


TeopeTHMdeCKMe OCHOBEI.

Munerenko MU.B. Jucceprauusa: "I'eoMexaHMdUeckoe OODOCHOBaHUE
pazpaboTKM KpyTolalalliMX MEeCTOPOXIEHMM Majioy¥ UM CpelIHEeV MOIHOCTU B
30HaxX pacciaHleBaHus nopoxn'", Mockma 1993r.

Paspaborka MeTOAZOB pacuéra HarpykKeHHOCTM PyOHOT'O MaccmBa M
BaKJIanKM .

[Ipy OCBOEHMM HOBEIX PYIHBIX MECTOPOXIEHUV U PEKOHCTPYKLUMU
OEeVICTBYRIMUX, Kak npaBUIIo, OTCYTCTBYIT HeOoOXOOVMEIE
3KCIIEPMMEHTAaNIbHEIE HOaHHBIE O HAaNpSXeHHOM COCTOSHMM MaccuBa. Takoe
[IOJIOXEHME CO3OaéT ONpenesyiEHHBE TPYIOHOCTM IIPU pa3paboTKe IPOeKTHBIX
PelleHnY M TPUBOAUT K OCJIOXKHEHMAM I[JIS HOPMAJIBHOTO TEXHOJIOTMYECKOTO
npolecca BbHEMKM pyH. lIpoBeneHMe 5SKCIEPUMEHTAJIbHEX MCCIeOOBaHUM II0
OLIEHKE HAaIpPAXEHHO- ePOPMMPOBAHHOTO COCTOSHMA M NPOTHO3Y MNOBEIEHMS
MaccuBa B I[pollecce pas3BUTUSA TOPHHEX paboT He Bcerma SABJSeTCH
nejJecoobpa3HEM U 3KOHOMUUECKHU ONpaBOaHHEIM. Kpowme TOTO, UX
OCylleCTBJIeHUEe TpebyeT BHAaUMTEJIBHBIX BPEMEHHHX 3aTpaT. 29TO OTHOCUTCSH
B BoJsben CTEeleHU " K paszpaborke HeOOoJIBIMX infe) 3arnacam
MECTOPOXIOEHMY, T'Ie B CO3INaHMM KPYIHOM DSKCIEPMMEHTAJIBHOM 0Oas3el HET
HeOoOXOOMMOCTH .

B c¢BAg3M C 2TMM BO3HMKAET HeOOXOOMMOCTB B paspaborke
SKCIPECC- METOOOB MNPOTHO3a I'€OMEXaHMYECKMX IMPOLEeCCOB, NIPOMUCXOIAIMX
B MacCCHUBE TOPHHX oHOpon. K umMciy TakMx MeTOINOB OTHOCATCSH MHXEHEPHBE
MeTOmsl  pacuéra, OCHOBAHHEIE Ha  MaTeMaTHMUYeCKOM  pelleHuM  pana
byHIDaMeHTaJIbHEIX 3amay MeXaHUKU TOPHEBIX nopoxn u MeXaHUKU
DebopMMpyeMOTO TBEPIOOTO Teja.

AHanM3 COBPEMEHHOT'O YPOBHSI pal3paboToOK NO MBYYEHMI0 HANPSXKEHHOTO
COCTOSIHMSI MaCCHMBA M BaKJIamgKN.

[lpy MCCHIenoBaHMAX  HaIpPAXEHHO- 1ePOPMUPOBAHHOTO COCTOAHUA
MaCCHUBa T'OPHEIX nopono BOKpPYyT BHpa6OTOK WMPOKO VCIIOJIB3YITCHA
YMCJIEHHEIE MeTOonH pacuéra. Cpenu HUX HauboJibllee paclpoCTpaHeHUue
IIOJIYYNIIN Me TOObL KOHEUHBIX 2JIEMEHTOB mu I'PaHMYHEX MHTETI'PaJIbHEIX
ypPaBHeHuM. JIOCTOMHCTBO MeTOoIa KOHEUHHX BJIEMEHTORB 3aKJilouaeTCcsd B
BO3MOXHOCTHU yqéTa JIOKAJIbHBIX HeOﬂHOpOﬂHOCTeﬁ MaccumBa, TakK Kak
KaxnooMy W3 BJIEMEHTOB, Ha KOTOpeEe pasbmeaeTcd MaccuB B o00OJacTH
pemeHmn4ga, MOXHO IIPMCBOUTDB coOCTBEHHEE MeXaHUuduecKUue XapaKTepmnCTrTmKM.
HpM peumeHnm 3a0a4 MeXaHUMKNM T'OPHEIX nopon MeTOIIOM KOHEUHBIX
2JIEMEHTOR, MOXHO OCYIIECTBJISATH aHaams HaIpsSXeHHOTO COCTOSHUA
KaXIJo1ro nus3 2JIEMEeHTOB mu B cooTBeTCTBUMN C STVM HaHpHXéHHHM

COCTOAHNMEM rnepecCumMTeiBaThb BCe MeXaHMn4YeCKUe XaApPaKTEPUCTUKUA
OJIEMEHTOB .

HpMMeHeHMe MeTOooa KOHEUYHEBIX SJIEMEHTOB IIO3BOJIAET
raccMaTpmMBaThb IIPOVMI3BOJIBHYIO HEeOIOHOPOIOHOCTb cpensr, AHMN3O0TPOIINIO,
YUYMTEIBATBb IIpo4ABJIEHNE IIJIaCTMYHOCTHM, BA3KOCTH, HEeJIMHEeMHOCTh

HG@OpMaHMOHHHX CBOﬁCTB, YUYUTEIBATE CTPYKTYPHEIE 0COBEeHHOCTU PeaJyiIbHEIX
MaCCUMBOB T'OPHEIX nopono, Tarme Kak TPEUMHHOBATOCTE, TPeuMHOBaTO-
nopmcTrToCThb, HaJimume HapymeHMﬁ CIIJIOLIHOCTM MaCCMBOB B BMIOEe TpPpEUlUMH
KOHTAaKTa, a TaKxe YUUTBEIBATb TEeXHOJIOTMUEe CKMe @aKTOpH, HalpuMep,
I10CJIefOBATEJIbHOCTE OUYUMCTHEIX M 3aKJIaIOOYHBIX pa@OT.

EPYPMG HallpaBJIEHUA UM CJIEHHBIX MeTOOOB peumeHmAa 3agad4 (@)
HaHpHXéHHO'HG@OPMMPOBaHHOM COCTOAHUN Cpenel ABJIAIOTCHA MeTOObl
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TPaHMYHEIX SJIEMEHTOB, B KOTOPEX pPElleHMe YyPaBHEHMA YIOBJIETBOPAETCSH
Ha TI'paHulle uccjenyemom objacTu.

Hapany ¢ WIMPOKMMM BO3MOXHOCTSAMM UMCJIEHHEIX METOIOB, UX
MCIIOJIb30BaHMe TpebyeT CHOEeUMAaJIbHOM NOOTOTOBKM M HENOCTYIHO OOJIbIIOMY
KpyT'y CHeLMajiMCTOB.

9TO B SBHAUMTEJIBHOM CTENeHM YCTPaHAeTCHa [OPM MCIOJb30BaHUM
npenjaraeMoro MeToIa OLEeHKM HAaNPSXEHHOTO COCTOSHUSA MacCHBa IT'OPHBIX
[IOPON KPpyTOoNaZallMX MECTOPOXIESHMUM MaJiOMl UM CpeIHeM MOUWHOCTH.

Pa3pabOTaHHEM MHXEHEPHBM MeTOI MNO3BOJIAEeT MIPOTHO3MPOBATH
HarpyXeHHOCTb PYIOHOT'O MacCCKMBa C YYETOM IOUMHAMUKM Pa3BUTKUS TOPHBIX
paboT M TeM CaMbBM YYMTHBATBH TEXHOJOTMUECKYID I[IOCJIeIOBaTEeJIEHOCTE
PasBUTMA TOPHBIX paboT, TUI NPMMEHAEMOM 3akJjlalKM, J[IPOYHOCTHEE
cBoOMCTBa opon. MeTon pacuéra NPMMEHMM B TOM CJlyyae, KoI'Za OIHO U3
TJIaBHEIX HaNPSXKEHMM HEeTPOHYTOI'O MacCHMBa HOPMAJIBHO K  IJIOCKOCTHU
IPOCTUPAHUA. Haubosnpmmm NPaKTU4EeCKUN MHTEepecC npencTaBiiganT
HaOpsSXeHUs (&w. ST HaANPAXEeHMS OIpelelisdioT HalPyXeHHOCTb PYOHOTO U
3aKJIagoO4YHOTI'O MaCCUBOB, KOTOPEIE COIIOCTaBJISgEeTCH c Hecymen
CIIOCOOHOCTBI0O DBTUX MAaCCUBOB. J3BEeCTHO, UYTO paccilaHlleBaHMe I[I0pon
OPMEHTUPOBAHHO BIOJIb [IJIOCKOCTMU IPOCTUPAaHUA PYIOHOTO Tena "
[IPOUCXOOUT B YCJIOBMAX BEICOKOTO naBJIeHUS, OEeVCTBYKIETO
[IEPNEHOMKYJIIPHO K HaOpaBJIEHMI I[IepeMeleHMsa MNOpoX. JTO [ABJAETCH
OCHOBAHMEM IOJId MCIOJIB30BaHMA MeToIa INPpM OlLeHKe  HaNpaXEHHOTO
COCTOSHMSA MECTOPOXIEHMM XUJIBHOTO TMUIa, NPUYPOUEHHEIX K CJlaHLleBaTbM
TEKCTypaM.

MeTon pacuéTa HaArpyXeHHOCTM MacCCHMBAa M BaKJIaOKM.

Cpemomn pa3HooOpasmusda pPYIOHBIX TeJ B TOPHOIOOHBBAKIEN MIPaKTUKE
BCTpeuamnTCcsa TakMe, KOTOPHE XapaKTepu3YITCS OTHOCUTEJIBHO I[IPOCTON
bopmom (Oe3 pal3BETBJIEHUM) UM HEe UMERT pPe3KMX M3MEHEHMM MOMHOCTU U
yCJIoBUM 3ayeraHud. OCOOeHHOCTb MX pas3paboTkM 3BakjodaeTcd B TOM,
YTO OUMCTHEIE KaMepb UMelT BMI OTHOCUTEJIBHO Y3KUX, J[IPOTIKEHHBIX
BHIPAOOTOK, PAaCIOJIOXEHHEIX I[IPMMEPHO B OHOHOM I[IJIOCKOCTHM. I[lonepeudHbm
paszMmep kamep h 3HaumTenbHO MeHbIle npomoJibHEIXx pasmepor a u b (h<<a,
h<<b).

BrleMka LEHHBIX PYyZ UM PYyD B CJOXHBIX T'OPHO- I'€0JIOTUUYECKUX
YCJIOBUAX CONPOBOXIOAaEeTCH rocjyenymoien 3aKJIaIKoM BEIPaOOTaHHOTO
npocTpaHcTBa. OnpenejyieHMe OITMMAJIBHEIX IIapaMeTpOB OUMCTHEIX KaMep,
PYOHEIX M MCKYCCTBEHHEX LEeJMKOB, I[IPOYHOCTM 3aKJIaZOYHOI'O MacCHBa U
T.II. SBJIAE€TCH BAXHOM I[NIPAKTUUECKOM 3aIaudel, pelleHMe KOTOPOM IOJDKHO
OCHOBHIBATBLCS Ha DSKOHOMMYECKOM OlLIeHKe TI[POUI3BOINCTBEHHEIX 3aTpaT C
yuyéroM OQaxkTopa 0Oes30IacCHOCTM TOpHEX pabor. dakTop Oe30IacHOCTUM B
CBOI Ouepelb TEeCHO CBS3aH C pelleHueM MNpobjieM TOPHOTO HaBJIeHUd,
uccenopaHue KOTOPHIX, ocylecTBJIgeMoe cpelcTBaMu u MeToIaMu
TeOMexXaHMKM, CBS3aHHO IJIABHEIM 00pasoM C aHAaJIM30M HANPSXEHHOTO
COCTOSHMSA MacCHuBa TOPHEIX IIOopon. Humxe WM3JI0XeH MHXEHEPHHM MeTOon
pacuéra M3MEeHEeHMS HAT'PYyXEeHHOCTM PyIOHOI'O MacCCMBa M 3akjanku. Meron
OOCTATOYHO NPOCT M He Tpebyer obpamenmss k GonesmmMm 3BM. Hanpumep, B
NPMBENEHHEIX HMWXe IpuMepax IJisg PacuyéToB MCIOJL30BAJICS KapMaHHBIA
KaJlbKYJISATOP.

[IycTe mM3BECTHO HaIpSAXEHHOE COCTOSHME HEeTPOHYTOI'O MacCuBa
TOPHEIX IIOPOH, KOTOpOEe B IMNPOCTEeMIMX CJydasgx MOXeT OBTh OlIpenelIeHO
Y3 aHajlMza T'eOoJIOTMUECKUX YCJIOBUM 3ajleraHusa PyOHOTO TeJja, a B obueM
cilydyae B pe3yJlbTaTe HEeNOCPeICTBEeHHHBIX WMaxXTHHEX uaMepeHur. CosznaHue
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BEIPAOOTAHHOTO NPOCTPAHCTRBAa IPUBOIOUT K I[IepepaclpelesieHUI0 HANpSXeHUN
B MacCCHuBe TOpHEX Hnopon. CyThb IepepaclpenejyieHuMs COCTOMT B TOM, UYTO

"BrIHMMaeMaa" 4acThb PyOHOTO  MacCuBa  MCKJIKOUYaeTCHd n3 CUJIOBOTO
COOTHOWEHMA CTPYKTYPHEX D3JIEMEHTOB MacCMBa TI'OPHEIX IOPOH. Ilpm 3TOoM
HarpyskKa, [IePBOHAYAJIBHO BOCIIPMHMMAaEMad "BEIHMMaeMOou" YacTbio

MaccuBa, Iepenaé€Tcsa Ha OCTaBWyCA dYacCTbh PYIOHOI'O MacCHBa, BMellanlye
MOopOObl MJIM 3aKJIAOOYHBEIM MaCCUB. Harpyska pacHnpenesseTrcs TaKxe cpenu
ClrienmMaJIbHO CO3IOaHHBIX HecCylmmx KOHCTPYKLI,M%, K KOTOPEIM OTHOCATCHA
PYLOHBEIE M MCKYCCTBEHHBE LIEJIMKU.

Ecim pyza u BMemamime NOPONs OGIMBKM IO ynpyI'mM CBOMCTBaM, a
OOHO M3 TIJIaBHHIX HANPSXEHUM HETPOHYTOI'O MacCCMBA JAEeMCTBYEeT HOPMAaJILHO
K IJIOCKOCTM MNPOCTHMpPaHMss Ppy[JHOTO Tena, npmubamxeHHass  OLIeHKAa
pacnpepeneHuMss HOPMAaJNIbHOM HATUPy3KM CO CTOPOHH BMellanller'o MacCCHUBa
MeXAy HecCymyMMu 3SJIeMEeHTaMu MOXeT OHTB OCylleCTBJIeHa Ha OCHOBEe
MBBEeCTHOM (opMyns pacnpefeneHuss HANPsXKEeHMN B yHOPyI'oM cpene npu
OEeMCTBMM B Cpelieé COCPeIOTOYEHHHEX CMJIOBBHX MCTOYHMKOB. B 2TOM OLIEHKE
OUMCTHBEIE KaMeps MONEJIMPYITCS JiexallMMM B ONHOM I[IJIOCKOCTM pas3pesaMu
B OIOHOPOINHOM yIPYyI'OM CpeIne.
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IO [OpOCTOTEl PAaCCMOTPMM  CHauajla B  YCJOBMAX  IIJIOCKOMU
nedpopmaumm OIOVMHOUHYI BEIPADOTKY tes 3aKJIAOKM BHIPAOOTAHHOT'O
IpPOCTPaHCTBA .
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PyoHoe TeJyioO Ha pPUCYHKEe He Ioka3aHo. HanpdaxeHwusda (&w n Oy
ABJISIOTCS TJIaBHBIMU .

PacnpernesieHue Hanpsxeumit Oy Ha npamor Y=0 wMoxHO HaTH,
pPemmMB 3alady TeopuM YIPYT'OCTM O paspese, HaTl'PyXeHHOM HOPMAaJibHOU

Harpys3koi ((X) . DTa Harpys3ka paBHa HOPMAaJIbHEM HanpsxeHusaMm Oy(X) ,
OEeICTBOBABINMM  BMeCTe NpoBeIeHrAa  paspesa. B wacTHOM < croydae
TOPMU3OHTAJIBHOM ONVMHOYHOM BHPAaOOTKM I[IPM OIOHOPOIHOM MCXOIOHOM IIOJIE
HaOpAXeHMM Ha paspese, MoJeaupywleM BeHPab®OTKy, paclpenesjéHHada

HaTpy3Ka [ocTodaHHa ¥ paeHa ((X)= yH.

718 MHXeHEPHOI'O pacuéTa HanpaxeHuyr Oy BIOOJIb OCK X pasoObém
paspes ” JMHMIO €TI0 [NPOIOJIXeHMS B Cpene BIOJIb OCKM X Ha JIMHEMHEHE
snemMeHTEl L (B njockoMm ciyuae). Bebop pasmepa L zaBucur or crenenHm
HeOBOXOIMMOM TOYHOCTM OLEeHKM: uyeM wMeHbme L, Tem TouHee ouLeHKa.



OmHako cyenyetT Yy4eCcThb, uTo c YMEHbIIEHUEM L pacTeT O0OBEM
BEIUMCJIEHUN .

[lycTs paspes, Momenupyoumii BepadoTky, comepxuT N siemeHTOB,
KOTOPBEIM [PWIMCAH MHIOekc |, a cpema M »jeMeHTOB C UIEeKCOM | .
[locyenHme BJIEMEHTH bynem oisa ONpeneJIEHHOCTU Ha3HBATH
"rpysoHnecymmmMmm" . BBensa JIMHEMHBIE BJIEMEHTH OyIoeM Oajlee pacCMaTpMBATh
CpenHre HalpsaXeHUsa B 3JIeMeHTax OyCp WM CuJkl. 3ajaBaeMele B LEHTpe
DJIEMEHTOB paspesa cuikl obosHaumm Q(i=1,2,...,N) . VIckOMBIE CMJIH,
[IPUJIOXEHHEIE B LLeHTpe I'PY30HECYIIMX 3JIEMEHTOB, 0003HAUUM
P (=1,2,....M) . OueBuguo Pj=LoOycpIj. Takxmm oOpaszoM, Hall pPacdér
3aKJIoYaeTCss B ONPeIeJIeHMM  HOPMaJjbHHX Ccui P B I'PY30OHECYUMX
3JIeMeHTax IO M3BecTHHM cuiaM Q, 3amaBaeMelM Ha 3JIeMeHTax paspesa.

[[py NPenmnoJIOXeHUM yNPYyTOCTM Cpenbl cujia Pj B kaxmoMm 23jieMeHTe
IBJISETCS CYMMOM COOTBETCTRBYKIMX BO3IEMCTBUM OT COBOKYIHOCTM CHUJI:

P =31

dyHKLUMS f oTpaxaeT 3aKOHOMEPHOCTb nepenauu CUJIOBOTO
BO3MYIEHMSA OT ONOMHOYHOM CuUJEl. OO0 3TOM QYHKUMM MOXHO I'OBOPUTH KaK O
CcBOeOOpPas3HOW QYHKIIMM TOUEUHOI'O BO3MYIEHMS IOJd pas’pesa. VIcnojib3ysa
COOTBETCTBYyKIIEE COOTHOIIEeHUE, IIOJIYydEeHHOe B pabote "IlpenesnpHOE
paBHOBECHE XPYNKMX Teyn c TpemmHamu", IlaHacok B.B., Kwer, 1968r.,
HanpsxeHue Oy(X) B LEHTpe I'Py30HECYHEIr'O BJIEMEHTA | MOXHO 3alMcaTb B
BUIOE:

3necso:
X% - KOOpIOMHATAa LIEHTPpa I'Py30HECyHmero 3JeMeHTa J ;
X+ - KOOpIMHATa LeEeHTpa 3JieMeHTa, Tne 3amaHa cuina Q (xoopmmHaTa
TOUYKM IIPUIIOXEHMA CT/LJ'U:I),'
ta - koopImMHaTa TI'paHMLB paspesa.

B nesdax pas3yMHOT'O OOJIeTUeHUS PacuyéToR OyIOeM MCKAThb KyCOUHO-
JMHEMHOE paclHpenesieHre HanpsxeHus Oy(X) . B sToM ciydae B [Openejax
paccMaTprBaEeMOTO IPY30HECYmEI'O0 BSJIEMEHTa | Hampsxeums Oy(X)  MOXHO

onMcaTh QYHKLMEN BUIOA:
ay(x]j = A +BXx

rone A n B (=1.2,..M) - T[OCTOSHHHE, KOTOPHE BHOUPAKNTCH TaKUM
obpaszoM, UYTOOB OBUJIO CHPABEIJIMBO COOTHOUEHUE :

A +Bx= _1§Q7‘[ X*:T -

[IOCKOJIBKY B paccMaTpmpaeMoM Cllydae CpelHee HallpdXeHre B

I'pys3oHecCymeM BJeMeHTe | paBHO Oycp|j=Aj+BjXs , To MoOxHO 3ammcarsh
COOTHOWEHUE IOJIS CUII:

N
R=3F

roe Pj paeHO:
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Bemmumna Pj npezcrasnser cobon yacTe cumiel Pj, xoTopas
obycioeyeHa cuisor Q, 3amaHHOM B | -OM 3JIeMeHTe paspesa.

Ins oueHKM pacnpenerneHus cun Pj BOmmsu xpas paspesa, T.e.
TaM, TOe pachnpenejieHye HaTpPy3KM BHSBBEBAeT HaAUOOJLIIMI MHTEPEC,
bopMyJly MOXHO YHNPOCTUTH M BalNMCaThb B BUIES:

N a> -2 E
Ri_gg 'm/2alx; - x % —ag

B IpyroM KpallHeM cJydae, T.e. OJIa YyIaJIEHHEIX TOUEeK CpenH
X% , CcHpaBemvBa IOpyrad aCUMITOTHUKA:

Zﬁcﬂiﬁ

KOTOpasag COOTBETCTBYET M3BECTHOMY 3akKOHY yOEBaHMA HaNPAXeHUA B
YIPYTOM cpene, BEHOCHMMOI'O IIapO¥M CHMJI Ha paspese (IJOCKUM CcJydan) .
[IockONBKY Ha INPaKTMKe HauboJiee MHTEPECHO paclpelnesyieHMe HalpsaXeHUM
B LeJukax W BOIM3M BHPaOOTAHHOT'O IPOCTPaHCTBa, B MHXEHEPHHX
pacuérax MOXHO MCIOJNBLBOBaTE TONBKO IepByKw bopMyny. Ilpy »>TOM
NOT'PENHOCTE: B ONpeneJIeHMM HanpsixeHmm Oy Ha HOOCTATOYHOM YHaJIeHMM OT
BHPabOTaHHOI'O MNPOCTpPaHCTBa He npesBscuT 10%

PaccMoTpuM »Opyroe CcujoBoe cooTHomenve. Cuya Q BHOCUT cBOM
"BrJIAI ~BO BCE I'PY30OHECYIME DJIEMEHTHE. ECTECTBEHHO, UTO CyMMa 3STUX
BKJIQZOB 110 BCEM IPYy30HECYIMM 3JIEMEHTaM IOoJrkHa OblTh paBHa Q. Taxkum

obpasoM, MOXHO SBalucaTh:
M

E:Hi:(2
J=1
[IpuBenéHHele (QOPMYJIHl SABJISIOTCS OCHOBHBMM paboummm dpopmynamm
pacuéra. Illesecoofpa3HO WMX 3anucaTb B MHOM Bure, 00Jiee HATJAOHO
oTpaxawleM MX CTPYKTYPY:

Pji = L
R,

3mechb
nocpencreoM Fj ofo3HaueHa COBOKYINHOCTHL I[IAapaMeTpPOB, HE 3aBUCHNMX OT
KooOpIOMHAT Xy ,

lj - paccrTosaHMe OT LEHTPpa PacCMaTpMBaeMoOIrO I'PYy30HEeCyIeI'o 3JIeMeHTa |
oo Ommxanmero Kpas paspesa,
Ri - paccrosgHme oT uLeHTpa 2TOTO 3JIEMEHTA OO TOUYKM IIPUIIOXEHMS CUJIIEL

Qi, T.e. uenrTpa szyeMmeHTa I.

CoOTHOUIEHME IIPMMET BUI:
M

F
| - QI
2R,

OTcroma MOXHO IIOJIyUMTh Cllefiylllee BHpPaXeHME :

F_L

Zl RJ,\/’



MeTommka pacuéTa OeMCTBYWIMX CUJI B I'PY30OHECYIMX DJIEMEHTax
(nnm CpenHmUx HANIPAIXEHUN) 3aKJINYaeTCcsd B crlenymnieM. JlMHeVHEe
Besmuyuel ] u Rj , Bxomsmme B nprBenéHHHE BhHIE OGOPMYJE, HAXOOATCH
TeOMETPUUECKM B COOTBETCTBMM C YCJIOBMAMM pPasOMBKM MCCIEeOyeMOU
obylacTu Ha 3JeMeHTH. Cuiaul Q omnpemendoTcsa N0 M3BECTHBEIM HOPMAaJlbHBIM
HanpsxeHuaMm Oy Ha KOHType Oynymero paspesa, MOOeJIMPYKIeTro HOBY
BEHIPAOOTKY . Onpenenus o dbopmysie HEUM3BECTHHE BEJIMUMHEL F
(i=1,2,...,N) , HaxomyM 3aTeM BeymumHe Pj u najee mckomele cuiel Pj B
I'PYy30HECYIIMX BJIeMeHTax. JVCoojab3ysda NOPMHLUMII CYHNeplo3UUMM pPeleHul,
KOTOPHM CIPAaBeIJIMB OJS YIPYI'MX Cpel, MOXHO HaWTM HOPMaJlbHBIE CUJIEL B
I'PYB0OHECYyIMX BJIEMEHTAX IIPU NPOM3BOJIBHOM UYMCJIE Pa3pPe30B Cpelbl BIOOJb
ocu X

OT™meTHUM, uTo 1o yKa3aHHOM METOOUKE OTIpenesiaiTCa B
I'PYy30HECYIIMX DBJIEMEeHTaX CHMJIE, a CJeIOBaTEeJIbHO UM CpelHME HOPMAaJlbHEE
HanpaxeHusa. I[lo CcpemHMM HalpsSXeHMAM B BJIeMeHTax B ofmeMm cJjydae

HeJlb34 [IOCTPOUTE OINHO3HAUYHOEe KYCOUHO- JIMHEMHOe pacrnpenesieHue
MCKOMEIX  HampsxeHmit Oy(X) . IercTBuTenbHO, nnsa onpenesneHus 2M
HEeM3BECTHHX nocTosgHHEx A, B (j=1,2,....M) umeercsa M ypaBHeHMI.

Kpome  TOTO, B OIHOPOIHOM CpeXe IOOJIKHO  BEIIOJHATHLCS  YyCJIOBUE

HEIPEPEBHOCTY HaNpskeHMM Oy Ha IT'PaHMLAX SJIEMEeHTOB, u4To maér emé M-1
YypPaBHEHME :

Il LO_ l LO. _
A+ Bi EP(*J‘ _E%_ ALt Bj—lEPQj_l +E%J =23..,M
OnHakO OHOHO ypPaBHEHME OKA3HBAETCH HEOIPeneJIEHHEM. Iisa

OHpeHeHéHHOCTM JIOTTMYHO IIPMHATE, 4TO B TOM OJSJIEMEHTe, roe cpenHee
3Ha4YeHune Gy MMHVIMAJIBHO, SOTO HallpAXeHMre IIOCTOAHHO. B »TOM ciiyuae

SMIPY HaNpsaxXeHur Oy BIOOJIbB OCHU X JIeTKO T[OCTPOUTH IT'€OMEeTPUUECKH,
NIpOBOOA COOTBETCTBRyIMM OOpasoOM OTPEe3KM IIPAMBEIX OT 3BJIEMEeHTa, I'Oe
CpellHee 3HAaUYeHMEe HANpSAXeHUS MMHMMaJbHO. KaxIenl oTpesok OpsaAMOU
IOOJIXEH IIPOBOIOMTBCSA TakuM o00pa3oM, dYTOOB OH, BO-IIEPBHEX, B LEHTpE
3JIEMEHTA COOTBETCTBOBAJI HAMIOEHHOMYy CpemHEMYy SHAUYEeHMI0 HalpSXeHUHd,
BO- BTOPHIX, COBIIanaJl C KOHLOM OTpe3Ka B CocenHeM 3sJjeMeHTe. HeTpynHOo
IIOHATH, gTo npm YBeJIM4dYeHUN gyciia pa36MeHI/H7£ Cperl Ha SJIEMEeHTEHL
TOYUHOCTBb TakKOM KYyCOUHO- JIMHEMHOM aNlNpOoKCHMMalLMM BO3pacTaeT.

PaccMOTpMM METOIOMKY pacuyeTa HalpSXeHMM B CJiydae 3aKJaIkKu
BHIPAOOTAHHOT'O IPOCTPAaHCTBA . 3akjlagoyHasd CMECH aBiysgeTcsa  OoJee
InomaTJIMBEIM MaTepMaJIOM B CpaBHEeHMUMM C MaCCMBOM TIT'OPHEIX IIOpPOL. HpM
HaI'PyXeHNMM B pPeEXMME 3alaHHEIX CMeLLLeHI/HZ I'OpHa4d Iopolla "M 3aKJIaIO4YHaAd
CMECb €CTEeCTBEHHO JIedopMUPYITCS OOMHAKOBO, OODHAKO 3BakJaIodHasd
CMeChb Harpyxaercsa cjabee BO CTOJIBKO pa3, BO CKOJIBKO €€ MOIOyJb
nebpopmaumm EB mMeHbIEe MOIyJisa OedpopMalumm I'OpHOM noponel E. UmcCJIeHHBEIMU
pacuéraMu C nomMoumein MK3D yCTAaHOBJIEHO, UYTO IIPM OUYEepemHOM pacCUMpPEeHUM
BEHIPAOOTAHHOTO IpOCTPaHCTBa 3aBUCHMOCTb CpenHUx HaNpaXeHUM B
3aKJIaODOYHOM MaccuBe BOJM3M OUMCTHOM KaMepbl OT OTHOWEeHMS Es/E
omnpeneyseTcs KPUBOM.



3Ty 3aBUCMMOCTL MOXHO MCIOJBE30BATh B pacdé€Trax CpelHUX
HanpsaxXeHMY B MacCCMBEe 3akKJaIoOdHOM cMecHu. s HOPOCTOTH B MHXEHEPHEBX
pacuérax 3Ty 3aBMUCHMMOCTb YIOOOHO cumMTaTh JIMHEMHOM (mTpMxoBasa
JqmHusa) . TakuMm obpasoM, majee OyoeM CcuMTaTb, UYTO MCKYCCTBEHHEUN
HecyumMM BJIEMEHT M3 3akJIaJOYHOM CMECUM II0 CPpaBHEHMIO C HaXoOaUMMCHS B
Tex xe YCJIOBUAX PYIHBEIM LIeJIMKOM BOCIPMHMMAaET HarpysKy,
NPONOPLMOHANBHYD OTHOomeHMo EB/E.

CrnenmoBaTeJyIbHO, B OOWeM cJjydae, KOoI'Za dYacCThb TI'PYSOHECYIIMX

BJIEMEHTOB I, PacCIIOJIOXEHHEBIX 1o ocu X, rMeeT Opyroun MOIYJIb
nebopmanmy, uyeM MacCCuMB TOPHEX [IOpPOX, BMECTO I[IPUBEOEHHEIX BHIIE
COOTHOIUEHUM CJenyeT MCIOJIbL30BaTh CJeIyillMe COOTHOIeHMS :
Es, F
_ j i
i
E R../t.
iV
n
F =————£%————
i M
ZEa,-l
< E Rji,/r].
30echb:
Esj - momysne medopmMaumm | - TOTO 3BJIEMEHTaA.

OueBunHo, npy EBj=E8, uTO 35TM OQOPMYJIEl CJIEOYIT M3 NPEeIEOYIMX
¥ HaobopoT.

PaccMOTpPEHHEM BHILIE METOX pacuera epepacnpenejieHumn
HaAOpSXeHUM B CJlydae BEEMKM C 3akjJaZKo¥ LejlecoobpasHO CBA3aThb C
MeTOIIOM I[IocJyiIenoBaTeJIbHBIX LIMKJIOB (MIIL) , pazpaboTaHHBEM
C.B.Ky3HELOBEM U B.H.OOouHIIEBEIM. MeTonm IIOCJIegOBATEJIbHEIX LUKJIOB
YUUTEBAET I[IOCJIEIOBATEJIbHOCTL pPAaCHIMPEHMS M 3aJIOXeHMI BHEPaOOTaHHOTO
[IPOCTPaHCTBA . B 3TOM crydae MCCIIenoBaHUAa rlepepacrnpenejieHmnsa
HANPSXEeHUM MOXHO [IPenCTaBUTbL B 3aBUCUMMOCTM OT IMHAMMKM pPa3BUTUS
TOpPHEIX paboT, YUUTHBAILEY HANPAXEHHO- IeQOPMUPOBAHHOE  COCTOSHME
MaCCUBOB TOPHBIX IOPON M 3BakKJalKM, a TakkXe U TexXHOJOI'MYeCKMue
baxkToOpEl BIAMAHMA. [IpM DBTOM MMeeTCHd BO3MOXHOCTL YydY&€Ta M3MEHEeHUd

DedopMallMOHHEIX CBOMCTB 3aKJIamOYHOM CMeCM BO BPEeMEeHM WIM [I0-



HATpPy3KOM, HANpMMEp, I[IOBHUEHME XECTKOCTM U YIPOUYHEHME 3BaKJIaZOUYHOI'O

MacCCHrBa. BrrumcamTesib Hele pr,JZI;HOCTM HpI/I S5T0M HpaKTMT{eCKI/I He
BO3pacTawnT. EcTrecTrEeHHO, OJisa yuéTa TeQJIOTUUECKUX CBOMVICTB
3aKJIagouHOM cMecu HeobxoOMMoO 3adaTh 3aBUCUMOCTH, oTpaxamnume

COOTBETCTByKIME CBOMCTBa, Hamnpumep, Esj(0Oycp) wumu Es;(T;), rone T, -
BpeMs, Hpolenmee C MOMEHTa YJIOXKEHUS CMEeCM B OUMCTHOM KaMepe.
AHanM3 IepepaclnpelesieHMsa HaOpsSXeHMM B MAaCCHMBE TOPHHEIX HOpon U
3aKJIADOYHOM MAaCCHMBE PaCCMOTPEHHEM BHIUIIE METOINOM B codeTaHum c MIII
3HAUYMTEJIBHO I[IOBHIIAET HOOCTOBEPHOCTH MCCJIIENOBAaHMUM B LIEJIOM.

PaccMOTpUM Telepb IMNPOCTPAHCTBEHHHM Cciaydam. MeToOuMuyeCKM OH
MaJio  OTJIMYaeTCca OT PacCMOTPEHHOTO  BhIIe IJIOCKOTO  ciydad. B
NPOCTPaHCTBEHHOM ciaydae NPOMU3BOOUTCA pasbueKa paspesa,
MOIENMPYIEero IIJIOCKYI OUMCTHYI BHPAaOOTKY, Ha KbBaJpaTHHE 3SJIEMEHTE C
MHIEKCOM | u ocraBwyocs dYacTb 1ockocTu Y=0 Ha xBampaTHHe
I'py30HECyme SJIeMEHTH C MHIOEekcoM ] . CropoHa sieMeHTa paBHa L

Kak M B pacCMOTPEeHHOM BHIIe CJlydae, CYThb pacuéTa COCTOUT B
ompemesyleHMM HOPMaJbHEIX cuin Pj, gmencrBymommx Ha njockocTs  Y=0.
Beomarcsa B paccMoOTpeHMe BesmuyHel P} , npencraBjgpolme cobon
cocTaBJdgnmme cCuI H, oDy CJIOBJIEHHEE IeCTBUEM cuJl Q. B
NIPOCTPaHCTBEHHOM CJIydyae CIPAaBeIJIMBE I[IPUBEOEHHBIE BHIIE COOTHOUEHUS,
ONHAaKO BHPaxeHmsa myia BeymumH Pj u F wmMeoT HecCkoOJbKO HOPYyTOM BUI.
Oinsa ciydas 3akjalky oTpaboTaHHEIX PaHee KaMep MOXHO 3alMcaTh:

P :EL
ji 2
E RLT,
= :L
I M E] 1
2
& E RiT
3mech:
rj - MMHVMAaJIEHOE paccTosaHue oT LeHTpa paccMaTpmuBaeMoro
I'PY3OHECYIErO 2JIeMeHTa 0 OJamxaMuumel I'PaHMLB pas3pesa;
Ri -  paccTosHME OT LeHTpa IPY30OHECYIEIro »BJIEMEHTa IO LIeHTpa

sJeMeHTa, Tae 3amaHa cuya Q.

Kaxk MOXHO BMIIEeTb oTJIinmumye (]_)opMyJ'{ cocTOoUT B TOM, uTo B
IPOCTPAHCTBEHHOM CJlydae BeJIMUYMHA Ri B KBaJpaTe. 3aBUCUMOCTBH OT Ri
u rj npu B=E cregyer w3 aHammMBa acCUMITOTMYECKOT'O Pa3JIOXEHMS

HamnpsaxeHur Oy B NPOCTPAHCTBEHHOM Cllydae BOJM3M I'PaHMLUB paspesa. Hus
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KPYT'OBHX PpaBspeSOB IMpMBEIEHHEHE COOTHOWEHUSI SBJISIOTCS CTPOIMMM, JAJIS
pPaspeBoB C HEKPYI'OBOM TPaHMLEN - IPUOIMKEHHEIMN.

MeTomuka HaxoxmeHus cmi Pj ma xe camasa. Paccrosuma I u R;
ONpenesyigiTCsa TeOMeTPUUECKM, 3aTeM IO (opMyJie HaxXOOAT BeJIMUMHH F u
majiee OIpenesyisgioT MCKOMBIE HOPMAaJIbHBEIE CWUJIEL BO BCEX I'PY3O0HECYIIMX
3JIeMeHTax. Kak M B IIJIOCKOM CJIydae, WMCIOJNb3YS IMIPUMHLUI CYIIePIO3ULIUNA
pemeHuyt miIg  yOpyI'MX  Cpend, MOXHO HaWTM CUJIEl B I'PY30HECYIMX
3JIeMeHTax TIIpM [OPOM3BOJILHOM UMCJIE pPaspesoB, JexalMx B OIHOM
[IJIOCKOCTM .

[0 M3BECTHHIM CUJIAM B I'PY30HECYIMX 3JIEMEHTAaX MOXHO IMOCTPOUTH
KyCOUYHO- JIMHEHOe pacnpenesjieHue B BJIeMeHTax HanpsxeHuy Oy. s 3ToTo
clemyeT IO OINMCAHHOM B IIJIOCKOM CJIydyae MeTOIMKEe I[IOCTPOUTH KYCOUHO-
JIMHEMHbE pacOpenesieHus HanpsbkeHurt Oy 1no ocaMm X u Z. B KadecTee

MCXOOHOT'O BJIEMEHTa CcJjlegyeT B34ATb JSJIEMEHT, I'Ie CpeIlHee 3Ha4YeHUue Gy
MMHVIMAaJIBHO .

OLeHkKa pasMepoOB MJIIACTUYECKOM BOHEI.

V3510%eHHYK BHUIE MEeTOIMKY pacuéTa paclhpemeljieHMS HOPMAJIbHEIX K
PYOHOMY TeJIy HalpsSXeHMM Sy MOXHO CBSA3aThb C pasBUTOM B pabote
"Teopusa sBammTHEX njaactoB" Illeryxos W.M., JmHpxor A.M., CuIopoB
B.C., ®denbmman M.A., M., 1983r. MeTOOMKOM OLEHKM JIMHEVHOTO pa3Mepa

00 npeneJsibHO HaNpaxXEHHOM objlacTM ([JlacTUMYECKOM BOHE) M MaKCUMyMa

ONOPHOTO  masyeHus Oy . OueHxka BesuuuH 00 wu Oy Bxiouaer
ompemejieHre  KO3bIULMEHTa MHTEHCUMBHOCTM  HanpaxeHmn K y Kpasda
paspesa. Kosdpodpuument K, paccMaTprBaeME B Teopun TPeWnH,

oripengesideTcd M3 aCUMIITOTUMYECKOI'O IIpelCTaBJIEHUA HaHpFDKeHI/HZ Y KOHLIa
paspe3a (TpewMHB) B YyIPYyI'OM Cpene:

o'y (X,O)= L

1/27Tix—a5

370T KOBQOMUIMEHT 3BaBUCUT OT BHEIUHUX YCJIOBUY HATPYXEHUS U
pasMepa paspesza. Kak BMIOHO HaNOpSXeHMI Yy Kpad pa3l3pesa B yopyIon
cpeme MMEKnT HEOTPAaHMUEHHEM poCcT HOpu X-0, UYTO CBUIETEJLBCTBYET O
PeaJibHOCTHM Iepexona MaTepraja Yy Kpad paspe3a B IIJlacTHUdecKoe
COCTOAHUE.

B ymnoMsaHYTOM BhUle paboTe CUMTAeTCsd, UTO paclhpelejieHue
HaNpsSXeHUM B I[IJIACTUYECKOM 30He, T.e. OT Kpad paspesa OO TOUKMU
OnM3Xanmero MakKCyMyMa HanpAaxeHun Oy, ONMCHBAKTCA JIMHEVHBEIM 3aKOHOM:

2K, &
— 0 *
Gy - O-MaC +
roe
Omac - TPOUYHOCTBL PYIOHOT'O MacCCHBa;
¢ - paccTogHMe OT OOHaXeHUA BIJIyOb MacCCHBA;
h - mMommocTes pyzmHoro Tena.

3a MAKCUMYMOM OIIOPHOTO  IaBJIEHMI WMMEeT MeCTO yIpyTroe
pacrnpenejieHMe HANpPsSXeHUM. J[IaMHa [JIaCTUUEeCKOM 230HH ONpPelesyigeTcs II0

bopwmysie:
h
dfs%\/g \Fex. f(P)




roe

mac

2K 7K,

f(P)=3%{3{/x/1+—P+1+§/\/1+—P—1}

B rabmuunom Bume s3asucumocTb f(P) npueenena B ykasaHHOMU
BHIIE paborTe.

TakuMm oOpasoM, pas3Mep [IJacTUMUeCKOM 3O0HB BOJAM3M IIJIOCKOM
BEIPAOOTKM IIOMNEPEeuYHOoro pasMepa N 3aBucuT OT BEJUUMHEH [POYHOCTU
mMaccuBa u napamerpa K, omnpenmesngemMoro u3 pemeHMS COOTBETCTBYyUEN
3amauy  TeopuM yIOPYyTOCTM. BeJMUMHY MaKCUMyMa OIOPHOTO aBJIEHUS
MOXHO HaMTu, nojoxus &=dO.

3
5 05702, J'h

TPELLWHbI B YNpyroli cpeae;
2 - pacnpegeneHue HanpsXkeHUi ¢ y4ETOM NacTUYECKON 30HbI.

PacCMOTpPEeHHHM BHIIE METOI pacuéTa paclhpenejieHMs HOPMAaJlbHEIX

HanpsXeHur Oy I[IO03BOJISET OLEHUThL 3Hadenme K. [Jina sToro crepyer
PacCMOTPETH KpavHum I'pPy30HECYIMT BJIEMEHT Yy paspesa, oy
ompenesIEHHOCTM [punmcas emy wuHoexkc |=1 . TIIlpu TOM e BeJMUYMuHEe

CpelHeTo HalpaXeHusa OyIoeM CUMTaTb, YTO B STOM DJIEMEHTEe UMeeT MeCTO
He JIMHEeMHOE pacHpelejieHre HanpaxeHmn Oy, a paclpenejieHMe HalpsaXeHUN
y KOHIla paspe3sa GAXD) . B nTOM ciiyyae Ha TI'paHMUIle pacCMaTPUBaAEMOI'O
3JIeMeHTa C COCEeOHUM I'PYy30HECYIMM DJIEMEHTOM HOOJIXEH BO3HUKHYTDH
cxauék Hanpsxeumyt ACy. OTHOIEHMe BEeJIMYMHEI 3TOTO CKadkKa K CPEeIHMM
HaNpSXeHMAM B DJIeMeHTe HeBeJIMKO. OHO IOJIKHO CTPEMUMTBCSA K HYJIO IIPpU
L-0. CrnemoparenbHo, npu MajioM L BemmumHa norpemHocTr B KpalHeMm
Tpy3OHEeCylleM 3JieMeHTe Majia. 3HadveHre K| no HamimeHHOM B snemeHTej=l
cune P; ompemensgercs M3 COOTHOWEHMS :

n
Ky =R,/5
2L
llooncTaBuB [IOJIydEHHOE TaKMM obpazoMm 3HaYeHUre Ki B

COOTHOWEHME OJIS IOJMHEL [IJJaCTUYECKOM 3BOHEL OLIEHMM €€ pPasMep do.
BosMOxHEI mBa cJjiydasd.

Cnyuarn 1:

HalimeHHoe 3HaueHue 00 [OpubIUSUTENIBHO PAaBHO KPATHOMY SHAUYEHMD
BeymuuHel L, T.e. do=nL, rme N - wQesoe umcigo. B 3TOM Ciydyae Pacuér
BesuumHel 00  BakaHuUMBaeTcH. B COOTBETCTBUMM C pacHopelesieHreM
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HaNpSXeHUM B IIJIACTUYECKOM 3BOHe N KpaMHUX I'PYy3OHECYIMMX BDJIEMEHTOB
COCTaBJIAKNT IIJaCTUUYECKYK 30HY, B KOTOPOM MMeeT MeCTO JIMHEMHEM 3aKOH
pacrnpenesieHmMsa HalpSXeHUM.

OueBUIHO, uTO I'PYy3OHECyUME  DJIEMEHTH, OKaseBalmMecs B
[IJIaCTUYECKOM BO0He, BOCIPMHMMAIT TOJBKO UYaCThb TOM HATPy3KM, KOoTOopas
clenyeT M3 PacuéToB [0 YyIOPYyIOM MoIenu. ' Maaumek'" HaTpy3KM clenyer
pacnpenenuThb Cpelu I'PYy30HEeCyUMX BJIEMEHTOB, HAXOOAULIMXCS B YIPYI'OM
cocTogHMUM. llepepacdué&T pacHnpenejieHud HATPYy3KM CpeIu I'PY30HECYIMX
BJIEMEHTOBR OCYWECTBJISeTCS IO TOM Xe MeToIMKe, UYTO M IIPM OUMCTHEIX
paborax. BaxHO OTMETUTB, UYTO B DTOM IepecduéTrTe KyCOYHO- JIMHEMHOe
pacrnpenesieHMe HaOpSaXeHUM B YOPYTUX I'DY30HECYIMX BJIEMeHTax CTPOUTCSH
MHave, a ¥VMEeHHO MCXOOA M3 YCJOBMSA HENPEPHBHOCTM HaNpAXeHMM Oy Ha
TpaHMlle yHpyT'OM U ILJIACTUYECKOM obJjiacTel.

Cayuamn 2:

XapakTepu3lyeTcsa TeM, UYTO HalIeHHOEe 3HadeHMKe pas3Mepa I1JIaCTUUeCKOU
S0OHBl SBHO OTJIMUYAETCH OT BEJWUMHE, KpaTHoM L. HanpwMep MoxeT OBTH,
uro d0=0,5L . B 3ToM ciyuyae LejlecOoOOpa3sHO OCYUECTBUTL I[I€Pepacuér
pacnpenesyieHusa HaNpsSXeHUl, IIOJIOXUB L=do. BrinmosiHasa majnee
BHIIEYyKa3aHHEE onepauuu, cruenyerT COIIOCTaBUThH HOBOE pacuéTHoe
3HadYeHue di C BEJIMYMHOM do. [Tpm HeoOXOoOMMOCTHU MeTOOOM
IocJjiefoBaTeJIbHEIX NPUOIIVDXE HUM MOXHO OOOUTBCHA YCJIOBUS,
XapakTepulywnmero ciayuarl.

OueHka IOOCTOBEPHOCTHM MeTona.
HJocToBepHad nHbopMaL M o} COCTOAHUNU TOPHEBIX MacCHBOB,

IIpoTeKamnmmMx B HIX IreoOMeXaHMUYEeCKMX Inpoueccax, rmMeeT
OCHOBOINIOJIaTapllee 3BHAUEeHMEe [JIid pelleHMsa MHOI'MX [NpofJieM, CBS33HHEIX C
CO3OaHMeM ©e30mnaCcHEX TEeXHOJIOT UM oTPaboTKMU MECTOPOXIOEHM,

PauMOHAJIBHEIM M3BJIEUYEHMEM IIOJIE3HEIX MCKOIIaEMEX.

Jicnosib3yeMEle TIPM  OLIeHKE HANPSAXEHHOTO COCTOSHUSA PACUETHHE
SKCIIpeCC- METOIIBI, HABJIATCA VHXEHEPHEIMM MEeTOIaMM HOBOI'O IIOKOJIEHUMA. B
OCHOBE OTHOCMTEJIBHO IIPOCTHIX I[NIPOLEenyp Ppacué€Ta JexaT MaTeMaTUdeCKHUe
peumeHmA rAanoa 3alla4d MeXaHMKU T'OPHEIX rnopon jZ8 MeXaHMKU TBépHOPO
nedpopMMpPyeMOTO Tejia.

OueHMBaAa IOJOCTOBEPHOCTDBb INpenJIOXeHHOTI'O MeTOoIoa OLlEeHKM
HaHpHXéHHOPO COCTOAHMA MacCcCyBa M HeCYylMX KOHCTPYKTMBHEIX 3JIEMEHTOB,
cienyerT OCTaHOBUTBECHA Ha Clyleoymnmmnx MOMEHTax. 2TO cooTBEeTCTBHUE

PAcCU&THOM MOIOEeNM pPeajlIbHOMY COCTOSHMIO TEeXHOJIOTMYECKMX IIPOLeCCOB
HAaTypE M CaMa TOUYHOCTB PACUETHOI'O MeToma. B 2TOM CBA3M HeODOXOOMMO

OTMETUTH, gqTOo JOCTOBEPHOCTDb MHXEHEPHOTI'O MeTOoOa SHAYMTEJIBHO
IIOBHIIAETCHA, IIOCKOJIbKY IIpM IIOCTaHOBKE 3aladu UCCJIeIOBAHUM UMeeTCs
BO3MOXHOCTb IIPOT'HO3MPOBATBb IVHaMIRKYy prasBmuTUA T'"OPHEIX pa6OT.

Vcnioslp30BaHMe MeTola IIO3BOJIAeT YUYeCTb BIMAHME YyXe CYLEeCTBYRIMX
TOPHBIX paboT Ha V3MEHEeHNME TeOMEXaHUUECKOM OOCTaHOBKU npm
MCCJIeOOBaTEeJIbHOM OTpaboTKe TOPMB3OHTOB Kak B Macmrabe BCero PYyHOHOTO
TeJjla WMJIM HECKOJIbKMX PYIOHEIX TeJI, TaK M B Macurade OUMCTHBIX KaMep.
TOUHOCTE MHXEHEPHOTO MeTOIa pacue€Ta KOHLUEHTPpALUMM HANPIXeHUN
B IIJIOCKOM M I[IPOCTPAaHCTBEHHOM CJlydasax oOlpenesdiachk Ha IpuMepax
CPaBHEHMSA PeUeHMI TeCTOBHEX 3aJad MeTOIOOM KOHEUHEIX BJIEMEHTOB, a
TakKXxe B3anad [0 ONpelesyIeHMI Harpy30K Ha JIEHTOUHBE UM CTOJIOUaTHE
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LIeJIMKHM, paccumTaHHee X.C.EpXaHOBBM " Iop. MeTOoInamm TeopuUn
YOPYyTOCTM. PacxoxIeHUs pesyJibTaTOB pacuéTa 3amaduu O paclpenesieHUuMn
HallpAXeHNMA npm InpoBeleHUM IIJIOCKOM BHpa6OTKM C IIpAMOYI'OJIb HEIM
YCTYyIIOM IJIZ [NPOCTPAHCTBEHHOTO  CJydasd, BEIIIOJIHEHHEIE  MHXEHEPHEM
METOIOM UM HaMIeHHOe O0o0Jiee TOUYHEIM MeTOINOM He npeBrmayu 20%.

MapameTpel O4UCTHbIX [ OTHOCUTENbHas Harpyaka

‘ Ha LIeHTpanbHbIi
LWnpuna Beicota | Konuuect %
uenuka (a)| enukamm uenuka (h) 0 uenukos| WHKEHEPHBIA|  TOUHBI

M L m M BnaKenM|  eron meTon

Mponér
mexay

15 15 0,54 0,60 10,7
15 15 0,64 0,75 14,0
15 15 0,71 0,82 13,0

1
2
3
15 15 5 0,76 0,86 11,4
7
9

15 15 0,80 0,89 9,9
15 15 0,83 0,91 84
15 15 0,85 0,92
15 15 0,87 0,94

5
5
5
5
5
5
5
5

CpaBHMTENEHEM aHaIM3  [OKaskHBaerT, YTO paBIMuMs = Mexny
PacuéTHIMKM HOaHHHMKM He npeBmmalT 14%. 3TM BSHaAYEHMS HONYCTMME OIS
MHOI'MX Bajauy u eé BeauumHy (20%) MOXHO NPMHSITE B KadecCTBE OLeHKHU
INOT'PEIHOCTM PAaCCMOTPEHHOI'O MeTOoHAa pacdYéTa HaNpsXeHMM .

OnpoboBaHME MHXEHEPHOTO MeTona OBUIO NPOUBBENEHO IJIS OLeHKU
pa3MepoOB 3O0HEL OIOPHOI'O HAaBJIeHMA OJg Cllydas dYacTUUHOM OoTpaboTKuU
OXPaHHBEIX IIeJIMMIKOB CTBOJIOB maxT EXGBKaBPaHCKOPO MECTOPOXIEHMA 1Z8
nokasajla xXopoume NpaKTUYeCKMe pe3yJibTaTH .

IO OLIeHKM OIIOPHOT'O HAaBJIEHUMS B I[IPelOXPaHUTEJIbHOM LeJjMke
CTBOJIA IIpPM €TI0 dYaCTUUHOM oTpaboTke IIapaMeTpH JIEHTOYHHBIX LIeJIMKOB
(a) u oumcrumx kamep (L) B pacuérax BapbUpPOBAIMUCE. YCTAHOBJIEHO,
YTO BeJIMUMHA OIOPHOIT'O IaBJIEHMS B OXPaHHOM LeJjiMKe B SHAUUTEJIbHOM
CTEneHUu  BaBUCUT OT PacCcTOosAHMA  OT CTBOJIa OO  BHPAaOOTAHHOTO
IPOCTPAHCTBa. I[IPOBEeHOEHHEIE PACUETH I[I03BOJIMIIM ONPelesiMTh 3BHaueHUe
OIIOPHOTO IaBJIeHUHA, QOPMMPYHUET'OCS BCJIEOACTBUM ODOpPasOBaHMUSA KaMep.

N
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AHANM3 PAacuyéTOoB I[IOKa3HBAEeT, UTO HamboJibllee MOOMNOJHUTEJIBHOEe
nasyenue, nocturaer 1,5 YyH, oTmeuaerca y TpaHM OPENOXPAHUTEJILHOTO
LeJnKa . OmHako yxe Ha paccTosaHUMU 10m oT BEIPabaTEIBAEMOT'O
NPOCTPAHCTBA IOONOJIHMTEJIbHAS Harpys3ka Ha MaccuB He npesomaer 0,5 yH,

a Ha paccrogHuu 15mM - 0,1 yH. Taxum o6paszoM, Ha OCHOBe pacué&ToB
MOXHO cromeJilaThb BEIBO[I] (@] TOM, gTo JaCTMUYHAaA OTpa6OTKa OXPaHHOTI'O
HeJurka 00 QakTopy TOPHOT'O HaBJIEHMS MOXET IIPOMB3BOIMUTLCH IO TexX IIop,
[IOKa PpacCTOdHME OT TI'paHMul] BHPabOTaHHOT'O MNIPOCTPaHCTBAa CTBOJAa He
nocturHeT 20-25M.

Ha ©aze MNpoBemOEHHBIX MCCJeIOBaHMM pa3paboTaHbel M COIJIaCOBAaHH
c TocroprexHanzopom Pecn.Kasaxcran 29.09.89r. (mpunoxenve 29)
IOOIOJIHEHMA kK "BpeMeHHEIM OpabBuilaM OXPaHBl COOPYXEHMM OT BPenHOI'O
BJIMAHMA IION3EMHBIX pa3paboToK Ha pyOoHUKaAX [IXe3Ka3TaHCKOT'O TI'OpHO-
METAaJUIYPITUUECKOT'O xoMbuHaTa'", perjaMeHTUpyKluee YCJIOBUSA 1o
YaCTUUHOM OTpaGOTKe 3all1acoB B OXPaHHBEIX meJimkKkax CTBOJIOB maxT jZ8
ITIOBEPXHOCTHEIX coopyerMﬁ.

BriBOXEI:

[lpy pemeHMM 3amad MeXaHMKM TOPHEX [IOPOX, CBSA3AHHEX C
PauMOHAJIBHOM M ©0Oe30HacHOM OTpabOoTKOM MEeCTOPOXICSHMN, BO3HUKAET
HeOoOXOOMMOCTD B [IOJIyYEHUNU HauboJee OpICTPOM u OOCTOBEPHOM
uHpopMaLMM O COCTOAHUM M  IOBeIeHMM MacCcCHuBa. C »TOM UeJb
pa3paboTaH MHXEHEPHBM MEeTOJI pacdéTra HalpaXEHHO- 1edOopMMPOBAHHOTO
COCTOAHMA  MacCHUBa, QHAJIOTMUHEM MeTOHOYy  TPAaHMUHBIX MHTETI'PaJlbHEIX
yPpaBHeHUM. JaHHHM MEeTOI IIO3BOJISeT C OOCTATOYHOM TOUHOCThbI ©0e3
npuMeHeHMa OBM, C nOoMomwbplod Oaxe KapMaHHOI'O KAaJIbKyJATOpa, ONpelneiaTh
HaTrpyXeHHOCTb PYOHOTO Maccusaa, Kak B [IJIOCKOM, Tak u B
IPOCTPAHCTBEHHOM CJydasax, C YYETOM IIOCJeHOBaTeJIbHOCTM (QopMMpPOBaHMUS
BEIpaOOTAHHOTO MNPOCTPaHCTBa M TUIa [IPMMEHSeMOM 3aKjaIku. Bojee
LMPOKME BO3MOXHOCTU IPEenJIOXEHHOTO MeTOona OTKPHIBAITCHA npn
VCIOJNIb30OBAaHUM €TI0 C MeTOIOM I[IOCJIEIOBATEJIbHEX LMKIJIOB. ITO I[IO3BOJISET
ydyecTb OMHAMMKY Pa3BUTUS TOPHHEIX paboT kKak B MacumTade OUMCTHHX
KaMep, TaK M HEeCKOJIbKMX TOPMI3OHTOB M 3ajlexel, W OOOCHOBaHHO
IPOTHO3MPOBATEL IllepepaclhpelesieHrue  HaNpsSXeHUMM B 3aBUCUMOCTM  OT
[IOCJIENOBATEJIBHOCTM M TEXHOJOTMUECKMX OCOOEHHOCTEM pPasBUTMUA TOPHBIX
paboT.

Vcnionb3yeMble B pacuére MEeTOXH, ABJIAITCS  MHXEHEPHBMU
MeTOOaMM HOBOI'O IOKOJIEHMA. B OCHOBE OTHOCHUTEJNBHO [POCTHEIX NPOLEnyp
pacuéTa JexaT MaTeMaTMUeCKHKe pelleHMsa 3alad O paspesax B yIpyron
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cperne "M OIlIpenelidinTC4d YCIJIOBMA IIepeXOlla OCHOBHBEX HeCYylMX 3JIEMEHTOB B
UMCTO IIJlaCTUUYeCKOe COCTOAHME.
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