuanbHble cMemeHus (BLIPAXKEHHLIE B

CAMHMLAX paznyca eMKOCTU Ro, KaK M pagdanbHask KOOPIH-
HarTa r),

=&

(2.79)

u=¢g r_i(]—])'

= , 2.80
® 4E r? (2.80)
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a o/4q Puc. 2.27. Tpaduxu pac-
NPEICICHHST HanpsDKe-
HHUI (@) 1 eMetneHrii (6)
TIPH  JIOTIPENIEILHOM g~
GopMIPOBAHIH TTOPOI-
HOI'0 MAcCCHBA BOKPYI
cepryueckoil eMKOoCTH,
COOpYKaeMOH BbIIIIEHA-
YHBAHHEM CONECH

Conocrassis
HanpsHKeHHO-aepop-
MUPOBAHHOE COCTO-
SIHUE BOKpPYT MpO-
TSDKEHHOH TOPU30H-
TajbHOU BbIpabOT-
KM U TOI3EMHON eM-
koctu npu p = 0,
NpUXOOUM K clle-
IYIOLIUM BbIBOJAM.
MaxkcuManpHas KOHLUEHTPAUKs HanpsKeHUi G, Ha KOHType

€MKOCTU MeHbllIEe U cocTaBiseT 1,5g, B TO BpeMs Kak Ha KOH-
Type NPOTSKEHHOM BhIPaOOTKH O = 2¢. B NpuUKOHTYpHOM Mac-
CHBE EMKOCTH pa3mepbl OONIACTH MOBBILLEHHOW KOHLUEHTPALUH
HanpsOKEHUH O, MEHbLUE, YeM B NPUKOHTYPHOM MAacCCHBE IPO-

TSOKEHHOUM BbIpabOOTKU NMPU OAMHAKOBOM Ry. PaguanbHbie cme-
LIeHUs] KOHTYypa EMKOCTH B [IBa pa3a MEHbLUE, UeM CMELLIEeHUS
KOHTYpPa NMPOTS)KEHHOU BBIPaOOTKHU C TAKUM K€ paauycoM Ro
B npoxoake. [IpuBeneHHbIe BbIBOABI HATIALHO WILIIOCTPUPY-

10TCs TpauKaMy Hanpsukenuit 6, 6, (puc. 2.27, a) u cmeLle-

Hu u (puc. 2.27, 0), rae HaNpsOKEHUS U CMELLEHUs BOKPYT
NPOTSAXKEHHON BbIPAOOTKHU MOKA3aHbl MYHKTUPOM. Takum 00-
pasoM, ONpeneibHOe HaNpsiKeHHO-IehOPMUPOBAHHOE CO-
CTOSIHME NTOPOAHOrO MaccHBa BOKPYT MOA3EMHOH €MKOCTH, 4
Taxxe J1o00H Apyroit BeIpaOOTKH KaMepHOro tuna obdecne-
yuBaeT ee Oosee BLICOKYIO YCTOMUMBOCTBL MO CPABHEHUIO C
NPOTSAXKEHHOU BbIPaOOTKOM NPU NPOYMX PABHBIX YCIOBHSIX.
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PaccMOTpUM BIIMSIHUE TEXHOJIOTHYECKOH HEOIHOPOA-
goctu Buma (2.23) Ha pacnpencneHyde HANPsLKEHUW U CMe-
LIEHUH BOKPYr mnoA3eMHbIX emkocTed. IIpu coopyxenun
eMKOCTe TOPHBIM crocoboM ¢ npuMeHeHueM OypPOB3PbIBHBIX
pabOT NMPHUKOHTYPHBIA Maccus Oyner ocnaliieH TpelMHaMHK,
T. €. OyIeT UMETb MTOHMKEHHBIA MOAYIb AePOpMAalLMK, YTO CO-
otBeTcTBYET @ > 0 B popmyne (2.23). B cnyyae uCnonb30BaHus
KkaMy(IETHBIX B3PBIBOB B MJIACTUUYHBLIX [JIMHAX MPUKOHTYP-
Hbli MAacCHB YIMJIOTHAETCA U pacrnpenencHue monynas nedop-
MallM¥ MOYKHO NPeACTaBuTh B BUe (2.23), rae cienyer nojo-
#HuThb a < 0. Mcnonp3ys noCcTaHOBKY NpeAbIAyLUeH 3aaauu, HO
YUUTBIBasi TEXHOJOTMYECKYI0 HEOOHOPOAHOCTh Buia (2.23),
B KOHEYHOM CYeTe 3aluLIeM KOMIIOHEHTbl MOJHBbIX Hamnps-
KEeHUM:

n+3-3ar™ 1
o, =q+(P-Q)———
n+3-3a r

n+3-3a(n+Dr" 1
n+3-3a 273’

0 =T = Tgp =0 (2.81)

10

1)

0=0,=9-(p—9)

CooTBeTCTBYIOILHE KOMIMOHEHThI Aeopmaumit 1 paau-
AJIbHbIE CMELLEHHs! 3aMMCLIBAIOTCS TaK:

__3p-q¢) n+3 1

gg =g, =——
o Te o AE n+3-3ar®’

(2.82)

_3g-p) n+3 1

U —
4E n+3-3ar’

(2.83)

Ha puc. 2.28 nocrpoens rpaduku pacnpeneneHus Ha-
NPSOKEHUH G, 6, ¥ CMELICHHIl U B OKPECTHOCTHU ChepuvecKoi
EMKOCTH NpU COOPYXKEHUH €€ TOPHBIM CIOCOOOM C MpUMEHe-
HUEM OypoB3pbIBHBIX paboT, KOTAA BONM3HM KOHTYPa MacCUB
MMEET MOBLILIEHHYIO AedopMUpyeMOCcTh Buma (2.23) ¢ mapa-
MeTpamu n = 6, a = 0,85. 3pmech e MYHKTHPOM MOKA3aHO
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a 4 o/q Puc. 2.28 Tpaduxi pac-
MpeeyieHHs] Hanpsixe-
Hai (@) M CMeteHUi]

s (6) npn JonpenemioM

™~ X nedopmupoBaHnl Tno-
~
1,0} == POIUMOr0 MaccHBa BO-
/’ s - 3, > It Y
L Kpyr cepryecKoii eM-
; # g KOCTH, COOPYKACMOK
. —{> E— "= 1I'OPHBIM CII0OCOOOM € TTPH-

MCHEHUEM  OVPOB3PLIB-
HBIX padoT

pacnpeneneHsye Ha-
NPSLKEHUH ¥ cMeLe-
HUIl B OOHOPOILHOM
NTOPOAHOM MAcCHBe,
HanpuMep B OKPECT-
HOCTH €MKOCTH, CO-
OpyXxaemol B co-
JISHOM MAcCCUBE Bbl-
lwenaunBaHueM. AHanu3 rpaUKOB ITOKa3bIBAeT, UTO Hapy-
LIEHHE MPUKOHTYPHOTO MAacCHBAa B3PLIBHBIMU paboTamMu U
CHUKEHUE ero neopMUPYEMOCTH NMPUBOAUT MpPEXIe BCErO K
KA4YeCTBEHHbIM H3MEHEHMSM B DPAacCHpEeIeneHUH HANPSKEHUH

0,, M4KCHMYM KOHUCHTPALKUH KOTOPBIX CABHTACTCS B FJ'Iy6I>

maccusa. [Ipu 3TOM CMeleHUS MOPOAHOrO KOHTYPA YBEIHYH-
BAIOTCS, YTO CHUKAET YCTOWUHBOCTb EMKOCTH M YBETMYKUBAET
Harpy3ky Ha Kpenb U3 HaOpbI3rOeToHa, koTopas OOBIYHO
MPUMEHSETCS [UISl MOBBILIEHUS YCTOHUYHBOCTH €MKOCTH. Eciu
YUUTBIBATH TAKXKE CHUKECHHE TEPMETHUHOCTU €MKOCTU B Tpe-
IUMHOBATOM NOPOJHOM MAaCCHBE, CTAHOBSTCS OUYEBHUIHBIMH
IKCTINIyaTALMOHHbIE PEHMYILECTBA NOA3EMHbBIX €MKOCTel, co-
OPYXKAaeMbIX B COJSHBIX MACCHBAX BbILLIEITaUYHBAHHEM.

Ha puc. 2.29 noctpoeHbl rpauky pacrnpeliesieHus Ha-
NPSUKEHUN Gy, G, U CMELUEHUN 1t B OKPECTHOCTU CHepHUECKOid

€MKOCTH TPH COOPYXKEHHM €€ C TOMOLIBLI0 Kamy(neTHbIX
B3PBIBOB B TJIMHHUCTOM MAacCCHBE, UYTO BbI3bIBAET CHUKEHHE
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Puc. 2.29. Tpaduut pac- 9 o/q
npeCTIeHHsE  HAMPsKe-
puit (@) B cMeleHHH
(6) TIpH HOTIPEIETHHOM
AepopMHPOBALIII TI0~
POJIIOLO MACCHBA BOK-
Py cepHIECKO eMKO-
CIH, COOpYXRaeMoH ¢ [10-
MouILIO  Kamy(ietiio-
1'0 B3pbIBAHILL

nepopMUPYEMOCTH
MPUKOHTYPHOTrO Ma-
ccuBa MO 3aKOHY
(2.23), rtoe n = 6,
a = —-1,0. Ha stom
K€ pHUCYHKe [Uis
CpABHEHMA IMyHKTH-
POM MOKA3aHO pac-
npenesieHne Hanps-
JKEHUH U CMELEHHH B OJHOPOIHOM COJISIHOM MAaCCHBE NMPH MC-
[MOb30BAHMKM MOA3EMHOrO BbileTaYMBaHHUs. JIerko BHUIETH,

HTO KOHUEHTpAUusd Haﬂpﬂ'}l\'eHHﬁ G, Ha KOHTYpPE €MKOCTH B

NEPBOM Ciiydae BbILIE, a paavalbHbLIC CMEIICHHSS HHXKE. le/l
HEZOCTAaTOYHOM ITPOYHOCTH TIMHHUCTOrO MacCyBA NOBBILLICH-

Hast KOHUECHTpaUus Hanpﬂme}mﬁ G, Ha KOHTYpC €MKOCTH

MOJKET NPUBECTH K [OTEPH €€ YCTOUYMBOCTH, M B 3TOM CMbIC-
J€ TEXHOJIOTHS TNOA3EMHOrO BbILIENAUYMBAHUS OKa3biBaeTCs
Gonee nmpennoOYTUTENLHOM.

Takum obpa3om, U3NONKEHHBIE BbILIE OCOBEHHOCTH T€O0-
MEXaHUUYECKUX MPOUECCOB AOMPEALNbHOrO aeopMUpOBaHUS
NOPOIHBIX MaCCHBOB BOKPYT MOA3EMHbBIX €EMKOCTEH B onpese-
JIEHHOH CTEMEeHH MOXKHO PACMPOCTPAHUTHL HA TOPHBIE BbIPaA-
GOTKM 1 noa3eMHbBIE COOPYKEHHS KAMEPHOTO THNA NPH CPaB-
HCHUH HX C NPOTSKEHHBIMM BbIpAaOOTKAMHU. DTH BBIBOABI Ka-
CaloTCa npexne Bcero oOLIEH TeOMEXAHMUECKOH CHTyauluH
BOKPYT BbipabOTOK KaMEPHOro THMA, KOTOpas ofecrneunBaet
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1X OONbIIYIO YyCTOUYMBOCTD MO CPABHEHUIO C MPOTSKEHHBIMU
BbIpaOOTKAMH MpU MPOUYUX PABHBIX YCIOBUAX (OAMHAKOBLIE
TJIyOUHB] 3aJI0KEHHs, MEXAHHYECKHE CBONCTBAa BMELLAIOLHX
NOPOJ, MIOMIAAb MONCPEYHOTO CEUeHUs U AP.).

2.3.2. I'eomexannvecKue npouecchl
3anpenesibHoro aeopmupoBanus
U pa3pyLueHust
ConocrapieHre NPOYHOCTH TOPHBIX MOPOJ HAa KOHType
BbBIPAOOTOK KaMEPHOTO TUIA ¢ AEUCTBYIOLIUMM HanpsKeHUs -

MU O, HC MOXCT CIYXKUTb NOCTATOYHBIM KPHTCPUEM HX YC-

TOWUUBOCTH. Kak U B ciiyyae MpOTSIKEHHBIX BbIPAOOTOK, MiIs
3TOrO HeOOXOAMM aHaNU3 MPOLIECCOB 3aNpenenbHOro aedop-
MHUPOBaHMS ¥ pa3pylUeHHUs NTPUKOHTYPHOTO MAacCHBa C OIpe-
JISIEHUEM TIONIOXKEHUs TPaHMLl pasgena Mexay oOJacTaMu
Pa3IMYHOrO TEOMEXaHMUYECKOTO COCTOSIHUS TOPHBIX MOPOJI
(cM. moppaza. 2.1.3). UToObl OUEHWTH BJIMSHUE MPOLIECCOB
pa3pyluieHus NPUKOHTYPHOTO MacCHBA Ha YCTOWUYMBOCTb BbI-
paboOTOK KaMEPHOIrO TUMA, PACCMOTPUM pPELUCHUE 3a1auu MJIs
NOA3EMHOM cheprteckoil EeMKOCTH B CleaylolIeld MOCTaHOBKE.
YcaoBue NpenenbHOro COCTOSIHMS MPUKOHTYPHOT'O MAcCCHBA,
COOTBETCTBYIOLIEE HAYAILY €rO Pa3pyLIEHUs, UMEET BUL

c,-(2r+1)o, =0, (2.84)

roe A =sin p/(1-sin p); p — yrom BHYTPEHHETO TPEHUs TOP-
HbIX mopoa. IIpu pa3pylueHHN TOpHbIE NOPOAbI MEPEXOsT B
COCTOSIHUE OCTATOUHOU MPOYHOCTH:

o,-(2A+1)o, = o, (2.85)

rae G, — OCTaTOYHas NPOYHOCTb TOPHBIX MOPOA Ha OJHOOC-
HOoe cxaTtue. B mopomHoM MaccuBe oOpa3ytoTcs OBe Xapak-
TepHble 00IaCTH Fre€OMEXaHHYECKOTO COCTOsIHMA: | — obmacTb
JonpenenpsHoro AeopMUpPOBaHUS TOPHBIX nopoxd; 2 — ob-
JACTh pa3pylUeHUs, MPUMBIKAIOWAsl K KOHTYpY BbIpabOTKU H
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yMmerollas TPaHULy pasferna 7, ¢ o6JacThio NONPENeNbHOTO
nedopMupoOBanus (CM. puc. 2.9).

Jlns peleHHst 3a3auyd MOJXXHO BOCHOJB30BATbLCS METO-
JaMM TEOPUH MPeAebHOrO paBHOBecusi. B obnactu paspylue-
HUS, OMPENETIUB IOCTOSHHYIO MHTETPUPOBAHUS U3 IEPBOTO
IPAHUYHOTO YCHOBMA (2.77) Ha KOHTYPE €MKOCTH, 3amnMChiBa-
€M KOMITOHEHTbI NOJIHBIX HANPKEHUH:

o =| p+u s So
P 0

Gy =0,=2r+1) p+ j
=0.

Tlﬂ =

(2.86)

KoMNOHEeHTHI MONHbIX HanpsikeHud B obmactu gonpe-
JIENMBHOTO AeOPMUPOBAHUS ONPENESIOTCS PU BTOPOM Ipa-
HUYHOM ycnioBuM (2.77) B rnyOrHe MaccuBa:

Gr:q+_3l, Gezcw:q— T,.=7T '—'Te(p——'(). (2.87)
r

A%l Q

1
2r*’
ITocToannyio unTerpuposanust C, HaXOOWM, NOACTABHB
KOMIIOHEHTBI HanpsikeHuH (2.87) B ycnoBHe npenesnbHOro co-

crosiuus (2.84), KOTOpPOE OOMKHO BBINOJHSATLCS HA TPAHULE
pasnena r,. B utore nonyuum:

F——x Lt =1, =1, =0. (2.88)
24 +3) P70 e 0
Hanee onpenenseM KOMNOHEeHTh! nedbopMmauuil U pamnu-

anbHbIE CMELIEHUs] B OONAacTH AONPeAenbHOro nepopMuposa-
HUS:
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3 4Ag+206_ +
_"__X_q_ml_o (2.89)

" 4E  40+3

Beipaxenue (2.89) OyneT cnpaBeuTMBO TakKe B 00nacTu
paspyLieHusl.

Koopaunaty r, ompenenum, NpUpaBHUBAs HaMPSKEHHs!

G,, onpeaenseMblie BeIpaxkeHusMHu (2.86) u (2.88) Ha rpaHuLe
paspgena:

3g-20, o, |_ 2 “*

n,= — ] . (2.90)
41 +3 20 ) 20 +o,

ITocTpoeHHOe pelueHHe COOTBETCTBYET MpOLEccaM pas-
PYLIEHUsT BOKPYT MOJ3EMHBIX €MKOCTEH B WIACaIbHO-XPYNKHUX
NOpOoAHbIX MaccuBax. Ecimu B pesynbTaTe pa3pylleHus NMpU-
KOHTYPHOTO MacCUBa €ro NMpOUYHOCTb OCTAETCSl HA MpPEKHEM

YPOBHE, T. €. G, =0, YTO COOTBECTCTBYCT reOMEXaHHUUYECKON

MOOCIH HUACAJIBHO-IUIACTHYHOTO MacCCHBad, KOOpOWHaTa rpa-
HHULBLI pas3aeina ONpeaeasaeTCa 1o BhIPaXXEHUIO!

3g-2 i
r,=|| 24220 T |2 . (2.91)
: 40 +3 20 f 20 +o

CoOOTBETCTBYIOLIME BBIPAXKEHUs [UIsl HANpSIKEHUH U
CMeLLEeHMI Toyunm u3 (2.86), (2.88), (2.89) npu 6, =0 __.

JU1st conocTasnenus 3TUX ABYX pelleHui Ha puc. 2.30, a
TIOKa3aHbl JMIOPbl PACIPEENEHUs] HANPSAKEHUN BOKPYT MOJ-
3eMHbIX €MKOCTEH B UII€ATbHO-XPYNKUX (CIIOLUHBIE IMHUN) H
UACANbHO-TUTACTHYHBIX (TYHKTHPHBIE JMHUM) NOPOAHBIX MaC-
cuBax, a Ha puc. 2.30, & — COOTBETCTBYIOILIHME 3MIOPHI pPaAU-
AJIbHBIX CMELUEHUM. PacyeTsl BBIMOMHEHB] IIPH TEX XK€ WCXOH-
HBIX JaHHBbIX, YTO M VISl MPOTS)KEHHbIX TOPHBbIX BbIPabOTOK
(cMm. puc. 2.10). M3 aHanusa rpaduxoB Ha puc. 2.30 crmeayer,
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Puc. 2.30. Tpaduxir pac-
ApeseIeHHs HATIPsKE-
LT () M cMeIneH I (0)
[Py 3aNPEIeIbHOM TIe-
(popMHPOBAHHHI H Pa3-
PYIICHIH  [TOPOJHOTO
MaccuBa BOKPYL cde-
pUYECKOH eMKOCTH

4TO B XPYIKO pa3s-
pyLIAOLWMXCA  I1O-
POIHBIX MaccuBax
pasmepbl  00iacTu
paspylUeHHs U CMe-
ILEHMsT KOHTYpa 6o-
AblIe, YeM B HIe- .
aNbHO-TITACTHYHBIX . ‘} -
maccuBax. OTtcrona '
YCTOHUYMBOCTD MOA-

3eMHBIX E€MKOCTEeH
YMEHbLIAETCS IO MEPE YBENMUYEHHS CKNOHHOCTH BMELLAOLIMX
MacCHMBOB K XpynkoMy paspywenuro. CraenoBaTenbHO, MOA-
3eMHbIE EMKOCTH B OTHOCHUTEIbHO MIACTUYHOM COJIAHOM Mac-
CHBE JODKHBI UMETh MOBBILIEHHYIO YCTOHYHBOCTh. Kpome To-
ro, npu conocTasnenuu puc. 2.30 u 2.10 obuapyxusaerca 60-
Jiee BBICOKAs yCTOWYMBOCTL MOA3EMHBIX €MKOCTSH, @ TaKXKe U
IApyrux BbIpabOTOK KaMEPHOrO THIMA, MO CPABHEHWIO ¢ MpO-
TSOKEHHBIMU TOPHBIMU BbIPaOOTKAMH NIPH MPOUYUX PABHBIX YyC-

JOBUSAX: pa3Mepbl 0OJacTel paspylueHus 7;,, MaKCUMasibHas

KOHUEHTPALMs HANPSDKEHUH G, W pagHalbHbIC CMELUEeHHs U

BOKPYT NPOTSXKEHHBIX TOPHBIX BeIpaboTOK Beerga Oomnbuie.
Orcropa Gymyr Gonblie MpeneibHble YPOBHU HaYaIbHLIX Ha-
NPSKEHUH g, MPU KOTOPBIX OOpasyroTcss oOmacTn paspyiue-
HHUs, a clegoBaTeNbHO, U KPUTHYECKHE TTyOHHBI 3aI0KEHUS
NOIN3EMHBIX €MKOCTEH, COOTBETCTBYIOLIHME MMOTEPH MX yCTOM-
4uBOCTH. MHbIMM ClOBaMu, NpU NPOYMX PABHBIX YCIOBUAX
NOI3eMHbIe C(hpeprUUecKHe eMKOCTH M Ipyrue BbipabOTKH Ka-

’
MEPHOTO THIIa MOXHO COOPYXXaTh Ha GONbLIKX IiTyOUHAX, YeM
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€MKOCTH LUWIHMHAPHYECKOH (POPMBI, HE Omnacasch NOTEPU HX
YCTOMYUBOCTH.

K ananoruunsiM BoiBogaMm npuxoasat B.D. Koienes u
A.M. JIuHbKOB, pelias MOJMSPHO CUMMETPUUYHYIO 3a7auy [UIs
cepuueckoi MOJIOCTU VISl PA3TUYHBIX 3HaueHuit E=M /E,

rae £ — monyne nepopmauuu, M — Momynb crnana, ¢ y4eTOM
JMJIATAHCUU FOPHBIX NOPOA. Brile Oblsin NpOoaHanu3upOBaHbl
TOJIBKO TNpeAeNbHBbIE CIy4yau 3TON 3adavyu: HAcaIbHO-IUIAC-
TUYHBIH Maccus (§ = 0), noeanbHO-XPyNKHH Maccus (§ — o).
He npuBons perieHus: ynOMsSHYTbIX aBTOPOB, OOpaTuMcsi K
aHaJIM3y ero pe3yiabTaToB. PaccMOTpUM npenenbHblil YPOBEHb
HaYyaNnbHbIX HANpPsHKEHUM B MacCUBe, WM TaK Ha3blBaeMYIo
KPUTHYECKYIO HArpy3Ky ¢, COOTBETCTBYIOLLYIO OTEPU YCTOM-
4UBOCTH BeIpaboTku npu o, =0. Hmxe npuBoaurcs comnoc-

TaBJ€HUE OTHOCUTENILHOU KPUTHYECKOU HArpy3ku ¢/C_ 14

NPOTSKEHHOU U cepHuyeckoi BLIPabOTOK B 3aBUCHMOCTH OT
BEJIMYUHBI Tapamerpa & mpu MPOYMX PaBHBIX YCIOBUSAX!

€ e aeeaas 0,0 02 04 1,0 40 6,0 10,0
q/c,, M BRIpabOTKH:
OPOTKENIOH ... 1,49 1,15 0,91 0,70 0,56 0,54 0,53
chepHIECKOH .. .veerereenee 2,37 1,73 1,31 0,97 0,75 0,73 0,70

Takum oBpa3oM, KpUTHUECKHE HATPY3KH I chepuye-
CKOH BBIPaOOTKU BbILUE, YEM AJIs NPOTSKEHHON: MPUMEPHO B
1,3 pa3a nmpu Gonblunx 3HadeHusx & u B 1,6 paza npu MasbIx
3HAYEHUSX &. VYBelIMueHHWe [UIaCTUYHOCTH TOPHBIX MOPOX
(yMeHbLIeHUe mapamerpa &) NPUBOAUT K YBEJUUEHUIO YCTOM-
YUBOCTH TOPHBIX BbIPAOOTOK: KPUTHYECKas Harpyska Ipu
ymenbluennu & ot 10,0 1o 1,0 yBenuuupaercst 6osee ueM B TpH
pasa. CnenoBaTenbHO, aBTOPB! MPUBEACHHOTO PeLUEHHUs NPU-
XOOAT K AHAJOTHYHBIM BbIBOAAM: YCTOWUHMBOCTb KaMEPHBIX
BbIpabOTOK BBILLE, Y€M MPOTSKEHHBIX, NPH MPOYUX PABHBLIX
YCIOBUSIX; YCTOMUYMBOCTb BbIPAOOTOK B MIACTHYHBIX NMOPOA-
HbIX MacCHBax Bbill€, YEM B XPYNKO pa3pyLUIAOLUXCA.
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2.4. TEOMEXAHUYECKHE INPONECCHI
B3AMMOJENCTBUS MACCUBOB
I'OPHLIX ITOPOA
C NO/IBEMHBIMH COOPYKEHUAMMU

2.4.1. YCTOMYHBOCTb MOPOAHBIX OOHAKEHHIH

[eoMexaHUUECKHUE MMPOLECChl, BO3HUKAIOUWIME B MOPOA-
HBIX MacCHBaxX NP BEASHUHU TOPHbIX padoT, MOTYT peaiu3o-
BbIBATbCS B BUIE OOpYLIEHUH MOPOA B BbIpabOTKY, upe3Mep-
HO OOJBILMX CMELUEHUH €€ KOHTYpa, a TakXe AMHAMHUYECKHX
SABJIEHUM.

Ha craguu npoekTUpPOBaHMs AJis OOOCHOBAHHOTO BbI-
Gopa crnocoOOB M CPEACTB NPENOTBPALUEHHUS] 3TUX sIBIICHUH
HeoOXomuMa MNPEABApUTEIbHAs OLEHKA CTENeHHW pPa3BUTUS
reoMeXaHH4yecKUX IpPOLIECCOB B KOHKPETHOM reoMexaHuuye-
ckoil obcraHoske. MHBIMU ca0oBaMu, OIS TOTO 4TOObI, Ha-
IIpUMep, NPABUIILHO BLIOPATb TUIN KPEMHU, €€ KOHCTPYKLHIO,
HECYUIYIO CIOCOOHOCTh, HEOOXOANMO 3HATh r€OMEXaHHYECKOe
COCTOSIHME KOHTAKTUPYIOLUMX C Hel MOPOM (pa3pylUeHHOe WU
HEepa3pyLIEHHOE), pa3Mepbl BO3MOXHBIX Ppa3pylLUeHUH, cMe-
LUIeHHs MOPOAHOIO KOHTypa M ap. Takoe mpoOrHosmpoBaHue
reOMEeXaHNUYECKOrO COCTOSAHUSI MOPOAHOIO MAacCHB4 B F'OPHO-
TEXHUYECKOH JINTEpaType MOJYYHJIO Ha3BaHUE «IIPOrHO3UPO-
BAHUE YCTOHYMBOCTU MOPOAHBIX OOHAXKEHUU» WU KIPOTHO-
3UPOBAHHUE YCTOHYMBOCTH HE3AKPEMJIEHHBIX BBIPaOOTOKY.

ITonsTHe yCTOWUYMBOCTM HE3aKPEMIEHHOU BbIPAOOTKHU
CIEAYEeT OTIMYATh OT IPYTrOTo, YacTO BCTPEUAIOLLETOCs B JIM-
TEPaType MOHSITUSL — YCTOMYMBOCTb TOPHOH BbIpabOTKH (MOA-
3€MHOI'O COOPYXEHHS), KOTOpOe sBisieTcs Oonee OOLUM U B
OCHOBHOM MCNONb3YETCs IUIS XapaKTEPUCTHKU YCTOMYMBOIO
COCTOSIHMS 3aKPEIJIEHHbIX BbIPabOTOK.

B reomexanuke nox yCcTOMYHMBOCTBHIO HE3AKPEIUIEHHOU
BbIPaBOTKM (MMOPOAHOTO OOHAXKEHUS) MOHUMAIOT CNOCOOHOCTH
OOHaKaeMbIX TOPHBIX MOPOJ COXPaHATb GOPMY M pasMephbl
BbIPAOOTKH, 3alaHHBIE AO YCIOBUSM HOPMAIbHOU 3KCIUTyaTa-
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uuu. Iloreps yCcTOWUMBOCTH OKpYXaroulero BbIpabOTKY MMO-
POAHOTO MaccuBa MOJXET MNPOSBISATLCS B BHIOE BbIBANOOO-
pa3oBaHus B CBOAE BbIPAaOOTKM, pa3pyLICHHs NMOPOI MO BCe-
My €€ MEepUMETPY, a TakKe B BUIE OONBLINX CMELIEHUH KOH-
Typa BbIpadOTKU Q€3 BUAMMOTIO HAPYLUEHUSA CIUIOUIHOCTH
nopoA.

M1 OueHKH yCTOMYMBOCTH NOPOAHBIX OOHA)KEHHH HC-
NOJIB3YIOTCS CleLUaNbHble KPUTEPUHM, OCHOBAHHBIE HA pas-
JIMYHBIX TUNIOTE3aX peaIn3allui reOMEXaHMYeCKUX MPOLIECCOB.
Opxum u3 HauboJee PACIPOCTPAHEHHBIX MOAXOAOB MpHU Hop-
MUPOBAHUHU TAKUX KPHUTEPUEB SBJISIETCS YCAOBHE MOCTHKEHHS
MAaKCUMaJbHbIMU HAMPSKEHUSMU, OCHCTBYIOIIMMH Ha KOHTY-
pe BrIpaOOTKHM, NPEHENbHBLIX sl OaHHBIX MOPOJ 3HAYEHUUH
(MpOYHOCTHOMN KPUTEPHUM YCTOMUUBOCTH).

[IporuosupoBanue yCTOHUYMBOCTH B OOLIEM Cllydae CBO-
JIUTCS K MPOBEPKE BBHITIONHEHUS CIEAYIOWErO YCAOBUS:

[Gx] < O (2.92)

rje O, — IJIaBHOE MAaKCUMAaNbHOE HANPSKEHHE, IEHCTBYOLIEE
HAa KOHTYPE HE3aKPEMISHHON BhIPAGOTKH; O, — MPOUYHOCTH
BMEILAOLINX IOPOI Ha OAHOOCHOE CXKATHE O, UIIM PACTsNKE-
HUE G, B 3dBUCMMOCTH OT XapaKTepa ASHCTBYIOLIEro IMaBHOTO
MaKCUMAallbHOTO HANIPAXKEHHUS O,

PaznuuHbie BapHAHTHI JAHHOIO yCHOBUsS CBA3aHbl 1udo ¢
YTOYHEHUEM BENMUYMH O, U O, U YETO UCIOML3YeTCs Lenas

ILIIy

cuctema KO3(P(PUUUESHTOB, MNO3BOIAIOMIUX YYECThb BIWSHUE
PAa3JIM4YHBIX TOPHO-T€OJIOTMYECKUX U TOPHOTEXHUUECKHX (Pak-
TOPOB Ha KOJIMYECTBEHHYIO OLEHKY CTENEeHH YCTOHYMBOCTH
(Hanpumep, IUTACTUYECKHE W PEOJOTMYECKHE CBOMCTBA TOp-
HBIX NMOPOI, TPELMHOBATOCTb, CIIOUCTOCTh, (POPMY MONepey-
HOTO Ce4YeHHUs BbIPAOOTKH U T. I1.), TMOO C PasNUUHBIM CIOCO-
OOM CpaBHEHUs HAIPSKEHUH M MPOUYHOCTHLIX XapaKTEPHCTHUK
nopox (B OOHOH TOYKE WJIH 110 BCEMY KOHTYPY).
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[Tpu BBINOJHEHUH YCIOBUA (2.92) nopoaHoe oOHa)eHue
knaccuuUMpPyeTCs Kak ycTonunsoe. HeBbinonHnenne NaHHOTO
yCIOBHA CBA3AHO ¢ OOpa3OBaHHEM B OKPECTHOCTH BLIPaOOTKH
061acTH OPEISNbHOTO PAaBHOBECHS, H MOPOJHOE OOHAXKEHHE
cypuTaeTcs HeycToluuBbiM. Ha Gasze aroro ycioBust paspabo-
TaH psd YHCIIEHHBIX KPHTEPHEB, NO3BOJISAIOIIMX KIACCU(PHUIIN-
poBaTh MOPOAHbIE OOHAKEHHS 1O CTENEHH YCTOHUHBOCTH.

B ropHOTEXHHYECKOH IMTEpaType AOCTATOYHO LIMPOKOE
pacrnpoCTpaHeHNe NOMyYus KPUTEPUA BUAA

k=11 (2.93)
()

[7e

rae Y — YAENbHbIN BEC TOPHBIX MopoAd; H — riayOuHa 3ajoxe-
HUsl BbIpaOOTKH.

Cratuctrdeckas oOpaboTka JaHHBIX O COCTOSHUM TOp-
HbIX BhipaboTok IleHTpanbHoro paiiona Jonbacca, akcnmnya-
TUPYeMBbIX O€3 KPenu, MO3BOIUIIA YCTAHOBUTD YHCIICHHBIE 3HA-
YeHMS! ITOrO KPUTEPUSI, XapAKTEPU3YIOLIHE CTENEHb YCTOHUUBO-
CTU NOPOAHBIX OOHaxeHu. Tak, npu 3HaueHusx K < 0,1 cocro-
siHHe BbIPaOOTKH CUMTACTCS YCTOWUMBBIM, Npu 0,1 < K <0,24 —
CpenHEeyCTONYMBLIM, a npu K > 0,24 — HEeyCTOUUYUBBIM.

Ilpy npoekTHpOBaHNM KpeTiel TOPU3OHTANbHbBIX TOPHBIX
BeIpaboTOK m71s ycnoBuil KysHeukoro Oaccelina ycrneuHo uc-
none3yerca paspaboranuelii B KysHIMmaxTocTpoe xo3d-
quumenT ycroitunBocTH:

M

o,
= (2.94)
kkykyyH
TAe G - CPeJHEeB3BELLEHHBIH NpeieNn NMPOYHOCTH TOPHBIX
NOpoJ, nepecekaembix BhIPaOOTKOWH B Maccube; Kk, — K03d-

buuMeHT KOHUEHTpauuK HaNpsKEeHHH HA KOHType BblpaGoT-
KW, ONpenensieMblid B 3aBUCUMOCTH OT ee opMbl o Ttadi. 2.5;

k, — KO3 GULNEHT BIMSHUS CMEXHBIX BbIPabOTOK; ky —

KO3 pULUMEHT BIMAHMS OYMCTHBIX PaGoT. IS OOMHOYHBIX
BbIpabOTOK BHE 30HBI BIHAHUA OYHUCTHBIX paGoT k,=k,=1.
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Tabauya 2.5

QopmMma ceHeHHs OTHOLLIEHHE INHPIIHbL k
BbIpaboTKIl BLIPaOOTKII K BLICOTE L

Kpyrosas — 2
Cponuaras — 2,5
[Ipsmoyro/bHas 1:1 2.8
TpanenuesuHas 2:1 3,2

Ilpu n > | KOHTYp He3aKpeIUIeHHOH BbIPAaOOTKH OLEHU-
BaeTCA kak ycTouuuBbild, npu 0,7 < n < 1 reomexanuyeckue
IIpOLIECCHl Peanu3yoTcs B GopMe BbIBaI00Opa3OBaHuUst B CBO-
ne. B nuanasoue 3Havenuit 0,2 < n < 0,7 BOKpYr BbipaboT-
KU oOpasyercs 00J1acTh pa3pyLUEHHBIX TOPOA.

CnenyeT OTMETUTh, YTO MPOYHOCTHBIE KPUTEPHUH, OCHO-
BaHHBIE HA YCIOBUU BUAa (2.92), npH Bcel CBOEH MPOCTOTE U
SCHOCTH (PU3NUECKOTO CMbICIA, HE JIMLLIEHB] HENOCTATKOB.

Bo-nepBbIX, caMa uHTeprperauus ycnosus (2.92) kak
YCIOBUS YCTOWUWUBOCTU [OPOAHOTO OOHAXKEHUA, CTPOrO To-
BOpsl, HE COOTBETCTBYET €ro (aKTHYECKOMY COIEPKAHHIO.
Ycaoue (2.92) — 3TO yCnOBHE NPOYHOCTU KOHTYPa He3akpe-
TIEHHOI BbIpaOOTKH B (PMKCUPOBAHHOW TOUKE M HE SBISAETCH
YCIIOBHEM TPOUYHOCTH MIIM YCTOHUMBOCTH HE3aKPEIUICHHOH
BbIPAOOTKU B LIETIOM.

Bo-BTOpPBIX, MPENNOKEHMST MO NPOTHO3UPOBAHUIO YC-
TOMUMBOCTH HE3AKPENIEHHBIX BIPAOOTOK, OCHOBAHHBIE TOJb-
KO Ha ycnoBuH (2.92), He yUUTBIBAIOT OCOOEHHOCTEH reomexa-
HHUYECKOI'O TIOBECHMsI NMOPOA B 3aNPENelbHOM COCTOSIHUM.
Ycnosue (2.92) mOCTPOEHO HA MOAENM HIAEANBbHO-XPYNKOTO
MAaCCHBA, COMIACHO KOTOPOW Hecylas COCOOHOCTb MOPOBI
MCYEPINBIBAETCA CPa3y MOCHE JOCTUKEHUS HANPDKSHUAAMM G

KPUTHYECKOT'O 3HAUEHHUS O .

Me>1<,ay TEM, KaK NOKAa3bIBA€T MpPAKTHKa, BBINIOJIHEHHC
JAHHOTO YCJIOBHUA HE [IPUBOAUT K NMOTEPE 3KCHHyaTaHHOHHOﬁ
CrocoOHOCTH Bblpa6OTKH, a4 HMEHHO BBINOJHCHHUC HAaHHOIO
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yCITOBHsL HE SIBIACTCA MPEIEIIoM HECYyLIEH CrocoBHOCTH Mo-
poaxoro maccusa. Ilpu paspyuieHuy MaccyuBa NPOHCXOOMT
nepepaclpesieNieHne HanpsuKeHNs, IO3TOMY Hecyluas crnocoo-
HOCTb MOPOJIHBIX MACCHBOB C yYETOM Nepepacnpesesied s Ha-
[pSOKEHUS B PE3YJIbTATe Pa3spyLIeHUs OKA3bIBAETCS BBILLIE, YeM
6e3 yueTa npoLecca paspyuieHus.

U, HaxkoHel, B-TPeTbUX, NOnOOHas NMOCTAHOBKA 3aqayuu
yMeeT OrPaHUUYEHHOE TpakTHUYeCKoe 3HaueHue. [ToscHUM 3ToT
BbiBOA. I[IpOrHO3MPOBaHME YCTOMYMBOCTH HE3aKPEIUIEHHOM
BLIPAGOTKH HEOOXOMMMO Ul NpPEABAPUTENBHOTO PEIUEHHUS
BONpOCa O HEOOXOHMMOCTH KpEIIeHus: BbipaOOTKM ¥ BO3-
MOXHOM THIIE Kpenu (orpaxmarouas, Hecywas 4 T. 1m.). He-
BBIMTOJIHEHHE YCIIOBHS (2.92) TOBOPUT JIMIIL O TOM, YTO pas-
pyLIEHHS JO/KHBI MMETh MECTO, OJHAKO MX BO3MOXHBIE pa3-
Mepbl 3TO ycnoBue He omnpenenser. [locnennee obG¢TosTEND-
CTBO M SIBISETCS PELIAIOLUUM JUlsl IPeABAapUTEIbLHOTO BhIOOpa
CpencTB 1 cnocoOoB nogaepKanus Bupabotku. s ob6ocHo-
BAHHOTO pelIeHUs Bompoca OO yNpaBICHHH TeOMeXaHuue-
CKUMH MPOLECCAMM B MOPOJHOM MAaCCHBE HEOOXOOMMa KOJIU-
YeCTBEHHAst OlICHKA KX NMPOsABICHUH.

[Tosromy aBTOpBI Knaccudukaunit MOpoaHbIX OOHaXe-
HUHA TO CTENEHM KX YCTOWYMBOCTH HILYT KOJIMYECTBEHHBIE
CBSI3M MEXKIy KPUTEpHUEM YCTOMUYHUBOCTH U XapaKTEPUCTHKAMU
NPOSIBJICHHI reOMeXaHHYecKuX nporeccoB. Takumu mposiBie-
HUSIMH TE€OMEXaHHUYECKHUX NPOLECCOB SABISAIOTCS: pasMepbl 00-
Pa3yIOLIMXCsT 30H 3aNpPedesibHOTO COCTOSIHUSI, OCTaTOYHOMU
NPOYHOCTH, PYMHHOIO pa3pyLUEHUs W BeIMYMHA CMELICHHH
NOpONHOTO KOHTypa. [Tomo6HBlN nOAXOA NMO3BOJSET paspa-
GotaTh KIaccupUKAIKIO TOPOIHBIX MACCHBOB MO YCTOWYHBO-
CTH, T. €. 1O CNOCOOHOCTH ODECNEeYUTh HOPMaTbHOE IKCILTya-
TAUMOHHOE COCTOSIHUE HE3AKPEIJICHHON BbIPaOOTKH.

OO0wwmii mpuHUKDI MOCTPOGHHUsS TaKOM KiaccuduKauuu,
paspaGorauneiii U.B. Baknawoseim 1 B.A. Kapro3us, 3a-
KIouaeTes B ciaenyroweM. K yCcTOHYMBBIM MOPOIHBIM Maccu-
BaM OTHOCATCA TakHe, B KOTOPBIX npouecc AehOpMUPOBAHUS
COOTBETCTBYET BOCXOISLIEMY YYacTKy MONHOW AUarpaMmbl
AepopMUpOBanKs, NIPeNENbHOE COCTOSIHHE MOPOJ He TOCTHTa-
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eTcd U oOpylIeHne NMopon B BbIpaOOTKY He HaGmomaercs. K
MaCCUBAM TOPHbLIX MOPOA CpeaHed YCTOWUYHMBOCTH OTHOCSTCS
T€, B KOTOPBIX MOPO/bl NEPeXOsT CHayana B MpeaenbHoe, a
3aTeM B 3anpeaenbHoe coctosHue. [Ipouecc ux nedpopmupo-
BaHUSA COOTBETCTBYET HUCXOASLUEMY YYacTKy NOJIHOH aua-
rpammbl aepopmupoBanus. [loponasl B obnactu 3anpenesib-
HOT'O COCTOSIHMSI YaCTHYHO Pa3pyLUCHbl U CHOCOOHBI K CaMo-
OOpyLIeHUIO TOA BIMSHUEM Pa3fIMUHbIX BHELIHUX (PAKTOPOB
(B3pbIBHBIE PabOTHI, BhIBETPUBaHUE U T. I.). [Topoansiil mac-
CUB XapAaKTEPU3YETCHd KaK HEYCTOWUYMBBLINA NPU YCIOBUU MeEpe-
Xo4a MOpOA M3 3ampedeibHOrO B COCTOSIHUE OCTATOYHOH
npouyHocTd. CHIIBHO HEYCTOWYMBBIM OYIET MOPOAHBIM Mac-
CUB, MepeLleNlINi B MEXaHUYECKOE COCTOSIHUE PYMHHOIO pas-
pyiueHust. [IpvBeaAeHHbIH NPUHLUMUI KIACCH(DUKALMN NPEACTaB-
JIAETCSl MEPCNEeKTUBHBbIM, TaK KaK COBMELIAET B ceOe OLEHKU
YCTOHYMBOCTH BbIPaOOTOK IO NMPOYHOCTH BMELLAMOLIUX [TO-
POA M MO CMELEHUSIM KOHTYpa BrIpabOTOK.

Crnenyer OTMETHTb, UTO MPOUYHOCTHBIE KPUTEPHUHU BHAA
(2.92) umeroT oOWMI HEAOCTATOK, 3AKIOYAIOLUMCST B TOM,
UTO OHUM HE YUMTBIBAIOT IpouUecchl AePOPMHPOBAHUSA MOPOX
3a MPeneroM MPOYHOCTU. B LEemoM JKe MONOXKUTENbHBIA ONbIT
UCTIONb30BaHus kputepus Buna (2.92) B Jlonbacce u Kysdacce
JlaeT NPaBoO Ha €ro NpUMEHEHHE, O YeM CBHUIETENbCTBYET (PaKT
€ro BKJIIOYEHUS] B HOPMATUBHBIE PEKOMEHIAUNH, U3JIOKEHHbIE
B CHull 11-94—280.

JanpHeHIUM pa3BUTUEM KpuTepust Tuna yH /o sBis-

IOTCS. HOPMATHBHBIE PEKOMEHAALUM IO NPOTHO3ZUPOBAHUIO
YCTOMUHMBOCTH BePTUKAIBHBIX BIpaOOTOK. ¥YCTOHUYMBOCTD HE-
3aKPEIUICHHBbIX BEPTHKANIbHBIX BLIPAOOTOK PpPEKOMEHIYETCS
OPOrHO3UPOBATh MO Tabn. 2.6 B 3aBUCUMOCTU OT KPHUTEpPHS
ycToitunBocTt C, onpenenseMoro no popmyse

kok sk K, H,

C= ,
26,3+k,R.,(5,25+0,0056k R, )

(2.95)

rae k. — x03hdUUUEHT, yUnThIBAIOINMI B3BeLIMBAIOLIEE A€H-
CTBME BOAbI Ha YaCTHULbl NOPOJ BOJOHOCHOTO TOPHU3OHTA;
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k , — KO3(QQUUMEHT BO3AEHCTBUs HA CTBON IPYTHX BeIpaGo-
C
toK (WISl MPOTSKEHHBIX YHACTKOB CTBOJA Kk =1, a1 conps-

keHuit kg =15); k — xosdduimMeHT BO3NEUCTBUS HA CTBON
OUUCTHBIX PabOT (BHE 30HbI BAUSHMA OUHCTHBIX paboT A =1);

k, — x03(h@ULNCHT BIANSHNUS BPEMEHHU 3KCIUTyaTallM BEPTH-
KaJbHOM BBIPAaOOTKHU ([UIS LIAXTHBIX CTBONOB KA, =1; ans apy-
I'MX BEPTHKAIbHBIX BbIpaboTok A =0,9); A, — k03 uuMeHT

BIIMSIHUS YIJIa 3aJIETaHNs NOPOA O, TPajayc: Uil TOPU3OHTallb-
HOrO 3ajeranus Kk, =1; B OCTaJbHBIX CIy4asx

1

= 2.96
1+0,5sinq ( )

a

R_ — pacyeTHOe COMPOTHUBIEHHME NOPOAHOTO MACCHBA CXKa-
THIO 1O KOHTYPY BbIpaOOTKU, OMPENENsIeMOe C yUETOM CTPYK-
TYpPHO-MEXaHHUYECKUX ocoOeHHocTel maccusa, MIla; H, = Hk
pacyeTHas riyOuMHa pa3smelleHus BbipabOTkU, M; H — mOpo-
eKTHas riyOMHa pa3MelleHus BoipaboTkH, M; k — koadduum-
€HT, YUMTBIBAIOILMN OTIIMYUE HANPSIKEHHOTO COCTOSHUS MaC-
CHBAa TOPHBIX NMOPOJ OT HAMNPSKEHHOTO COCTOSIHUS, BBI3BAH-
HOTO COOCTBEHHBIM BECOM TOPOJA JO 3€MHOW IMOBEPXHOCTHU
(1151 OOBIYHBIX yCIOBUH k = |; 11 pailOHOB, NOABEPKEHHBIX
TEKTOHHYECKUM HApYyIIEHUsM, k = [,5).

Tabauya 2.6
Kateropis OlleHKa coCTOosIHIA Kpurepuii yeroftunpBocti
YCTOIHIBOCTIT YCTOHYIIBOCTH [TOPOL nopoJ BepTIKAIbHOIT
BoIpaboTkil C
I VYceroitaupoe o 3
I Cpeaneycroiiunsoe Or3mo6
[II Heycroiiunpoe Or 6 10 10
v Ouenb HeycTOUIBOE Boiee 10
Tpuseyanye. Ipit ROK < 2 MIla nopozb! oTHocATes k [V kaTeropuit.




B kauecTBe WIIIOCTPALUMU M3JTOKEHHBIX HOPMAaTUBHBIX
PEeKOMEHIauMii OUEHUM YCTOMYMBOCTbL Y4YacTKa MOPOJIHOTO
MaccuBa BOKPYT BEPTHKAILHOTO CTBOJIA B MHTEPBaje IyOUH
800—1100 M B OOBIYHBIX TOPHO-TE€OJOrMYECKUX YCIOBUSX
(k= 1) mpu cHeayOIUX UCXOAHBIX JAHHbIX: TTyOUHA WAXTHO-
ro crBosnia — H = 1100 M; nuamerp B cBeTy — D = § M; CTBON
nepecekaer B MHTepBane riayouH 800—1100 M rauMHuUcCTBIE U
NECUAHUCThIE CIIaHLbl, UMEIOIHE CPEeHEE 3HAUE€HHEe MPOYHO-
ctu R =475 Mlla; cpennee pacctosHye MEXIY MIOCKOCTAMHU

ocnabnenns — 0,6 M; K. =0,6; yrom 3aneranus nopon— 15°%
CTBOJI HE HCIbITBIBAET BPEAHOTO BO3ACHCTBUS OYUCTHBIX pa-
oort, yyactok 800—1100 M pacnonoxeH BHE BOOOHOCHBIX IO-
PH3OHTOB.

Bxoaswue B dopmyny (2.95) kosadduureHntsl onpene-
UM B COOTBETCTBUH ¢ ykazaHusamu CHull 11-94—80: k =1;

ke =1 ky =1; k =1, k, =0885. PacuerHoe 3HaueHue mpou-

HOCTH mopon Ha coxatue R =475-0,4=19 MIla. Ilo ¢op-
myne (2.95) onpenensem: mis rayGunsr H =1100 M C =9,47,
nns ry6unbl H, =800 m C =6,87.

CornacHo Tabn. 2.6 y4acTOK CTBOJIa B MHTEpBaJe TiIy-
Oun 800—1100 M xapakTepu3yercs Kak HEyCTOMUYMBBIM U OT-
HocuTcs K 11l kaTeropuu nopoa no ycTonunBOCTH.

HecoMHEHRBIM HayYHBIM M MPAKTUYECKUM OOCTHIKEHH-
€M B NPOTHO3UPOBAHUM YCTOHUYMBOCTH MOPOJHBIX MAacCUBOB
BOKPYI TOPU3OHTAJBHBIX BbIPAOOTOK SBWICHA METOH, paspa-
OoranHblit Bo BHMMMH 1 Boweauuit B HOPMbl NPOEKTUPO-
BaHust CHull 1I-94—S80. B kauectBe KpuTEpuUsl sl OLEHKH
YCTOHYHUBOIO COCTOSIHUS MOPOAHOIO MACCHBA BOKPYI T'OPH-
30HTAJIbHbIX BLIPAOOTOK MPUHATHl CMELLIEHH HA KOHType nore-
PEUHOro ceueHUs BbIPaOOTKM 3a BeCb CPOK €€ CIyxKObl IpH
OTCYTCTBUU KPEIH, T. €. B HE3AKPEIIJICHHOM COCTOsIHMH. B 3a-
BUCHUMOCTH OT BEIIMYHHb! OXHIAEMbIX CMELIEHUH NPOrHO3M-
pOBaHHE YCTOMUYUBOCTH NMPOU3BOAUTCA B COOTBETCTBUH C PE-
KOMeHaauusamu tabm. 2.7.
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Tabnuya 2.7

Kareropns OUCHKA COCTOSHUS CMereHHs # KOHTYpa BbhipaOOTKH, MM
yCTOHI- YCTOHYMBOCTH MOPOJT
BOCTH Ocanounble | H3Bep:eHHbIe Corstibie
nopox MOPO/IbI MOPOIbl 10POIbI
(TlecHaHUKH, (TpaHuThl, (kaMeHHas
aJICBPOJINTDI, JHOPHTBI €0J1b, CINILBH-
YIOib U Ip.) Hp.) HHT, KapHaJI-
JIAT ML Op.)
1 Yeroliumnsoe Jo 50 Jo 20 Ho 200
il CpemneycrofiuuBoe | Ceoiiie 50 | Cppune 20 | Comae 200
1o 200 no 100 X0 300
111 Heycroiiunsoe Csriute 200 | Conne 100 | Cepune 300
Jo 500 Jgo 200 a0 500
v Ouenp Heyeroiuisoe | Caeimre 500 | Cepime 200 | Cepime 500

BenuMuuHy CMELIeHUHN u J1S TOPU3OHTANbHbBIX U HAKIIOH-
HBIX BbIPAOOTOK, PACMOMOKEHHBIX B OCAJOUYHbIX U U3BEPIKEH-
HbIX IOPOAAX U BHE 30HBI BIMSHUSI OUUCTHBIX paboT, onpexe-
ISOT 10 popMysie

(2.97)

u=kkyk k ku,

Tae ¥ — TUIIOBOE CMELIEHUE MOPOJ, MM, OMNPENENIEMOE MO
rpaguky Ha puc. 2.31 B 3aBUCUMOCTH OT INIyOHHBI pacnoso-
KeHHs! BbIPAOOTKHM H, M, U PACYETHOrO COMPOTUBICHHS MO-
pon cxatuo R, MIla; k,— k03QpQHLUHEHT BAUAHUA yITIa 3a-

JEeraHus MOPOI M HAMpPAaBICHUS MPOBENEHUS BbIPAOOTKH OT-
HOCHTENIbHO NMPOCTUPAHUS MOPO UJIM OCHOBHBIX MIOCKOCTEH

TPELIMHOBATOCTH, NPUHUMaeTcs no tabn. 2.8; k, —— koaddu-
[¢]

LHEHT HANPaBJIECHUS CMELUEHUI nMopos (€CIH CMELIEHHUs Ofpe-
HEISI0TCA B BEPTHKAJIbHOM HAampaBieHWH, TO B (dopmyne

(2.97) npunumarot k, =1; mpu onpeneneHud CMELEHUA B TO-
PHU3OHTANLHOM HanpaBjeHUH k, NMPUHUMAIOT no Tabdn. 2.8);
k, — xosduumrenT BrusHuA pasmepa BeipaboTku (1 Go-
KOB Bbipabotku k = 0,2(h - 1); gna xpoBmn k, = 2(b - 1));
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Puc. 2.31. Tpaduxy tHHoBoro cMelleHHS NOPOA 4., MM, KOHIYPA Bblpa-
OOTKH B 3aBHCHMOCTH OT MILyOHHBI €€ PACIIONOKCHHSA Hy, M, I PACYCTHOLO
COMPOTHBIICHIE TIOpoj cxathio R, MITa

b — mupuHa BeIpabOTKH B MPOXOIAKE, M; i — BLICOTA BbI-
pabGoTku B mpoxoxke, M; A — KO3(pdULHEHT BO3AEHCTBUA
coceHUX BBIPABOTOK (A OAMHOYHBIX BbIpaboTOK ky = 1,
JUIst APYTUX ciay4yaes ky NPUHUMAIOT B cooTBeTcTBUM co CHull
11-94—80); k, — k03QPHUMEHT BAMAHUSA BPEMEHH BO3BElE-
HMsI KPENU 1, JIeT: mpu ¢ > 15 et k, =1, npu t = 1+15 ner &
NpPUHUMAIOT IO rpadukam Ha puc. 2.32, q, npu < | roxga
— no rpadukam Ha puc. 2.32, 0 Ipu yriax nageHus MOpox
o ot 20 no 50°. Kpome cMelLeHUH B BEPTHKAIbHOM U FOpH-

3O0HTAJIbHOM HANpPaBJICHUAX HGO6XOIII/IMO onpeacaTyb CMe-
HEHHA MO HOPMAJH K HaHJTaCTOBaHI/I‘IOZ

u =u_/cos q, (2.98)

o

TOE i, — CMELIEHUA CO CTOPORBI KPOBIY, MM. ~
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Tabnuya 2.8

OplieHTaLlA Kosddpuurenter k1 k, TIPILYITIAX 3aTIETaHHSA OPOR
BbIPAGOTKH fUTH OCHOBHBIX MJIOCKOCTE TPEHHOBATOCTI O, TPayc
10 20 1o 30 1o 40
ku kO ku k(] k(x k[)
[To npoCTHPaHHIO 1 0,35 0,95 0,55 0,8 0,8

Bkpect npoctpa-| 0,7 0,55 0,6 0,8 0,45 0,95
HHSA
Moy yrooM k opo- | 0,85 0,45 0,8 0,65 0,65 0,9
CTHPAHHIO

Oxonuanue maon. 2.8

OpHeEHTALHS KoadpdhiHeH T ka 11 ko MpH VIVIax 3asIeraHiisi Mopoa
BLIPABOTKII H7IH OCHOBHBIX 1U10CKOCTEl] TPELLHHOBATOCTIL O, Fpajiyc
o 50 o 60 1o 70
ka k() kcc kO k(x k()

Mo mpoctupano | 0,65 1,2 0,6 1,7 0,6 2,25
Bxpeer npocrupa-| 0,25 0,95 0,2 0,8 0,15 0,55
LIS
o yraoMm x mpo-| 0,45 1,05 0,35 1,1 0,35 0,95
CTHpaHHIO

BenuuuHy CMELIEHUH U B COMSIHBIX TOPONax CIASAYET Oll-
penenaTh no gopmyne

u =500 g,b(1+0,070)k,, (2.99)

TIe €, — OTHOCUTENbHbIE AePOPMALIMK ITIOPOX 3a TIePBbIH oA
CnyxObl BelpaOOTKH, OMpeaensemMble Mo rpaduky Ha puc. 2.33;
b — wupyHa BLIpabOTKH B MPOXOJKE, M; ! — CPOK CIYKObI
BbIpaboTKH, JeT; ky — TO XKe, YTO U B popmyie (2.97).

OtHecenyte BbIpaOOTKH K TOH WIIM MHOW KAaTErOpUM yc-
TOWYMBOCTH MPOU3BOIAT MO aGCONOTHOW BETMYHUHE MaKCH-
MaJIbHOrO W3 CMELUEHUN Ha KOHType BhIpaboTke, onpenense-
MbIX nupdepeHUHPOBAHHO B KPOBIE, HOKaX U MOYBeE.
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Puc. 2.32. 3aBucnaMocth ko3ddurenta k, OT BPEMEHH £
a—mnpit t = 1+15 ner; 6 —npi ¢ < 1 roga

B kayecTBe mpuMepa OLEHUMM B COOTBETCTBHHM C yKa3aHMUS-
mu CHull II-94—80 ycTOoHuMBOCTL MOPOAHOrO MACCHBA BO-
KPYT KaUTaabHOMU FOPHOU BbIpabOTKU, COOPYKAEMOU Ha Of-
HoM u3 waxT Jlonbacca, Npy ClemyroLIUX UCXOMHBIX JTaHHBIX:
MarucrpanbHas BbIpabOTKa IUIOIHanbio ceyeHus s = 11,2 M2 (b =
=4,5M, h = 3,0 M) IPOBOAUTCS MO MPOCTHPAHUIO B OOBIUHBIX
TOPHO-TEOJIOTHYECKUX YCnoBusiX (k = 1) Ha rimyOune H = 1100 M
BHE 30HBI BIMAHMS OYHMCTHBIX paboOT M cocenHHX BeIpado-
TOK (k, = 1), B OcanouHeIx nopoxax ¢ 6 = 47,5 MIla, cpen-
Hee pPacCTOSHHME MEXAY IUIOCKOCTAMU oOcnabiieHuss mopojn B
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Puc. 2.33. T'padux s onpeneneHus or- &g

HOCHTEIbHBIX I[C(l)OpMaHI'Iﬁ COIAHBIX INO- a2 7/
POJL 38 TIEPBLIH LOJT CIyXKOLI BLIPAOOTKH
02 7
maccupe 1,8 M, yrom 3ajerauus mo- . y
pox o = 10°, muHa BeipaboTku [ = o i
= 1200 M, cpok citykCpi # = 16 steT. =
, Ja% 7

Brauane onpenensieM pacyer- = 4

Hyto myOuny: H,=Hk= 1100 - 1= 20 40 s 4 w00 #

= 1100 M. 3aTeM, npeaBapUTENbHO OnpeneauB KO3QPUUHUESHT
K, =0,8, yCTAHOBUM paCY€THOE COMPOTHMBJICHHE TOPOM CKa-

THIO:
R =o_K, R =47,5-0,8=38 MIla.

[Mopsimok pacuera yCTOWYMBOCTH MOPOAHOTO MacCUBa
cnemyrowuid. U3 rpadukos Ha puc. 2.31 onpeaensiem TUNOBOE

cMellieHre nopox ., kotopoe npu H, = 1100 M u R, = 38 MIla
cocraBnsieT 1 = 595 mm. M3 Tabn. 2.8 npuHAMMaeM 3HayeHUs
k03 duuKenToB k U K : Ui KPOBIM U nouBbl — k, = 1, k, = 1;
s 6okoB — k=1, k, =0,35. lna cpoka cimyxObl ¢ = 15 ner
k. = 1, onpenensem 3Ha4YeHWe Kk : 1yid KPOBIH — k=
=02@4,5-1)=0,7, gna 6oxkos — k, = 0,2 (3-1) = 0,4
CMerLeHus mopoa O CTOPOHbBI KPOBIH U NMOYBBI
©u=10-10-0,7-1,0-1,0-595 = 416,5 mm,
CO CTOPOHBI OOKOB
#u=10-035-0,4-1,0-1,0-595=83,3 mm.

Cornacho Tabn. 2.7 ycraHaBnuBaeM, uyto npu # = 416,5 MM
NOponbl, OKpyX)arwluue BeipaboTku, oTHOCATCs k III katero-
PHH 1 XapaKTepPU3YIOTCs KaK HeyCTOMUUBbLIE.

B nocnennee Bpems B Poccun u 3a pybexom npoBonsSTCs
MCCNeMOBaHMs, HapaBIeHHbIE HAa pa3paboTky kiaccU(UKaLMu
NOPOAHBIX MACCUBOB IO HHXEHEPHO-TEXHUYECKOMY COCTOS-
HHUIO (Ka4ecTBY), OCHOBAHHbIE HA KOMIUIEKCHOMN OLIeHKe GOJb-
WIOro uuciaa BAUSOWUX (PAakTOpoB. [IpUHUMO NOCTPOEHUS
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Puc. 2.34. JlparpaMMbl JUI! OLIEHKH YCTOHYHBOCTH BpIpaboTOK Mo MOKa-
3aTCM0 KAaYecTBa TOPOAHOrO Maccnsa (Ha OCHOBAHHH KiacCH(HKALMN
T.X. Kyugypoca)

TaKUX KJIacCU(PUKALMH COCTOUT B TOM, 4YTO BHauaje oTOH-
PaOT W TPYNMUPYIOT (AKTOPBI, BIMAIOLIME HA MHKCHCPHO-
TEXHUUECKOE COCTOsiHKE (KauecTBO) MACCUBA, 3aTEM KaXKIAOMY
w3 31X GHAKTOPOB B 3aBUCMMOCTH OT CTEHEHH €TO BaXKHOCTH
NPUCBAUBAIOT YHCIIEHHbIH MOKA3aTeNb (Ganm) u, HakoHel, MO
cyMMe 3THMX MokasaTened (6a/mioB) OLEHMBAIOT KauecTBO MC-
CIIEyEMOTO MAcCHBA.

Tax, B kiaccudukauuu, paspaborannoit T.X. Kynaypo-
COM, BBIZCNEHbI ABE IPyINbl GQAaKTOPOB. B rpynmy eCTeCTBEH-
HO-I€ONOrHUeCKHX (PAKTOPOB BKIIOUEHBI MEXAHUYECKHE CBOMH-
CTBA MOPOJI, YCIOBHMs 3aJI€raHHsi MACCHBA, €O 3PO3HOHHALA
CTOWKOCTb, CTPYKTYpHbIE HapylieHus, FHIPOTreOsOrnyecKue
YCIIOBHS, HAYANbHOE HanpsikeHHoe cocrostane. K rpynne nh-
JKEHEPHO-TEXHHUECKUX (PAKTOPOB OTHECeHbI PopMa U pasMme-
Dbl TIONEPEYHOTO CEYEHHs BHIPAOOTKH, €6 OPHEHTALUA B MaC-
CUBe, HaJMuHe CMEKHBLIX BbIPaOOTOK, TEXHOIOrHs BEAEHMA
paboT, Hecylias CNOCOOHOCTL BPEMEHHOU KPENU K T. 1.

Ha puc. 2.34 mokasaH mpuMep AHATPAMM, MO3BOJAO-

n

KX TIO [OKA3aTeNio KauecTBa Y0 W BEMUYUHE MPOrHO3UPYE-

i=l
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MbIX OE3pasMEPHbIX CMELIECHUH (u(p)/RB)l()‘2 OLUEHUTb IS

OnpeneaeHHON IYOUHBI 3a70XKeHNs BBIPAOOTKH ee COCTOs-
aue. O6nacTb, KOTOpask pacrnojokeHa cipaBa OT COOTBETCT-
BYIOLLEH KPHUBOM, onpenensiemMoi myOuHOIl 3aieratus Bbipa-
GOTKH, XapaKTEPU3YET HEYCTOHUYMBOE COCTOSIHHE MOPOJHOrO
OBHAXKEHUs, CIIEBA — YCTOUUYUBOE.

2.4.2. dopMHpPOBAHHE HATPY3KH HA Kpenb
BbIPa0OTOK OT JIOKAJIbHBIX BbIBAJIOB
H NIPH CIJIOILIHOM CBOA000Pa30BaAHNH

IToponHble MaCCHBLI, BMEIIAIOLIME T'OPHBIE BBIPAaOOTKH,
00NagaoT OAHOU CYLIECTBEHHOU reoMexaHuyeckou ocodeH-
HOCTBIO! €Ille MO Hayajla NPOU3BOACTBA FOPHBIX PaboOT OHHU
HAXOMATCS B HANPSXKEHHOM COCTOSIHUW. DTO HANPSIKEHHOE
COCTOSIHUE SIBJISIETCS PE3yNbTATOM COBMECTHOTO NEHCTBHS pas-
JIMYHBIX CUJT (CMJIOBBIX IOJIEI), TJTABHLIMU U3 KOTOPBIX ABIS-
IOTCSl CHJIbI TPABUTALIMM WIJIM CHJIbI TAKECTU TOPHBIX NOPOLL.

COBOKYITHOCTb CHUJIOBBIX MOJIEH, GOPMUPYIOLLIMX HANpPsi-
KEHHOE COCTOsIHHE NTOPOIHOIO MACCUBA, HAa3bIBAETCS TOPHBIM
napieHdeM. COOTBETCTBEHHO CHJlbl, ACHCTBYIOLUME B NMOPOA-
HOM MAacCHBE, Ha3bIBAIOTCA CHIIAMHU TOPHOIo AaBneHus. CUIbl
TOPHOTO JIaBIE€HHs BbI3bIBAIOT APOPMHUPOBAHHE MOPOA BO-
KpPyr BbIpabOTKH, KOTOpBIE, CMEWASICE B CTOPOHY Bblpado-
TAHHOT'O MPOCTPAHCTBA, BCTYNMAIOT B KOHTAKT ¢ Kpenbto. B pe-
3YJIbTATE TAKOrO KOHTAKTHOTO B3aWMOJEHCTBHs Kpellb Ha-
IpyxaeTcs n 1eQpOpPMUPYETCs.

Takum obpa3om, Moa Harpys3koif Ha Kpernb OT CHJI rop-
HOro AaBjieHusl CledyeT MOHWMAaTb CHUIOBbIE BO3IEUCTBHs CO
CTOPOHBI OKPYKAIOLIEro NOpoAHOro maccusa. M3 npusenen-
HOTO onpeneneHus cneayer, YTo MOHATUS KTOPHOE AABJICHUE»
M «Harpyska Ha Kpenb» He aaeKBaTHbl. K COXalleHUIo, B rop-
HOTEXHHYECKOH UTepaType OO CUX NOP AONYCKAIOT OTOXAe-
CTBJIEHUE 3THX MOHATHII.

Onpenenenue HArpy30k OT CUIA TOPHOTO JAABIEHUS CO-
CTaBNIACT CrieUM(PUKY NPOEKTUPOBAHHUS TOPHBIX BbIPabOTOK
WIM NON3EMHBIX COOPYKEHHH: HA CTaaHM MPOEKTUPOBAHUS
STH HATPY3KKM MOTYT ObITb ONpPENCNieHbl TONLKO B pe3ynbTaTe
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aHaJIu3a TeOMEXaHHUYECKHUX MPOLECCOB B OKPY)KaloWeM Nopoa-
HOM MaccuBe. McxonHas uHpopmauus g TaKOro aHasnusa,
KaK NPaBUJIO, HEIOCTATOUHA.

TTo3TOMYy OUEHKH HAarpy3okK, HE3aBUCHMO OT METO[a HX
onpeneneHus (Ha OCHOBE HOPMATHBHBIX PEKOMEHIALMU WIIH
CeLMaJIbHbIX MCCIIEAOBAHMM), MONYyYaroTCss BecbMa npuOIu-
KeHHbIMU. bosee Toro, B OONbIIMHCTBE CllyyaeB OLEHKU Ha-
rpy30K MOTYT ObIThb MOJyUYeHb! TONBKO B Pe3yJbTaTe aHaIu3a
neQPOPMHUPOBAHHOTO COCTOSIHUS KpeneH unu obnenok, T. €. He
MOTYT ObITb 3a[JaHbI 1O Hayala pacyera, Kak 3TO UMEET MECTO
NPY NPOEKTUPOBAHUM KOHCTPYKLMI HA3EMHBIX COOPYXKEHUH.

[TockonbKy, KaK YKa3blBaIOCh BBILLE, HATPY3KH HA Kpenb
BbIpabOTOK MOryT ObITh OMNpeAeNneHbl TOJNLKO B pe3yibTaTre
aHanM3a TeOMEXaHHUYECKUX NMPOLECCOB B OKPYXKAIOLLEM Mac-
CHBE, LeNecOODpa3sHO MPOAHANU3UPOBATH BO3MOXHbBIE peasu-
34U IEOMEXAHUYECKUX NMPOLECCOB, T. €. MUX TNPOSIBICHUS B
FOPHLIX BbIpabOTKax. JDKCIEPUMEHTANbHLIE U TEOPETUUYECKUE
MCCIEOBAHUS MOKA3bIBAIOT, YTO F€OMEXAHUUYECKHE MPOLECCHI
peanu3yroTcs B BUIE Pa3pyLICHHS FOPHBLIX MOPOJ B MPHKOH-
TYpHOK 0OnacTy BbIpaOOTKM MM B BUAE CMELIEHUN KOHTYypa
BrIpaboTky. bonee nonpobHo knaccudukanus 3TUX peanusa-
UM BBIMISIIMT CIEAYOMUM 00pa3om:

® pa3spylieHye NPUKOHTYPHOTrO NMOPOAHOrO MACCHBA M

JIOKaJIbHOE BbIBATOOOPA30BaHHE, MPOSABAAIOLUECECS B BU-

Jle BbIBAJIOB Ha OTAENbHBIX Y4aCTKax BbipaOOTKH;

® paspyLI€HUE NPUKOHTYPHOIO NMOPOAHOTO MaccHBa M
CIUIOLIHOE CBONOOOPA3OBaHME, NPOsBIIsIOLLeEcss npu 00-
pasoBanuu obnacTed 3aNpenenbHOrO NeOPMUPOBAHUS,
OCTATOYHOH MPOYHOCTH M PYHMHHOTO pa3pylUeHHs BO-
KPYT BCETO KOHTYpPa BbIpaOOTKH € MOCIEAYIOLLUM HX OT-
JieJIEHNEM OT MacCUBa;

e nedopMUpOBaHHE NOPOAHOIO MaccuBa 6e3 pa3pblBOB

CrIOWHOCTH (6e3 BhIBanooOpa3OBaHUs WiIH cBOOOOOpa-

30BAHHS) H CMELLEHUE MOPOAHOIO KOHTYpPa BbipabOTKH.

Knaccuduxauus peannsauuii reoOMexaHMyeCKux npoiec-
COB ONpefesieT KIaCCHPHUKALHUIO PACYETHBIX CXEM B3dMMO-
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JEeHCTBUSI NOPOAHBIX MAaCCUBOB € KPENbIO BLIPaOOTOK M, Cle-
[IOBAaTENIbHO, PACUETHBIX CXeM (POPMUPOBAHHUS HArPy3KH:
e (opMHUpOBaHHE HArpy3ku Ha Kpenb BbIPAbOTOK OT
JOKAaNIbHbIX BbIBAJIOB U MMPH CIUIOLLHOM CBOIOOOpa3oBa-
HHMH, KOTJa B3aUMOJeICTBHE NOPOJHOTO MACCHBA C Kpe-
TbIO MPOSIBIISIETCS B BUIE PEXKHMa 3aJJaHHON HATPY3KH;
o (hopMUpPOBaHHE HArPY3KW B YCIOBUSX COBMECTHOrO je-
GopMHPOBAHHA KPENU W MACCHBA, KOTAA B3aUMOICHCTBHE
NOPOIHOIO MaCCHBA C KPENbIO NPOSIBISAETCS B BUAE PEKH-
Ma B3aUMOBIUSIOLICH U 3aaHHON AeopMaLny.
PaccmoTpum npouecc GOpMUPOBAHNS Harpy3ku Ha KOHCT-
PYKUMY BbIPaOOTOK U MOA3EMHBIX COOPYKEHUH MPH BBIBAITOOC-
pasoBanuu. Habmonaemoe npu CTPOUTENLCTBE MOA3EMHBIX CO-
OpY:KeHUI ODpyLIEHHE NOPOJ KPOBAH ¢ OOPa3OBaHHEM CBOIOB
pa3MYHON KOH(DUIypaLMy U pa3sMEPOB NOCAYXWIO NPUYMHON
nosiBieHMs1 OOMbUIOrO YHUCIA TUNOTE3, OOBACHIIOUINX MEXaHU3M
3TOTO SABJICHUs, NMOMTYYMBIINX B TOPHOTEXHHYECKOW JMTEpaType
HAa3BAHHE «TMMOTE3bl TOPHOTO JaBiieHHs». Cleayer OTMETHTh,
4TO 10 OOIHOCTH HCXOIHBIX MPEANOCHUIOK BCE OHH MOTYT ObIThb
OTHECEHBI, KaK MHUHUMYM, K IIATH OOAbIIMM IPYINaM.
B runoresax neppoii rpynnel (B. Puttep, ®. DHreccep,
O. Kommepenb, M.M. [IpoTonbsixoHoBs 1 ap.) BeiBamooOpa-
30BaHHE CYMTALTCS Pe3yAbTATOM ACHCTBHUS CHJI TSKECTH MNO-
pon B obbveme cBona obpyiueHus. Bo BTopoii rpynne runores
(A. lunnuk, 2K. EpxaHoB u Ip.) OTBETCTBEHHBLIMM 32 CBOHO-
00pa30BaHME CUYMTAIOTCS PACTATHBAIOLIME HanpsikeHus. [u-
MOTE3b! TPETbel IpyMNIbl OOBACHIIOT MOsBIEHUE CBOAA OOpY-
UIeHMst B YCHOBHAX ynpyrocxkaroro kontypa (P. Mop, K.
Wpsunr, A. Ali3akcoH), a B YeTBEPTOM IpyIIe THNIOTE3 110a-
raeTcs, 4YTO CBOJ OOpYlUEHUS eCTb pe3yibTar OOpa3oBaHus
BOKPYT BbipaboTku obnactu Heynpyrux nedopmauwnii (A. Jla-
Gacc, K. Pynneneiit, }O. Jlubepman). U, nakoneu, B runore-
3ax naroil rpynnsl (K. Tepuaru, B. Cnecapes, H. ITokpos-
CKHH M JIp.) KAUECTBEHHAs! U KOJIMYECTBEHHAs OLEHKH mpouec-
Ca BbIBATOOOPA30BAHUSI OCHOBLIBAKOTCS Ha MOAHHBIX MMpaK-
THYECKUX HaOMOneHUH.
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He BnaBasch B mogpoOHblil aHamn3 HOCTOHMHCTB U He-
JOCTATKOB TUNOTE3 CBONOOOPA3OBAHUS, OTMETHM, YTO HEKO-
TOPBIE U3 HUX CHITPAJIM BaXKHYIO POJIb B Pa3BUTUHU BOINPOCOB
FOPHOTO HaBieHud, a runotesa npod. M.M. [Iporoabaxono-
Ba [0 CHUX MOP MUCIONb3YETCsS B PACUYECTHBIX CXEMax OTpenese-
HUSl Harpy3Ky Ha TOA3EMHbIE COOPYXKEHUs HermyOOKoro 3a-
JTOXKEHUS.

Tot akTt, UTO B PacCMOTPEHHBIX I'MIOTE3aX MEXaHU3M
CBOHOOOPAa3OBaHUSI TPAKTYETCS HO-PA3HOMY, HE CIy4YaeH H
oOBsicHsIETCS pa3HOOOpa3ueM MPUYMH 3TOTO siBAeHUs. B 3aBu-
CUMOCTH OT KOHKPETHBIX YCIIOBHI CTPOUTENLCTBA MOA3EMHBIX
COOPY)KEHUU CBOAOOOPA30BAHME MOXKET ObITh BBLI3BAHO KakK
OOpylUueHHEM MOPOA OT COOCTBEHHOTO Beca, TaK U B Pe3yib-
TaTe UX Pa3pyLICHUS CKUMAIOILMMHU WU PACTSATUBAIOIUMHU
HanpsokeHusMM. OQHAKO pa3iuyHble NPUYMHBI BLIBANIOB MO-
pPOA B3aUMOCBSI3aHbl, YTO MO3BOJISAET OOBACHUTL UX NPUPOLY,
ucxXons U3 OOLIUX MOJNIOKEHUA YUeHUS O T€OMEXaHMUECKUX
mpoleccax B NOPOAHBIX MacCHUBAX.

[IpencraBnsieTcs UHTEPECHBIM B 3TOW CBA3M NOOXOA, B
OCHOBE KOTOPOTO JIEKUT 3aKOHOMEPHOCTb IMepepacrnpenese-
HHUSL HaNPSOKEHUHE NMPH NOCAeAOBAaTENbHOM (POPMOU3IMEHEHUH
KOHTypa B NpoLecce pa3pylleHusl. ITa 3aKOHOMEPHOCTb CBSI-
3bIBACT HANPSIKEHHOE COCTOSIHUE KOHTYpa BbIPAOOTKM C €ro
KPUBU3HOW: HAa y4acTKax, Ile B NMPOLECCE pa3pyLIEHUsl Kpu-
BHU3HA YBEJHYMBAETCS, CKMMAIOLIME HaNpPsDKEHHs BO3pacTa-
10T, @ PACTATMBAOLIME YMEHbLIAIOTCA U, HA0OOPOT, HA BBIINO-
Ja)KUBAKOLIMXCS yYaCTKaxX KOHTYpa CKUMAIOLLHME HAMPSIKEHUS
YMEHbIUAIOTCS, @ PACTATMBAIOLINE — YBETMUMBAKOTCS.

Takum oOpa3oM, Ha KOHTYpe BbIPaOOTKM YYacTKH C
Oosbliell KpUBH3HON (HEPOBHOCTH, oOpa3zyroluuecs npu Oypo-
B3PBIBHOH NMPOXOJKe BbIPaOOTOK, YIJIOBbIE TOYKH U T. [1I.) SIB-
JAKOTCA O4YaraMM BBICOKOM KOHLEHTPAUWH HanpsiKeHud. B
npolecce pa3pyLI€HUs KOHTYP BbIpaOOTKH mpuOOpeTaeT Ho-
BYIO0 (OpMYy, CIEIACTBUEM 3TOTO SIBISETCS HOBOE MOJE HANps-
XEHUH, KOTOPOE MOXET BbI3BaTh JajibHelilliee pa3pyLIeHue, U
TaK 10 TeX nop, noka GopmMa KOHTYpa He NpuodpereT yCTOWYu-
BOro ouepranus. [IosicHUM, 3TO Ha TpUMeEpe.
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to

Puc. 2.35. PazpymeHie nopoj BOKPYT BbIpabOTKH NpH HEpaBHOKOMIIO-
HEHTHOM IOJIe Ha4aJIbHbIX HAIIP KEHHH

PaccMoTpuM BeIpaOOTKY KPYrOBOTO MONEPEUHOTO CEUEHUs
C IPOJIETOM 24, PACMOJIOKEHHYIO B MACCUBE TOPHBIX MOPOJ C He-
PaBHOKOMIIOHEHTHBIM TMOJIEM HA4albHBIX HANPSDKEHUH (PHC.
2.35). Koadpuuuent Gokosoro pacriopa A OyaeM cUUTaTh paB-
HelM 1/3, uyro obecrieunBaeT TakOe HaNpsKEHHOE COCTOSHHE
KOHTYpa, NpH KOTOPOM B TOYKE d NEUCTBYIOT MAaKCHUMAaJbHbIE
CKUMAOLIMe HAMPSDKEHHs], 4 B TOUKE b OHU PaBHbI HYITIO.

JonycTuM, 4TO CXKMMAIOLIHE HANpPsDKeHHs B OOKax BBI-
PaGOTKH NpPeBBICKIN MPOYHOCTb MOPOI U MOCIEAHUE Pa3py-
WanuCh B Npenenax HeKOTOpbix obmacteil /. Pesynbratom
STOrO SIBUJIOCH YBEIMUEHUE pOJIeTa BbipabOTKH JO pa3MepoB
2a; (4, crnegoOBaTeNbHO, BLIMONAKHBAHME KOHTYpPa CBOIOBOM

4acTH), YTO, B CBOIO OYepelb, BLI3BAJIO MOSIBICHHE PACTATH-
BAIOLIUX HaNpPsKeHU B KpOBJie BbIPAOOTKH C MOCIEAYIOLLHM
ofBpa3oBanueM cBoma oOpywenus 2. Kak BUOHO U3 puc. 2.35,
KPUBU3HA KOHTypa BbIPabOTKM B 0Onactsax / yBeIMUYMIACH,
1TO, B CBOIO Ouepenb, MIPUBOAUT K HaJbHEHILIEMY YBETHUYEHHUIO
KOHUEHTpauuu HanpsLKeHUH, a CIeqOBATENbHO, U K Pa3BHTHIO
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obnacrell paspyuenns /. CnequanbHbIE 3KCMEPUMEHThI MO On-
TUYECKOMY MOJIEIHUPOBAHMIO MOKA3bIBAIOT, YTO MPOLECC pas-
PYLUIEHUs MpeKpaLaeTcs Nociie TOro, Kak KOHTYpP BbipaGoTKH
npuoOpeTaer crpesabyaTyo Gopmy 3.

M3 cylecTByolUX METOAOB ONPEIETIEHUS HATPy3KH OT
JIOKANbHBIX BbIBAJIOB HAMOOIEE HATTISIIHBIM SIBIIIETCS METOL, Y-
pyroro HanoxeHus. CyUIHOCTb JaHHOIO METONA COCTOUT B TOM,
4TO HANPSDKEHUsI, ONPENENseMbIe U3 PEeLUSHUS IJIs YIPYTOH MO-
Jlenn MaccuBa, ocnabieHHOro BripaboTKOI onpeneneHHON op-
Mbl TMOMNEPEUYHOrO CEUEHHUsl, COMOCTABIAIOTCS C MPOUYHOCTHIO
BMeLaromux nopox. OO6nactd, B mpenenax KOTOPbIX YCIOBUE
NIPOYHOCTH HE BBIMOMHAECTCS, CYUTAOTCA Pa3pyIIEHHBIMHU. XOTs
3TOT METOJ U SIBIAETCSl MPUOIMIKEHHDBIM, TaK KaK HE YUMTHIBAET
M3MEHEHUE HANPsOKEHHOTO COCTOSIHMA 3a mnpeaenaMu obractu
pas3pyllieHUs, OAHAKO, KaK NMOKa3bIBAIOT HCCIICAOBAHUSA, TNPU
CPaBHUTENbHO HeOOMbLIMX pa3Mmepax obiacTeil paspylleHHUs
(UTO XapakTEPHO I JIOKAJIbHOTO BbIBANOOOpPAa3OBaHUs) OH
obecrieynBaeT yIOBIETBOPUTEIbHYIO ISl MHKEHEPHBIX pacueToB
TOYHOCTh. K MOCTOMHCTBAM METOAA CJIENYET OTHECTH BIIOJHE
SICHYIO ero (PU3NYECKYI0 OCHOBY U TPOCTOTY PACUETHBIX (POPMYIL.

H3BecTHB! HECKONBKO PAa3NIMUHBbIX METOIUYECKHX MpHe-
MOB HCHOJIL3OBaHUsl 3TOro Merond. Huke wusmoxeH rpado-
aHAUTHYECKUl MeTon, paspaboTaHHbld [.I. JIMTBUHCKUM,
NO3BOJISIOIMN ONpeensiTh MECTONONOKEHNE U pa3Mepbl pas-
pyLIaeMbIX YYacTKOB MOPOJHOrO KOHTypa B pe3yibTaTe IMo-
CTPOEHHS MacnopTa NPOYHOCTH KOHTypa BeIpaboTku. Mcxon-
HBIMH JaHHBIMU [IJIl TOCTPOEHUS NTACNOPTa NPOYHOCTU SBIIS-
FOTCS TEOMETPUUECKHe pa3Mepbl BIPAOOTKH, MPOYHOCTL BME-
IOLIMX MOPOA Ha CXaTHe W pACTsKeHUE W NEHCTBYIOLME Ha
KOHTYpe BblpabOTKH HanpsikeHus. [ToctpoeHue nacrnopra npou-
HOCTH OCYLUECTBIISIETCS B CJIEAYIOLIEH MOCAeN0BATENbHOCTH.

B onpenenenHom reomerpuueckom macwurtade BelUEPUH-
BaeTcs KOHTYp BblpaOoTku. Hauano npsamoyronbHol cucte-
Mbl Xy KOOPAMHAT OMELIAeTCs B LEHTP TAKECTU CEUYEHUS Bbl-
paboTku. 3aTeM Ha €e KOHTYype HaMeuyaroT BOCEMb XapakTep-
HBIX TOUYEK, KOTOPbIE HyMEPYIOT TaK, KaK 3TO IOKAa3aHO HA
puc. 2.36, a. [lonoxenue Touek 2, 4 onpeaensercs yrjiom
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Puc. 2.36. Pacuernas cxeMa (@) H DACHOPT MPOYHOCTH (0) KOHTYpa BhIpa-
60tk (1o [.I". JINTBHHCKOMY):
1 —»smopa Hanpsikenltii; 2 — snopa NPOYHOCTH

eziarctgfl—, "~ (2.100)
a

Tle h ¥ @ — COOTBETCTBEHHO NONOBUHA BBICOTHI M LIMPHHbBI
BbIpaboTKH, M.
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HanpsixeHuss B XapakTepHbIX TOUYKAaX KOHTypa ornpeze-
JSIIOTCS WISl BBIPAaOOTKH SIUIMNTHYECKOW (OpPMBI (3JUTUIIC CpaBs-
HEHUS), SKBHBAJICHTHON MO MJIOWIAAM PacCMaTpPUBAeMOU BbI-
paboTKe; MoyocH TaKON ANMITMNTUYECKON BEIPAaOOTKH paccuu-
TBHIBAXOT MO POopMyIam

a =3 g = 2 (2.101)
nh na

rae s — IIolab MONePeYHOro CeUeHUs UccaeayeMoil Bripa-
6oTkU, M2,

s ka0l U3 BOCbMH TOUEK KOHTYpa HaxolsAT paauy-
Cbl KPUBM3HBI 3JJIMNICA CPABHEHHUS:

h?

JUist Touek 1; 5 R’ =—; (2.102)
a3
3 a ~
I1 TOuek 3; 7 R =h—°; (2.103)
[ (a2 +h)"

OJis Touek 2; 4, 6; 8 R =——

2.104
ah, 2 ( )

3ateM rpaduyuecKUM MyTEM B KaXHOW TOUKE 3aAaHHOMU
BBIPAOOTKH HaXOAAT paguycbl KPUBU3HBI KOHTYpa R . OTHO-
CUTEeNbHAs KPUBU3HA B I-U TOYKE KOHTYpAa XapaKTEepHU3yeTCs
NapaMeTpoOM &;, KOTOPbIN ONPENENAETC U3 BhIpaKeHus

LN\23
ae,:[&] . (2.105)

[ns yriaoBbiX TOYEK — &; = 6, A NPSAMOJIMHEHHOTO
yyactka —&; = 0.

Jns caydyas paBHOKOMIIOHEHTHOTO MO HavalbHbIX
HanpsDKeHUH g TaHreHIUaIbHbIE HANPsKeHUs B KaXIOH Tou-
K€ KOHTYpPa ONpPEeNesiloTCs CIeLyoIUM o0pa3om:
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6 = qL 0,35(1-,)+(0,3+ 1,7eei)% ],

o7 =q| 0,351-=)+0,3+1,72)" }
a

I

2 2
GEEEE =g 1,2(ae,,—1)+h—% . (2.106)
a

Ilocne onpeneneHys HANPsSOKEHHWH, NEHCTBYIOIIMX B Xa-
paKTepHBbIX TOYKAX, HA PAa3BEPTKE KOHTYPa BbIpabOTKH B OCAX
o, —0 cTpouTcs 3mropa HanpsukeHui (puc. 2.36, 0). Ilpu no-

CTPOEHHHU 3MIOPbl HEOOXOAMMO YYNTEIBATH CIENYIOLIHE PEKO-
MEHIaLHuu:
® Ha TJIaJKMX y4yacTKax KOHTypa HAIpsDKEHUs H3MEHs-
I0TCS ITaBHO;
® CKOPOCTb M3MEHEHMs! HampsxKeHuH no yriay 0 mpo-
MOPUNOHANIbHA U3MEHEHUIO IPUBEICHHON KPUBU3HBI;
® B YIVIOBBIX TOUKax KOHTYpa HaNpsDKEHUsl Mpereprie-
BAIOT MECTHbIE BO3MYLLUEHHS (BCIUIECKH B BUAE NMHKOB);
® pa3Mep y4yacTKa BIMSHHUS YTJIOBOH TOUYKH Ha KOHTYpe
NPONOPLUUOHANEH OTKJIOHEHHIO PEAJBHOTO KOHTypa OT
KOHTYpa 3MIIUIICA CPABHEHMS.

3aTeM Ha maHHbBIN rpaduk B TOM K€ MacliTabe HAaHOCHT-
Csl 3MIOPa NMPOYHOCTU MOPOJA Ha KOHTYpPE BbipabOTKHU. YUacT-
KU, Ha KOTOPbIX HaNpPsKEHUS MPEBbILIAIOT NPOYHOCTb MOPOL,
CUUTAOTCS pa3spyLIEHUSIMU U OMACHLIMU 1O BbIBanam. JlnuHa
3THX yYaCTKOB OMNpenensercs rpapuyecku.

B kayectBe npumepa OLEHHM Pa3sMepbl paspyllieH#s KOH-
Typa cBOQYaToi BeIpabOTKH C pasMepaMy NONEPEYHOTO CEUEHHUS
20 =50m, 2h =4,5m, s = 19,8 M? u nepumeTpoM p = 16,8 M,
B TOM yucne ¢BOAYATOH wactu p, = 7,8 M, pPacnooXeHHOH
Ha riyGune H = 400 M B mopojax ¢ NPOYHOCTLIO HA OAHOOC-
HOe Cxatue noponHoro obpasua o, = 83 MIla u maccuBa
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0, = 44 MIla. B xpoBine BbIpabOTKH 3aJ€raeT CIol aaeBpo-
nUTa C MPOYHOCTBIO nopopnoro obpasua 6 =64 MIla u
maccuBa 6_ = 32 MIla. B pesynbTaTe nocrpoenust nacnopta
INPOYHOCTH MyTEM COBMELLCHHUS SMIOP HANPSIXKEHUH U MPOYHO-
CTU O NEPUMETPY FOPHOH BblpaOOTKH ONpPENEaseM, YTO pas-
pyLIEHHE KOHTYpa NMPOU3OUAET HA y4aCTKe OJINHOM [ = 0,4 M
(cM. puc. 2.36, 6). PazpylueHue B yIJIOBbIX TOYKaX NMOYBHI BbI-
paboTKM ABNAETCS HE3HAUUTENbHBIM M HE MOXEeT OKa3aTh
BO3/AeiCcTBUE HA GOPMUPOBAaHUE HATPY3KH HA KPETb.

3Has WIMHY y4acTKa paspyiueHus [, M, MOXHO BbIYHUC-
JIMThH €rO BBICOTY /I, OT KOHTypa, BOCIIOJIb30BaBLIHCh H3BECT-

HblM peweHueM M.M. IlporopbskoHoBa mis mapabomnuue-
CKOro cBOIa OOpyLUEHus:

|
c 2f ’
rae f— k03 pULHUEHT KPenocTy NOPOJ Ha yUacTKe paspylie-

HUs, KOTOPBIil BBIPAXAETCA uepe3 MPOYHOCTb TOPHBIX NMOPOA
Ha ogHoocHoe cxatume: f =0]lo_ , roe 6 — B MIla. Torna

h (2.107)

00beM JIOKANbHOTO BbIBANA MpenanosjgaraeMoro napadomuue-
CKOTO OYEpTaHMs C €JMHHYHBIM PA3MEPOM MO MPONOILHOU
ocH BbIpaboTKH NPUOIHKEHHO MOKHO OLEHUTH MO popMyIie

2
4 =31/zc 1 (2.108)

3 31
OOu1as Harpy3ka Ha Kpenb OT Beca JIOKAJILHOTO BbIBaJa
Oynmer

1yl
p=-¥_ (2.109)
371
a Oyaydd YCIOBHO pACNPENENeHHOW Ha COOTBETCTBYIOLUEH
IIOLaAN NOBEPXHOCTH KPENU, COCTABUT B PACUETE HA €AUHHU-
Ly 3TOH IUIOLIALH
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[yl
p=xL,
3/

rae y — yIIeHbeIi/'I BEC BMCLUAIOUINX TOPHBIX MOPOL.

(2.110)

Eciy NpoxoILKUTL YUCIEHHBIM MPUMED pacdeTa, MOXHO
BuzeTh (CM. puc. 2.36), 4TO BbIBal MPOUCXOOMT HA Y4acT-
K€ KOHTypa BbIpaOoTku mnuHOH [ = 0,4 M, nepecekaroiem
CJIOH aJeBpOJIMTa NPOYHOCTHIO B Maccuee 6 = 32 MIIa, uto

COOTBETCTBYET KOIDPULUUEHTY KPENOCTH f = 3, U YHE/IbHbIM
BecoMm y = 2,5 H/M3. Torma Harpysky Ha Kpemnb OT JIOKaJbHO-
ro BbiBaja onpenenum no ¢opmyie (2.110) p=l£30—’i=
=0,0011 MIIa.

PaccMoTpuM cnyuait poOpMUPOBAHUSI HArPy3KH B YCIO-
BHSAX CIUIOUIHOTO CBOJOOOPA30OBaHHUs, T. €. MIPU 0O0Pa30BaHUU
BOKPYT BbIPaOOTKH 00nMacTH OCTATOYHOH MPOYHOCTU WIIH PY-
MHHOTO pa3pylueHus nopon. Takol cinyyal xapakTepeH s
YCIOBHH, KOTJAa KOHCTPYKTUBHAs MOAATIMBOCTb Kpenu mpe-
BBILIAET MaKCHUMaJIbHbIE CMEIIEHUs NOPOJHOTO KOHTYpPa WIH
’Ke MEXAY HUM M KPENbIO UMEETCS CTPOUTENbHBIN 3a30p. Oue-
BUJIHO, YTO HauOOJee HEBBIFOOHBIM C TOYKH 3PEHUS BEIUYUH
Harpy3ku OyneT oOpylueHHe NOpPOIN MO BEPTHKANbHbBIM IIJIOC-
KocTaM (puc. 2.37). IHTEHCUBHOCTb BEPTHKAJILHOW HArpy3Ku
Ha KpeMnb B pacyeTe Ha eAWHULY [UIOLaa1 €e KOHTAKTHOM 1o-
BEPXHOCTH ONPEIEIHM IO BbIPAXKEHUIO

P=YR (1, 1), 2.111)

rae R, — npuUBENCHHbIH paanyc
BbIpaOOTKH B MPOXOJKE, M, paB-
HblU +F /7 ; F — nnowanb no-
NIEPEYHOro ceyeHusl BbIPabOTKHU
B npoxozake, Mm% R (r,-1) — ;-
BBICOTA CBOJA OOpPYyLUEHHS, M;

-4

Puc. 2.37. PacueTnas cxema K onpeje-
JICHIIO HATPY3KH Ha KPerb MpH CIUIoNI-
HOM CBOJI000pa3oBaHHI
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r,, — Oe3pa3MepHbIil paguyc OONaCTH OCTATOYHOH NMPOYHO-
CTM WIW PYMHHOTO Pa3pylUEHUst B Cllydyae OCTATOYHOU Mpou-
HOCTH ©, = (), BbIp@XEHHBbIH B JOJIIX paaMyca BbIpabOTKH,

onpenenseMslil ¢ yueToM 0003HAYEHUH, NPUBENEHHBIX B MOM-
pasa. 2.1.3, no ¢opmyne

| { 2n I/ 2Mw8913(z) [ ~BHIH2A -1

hs )-

" o, + 2 @ D@ +1+20)

1720

(2.112)

_2Mw8612(1)+6cx\'w(ﬁ+1) M Oy _A_(I_)
neen 0 TP }

Jlna onpedeneHus r,; MOKHO TaKike BOCIOJb30BaThCs
dopmyroii (2.75), koTOpas NepenuiLIeTcs Tak:

ZXl:q - %} +0,

r, = , 2.113
B 20+ o, ( )

1724

sTa GopMysa JaeT HECKONIbKO 3aBbILUECHHBIE OUEHKH 1), Creno-
BaTenbHO, MO dopmyne (2.111) noayyrM HEeCKOIbKO 3aBblLIEH-
Hble OLIEHKH BEPTHKAJIbHOH HATPY3KH HA Kpellb NPU CIUIOWHOM
cBOOOOpPa3OBaHUU, HO B 3TOM CIIy4yae MPEACTABIISETCS BO3MOXK-
HbIM NPOBECTH aHANM3 3TOU Harpysku. U3 ¢opmynsr (2.113)
CIIEAYET, YTO C YMEHbLIEHUEM COMPOTUBJIEHUS KPENH p pa3sMephl
00nacTu OCTATOYHOH TPOYHOCTH F,, YBEIMUUBAKOTCS W JAOCTH-

raroT MakCUMaJIbHOTO 3HaueHus npu p = 0, T. e.

2){(1 - i([—)} +0o,
r, = 3 , (2.114)
o)

1/2x

0
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4yTO COOTBETCTBYET MaKCUManbHOU Harpyske (2.111), onpene-
ngeMON B peXuMe 3adaHHOU Harpysku. Ilpum ocraTtounoii

npo4HOCTH G, =0 pasmepbl obmactu 7, —° U BbIpaboTKa

TepsieT yCTOUYUBOCTb.

OaHakO Ha MPakTUKE B YMCTOM BHAE TaKas CXema Ha-
TPY)KEHHUS PEANU3YeTCs B UCKIIOUMTENbHBIX Ciy4asx. KoHcT-
PYKLHH TIOA3EMHBIX COOPYXKEHUH BCErfa OKa3bIBAIOT Orpene-
JIEHHOE CONPOTHUBIECHHE, TAK KaK TEXHOJIOTMSI UX BO3BENEHUS
BCErJa NpeaycMaTpHuBaeT obecneueHue MIOTHOTO KOHTAKTaA C
NOpOAOH TMyTeM TILATENbHOW 3a0yTOBKM (TaMMOHaxa) 3a-
KPENHOro NMpOCTPAHCTBA, O0KATUS KOHCTPYKLMHU B IOPOAY U
T. 4. [To3TOMY B NPaKkTUUECKMX pacyerax CIedyeT YYUTBbIBATb
CONMPOTHUBIIEHUE KPENU U HArPY3KY p ONPENENATh U3 COBMECT-
HOro pereHus ypaBHeHuH (2.111) u (2.112) nnn (2.113).

B xauecTBe mpuMepa OLEHUM BEPTUKANBHYIO HACPY3KY
Ha Kpelb MOCTOAHHOTO CONPOTHBIICHUA B YCIOBUSX CILIOLIHO-
ro ceofnoobpaszoBanus. Kpenb npoekTUPYETCs B TOHHENE KPyro-
BOTO MOMEPEUHOTO CEUSHHUS paauycoM R, = 2,5 M, coopykaemo-
ro B OJHOPOJHOM MOPOJHOM MAacCCHMBE € XAPAKTEPUCTHKAMU:
q=o__ = 15MIla, 6, = 0,1q, p = 30°. Onpenenum Maxcu-
MaJIbHYIO HATPy3KY MO UCTEUYEHHH ITUTEIbHOTO NEPHOAA 3KC-
IUIyaTaluu (1 — o0), roJsiarasi pexuM 3aJaHHOH Harpysku. I1o
BbIpaxKenuto (2.114) naxogum r,; = 2,45 n panee no popmyne

(2.111) p = 0,09 MITa.

2.4.3. ®opmupoBaH1e HATPY3KH
B YCJIOBHAX COBMECTHOro 1e)OpMHPOBAHHUSA
Kpenu 1 MaccHBa

HebopMupoBanie MOPOMHLIX MACCUBOB 0€3 pa3pbIBOB
CIJIOIIHOCTH XapaKTePHO MPEKAE BCEro A MIACTHUYHBIX IMO-
POA, a Takxe MMEST MECTO M B MOPOAAX, CKIOHHBIX K XPYyII-
KOMy paspylIEeHHIO, HO TPH YCIOBMM OCTATOYHO BBICOKOM
KECTKOCTH KOHCTPYKLMU MOA3EMHBIX COOPYXKEHHH, OrpaHu-
UMBAIOWIMX CMELUEHUS MOPOJHOTO KOHTYpa BblpaboTku. Ha-
MPSKEHUS, BO3ZHMKAKOLIME HA KOHTAKTE KPENMW M MAaccuBa B
PE3YNIbTaTe HX CUIIOBOrO B3aUMOJCHCTBHS, KaK YKE OTMEUANoCh,
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NPUHATO HA3bIBaTb HArpy3Koi Ha kpenb. Ee BemuunHa onpe-
JETISIETCS U3 ypaBHEHUSI COBMECTHOCTH CMELLEHUI TOPOQHOTO
KOHTYpda U KOHTYpa Kper.

u_(p)y=u,+u(p), (2.115)

roe u_(p) — cMeuleHue NOPOJHOrO KOHTYpa K MOMEHTY ycTra-

HOBJICHUSI CTATHYECKOTO PABHOBECHS B CUCTEME «KPEMb-— Mac-
CHB»; li, — HAaYalbHbIE CMELLEHHUS OPOJHOTO KOHTYpa, COOT-
BETCTBYIOLIME TPOMEXYTKY BPEMEHH OT OOHAKE€HUsSI NOPOJHOTO
KOHTYpa IO MOMEHTa BBOJa Kpenu B paborty; u(p) — cmenie-
HUSI BHELLHETO KOHTYpPa Kpenu K MOMEHTY YCTAHOBJIEHHS CTa-
TUUYECKOrO PABHOBECHS B CUCTEME KPEIlb—MAaCCHBY.

OcobenHocTbiO ypaBHeHuUs (2.115) aBasieTcst TO, YTO OHO
MO3BOJIAET PELINTDL 3ajady MO ONpeAeNIeHHIO HAarpysku Ha
Kpenb A JIIoOOro M3 FeOMEXaHHUeCKUX COCTOSIHUH MOpon-
HOI'O MACCUBA: OONPENEIbHOIO, 3aNPEeNenbHOrO U COCTOAHMSA
OCTAaTOYHOU MPOYHOCTH WIX PYUHHOTO paspyiueHus. s aToro
B HErO CIIEAyeT MOACTABUTL ClaraeMble, COOTBETCTBYIOLLME Of-
HOMY U3 3THX COCTOSIHUM.

Ecnu nedpopmupoBanue ropHbiX NOPOL HE BLIXOAMUT 3a
paMK{ OOMPEeaenbHON CTaAHU M FEOMEXAHUUYECKOE COCTOS-
HIi€ MacCUBa XapaKTepPHU3yeTCs KAK yCTOMYUBOE, TO cllarae-

Mble ypaBHeHus (2.115) w_(p) u u, ¢ yuetom (2.6) u (2.40)

ISl CIydasi OCECUMMETPUYHOU 3a7auu 3alUChIBAIOTCS Clle-
IyoLUM o0paszom:

q._p
LR, 2.116
7 (2.116)

oo

u,(p)=

| W

3 — ¢ /(O
uo=5Ei0ﬁf2[oc+(1—oc)l R, @2.117)

rae E_ — cratuueckuil (AiuTenbHbIA) MOOYIb OehopMaLuu
(MTIla) nopon B MaccuBe, CBA3aHHbIA ¢ IMHAMUYECKUM MOMY-
nem pepopmaunu E, 3apucumoctero E_ = E,/Q; 3Hauenus o

JUIS. HEKOTOPBLIX THUIIOB MOPOA NpuBeneHbl B Tabn. 2.9, 3gech
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Tabauya 2.9

[Topona o Oty CYTKI
Crnabple IIHHICTBIE CIaHLILI 1,5 30—d40
Kpermcue IITHHHCTBIC CTIAHIID 1,3 5—10
TMecHaHUCTRIC CITAHIBI 1,2 3—3
TlecuaHKH 1,1 7—3

ke MPHBENEHbI 3HAYECHUS BPEMEHU peTaplauuu 1, = Of,; t —

pacueTHBIl NPOMEXKYTOK BPEMEHM OT MOMEHTA BBIEMKH MO-
poabl A0 BBENEHUS B pabOTy INOCTOAHHOW KpEemH, CyT;

n+2 .
=——— — KO3p(DULMEHT, YUMUTHLIBAIOLIUN BIHUAHUE
n+2-2a

criocoba BbIEMKH nopoabl [cM. gopmyny (2.26)]; f, — xoad-

1

GUUMEHT, YYUTHIBAIOWUNA OTCTABAHUE MOCTOAHHON Kpenu OT
3a60s1 BLIpaOOTKH, NPUHUMAETCS B 3aBUCUMOCTH OT BEIUYM-
Hbl OTHOLLIEHHUSI paccTOsiHus | OT 3a00s1 BbIPAOOTKU 1O MecTa
YCTaHOBKM KPeIH K paauycy BbipaboTku R,.

UR, oo 025 05 075 1,0 L5 20 25 30
Ty e 05 065 08 08 09 09 097 098

Bennuuna u(p) B ypaBuenuu (2.115), npeactabiasolas
NepEeMELLEHNE BHELIHETO KOHTYpa Kpenu U Ha3blBa€Mast KOH-
CTPYKTUMBHON MOAATIHBOCTBLIO, 3aBUCUT OT MATepHalla Kpenu
(GeToH, xene300eToH, METALT U T. A.), KOHCTPYKTHUBHOTO HC-
NIOJIHEHHKA Kpernu (cOOpHas WM MOHOJIUTHAS, LIAPHUPHAS WM
Oecuiapuupnas) u Hanuuus 3a0yTOBKH, TaMIIOHAXHOIO pac-
TBOpA MJIM APYTUX MATEPHAJIOB MEXAY KPENbIO U NMOPOIHBIM
KOHTYpOM.

Mg OONBLIMHCTBA KOHCTPYKUMI MOA3EMHBIX COOPYIKe-
HUH 1(p) MOXHO NPENCTABUTD B BUIE

u(p)=u +u, +u,(p), (2.118)
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rje u, — CMeIleHHe 3a cyeT AehopMaumii ynaoTHenus 3abyro-
BOYHOIO MaTepuana, TaMIOHAXHOrO pacTBopa ©U T. [.,
OPUEHTUPOBOYHO MOXKHO NpuHumats u, = 0,25 d,, tne d, —

TOJILKMHA 3a6yTOBO'{HOFO ci1oda, M. U, — CMEUWEHHEe OT

3aKPbITH KOHCTPYKTHBHBIX 3a30POB B Kpenu (a1 cOOPHOIi
Kpenu KPyroBOTO CEYEHUs, COCTOSIUEN U3 [ 3JIIEMEHTOB C Be-

. iA
JUYHHOH 3a30poB A, u2:2—; 3HayeHue A g xenes3obe-
T

TOHHBIX TIOOMHIOB MOXHO NpuHUMaTh paBHbiM (,001+0,002
M); Uy(p) — CMELIEHUE, OTPENENAEMOE KECTKOCTHIO KOHCTPYK-

U1K ¥ B OOLIEM CiTydae HeMHEHHO 3aBUCsALIEe OT HATPY3KY p.

ITo pamnbiMm KysHHWMWwmaxTocTpos, KOHCTPYyKTHUBHAas
NMOJAT/INBOCTb U(p) COCTABMISAET: IJIT MOHOJUTHOU OETOHHOM
Kpenu B KpoBie — 6—=8 cM, B Ookax — 4 cM; 11t cOOpHOH
xenezodberonHol TroOuHroBoi (I'TK) ¢ 3a6yToBkoil U3 nopo-
bl — 12—15 cm; anig apovHO#i u3 cneunpoduns B KpOBJle —
30 cM, B Bokax — 20 cM.

[To meopMaMOHHBIM XapaKTEPUCTUKAM KOHCTPYKLHUU
MIOA3EMHBIX COOPYKEHHIM MOKHO moapa3nenuTh (puc. 2.38) Ha
KOHCTPYKIHMH C MOCTOSHHBIM CONMPOTHBIEHUEM (rpadux 1),
auHeliHO HapactaowuM (2) ¥ HeNMMHEHHO HapacTtarouum (J)
COTIPOTHBIIEHUEM.

Jins xpeny HelmMHEeNHO HapacTaloLIeTo CONPOTUBICHUS

uw,(p)=f(p). (2.119)
JUts Kpenu JIMHEeHO HaPaCTArOILEro CONPOTHBIICHHS
113(p)=]f—), (2.120)

0
rae k, — k03 GULKEHT KeCTKoCTH Kpenu, MIla/m.

Hanpumep, ansi MOHONMUTHOM OETOHHOW Kpenu Kpyro-
BOrO MOMNEPEYHOTO Ce4YeHUs] KO3(P(PULUEHT KECTKOCTH Ompe-
JIENSIETCS 1O BBIPAXKEHHIO

2dE
ky = —, (2.121)
(ZRB _d)(l _“’K)RB R '
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Puc. 2.38. JlebpopMmaLoHHbIe XapakTe- /2
PHCTHKH KPEIH MPH COBMECTHOM nedop-
MHPOBAHHH €€ € [OPOAHBIM MACCHBOM

raoe d — TOJNLIMHA Kpenu, M; E, u s
i, — COOTBETCTBEHHO MOIYJIb Ie- P=cangt y
popmanuu 1 xospopuument ITyac-
coHa Ay 6eToHa Kperu. XS
I[lo paHHBIM HCCIEOOBAHMU o
B.I1. I'mywnxuna u M.®. Hlxmsp-
CKOTO, U1 KOJIBLIEBOH U ApOYHOMN “J u
NOJATJIMBBIX KPENeH M3 cCneunpo-
¢una k, = 0,37 MIla/m, nos apoyHol MeTALIOOETOHHON —

ky = 1,0 MIla/M, a mist KONbLEBOU METAILTIOOETOHHOW ~—
ky = 2,4 MITa/m.
[Toacrasnas gopmynsr (2.116), (2.117) u (2.120) B BbIpa-

kenue (2.115) u 3anucbiBasi €0 OTHOCHTENLHO p , ONYHUM

i e

(04

=3qk R : 2.122
P=-a%8 3k,R, +2E., ( )

Jna uimocTpauuyu peKoOMEHAyeMOlW METOAMKH pacyera
ONPEAENTUM Harpy3Ky Ha GETOHHYIO KOJIbLIEBYIO KPENb JIMHEM-
HO H4PACTAIOLIETO CONPOTHUBIICHHUS, YCTAHOBIEHHYIO B BbIpa-
GoTke paguycoM R, = 2,5 M, mpoBeOeHHON B OXHOPOTHOM
MaccuBe MOPOJ CO CIASAYIOUWUMH XapaKTePUCTUKAMH: Ha-
4aIbHOE MOJIe HANPSAXKEHUH — PaBHOKOMIIOHEHTHOE, ¢ = 1,6
MIla, E_ =1 - 10* MIla, a = 1,5; at, = 30 cyr. Xapakrepu-
CTUKH kpenu: £, = 2 - 10°> MI1a, u. = 0,25; d = 0,3 m. beronnas
KpE€nb BO3BOAMTCA ¢ OTCTaBaHueM OT 3abost [ 3R, T. e. f, = 1.
PacuetHoe Bpems + = 30 cyT. BripaGoTka cOOpYXKaeTcs KOM-
GaitHom (a = 0 u, cenOBATENBHO, fi=D.

Buayvane no ¢opmyne (1.121) onpenenum &, = 0,12 - 10*
MIla/m, a 3atem no dopmyne (2.122) — Harpysky Ha 6eToH-
HYIO Kpens, p = 0,06 MIla. Kak yxe ormevanocb, 0coGeHHO-
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CTBIO COBMECTHOTO J1e()OPMUPOBAHUS CUCTEMBI «KPeMb—Mac-
CUB» SIBIISIETCsl 3aBUCUMOCTb Harpy3kd OT XapaKTepHUCTHK Ca-
MUX Kpered U TeXHOJOTMM WX BO3BedeHus. Tak, ecnu B pac-
CMOTPEHHOM ITPUMEpPE NMPHUHATHL BPEMs BBENEHHS Kpenu B pa-
ooty t = 60 cyT, TO Harpy3ka Ha Hee 3a CYEeT BO3MOMKHOCTH
Oonpluell peanu3ayuy HayalbHbIX CMELLUEHUN COCTaBUT BCETO
muwb p = 0,022 MIla, 1. e. ymenbmutca B 2,7 pasa. [lpu
yYMEHbLIEHWH TONIMHBI Kpenu 10 d = 0,2 M 3a cyeT yMeHbLue-
HUA €€ KECTKOCTH (k, = 0,08 - 10* MITa/m) Harpy3ka CHU3HTCA
1o p = 0,044 MIla.

PaccMoTpeHHass HamMHM OcCeCMMMETpPHUHAas 3amava OTpa-
aeT mpocTedlunii U Haubomee UACANU3NPOBAHHBIN Clyyai,
TaK KaK FOPU3OHTAIbHBbIE TOPHBbIE BbIPAGOTKM B OCHOBHOM
UMET GOpMy, OTIHYHYIO OT KPYTrOBOH, @ HaYaJIbHOE HAMps-
JKEHHOE COCTOSIHUE MaCcCHBA MOXET CYLIECTBEHHO OTJIMYAThCS
OT PaBHOKOMITIOHEHTHOTO.

bosnee obuuit cimyuait uccnenosadn H. dotuenoit B pe-
3yJIbTATe pelleHus 3aJla4d O B3aUMOINEUCTBUM JHMHEHHO-Iedop-
MHPYEMOTO MacCHBa C 3aMKHYTOM KPEMbIO BbIPAaOOTKH MPO-
W3BOJILHOTO OYePTaHMA MNPH MNMOIHOM KOHTAKTE MacCHuBa C
Kpenbio. B peanbHBIX YCIOBUAX Takas 3a7aya COOTBETCTBYET
CIy4yaro COOpPYKeHUsi BbIPaOOTKHM HEKPYroBou (opMbl mome-
peuyHOro cevyeHus (cBOAYATON, apOYHOW U Jp.) C KpeIyIeHUeM
€€ MOHONMUTHON GeToHHO# Kpenbio. Ha puc. 2.39 (a u 0) no-
Ka3aHO pacnpeneieHne HOPMAJbHbIX P U KacaTelNbHBIX T Ha-
NpsDKEHUM Ha KOHTaKTe Kperneil BbIPaOOTOK CBOAYATOTO Ouep-
TaHUsI ¢ TOPOJAHBIM MaccuBOM. Kak nmokasanu UCCIedOBaHus,
KacaTenbHble HAIPSIKEHWst OKa3bIBAIOT 3HAYMTEILHOE BIIMS-
HUE Ha XapaKTep pacnpeneieHusi HANPSDKEHUH B Kpernu. 3Ha-
YEeHUs1 HAaTPY30K U XapaKTep UX PaclpelesieHus 10 KOHTYPY B
3HAYMTEIbHON CTENEeHU ONPENENsIOTCs JKECTKOCThIO KPernu, ee
TOMNLUKHON, (POPMOIl MONEPEYHOro CEYEHNUs U HAYAJIbHbIM Ha-
NPSUKEHHEM COCTOSIHUSI TIOPOAHOTO MAaccHuBa, T. €. Koahduuu-
enToM OoKOBOro pacrnopa A. [Ipu 3TOM OTMETHM, YTO MOpSs-
~ IOK 3HaueHHH HArpy3oK, onpenenseMbix o popmyse (2.122),
C OOCTAaTOYHOM Uit MHXXEHEPHBIX PACUETOB CTEMEHbIO TOY-
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a p Mlla 1. Mla 6
0,05

p, MlMa 1, MIla

0,135

0,096 0,077

Puc. 2.39. Dmopbl HOPMAIILHBIX U KacaTeIbHBIX HATIPSIKEHHH Ha KOHTAaK-
T€ Kperns—MaccHB OpH KoadduimeHTe 60koBoro pacropa A = 0,33 (@) u

A=1(0)

HOCTH COBNAZAeT CO 3HAUCHUSIMHM HAarpy3okK, NOJIy4YaeMbIX U3
yka3aHHOTO peuienus (cMm. puc. 2.39). CnegosatensHo, dop-
myny (2.122) MOXHO HCMONL30BATb Il OPUEHTUPOBOYHOM
OLIEHKH HAarpy3ok Ha KOHCTPYKLHHM MOA3EMHBIX COOPYKEHHH,
paboTaroUIMX COBMECTHO C MAaCCUBOM Ha NOMNpeAeNnbHOU cra-
anu ero pepopmupoBaHus.

IIpu o6pa3oBanuu BOKPYT BbIpabOTKH oOacTeii 3anpe-
IENbHOTO AePOPMUPOBAHU OCTaTOYHOH NPOYHOCTH WIH PY-
MHHOTO pa3pyuleHHs, KOrja B COOTBETCTBUHM C Kiaccupuxa-
UMel, IpUBEeAEHHON B noapasa. 2.4.1, nOpoaHbIil MaccuB Xa-
PAKTEPHU3yeTCsl KaK HEyCTOMUMBBLIN, Oe3pa3MepHbIE CMELICHUS
u_(p) onpenenstorcs no gopmyne (2.71). Ilonaras r = 1, no-
JyunuM

(1-B)(o,, —0,)
2M

u_(p) = + em(t)+(”B)§Gm"°0) 2. (2.123)

M,

0

Pamuyc o6nact ocTaTOYHOU MPOYHOCTH 7,; OMPENeNs-

eTcs u3 popmynel (2.112), a BemuuuHa p — u3 (2.63).
Heckonbko croxHee OnpenensoTcs HavajlbHbie CMelle-
HUs . Ecm s kpertenns BblpaGOTKH MCMONB3YIOTCS CIIIOLI-
HbI€ KOHCTPYKUMU M3 OCTOHHBIX OJIOKOB, Kene300€TOHHbIX WIIH
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YYI'YHHBIX TIOOMHTOB, YCTAHABJIMBAEMBIX HEMOCPEICTBEHHO B
3ab0e, TO CMeLIeHUE u, CIEeAYeT ONpelesTb Mo (Gopmye
(2.117). Ecnu e nocTossHHAsA KPeMnb KanUTalbHOU BhIpabOTKU
BO3BOJUTCS C OTCTABAHMUEM, @ YUYAaCTOK OT Hee A0 3abos nox-
JIEPKUBAETCsl BPEMEHHOU Kpembio (Hampumep, pamMHOU mo-
JaTNHBOH), TO MPH ONPENENEHHH i, CAEAYET YUHTBIBATb CMe-
LIeHMs], Pa3BUBAIOLIMECS B Pe3yJbTaTe pa3pyLUeHUs] MOPOL.
[IpubnuKEHHYIO OLEHKY HAaYaJIbHBIX CMELUEHUH B 3TOM Ciy-
4ae MOKHO OCYLIECTBUThL MO (popmyie

— (I_B)(Gcm -0, (1 +B)(Gm —'Go)
0 2M oM

0 0

u

+] gy, (D + r223(1)8p),(2.124)
THE 7'y3(Py,) — pamuyc obIacTH OCTATOYHOM MPOYHOCTH, OI-
peneneHHbli o Qpopmyne (2.73) ¢ NOOCTAHOBKOW Hecylien
CIIOCOOHOCTH BPEMEHHOM KPeMu p = p,, ONPEeNeNseMOu U3 yc-
JOBUS

Pap = Ponn> (2.125)

3[IECh P, — ONTUMANbHAs Hecyllas CHOCOOHOCTh KpeMu, Mo-
PSIOK ONpeNeNeHust KOTOPOU OyAeT U3JIOXKEH HHXKE.

B kauecTBe mpumMepa OLEHMM Harpy3ky Ha cOOpHYIO
KOJIbLEBYIO Kpenb U3 OeTOHHBIX OJIOKOB C XapaKTePUCTUKOMH

xectkocTH ky = 0,2 - 10* MIla/M, ycranaBnuBaeMylo B FOpH-
30HTalbHOH BblpaboTke paguycom R, = 1,7 M Hemocpencr-
BeHHO B 3aboe [ = 0,25 R,. Kpenb cobupaercsa us 12 snemen-
TOB (O510KOB), TOJMLIKHA KOTOPbIX cocTaBiseT 0,2 M, 3a30Pbl B
cthikax — A = 0,002 M. 3a0yTOBOYHBIH CION MEXIY KPENnbIO

1 nopoao# umeet Tonuuny 0,1 M. BeipaboTka coopyxaercs B
OOHOPOJHBIX NOPOHAaX, UMEIOLIKX CIAEAYIOLIe MEXaHUUeCKHe

xapakTtepuctuku: y = 2,9 - 107 MH/™M%; o, = 30 MIla; o, =
= 25 MIla; p = 30% E, = 1,5 - 10* MIla; E_ = 10" MIla; o =
= 1,5 0, =30cyr; 1=l cyt; f, = 1; f, = 0,5, M, = 3 10* MIla;
M_=2,5-10"MIla; B = 4; 5,= 0.
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HauanbHOE HAIMpSKEHHOE COCTOSHUE MacCHBa MPHHU-
MaeTcsl pABHOKOMIIOHEHTHbIM, ¢ = 25 MlTa.

Pemenue ypaBHeHus (2.115) BbIMOAHUM TpapUUYECKUM
cnocobom. [l aTOro cHavana onpeaenuMm €ro cjaaraembie:

u, = 0,0022 M; 1, = 0,025 M5 u, = 0,0038 m; u(p) = 5 - 107 m.
[MoncTaBisiss MCXodHble B gopmyny (2.112), onpenenuMm cHa-

a7 1,418
qana 7, :—\/:_’
p

NOIyYHUM BbIPAKEHHE 1 ()=

a 3aTeM, NOJACTABIsAA 3TO 3HayeHue B (2.123),

Y

04, MOJIB3YACh KOTOPBIM

NOCTPOUM KPHUBYIO / Ha puc. 2.40. OTi10XUB OT Hayajia Koop-
AVHAT 3HaueHue u, + u, + u, = 0,031 m (BentnuuHy u(p) BBUIY
MAJOCTH MOKHO HE YUYHTBIBATh), MOCTpouM rpaduk 2. Touka
nepeceueHus 0, ONPENENINT HCKOMYIO Harpy3Kky p = 0,425 MI1a.

AHanu3upys MONyYEHHbIE Pe3yJbTaTbl ¢ TOYKU 3PEHUS
BO3MOXKHBIX IYTEH CHUXKEHUS ACHCTBYIOLIEH HAarpy3ku, MOX-
HO CAENaTh CIAEAYIOLME BbIBOABL. [IprMuMHAMU BLICOKOW Ha-
I'PY3KH Ha Kpelb SBJIAIOTCA, ¢ OOHOU CTOPOHEBI, 0OpazoBaHue
BOKPYTI BBIPAaOOTKU OONacTH PYMHHOIO Pa3PyLUCHUS HNOPOX
(0, = 0), xoTOpas pe3ko MHTEHCUUUUPYET MPOLECCHl CMELE-

HUI NOPOM, C Ipyroi — HeAOCTATOUHAsl KOHCTPYKTHUBHAs MO-
OATIMBOCTh KPEIH.

IMoneiTky nmpemorBpalueHuss oOpa3oBaHus OOIacTU py-
VHHOTO Pa3pyLICHMs MyTeM YBEIMYeHHUs HECYLEH CrnocoOHO-
CTH KpPEeNY B JIM MOKHO NPU3HATh LenecoodpasHoil. B pac-
CMOTPEHHOM MpPUMEPE ISl 3TOrO NPULIIOCh Obl YCTAaHOBUTH
Kpenb ¢ Hecywelt cnocobHocTeio p = 1,4 MIla, uto pe3ko Obl
YBEIIMUMIIO €€ MAaTEPHAIIOEMKOCTb, a CIeIOBATENbHO, U CTOU-
MOCTb.

OyeBuaHO, 4TO HaubOJEe PALIMOHAIBHBIM PELICHUEM B
HaHHOM Ciy4vae SIBJISETCS yBeJIMUYEeHHE KOHCTPYKTUBHOH MO-
AATIAMBOCTH kpenu. Tak, HanpuMep, NPU yBEIUUYCHUHU CMELile-
HHH 3a cyer gedopMaLMii B CTBIKAX MEXKAY OTAENbHBIMHU OI0-
KaMu Bcero Ha 3 cM (3TO JocTHraercs nyTeéM YCTaHOBKH Crie-
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P, MTIa Puc. 2.40. Tpaduxu g on-
peleneHHs ONTHMALHOM No-
JATTHBOCTH KpenH

LUHalbHBIX MPOKIAAO0K)
Harpy3ka Ha Kperb yMEHb-
LIaeTcs NouyTU B 2 pasa

0.2 0 4  (1ouka 0, Ha puc. 2.40).
- mm e ] —-— - | S - 3 T
OV eiootuti uistvatoll eteteliel e O_s Kazanoch Obl JOTHUYHBIM
T | —
— — I B IIAHHOM CUTyauuu npu-
0.02 0.04 0.05 008 0.1 0,12 014 016w, v

MEHEHHe KPeNu ¢ BO3MOX-
HO Gounbllel NOAATIMBOCTbIO, OJHAKO 3aKOHOMEPHOCTH pea-
JU3aUMKY FEOMEXAHMYECKUX MPOLECCOB HAKNAABIBAIOT HA Ta-
KO€ pelleHHe ONpeeTIeHHble OTpaHHYEHHs. PacCMOTPUM 3TOT
BONpPOC noapoOHee.

YBenuueHue MOAATAMBOCTH KPEIMH IMO3BOJSET CHU3UTH
IEUCTBYIOLME HA HEE HATPY3KH, 4 CMENOBATENbHO, U ee Tpe-
OyeMyro Hecylyro cocOOHOCTb. OTHAKO C YMEHbLUEHHUEM CO-
IIPOTHBJICHUS KpEeMu YBEIHUYMBAIOTCA pa3Mepnl obnactu py-
MHHOIO pa3pyLUeHUsi NOpOMd, ONPEeASNAIOLIEN HAIPY3Ky IIPH
CIUIOUTHOM CBOAoOOpazoBanuu. 1103TOMy npu onpeneeHHou
NONATIMBOCTH KPEIMH MOXET BO3ZHUKHYTh TAKOE IOJIOKEHHE,
P KOTOPOM HAarpyska OT Beca MOpOX B mpefenax obnacTu
PYMHHOI'O pa3pylIeHHUsl CTAHET PABHOU Hecyllel crOCOOHOCTH
kpenu. Takas Hecywlas criocOOHOCTb KPEMH HA3bIBAETCs OIl-
TUMANbHOM.

OnTUMabHYI0 HECYLIYIO CIOCOOHOCTb KPENM onpene-
JIMM U3 COBMECTHOrO pelleHust ypasHeHud (2.111) u (2.123).
Brauane B (2.123) uckirouum 7,; ¢ nomowso (2.111), a 3atem
NOCTPOUM rpaduk u(p), TOUKA NMEPECcEHEHNUss KOTOPOro ¢ KpH-
BOH #_ 1 ONPEAETUT HCKOMOE 3HAYEHHUE P ..

Ha puc. 2.40 stor ciyuaii mpencrabieH rpapukom 4
(Touka 0,). JleficTBUTENTbHO, IPU YCTAHOBKE KPENH € MEHbLIEH
XKECTKOCThIO (rpaduk 5) nepBUUHAs HATPY3Ka OT B3AUMOMEH-
CTBHUSI Kpenu CO CMELIAIoMUMHUCS nopofamu OyneT MeHbLie
(Touka 0,), HO BMECTE C TEM yMEHbllIEHHE Hecyluel cnocoGHo-

ctu xpenu ¢ p = 0,104 MIIa (touka 0;) no p = 0,085 Mlla
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(Touka 0,) NPHBOIMT K COOTBETCTBYIOLIEMY YBEIHMYEHHUIO pa-
auyca oONacTH PYHHHOTO pa3pyLIeHus ry, ¢ 4,39 no 4,86. O6-
pyLIAIOLIMECS [IPH STOM MOPOABI HOPMHUPYIOT BTOPUYHYIO Ha-
rpy3ky Ha xpenb (2.111) p = 0,189 Mlla, T. e. B 1,8 pasa Sonb-
1y, YeM MPH ONTUMAILHOM HECYLUEeH CIOCOOHOCTU KPENH.

B paccMOTPEHHOM HaMH IPUMEPE NMPUHAT BApUaHT Kpe-
nieHus COOpHOU OIOYHON KPEMblo, CHOCOOHOM cpa3y ke Mo-
cJie BO3BECHHUSs BOCIPUHUMATh HAarpy3ky, a HIOTOMYy yCTaHaB-
JIMBAEMOU HEMOCPEACTBEHHO B 3a00e. DTUM CaMbIM HCKIIIOYa-
eTcs HEOOXOOMMOCTb BPEMEHHOI'O KpemineHUs BBIPabOTKH.
DTO OAHOBPEMEHHO U JOCTOMHCTBO U HEJOCTATOK.

TexHuuecku 3amavya MOXKeT ObITb pellieHa HHaye: BHaya-
Je BbIPabOTKA KPENUTCs apOYHOU MNMOAATIMBOM Kpenbw. B
3TOM Cllyuyae ONpeNesIeHHasl 4acTb CMEILUEHHH pa3BUBAETCA 110
BO3BEHECHUS NMOCTOSHHON KPENH, U OKOHYATENbHAs Harpyska
Ha Hee OyleT CyLIeCTBEHHO MEHbllIe, YeM B IEPBOM BapHUaHTE.
BMmecte ¢ TeM BO3pacTaeT TPYLOEMKOCTb paboT mno Kpernie-
HUIO BIPAOOTKH, [MOITOMY OKOHYATENbHbIM BEIOOP BapuaHTa
KPEIUICHUs] [OJDKEH IPOU3BOAUTLCA Ha OCHOBE TEXHHKO-
IKOHOMHUUECKOTO aHaIu3a.

IIpn o6pazoBanuu BOKPYT BbIpabOTKU TONBLKO 0OIacTH
3aNpefenbHOro OeOPMUPOBAHUS CMeLleHUs u_(p) onpene-

JAOTCS MO BbhIpakeHuto (2.61), rae caeayer nojloxuTsb ¥ = 1;

u_(p)=2g,,(1) l+—1—(rji+‘ -1 (2.126)
2 B+l

Papguyc obnactu 3anpenenbHOro COCTOSIHUSL Fy, B 3TOM
Ciiyyae MOKeT ObiThb HallIeH U3 PelleHHs TPaHCLEHIEHTHOTO
ypaBHeHus (2.74). Cmeluenus u, u u(p) ONpenensoTcs B COOT-
BETCTBMM C BbILLEU3TIOKEHHBIMH PEKOMEHIALIUSIMHU.

Harpysky Ha kpenb onpenenum u3 peuieHus ypaBHEHUS
(2.115) nocne noncranosku B Hero (2.117), (2.118) u (2.126).
Becema HarnsanHeiM siBiserca rpaduyeckoe NpencTaBneHye 3T0-
T'O PELICHUSs!, KOTOPOE BBIMOJHSIETCS CleAyIOWNM obpa3oM. Bra-
HalIe 3a1a10TCA HEKOTOPBIMU MTPOU3BOIbHBIMU 3HAUCHUAMMU:

U P, 1. e u (p), <u(p), <up); ... <up),
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npuyem u_(p), DODKHO ObITh OONbLIE 3HAYECHHMS, ONpeacnse-
MOTO 1o Gopmyse (2.126) npu r|, = 1.

IloacraBnss mnoCnenOBATENbHO MOPHUHATBIE 3HAYEHUA
u_(p) B Bolpakenue (2.126), ero pewarT OTHOCUTENLHO 1,
noJtyuas COOTBETCTBEHHO 3HaueHus r,(1), r,(2), r,(3), ry,(n).
3aTeM NOMYYEHHBbIE 3HAUEHHS 7, MOCIEAOBATEILHO MMOACTAB-
JAI0T B BhIpaxkeHue (2.74) W pewairoT ero OTHOCHUTENbHO P,
ONY4as p, Py, Ps, - P, A4 y100CTBA PE3YNAbTATHI 3aHOCAT B
tadiuny (tadn. 2.10).

Tabnauya 2.10
u_(p) u (p), . (p), u (p), u (p),
r, (1) r,(2) r5(3) r,(n)
p P, p, Py P,

ITo 3Tum maHHeIM cTPOAT rpaduk p = f[u_(p)).

ITo ¢popmyne (2.117) BBIYMCIAIOT 3HAYEHUS #, U OTKJIA-
IBIBAIOT MX OT Hayala KOOPAMUHAT Mo OocH u (p). M3 Touku
u_(p) = u, Kax M3 HadaJa KOOPIAMHAT, CTPOAT KPHUBYIO p =
= f5lu(p)]. Ans sToro B Beipaxenue (2.118) nocnenosarensHo
NOACTABNAOT U3 Tabmn. 2.11 3HaueHus v_(p) U peLaroT ero oT-
HOCHUTENBHO p.

Pewiennem ypaBHeHus (2.115) OyneT Touka nepeceyeHus
rpauxoB p = filu_(p)] u p = f,[u(p)]. IlpuBeaenHbIe aHAIUTH-
YeCKUE METOIb! OINPEILIEHUs HArpy3KU Ha KPenb MO3BONAIOT
MTPOaHaIM3MPOBATh €€ 3aBUCUMOCTb OT MEXAHMYECKUX CBOHMCTB
MaccMBa ¥ KOHCTPYKTHMBHBIX MapaMeTpOB BbIPAOOTKU B LIH-
POKOM [MaNa30oHe BIUAIOLINX PAaKTOPOB.

UznoxenHnas Bbllle METOAMKA ONPENEIEHHs Harpy3KH
Ha Kpenb npu GOPMHUPOBAHUM €€ B YCIOBUAX COBMECTHOTO
medopMupoBaHus Kpend M maccuBa Oblma peanu3oBaHa B
HOpMaTUBHOM mokymeHTe [13]. Huxe M3mOXKeHbI COOTBETCT-
BYIOIIIME€ HOPMATHBHbIE PEKOMEHIALU Y.
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PacueTHYIO HAarpy3ky Ha BCE BHIBI KpeneH NpoTsKeH-
HBbIX KaMUTaJbHBIX TOPU3OHTAJILHBIX BLIPAOOTOK, 3a HCKIIIO-
yeHWEeM PaMHBIX NMOJATIUBLIX, CIEAyeT ONpeAessTb pa3aeib-
HO B BEPTUKAIbHOM (KPOBMS W NMOYBA) U TOPU3OHTAILHOM
(60xa) HaNpaBIEeHUsIX IO HopmyIte

p= 'Yka m, p", (2 | 27)

rae Y, — k03GPULUHEHT HALEKHOCTH MO Harpys3ke, MpUHUMAa-
ercs no tabm. 2.11;

Tabnuya 2.11
CMeELLIEHHE 1, MM, Koadduivtent v,
OfIpesiersieMoe
no popmyie (2.97) I'aBHBIE BCKpLIBAKOLIIE MarucrpalbHble
BhIpaboTKu H APYTHE BLIPaloTKH

Ho 50 1,25 1,1
Csrimie 50 mo 200 1,1 1,05
Cspie 200 mgo 500 1,05 1,0
Capire 500 1,0 1,0

k, — xo3dduULMeHT, yUHTHIBAIOLIMN Ha3HAaYeHHE BbIPaOOTKH
(7151 TIaBHBIX BCKPBIBAIOWINX BrlpaboTox — &, = 1,1, nna oc-
TAIbHBIX — k, = 1); m, — KO3(pPULUKEHT, yUUTBHIBAIOLIUN
BIIUSIHHE PA3JIMUHBIX CIOCOOOB NMpOBEACHUs BbIPAOOTKH (1IpH
OypoB3pbIBHOM — mi, = |, npu KOMOAHHOBOM — 3HAUYEHHUE M1,

NIPUBEACHO HUXXE B 3aBUCHMOCTH OT BEIWYHHBLI OTHOLIEHHS
pacueTHo rnyOuHbI pasMeuieHus BbIpabOTKU H K pacyeTHOM

IPOYHOCTU NOpOf R,,); p' — HOPMAaTUBHAs HArpy3Ka, onpe-
Aesiemas no rpaduky Ha puc. 2.41.

HJ/R o ... Ho 1,6 Cspbuue 1,6 10 2,0 Cspuue 2,0 70 2,5 Csbrne 2,5
B ttrrerecenerirnenn 0,6 0,8 079 l’l
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Puc. 2.41. Tpadux st onpenenensg HopMaTHBHONH HATPY3KH p”

Onpenenenue p", MIla, BenyT B ciemyrolei nocnenosa-
TenbHOCTH. CHayana mo ocu CMeIeHNH 1, MM, OT Hayayia Ko-
OPIMHAT OTKJIAILIBAIOT CyMMapHOE CMELIEHHUE:

u,+ U+ U, (2.128)
IZie u — CMELUEHKE IOPOAHOTO KOHTYPa 0 yCTAHOBKHU Kpeny,

u, = uk, (2.129)
31eCb U — MAaKCHMaJibHble CMELIEHHs 32 BECb CPOK CITyKObl
BeIpabOTKHM, onpenensoorca no dopmyne (2.97) npu k, = 1;
k, — xo3(hGuuKeHT, YIUTHIBAIOIIMI BPEMS BO3BENCHUA KPENU

t ¥ onpeaensieMbi o rpadukaM Ha puc. 2.32, 6 B 3aBUCUMO-
CTH OT 3Ha4eHUs OTHOWECHUS H /R i u, — CMELUeHUs OT CXKa-
- Tust 3a0yTOBOYHOTO MaTepuana,

u, = 0,25d,, (2.130)
d, — TONINHA CNost 3a0YTOBOYHOTO MATepUana; u,, — KOHCT-

PYKTHBHasi NOAATIIMBOCTb KPEIIKM € YUYETOM YCaIKH M INOJI3Yy4e-
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¢t 6eTOHa B MOHOJMTHBIX KOHCTPYKUMAX (MOCHENHSAS CO-
crasisieT 20 MM 1 ODHONYTHBIX UM 40 MM [ ABYXITyTHBIX
BLIPAOOTOK). 3aTeM M3 TOUKH, XaPAKTEPU3YIOILEH CYMMapHOE
cmewienue (u, + u, + u,), BOCCTAHABINBAIOT MEPNEHIUKYIIAP

10 TepeceueHust ¢ KpuBO# p"(u), COOTBETCTBYIOLUEH MAaKCH-
MaJIbHOMY CMELIEHHIO MOPOAHOrO KOHTYPa, OMpencaieMoMy
no dopmyne (2.97). IIpoekuns TOUKH Nepecedenrs Ha OCh Op-
IMHAT JAaeT MCKOMOE 3HaYeHne HOPMATHBHOM HArpy3Ku p".

PacueTHas Harpy3ka Ha | M BbIpaOOTKM 171 PAMHBIX MO-
JIaTIMBBIX KPENEH:
CO CTOPOHbBI KPOBJIU U MMOYBEI

p= y/kumnbp", (2.131)

CO CTOPOHBI HOKOB

p= y/kaBhp", (2.132)

rae b u h — cOOTBETCTBEHHO LIMPUHA U BbICOTA BLIPAaOOTKU B
MPOXOKE; p" — COOTBETCTBYIOIIASE HOPMATHBHAS HArpyska
(cM. puc. 2.41).

PacueTHyro Harpy3ky Ha Kpernb BbIpaOOTOK KaMEPHOTO
TUNA NPU OTHOWIEHMH MX [UIMHBI K LIMpHUHE Oomee 5 ompene-
10T o Gopmyane (2.127). Ans kamep orpaHUueHHON IIIMHBI,
KOTJa YKa3aHHOE YCIOBHUE HE BBINOJIHACTCS, PACYETHYIO Ha-
IPY3Ky ONpPENeNnsroT no Gpopmyie

p}c = kCHkBKp’ (2 1 33)

Ile p — pacyeTHas Harpyska, ompenensemas mo Gopmyie
(2.127); k,, — x03bPUUHCHT CHIKEHHS HATPY3KH Ha Kpefb,
onpenensieMbld 1o T1abn. 2.12 B 3aBUCMMOCTH OT KaTeropuu
YCTOWUYMBOCTH NMOPOA U OTHOULICHHUS IJIMHBI Kamephl [, k ee
wupune b k, — x03PPHLUHUEHT BIUSHUA BbIpabOTOK, NpHU-
MBIKAIOUIMX K JUIMHHOH CTOPOHE KaMEPbl, ONpENENseMblii B
3aBMCUMOCTH OT COOTHOLIEHHS LMPHHbI KAMEPHI b, U IPUMBbI-

Karoweit BbipaboTku b, no tabim. 2.13.
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Tabruya 2.12

1/b, Kateropus ycroifunpocti L/b, Kareropus yerofiuiisocts
I 1I 11 v I 1t m v

1 0,5 0,5 0,5 0,5 4 0,93 | 0,99 1,0 1,0

2 0,69 { 0,81 | 0,88 { 0,95 5 1,0 1,0 1,0 1,0

3 0,83 1 0,92 ] 0,97 1,0

Tabauya 2.13
Bapnanr k., TIpH b /b,
[PIMBIKAHIS
BbIpabOTKH 1 2 3 4

OmHocTopoHHee 1,4 1,2 1,1 1,05
JBycToponHee 1,6 1,3 1,15 1,1
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3.1. OUEHKA YCTOMYHUBOCTH
HE3AKPEIVIEHHBIX TOPHBLIX
BbIPABOTOK

3.1.1. Onpeaenente JonyCTHMOro npoaeTa
He32KpenJeHHbIX BbIpaboTok

3anpenenbHoe AePOPMUPOBAHNE H Pa3PyLUEHHE MTOPOA-
HBIX MACCUBOB HAOJIOAAETCs NPEKAE BCEro B KPOBAE BhIPado-
Tok. Pa3pyliueHne KxpoB/IM BbIpaOOTOK peanu3yercs npaxkTHe-
CKM BCEria, €ciii He cpasy nocyie oOHaXeHHs KPOBJM, TO €O
BpPEMEHEM IO MEpe CHHIKEHHS MPOUYHOCTH OOHaKEHHbIX MO-
poa. Onnako macwtalbl 3TOrO Pa3PyLIEHH MOTYT ObITh pas-
JAMYHBIMH: B OJIHUX CllyyasX pa3pylUeHHe pealu3yercs B BUAES
HE3HAUUTENIbHOIO «LUENyLIEHHs» KPOBJM, HE HapyLIAroLero
HOPMaJIbHON 3KCMAyaTauud BbIPAOOTKH B HE3aKPErUJIEHHOM
COCTOSIHHH, T. €. HE HApYIUAIOLWEro yCTOH4HBOCTH KPOBNU H
BIPaOOTKH; B APYTUX Cydasx paspylueHue npuobperaer Ta-
Kue macuiTalbl, 4YTO MPUBOAMT K TOTEPH YCTOHUYMBOCTH
KPOBJM M BbIpaOOTKH B LEIOM. B Taxkux crnyyasx enMHCTBeH-
HbIM MEPOMPUATHEM MO CHHXKECHUIO MAclITAOOB paspyLleHuUs
ABJIIETCSl OTPAHMYEHHE NPOJIETa KPOBIM BbIpaboTKkH. Takum
o0pa3oM, KOHEUHOH UeNbl0 pacuyeTa KPOBIH BbIPAOOTOK SIB-
JIAETCS OTNPEAENIEHHE UX JONMYCTUMOrO MPOJIETa O coodpaxe-
HUAM OesomacHocTH. B cooTseTcTByrOwWwed nutepatype [10]
3Ta 3aJa4a M3BECTHA KaK 3a4auya O JONMYCTUMOM MpPOJIETE He-
3aKPEIIEHHON TOPHOU BbIPaOOTKU.

Jns pewieHus 3agayu TpeOyeTcs aHalIu3 NPOLECCOB pas3-
pylleHus KpoBiU BbipaboTok. PazHoobpasue ropHo-reonoru-
YeCKMX CUTyalUMH 3aTpylaHseT pa3paOOTKy YHHBEpPCAIbHOMU
MOJZEIN NpOLECCOB pa3pylleHus KpoBiIW. Bmecte ¢ TeM Ha-
TyPHbie HAOMIOACHMS [TOKA3bIBAKOT, UTO OOBIYHO peau3yioTcs
ABAa MEXaHHM3Ma pa3pyLUEHHsl KPOBJIH: B TOHKOCIOUCTBIX He-
OAHOPOAHBIX MACCHBAX PA3PYLUEHUE KPOBIM PEATU3YeTCs B
BuIe GopMUpOBAHUS JIOKATIbHBIX 00acTeil MenKopa3pylleH-
HBIX MOPOJ ¢ NMOCIENYIOUIMM BbIBAIOOOpPAa3OBaHHEM, MaCLITa-
Obl M pasMepbl KOTOPOTO ONMPERENAIOT YCTOHUMBOCTh KPOB-
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J1I1; B KPYTHOCHIOUCTBIX MOPOAHBIX MACCUBAX (HATIPUMEP, CIOi
HEMOCPEACTBEHHON U OCHOBHOW KPOBJIM) Pa3pyLUEHUE peanu-
3yeTCs B BUMIE TPELUUHOOOPA3OBAHUS U OTCIOCHUS MOPOIHBIX
ONOKOB, pazMepbl KOTOPbIX XAPaKTEPU3YIOT YCTOIUYMBOCTb KPOB-
4. Bo3mMoxHBI Takue ciydau, korga o0a MexaHusma paspy-
LIEeHUsT KPOBJIM PEATU3YIOTCS OAHOBPEMEHHO. OCTAHOBHMCS
6oree NOApOOHO HAa MOMENBHOM MPEACTABIEHWM W KayecT-
BEHHOW OLEHKE MeOMEXaHHYECKUX MPOLECCOB, COOTBETCTBYIO-
UIMX NEPBOMY MEXAHU3MY Pa3pyLUCHUs] KPOBIH.

IIpy paccMOTpeHMH MEepPBOTO MEXAHU3MA Pa3pyLUCHUs
OCHOBHBIM KONMYECTBEHHBIM MNAapaMeTPOM SBIAETCA OObeM
BbIBaJ10OOPAa30BaHUs, & KPUTEPHUEM YCTOHUMBOCTH KPOBJIH —
TpeboBaHue, 4ToObl pacueTHblii 0ObeM BbIBAIOOOPa3OBAHUSA
V He NpeBOCXOOMIT HOMYCTHUMbIM OOBEM BbIBAIOOOPA3OBAHHUS
V,, Ha3HAYaeMbIH M0 ycioBUAM OE30MACHOCTH IKCIUTYyaTALUM

BbIpabOTKH, T. €.
V<V, 3.0

PacuerHblil 00beM BLIBATOOOpa3OBaHUS OMNpEHENseTcs
MEXaHUYEeCKMMH CBOHCTBAMU TMOPOAHOTO MAaccHBa, €ro Ha-
YaJbHBIM HANpPsKEHHbIM COCTOSHUEM, TEXHOJOruel coopy-
JKEHUS ¥ TEOMETPHUYECKUMH paszMepaMu BblpaboTku. OqHUM
U3 TaKUX Pa3MepoOB SABJSIETCS NPOneT BbIpaboTku [, T. €.

V= WD. (3.2)

Honyctumblii 06beM BbiBa00Opa3oBannus V, onpenens-
€TCsl 3KCITyaTALHOHHbIM Ha3Ha4eHueM BoipaboTku. Hekoto-
Pble PEKOMEHIALIMHU 11O ONPeeIeHUIo V, npuBeieHbl B paboTe

[10]. 3mech HEOOXOOMMO 3aMETHTh, YTO KOINYECTBEHHbIE OLICH-
KU oObeMa BbIBATOOOPa3oBaHUsl OOBIYHO OCYLUECTBISIIOTCS B
NIPOTS’KEHHBIX TOPU3OHTAIbHbIX BbIPAOOTKAX, [NI€ AHATIU3 I€O0-
MEXAHMUECKUX MPOLECCOB BBIMONHAECTCA METOHAMH PELUEHHUS
IUIOCKOM 3adayd B MOCTAHOBKE INIOCKOW aedopmauuu (CM.
noapasA. 2.1). Ilpu Ttakoil pacueTnHoil cxeme 0ObeM BbIBANO-
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06pa30BaHus MPENCTABISIETCS KaK M701MaAb BbIBanooOpaso-
paHUsd B IOMEPEYHOM CEYEHHUH BbIPAOOTKH, YMHOXEHHAs Ha
eMMHIUHBIE Pa3Mep MO MPONOAbHON ocu BeipaboTku. ITosTo-
My NpU MpOBepKe ycnoBHs (3.1) COMOCTABMAIOTCS IMIOLIANH
BblBaI0OOpa3zoBanusd, T. €. V U V, HMEIOT PasMEpPHOCTh M.
[TpuBemeM HEKOTOPbIE PEKOMEHAAUMH MO OnpeneneHuio V,,
3aMMCTBOBaHHbIe U3 paboTsl [10]: B BeipaboTKax, rae pasme-
warTed moau, V, < 0,001 m* B BbIPA0OTKAX UCKIIOUUTEIBHO
TPAHCTIOPTHOTO HA3HAYEHUS, IS PasMeleHust 0G0PyI0BaHUs
¥ B HallOPHbIX TMAPOTEXHUUECKHX TOHHENAX 0,001 <V, < 0,01;

B Oe3HANOPHbLIX THAPOTEXHUYECKHX TOHHENsAX 0,01 <V, < 0,1;
B BEHTWJIAUMOHHBIX BbipaboTkax 0,1 <V < 1.

Ecnu yuecTb BoipaxceHue (3.2), TO pacueT KPOBJIH U3 YC-
noBus (3.1) B KOHEUHOM CHETEe JaeT pellieHHe OCHOBHOM NMpak-
THYECKOU 3a71aui — OIpenesieHue JONyCTUMOrO TIPpONeTa KPoB-
T [, HE3aKPEMJIEHHOM BbIPabOTKH, T. €.

I<1. 3.3)

A

Takum o6pasom, OCHOBHAs TPYAHOCTh PacyeTa 3aKIIro-
yaercs B onpeaeneHun V = V(I). PaccMOTpHM MeTOAUYECKHE
MOOXO/bI K PELLEHHIO 3TOH 3a7auu.

BeiBanooOpaszoBaHue B TOpHbIX BbIpabOTKaxX B paMmKax
NEePBOrO MeXaHU3Ma paspylieHUus OObIYHO PAa3BUBAETCS NO
CIemyromeli cxeme: paspyllieHHe Ha KOHTYpE BbIpabOTKH —
pacnpocTpaHenue paspylueHus B Ti1yOUHy NOPOIHOIO MacCH-
B3 — oOpasoBaHue OONacTy Pa3pylieHHbIX NOpPOa — ee 00-
PYLIEHWE nox AelcTBUEM COOCTBEHHOIO BeCa FOPHBIX NMOPO B
BbIpabOTaHHOE MPOCTPAHCTBO.

Pazpyurenue Ha KOHTYpe BbIpabOTKH CIENYeT OKUAATH B
npenenax Tex y4acTKOB KOHTYypa, THe MOEHCTBYIOLIME CXKH-
Marouiyie unn pacTAruBaroiie Hanpsikenus (o HOpMalbHbIM
K KOHTYpy niiomagkam) npeBoCXOoIsiT IPOYHOCTb TOPHBIX MO-
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PO COOTBETCTBEHHO HA ONIHOOCHOE CXKATHE MIIM PACTSKEHHE.
ITpu GypoB3pBIBHOM BbIeMKE NMOPOJ, KOTAA KOHTYP BbIpaboT-
KM MMEeT TEXHOJIOTHYECKHE HEPOBHOCTH, HA YYacTKaX BNaauH
(nonoxkurtenbHasi KPUBU3HA KOHTYpa) HabmonaeTcsi KOHUEH-
TpauMst CKUMAIOIMX HaNPSXKEHUH, a Ha y4acTKaX MOPOIHBIX
BLICTYNOB (OTpHLaTeNbHAs KPUBM3HA KOHTYPA) — JIEKOHLEH-
Tpauus CKUMAIOILKUX U MOSBICHUE PACTIATMBAIOLINX HANPsKe-
HUil, KOTOpbIE IPEACTaBIIAOT OCODYIO ONACHOCTDb, TAK KaK IPOYy-
HOCTb T'OPHBIX MOPOZ Ha pacTsikKeHue OOBIUHO B JECATh pa3
MeHbllle MPOYHOCTH Ha cxatue. Ilpu xomMOaiiHOBOi BbleMKe
NOPOMd, KOTAAa KOHTYP BbIPAOOTKU MMEET «IJIaJKOEe» MPOEKT-
HOe OYepTaHUe, CXKUMAOLIUE HAMPSIKEHHA KOHUEHTPUPYIOTCS
B YIJIOBBIX TOUKaX BbIpaOOTKM, a PaCTArUBaIoLLe — B cepe-
JVHE NpOoJIeTa KPOBJIH.

HeoOxonumo noauepkHyThb, 4TO pas3pylLIEHHE NTOPOA Ha
KOHTYpPe BbIpaOOTKH MPUBOAUT K U3MEHEHHIO KPUBHU3HbI KOH-
Typa M, CIeLOBATENbHO, K NepepacnpeiesIeHHIO HanpsKeHuii,
YTO $SIBJIAECTCS NPUYMHON JalbHEWILEro pa3BUTHA MNpolecca
paspyuieHus. Tak, paspylleHHWE TOPHbLIX MOPOA OT KOHUEH-
TpalUMM CKUMAIOLWMX HANpsDKeHUH B BeplUMHAX BMAAWH, Or-
PaHUUYUBAIOLIUX C IBYX CTOPOH NOPOAHBIM BLICTYI, MPUBOINUT
K TOSIBJICHUIO PACTATUBAIOLMX HATIPSDKEHUH Ha BBICTYIE U €TO
paspylieHnio. IIpu paspylueHud BbICTyra OBE COCEHHUE BIa-
JVHBl CAMBAOTCS M oOpasyercs onHa Ooiblias BHaaUMHaA €
YBEJIMYEHHBIM yYaCTKOM KOHLEHTpaUHH COKMMAIOLKX Hanps-
KEHUHU, YTO SABJIAETCA NMPUYMHON ee HaJbHeHero paspyuie-
HUs. AHAJIOTHYHBIM OOpa3oOM Ha «TJIagKOM» KOHTYpe paspy-
LIeHHE OT CXKUMAIOLLMX HATpsOHKEHUU HauMHAeTCs B YITIOBBIX
Toukax BblpaboTkH. [lpu 3TOM yBENMMUYMBAETCS KOHLEHT-
pauus PAcTATMBAIOLIMX HAMNPSOKEHUH B CEPElNHHE TPONETa

. KPOBIM U pa3pylIeHUE HAUMHAETCS Ha 3TOM yuyacTKe, 4TO B
CBOIO Ouepenb BbI3bIBACT IepepacnpenesieHue pacTaruBaro-
LIMX HAMPSDKEHUH U MOCJIEAYIOLIEe paspyLIeHUE Ha Y4acTKaXx,
OTCTAIOLMX HAa OOHY YeTBEPTb MpoJieTa OT OOKOB BbIpAOOTKH.
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[Ipoliecc pa3pyLIEHUs] KOHTYPa KPOBIIHM NPOJOIKAETCS 1O TeX
[Op, NOKa KOHTYP HE 3aHMMAET TaKOe OYEPTAHHE B MACCHUBE,
YTO YCJIOBME MPOYHOCTH COONIONAETCS MO MPUYMHE MAmbIX
NeUCTBYIOUIMX HANPSKEHHH WK MO NPUYMHE BbICOKOH Mpou-
HOCTH CaMUX TOPHBIX IOPOM.

OnucanHas QopMma pas3pylieHus HaOIoOaeTcss B TOM
caydae, eciaM paspyllieHHas Topoja Cpasdy OTCIAMBAETCs OT
MaccuBa, HE CO3/1aBasi PEaKTUBHOI'O COMPOTHBIIEHUS TlepeMe-
LICHUSM BHOBb OOpa3oBaBULIErOoCss KOHTypa B BbIPabOTKY.
MHBbIMH CTIOBaMH, €CIIM Pa3pyLICHHE PACCMATPUBAETCS TOIBKO
Ha KOHTYpE B YCJIOBHAX OJHOOCHOTO CXKATUA HIIM PACTSIKEHUS
(HOpManbHOE HANpPsKeHHe MO MPOAONLHON OCH BbIPabOTKH
IPH 3TOM OOBIYHO HE YUUTBIBACTCA).

B meiicTBUTENIbHOCTH, YACTO peanu3yeTcst takas (opma
pa3pylLieHus: B TPUKOHTYPHOM NOPOJHOM MaccuBe oOpasyer-
csi 00nacTh, 3anOJHEHHas pa3pyLIeHHOH MOPOJAOH, CO3aako-
Hieid peaKkTUBHOE CONPOTHUBIEHHE MNEPEeMELICHUIM Hepaspy-
LIGHHOTO MA4CCHBA. B 3TOM Cilydae pa3pylieHHE MPOUCXOIUT
B YCJIOBHUSIX OOBEMHOTO HAIPSIKEHHOTO COCTOSHMS, U KOJM-
YEeCTBEHHAs €r0O OLEHKa MOXKET OBbITb MONY4YeHa, Halpumep,
C MCNOJIL3OBAHUEM YCJIOBMA NMPOUYHOCTH Mopa, korna oTBeT-
CTBEHHBIMHU 3a pa3pylueHue OynyT KacaTesbHble WM PacTs-
ruBampoliue HampsbkeHus. OOpasoBaBliascs Takum oOpa3om
0o01acTh pa3spyuIeHHBIX MOPOA B KpoBie BbIpaOOTKU Oyner
COXPAHATBLCA AO TeX MOP, NOKa CUIIBI COOCTBEHHOIO Beca He
NPEBOCXOAT CUJI CLEIJIEHUS Pa3pylweHHblX nopoa. [Ipu Ha-
PYLUIEHHH 3TOrO YCIOBHS MPOUCXOAUT BLIBAJIOOOPA3OBAHUE.

Heo6xoauMo 3aMeTHTb, uYTO [BE OMUCAHHbIE (HOPMBI
Pa3’pylieHuss KPOBIIM PEeaM3yIOTCs, KaK MPaBUIO, OJHOBpE-
MeHHO. [TosToMy paccMOTpeHHasi KaueCTBeHHAsi KAPTHUHA Bbl-
BajooOpa3oBaHUsl NPENCTABISIETCS BECbMa CIOXHOH Mpu ee
MaTeMaTH4YECKOM OMHUCaHUU. B HacTosLliee BpeMs paspaboTa-
HBl ¥ MPUMEHSIIOTCA NIPU NTPOEKTUPOBAHUM BbIPabOTOK YyMpo-
LICHHBIE MOAENbHbIE MPEACTABIEHUsl MpOLEeccd BbIBanooOpa-
30BaHHS, TIO3BOJISIIOLLME ONYYUTh TOCTATOUHO HAI&KHbIE KOJIH-
YEeCTBEHHbIE OLEHKH.
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HauGonee narnsgHbM ¥ JOCTYNHBIM ISl TPAKTHYECKO-
IO UCIOJIb30BAHUS SIBIISIETCS ONMUCAHHBINA B noapasn. 2.4.2 Me-
TOL ynpyroro HanoxeHus. CYLUHOCTb €ro 3aKiuyaercs B Co-
MOCTABJICHUHM HANPSDOKEHUH B MOPOAHOM MAcCCHBE, KOTOpPbIe
MONYHAarOTCsl U3 PEeLUeHUs 3aJa4u METONAMU T€OPHU YHAPYyro-
CTH, C pacHpeaeneHueM NPOYHOCTHBIX XapaKTePHCTUK B Mac-
cuBe. B pesynbpTaTte CONOCTaBIEHUSI ONpeAensiorcs obiactu
MaccuBa, I YCJIOBME MPOYHOCTU FOPHBIX MOPOX HE BBINOJ-
HSIeTCA, KOTOpPble TPAKTYIOTCH kak OOfacTu pa3pylUeHHs, OX-
BAYEHHBIE BbIBATIOOOPA3OBAHUEM.

CoBepLIeHHO OYeBHUIHBIM HEAOCTATKOM TAKOTO METOMa
SBJISIETCA TO, YTO HE YUMTBIBAETCS MNepepacnpere/ieHre Ha-
MPSDKEHUM B MpoLecce pa3pylUeHus nopoaHoro maccusa. Ot-
MEYEHHbIH HEAOCTATOK KOMIIEHCHUPYETCS SICHOCTbIO (H3Hye-
CKOM OCHOBBI METOZ@ YIPYroro HAJIOXKEHUS U NPOCTOTOU Bbl-
YUCIIUTENBHBIX OTIEpalni.

CyluecTByloT ABa BapuaHTa 3TOrO METOMA: YNPYroe Ha-
JIOXKEHUE HAMPSIKEHUH U NPOYHOCTHBIX XapaKTEPUCTUK TONb-
KO Ha KOHType BbIpabOTKH; yNpyroe HajOXeHWe IOJs Ha-
NPSOKEHUN U YCIOBUU MPOYHOCTH TOPHBIX MOPOJ B MACCUBE,
BKJIFOYAsl TAK)Ke KOHTYP BbipaboTku. Ilepsbiit BapuaHT MeTO-
na pa3paboTaH O ypOBHS MPAKTHYECKOTO HCNOIb30BaHUS
npu npoektupoBaHuu I'.I'. JIUTBUHCKUM M CBOOMTCA K MO-
CTPOEHHUIO MAcnopTa MPOYHOCTU KOHTypa FOpHOU BbIpaboT-
KH, KaK 9TO ObUIO M3JIOXKEHO B noapasn. 2.4.2, mo OTAEIbHBIM
TOYKAaM KOHTypa. B 3TUX TOUKax CTPOruMu WIH NMPUOIHKEH-
HbIMH METONAMHU TEOPUM YNIPYTOCTH ONPEALNIIOTCS HOPMallb-
HbI€ HANPSAXKEHUS, NEUCTBYIOLIME 1O IUIOLIAAKAM, HOPMalb-
HbIM K KOHTYpPY BbIpaOOTKH, TaK Ha3biBaeMble HOPMAaJbHbIC
TaHTCHUUANbHbIE HAMIPSIKEHUS Ha KOHTYpe BbipabOTKU. 3aTeM
MO pe3yJibTaTaM 3KCIIEPUMEHTANIbLHbLIX MCCIECIOBAHUI OLIEHM-
BAETCsl NPOYHOCTb TOPHBIX MOPOA Ha OJHOOCHOE CKaTHE M
pacTsDKEHHE B YKAa3aHHBIX TOYKaxX KOHTypa. KoopnuHatel
TOUEK KOHTYpa BbIpaOOTKH, AEUCTBYIOUIME B HUX HANPSKEHUS
¥ TIPOYHOCTHBIE XapPAKTEPUCTUKHU NTOPOJ ABISIOTCS UCXOAHBI-
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MU JaHHBLIMH JUIS TIOCTPOEHHUS TNacnopTa MPOYHOCTH KPOBIIHU
(cm. puc. 2.36, 0).

B pesynbpTaTe MOCTPOEHHUS MacnopTa NPOYHOCTH OMpe-
JeNgeTcs JUIMHA Pa3pylleHHbIX Y4acTKOB KOHTYpPa KPOBIH
BbIPaOOTKH, KOTOPYKO 0603HaumM s (M). JUId HanbHEeHInnx pac-
YeTOB €ee 11eJIeCOO0PAa3HO BbIPa3UTh B €AUHMLAX NPOJETa Bbl-
paboOTKH, T. €. 3aIKMCaTh B BUIE

s=s1, (3.4)
rae s — Ge3pasMepHas JIMHA Pa3pyLUEHHBIX Y9aCTKOB KOH-
Typa.

CoBepLIEHHO OYEBHUIHO, YTO pa3pyLICHHE, HauyaBLIEeCs
Ha KOHTYpe KpOBJIM, OyAEeT OXBATbIBaTb HEKOTOPYIO 00nacTh
NPUKOHTYPHOI'O MOPOAHOrO MaccuBa. YTOOBI OLEHUTHL pas-
Mepbl 3TON o0nacTu U, CIenoBaTeNbHO, OObEeM BbiBanooOpa-
30BaHUsl, MOXHO B MEPBOM NPUONMKEHHH CUHUTATh, YTO Ha
yuacTKax pa3pylleHuss oOpa3yroTcs BbiBaldbl NapaboanyuecKo-
ro ouepranus. BeicoTa nocneaHux, cornacHo runorese M.M.

[IpoToabskoHOBA, onpenenseTcs no Beipaxenuro (2.107), ko-
TOPOE B [IPUHATLIX OOO3HAUEHHUAX UMEET BU]

— s
B 2f’
rae f— xo3pPULHEHT KPernocTy MOPo/L Ha yUacTKe paspylie-

Husg. Torna o6beM BbIBaNOB NapaboONUUYECKOTO OYEpTAHUsS B
KPOBJie NPUOIMKEHHO 3aMUChIBAeTCs TaK:

h (3.5)

22

Cn

W | —
~ |

V= %shB =
J

WIH C y4eTOM BblpaxeHus (3.4)

L gp, (3.6)
3f

IToncraBuB Bhipakenue (3.6) B OCHOBHOE YCIOBHE YC-
TOH4MBOCTH KpoBiM (3.1), monyuum BhIpaxenue Buna (3.3) wis
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ONpENENICHUsT JONMYCTUMOIO NMPOJIETa HE3AKPEMIEHHON BhIpa-
60TKM
3
I<l = ——% 3.7

Ipumep pacuema. PaccMOoTpum yCIOBUS NpuMepa pac-
yera, NPUBEIEHHOro B noapasn. 2.4.2. Onpenenum AOMYCTH-
MBI MPOJIET HE3aKPEeNIeHHOU BbIpaOOTKH CBOAYATOTO OYep-
TaHud, UMerolleld WrupuHy [ = 5 M, BbICOTY 4,5 M, IUIOWIAAb
nonepevyHoro ceuenus 19,8 m%, nepumerp 16,8 M, B TOM uucie
cBouaToi yactu 7,8 m (cM. puc. 2.36, @), pacroyIOKEHHBIN Ha
rnyOuHe h = 400 M B mopoJax ¢ NPpOYHOCTbIO Hd OQHOOCHOE
cxKaTue nopopHoro odpasua o, = 83 Mlla u maccusa o, =
= 44 MlIla, B kpoBie KOTOPOHU 3aneraer CJIOU aleBpOJIUTa C
NpPOYHOCTBIO OOpasua o, = 64 MIla u maccusa o, = 32
MTIla. HasnaueHue BbIpaOOTKM — BEHTHJIALMOHHAA, JUIS KO-
TOPOH AOMycTUMBIH 00BeM BhiBanooOpasosanus V, = 0,1 M2
ITocTpoeHHe COOTBETCTBYIOLIETO MACNOPTa MPOYHOCTH KOH-
Typa BbIpabOTKHU BLIMIOMHEHO B noapasa. 2.4.2 U MOKa3aHO Ha
puc. 2.36, 6. B pesynabTaTe onpeneseH y4aCTOK paspylIeHUs
kpoBnH s = 0,4 m.

Onpenensem Oe3pa3MepHblii y4yacTOK pPaspyLIeHUA MO
COOTHOUIEHHUKO (3.4):

s =§, 5" =0,08,

COOTBETCTBYIOLIMI KO3(PPULMEHT KPEMOCTH aJIEBPOJIMTA B Mac-
CUBE
f=0,1o,, =3,

u no gopmyine (3.7) — AONyCTUMBIH NPOJNET HE3AKPETIEHHOU
BbIPaOOTKH
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IIpu sxcnmyaTalld BbIPaOOTKH MO APYroMy HasHaue-
HUIO, HAIIPUMED U1 pPa3MelleHHs FOPHOpPaboyHX, ee HeOOXO-
AMMO KPENHTbh, PAaCCYUThIBAS KOHCTPYKLMIO KDEMM Ha Ha-
rpy3Ky OT JIOK&JIBbHOTO BeiBanmoobpasosanus 0,0011 MIla,
Kak 3TO ObUIO onpeaeneHo B noapasa. 2.4.2.

3.1.2. IIporHozupoBaHue 10JroBpeMenHon
YCTOIYHMBOCTH BbIPaboTOK"

PaszpaboTanHblii aBTOpaMu yyeOHUKa OOLIMH NPUHLHUI
kiaccuuKaluy YCTORUHBOCTH BbIPaOOTOK MO Pa3BUTHIO Xa-
paKTepHbIX OONnacTel AepOPMUPOBAHUA U PA3PYLIEHUS B IPH-
KOHTYPHOM M4CCHUBE IO3BOJISIET NMOLOHTH K OLEHKE [OJITO-
BPEMEHHOW YCTOHUYMBOCTH M CPOKa Ci1y:KObl BbIpaOOTOK, 4TO
copmynuposano B padore B.I'. Xnonuosa.

B paMkax reoMeXxaHH4eCKOH MOAEITH MOPOJHOrO MACCH-
Ba, YYMUTBIBAIOLIEH 3PQeKThl pa3pyLIeHUs Ha 3anpenenbHOM
CTAAMH U PETAKCALMOHHbIE SIBIIEHUS HAa ONPEASNbHON CTaAHH
neopmupoBanus (cM. noapasa. 2.1.3), pa3BuBaroulniics BO
BPEMEHHU MPOUECC pa3pyLUEHUs] MACCHBA MPEACTaBAACTCA Kak
IBHKEeHHE (PPOHTA pa3pyLUEHUs] OT KOHTYpa BbIpabOTKH B TI1yOb
MAacCHBa C MOCIEAOBATENbHbIM OOpPa3OBaHHEM Ha KOHType 00-
JIaCTel OonpenensHOro /, 3anpeneiibHoro aeGopmupoBaHus 2,
OCTATOYHOH MPOYHOCTH 3 M NEPEXOAOM BLIPAOOTKHM U3 YCTOI-
YHBOT'O B HEYCTOWYHBOE COCTOSIHHME COIVIACHO KJIACCU(IUKALIMH,
IPUBEAEHHOM B noapasa. 2.4.1.

JBuxeHue ¢GpoHTa pa3pyLIeHHs MOKHO (PMKCHPOBAThL B
HaTYPHBIX YCIOBUSAX HENOCPEACTBEHHO MO pe3yNbTaTaM IIIy-
OMHHBIX penepHbIX 3aMepPOB, UTO MPENCTABISAETCS BECbMa
TPYZOEMKHM, OO KOCBEHHO MO CMELIEHUSIM KOHTYpa BbIpa-
GOTKHM, 4TO sABNAETCA HOCTATOYHO IpyboOil oLeHKoil. Pacuer-
HO€ NPOrHo3upoOBaHUE TNOJIOXEHHUS (PPOHTa Pa3pPYLUEHUST MOXK-
HO OCyllecTBUTh, HCNONL3Ys ypaBHeHUe (2.73). B xoHeyHOM
CYETE TpPEACTAaBIIAETCA BO3MOXHBIM OLEHHTb HJOJIOBPEMEHHYIO

-
.
[Toapazmen namican npu yaactuu B.I'. Xnonuosa.
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YCTOMYUBOCTb M BbIOpATh MACMOPT KPEIUIeHHs BbIpaOOTKH.
Hcnonb3ys To xe ypaBHenue (2.73), MOXHO ONPENEIUTb CPOK
city>kOb! BBIPaOOTKH MPHU 3aJaHHOM YPOBHE €€ YCTOHYHUBOCTH
0O 3KCIIyaTauuMoHHLIM cooOpaxenusm. Ilocnennss nocra-
HOBKA 3a7auy 4Yalle BCEro HUCMOJIB3YETCs NMPU NPOEKTHPOBA-
HUU MOA3EMHBIX COOPYXEHUH MPOMBILLITIEHHOrO Ha3HAYEHUSI.

[IporuosnpoBanne JOATOBPEMEHHON YCTOMUYMBOCTH BBIpa-
GOTKM MpM 3aJAHHOM CPOKe CIYKObI { = [ MO ypPaBHEHWIO
(2.73) cBOOMTCS K PEIUECHUIO ITOrO YPABHEHUS] OTHOCUTENLHO
r,(1) u ry5(1"). TIpu 3TOM paccMaTpHBAETCA HE3AKpPEIICHHAS
BbIpaboTKa, T. €. p = 0, OTKyza ciegyer, 4To B ciaydae obpa-
30BaHMs OOJIACTM PYWUHHOTO pa3pyLUCHUs NpPU OCTATOUHOU
npouHoCcTH G, = 0 BeIpaGoTKa OyneT CUIbHO HEYCTOHYHBOH
(IV xareropus ycToluuBOCTH). B 3aBUCUMOCTH OT COOTHOILIE-
nus Mexay 7,(1) u rZS(t*) YCTOWUHUBOCTb BbIPAOOTKH MOXKHO
KIaccupUUMpPOBaTh CleayroLMM obpa3oM: ycroiuuBas (I xa-
Teropus ycToH4MBOCTH) — rp,(1) < 1, r5(f) < 1, T. €. cylect-
BYET TONbKO obmnacThb /; cpenneycroiunusas (I1 xateropus yc-
TORUUBOCTH) — 7',(1) 2 1, rys(f) < 1, T. €. CymecTByIOT OGnac-
™ [ u 2; neycroitumsas (IIl kateropust ycroluuBocTn) —
rlz(l*) >1, r23(t*) > 1, T. e. cyuuecTByT obsactu 1, 2 u 3.

s pacdera HeOOXOAMMO pacnoJjaratbe OAHHBIMH O
MPUBEAEHHOM paauyce BbIpaOOTKM R,, YPOBHE HA4ajabHOIO
HAMps)KEHHOTO COCTOSIHHSI BMELIAOILErO MAacCuBa ¢ U OaH-
HBIMH O CJIENYIOILHUX MEXAHWYECKMX CBOWCTBAX BMELAIOLIUX
FOPHBIX MOPOI: O — MIHOBEHHBIH Npeien MPOYHOCTH Ha

OIHOOCHOE CKAaTue; O,  — MIUTENbHLIA NPEnea MPOYHOCTH
Ha OJHOOCHO€ CXKATHUE; O, — OCTATOYHAsS NPOYHOCTL TOPHLIX
nopon; £, — MIHOBEHHbIH (IMHAMHUYECKHH) MOOynb nedop-
Mauuu; M, — MTHOBEHHBI MOIy/b cnama; P — yaBOeHHas
BeNMUMHA KO3 (HULHEHTa NnonepeyHou nedopmauuu Ha 3a-
npenenbLHOU cTaauu 1ePOpPMUPOBAHUS; O — YIrOJ BHYTPEHHE-
ro TPEHHMS; I, — BpeMs pelaxkcaluu HanpsKeHuid. [Tepedmc-
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JeHHbIE XaPAKTEPUCTUKHY MEXaHUUECKUX CBOMCTB HEKOTOPBIX
rOPHbIX NIOPOJ NPUBENEHBI B Tad. 3.1.

Ipumep pacwema. PaccMoTpuM BbIPabOTKY KPYrOBOTO
[OTEPEYHOTO CeUeHHust C R, = 2 M U CpoKOM CiykOnt 20 et B
KapHAJUTUTOBOM MAaCCHBE, HMMEIOLIEM YPOBEHb HA4ajJbHOTIO
HAIPSKEHHOT'O COCTOAHMA g = 3,3 MIla u pacueTHble mexa-
HHUYECKHE XapPaKTEPUCTHUKHU C YUeTOM KO3(P(PULHEHTOB CTPYK-
TypHoro ocnabnenus: o, = 6,3 MIla; o, = 2,7 Mlla; ¢, =
= 0,4 MIla; E, = 800 MIla; M, = 1240 MIIa; § = 4,3; p = 36%
I, = 10° ¢. VI3 ypasHenus (2.73) npu p = 0 HaxoauM r,, = 1,4;
r, = 1,7, T. €. MEXaHUYECKOE COCTOAHHE BMELIAIOLIETO MACCH-
Ba BOKPYT BbipaOoTku uepes 20 jeT ee 3KCIAyaTauuyu Xapak-
tepusyercs IIl kaTeropuei ycToliuMBOCTH, KaK HEYCTOHUUBOE.

[Tonoxenue GponTa paspylueHus r,, NPUOIHKEHHO MOX-
HO OLIEHUTh no popmyne (2.75), nonoxkus p = 0. IIpu tex xe
WCXOIHBIX MAHHBIX MOJY4YuM r, = 1,9, 4TO HECKOJIbKO Mpe-
BbIWIAET NMPUBEACHHOE BbilE 3HayeHue (r, = 1,7), Ho nospo-

JS€T JOCTATOYHO OOOCHOBAHHO OLEHHTH JONTOBPEMEHHYIO
YCTOHYMBOCTB BBIPAOOTKMU.

Tabauya 3.1
Tloposa O MITa O MITa 6, MITa | E; . 107 Mlla

Mpamop 60—300 40—200 15 5—I15
Ipannur 80—250 50—170 30 2,4—6,4
Aprummr 20—150 13—100 7 1—4,3
Autespormr 40—100 27—65 5 -3
[Mecuannx 70—100 40—56 6 0,2—0,4
NsBecTHIK 40—200 30—140 10 3—9
MsBecTHk T—20 4,58 0,7 0,7—4
ML HBIT

Kamennas coms 20—28 16—20 1 0,2—1,2
Kapuawmr 6—12 3—6 0,4 0,08—0,2
Tune 2225 15—17 4 0,7—4
LAgm‘lmp ut 27—30 18—20 6 2—i
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Oxonuanue mabon. 3.1

[Topona M, - 107, MIla B P, Tpaiyc Iy ©
Mpamop 39 4 32 2. 10°
['paHHT 4—15 7 35 —
APTHITHT 2,511 8 30 10°
Aneppoimt 10—30 14 30 10°
IMecuanuk 0,1—0,2 3 38 10°
MsBecTHsx 4—11 4 27 2.10°
HisBecTHAx 0,2—2 2,5 23 10®
TIHJTH HBIH
KameHnas comb 0,2—1,2 — 30 10’
Kapnaswmr 0,11—90,3 4,5 36 10°
Iume 0,2—2 7 35 2.10°
AHTIJIPHT 2,5—5 I4 35 2.10°

3.1.3. Onpenesienne JOMYCTHMOIO PACCTOSHUS
MeKIY ABYMS fapajliebHbIMH BbIPadoTKAMHU

JlaHHas 3amaya SBJISETCS IOCTaTOUYHO TPOCTOM, HO OY€Hb
BaXXHOW ISl MPaBWILHOTO MPOEKTHMPOBAHMUA B3aMMOPACIO-
JIOKEHUSI TOPHBIX BblpabOTOK. bnu3koe pacnonoxeHue rop-
HbIX BbIPaOOTOK HaKJIaAbplBaeT APyl Ha APYra reoMexaHuye-
CKHUe Tpolecchl 1eGOPMUPOBAHUA U PAa3PYLIEHUS FOPHBIX M0-
POZl, BbI3BaHHBIE TMPOBENEHHWEM KAKIOH M3 HMX, M MHTEHCH-
dbuunpyer ux pasBuTue. B pesynbrare 3TOro CMEWeHHs I10-
POIHOrO KOHTypa KaxIOH BbIpaOOTKH BO3pPAacTalOT B He-
CKOJILKO pa3 u st obecneyeHns MX yCTOMYMBOCTH Tpedyercs
nprMeHenre 6oJiee MOLHBIX U JOPOTUX KOHCTPYKUHMH KPEMH.
Pa3ymeercsi, pedb He HAET O TOM Cilyuyae, Koraa Omu3koe
B3aMMOPACIOJIOXKEHHE TOPHBIX BLIPAOOTOK AUKTYETCH TEXHH-
YECKHMHU U TEXHOJOTHUECKUMHU yCIIOBHAMM.

Cornacho [13, 14] ropu3OHTANbHBIE W HAKIOHHBIE TOP-
Hble BbIpaOOTKH, KaK MPABHIIO, JOJKHbLI pACMnonaraTbCs Ha
paccTosgHusAxX L, NCKIIOYAOIMX HX B3aHMHOE BIIMSHHUE!

L2 (b + bk, 3.8)



rae b + b, — cyMmapHasi HiIMPHHA B3aUMOBIUSIONIMX Bbipa-
GOTOK B MPOXOAKe, M; k, — KOIPGUUMEHT, 3aBUCALUMA OT
pacyeTHOW IyOWHbI PACTONOXKeHUs BeIpaboTOK H,, pacyer-
HOTO COMPOTHBIEHHS BMELIAIOLWHUX MOPOA CKAaTHIO R, yr-
Jga 3ajJeraHus TOPOA O W HAmNpaBleHus BbIpabOTOK OTHO-
CUTENIBHO TPOCTUPaHus nopona (tabin. 3.2).

Hpumep pacuema. Onpepennts paccTosnue L, Mexmy
JByMsi TapajleIbHbIMH HAKJIOHHBIMH BblpaOOTKaMHU LUUPH-
HO# B npoxoake by = 5 M u by = 4,5 M. Yron 3aneranus nopoa
o = 15°. Makcumanshas riyOuHa pacronoKeHUs COCTABISET

Hp = 1150 M, pacyeTHOE CONPOTHBIIEHKHE BMELAIOLKX [TOPOA
ckatuio Re = 40 MITa.

Tabnuya 3.2
PacueTtHas riy6u- Kosdbrite &, TIpIt paceTHOM COIIPOTHBIICHIII R, MIla
Ha pacrioyokeHHs
BbIPadOTKH OT T110- JUIs BBIPaOOTOK IUBs1 BLIpabOTOK
BEPXHOCTI H ), M IO POCTHPAHIIO BKPECT NPOCTIIPAHIIA
30 60 90 120 30 60 90 120
Jlo 300 30 | 18 | L5 2 {1,015 1,2 1,0
25 1,6 1.3 1,0
300—600 40 120 | L7 |14 |22 1,8 1,5 1.2
2,5 1,8 1,5 1,2
900—1200 5,0 35 2,5 1,8 30 | 251 20 1,5
35 3,0 2,0 1,6
Capime 1200 55 1 40 | 3,0 | 20 | 34 ] 29 24| 1,7
4,0 3,5 23 1,8
Ipumevanus. 1. B yncmtene kl JUTsi BBIpabOTOK ¢ o < 35°, B 3HaMEHaTe/lc —
npit o > 35°. 2. Jln BLIPaGOTOK, PACIIONOKEHHBIX 01 YITIOM K TMPOCTHPAHNI, Kk,
NPHHIMAKT KaK CpeAHee MEKIY 3HaYCHISIMI MO TPOCTHPAHIIKO 1 BKPECT NPOCTIIpa-
HuA. 3. [ HaKJIOHHBIX BbIpaGoTOK k, TIPIUHIIMAIOT KaK UL TOPH3OHTAIBHEIX, ITPoBe-
[CHHBIX [10 NIPOCTIPAHHIO.
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Tax xax BbIpaGOTKM HAKJIOHHBIE, TO 3HAUEHHE k, Olpe-
nensaeM no tadm. 3.2 kak ang TOPU3OHTANbHBIX, TPOBEICHHBIX
no mpocrupanuio o < 35°. CnenoBatenbHO, 3HaueHue k, Or-
penensieM no uuciautemo apodu. dns H, = 1150 M, T. e. B
nuanaszone 900 + 1200 M Haxomum, uto npu Rc = 30 Mlla
k, = 35,0, a nna Re = 60 MIla k; = 3,5. Ina Rc = 40 MIla 3Ha-
YeHHe k, HAXO[MM I1yTEM MHTEPIIOIUPOBAHHS:

(50-35)(40-30) _
60— 30
L, > (5+4,54,5=4275wm.

Taxum oOpa3zoM, paccTossHUE MEKIAY OBYMsI HaKIOHHBI-
MU BblpaOOTKaMM, UCKITIOUAIOLLEe UX BNUsiHUE APYT HA PYra,
JIOJKHO OBITEL Oostee 42,75 M.

AHanornyHsiM 0o0pazoMm onpeaenstoT ko3 ULMEHT BO3-
JIEUCTBUS APYTUX BeIPabOTOK Kk, MPU ONPEIENEHUN KaTerOpUU
YCTOMYHMBOCTH MOPOJ B ClIyyae, eClld pacCTOsIHUE MEXAY ABY-
Ms MapaljieNnbHbIMU BeIpaboTKaMu L XeCTKO 3aJaHo 1o rop-
HOTEXHUYECKUM (pakTOpam:

k, =05- 45;

b+b

k==, (3.9)

3.1.4. OnpeaesicHue MapamMeTpoB
crnocoda npeAoTBPaLLeHHs NYYEHHs NOYBbI
B3PbIBHOMH pa3rpy3Koii mopox
C MOCJCAYIOLIHM HX YTIPOuHEHIEM

B nopomax 111 u IV xateropuit ycroitunsoctu no CHull
[13] oOsa3aTenbHO NpUMEHEHHE KOIbLEBBIX Kpenei Uik kpenei
c oOpaTHbIM cBOZIOM. [IpoBeneHNe TOpHBIX BEIPAOOTOK TaKOM
dbopMbl BECbMA TPYAOEMKO U PE3KO CHMKaeT (1o 25 %) mpo-
M3BOIUTEIBHOCTb TPYZAa U CKOPOCThb NMPOBEAEHHs BBIPAaOOTOK.
Jlonyckaercs npoBeneHHe BbipabOTOK C MOMEPEYHBbIM CEYEHU-
eM apo4HON (opmbl ¢ OOA3aTENbHBIMU MEPONPUATHUAMU MO
NpedOTBPALICHHIO IyueHUs IMOYBLI BbipaGoTok. OgHUM U3
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naubonee 3pPEeKTUBHLIX U LIMPOKO NPUMEHSEMbIX Ha Mpak-
THKE ABNeTCs pa3paboTaHHbii B KOMMYHapCKOM rOpHO-MeTall-
JypruvyecKoM HHCTHTYTe cnocolb APITY — akTuBHadg pas-
rpy3Ka NOPOMI NMOYBLI NYTEM UX Pa3pPbIXNEHUs KaMy(paeTHbIM
B3PbIBAHHEM W TOCIEAYIOHMM BBITONHEHUEM YIIPOYHEHMA
pa3pBIXJIEHHONH MACChl HATHETAHHEM B CKBAJKMHBI IEMEHTHOTO
pacTBOpa, yeM obecneunBaeTca o6pa3’oBaHue B OYBE Bblpa-
6OTKU HEOOXOIUMOIO YNIPOYHEHHOTO OOPATHOTO CBOJA.
Cnoco6 APITY npumensierca B nopoaax III u IV xare-
ropuit ycroituusoctu npu H, /R, 216, rane H, — pacyeTHas

riyOuHa pacnoNoKeHUs: BLIPaOOTKH, M; R, —— pacyeTHOE CO-
npotusieHue nopod noussl cxatuio, MIla. Cnocob He cre-
JIyeT NPUMEHSTb B OOBOJIHEHHBIX MOPOJAX MOUBHI.

PacyeTHOE COMPOTUBIEHHE CIKATHIO YIIPOUHEHHOTO Mac-
CHBa COCTABIISIET

R =(02+03)R, (3.10)

rae R — CONpPOTHBIIEHME NMOPOAbl NOYBLI OJTHOOCHOMY CXKa-
THo B obpasue, MIla. 3pech MUHMMAaNBHOE CONMPOTUBIICHUE

OTHOCUTCA K Oonee npovHbIM nopoaam ¢ R = ~ 50 Mlla, a
MaKCUMasbHOEe — K moponam ¢ R < 50 MIla.

PaGoTel no B3pLIBHOW pasrpy3ke M YNPOYHEHHUIO MOPOL
BKJIFOHAIOT B ceOsl:

e OypeHue WNYypOB B NOYBE BbIPAOOTKH W B3PbIBAHUE B

HMX KaMy(IETHBIX 3aPSAIOB;

® OypeHHe CKBaXXUH U1 yIIPOYHEHHs Pa3rPyKEHHbIX OT
HAMPSUKEHUH U Pa3phIXJIEHHBIX NOPOJ, MPUTOTOBIEHUE U
HATHETaHHE B HUX YIPOUHSIOLIErO pacTBOpa.

PaGoTel no B3pLIBHOI pa3rpyske W YIPOUYHEHMIO MOPOL
NOUBbI BEIPAOOTKH OCYLLECTBISIOT B YBSA3KE C BBINOJHEHHEM
PaboT OCHOBHOrO MPOXOAUECKOro uMKia. Bpems Havama pa-
6ot onpepensaroT no rpaduky Ha puc. 2.32, 6 B 3aBUCHMOCTH
OT PacCYMTAHHBIX CMELIEHUWH MOUBbI BbIPAOOTKH U, COOTHO-
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weHus H, /R, ¥ UCXOms u3 TOro, YTO JAOIYCTHMBIE CMEILIEHHS

no4Bbl BLIPAOOTKH 1 <200 MM.

Paccrosnue Mexay wnypamu KaMmyhueTHOTO B3pblBaHUS
C 1 uX rryOuHY ONpeASIAOT B 3aBUCHMOCTH OT HEOOXOANMOM
MUHUMAIBHOU TTyOMHBL /1, M, 30HBL PA3TPY3KU U YIPOUHEHUS
nopox:
N
lz:—bﬂ’- —z—}i+(),25 ' G
21 R

y

rae by, — mnpHHa BbipaboTky B npoxoake, M; P, — pacyer-
Hasg Harpyska Ha oOpatHblil cBon, Mlla, onpenensiemas co-
rnacHo {13, 14] kak misg aDCOMOTHO XKECTKOW Kpenu.

UYucno panos wWinypoB NO LIHPHHE BbIPAOOTKH onpeae-
JSIFOT B 3@aBHCHMOCTH OT OTHOCHTEIbHOI BbICOTBI OOPATHOrO
cgoma: h =h/b .

OTHOCHTEILHAS BBICOTA CBOJA Ny vvevnvenenene 0,25+0,5 0,5+1 Cspmnel

YHCHO PAIOB HIIYPOB wovverrerreerreererrereenvenne 3 2 I

I'nyOuny winypoB npunumMaror ! = 1,14.

Paccrosanune mexny wnypamu npuHumanTt C = 1,44r, a
pacctostHie Mexay Ooxom BepaboTkH U wnypamun — C; =
= 0,7r, rae F — paauyc 30HbI APOOACHUS NOPOA NPH B3PbIBE
KaMy(IeTHOTO 3apaad, onpeaensemotii o opmyne

b
r=~2-2", (3.12)
2h

ap
roe A, — BbICOTA BLIPAGOTKY B TPOXOIKE, M.
Heobxoanmas macca kamyduetHoro 3apsaa BB Ha onun
wnyp @, Kr, onpenensercs no gopmyne

Rr
0=—_, (3.13)

34,3
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roe R =0JIR — conpoTupienue obpa3uoB nOpOabl MOYBLI

Ha pacTsokenne, MIla.

[TapamMeTpbl OypOB3PLIBHBIX pabOT YTOUHSIOTCS ONBITHBIM
nytem. Ecny napameTpsl Wiypos # 3apsa BoIOPaHb! IPABUIILHO,
TO MOPOAbI MOYBLI AOJIKHBI ObITh PABHOMEPHO PA3PbLIXNIEHBI U
IPUINOIHATBI Ha 5—7 CM PK OTCYTCTBKY BOPOHOK BhIOpOCa.

CxBaXXMHbpl [ HATHETAHHS YMPOUYHAKOWIEro pacTBOpPa
pacnosiaraloTca MeXAy LUMypaMu CO CMEILEHWEM OTHOCH-
TEJILHO LITTYPOB BAOIb OCH BblpabOTKH. s ynpouHeHus no-
pPOA TNPHUMEHAIOTCS [EMEHTHO-TECUaHble PacTBOpnl. Onty-
MajdbHOE COOTHOLICHWE UeMenTa u necka ot | no 1,5. Bogo-
HeMEeHTHOe OTHOweHue | : 2. /laBneHne HArHeTannsa pacTsopa
B CKBaXXHHbI He NoMkHO npesbiwath 0,5—0,7 MIlla, a cam
npouUecc HarHeTaHUs BEIETCs C OTCTaBaHWeM OT 3abos Bbipa-
ootk Ha 15—30 m. Harneranue pacrBopa B CKBaXUHY Be-
JIeTCsl 10 €ro MOSBJEHUS HAa MOBEPXHOCTH NouBel. Pacxon
pacTBOpa I yNPO4HEHMs MOYBLI HA | M BripaboOTKU onpe-
nensiercst no popmyse

v, =kb, (I+01r)k, 1), (3.14)

rae k, — ko3PPUUUEHT BO3MOXKHBIX NOTEPhL M NMEPEPACXOad
pacteopa (ky, = 1,1 + [.5); k, — KO3GDOUUHEHT PasphIXieHUs
nopoxa (k, = 1,05 + 1,1).

Hpumep pacuema. Onpenenutb napamerpsl cnocoda APITY
B LITPEKE LHPHUHOH bnp = 5 M, BBICOTOH ftnp = 4 M, NIPOBEREH-
HOM Ha riyOune H, = 950 M B nywamux nopoaax ¢ CONPOTHB-
JeHHEM B O0DOpasue ogHoocHOMY cxkathio R = 40 MIla. Koad-
$unment crpykryproro ocnabnenus nopox K. = 0,6. Bennuuna
CMELLCHHKI NOPOA NMOYBbI COCTABUJIA MO pacuery u, = 650 Mm.
Hltpex npoBoauTcs 6ypoB3peIBHBIM CIOCOGOM.

Onpenenum 3Hauenue Re = RK. = 40 - 0,6 = 24 MIla.

ConpoTusnenye nopox MouBbI PACTSIKEHUIO COCTaBNIsET Ry=
=0,1R. = 2,4 MIla.

D
<
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Onpepensiem Harpy3ky Ha OOpPATHBIM CBOX COIJIACHO
nogpasa. 4.27 [13]. 1o rpaduky Ha puc. 4 [13] onpenensiem
HOPMATHUBHYIO Harpy3ky Ha oOpaThbiii cBon ¢ = 1600 xlla =
= 1,6 MITa. PacuerHas Harpyska Ha oOpaTHbIi CBOM COCTaBUT

g'=1-1-1-1,6=1,6Mlla.

OrHowenne Hp/R.= 950/24 = 40 > 16, 3HaUuT NpUMeHe-
HHe criocoba uenecoobpasHo.
KosdpduuneHt BrusHus BPEMEHH Ha CMEUICHHUS MOPO.

a
o= 42003
u, 650

3nas k, u Hy/R., no rpaduky Ha puc. 2.32, 6 HaXOaMM
MaKCHUMAaJIbHOE BpeMsl OTCTaBaHust paboT no co3naHMIo cno-
coba oT mpoxomueckux: ¢ = 1,3 mec., T. e. cnocod nosKeH
ObITh OcyluecTBiicH B Onmnxaiuive 40 CyTok mocine nposene-
HUS BbIPAOOTKH.

PacdyerHoe conpoTUBNEHHE CKATHIO YHOPOUHEHHBIX MO-
pon Haxogum u3 cooTHowenus (3.10): R, = 0,3R = 12 MIla.
PacueT MHHMMaNTbHOH INTyOMHBI 30HbI Pasrpy3ku U yNpoOudHe-
Husl npou3BoAUM o popmyre (3.11):

11=§ &H}QS =13 M.
21 12

Tax kak oTHoweHnue f1, = 1,3/5 = 0,26, TO Ons pasrpy3Ku
nopox (cM. Tabs. 3.3) npuHUMaeM TPH PAaa LINYPOB.

Tpebyembili paguyc 30HBI ApOONeHUs UpPU B3PLIBE Ka-
MydneTHbIX 3apsaoB BB onpenensem no gopmyne (3.12):

r= \/—iizo,88 M.
2-4
Heobxomumyio Maccy xkaMyreTHOro 3apsiga Ha OLUH
wnyp Haxonum no gopmyne (3.13):
.0.88°
Q= 24-088 =0,048 xr. - "
343 T o
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Tak kax natpoHoB BB menbiue 200 r HeT, TO nepecunThl-
BaeM PaMyc 30HbI APOGNEHHs I, NCTIONb3Ys popmysty (3.13):

r= 3/M =142 m.
2.4

JlnMHa WnypoB U ckBakuH coctasnser ! = 1,1 - 1,3 =14 m,
paccrosiHue Mexny ckBaxuHamu C = 1,44 - 1,42 = 2 ™, (=
=0,7-142=1m.

OpHeHTUPOBOYHLIM PACXOJA TAMIIOHAXHOTO pPacTBOpa
Ha | M BeIpaOOTKH COCTABUT

V. =13-5014+0,7-142)11 -1)=1,56 m’.
3.2. TEOMEXAHNMYECKOE ObOCHOBAHUE
IMAPAMETPOB KPEIJEHUSA
I'OPHBIX BLIPABOTOK

3.2.1. OnpejnesieHne KATEropuy YCTOHYHBOCTH
M BbIOOP KpenH ropHbiX BbIpabOTOK
B COJIAHBIX IOPOAAX

Kak ormeyanocs B noapasa. 2.4.1, kaTeropus yCTOHYHU-
BOCTH COJISIHbIX TIOPO/I ONPEAENACTCS B 3aBHCHMOCTH OT BEJU-
UMHbI CMEIICHUH MOPOOHOrO KOHTYpa BbIpaOOTKH Ha BeCh
Cpok ee cny:xObl Oe3 kpenu. B oTiuuue OT OCAAOUHBIX U U3-
BEPXKEHHBIX NMOPOA POpMYyNa WIS ONPENESEeHHs CMEILEHHUH CO-
JAHBIX NOPOA MMeeT Bux (2.99), KOTOPYIO MEpErmileM C yue-
TOM 00O3HauyeHHUH 111. 3:

1t = 500€bap(1 + 0,070k, (3.15)

Toe €, — OTHOCUTENbHbBIE AeOPMALMM TOPOX 3a NEPBbIl TOA
cnyxOpl BLIPaOOTKH, onpenenseMble Mo rpadukam Ha puc. 2.33
B 3aBUCUMOCTH OT OTHOLLUEHHSI PACUETHOW InyOHHBl 3aJTOXEHHs
BbIPaOOTKM H, K PacueTHOMY COMPOTHBIIEHHIO CXKATUS TTOPOA-
HOrO MaccuBa R by, — LuMpyiHa BbIPaGOTKU B TIPOXOAKE, M [ —
CPOK crty:KObl BbIpabOTKH ¢, JieT, k, — KO3 PULHEHT BO3eHCT-

BUS Npyrux BoIpaboOTOK, ONMpelenseTcs Tak ke, KaK Aisi oca-
AOYHBIX ¥ U3BEPKEHHBIX nopon (cM. noapasa. 2.4.1).
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Hcxona u3 onbita pa3spaboTKM KalIWMHBIX MECTOPOIK-
nenu npu noacuere H, no ¢opmyne H, = Hk, nna Conu-
rOPCKOro v BepxHekaMcKOro MeCTOPOKAEHMHU CIENyEeT NPH-
HuUMaTb k = 1, a nna Kanyuickoro u CteOHUKOBCKOrO k = 1,5,

CwmereHuss u B BbIpabOTKaX, pacrnoyiOKEHHBIX B CIIOU-
CTBhIX COJISHBIX MOPOAAX, TAKXKe ONpPenensitorcd no ¢Gpopmyie
(3.15), HO mpu omnpenenenuy €, no rpadguxy Ha puc. 2.33 BMme-

CTO Pac4eTHOTO Rc BBOAUTCS NPUBEAECHHOE R, onpeaensemoe

U3 BBIPAXEHHUs E = R.k.,. Ilapamerp k., HaxonuTcs no rpa-

¢uky Ha puc. 3.1 B 3aBHCUMOCTM OT OTHOILEHHUS CpenHei
TOJIILMHBI CIIOEB /i, K NOJIOBUHE XaPAKTEPHOI'O MMONEPEYHOTo
pasmepa BelpaboTku 7,. Ha puc. 3.1 xpuBas ] oTHOCHTCS K

pacuery cMmelieHni B 6okax BeIpabOTKU, KpuBasi 2 — B KPOB-
JIe ¥ MoyBe BbIpaboTOK.

s yenosuit Kanyuickoro mectopoxaeHus ¢gopmysia
(3.15) BepHa s uHTepBana BpemeHu | < 1 < 10 ner. Ilpu
t > 10 et cMeeHus: pacCUUThIBAIOTCS Kak npu ¢ = 10 rogam.

[Ipu BuIOOpE THMaA Kpenu B CONSIHBIX MOPOAAX HEoOXo-
JIUMO PYKOBOACTBOBATLCS CIEAYIOIIUMU TpeboBaHUsIMHU [14]:

e B nopoaax | kateropuu yCTOHUMBOCTHU HOpPH CMeLle-
HUSIX KPOBJM B ONHOPOAHBIX mopoaax Ao 200 MM u B
cinoucTbix 40 150 MM nonyckaercs MOAAEPXKaHUe Bbipa-
O6ortok 0e3 kpenu. [Ipu cmewenud kposnu Oonee yka-
3aHHBIX MPENernoB HEOOXOAMMO YCTAHABIUBATL AHKED-
HYIO KpeIb;

® B OAHOpOAHBIX noponax Il kareropun ycToHYnBOCTH
ClieAyeT MPUHHUMATh B KPOBJE€ aHKEPHYIO Kpellb, B CIIOH-
CTBhIX MOPOJAAX HEOOXOAMMO MPUMEHATH Kpenu Noaaep-
JKMBAOLIErO TUMNA (NOAATIMBLIE, PAMHBIE U IP.);

e B rnopoaax III u IV xateropuit yctToiunBOCTH ciienyet
NPUMEHSTb MONATIMBBIE KPENU HWIM XECTKHE Kpemu C
NOAATIMBBIMU 3JIEMEHTaMu (MM CJIOEM), CHOCOOHBIE
KoMneHcupoBaThb 70 % pacueTHBIX CMELEHUH.
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Puc. 3.1. Tpadyk s onpee- ke T -
JIEHHS Kea 3 L
/ /

0,75 1

/7
V4

/

0,25
0 0’2 0’4 0’6 hc:l/’()

[TomepxxaHue NPOTAKEHHBIX KAMTAIbHbIX BEIPaOOTOK
B COJIAHBIX MOpOAax B YCTOMYMBOM cocTosiHuu B nopoaax 111
u IV xaTeropuiéi yCTOMUMBOCTH MOKeT OOecrneunBaTbCs HO-
MOJIHMTENIbHON MPOXOAKONH pa3rpyiKarolnX BbIpabOTOK HIIH
uierneli B COUETaHUM € aHkepHOH kpenbro. HeobGxomumocTs co-
OpYXEeHUsl pasrPyKarolLMX BbIpabOTOK WM lueself onpenenser-
€ B 3aBUCMMOCTH OT BE/IMYMHbBI OTHOCUTENBHOI AeOpMaLH:

€= Alzlh“ < &, (3.16)

np

IIe U — OXHUIaeMble CMELIEHHUs, PACCUUTBIBAOTCA 1O POPMYy-
ne (3.15), cM; hy; — MOWHOCTB CNIOEB B KPOBIE, CM; by, —
IMpUHa BeIpaboTKH, ¢M; A — K03h(PUUHEHT, YUUThIBAIOLIUI
MOAATIIMBOCTb YIPYIOro 3auieMIeHUs NOTOJOYMHBI B OOPTO-
BbIX LIEJTMKAX (I1s1 BLIPAOOTOK MPSIMOYTONBHOIO ceyeHust A = §,
J715 BBIpabOTOK KPYyroBoro ceueHus 4 = 6).

Kposns pasrpyxkatouieit BLIpaOOTKH O0XKHA OBbITh BbI-
11€ KPOBJIM OXpaHsieMOH BeIpaboTku Ha 0,5 + 1 M.

Pasrpyxarouiye Lieiay ycTpauBaroT IIPH HEBO3ZMOXKHOCTH
WIK 3KOHOMMYECKOH HeUuesecooOpa3sHOCTH MPOBEISHUS pas-
rpyxatomen BelpaboTkid. Haubonee 3¢ddekTuBHBI pasrpykaro-
mue wenu B kposse. Hlupuna wmenu paBHa 0XHAaeMbIM CMe-
LIEHUSM, paccudTaHHbiM 1o ¢opmyne (3.15), BeicoTa (ray-
6una) — 0,8 + 1 m.

Ipuvep pacuema. TpeOyercst ONPENENUTb KATETOPUIO
YCTOMUMBOCTH U BbIOpPATH KPenb [Jjisi ONUKOUYHOW BHIpAabOTKH,
IPOBOAMMOl B CTOMCTBIX COMSHBLIX noponax Kamymickoro me-
CTOpoxaenus. [ nyGuHa Boipabotku H = 600 M, niowans no-
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[IEPEYHOro ceyeHus S = 28 M?, wupuHa by, = 6 M, CPOK CILYXK-
Obl BbIpaOOTkM [2 5eT, pacyeTHOE COMPOTUBIEHHE MAacCHBa
cxatuo R, = 20 MIla, MOILIHOCTE C10€B KPOBMH /1= 30 cM.

Pacuernas rinyOuHa 3a710xeHUs BbIPaOOTKU ANst YCIOBHH
Kanyuickoro mecropoxnenns A, = Hk = 600 - 1,5 = 900 m. Cpox
citykObl BbipaboTku ¢ = 12 >10 ner, 3HaYUT )1 yCJIOBUH 3TO-
rO MECTOPOKACHUS npuHuMaeM { = 10 nert.

Tak kak MacCHB CJIOUCTBIH, TO Mo rpaduky Ha puc. 3.1 on-
penernsieM BeITHUUNHY K. B 3aBUCUMOCTH OT Aex /1y = 0,3/3 = 0,1,

i KpoBmM ke, = 0,7. OTcrona npuBeneHHOE 3Haudenue R, =

=Rk_, R =20-0,7 =14 MIla. Ilpu H/R. = 64,3 no rpaguky

Ha puc. 2.33 onpenendem £,= 0,08.
ITo dopmyne (3.15) onpenensieM CMELUEHUST KPOBJIHU BbI-
paboTku:
u=1500-0,08-6(1 +0,07-10)1 =408 mm.

CnenoBatenbHo, BbipaboTka otHocutca K I xareropuu
YCTOUUUBOCTH. JINIsl ee KperuieHus BO3MOKHO MPUMEHEHUEe Me-
TAJUTMYSCKOH KoJblieBoi nomatiuBoi kpend KMIT-K4 ¢ nogat-

nuBocThio 300 mm. Ilpu 3TOM KOMMEHCUpyeTcs %: 73,5 %

cMelleHul, uto 6onblie Tpedyembix 70 %o.
PaccMoTpuM HEOOXOAMMOCTb CO3MaHUs Pa3rPyKarOLLHX
uieneii B BeipaboTtke no gopmyine (3.16):
.= 6-40.8-30

o = 002< &= 0,08

CrnenoBartenbHO, YCTPOICTBO pa3rPy30YHbIX 1IeNed He-
a¢pdpexTuBHO.
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3.2.2. Onpenenenne napaMeTpoB Kpenei
Ha OCHOBE IJIyOMHHOIO YIpOuHeHUsl
BMELIAKOLINX MTOPOJL

[IpumeHeHe Kpenel Ha OCHOBE TNIyOMHHOIO YIPOYHe-

HHMS BMEILAIOLMX BbIPAaOOTKY TOPHBLIX MNOpPOA sBIseTcs -
(eKTUBHBIM CPEACTBOM CHHXKEHHSI MaTEPHAIOEMKOCTH KpPEIIH.
CaMa TeXHOJIOTHSl NPOBENEHUs BLIPAOOTOK OOECNeYUBAET MpH-
POAHBIN MaTepuall Ul KperuieHns BbipabOTOK — paspylleH-
HyIO [OPOAY, KOTOPYIO HE HAAO TPAHCIOPTHUPOBATH K MECTY
npou3BOACTBA pabOT M YKIaIblBaTb B KOHCTPYKUMIO, a JOC-
TATOYHO CKPEMUTb €€ UHBEKTHPYEMBIM PACTBOPOM, YTOOLI MO-
JYYUTH NMPU MHOTO MEHBLLIEM PACXOJE IHEPIUH, MaTepuasa u
TPpyZa OELIEBYIO U HANEIKHYIO KPENb.

O06nacThr0 MPUMEHEHNS TAKON TEXHOJIOT MU SIBJISAIOTCS:

® BHOBb NPOBOAMMbBIE BbIpaboTku B noponax II, III u
[V xateropuii ycroituusocty npu YH,/R > 0,3, rne R —
NPOYHOCTb 0Opa3la NOPO/bl Ha OAHOOCHOE CXKaTHE;

¢ BbIpabOTKH, MPOBOAUMBIE B 30HE T'€OJOTMYECKUX Ha-
PYLUSHUIH;

® OKCIUTyaTHPYIOLIMECs: BbIpaOOTKH, KPENb KOTOPBIX Oe-
(bopMuUpyeTcst U3-3a HEMPEKPALIAOLUMXCs CMELLEHH pas-
PYLIAOLIETOCS NOPOAHOrO MacCHBaA.

K reomexaHuyeckum nmapamMeTpamMm YHPOUHCHHA OTHO-

CATCA.

¢ rinyOuHa yNPOUYHEHHs NOpoa B Kposine b, u 6okax BbI-
paGoTtku by;

* xoadduunent ynpoynenus & = Ry/R, rne Ry — mpou-
HOCTb Ha C)KaTHe YIPOYHEHHbIX TOPOL;

* BpeMs Hauajna paboT MO YNPOYHEHHUIO [, CYT;

® Hecywas CnocOOHOCTb M MOINATIMBOCTb BPEMEHHOI

Kpenu, nogaepxuBatoulel BbipaboTKy A0 Hauanga paboT
10 YNIPOUYHEHHIO.

HOpHI[OK BBLIINTOJIHEH U A pa60T IO BO3BCACHHIO KPCIH K3

YIPOYHEHHOK NOPOAHOH obonouku cnenyouiuii. B 3a6oe BbI-
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paboTKH BO3BOIAT BPEMEHHYIO Kpefb (HaOpbI3rGeTOHHYIO,
AHKEP-HAOPBI3TOETOHHYIO WIM METAJUIMUECKYIO apOYHYIO Mo-
NATIMBYIO), KOTOpas MoJJep>KuBaeT BEIPAOOTKY A0 CO3JaHHs
000104KH U3 yNpOouHeHHbIX nopoa. Yepes 20 + 30 cyT B Kpos-
a0 u 60ka BbIpabOTkM OypaT wnypsl (wmyp Ha 2 + 3 m?
MOBEPXHOCTH BbIPAOOTKHM) W uUepe3 HUX B MOPOJHBIA MACCHB
O [O4BMEHUEM HATHETAIT YAPOUHAKOWHUKH PACTBOP, KOTO-
Pbld, POHHKAs B TPELUUHDI, CKPEIMISET OTAENbHbIE KYCKH U
ONoKH NopoAbl MEXKAY cOOOM B equHOE Lenoe, obpasys TAKUM
o0pa3oM HeCyllylO MOPOAHYIO OOOJIOYKY M3 YMPOYHEHHBIX
noponA. BpeMeHHYI0 Kpenb U3 METAIIMYECKUX apoK nocie
YIPOYHEHHUS MOXXHO IEMOHTUPOBATb.

O0(PeKTUBHOCTL YIIPOUHEHHUS B MEPBYIO Ouepedb 3aBU-
CUT OT CBOEBPEMEHHOCTH ero BbinmonHenus. Ornop, cosna-
BaeMblit OOONOUKOI U3 YIPOUHEHHBIX NMOPOM, MPAMO 3ABUCUT
OT OTCTAaBaHUs TAMIIOHAXHbIX pabOT OT MPOXOAUYECKHUX, KO-

TOpOE YYUThIBaeTCst koahpHuuueHToM @, (puc. 3.2).

[Ipu Ha3HAYSHHH BPEMEHH NPOU3BOACTBA paboT Mo ym-
POYHEHHIO MOJDKHBI YUYUTBHIBATHCS CIIEAYIOLHE PAKTOPbI:
e 00O0NOYKA U3 YOPOYHEHHBIX MOPOA BBIIONHAET OC-

HOBHbIE Hecyllune (YHKUHU Kpenu U € ITOH MO3MUMH
JIOJKHA BO3BOIUTHLCS KaK MOXHO Onnxe K 3a6010;

e (hopMupOBaHME 30HBI MOJIHOTO PA3PYILUEHHUS MOpPOA,
KOTOPYIO MOXHO YKPElUTh, MPAKTUUECKH 3aKaHUUBACT-
cst uepes 30 cyT mocne npoBeneHus BbIpabOTKH;

e paboThl MO YNPOUHEHHIO HE JOJDKHBI MewaTb pabo-

TaM MO MPOBEACHUIO BLIPaOOTKU (HEOOXOAUM TEXHONO-

TMYECKUI NEPEPBLIB BO BPEMEHH).

Hcxons w3 BblLIENEPEYHCIEHHBIX (PaKTOPOB, ONTHMAb-
HO€ OTCTaBaRrue paboT no ynpOUYHEHUIO OT POXOMUECKUX CO-
cTaBisieT B cpenHeM 20 + 30 cyT.

Jo cozmanus oOOMOUKH U3 YNPOUYHEHHBIX MOPOX BbIPa-
00Tka HOJDKHA MOIIEP)KMBATHC BPEeMEHHOH kpenbro. Hecy-
1asi CIOCOOHOCTb BPEMEHHOW KPENU ONPEAEIIAETCS HCXOA U3
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Puc. 3.2. 3aBHcHMOCTL Kod(ummen- P "
Ta (¢, OT BPEMEHH ¢ OTCTaBaHUsA paboT ]
10 YIPOHMHEHHIO OT MPOXOJUECKHX

yCIOBHS NPEAOTBPALUEHUS BO3- 4
MOXKHOTO OOpyLIeHMsT IOPOJ, U3
30HBI IOJIHOTO UX Pa3spylIeHUs. |
Hecyias cnocoGHOCTb BPEMEH-

noii kpenu, xlla, onpenensercs OV
U3 BbIPAXKEHUS: 20 40 60 80 ey

H
YRP 0,06 |. (.17)

b
P, =\(-2E 1,56

HeobxonuMas noAaT/iMBOCTb BPEMEHHOH KPEMU Ompe-
ZENSeTCs ICXONs U3 PELICHMs CUCTeMbl ABYX YPaBHEHMH:

b ;
=052 1= =27, ~1,05402 -1 |,

2u, 2,67 12 o7 ! G-18)
e =0.31n(yH, +0.5R)"” | E[ P +0.14R] } ,

p

rae u — HeoOXoaumasi NONATIMBOCTL Kpenu; by — mupu-
Ha BbIpaOOTKM B MPOXOHKE, M; U, — CMELIEHUS] TTOPOIHOIO
MAaccuBa Ha rpaHulle 30HBl NOJHOTO Pa3pyLieHUs MOPOH, M;

9

E — monynb pedopmanuu nopon (£ = (2 + 3)107 kIla); n =
= 2,13¥
R

+0,78 — Oe3pa3MmepHbiii paguyC 30HBI MOJHOIO

paspyiieHus nopo.

Ecnu paspeiB Bo BpemeHM MexIy NpOBEIEHHEM BbIPd-
OoTkM M paboTamMu MO YNPOYHEHHIO OTIMYAETCH OT ONTH-
ManbHOTO (30 CyT), TO B NEpBOM ypaBHeHUH CHUCTeMBbI (3.18)
BMECTO nepBoro MHoxxuTens 0,5 noacTaBisoT KO3PPULHEHT
¥,, onpenenenHbii o rpaduky Ha puc. 3.2.
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['my6uHy ynpouHeHHs ONPEAensIoT Mo CleayommM hop-
MyJIaM:
B KPOBJIE BbIpaOOTKH

b H
b= 2 1,557 0,06 |; (3.19)
B O0Kax BbIpabOTKH
b=t 07 ¥ g 13 (3.20)
6 2 ’ R ’ 5 .

e b ——BBICOTA BbIPACOTKM B IPOXOOKE.
Hp

B oObIuHBIX YCNOBHSX, KOTrlla OOMacTh MOJIHOTO Pa3py-
LIEHHSl MOPOJ BOKPYT BHOBb MPOBOAMMOUN BHIPAOOTKH MUMeeT
OrpaHUYEHHbIE Pa3Mephl, ryONHA yNPOUYHEHHs ONpeaessieTcs
TEXHONOTUYECKUMH COOOpaKEHUAMHU.

Heob6xoaumas Hecyas cnocoOHOCTE 000M0YKHM yIPOU-
HEHHBIX [TOPOJ ¢, 3aBHCUT OT BPEMEHU NPOM3BOACTBa paboT

1O YIIPOYHEHHUIO:
9,09, + 0,14R)"" =

= 0,0220,n(n" — D(H, + 0,5R)* /(1,32 + 0,7),  (3.21)

rae @, — onpenensaerca no gopmyde (3.22).
BaxHpiM nmapameTpom siBsieTcs KOI(PPUUUEHT YIpPOuHe-
Hua & = R, /R, nOKa3bIBAIOIINH, HACKOIBKO BOCCTAHABIMBALTCS

NPOYHOCTb Pa3pyLIEHHLIX W YIPOUHEHHBIX TIOPOX 110 OTHOWIE-
HUIO K UX TEPBOHA4YaIbHON nmpouHocTH. Koapduuuent ynpou-

HeHus § B 3aBUCMMOCTH OT mapamerpa YH /R onpenensieM no
rpaduky Ha puc. 3.3.

g ( ‘
0'8 /—/ 1
0.61 1=~ | Puc. 3.3. 3apucumocth K03¢hpi-
0.4 | WIeHTa ympowicHus § oT mapa-
0,25 035 0,45 0,55 vH,/R Merpa YH /R
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Puc. 3.4. Tpadux s onpenene- Lo
HHST BPEMEHH f Havalla BeIeHIs
paboT 1O YIPOUHEHHIO (o or- |y o
HOHICHHIO K TPOXOJMECKHM pa-
60oTaM) B 3aBHCHMOCTH OT KO02()- _J
(puneHTa @ 80 — 3

40

0 E

0,1 0,2 0,3 0,4 0,5 @,

Ucxons u3 Tpebyemoi BermuuuHbl & [T KOHKPETHBIX
rOPHO-T€OJIOTHYECKHUX YCIOBHH, MOAOUPAIOT YNMPOYHSIOWINH
pacTBOP, KOTOPHIH obecneymst Obl COOTBETCTBYIOLYIO NPOY-
HOCTb MOPOAHOU OOOIOUKH.

B tom cityuae, eciiu CylIeCTBYIOLIME PACTBOPBI HE MOTYT
obecreunTs TpedyeMoro koapduLUUeHTa YyIPOYHEHUs, CIETY-
€T yBeNWUMUTH Pa3pPbiB MEXAY NPOXOAUYeCKMMU paboTaMu U
padoTamMu NO ynpouHeHuto. Bpemsi otctaBanus padbor no yn-
POUHEHUIO ONpenensieTcs Nno rpauky Ha puc. 3.4 B 3aBUCH-

MOCTU OT KO3QPHUUHUEHTA @,, PACCUUTHLIBAEMOTO IO (hopMyie

E(1,3n° +0,7) ['ﬁ(nz —~1/n*+ O,?,S]m7

3.22
! L4n’(yH, | R+0,5)° (5-22)

Kosdpduuuent ynpouHeHus ans KaKAOTO KOHKPETHOTO
COYeTaHMsl TOPHOU NMOPOJIbl U HHBEKLIMOHHOTO pacTBOpa clie-
AyeT ONpenensTh dKcnepuMenTanbio. Ecnu ynpounenue ocy-
UIECTBIIIETCS LIEMEHTHBIM pacTBOpPOM Ha 0ase NOpTIaHI-
uemenTa knacca B30, TO OpHEHTUPOBOUHbBIC 3HAUCHUSA MOXKHO
ONpeNennThb Mo rpaduky Ha puc. 3.5.

Hlpumep pacuema. Onpenenutb napamMeTpbl Kpenmu Ha
OCHOBE TJyOMHHOrO YNPOYHEHHS BMEUIAIOLIMX BBHIPAOOTKY
TOPHBIX MOPOA NMPH CISAYIOWMX HCXOAHBIX AAHHBIX: D= 5 M;

h,=3,6 M H, =800 M R =40 MIla; y = 25 xH/M’; E =

=2- 10" xIa. JIns NpUroTOBeH!s YIPOUHSIOMIErO PACTBOPA
MCIoNb3yeTcs NOPTNAHALEMEHT kiacca B30.

215



13 Puc. 3.5. I'padux juta onpenere-
HIA KO3 HIEEHTA YIPOYHEHHS
0.8 nopoj & 3aNHBEKTHPOBAHHLIX
\ LEMEHTHBIM PacTBOPOM
0.6 \
0,4 ~.

T~
. \f\

30 40 50 60 70 R, MIla

Onpenensiem napamerp yH,/R = 25 - 800/(40 - 10°) = 0,5.
CnenoBaTtenbHO, cnocod MOXKHO NPUMEHST.

B cooTBercTBUM C rpagukoM Ha puc. 3.3 npu ONTH-
MaJIbHOM OTCTaBaHHWK PaboOT MO YNPOUHEHHIO OT MPOXOaye-
ckux (30 cyt) HeoOxOaMMO OOecneynTh KO3pPULHUEHT yIpoy-
Henust & = 0,77.

[To rpaduxy Ha puc. 3.5 onpenensieM, 4TO C INOMOLLIbBIO
MHBEKLIMOHHOIO pacTBopa Ha 0ase mopTiaHILEMEeHTa Kiacca
B30 mns manHbIX mopod npouyHocTerd R = 40 MIla moxHO
noayuuthb & = 0,6. T1I09TOMY CIIeAyeT YBEIHUYUTH NPOMEXYTOK
BPEMEHM MEXJy MPOBEAEHHEM BbIPAaOOTKH U CO3HaHUEM O0O-
JIOYKU U3 YIIPOYHEHHBIX NOPOA.

Onpenensiem Oe3pa3MePHbId PaaguyC 30HBI TOMHOTO pa3-
PYLIEHUs TOPOA;

n=2,13-0,5+0,78 = 1,84,

a 3atem no gopmyie (3.22) xkoapouuunest ¢, = 0,19.

B cootBercTBUM ¢ rpaduxkoM Ha puc. 3.4 TpebOyembli
MIPOMEKYTOK BPEMEHH MEXKIAY NPOBENeHHEM BbIpabOTKU U pa-
6oTamMu No yNnpouHeHHUIo cocrasisieT 70 cyT.

Onpenensiem nmapameTpbl BpEMEHHOW Kpemnu, NONIEPIKH-
Barollel BeIpaboTKy o0 CO3AaHust OOONOUKU U3 YTPOYHEHHBIX
nopoa. Hecywyro cnocoOHOCTH Kpenu paccyuTaeM no ¢op-
myne (3.17):
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Py = 25;(1,55-0,5—0,06)=44,4 xITa.

[TogaTnMBOCTh KpENM PACCYUTBIBAEM 10 YPABHEHHAM
(3.18) npu koabduunente ¢, = 0,7, onpeaeneHHom no rpadu-
Ky Ha puc. 3.2 apu ¢ = 70 cyT:

2u/ b, =0,03; u=10,22 M= 220 Mm.

[To Tpebyemoit Hecyuweil cnocodnoctu 44,4 klla u no-
naTiIMBOCTU Kpenu 220 MM BbiOMpaeM B KaUeCTBE BPEMEHHOH
kpenu KMII-A3 u3 CBII-17 ¢ nnotHOCTBIO ycTtaHoBkH 0,8
pambl/M.

[1yOuny ynpouHeHusi paccuuTbiBaeM no dopmynam (3.19)
u (3.20). T'nyGuHa ynpouHeHus B KPOBIE BbIpaGoTKU b, = 1,78 M,

B 60xax by = 0,92 m.

o dopmyne (3.21) npu ¢, = 0,19 onpenensem Heobxo-
IHUMYIO HECYLLYIO CMOCOOHOCTb OOONOUYKH YINPOUYHEHHBIX MO-
pon ¢,= 2,7 MIla.

Pacxon ueMeHTHOrO pacTBopa Wil YIPOUYHEHHS | M Bbl-
paboTKu COCTABUT

b +b B

Vip=0,0575N 5 —0,0575-12,51’7€g—+()8—2—

=0,97 m°,

rae N — nepuMmetp BblpaboTku 6e3 yuera nousbl (N = 12,5 m).

BonouemMeHTHOE OTHOLLUEHHE YNPOYHSAIOIWIHUX PacTBOPOB
MOIKHO ObITh B mpeaenax 0,5 + 1. Pacxon cocTaBisiiolMx Ha
| M* HeMeHTHOTO pacTBOpa onpenenseM no Tabi. 3.3.

Tabauya 3.3
CoOoTHOLICHHE Pacxond cocTaBIIAIOLIHX
COCTABJISIOLIHX Ha 1 M3pacTBOpa, Kr
LieMent Boja LleMetiT Bona
1 1 750 750
1 0,6 1070 642
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Tabauya 3.4

Cocras TAMITOHAKHOIO PACX0 KOMIIOHEHTOB JUIst NPHIOTOBICHIE | M
pactpopa L{: T1: B TAMIIOHAKHOTO PACTBOPA, KT

Llement Tlecox Bosa

1:3:2 287 862 574

1:4:2 260 1038 519

1:5:2 237 1184 474

Pacxoa HeMeHTHO-NECYaHOro pacTBOpd Ul TAMIOHAXKA
3aKPEMHOro MPOCTPAHCTBA ONpeeseM no Ggopmylie

V., =0575Nd,. V, =0575-125-02=144m',  (3.23)

u

roe d,= 0,1 + 0,3 — cpenuHsa TOMIMHE 3aKPENHOro MpocTpaH-

crea, M: d,= 0,1 + 0,15 — npu nposeneHuu BLIPAGOTKH KOM-
i 5 = KN >

GaifHOM W KOHTYpPHbIM B3pbiBanueM, d = 0,1 + 0,3 — npu npo-

BefieHrH BbipaOoTkH OypoB3pbIBHEIM ciocoOoM. st TaMmoHa-

’a 3aKPEMHOro NPOCTPAHCTBA MPHUMEHSIOT LEMEHTHO-IIECYaHbIe
PACTBOPBI C COCTABOM, YKa3aHHbIM B Tab. 3.4.

3.2.3. Onpeneieniie napaMeTpoB Kpenu
PeryJInpyemoro conpoTHBJICHHSA

CHull 1-94—S80 [13] npeaycmatpuBaer nudQepeHuu-
POBAHHbBIN NOAXOA K KPEIIEHHMIO OTAEAbHBLIX Y4aCTKOB, HMe-
omux 6onee 30 % OTKIOHEHHMsT NPOYHOCTHBLIX CBOUCTB BME-
[AOWUX NOPO, OAHAKO 3TO TpeOOBAaHHE HE peanu3yercs
BBUIY OTCYTCTBUS NPAKTHUUECKHX PEKOMEHIALHUH.

B MITY pa3pabotaH HOBBIH MNOAXOA K KPEIUICHHIO
FOPHBIX BbIpaBGOTOK, NPeAyCMAaTPUBAKOLIMK NIPUMEHEHNHE pa3-
JUYHBIX KOHCTPYKUMH Kpeneil no MIMHE CTPOALUEHCS BbIpa-
OOTKH B 3aBUCHMOCTH OT KOHKPETHOH IeOMEXaHHYEeCKOH CH-
TyalUUud Ha OTACIBLHBIX €€ y4acTKax.

Takum o0pa3zoM, B Mpouecce CTPOUTENLCTBA BbIpaOOTKH
Kak Obl perynupyercs Hecyiuast CnocOOHOCTb Kpenu B 3daBU-
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CUMOCTH OT U3MEHEHUS F€OMEXAHNUYECKHX yCnoBuit. COBOKyN-
HOCTh BCEX THITOB Kperneil, yCTAHOBJICHHBIX MO UIMHE Bbipa-
BOTKH, OOBEAUHACTCS OOWIMM HA3BAHHEM «KpPEMNb peryiHpye-
moro conpotusneHus» (KPC). OnHolt u3 cocraBHBIX HacTeit
MpeIaraeéMoro NnOAXOAa ABJAETCA HENPEPLIBHLIK KOHTPOIb
cMelIeHH I NOPOOHOTO MaccuBa.

Kpenb peryaupyeMoro conpoTHsieHUs B 0O1eM Cllyyae
pisouaeT B ceOst 6a30BYIO Kpenb, KpeNb YCUIEHUS H yCTPOIi-
CTBO KOHTPONA CUTHabHbIX cMeweHnH. OCHOBHbIMH napa-
metpamu KPC sBsitorcs ee Hecyias criocoOHOCTh U MOAAT-
JAUBOCTb, KOTOPbIE HOKHbBI PEryJIHPOBATHLCS B 3aBUCUMOCTH
OT M3MEHEHUS] TOPHO-TEONIOTHUYECKUX YCIOBUM MO AJWHE Bbi-
paboTku. Perynuposanue Hecylieil CnocoOHOCTH U NOAATIIHU-
Boct KPC ocyuwecTsiaseTcss B 3aBUCHMOCTH OT KOHTPOIH-
PYEMBIX CHUTHAJbHBIX CMELLEHHH KOHTYpA.

Koutponupyemslie CUrHajdbHble CMELUEHHS — 3TO MaK-
CUMAaJIbHO AONYCTUMbIE CMELIECHUS OPOAHOTO KOHTYpa, NpH
KoTopbix GaszoBas kpenb eule obecrneunBaeT yCTOHUUBOE CO-
CTOsIHME BbIPaOOTKH. B Cilyuae npeBbllIeHHd CMELEHUSMHU NO-
POIHOrO KOHTYpPa Ha KaKOM-TO Y4YaCTKe CHTHaJIbHBIX CMelle-
HUH yCTOMYMBOCTH BBIPAOOTKHM Ha 3TOM yyacTke obecneyuBa-
eTcs BBOAOM B paborty kpenu ycunienus. Taxum obpazom, B
obuweM cnyyae BbipaOOTKa Ha BCEM NPOTAKEHUM Oyper 3a-
Kperjiena Kak 0a30BOH KPENbio, TAK U e Pa3jiIMuHbIMU coye-
TAHUSAMH C KPEMbIO YCWIEHUA, YTO B COBOKYMHOCTH HOMKHO
o0ecneunTb palHOHANbHBIH PAaCcXOl KPENnexHbIX MaTepHaloB
npy COBAIOASHMHN IKCIYaTALMOHHBIX TPeOOBAHUIA.

B kauectBe 6a30800 Kpenu cienyer BeIOMpaTh Kpenb, na-
pPaMeTpbl KOTOpOH (Hecyuiast cnocOOHOCTh M MOJATIMBOCTH)
ONpenensioTca Aast y4dacTka BelpaboTKH ¢ HanOOIbLUMMH 3HA-
HYEHUAMU npenena NPOYHOCTH HA ONHOOCHOE CXKATHE W MOAY-
13 nehopMauuu nopod. B kauecTBe kpenu yCUAEHHS JOJDKHA
NPHHUMATLCH TaKass KOHCTPYKUMS KPenu, KOTopas, TEXHUYe-
CKH coueTasick ¢ 6a30BOM Kpenbio, obecneunBaeTr TpeOyeMble
H3MEHEeHUs ee napaMeTpOB.
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r Onpencnemxe MHHHMAJILHBIX 31 MOKCIMallbHbIX CMCme}HIﬁ KOHTYpa
BblpaGOTKH IO €¢ JJTHHE B 3aBHCHMOCTII OT OTIIOPA KpelH

v

< Be16op BapuanToB 6a3oBoii kpernn KPC 11 BapuaHTOB yCHIICHHS.

TexHITKo-3KOHOMUYeCKILT AHAMI3 BAPHAHTOR I BLIGOP ONTHMAILHOTO.
OnpeneneHiie mapaMcTpoB

2

BriGop cnocoba koHTponst eMenteHlii KOHTypa BeIpadoTKil,
ONpefencH e BEINYHHBI CHTHANBHBIX CMELCHIT I paccTOAHNA
\ MEXY aTUHKAMII [0 JUIHHE BBIPabOTKH

¥

( Kpennenne Beipabotki 6azopoii kpenvio KPC.

[TpoekTHpoBauiie

YcTaHOBKA AaTYHKOB B KPOBIIIO BhIpaboOTKII

-

‘ HaOrmiogenus 3a cMemei Ml KPOBIIH BupabOTKI

v

VYeiutenne Kpenn BoIOpaHHoil KPenbio YCHIICHHS ¢ TOCIeavIoiel
YCTAHOBKOL IaTUIIKOB Ha y4acTKax BblpaboTKH,
/1€ CMEIICHHS TOCTHIIIH CHI'H aIbHbIX 3HaUeHHI]

v

HH6H}O)ICHH}I 3a CMEUICHIAMH KPOBJIIE Bb[pa6OTKll
H NOBTOPHOE YCHJICHHE KPPl NP1t HCOOXOJIHMOCTH.
lel KaXJIO0M OCYUICCTBIISICTCA YCTAHOBKA JaTYIHKOB I KOHTPOIb
34 CMCIUCHUAMU KPOBIH

¥

TTpOROILKEHIIE KOHTPOIIS 32 CMEWSHIIAMY
\ KOHTYpa BbIpabOTKI A0 3aTyXaHHS

CTpOHTENLCTBO

Puc. 3.6. Briok-cxema npOeKTHP OBAHHS KPENH
PErYNHPYEMOTO COMPOTHBICHH

KPC npumensercs B KaNUTaJIbHbIX FOPH3OHTANbHBIX U
HakIOHHBIX (m0 30°) ropubix BblpaboTkax waxt JloHbacca,
PAaCMOJIOKEHHBIX BHE 30HbI BIUAHMUS OYHCTHBLIX paboT HaA riy-
Ounax no 1500 m B noponax I—IV kateropuil ycToM4uBOCTH
no [13], He ckJIOHHBIX K BbIBaJIOOOpa3oBaHUIO. biok-cxema
NPOSKTUPOBAHMSI ¥ CTPOMTENLCTBA BbipaOOTOK C KPENbIO pe-
TYJIMPYEMOTO CONPOTHUBIICHHUS MpencTaBieHa Ha puc. 3.6. Mc-
XOIHBIMH HaHHBIMU U1 npoekTupoBanus KPC gBasiorcs TUn
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Y (PU3MKO-MEXAHUUECKHE CBOKCTBA BMEIIAIOUIUX NOPON, CTPYK-
TypHbIE OCOOEHHOCTU MACCUBA, ryOuHA 3aTOXKEHUs Bblpa-
60TKH, (POpMa ee MOMePEUHOTO CEYEHUsI U PA3MEPBL. YKa3aH-
Hble [AHHBIE ONpPEHENSIOTCS M3 HHXKEHEPHO-TE€OJIOTHUECKUX
U3bICKAHUH B COOTBETCTBHMHU C OOLIMMHU TPeOOBAHUSMHU IJ1aBbl
CHull no MHKEHEPHBIM U3BICKAHUAM it CTPOUTENLCTRA, a
TAKKE C Y4eTOM OCOOEHHOCTEH MOA3EMHOIO CTPOUTENLCTBA,
npenycMOTpeHHbIX nn. 1.8—1.13 [13].

Tlopsanok omnpeneneHust CMEILEHUH KOHTYypa BbIPabOTKHU
cnenyouii. Brauane, ucnonb3ys WMEIOWYIOCA HCXOOHYIO
FeoNOrMYecKyo MHPOPMALUID U COOTBETCTBYIOLLME pacueT-
Hble JlaHHble Ul Pa3jIMYHbIX YYAaCTKOB MO AJIMHE BhIPaOOTKH,
ONPENENIOT CMELUEHUSI KPOBJIM U, B 3aBUCMMOCTH OT 3Hadye-
HUll oTHOpa p U MOJNYy4aloT TakMM OOpa3OM CEMEHCTBO KpH-
BbIX u, = f(p), KOTOpbIE CTPOATCA B KOOPAMHATAX p— U.
HuxHgsa U3 3THX KPUBBIX Xapaktepusyer Haubomee Omaro-
NPUATHBIE I KPEIMJIEHUS TOPHO-TEOJOTMYECKUE YCIIOBHS,
HUMEIOLLME MECTO MO JJIUHE BbIPabOOTKHU, a BEPXHSII — HauMe-
Hee OmaronpusiTHble. 1 nanbHEHLIEero OnpeaesieHus napa-
meTpoB KPC ncnonb3yroTest 3TH ABE KPUBbBIE.

B cootBercTBUM €O cTeneHbro Ae(pOPMUPOBAHUA TOPOAHO-
rO MaccuBa BOKPYr BbIPaOOTKM MOCIEAHME MOXHO OTHECTH K
YCTOHUMBBIM, CPEJHEW YCTOMUMBOCTH M HEYCTOMUMBBIM (CM.
noppasf. 3.1.2). Pacuer cmelieHMi BBINOMHACTCS OTHARNBHO MO
PasaMuUHbIM 3aBUCUMOCTSIM Ul KXKAOrO cilydas nepopMUpOBa-
HUSI: B Cllyyae YCTOMYMBOTO COCTOsAHUs BblpaboTku (I kare-
rOpHs yCTOHYMBOCTH) CMEILEHHUS MMOPOAHOTO KOHTYypa onpefe-
JAIOTCSL 110 BBIPAXKEHUIO (2.6); B clydyae CPEOHEYCTOMYHUBOIO
(I kaTeropus yCcToHUMBOCTH) — 11O BbIpa)eruio (2.61); B ciyuae
HeycroiiuuBoro (III kareropus yCTOWYMBOCTH) — IO BbIpaKe-
HHUIO (2.71), rae cieayer HOJOKUTE r = 1, ONpenenuB TEM CaMbIM
BespasmepHble cMeleHus, a A1 ONpENesieH s PA3MEPHBIX CMe-
LIEHNUH CrielyeT yMHOXKHTB MOJyYeHHOE BBIPa)KEHUE HA MpHBeE-
ACHHBIN pagnyc BLIPaOOTKH B TPOXOIKE.

JUist pacueTa yKa3aHHbIX CMEIEHHH TOPORHOro KOHTYpa
BbIpaboTku B MI'T'Y paspaboraHa npukiaaHas IporpaMma.
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0 pmin pa, pag pa5 pq. pa_ pmax p

Puc. 3.7. CxeMma onpeACleHIs apaMeTpoB Kperi PeryiIupyemMoro
CONPOTHBICHUA

[locne ompeneneHus CMEUIEHUN Ik B 3aBUCUMOCTH OT
OTMOPa Kpenu p CTPOAT B KOOPAMHATAX p—1Ux [IBE KPUBBIE
Umax = f(p) ¥ Umin = f(p), COOTBETCTBYIOIIME MAKCUMATIbHBIM U
MUHUMaIbHLIM CMEUICHHSM KOHTYPA BeIpabOTKY TO €€ AJInHE
(puc. 3.7). Ob6nacTh Ha TpapuKe MEXKAY 3TUMM ABYMs KPHUBBI-
MU BKIIOuaeT B ceOs BCe BO3ZMOJKHbIE BEIMYMHBl CMELUCHHH
KOHTYpa BbIPabOTKH MPHU €€ CTPOUTENBLCTBE B JaHHBIX [€OMe-
XAHUYECKHUX YCIIOBHSIX.

Ocyuiectasiercs BuiGop 6asosoil KPC. basosas kpenb
BbIOUpaeTcs TakuM obpaszom, 4yToObl ee mapameTpsl (noaat-
JIMBOCTb M Hecyluas crnocOBHOCTb) COOTBETCTBOBAIM KPHUBOH
Umin = f(p). AAst 3TOrO Ha OCH u OTKIIANLIBAIOT MPEAENIbHbIE
OONMYyCTHMBIE CMELLCHUS U, A KAKIOH U3 KOHCTPYKIMH Kpe-
¥, paccMaTpHBaeMbIX B KauyecTBe 0a3oBOi, Ha OCH p ~— CO-
OTBETCTBYIOIIME WM HECyIlHe CIOCOOHOCTH Pa, @ Ha rpaguke

— TOYKW &; C KOOpAUHATaMu (p, , #,). Jas CONOCTaBIeHNA U
1 H

BbIOOpa 0a30BOM Kpenu paccMaTpUBAlOT Te€ KOHCTPYKLHH
KperH, y KOTOPbIX TOYKA ¢; PAcloJOKEeHA HEMOCPEICTBEHHO
Ha KPUBOM Umin = f(p) unu BeiLe. 3a 6a30BYyIO CleAyeT CUUTATh
Ty Kpellb, y KOTOPOH TOUKA g, pacrnonoxeHa Onuie BCero K
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KPUBOH Unmin= f(p). T. €. IPUMEHHUTENLHO K pHuC. 3.7 6a30BbiM
BAPUAHTOM OyHEeT KPeMb C XaPAKTEPUCTUKOH B TOUKE d.
Bui60op Kpenu YCUIEHHs. OCYLLECTBIAETCS B 3aBUCHMOCTH
OT NPHUHATOH GAa30BOH KPEMM PEryJaupyeMOro CONpOTHBIIE-
HUsi. BRIOOP MapaMeTpoB Kpenu YCHUNEHMs OCYLUECTBIACTCS
cinenytominm o0pasoM. Hagano KOOpAMHAT MNEPEHOCHTCS B
BLIOPAHHYIO HA MPEIbLINYILEM 3Tane TOYKy a,. [1o ocu cmele-

HUH U, OTKIAABIBAKOTCA TIPCACAbHBIC CMCIICHUA IJId BO3MOXK-

HBbIX BAPUAHTOB YCHJICHUSA Up, 4 NO OCH p, — COOTBETCTBYIO-
1

e UM HeCcyue CrocoOHOCTH pbi

BbIGOp OKOHYATENBHOrO BapuUaHTa KpEMU YCUIIEHUS
OCYLIECTBIAETCA AHAJOTMYHO TOMY, K4K 3TO JENaeTcs MpH
BbIOOpe 0a30BOii kpenu, T. €. nogbupaerca Touka b, Haubo-
Jee ONM3KO PACHONOKEHHAS CBEPXY K KPHUBOH Umax= [f(p).
[TpyMeHUTENBHO K puC. 3.7 TaKOH TOUKOH ABIACTCA b,.

B xauectBe 6a3oBbix KPC B 3aBUCUMMOCTU OT BEIHYHHbI
MUHHMAaJbHbIX CMEIIEHHI KOHTYPA BbIPAOOTKU MO €e AJUHE U
B COOTBETCTBUY ¢ kinaccupukanuei [13, 14] pekomeHnyoTcs:

HaOpbI3rOeTOHHAS Kpenb — JONYCTUMAas NOAATINBOCTD

U U HECyLast CIOCOOHOCTD p; ONPEACTSIOTCS PACUETOM;

AHKEpHasi KpeNb ¢ METAJIJINYECKOU CEeTKOHN — p, onpene-

naetcsg cornacHo [14], a ug = 10 + 50 MM, B 3aBUCUMOCTH
OT THIA aHKEepa ONpeAENseTcs 3KCIEPUMEHTANbHO B Ha-
TYPHBIX YCIIOBUSX;

HaOpBI3SrOeTOHHAs C aHKEPaAMH ¥ METAJINIMYECKOl CeTKOMH
Kpenb — Uy M pg ONpENensoTes cornacHo [14] ¢ yuetom
COBMECTHOM paboThl ABYX KOHCTPYKLUHNH;

METAJUTMUECKas TPEX3BEeHHAs apouHas NOJATIMBas Kpenb
w3 CBIT — u, onpenensiercs KOHCTPYKTUBHON MOAATIH-
BOCTBLIO kpenu 300 MM U BEIHUMHONW 3aKPENHOro Npo-
cTpaHcTBa U cocTaBnseT 300 + 400 MM, p, onpenensercs
cormnacHo [12];

MeTalyIMuecKas NATU3BeHHAs apodHas MOAATIMBAs Kpernb
u3 CBIT — u, = 500 + 600 MM, ps OnpenensieTcs cornac-
HO [12];
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aHKEep-MeTATHYECKas Kpenb KoHCcTpykuun KysHUU-
WIAaXTOCTPOst — Ug = 300 + 400 MM, p, onpenensercs co-
riacHo [14];

TrobuHrosas xpens I'TK — uy = 180 MM, p; = 0,1; 0,2; 0,3;
0.4; 0,6 MIla B 3aBUCUMOCTH OT TUTIOpa3Mepa TIOOMHTa;
MOHONUTHAs OeTOHHAsA Kpenb — g = 10 + 50 MM, p; on-
penensieTcs pacueToM.

B xauecTBe KpeNnH YCHICHHS B 3aBHCHUMOCTH OT MPHHS-
TOW Ga30BOM Kpenu U BEeIMUYMHBI MAaKCUMaNnbHBIX CMEUICHUN
KOHTypa BbIpaOOTKM MO €€ OJIMHEe CIEeHYeT NMPUMEHSTb Ha-
OpbI3rOETOHHYIO M AHKEPHYIO KPEMH, TaMIOHAX 3aKPENHOTO
NPOCTPAHCTBA, YIIPOUHEHME MOPO/, OMOHOJIHYYBAaHHE APOK.

OCHOBHBIMH KPUTEPHAMHU MPH BbIOOpe 6a30BOM Kpemnu U
Kpenu YCHIIEHHS ABJBIOTCS UX COYETAeMOCTb APYT C APYTOM O
YCIIOBUSIM COBMECTHOH paboOTbl M TEXHOJOTHYHOCTH BO3BE[le-
HMsl, a TaKxke oOecrneyeHne yCTOHUMBOCTH BLIPAOOTKH MPU Hau-
MeHee OnaronpysiTHbIX TEOMEXaHUUECKHX YCIOBUAX NO €e AIuHe
u nepekpoithe napamerpamu KPC Bcero BO3MOXKHOro guana-
30HA U3MEHEHHUS CMEIIEHHH KOHTypa BbipaboTku. ObGnacto
NPUMEHEHNsi TOro unu uHoro Bapuanta KPC omnpenensercs
MUHHUMaIbHBIMM U MAaKCHMAIbHBIMH AOMYCTUMBIMU CMeELLEe-
HusaMmu. Pacyerst camux kpenedt, cocrasmsiroux KPC, Bemon-
HSIOTCS COTJIAaCHO MMEIOLIMMCS HOPMATHBHBIM JOKYMEHTAM.

OOuwwuit nopsinox npoextuposanuss KPC Ha BTOpOM H
nocieaymoueM 3tanax caenyowumii. Ilocne nocrpoenus rpa-
GQUKOB Umin = f(p) U Umax = f(p) U3 NEPEUNCICHHBIX B JAHHOM
pa3nene BapuaHToB KPC no 3HAYEHUAM Umin M Umax BBIOHDA-
10TCsl Te Da30BBI€ KPENH U BADHAHTB! YCHIIEHUs, KOTOPBIE NpU
COOTBETCTBYIOLHMX MM HECYLUUX CIIOCOOHOCTAX UMEIOT TOUKH
a; n b; BbILIE KPUBBIX Umin = f(P) ¥ Umax = f(P) COOTBETCTBEHHO.
U3 3toit coBokynHocTu BapuanToB KPC st JaHHbBIX yCrnoBUH
otOuparrcs 1—3 Ga3oBble Kpenu U KPENM yCHIEHHs, KOTO-
pble pAaCCUUTBLIBAIOTCS MO COOTBETCTBYIOLIUM METOAMKAM.
OxonuartenpHblil BrIGOp Bapuanta KPC ocyuiectsisieTcss Ha
OCHOBAHMHU TEXHUKO-IKOHOMHYECKOTO aHaJIM3a KOHKYPEHTO-
CrocoOHbIX BAPUAHTOB.
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CneunuduueckuMm napamerpom KPC siBisiercs BenmuuuHa
CUTHAILHBIX CMEWEHUHU Uy, HA KOTOPYIO HACTPAaUBAIOTCS OaT-
YUKU-CUTHANU3ATOPbI. MX peanu3alus CUTHAIH3UPYeT O He-
OBXOMMMOCTH BO3BELEHUS Ha JAHHOM YYACTKe, 3aKpeIlJleH-
HOM 0a30BOM KPENbIO, KPENU YCUIIEHUS.

CurHanmbHbIE CMELLEHHMS ONPENENSIOTCS MO 3MIHpUUe-
CKHUM POPMYIaM B 3aBHCUMOCTH OT cnocoba NpOBEAEHHS Bbi-
pabOTKH M JUIMHBI JATHHKA.

ITpu 6ypOB3pBIBHOM €cIOCOOE MPOBEAEHHUS BbIpabOTKHU:

Mvda natunka /= 0,5 M

1y, = —0,0003 u? + 0,3734u, -4, mwm; (3.24)
mrHa natunka  =1,5m
u, =—0,0009u; +1,09, —11, Mm. (3.2%)

ITpu kombaiiHOBOM criocobe NMpoBeneH s BIpabOTKH:
mTuHa gatyuka /= 0,5 M

ug=11+0,1276 u_, mm; (3.26)
OnMvHA matumka [ = 2,0 m
uy = =2,0 +0,482u_, MM, (3.27)
wi,
raoe ue =, — 100 ; (3.28)
U, — KPUTHUYECKAs BEJIMYMHA CMELIEHUM Ul MaHHOW Oaso-
BOH Kpemnu, MM; i, — ROMYyCTUMas MONATIHBOCTb 6a30BOH

kpenu KPC, mM; 4" — MakCHMaIbHOE CMELIEHHE MOPOAHOTO
KOHTypa BbIpaOOTKH, 3aKperieHHOH 0a30BOi Kpenbio, omnpe-
ZiensemMoe npu ee BHOOpe MO H3JIOKEHHBIM BbILUE PEKOMEHAA-
UM, MM; ¢ = 5 + 10 cyT — BpeMa, HEOOXOIUMOE AJ1s BO3BE-

NEHHUs U BKIIOYEHHNs B pabOTYy KPEenu yCUIIEHUS.

B kauecTBe NAaTUMKOB CMTHANBHBIX CMEUWICHUU crenyer
npumenaTs gatuuku CAK-45 koncrpykuuu OpraHeprocTpos
HIIH 1aTYUKU KOHCTpyKuuu MITVY.

o
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Ilpuvep pacuermna. Kpepuutar Iiomiafpto CEUYEHUs B CBETY
S, = 12,8 M* u mupuHo#t B npoxoake 2a = 5 M nposoasAt Oy-
POB3PBIBHBIM criocoboM Ha riyoune H = 700 M. Bmewarouue
NOpOoAbl NO AJIMHE BbIPAaOOTKHU NMPEACTABICHb! TPELIHHOBATEIM
AJIEBPONIMTOM, MMEIOLUMM NPOYHOCTb HA OJHOOCHOE CXKATHE
R =25 MIla (f = 2,5) 1 MEIKO3EPHUCTBLIM MECHAHUKOM MPOY-
HOCTBIO R = 40 MTIla (f = 4).

PesynbTaTel pacuetra B BUIAE 3aBUCUMOCTEH CMEILECHUH
NOPOAHOIO KOHTYypa OT PEaKTUBHOIO CONMPOTHUBIIEHUS Kpenu
p TIPUBEOEHbI HUXKE.

Py MITA e, 0 005 0,1 02 050,75
CMeIICHUS 1, MM, TJIS HOPOJT:
aJIEBPOIHT 131 125 115 91 76

[EeCYaHHK 45 43 40 33 30

Taxkum o6pazoM, MUHUMAaJIbHbIE CMELLEHHS KOHTYPA BbI-
pabotku OyayT npu €€ MpPOBEICHUM B MECUAHUKE, & MAKCHU-
MasbHbIE — B ajeBponute. [10 MomyuyeHHbIM JaHHBIM CTPOUM

KpI/IBbIe
umax :f(p) H umin :f(p)’

NOKAa3aHHbIE HA puUc. 3.8.

ITo snauenuam u_ =30+46 MM u u_ =76+137 mMm
BbIOMpaeM ClIeayromne BO3MOXHbIE 6a30Bble KPENMU U Kpenu
YCUJIEHHUA:

1) HabpbI3TOETOH, YCHIieHHE — MOBTOPHBIM HaOpbI3r-

OeTOH;

2) aHKepHas Kpenb, YCHIIEHHE — HaOPbI3rOeTOH;

3) HaOpbI3TOETOH, YCUIIEHHE — aHKEpPHas Kpenb C MOo-

BTOPHBIM HaOPBI3rOETOHOM.

Ha ocHoBe pa3paboTaHHON METOIMKHU U UCXOIS U3 TOTO,
YTO B BbIPAaOOTKE IOJKEH HAXOOUTBCS HEOOXOAMMbIH MWHU-
MYM MPOXOAUECKOro oO0pyaoBaHHs MUl BO3BEHAEHM KPENu U
YCIIOBUN COBMECTHOU paboThl 0a30BOU KPENU U KPEIU yCUIle-
HUSI, TPUHUMaeM B KadecTBe 0a30BOU kpenu HabpbI3rOeToH, a
B KQ4YECTBE KPEIU yCUIICHUs] — MOBTOPHBIA HaOpbI3rOETOH.
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Puc. 3.8. [IpoeKTHPOBAHHE KPENH PETYIHPYEMOLI0 COMPOTHBICHHS

Pacyer HaOpbI3réeTOHa NPOU3BOJAUM COINIaCHO METOIU-
Ke, U3IOXKeHHOH B [12]. JomycruMas moaaTIuBOCTL 6a30BOM
kpenu u, = 70 MM, Hecyulas cnocodnocts p, = 0,1 Mlla, Ton-
wrHa HaOpe3réerona d, = 82 mm.

[TepeHocuM Havyano KOOPAMHAT B TOUKY a ¢ KO3pduuu-
CHTAMH p,, 1, U ONIPEIENIAEM NAPAMETPDI KPEMHU yCUIEHUS (CM.
puc. 3.8). IlopatnuBocthb kpenu ycuienus u, = 70 MM, Hecy-
was cnocobHocTh p, = 0,05 MIla, TonuuHa HabpbI3r-6eToHa
d, =75 MM.

Bribupaem st KOHTPONISt CMELUEHUI HATYUK KOHCTPYK-
uun MI'TVY mnusoii [ = 1,5 M (Tak Kak B TPEILHUHOBATHIX I1O-
pOAax OT B3PbLIBHbIX pabOT MOTYT NMPOUCKOAUTH BbIBAJbI MO-
POIBl U3 KPOBJIM BbIPAOOTKH) U O 3aBUCUMOCTAM (3.28) H
(3.25) onpenensieM BeTMYHHY CHTHANBHBIX CMELLEHUH U

12410 _

u =70- 58 MM,

1, ==0,0009-58" +1,09-58 ~11=49 mm.

Taxum o6paszom, nepBOHAYAIBLHO BhIpabOTKAa KPEMUTCS
HaOpbI3rOeTOHOM TONMWMHON 82 MM, U B Heii uepes 25 M ycra-
HaABIIMBAIOTCS JATUUKH CUTHAJIbHBIX CMELIEHUH KOHCTPYKLUHU
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MITY. BennurHa curnanpHbix cMmemieHui — 49 mm. Ha yua-
CTKaX BbIPabOTKM, TAC PLaIN3yIOTCA CUTHANbHBIE CMEIIEHMHS,
NPOU3BOIMTCS YCUIIEHHE KPEMHU MTYTEM NOBTOPHOTO HAHECEH U3
cnost HabpeI3rGeToHa TonMHOM 75 MMm. Ha yuactkax Beipa-
6OTKH, Tlle CUTHaJIbHbIE CMELICHUsS] HE PeajM3yloTCs, OHa OC-
TABJISIETCS 3aKPEIUICHHOW 0a30BOM Kpenbio.

3.2.4. OnpeaenexHne napaMeTpoB
crnocoda nepexpenyieHus ropHbIX BbIpadoToK
rJIyOHHHBIM YNPOYHEHHEM BMEILAIOILHIX MOPOJ

Ilepexperutenne BbIpabOTOK, BBITOIHEHHOE MO OOBIYHOU
TEXHOJIOTUH, KaK MNPaBUJIO, CONMPOBOXKIAETCS HEKOHTPOIH-
PYEMBIM BBINYCKOM Pa3pyLIEHHbIX MOPOA MPUKOHTYPHOH 30-
Hbl. [Ipu 3TOM 06BbEM BBINYCKAEMOU MOPOAbI 3aUacTyIO Mpe-
BbILLIAET BEJIMUMHY, HEOOXOAMMYIO Ml NOSYUYEHUSt POEKTHO-
IO CeueHus BbIpaOOTKM, M BOKPYr BHOBb BO3BOJUMOMH Kpenu
oOpa3ytoTcs 60NbLIME MYCTOThI, KOTOPbIE HY)KHO 3a0yuyuBaTh
WX TAMIIOHUPOBAT.

Ilpu nepexkpennienuu BblpabOTOK Oonee pauuMOHaIbHOH
SBIISIETCS. TEXHOJIOT U, pa3paboTaHHas B MakeeBCKOM HMHKe-
HEPHO-CTPOUTEILHOM HHCTUTYTE M NOKa3aHHasi Ha puc. 3.9.
CyuHoctb cniocoba 3akiIoudercs B CO3IaHUM BOKPYT BbIpa-
OOTKH OOONIOUYKH M3 YNPOYHEHHBIX MOPOA TOMWMHOK | + 1,5 M,
BHYTPEHHHUM KOHTYPOM KOTODOU SBIISIETCH IMPOEKTHBLIH KOH-
Typ nepexkperisiemMon BblpaboTku. Ilog 3amwuToit 3Toit 0obo-
JIOYKM BBIMYCKAETCSl pa3pylUeHHas MMopoaa, 3aKIOUeHHas Me-
KOy MPOEKTHBIM U CYLLIECTBYIOLIUM KOHTYPAMH, U 3aAMEHSETCS
nedopmupoBaHHas kpenb Ha HoBywo. [locnemoBarenbHOCTb
BBINOJIHEHUs1 paboT nokasaHa Ha puc. 3.9. B npoOypeHHble 110
NepUMeTPy NepeKperiseMol BepabOTKH CKBAXKHUHBI YCTAHAB-
JIMBAIOTCS UHBEKTOPHB! 4, 4epe3 KOTOPbIE HATHETAETCS PacT-
BOP C peryaupyeMbIMH CPOKAaMU CXBAaTbiBaHUs. g co3panus
00O0JIOYKH YNIPOUHEHHBIX nMOpoa 2 Ha TpeOyeMOM pacCTOSHUH
OT KOHTYpPa B KOHCTPYKUHMHU MHBEKTOPA MPEAyCMOTPEHO pac-
MOPHO-U30JIUPYIOLLEee YCTPOUCTBO, KOTOPOE (PUKCUPYETCSl B
CKBaXKMHE Ha YPOBHE IMPOEKTHOrO KOHTypa BbIpaboTku 3.
[Tox 3awuToi 00OJIOYKH U3 YKPEIUIEHHbIX NOPOM KpPEMb CHH-
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Puc. 3.9. TexHoorug nepeKperieHHs BLIpadoToK ¢ HCIOIL30BaHUEM
HHBEKUHOHHOT O YIIPOYHEHHS OPOJT

MaloT W paspylieHHyo nopoay / BbimyckaroT. [locne pacuu-
peHus BbIpabOTKM A0 NMPOEKTHOIO CEUeHMs YCTAHABIMBAIOT
HOBYIO Kpe€Nb, MapaMeTpbl KOTOPOW CAENYeT MNPUHHMATbL C
Yy4eTOM Hecyluel cnoCOOHOCTH YITPOYHEHHbIX TOPOA.

Onpenenenne napaMeTpoB cnocoba NEPEKPEIICHUs Bbl-
paboTOK rTyOMHHBIM YIIPOYHEHHEM BMELUAOLIUX MOPOJ aHa-
JIOTHYHO OMNpPEACIeHHIO NapaMeTPOB Kperel, UCNOIb3yoLuX
HECYLYIO CMOCOOHOCTb YNPOYHEHHOrO MacCuBa MOPOL (CM.
nogpasz. 3.2.2).

B 3Tom cimyuae Mbl HE MMEEM BO3MOXXHOCTH BapbHpO-
BAaTb BpeMEHeM Havajla pabOT MO yNPOUHEHHIO U COOTBETCT-
BEHHO KO3(PPHLUHEHTOM ynpouHeHus nopox &. OH onpexdens-
eTCs MO rpauky Ha puc. 3.5 B 3aBUCHUMOCTH OT IPOYHOCTH
nopon R.

I'nyGuHy ynpouHeHus, M, B KpoBiie U OOKax BbIpabOTKHU
onpenenuM no Gpopmyram:

B KPOBJI€ BbIPaOOTKH

=t

YH,

b ] R
b= 2135202 |-an - @29)



B 60kax BbIpabOTKH

h H
b6 —__mw L27h_0’13 __@_’ (330)
2 R 2

rae byy U fipy — COOTBETCTBEHHO HAYAIbHbIE INUPHUHA U BbICO-
Ta BbIpaboTku B mpoxonke, M; Ah — paccTosinne ot GakTH-
YECKOTO OO MPOEKTHOI'O KOHTYpa B KPOBJE BbIpabOTKM (IO
CYTH, 3TO CMELIEHUs KPOBIU BHIPaOOTKH OT MOMEHTA €€ npo-
XONKH 10 Hauajla MePeKPelUIeHHs M UX MOXHO ONPEALNUTH
cornacHo [13]), M; Ab — paccTosiHue OT (PAKTUUECKOTO 10
NPOEKTHOTO KOHTYpa B O0Kax BbIpabOTKH, M.

Ilpumep pacuema. JIna ycnoBuii npumepa B noapasi.
3.2.2 onpemenuM napaMeTpbl criocoda NEPEeKperuieHuss rop-
HBIX BBIPA0OTOK IITyOMHHBIM YIMPOYHEHHEM BMELLAIOLIMX I10-
poxd, UMesi B BUIY, YTO B 3aaHHBIX YCIOBHAX IIIyOHHHOE yn-
POYHEHNKE MOpOA He Npou3Boannochk. [lepen nepekpenienuem
IMpHHa Belpabotku b'y,= 4,5 M, a BbicoTa /'y = 2,9 M. Bol-
paboTKy HEOOXOAUMO MEePEeKPENUTh U PACIUIUPUTD IO MPOEKT-
HBIX Pa3MepOB.

OnpenenuM BeTMUUHY A/, Ha KOTOPYIO HEOOXOIUMO Bbl-
IIyCTUTh IOPOAY,

Ar=h, ~ h;p, Ai=36-29=0,7 m.
AHAJOTMYHO ONpeaeisieM

b_-b -
&: np “PA_k’ é?.:s 4’5:(),25 M.
2 2 2 2 2

ITo dopmymam (3.29) u (3.30) onpenensem riyOuHy ym-
POUHEHHS B KpOBie U OOKax BbIpaOOTKH:
5

KZE

b ==(213-05-0,22)-07 =141 ;

b, = % (127-0,5-0,13)-0,25=0,66 m.
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Ilo rpaguxy Ha puc. 3.5 onpenenseM BeIUUYHHY KO3(D-
¢uurenTa ynpousenus nopon & = 0,6. Orciona npu npume-
HEHUH UTA YIPOUHEHHs LIEeMEHTHOrO pacTBOpa Ha 0as3e mopT-
naHaLeMeHTa Kiacca B30 mpouHOCTb YNPOUHEHHBIX MOPOX
COCTAaBHT R, = ER, R, =0,6 - 40 = 24 MIla.

JITMHA CKBAXKMHBI [UT YIPOYHEHHS B KPOBIE BbIPAaOOTKH
cocraput 15 = b+ Ah, I = 1,41 + 0,7 = 2,01 M, B Gokax /° =

=0,66 + 0,25=0,91 m.
PacnopHO-u30nupyoLee yCTPOUCTBO B MHBEKTOPE IS
HarHeTaHusi pacTBOpa YCTAHABIMBAETCS B KPOBJIE Ha pac-
crossuuu 0,7 M OT yCThs CKBaXKuHbI, B Ookax — Ha 0,25 M or
YCTbsl CKBa)KHHBI.
[Tox 3amuToi yrpouHeHHOU 00O0NOUKH BO3BOAMTCSA HO-
Basi Kpenb B BeipadoTke. Tak kak ynpouHeHHast 00onouKa siB-
JIIETCSt XKECTKOM Kpemnbio, TO Hecylas CrocoOHOCTh 3TOi 000-
JIOYKU MOXeT ObITb ONpeneneHa cleayoumm oopa3om:
IUJIs1 KPOBJIU
: 1
Pl =R |1-—-2—— (3.31)
yie y (hHp + bK)2 2
u1d 6oKOB
_ b? 1
5 [
Py Rv (bnp+ba)2 2

B pesynbTate pacyeToB NOSyUnM:

M 2
p;‘np =—2—‘1 1——i6—7 =5,76 MIla;
2| (36+141)
=2 > 122,64 MIla.

-
2| (5+0,66)°

ITpu Takoii BLICOKOI Hecylleil CnOCOOHOCTH YIPOYHEH-
HOH O0ONIOYKH ycTaHaBIHBaeMmasi B BeIpabOTKe HOBasl Kpelb
BBIMOJIHAET TOJbLKO H3OJMPYIOLIME M orpaxiaaromue (QyHK-
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unu. ITo3TOMY pEKOMEHIYETCs UCMONb30BaTh HAGPHI3TOETO -
HYIO Kpenb TONWHUHOKW 50 MM WM B CIIOXKHBIX YCIOBUSIX Pam-
Hyto kpens KMII-A3 u3 CBII-17 ¢ mIOTHOCTBIO YCTaHOBKHU
| pama/m.

3.3. OIIPEAEJEHHUE HAT'PY3KHU
HA KPEIIb 'OPHbIX BLIPABOTOK

3.3.1. Onpenesienne HATPY3KH Ha Kpenb BbIPpadOTKH
B nopoaax I kaTeropuu ycroii4nBocTu

HopmatusHbiMu pnoxymentamu [13, 14] x ocagouHbIM
nopogam [ xaTeropuu yCroHuuBOCTH OTHOCSTCS TIOPObI, MMe-
IOLME BEIMUYUHY CMEUICHMI Ha KOHTYpe IONEePeuHOro ceve-
HUsl BbIPAaOOTKH 3@ BECh CPOK €€ cnyxObl O€3 Kpenu i MeHee
50 MM. B 3TuX yCiOBHSIX PEKOMEHIYETCSi IPUMEHEHHE aHKep-
HOU unm HaOpbI3rOeTOHHOM Kpeneid. KoHCTpykTHBHAs noxat-
JIUBOCTb AHKEPHBIX Kpened B 3aBHCHUMOCTU OT KOHCTPYKIWH
COCTaBJIAET U = 20 + 100 MM [16], a HaOpBI3TGETORHBIX — HE
Gonee 0,014 by, (b, — WMpPHHA BEIpaGoTKM B mpoxojke). s
TOPHBIX BLIPACOTOK UIMPUHOH 3 + 6 M Uy, = 42 + 84 mm.

B psane cmyuaeB u,, > 4 Harpy3ka Ha Kpelb B PEKHME
B3auMoBnustowenn nepopmaunn ¢" = 0. HeobOxomumo nowm-
HUTb, UTO BEPTHKAJIbHAS HArpy3Ka Ha Kpelb CBA3AHA C peanu-
3alMeld reOMeXaHUYEeCKUX MPOLECCOB B MOPOMAHBIX MaccHBaXx.
[Ipu nepopMHUpPOBaHMM NOPOJ BOKPYr TOPHOW BBIPaOOTKHM
0e3 pa3pbIBOB CIUIOLIHOCTH HUMEET MECTO PEXHUM B3aUMOBIIH-
aoieil nepopmaunu (Npu KOTOPOM B faHHOM ciyyae ¢ = 0),
a npu geOpMHUPOBAHUU TOPOJ C Pa3pblBOM CILUIOLIHOCTH
MMEET MECTO PEXKUM 3a4aHHOW Harpysku (JIOKanbHOE BbIBA-
N000pa30BaHUE WK CIUIOWHOE CBOXOOOpa3oBanue). Takum
o0pa3oM, B NOCIEHEM CIIYHae IIPH Uyp > 1 HArPY3Ky Ha Kperb
HaXOJHUM OT BO3MOJKHOIO BbIBaIOOOPA30BaHUs B PEKUME 3a-
JAaHHOM HAarpy3ku no pexomenpauusm M.M. [IporoapsikoHO-
Ba, COIVIaCHO KOTOPBIM HAarpy3Ky Ha Kpernb OKa3bIBaIOT NOPO-
Abl, HAXOIALLIMECS BHYTPU CBO/IA €CTECTBEHHOrO PaBHOBECHH.
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Puc. 3.10. Pacuernasi cxemMa K oIl- r
PEJEIICHIIO HATPY3KH TIPH CIUIOII-
HOM CBOJIOOOPA3OBaHHL

Benuuuny nponera L u
BLICOTY M. cBOoJa OBpyLIeHHUs
no reopun M.M. IIporonpa-
xonoBa (puc. 3.10) cmenyer
onpeaensTe no Gopmymnam:

su
& P2

hnp

P N -
L= buy + 2higtg (45° = )5 he= (3.33)

rae by, M Ay, — IIVPHHA M BBICOTA BHIPAOOTKH B MPOXOHKE
COOTBETCTBEHHO, M; () — KaXXyLUUICS YroNl BHYTPEHHEro Tpe-
HUst TOPHBIX nopon (@ = 75° — [u1st necyaHukoB, ¢ = 70° —
R,

JUIS MeCYaHblX ¥ TJIMHMCTBIX CIaHuUeB); f = ﬁ — KpenocThb
nopox no wkane npog. M.M. Ilporoasakonosa; R, — pac-
4eTHOE CONPOTHUBIIEHHE mopoa cxKaTHio, Mlla.

HopmaTtuBHas Harpyska Ha Kpernb ¢O CTOPOHBLI KPOBJHU
q" onpenensercs no popmyse

q"=h,, (3.34)

r1ie Y — yAENbHBIH BeC OcafouHbIX FOpHBIX nopos (Y = 25 kH/M).

[Ipu onpenenenun Harpy3ky Ha Kperb BbIpabOOTKH B I10-
ponax I kareropum ycTOMYHBOCTH JOCTATOYHO OIPAHHYHTHLCA
€€ ONnpeAeNieHHeM CO CTOPOHBI KpOBIM BbipaboTku. B nopo-
Aax Il xareropmu yCTOHuMBOCTH B Cilyuae, KOTAA U+ U, +

+ u, > u (u, — CMEILeHHUs] 1O YCTAHOBKH KpeIlH, i, — CMelIle-

HHS 3a cueT CKaTHs 3a0yTOBOYHOTO MaTepuana), HOpMaTHB-
Hasi Harpy3Ka ONpeaenseTcs U cO CTOPOHbLI OOKOB BbIPaOOTKH
1o Gopmysie

g" = y(h +0,5m, )tg® 45°~% . (3.35)
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PacuerHas Harpyska onpenensiercs no gopmyse
q= 'yfkH meq’", (3.36)
e ¢ — HOPMATHBHAS HATPY3KA HA KPemib; v, — KO3 bHIH-

€HT HaIeKHOCTU o Harpyske [13]; k, — ko3 duuuent (ans
IJIaBHBIX BCKPBIBAIOLIMX BBIPAOOTOK k, = 1,1, It OCTanbHBIX
k,=1); m, — xo3pPuUUUEHT yCIOBUI NPOBENEHHUS BbIpabOTOK
(npu 6ypOB3pBIBHOM criocobe m, = |, npu KOMOGaHHOBOM CI1O-
cobe npoBeAeHHs BEIPAOOTOK 1, CefyeT NPUHUMATE 1o [13]).

*

Ilpumep pacuema. OpunouyHas TOpHast BeIpaboTKa (KBep-
LLUTar) IUTIOWAAbIO CeveHus S = 16 M7, by =5M N, =4m
npoBoauTcsi bBP no necuaHucTsiM caHUaM, WMEIOLIHMM pac-
4eTHOE CONMpOTHUBIeHHE nmopon cxkatuio R, = 30 MIla. I'ny6u-
Ha 3anoxenus Bbipabotkn H, = 150 m. Cpok cinyxGbl BeIpa-
6ortku ¢t = 20 mer, yron 3aneraHus nopoa o = 10°. Onpene-

JIMTh PACUYETHYIO HATPY3KY Ha KPelb.
Onpenenum KaTeropHio yCTOHUHUBOCTH FTOPHBIX NOPOL

W=k ok k k kou,
ke =07k = 1,00k = 0,8k = 1,00k = 1,0; u, =40 mm,
€=0,7-1,0-0,8-1,0-1,0-40 = 22,4 mm.

Karteropus ycroiiuuocty I.
u < u, (Hanpumep, st HaGpesroerona u,, = 0,014 X

X 5000 = 70 MM), 3HaYUT HOPMATUBHYIO HATPY3Ky ¢ Halzewm,
HCXOMAS U3 PeKUMa 3aJaHHON HArpy3KH.

Bemnuuny npomera L u BbicoTy c¢BoAa /i, oOpylueHus
onpenenseM no gopmynam (3.33):

"B 3TOH H MOCHEAYIONHX 3aflayax ¢ LEIbI0 COKPAIUCHHS 4HCIA
HYKHBIX I PEIUCHUS 3aJauil BhIUHCIEHH ONPeNensioT TOILKO CMere-
HHA kpoBi. TaM, rae 9To HeoOX0MIMO, BBIUMCIIOT CMELICHHA DOKOB H
TIOUBbI BHIPAOOTKH.
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70°
2
6,4

L=5+2 41g(45° - ——)=6,4 m;

30
= = 3, hc: = 1,07 M.
/ 10

Orcrona no dopmyne (3.34) ¢" = 0,025 - 1,07 = 0,027
MIa (2,7 T/m*).

[lanee, nMpeaBapUTEIbHO ONPENEIMB M0 HOPMATUBHBIM
peKOMeHAALMAM Y, = 1,25, k, = 1,1, my = 1, HaxoauM pacuer-
HYIO Harpysky no gopmyne (3.36):

g=1,25-1,1-1-0,027 = 0,037 MIa (3.7 T/m?).

3.3.2. OnpenenexHne TOJHIMHbI MOHOJTHTHOR
0eTOHHOH Kpenu ¢ HCMOJIb30BAHHEM NPHHUHINA
«TEXHOJIOTUYECK O TOAATIHBOCTH

MoHomuTHas OeTOHHas Kpenb NPUMEHSeTCs B MOPOAAx
Il xareropud YCTOMYUBOCTH NPU CMELEHUSAX HNOPOIHOTO
koHTypa oT 50 go 200 mm. C yBenuueHueM riyOMHBI BeneHHS
TOPHBIX palOT Pe3KO BO3PACTAIOT 34TPAaThl Ha BEHTUIALMIO
TOPHBIX BbIpa0OTOK, KOTOPbIE CTAHOBITCS ONPEALISAIOLUMHU
B OOLIMX 3aTpaTax Ha MPOBENEHHE U IKCIUTyaTalunio Bbipabo-
Tok. [ToaTomy crnenyer oxumars BO3pacraHusi 0ObeMOB NpH-
MEHEHUSI MOHOJIMTHON OSTOHHOM Kpemnu [uTs KperIeHHs Kalu-
TaJIbHbIX TOPHBIX BbIPaOOTOK ryOOKHMX LIaxT, Kak obnagaro-
el MUHUMAanbHbIM KO3 (ULUHUEHTOM conpoTuBieHus. Heob-
XOIUMO OTMETHTb, YTO OeTOHHas Kpelb SBISIETCS JKECTKOU
KOHCTPYKLMEH, €€ KOHCTPYKTHBHAsI NOAATVIMBOCTD 34 CUET ycan-
KH U NON3y4yecTh OETOHA MpU TBEPAEHUU COCTABIAET AU
OIHOMYTHBIX BLIPAOOTOK g, = 20 MM, @ Iy ABYXNYTHBIX iy, =
=40 mm.

IToaTomy nipu BO3BEAEHUH MOHONIMTHOH OETOHHOM Kpe-
U HENOCPEACTBEHHO B 3abo0e BbIpaOOTKM HOPMATHBHAs Ha-
Ipy3ka Ha Hee OymeT xonebaTtbes B npenenax ot 100 go 850
kIla, B TO Bpemst kak OHa BbIACPKUBAET 6€3 MOSIBICHHS BUIU-
MBIX pa3pylueHHH (TpeiluH, 3akooB) Harpys3ky ao 400 xlla.
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Puc. 3.11. Tpadnke aust Bb10opa TOIIMUHBI CBOA O MOHOIMTHOL OeTOH-
HOIl KpenH B 3aBHCHMOCTH OT PAacdeTHOH BepTHKATLHOH HAIPYIKH ¢,
LIHPHHBI BRIPaOOTKH B IPOXOAKE by H KiTacca GeToHa:

a, 6 11 @ — OPH byy COOTBETCTBEHHO 3; 4,5 11 6 M;

I—B10; 2—B12,5: 3—B20

CrnenoBaTenbHO, BO3BEHCHUE MOHOJIMTHOH OETOHHOW Kperu
HEMOCPEACTBEHHO B 3a00€ BbIPAaOOTKM BO3MOXKHO IPH pac-
4eTHOM Harpyske Ha Hee no 400 xIla. Tomwmuna GeroHa B
CBOJIE NpU 3TOM omnpenessercs no rpadpukam Ha puc. 3.11 B
3aBHCHMOCTH OT WIMPHHBI BLIPaOOTKH B MPOXOAKe by, KIaCCa
OeToHa M pacueTHOH HArpy3KH Ha Kpenb. TommuHa OeroHa B
CTeHAX MPMHMMAETCS PAaBHOH TOnKMHe OeTOHa B CBOIE WM
Ha 20—30 % OGomnblie.
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OddexTrBHBIM CTOCOOOM pacliMpeHus o0IacTu npume-
HEHHS MOHOJIMTHOH OETOHHOH Kpenu SBIAETCA HCMNOJb30Ba-
HUE MPUHLMIA «TEXHONOTUYECKOH MOJATIMBOCTUHY. DTOT NPUH-
LI NIOAPa3yMEBAET BO3BEIEHHE MOHOIMTHOH OETOHHOM kpe-
M C ONMpEeNe/NeHHbIM OTCTaBaHHEM OT 32004 (MHOrga B COTHH
MeTpoB). BripaboTka oT 3a605 A0 MecTa BO3BENEHHMA MOCTO-
JHHO! OETOHHOHW Kpend MNOAACPXKUBAECTCA BPEMEHHON Kpe-
neto. B xayectBe BpeMeHHOU kpenu Haubosee IIMPOKOE pac-
NPOCTPAHEHUE MMOJYUNUIa METAJUIMYECKAs apoyHas NoJaTiH-
Basi Kperb. YCTaHaBJIHBaeMasl B 3a00e BbIpaOOTKH BpEeMEHHas
Kpenb BOCIPUHUMAET 3HAYUTEIbHYIO AOMIO CMELUEHUI IOPOA-
HOTO KOHTypa BbIPabOTKHU, KOTOpPbIE HAubOnee UHTEHCHBHO
OPOUCXOIAT B IMEPBBIE MECALBI IOCJIE NPOXOIAKH, & Ha IO
MOCTOSIHHON OETOHHOH Kpenu NpUXOAMTCS OCTaBLUAsACA, IO-
PO He3HAUUTENbHAd 4acTb cMellleHnid. COOTBETCTBEHHO YMEHb-
HIAETCsl M Harpy3Ka Ha yCTaHaBIUBaeMylo OETOHHYIO KPellb.

Bpems Bo3BeneHUst MOHONUTHON OETOHHOM Kpenu Omnpe-
JIeNSIeTCs MO pa3Huue Mexay oluled Harpy3KOW Ha Kpenb,
(MOCTOAHHOW M BPEMEHHOI) M TOW HArpy3KoH, KOTOPYKO MO-
KET BOCIIDUHATbL NOCTOsiHHas OeTOHHast Kpenb. Pacuery non-
JIEKUT TAKXKe U KOHCTPYKLMs BpeMeHHOHU kpenu. Ee napamer-
PBI ONPENEISIOTCS TaKUM 00pa3oM, YTOOBl OHA HE paspyLuu-
7ach 1O BO3BENEHUS NOCTOSHHOMN Kpenu.

Ilpyu BO3BEAEHUM MOHOJMTHOH OETOHHOW KpENU apkKu
BPEMEHHOM KpENU [AEMOHTUPYIOTCS HIM OMOHOJIHUYHUBAIOTCS
GeTOHOM B 3aBHCUMOCTH OT COCTOSIHUS MOPOAHOTO MaccHBa B
MECTEe BO3BENEHUS NOCTOSHHOM kpenu. [JlaBHOE NpensaTCTBUE
JEMOHTAaXy apOK — HaJM4YWe€ BbIBaJIOB MOPOAbLl U3 KPOBIHU
BLIPAOOTKH, UTO yXyalnaer Oe30nacHOCTb BeAeHHus paboT no
KPEIUIEHUIO U YBeIMUMBaeT pacxon 6eToHa Ha | M BeIpaboOTKU
3a Cu4eT HeOOXOAMMOCTH 3ATIOJIHEHUSI TOJIOCTH BbIBAJIOB.

Hpuwep pacuema. Onpenenuts Harpy3Ky M TOJLUUHY MO-
HONUTHOU OETOHHOW KpeINH, a TaKXKe HArpy3Ky M IUIOTHOCTh
YCTAHOBKY BPEMEHHON METAIIMUYECKONW apO4YHON NMOAATANBOH
Kpenu NMpy NpOBEACHUM OIMHOYHOTO ABYXITYTHOTO KBEpLLIA-
ra wupuHOM by, = 4,5 M. PacueTtnas rnyOuHa pacnonoxenus

BblpaGotky H, = 700 M, pacueTHOe CONMPOTHBICHHE MACCUBA
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cxkarturo 30 MIla, yron 3aneranus nopog o = 5°, CpoK CIyx-
Obl kBepLunara 20 net, NpoBEIEHHE er0 OCYLIECTBIISIETCS KOM-
OaiiHOBBIM crIOCOOOM.

CornacHo Bblpaxernuto (2.97) onpenenseM CMELLEHHs KPOB-
11 BbIpaOOTKHU U 10 Tadi. 2.7 KaTeropuIo YCTOWYHBOCTH MOPO:

«=07-1-07-1-1-370=181 mm.

Beipabortka oTHOcuTCs KO Il xateropuu yctoidyMBOCTH
W B Hell JONMYCKAeTCs K MPUMEHEHUIO MOHONUTHAs OeTOHHas
kpenb. Onpenenum Harpy3sky Ha MOHOJIMTHYIO OETOHHYIO
Kpenb MpY ee ycraHOBKe B 3a00e BbipaOoTku. CMmelleHus 3a
cyeT CxKaTus 3a0yTOBOUHOro Martepuania u; = (), cMelleHHUs 10
yCTAHOBKM Kpenu i, = 20 MM, KOHCTPYKTUBHAas NOLATIHBOCTb
Kpeni u,, = 40 mm. Torma

Uy, + U, + ity = 20 + 0 + 40 = 60 mm.

ITo rpaduxkam Ha puc. 2.41 onpenenuM HOPMATHUBHYIO
Harpy3ky ¢" = 550 xIla. Pacuernas Harpyska coctaBut ¢ =
=1,1-1,1-09-550 =600 kIla. IIpu Takoii Harpy3ke ycra-
HOBKa MOHONMTHOH OeTOHHOM Kpen# B 3a0oe BbIpaboTKYU He-
BO3MOJYKHA WM HEOOXOAUMO yCTAHABIMBATL KPenb TOIUIMHON
500 + 600 MM, 4TO 3KOHOMHUYECKH Heuenecoobpasno. Cneno-
BATENIbHO, B 3TOM Cllyyae HeOOXOJMMO NPUMEHATh MPUHLUN
«TEXHOJOTHYECKOH NMONATAMBOCTH» M yCTAHABIMBATHL B 3a00e
METAJUTMYECKYIO aPOUHYIO NOAATIUBYIO KPEIlb.

s onpenenenus napaMeTpOB BPEMEHHOM Kpeny pera-
€M OOpaTHYIO 3aaauy.

Hcxons w3 rpaduxos Ha puc. 3.11, npy wupune Buipa-
6otku 4,5 M u GetoHe knacca B12,5 Tonmuboi 25 cM pacuer-
Has Harpys3ka Ha MOHOJIMTHYIO DETOHHYIO Kpenb cOCTaBUT 280
klTa. OTcrona HOpMaTUBHAs Harpy3ka JOMXKHA ObITh

qg'= 0 =257 klla.
L1-11-09
3Has HOpMAaTHBHYIO Harpy3ky ¢' = 257 klla U KOHCT-

PYKTHBHYIO MOAATIMBOCTL GETOHHOM KPEMU Uy, = 40 MM, MO
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rpa¢uxy Ha puc. 2.41 onpeaenum OOpaTHBIM NYTEM CMeLle-
HUSt KPOBJIM BbIPAaOOTKH, KOTOpPblE CMOXET BOCIPHUHSTL Oe-

TOHHAs! KPeIlb C MPUHATLIMH HAMHU NapaMeTpaMu: #, = 80 MM.

OOuiue cmeienust Kposnu 1 = |81 MM, cregoBaTeNnLHO,
BpEMEHHAs! Kpernb AOJDKHA BOCOPUHATL cMmerleHus 181 — 80 =
= 101 MM, ¥ TOJBKO MOCHE 3TOTO MOKHO BO3BOAWTHL MOHO-
JUTHYIO OSTOHHYIO Kpenb. Bpems Bo3BeneHuss OETOHHOM Kpe-
¥ MOXXHO ONpenenuTbh no rpadurkam Ha puc. 2.32, 6, ucxons

u3 Toro, uto H /R =233 u k = % =0,56. Bpems Bo3sBene-

Hus OeTOHHOW Kpenu ! = 4 Mec. MOCIe NPOXONAKHU. B TeueHue
3TOrO BpeMeHM BBIPAaOOTKAa NOJKHA NOILIEPKUBATBHCA Bpe-
MEHHOH METAJUIMYECKONH apOYHON MOAATIUBON KPENbIO.

HopmatuBHyIO Harpysky Ha 3Ty Kpenb OINpPEOEIHM MO
rpaduky Ha puc. 2.41, UCXOA8 W3 CMELLUEHUM MOPOJHOTO KOH-
Typa, NPUXOOSALUIMXCS HA BPEMEHHYIO Kpenb, 101 Mm. B urore
nonyuuM ¢" = 50 kIla.

PacueTnas Harpyska Ha BPEMEHHYIO KpeNb 110 (popmyiie
(2.131) cocraBuT

g=11-1,1-09-45-50=245xH/m.

Orcropa citenyeT, YTO B BelpaboTke WUPUHON 4,5 M He-
obxoaumo npumenaTs creunpoduns CBII-22, umeromwmii co-
NPOTUBJIEHHE KPeNnHu B MOAATAMBOM pexnme ¢ 3amkamu 3I1K

N; =200 xH/pamy. HeobGxonnmyro mioTHOCTb YCTAaHOBKHM Kpe-
N4 ONPEAENUM U3 BbIPAKEHUS

n= —q—, n= 245 =1,2 pambl/m.
N! 200

Taxkum obpa3oM, B 3ab60e KBepuIIar KpPEenuTCs BPEMEH-
Hol kpenbio KMII-A3 u3 CBII-22 ¢ mi1OTHOCTBIO YCTaHOB-
ku 1,2 pama/m. Yepes 4 Mec. mociie NpOBEASHHUsST BPEMEHHYIO
Kpenb CHUMAIOT M BO3BOIAT MOCTOAHHYIO MOHOIHTHYIO O€TOH-
HYIO Kpenb TONLMHOMN B KpoBie 25 ¢m u B 6okax 1,2 - 25 = 30 cm
13 6eroHa kinacca B12,5.
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3.3.3. Onpenenexiie HArpy3KH
HA MeTAJUI00€TOHHYIO Kpellb

MertannoOeToHHas Kperlb MO CBOCH CyTH SBJISETCS KOM-
OMHUPOBAHHOW KOHCTPYKLIHEH M COCTOUT M3 XKECTKUX METal-
JIMYECKHX pPaM [OBYTABPOBOTO Npopuis (pexe NOomaTIHBBIX
pam u3 CBII) ¢ OeTOHHBIM 3aMONHEHHEM, KOTOpas PEKOMEH-
nyercs [13] x npumenenuto B noponax Il u IV xateropuii yc-
TOUYHUBOCTH.

Meramyeckue pambl OOBIYHO U3TOTABIUBAIOT U3 IBY-
TaBpa No 16 + 24, GeTOHHOE 3anONHEHHEe UMEET TOMLUHHY 250
MM u3 OeToHa kiacca B10—B15. Pambl cTaBat Henmocpenct-
BEHHO B 3a00e BbIpabOTKH, a 6eTOHHblE pabOThl NPOU3BOAST
¢ oTcraBaHueM OT Hero Ha 30 + 40 M, T. €. IPUMEPHO uepes
MECAL] [TOCe NPOXOAKH, YTO NO3BOIsAET DETOHY 3aTBEPAEBATD
3a npenenaMM 30Hbl MHTEHCUBHBIX CMelleHuid nopona. Ilnot-
HOCTb YCTAHOBKM PaM ONpPEHeNnseTcs OXKWIaeMOR HAarpyskou
Ha Kpenb U cOCTapisieT 0ObuHO | + 3 pamsl Ha 1 M BeIpaboT-
k. Kpenb oueHb MaTepuanoemka u Hes(HeKTUBHA, TPUMEHSI-
eTCsl OOBIYHO Al KperyieHus BbIPpaOOTOK M KaMep OKONO-
CTBOJILHOTO ABOpa U conpsbkeHnd. Tak xak meramnobeTon-
Hble Kkpernu npuMmeHstorcs B nopopax III u IV karteropuii
YCTOMYMBOCTH, TO OHH MMEIOT B OCHOBAHWH MJIU KOJbLIEBYIO
(hopMy, UM apOUYHYIO C BbINOJIIOKEHHBIM OOPAaTHBLIM CBOIOM.

[InOTHOCTD YCTAHOBKM ABYTaBPOBBIX paM Ha | M s
KONBLUEBOW kpenu omnpenensieTcs no rpadukam Ha puc. 3.12
[14] B 3aBUCMMOCTH OT MaKCHUMaJIbHOW PACYETHOW HArpPy3KH
(UM CO CTOPOHBI KPOBIIH, HUJIH CO CTOPOHBI TIOYBbI BBIPAOOT-
KH), WIMPUHBI BRIPaOOTKU U HOMepa npoduns aByTaspa. s
KOJIbLIEBOW Kpenu ToNMHA OeToHa npuHUuMmaercs paBHoil 30
cM. B cayuae npuMeHeHMs Kpernu ¢ BBINOJOKEHHbIM 0O0part-
HbIM CBOJOM K MAaKCHMAJIbHOW Harpy3Kod €O CTOPOHBI M0Y-
Bbl BLIPAOOTKM IVIOTHOCTb YCTAHOBKH PaM YBEIMUMBAECTCs Ha
25 %. B cnyyae npuMeHeHus METaIIIOOSTOHHONW Kpenu apou-
HOH (OpPMBI MOMEPEYHOro ceueHust (¢ 0OA3aTENbHBIM MPOBE-
JIeHUeM Meponpusatuil mo Gopbbe ¢ nydeHueMm MO4YBbI) OHA
PAcCUMTBIBAETCS Ha HATPY3Ky CO CTOPOHBI KPOBJIM BbIPabOT-
KM KaK KOJIbLIEBAsl Kpelb.
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g, xla
3

20 40 600 800 1000 1200 1400 4 ([l

200 40 60 80 1000 1200 1400 g, xlla

Puc. 3.12. I'paduxi g1t BIOOpa MIOTHOCTI YCTAHOBKH n1 IBYTABPOBBIX
paM B METaJUIOOETOHHOI KperH B 3aBHCHMOCTH OT PAacycTHOH HarpyskH ¢,
LIHPHHBI BBIPAOOTKH by H HOMEPA IBYTABPOBOIO IPO(HIIA:

a, 6 11 8~ NPH byy COOTBETCTBEHHO 3; 4,5 H 6 M;

I —Ne16; 2—Ne 18; 3—Ne 20; 4 — Ne 22; 5— Ne 24

Ilpumep pacuema. Onpenennts Harpy3Ky M MapaMeTphl
META/UIOOETOHHON KPEMU MarucTpajbHOM BEIPaOOTKH OKOJIO-
CTBOJILHOTO [BOpA, NPOBEAEHHOH MO yIJIOM K NPOCTHPAHHUIO
OCAaIOYHBIX MOPOM, NPH CIEAYIOUX HUCXOAHBIX JAHHBIX: pac-
4yeTHas rirybuHa 3anoxeHus Beipaborku H, = 1200 M, conpo-
THBJIEHHE NOPOA KPOBIM H OOKOB BbIPaOOTKH OIZHOOCHOMY
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ckaturo R, = 60 Mlla, nousst Bripabotku R, = 45 MITa, yron
3ajerands nopon o = 188°, BbicoTa BLIPAGOTKH /iy, = 4 M, Lin-
puHa by, = 6 M, cpok cyxOul t = 40 ner. BeipaboTtky nposo-
IAT OYpPOB3PbIBHBIM CIIOCOOOM.

PaccuutbiBaeM CMelleHHs] MOPOA CO CTOPOHBI KPOBIIH,
GOKOB ¥ NMOYBLI BLIPAOOTKYU U MO MAKCUMAILHOMY U3 HUX OM-
penesnsieM KaTeropHio YCTOMYMBOCTU. Pacuer BBINONHSEM 1O
dopmyne (2.97).

CMelLeHust KpOBIn

U = 0,85 1-1-1-1-290=246,5 mm.
CwmereHus 60xOB
us = 0,85-0,45-0,6-1-1-290 = 66,6 MmMm.
CMeleHus noUBkbl
un =0,85-1-1-1-1-510=4335mm.

M3 pacyera cMmeruenuit u Tabs. 2.7 cneayer, 4To BuIpaboT-
ka otHocuTcs K III xaTeropumn ycToNYMBOCTM M MakcuMasibHas
Harpy3ka OXHIAeTCsi CO CTOPOHbI MOYBBI BEIPAOOTKH.

[Ipu onpeaeneHuu HATPY3KU UCXOOUM U3 TOTO, 9TO ABY-
TaBPOBbIE PaMbl YCTaHABIMBAIOTCs B 3a00€e BLIPAOOTKH, a 3a-
TE€M C OTCTaBaHMEM BO BPEMEHM Ha | MeC. IPOM3BOAUTCA HMX
OeTOHMPOBAHUE.

CMelleHHs opond, NMPOUCXoAsiuue 10 OeTOHUPOBAHMUS,
onpenensTes no gopmyne (2.128):

KOHCTPYKTHBHAasl MOMATIIMBOCTb KPEMU BO BCEX HANpPAaB-

TICHUAX Uy, = 0;

CMELLIEHMS 3a CUeT CKaThs 3a0yTOBOYHOTO MAaTePHAIA I,

NPUHUMAIOTCS paBHbLIMU 25 % TOJLIMHBI 3a0yTOBOUHOTO

cnost d, = 200 MM, u, = 50 MM;

CMeLeHUsT 10 OETOHUPOBAHHS U, ONPEnearoTes no dop-

mynie (2.129) B 3aBUCMMOCTH OT BenuuuHbl H /R, Bpe-

MeHM OeTOHMPOBaHUs ! = | Mec. (Benu4uHa KOIQDULU-
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eHTa k,, onpenenseMoro no rpadgukam Ha puc. 2.21, 0) u

MONHBIX CMEWEHHH KPOBIH, MMO4BbI U GOKOB BbIPAOOTKH;

H, / R, = 20— 1 KpoBIM U GOKOB BbIpadoTKy, k, = 0,35;

HP/RC = 26,7 — i

nousel &, = 0,32;

KpoBau u, = 246,5 - 0,35 = 86 mMm;

GokoB u, = 66,5 - 0,35 =23 mmM;

nouBel u, = 433,5- 0,32 = 139 mm.

CymMmapHas BeJMYMHA CMELICHUH NO Hayaima OeTOHUPO-
BaHUA u, + u, + Uy, COCTABHT:

JUTs KpoBIH 86 + 50 + 0 = 136 mMm;

J1s1 OOKOB 23+ 50+ 0 =73 mm;

s noyBbl 139 + 50 + 0 = 189 mMm.

OnpenensieM HOPMAaTUBHYIO HArpysky no rpaduxam Ha
puc. 2.41: s kposnu Belpabotku ¢ = 450 klla, nns 6okoB
q" = 0, Tak KaK 11 HUX U+ ity + g, = 73 MM > 15 = 66,5 MM,
anst noussl ¢ = 700 x[1a.

PacueTHass Harpy3ka Ha Kpelb COCTABUT: CO CTOPOHBI
xposau ¢ = 1,1 - 1,05 | - 450 = 520 k[1a; co cTOpoHbI NOUBLL
g=11-1,05-1.700 =809 «Ila.

MaxkcumanbHas Harpy3ka OXUAAeTCs CO CTOPOHbI IMOY-
Bbl BbIPaOOTKM U Ana Hee no rpadukaM Ha puc. 3.12 onpene-
JI1EM HEOOXOANMYIO TITIOTHOCTL YCTAHOBKH JIBYTABPOBBIX PaM.

Ans Boipa®oTku KonbueBoil popmel n = 2 (ABe paMbl Ha
I M) n3 nByraspa Ne 24.

151 BbIpaOOTKHU € BBIMOJIOKEHHBIM OOpPaTHBIM CBOAOM
n=2-125=2,5(aBe c NOJOBUHOH paMel HA | M) U3 OByTaB-
pa Ne 24,

HAnsa BbIpabOTKU € MONEPEYHBIM CEYEHUEM dPOYHOHU
(OpMBI TJIOTHOCTH YCTAHOBKHM paM PAacCUMTBLIBAeTCS MO Ha-
rpy3ske co ctoponsl Kposnu 520 kIla: n = 2 pambl U3 aAByTaBpa
Ne 6 unu n = 1,3 pambl u3 asyraBpa Ne 24. Ilpu atom obGs3a-
TEIbHO BBINOJHAOTCS MEPONPHUSATHS MO NPEeNOTBPALICHUIO
Ny4YeHHs1 MOYBbI BBIPAOOTKH, KaK 3TO ObIIO U3JIOXKEHO B NOM-
pasn. 3.1.4.
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3.3.4. Onpeaenienne Harpy3ox
Ha Kpelnb BbIPA00TOK KAMEPHOI0 TUMA

Ilpy CTPOHUTENBCTBE OKOJIOCTBONBLHBIX IBOPOB COBpE-
MEHHBIX YTOJIbHBIX 1LIaXT COOPY)KaeTcs OONbILIOE YACIO KaMep
Pa3JIMYHOIO HAa3HAYEHMS: KaMEPbI BOJAOOTIUBHBIX YCTAHOBOK,
BOJIOCOOPHUKH, OCBETIISIOLIHE PE3EPBYapPbl, KAMEPHI 3NIEKTPO-
TIONCTAHUME pacnpenenuTeNbHbIX MYHKTOB, KaMepbl 3arpy3ou-
HBIX YCTPOMCTB CKMIIOBBLIX NOIBbEMOB, KAMEPBI MO 3JIeKTPO-
BO30B, AEMO NPOTUBOMOXAPHOTO MOe3Ja, KaMepa OXMIAHUS U
MHorue apyrue. OOBEMHO-TUIAHUPOBOYHbIE U KOHCTPYKTHB-
Hble PELICHUs KaMep Pa3jIH4YHOro Ha3Ha4YeHUst NoApoOHO pac-
CMOTpEHHI B [14).

Bribop Tuna ¥ napaMeTpoB Kpenu KaMep MPOU3BOANUTCS
HA OCHOBAHUM pacueTa CMELIeHWH MOPOJ HA KOHType norme-
PEYHOTO CE€YEHHs KaMep M OMNpPee/ieHUs] KaTErOPUU yCTOHUU-
BOCTH MOPOA TaK XKe, KaK Ui TOPU30HTAIbHBIX U HAKIOHHbIX
TOPHBIX BbIPaOOTOK. JJOMONHUTENbHO NOMKHBI YUUTbIBATHCS
cnenyrouue TpedoBanus [14):

Kperb BbIpaOOTOK, MPUMBIKAIOHIMX K KaMepaM Ha pac-

CTOSHUM HE MEHEe YIBOEHHOW ILHPHUHBI BbIpabOTKH, a

TaK)Ke MPOTHB CaMOM KaMepbl, JOJDKHA UMEThb aedopma-

[IMOHHBIE XaPaKTEPUCTUKH, ONMU3KHE K NepOpMaLMOHHBIM

XapakTepUCTUKAM KPenu Kamephl;

Kpenb Kamep, COOPYXKAeMBIX B [MOPOAAX, CKIOHHBIX K

Pa3sMOKaHHUIO U HaOyXaHUIO, B KOTOPBIX HOPH IKCILUIyaTa-

LMK HaXOMSTCS [IaXTHBIC BObI, JOJDKHA BBIMOIHSITLCS C

THAPOU3ONSALMEH UM PACCUMTHIBATHCS C YUETOM CHUXE-

HUSl IPOYHOCTH MOPOL NP BIIArOHACBILICHUH;

Kperib kaMep cknanga BM u anekTpoobopynoBaHus B 00-

BOJHEHHBIX MOPOHAAX NOMISKUT OOf3aTENbHOU THUIPO-

H3OJIS M.

PacyeT Harpy3ok Ha Kpelb KaMep ¢, TPOU3BOAAT B 3aBH-
CHMOCTH OT OTHOLUEHHUSI IJIMHBbI KaMmepel L, K ee LUMpHHE B
npoxoxnxe b,. Hpn L /b, > 5 pacueT Harpy30k OCyIUECTBISAIOT

KaK Uit TPOTSKEHHON TOpHOU BbIpaGoTkH [13].
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Ipu L/ b, < S pacueTHble HArPY3KH Ha KpeMb KaMephl
PAacCUHTBIBAIOT 110 QOPMYIIE

Gy = Kok (3.37)

TAE ¢ — pacueTHas Harpyska, onpenensieMas Kak Ui NnpoTs-
JKEHHO#H BrIpaboTkH; k, — KO3(p(PUUUEHT CHHXXEHUSI HATPY30K
Ha KpeNb KaMep, ONpeAenseMbli B 3aBUCUMOCTH OT Ka-
TErOPUH YCTOHUUBOCTH nopon no puc. 3.13; k, — Kko3-
(PUUUEHT BNUSHHUS BbIPAOOTOK, NMPUMBIKAIOINMX K IJIMHHOMH
CTOPOHE KaMepbl, ONPEAENAeTCs B 3aBUCMMOCTH OT COOTHO-
IIEHUS WWMPHUHB! KaMephl b, U NPUMBIKAIOWIEH BLIpabOTKU b,
no tabn. 2.13.

Ilo nonyyeHHOMY 3Ha4€HHIO HarPy3KU OCYIIECTRISAIOT pac-
YeT KPEMU KaMephl KaK I MPOTAXKEHHBIX TOPU3OHTANbLHBIX U
HAKJIOHHBIX TOPHBIX BBIPaOOTOK.

Ilpumep pacuema. OnpenenuTb HATPY3Ky Ha Kpemnb Ka-
MEpPBI MOJBEMHbIX MALUMH MPU CASAYOLIMX HCXOMHbIX HaH-
HBIX: pacyeTHas ryOuHa 3alIoKeHns kamepbl H = 600 M, pac-
YETHOE CONPOTHUBIIEHHE MOpoa CxaTuio R, = 40 Mlla (noponst
OCaOYHOrO THNA), JIMHA Kamepbl L, = 12 M, ummpuna b, = 8 M,
BBICOTA h, = 5 M, LUNPHUHA NOABOISAIUUX BbIPabOTOK, MPHUMbI-
KaoLIMX K IJIMHHOM CTOPOHE KaMepel, b, = 4 M, yromu 3anera-
HUS IOPOA oL = 5°, kamepa COOPYKaeTcsl BKPECT NMPOCTHPaHUS

nopon OypoB3pbIBHBIM CNOcoOOM, CPOK CIIyXObl KaMepsl
t = 30 ner.

Puc. 3.13. I'padnku 118 onpenene-
HIIA KOOQHITHCHTA ke B 3ABHCHMOC-
TH OT BEIDMYHHBI OTHOLIEHUS L, /by:

SN S

L. — pgnnHa Kamepel, b, — LupiHa
xamepsy; 1, 11, 111, IV — xarteropun
YCTOH4HBOCTH L./b,

/]



OnpenensemM KaTeropuio yCTOWUHBOCTH MOPOMA TaK Ke,
KaK ¥ 171 NPOTAXKEHHbIX TOPU3OHTAIbHbIX BbIPaOOTOK:
CMEUICHHsI KPOBIIH U MTOYBBI
U, =1, =07-1-14-1-1-145=142 mm;
cMelleHnst OOKOB
uy; =07-0,55-08-1-1-145= 45 mm.

Kamepa orHocutcs ko Il xateropun ycroiuyuBoctu. s
€€ KpenseHusi MOXKeT ObiTb MPUHATA MOHOJIUTHAas OeTOHHas
Kpenb 6e3 oOpaTHOro c¢Bopa ¢ TOJNWMHON 3a0yTOBOUHOrO
cyiost (A1 yMEHbIEHHs Harpy3ku Ha OeTOHHYIO kpemnb) 250
MM B kpoBye 1 100 MM B 60kax kamepsbl.

J1s xposnu

u_+u +u, =40+250-0,25+20=122,5 mm.
s 6okoB
u_+u +u,=40+100-0,25+20 =85 mm.

B coorBercTBUM € rpaduxomM HA puc. 2.41 HOpMaTUBHas
Harpy3ska co cTopoHbl KpoBiu ¢" =175 klla, co ctopoHsl Oo-
koB ¢" = 0.

PacuerHas Harpyska Ha Kpenb KaMepbl, KAK MPOTSIKEH-
HOU BbIpabOTKH, COCTaBUT

g=41-11-1-175=212«lla.

ITo ¢popmysne (3.37) onpenensieM Harpy3kKy Ha Kpenb Ka-
MEpBI:

L /b =15; k =06; bJb,=2; k,=173;

CH BK
q.,=0,6-13-212=165klla.
Jlanee pacyeT BBIMOJHAEM KakK A OObIYHON MOHOHUT-
HOU OeTOHHOU kpenu. IlpuMblkarouine BeIpaObOTKH JOJKHBI
OBbITb Ha PAcCTOSSHUM HE MeHee 2 - 4 = 8 M 3aKpernJeHbl KeCT-
KON KOHCTPYKLHEH Kpenu ¢ AehOPMALMOHHBIMU XapaKTEepH-
cTuKamu, Onuskumu 6eroHnou. Hanpumep, Toii xe OeTOHHOMU
WIIH KeJIe300€TOHHOU Kpenblo, JKeCTKOH pAMHOH MeTaruidye-
CKOH KPENBIO WIH MeTanIOOETOHHOH KPETBIO.
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W3JATEJLCTBO
MOCKOBCKOI'O TOCYAAPCTBEHHOIO
I'OPHOI'O YHUBEPCUTETA
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Opuzunai-sarem noo20moenex
000 «lopuas kHuea»

Orneuarano B OAQ
«Mockosckas Tunorpadusa Ne 6»
115088 Mockaa, yn. FOxuonoprosas, 24

Maruuesble IUTAMIIbl H3TOTOBJIEHBI
B [lepsoit O6pa3uoroii THnorpapuu
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