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HITEANCJIOBUE.

[Tpu 0CBOEHUM HOBBIX PYIHBIX MECTOPOXK IEHUU U PEKOHCTPYKIUU NEUCTBY-
IOIINX, KaK IPABUJIO, OTCYTCTBYIOT HEOOXO TUMBIE DKCIEPUMEHTATIbLHBIE TaH-
HBIE O HANPIXKEHHOM COCTOAHUU MaccuBa. Takoe mOJOXKEHUe CO3IAET OIpe-
OETEHHBIE TPYAHOCTHU NPU Pa3pabOTKe TPOEKTHBIX PEIIEHUN U TPUBOAUT K
OCIOXKHEHUAM NI HOPMAJIBHOT'O TEXHOJIOTUYIECKOTO IPOIECCa BBIEMKN DY .
IMposenermMe SKCIEPUMEHTATBLHBIX WCCAEIOBAHUM TIO OLEHKE HATPAXKEHHO-
neOPMUPOBAHHOTO COCTOAHUSA U MPOrHO3Y MOBEACHNUA MACCUBA B IPOIIECCE
Pa3BUTHUA TOPHBEIX PAOOT HE BCErAa ABIAETCA IEIeCOOOPA3HBIM U DKOHOMU-
YECKU ONPABIaHHBIM. KpOMe TOTO X OCyHIIeCTBJICHUE Tpe6yeT 3HAYUTENb-
HEIX BPEMEHHBLIX 3aTpar. [ITO OTHOCUTCA B OOJBLINEN CTENEHU U K pas3pa-
60TKe HEGONBIINX MO 3aIacaM MEeCTOPOXKIEHUN, e B CO3QaHUU KDPYIHOU
PKCIEPUMEHTAILHON 635l HET HEOOX0IUMOCTH.

B cBa3u ¢ >TuM BO3HEKAET HEOOGXOAMMOCTL B Pa3pabOTKe AKCIPECcC-
METOIOB IIPOTrHO3a FeOMEXaHNIEeCKUX IPOLECCOB, TPOUCXOAAIINX B MACCUBE
ropubIX mopog. K «mcny Takmx METOZOB OTHOCATCS WHKEHEPHBIE METO-
OBl PAcY€Ta, OCHOBAHHBIE HA MATEMATUYECKOM pEIeHnn psana QyHIaMeH-
TaJbHBIX 337aY MEXAaHUKU FOPHBIX MOPOJ M MEXaHUKU AedOpMUPYEMOrO
TBEPAOTO TEA.



I'nasa 1.

PazpaboTrka meTog0B
pacyeTa HarpykKeHHOCTU
PYAHOI'O MacCHUBa M
3aKJja K.

1. AHasm3 cCOBpeMeHHOr0o yPOBHA pa3paboTok
0 U3y YeHUIO0 HANIPAXEHHOT0 COCTOAHUSA MacC-
CUBa Y 3aKJAAKWU.

[Ipu uccregoBaHMAX HAOPAKEHHO- 1eHOPMUPOBAHHOTO COCTOSHUA MAaCCUBA
TOPHBIX MTOPO BOKPYT BHIPAOOTOK MINPOKO NCHOMB3YIOTCA YNCIEHHBIE METO-
a1 pacaéra. Cpequ HUX HauOOABIIEE PACTPOCTPAHEHUE TIONY YUIA METOIBI
KOHEYHBIX 3JEMEHTOB U I'DAHUYHBIX WHTET PDAJTBHBIX ypaBHeHHfI. ﬂOCTOHH—
CTBO METOJa KOHEYHBIX AJEMEHTOB 3aK/II0YAETCA B BO3MOXKHOCTH YIETA, JIO-
KAJBHBIX HEOTHOPOIHOCTEN MACCUBA, TAK KAK KAXKIOMY U3 JIEMEHTOB, HA
KOTOpBIE pa3buBaeTCA MACCUB B OOJACTHU PEIIeHUsa, MOXKHO MPUCBOUTEL COO-
CTBEHHBIE MEXaHUYIECKNE XapakTepucTuku. [Ipu perennn 3a1av MEXaHUKT
TOPHBIX HOPOJ METOLJOM KOHEYHBIX DJIEMEHTOB, MOXKHO OCYLIECTBIATh aHa-
JIN3 HANPMXKEHHOTO COCTOAHUA KAaXJIOT'O U3 DIEMEHTOB U B COOTBETCTBUU
C DTUM HANPAKEHHBIM COCTOSHUEM INEPECUUTHLIBATL BCE MEXAHUIECKUE Xa-
PAKTEPUCTHUKHU DIEMEHTOB.

HpI/IMeHeHI/Ie METOJa KOHEYIHBIX 3JIEMEHTOB TO3BOJAECT PaCCMaTpPUBATH
NPOU3BOJBHYK HEOIHOPOLHOCTH CPelbl, aHU30TPONNIO, YIUTHIBATH IIPO-



ABJEHUE ILIACTUYIHOCTH, BA3KOCTH, HETUHENHOCTE Ne(OPMANOHHBIX CBOUCTE,
VIUTHIBATE CTPYKTYPHBIE OCOOEHHOCTHU PEANBHBIX MACCUBOB TOPHBIX IIO-
PO, TaKWe KAaK TPEIIMHHOBATOCTH, TPEIIUHOBATO-IOPUCTOCTD, HAIUIUE
HapPYLIIEHUN CILIOIIHOCTU MACCUBOB B BHU/E TPEIIMH KOHTAKTA, 8 TaK¥Ke
YYUTHIBATH TEXHOJIOrMYECKHe (PaKTOPHLI, HANPUMEP, MOCAEIOBATEILHOCTh
OYMCTHBIX U 3aKJIAI0YHBIX PAOOT.

[lpyrue HATpaBIEHU YUCJIEHHBIX METO OB PEIIIEHNS 33,129 O HATPIKEHHO-
neOPMUPOBAHHOM COCTOSIHAU CPEILI SBJIAKTCA METOIBI TPAHUYHBIX DJe-
MEHTOB, B KOTOPBIX PEIICHNE YPABHEHUs yIOBJIETBOPIETCSA HA TPAHULIE UC-
creayeMon 00gacTu.

Mapsagy ¢ MUPOKUMY BO3MOXKHOCTAMEA YUCJAEHHBIX METOLOB, UX UCIOAb-
30BaHUE TPEOYeT CHeNnATbLHON OATOTOBKY U HEJOCTYITHO GOMBIIIOMY KPYTY
CHEINATUCTOB.

IITo B 3HAYUTENLHON CTENEHU YCTPAHACTCSA MPU UCTIOMB3OBAHUN MIPEIIA~
raeMoro MeTO4a OLEHKH HAMPAKEHHOTO COCTOAHMS MACCHBA TOPHBIX IIOPO/
KDYy TONALAOMNAX MECTOPOXK JEHUU MAJIOU U CPEIHEN MOIIHOCTH.

IMazpaboTaHHBIN UHKEHEPHBIM METOM TO3BOIAET MPOrHO3UPOBATH Ha-
I'PYXKEHHOCTh PYIHOT'O MACCUBA C YIETOM IUHAMUKN PA3BUTUS DOPHBIX Pa-
60T U T€M CAMBIM YYUTHIBATH TEXHOJOTMYECKYIO MOCAEI0BATEIBLHOCTE Pa3-
BUTUSA MOPHBIX PA0OT, TUT IPUMEHAEMON 3aK.1a KU, TPOIHOCTHBLIE CBOUCTBA
nopoxa. MeTon pacuéra NpUMEHMM B TOM CAydae, KOrjJa ONHO U3 TIABHBIX
HANPAKEHUN HETPOHYTOI0 MACCUBA HOPMAIBHO K TIOCKOCTHU TTPOCTUPAHUA.
[Man6GonbINT NPAKTUYIECKIN THTEPEC IPEACTABIAIOT HAID AKEHUA o, . ltn
HANPSXKEHUS ONPEIEJAIT HATPYXKEHHOCTh PYAHOrO M 3AKJIATOYHOTO MAaC-
CUBOB, KOTOPas COMOCTABIACTCA C HECYIIEN CIOCOOHOCTBIO ATUX MACCUBOB.
N3BecTHO, 9TO paccraHIEeBaHWE TOPO OPUEHTUPOBAHHO BIOJb MIOCKOCTH
NPOCTUPAHUA PYAHOrO TEIa U MPOUCXOAUT B YCJAOBUAX BBLICOKOT'O NaBJIE-
HUsl, JEUCTBYIOMIEr0 NEPIEHANKYIAPHO K HAMPABICHUIO MEPEMEIIEHUs 0~
poa. IITo ABAseTCs OCHOBAHMEM 151 UCIIOJIB30BAHNA METONA MIPU OLIEHKE HAa-
TIPAXKEHHOTO COCTOAHUA MECTOPOXK JEHUN KUILHOTO TUIA, TMPUYPOICHHBIX
K CIaHIIEBATHIM TEKCTYyPaM.

2. MeToa pacdyéTa Harpyk€HHOCTUA MAacCHUBa U
3aKJaaAKU.

Cpenu pasaoo6pasua pyIHBIX Tea B POPHOJOOLIBAIOIIEN MPAKTUKE BCTPEIa-
IOTCA TaKme, KOTOPhIE XapaKTEePU3YIOTCA OTHOCUTETHLHO TPOCTOU (hOPMON
(6e3 pa3sBETBICHUN) U HE UMEIOT PE3KUX U3MEHEHUU MOIIHOCTU U YCIOBUM
sageranusa. OCOGEHHOCTH UX Pa3pabOTKU 3aKIOYACTCA B TOM, ITO OUUCT-
HBLIE KAMEPHI UMEIOT B OTHOCHTENLHO Y3KUX, TPOTAKEHHBIX BEIPAOOTOK,



PACIONOKEHHBIX IPUMEPHO B O HOU IIOCKOCTHU. [lonepevynnin pazmep Kamep
h 3HAYUTENBLHO MEHBIIE TPOJOIBHBIX pasMepos a u b (h <K a, h < b).

BrieMka neHHBIX PYI U PYA B CJIOKHBIX TOPHO-TEOJIOTUIECKUX YCIOBUAIX
COMPOBOXK JAETCs TOCIEAYIOMIEN 3aKIAIKON BEIPAOOTAHHOTO TPOCTPAHCTRA.
Onpegenenaue ONTUMANTBHBIX MTAPAMETPOB OYUCTHLIX KAMep, PYJAHBIX U UC-
KYCCTBEHHBIX HNEIUKOB, IPOYHOCTU 3aK/IaJOTIHOTO MaCCUBA U T.II. ABIAECTCS
BAXKHOU MPAKTUIECKON 3aJa9ed, PEIIeHne KOTOPOU AOJKHO OCHOBBEIBATLCA
HA SKOHOMUYECKOU OIEHKE TPOU3BOACTBEHHBIX 3aTPAT ¢ yI&TOM (PaKTO-
pa 6e30macHOCTH TOPHBIX paboT. PakTop 6E30macHOCTH B CBOK OYepelb
TECHO CBA3aH C PemieHneM mpobJaeM MOPHOTO AABJIEHUS, UCCICIOBAHUE KO-
TOPBIX, OCymIeCTBAAEMOE CpeaCTBaMM 1 ME€TO JaM IN'€eOMEXaHNKU, CBA3aHHO
TJIABHBIM 00pPAa30M € aHAIM3OM HATMPAXKEHHOTO COCTOSHUA MACCUBA TOPHBIX
nopo. [luke M3T0KEeH NHKEHEPHBIN METO PACIETAa U3MEHEHU HATDY KEH-
HOCTH PYIHOTO MACCHBA U 3aKAaAKu. MeTon HOCTATOYHO MPOCT U HE TPe-
Oyer obpamrenns k 6onbmum [IBM. [Tanpumep, B mpuBenEHHBIX HUXKE IPU-
Mepax s PAcI€TOB UCTIOIBL30BAICA KAPMAHHBIA KAJIbKYJIATOP.

ITycTh M3BECTHO HANPSKEHHOE COCTOSHUE HETPOHYTOTO MACCUBA TOP-
HBIX TOPOI, KOTOPOE B MPOCTEUINNX CAYIaAX MOXKET OLITH ONPEIeJeHO U3
AHAIN3A TEONONMYECKUX YCJAOBUN 3AJEMAHUA PYIHOTO TEIA, a B OOIIEM CJIy-
Yae B PE3yIbTATE HEMOCPENCTBEHHBIX MaXTHLIX u3Mepenunt. Co3nanue BhI-
paboTAaHHOrO MPOCTPAHCTBA IPUBOAUT K MEPEPACTPENCICHNIO HATIPAKEHUN
B MaccuBe ropubix mopon. CyTs mepepacnpeneseHus COCTOUT B TOM, 9TO
" BLIHIMAEMaA” YaCTh PYIHOTO MACCUBA UCKIIOYACTCA U3 CUIOBOIO COOT-
HOIIEHUs CTPYKTYPHBIX BJEMEHTOB MAaCCUBA MOPHBIX nopox. Ilpu sTom Ha-
Ipy3Ka, IepBOHAYAILHO BOCIPUHIMAEMAaa ~’ BEIHUMAEMON 9aCThI0 MAaCCUBAa,
nepefaéres Ha OCTABIIYIOCSI YaCTh PYAHOIO MACCUBA, BMEIIAIOMINE TIOPOIBI
WM 3aKIaJ09HBIN MaccuB. [larpyska pacnpenenseTcs Takke Cpequ Creru-
AJbHO CO3MAHHBIX HECYIIUX KOHCTPYKIMU, K KOTOPHLIM OTHOCATCS PYIHBIE
¥ UCKYCCTBEHHBIE LIEJIUKHU.

Ecau pyna u BMernaroniue mopo sl JU3KA 00 YIPYTUM CBOUCTBAM, a O~
HO N3 I'NTaBHBIX HaHpﬂ)KeHI/Iﬁ HETPOHYTOI'O MaCCUBaA r[[eI;)ICTByeT HOPMaJIBbHO
K IIOCKOCTHU MPOCTUPAHUA PYIHOTO Tena, MPuOIMKeHHAas OLleHKA pacrpe-
IENTEeHUs HOPMATLHON HAIPY3KU CO CTOPOHBI BMEIIAIIEr0 MaCCUBa, MEXK Iy
HECYIIUMU DJEMEHTAMU MOXKET OLITh OCYIIEeCTBICHA HA OCHOBE M3BECTHOU
(opMyBI pacTpefeseHna HATPAKEHUN B YyOPYTOUW Cpege Mpu IEUCTBUM B
Cpere COCPeNOTOYEHHBIX CUJIOBLIX UCTOYHUKOB. B DTOU OLIEHKE OYUCTHBIE
KaMepbl MOAEJUPYIOTCSA JEKAIUMI B OJHOU TLIOCKOCTHU Pa3pe3amMu B OITHO-
POJHOU yIPYTrOu Cpeje.

[lns TPOCTOTHL PACCMOTPUM CHAYANA B YCIOBUAX IIOCKOU HedOpMaIiun
OIWHOYHYIO BRIPAOOTKY 6€3 3aKIaIKN BEIPAOOTAHHOTO TPOCTPAHCTBA.

> n o ABIAITCA

Iy nroe Teno Ha pucyHKe He noka3saHo. llanpsaxenns oy



Cxema K NnoCTaHOBKE 3ajadl.
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[Tuc. 1.1. Mongeas uCX0IHOTO HATIPAXKEHEHHOTO COCTOAHUASI MACCUBA BOKPYT
BBEIPAOOTKU.

TJIaBHBIMMU.

IMacipegenenvie HAMPSIKEHUN 0, HA TIPAMON Y = () MOXKHO HAWTH, PEITUB
3a[a49y TEOPUU yIPYroCTHU O Pa3pese, HArPYKEHHOM HOPMAJBLHOU HArPY3-
kon ¢(z). IITa HArpy3ka paBHA HOPMAJILHLIM HANPSIKEHUAM 0y (), JeHCTBO-
BABIIIMM BMECTE MPOBEJCHUA pa3pesa. B 9acTHOM CIydae rOpu3OHTAIBLHOU
OJVHOYHOU BBHIPAOOTKU NMPU OAHOPOIHOM HUCXOMHOM IIOJE HANPSKEHUN HA
paspese, MOAEMNPYIOIEM BEIDAOOTKY, pacnpeaenéHHas Harpy3Ka MOCTOSH-
Ha u paBHa ¢(z) = \H.

[1a nHXEHEePHOr o PacIéTa HANPAXKEHUH 7, BIOJIb OCH £ Pa300BEM pa3-
PE3 U IMHUIO €U0 PO NOIKEHNA B CPEIE BAOIb OCU 2 HA TAHEUHBIE AIeMEHTHI
L (B miockoM caydae). Beibop pasmepa L 3aBUCAT OT CTEneHH HeOGXOou-
MOU TOYHOCTH OLEHKU: YeM MeHbIne L, Tem Tounee onenka. O guako ciegyer
YYEeCThb, 9TO ¢ yMeHbieHueM L pacTér 00bEM BEIYUCICHUN.

IIycTs paspes, MOgenrupyomuu BHIPAGOTKY, cOnepkuT N AIeMEHTOB,
KOTOPBIM TIPUTNUCAH UHAEKC 4, a cpena M smemeHTOB ¢ uaexkcom j. [ocaen-
HUE DJEMEHTHI OyaeM [ ONpeneJEéHHOCTU HA3LIBATL ~ I'PY30HECYIIMMET’ .
Bregs nuuennbie sneMenTH OyaeM najgee pacCMaTpPUBATL CPEIHUE HAIps-
2KEHUs B DJIEMEHTaX O'yrp NIn CUIBIL. 3a,aaBaeMLIe B IIEHTPE 3J1EMEHTOB pa3-
pesa cuaer o603rauuM @; (1 = 1,2, ..., N). Uckombie cuibl, TPpUIOKEHHBIE B
IeHTPe IPY30HECYLINX 21eMeHTOB, o6o3HaduMm P; (j = 1,2, ..., M). OueBuz-



Cxema pa3bHBEKN pazpeza U cpe
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Iuc. 1.2. I[locTpoerne paboden MOLEIN.

Ho P; = Loy, |;. Takum o6pazom Harm pactér 3aKII09aeTca B ONpeIeeHIH
HOPMAJTBHBIX CUI P7 B I'DY30HECYIIUX 3JEMEHTAaX IO M3BECTHHBIM CUIaAM Qi,
3a/aBaEMBIM HA JIEMEHTaX paspesa.

IIpm mpegnonokeHWn yOpyrocTd cpefsl cuia P; B KaXIOM dleMeHTe
SIBJAAETCS CYMMOU COOTBETCTBYIOIIAX BO3IEUCTBAUA OT COBOKYIHOCTU CILI

Dyuknua f 0oTpaxkaeT 3aKOHOMEPHOCTDb TMEePENavdu CUJIOBOTO BO3MYIIIE-
Hus OT OquHOYHOU cuabl. Q6 3TOU (PyHKIIMU MOKHO NOBOPUTH KaK O CBOE-
00pas3HON PyHKIIMU TOUYEIHOT0 BO3MYILIEHUA N1 paspesa. Mcnoassys cooT-
BETCTBYIOIIEE COOTHOIICHNE, HOLYyIeHHOE B paGoTe [2], HanpsKeHue o, (x)
B [IEHTPE TPY30HECYIIEr0 AIEMEHTa j MOXKHO 3alUCATh B BUIE:

T(Tuj — Tui) /73, — a2

N 3
Uy(m*j) - E Qz
i=1
31ech:
Zxj - KOODJUHATA LEHTPA IPY30HECYIIEro AIeMEHTA j;
T4i - KOOPAWHATA HEHTPA BIEMEHTA, Die 3anaHa cuia Qi (KoopauaaTa

TOYKW TPUIOKEHUS CHTHI);



a - KOOpANHATA TPAHUIIBI pa3pe3a.

B menax pasymMHOro ofOaerdeHus paciueéToB OyAeM HCKATH KYCOYHO-
JIMHENHOE PacIpejeneHne HanpsxkeHus o, (z). B arom ciyuae B mpegenax
pPacCMaTPUBAEMOr0 IPY30HECYLIEr0 SMIEMEHTA j HANPAKEHUA 0y (L) MOKHO
onucaThb (PyHKIUEN BUIA:

oy(2)|j = A; + Bjz

rge A;j u B; (j =1,2,..., M) - HOCTOAHHBIE, KOTOPHIE BHIOCMPAIOTCH TAKIM
006pa3oM, IYTOOBI OBLIO CIPABEAINBO COOTHOIIEHNUE:

N
Z a’ — a3,

A]' + BjiL‘ = Q; . -
=1 (Taj — Tai)yJTi; —a

[MockoabKy B paccMaTpuUBAEMOM CIydae CpefHee HANPAXKEHUE B TPY30-
HecyIem dieMenTe j paBHO oy |j = Aj + BjT.j, TO MOXHO 3amucaTk CO-
OTHOIIIEHUE [/ CUI:

N
Pi=> P,

i=1

rae P;; paBHO:

N a? — a2
_ ki
P = E LQ; >
i—1 T(Taj — Tui)\ /T — @7
Benunuuna P;; mpencrasigeT co60l 4acTh cuibl Pj, koTopas 00ycaoBie-
Ha cuion (Q;, 3aJaHHOK B i-OM 3JIEMEHTEe paspesa.
[lna onenku pacupegenesus cun P; BOmman kpasa paspesa, T.e. TaM, I'Je
pacupenenenne Harpy3Ku BhI3BIBAET HAUOOIBINNEA UHTEPEC, (GOPMYTy MOXK-
HO yOPOCTUTH U 3aNUCATh B BUE!:

N 2

2
a’ — 12,
Pl] ~ E LQZ ]
= TV20(Tsj — Tui)\/Tuj — G

B apyrom kpanHem ciydae, T.e. IId yIAJEHHBIX TOUEK CPEIEL Ty, CIPa-
BEIMBA APyras aCUMIOTOTHAKA:

N /a2 7

*4

P~  LQi———
v 2



KOTOPasg COOTBETCTBYET WU3BECTHOMY 3aKOHY YOBIBAHWA HANDAXKEHASA B
YyOPYTOU cpefe, BBIHOCMMOI'O HApOM CWJI Ha paspese (IIOCKUU CIydan).
IMockoabKy HA TPAKTUKE HAUOOJEE UHTEPECHO PACIpEeIeJeHue HATPAXKe-
HUAU B HEIUKAX U BOIU3U BHIPAOOTAHHOIO MPOCTPAHCTBA, B WHKEHEPHBIX
pacIéTax MOXHO MCIONB30BATH TOMBKO TepByio dopmyay. IIpm sTom mo-
T'PEnrHOCTh B ONIpeae/IeHUun Ha,HpH)KeHPII;)I U'y Ha OJOCTATOYHOM yOaJEeHU! OT
BEIpAO0OTAHHOIO OpOCTpaHCcTBA He npeBuicuT 10%.

IMacecmorpum  apyroe cwioBoe coorHomenue. Cuia (); BHOCUT CBOU
"BKJIAA" BO BCE I'PY30HECYIINE DIEMEHTHI. ECTeCTBEHHO, ITO CyMMa DTUX
BKJIA0B TI0 BCEM IPY30HECYIINM DJIEMEHTaM [IOJKHA ObiTh paBHa (Q;. Ta-
KM 00pa3zoOM MOXKHO 3alUCATh:

M
E Pj; = Q;
j=1

ITpusenéaubIe GOPMY.IBI ABIAIOTCA OCHOBHBIMEA PaboImMu (hOPMYyTaMu

pacuéra. [lerecoobpasso ux 3anucaTh B MHOM Buie, O0JIee HATJIAIHO OTpa-
JKAKIIEM UX CTPYKTYPY:

31ech:
nocpeacTsoM F; 0603HAUEHA COBOKYIHOCTD MAPAMETPOB, HE 3ABUCAIINX
OT KOOPJUMHAT ZTj;
- PaCCTOAHME OT IEHTPA PACCMATPURAEMOTO TPY30HECYIIErO 3IEMEH-
Ta j 10 GIMKAUIIEro Kpas pa3pesa;
Rj; - paccrosHHE OT LEHTPa TOrO HAEMEHTA N0 TOYKM IPUIOKEHU:
cuabl (;, T.e. IEHTPA AJICMEHTA, 1.

CooTHoOIlIEHNE TPUMET BUI:

Z R”\/—.
OTCIO,I[a MOYKHO TIONYyYUTh CAEAYIOIIEE BhIPDAXKEHUE:!

P

Z Rwﬁ

Meroauka pacaéra JeNCTBYIOMNX CUI B IPY30HECYIIUX AIeMeHTax (1iu
CPEIHVMX HAMPAKEHWN) 3AKI0YIAETCA B Caenyomem. JIMHEeNHbIe BeTnIrHbI



r; u Rj;, BXOAAIINE B TPUBEIEHHEIE BHIIIE (DOPMY.IBI, HAXOAATCA FeOMETPU-
YeCKH B COOTBETCTBUU C YCJAOBUAMM Pa3OMBKU UCCAEAYEMOHU OOGJIACTU HA
aneMeHTH. Cuiabl (); OIPegensoTCA M0 U3BECTHBIM HOPMAJLHBIM HATIPAKE-
HUAM 0, Ha KOHType OyIyIIero pa3pesa, MOJeIUPYIOMero HOBY0 BEIPAbOT-
ky. Onpenenus no ¢opwmyne memzpectuwle Beqwuanuel F; (i = 1,2,..., N),
HAaXOIUM 3aTe€M BEIUYIUNHBI P” n ganee MCKOMbIE CUIbI P] B I'PY30HECYIIINX
anaeMeHTax. Mcnoap3ysa MPUHIUI CYIEPHO3UINKA PEIIeHNN, KOTOPBLIA CIIpa-
BEIIUB [J11 YOPYIUX Cpel, MOXKHO HAUTHU HOPMAJbHLIE CUJIEL B TPY30HECY-
IAX AAEMEHTAX MPU MPOU3BOILHOM YHUCIE PA3PE3OB CPEAbl BAOIL OCH X .

OTMeTnM, 9TO IO yKA3aHHOU METOAUKE ONPENEIAI0TCA B IPY30HECYIIAX
DIEMEHTAX CUIBI, A CIEJOBATENBHO U CPEIHNE HOPMaIbHBIE HANPsKeHus. 110
CPEeIHUM HAMPSKEHUAM B RJIEMEHTAX B OOIIEM CAYYAE HETb3ST MOCTPOUTD O~
HO3HAYHOE KyCOYHO-JINHENHOE PACIpeLeIeHne NCKOMBIX HAIPAKEHNR 0y ().
[ewcTBUTENBHO, A1 ompefeteHnsa 21/ HeM3BeCTHBIX MOCTOAHHBIX Aj, B;
(j=1,2,..., M) nmeerca M ypasuernu. Kpome Toro B ogrOpoarON cpeme
JONMXKHO BBINTOMHATHCA yCIOBUE HENIPEPHBIBHOCTU Ha,HpH)KeHPII;)I U'y Ha I'PaHN-
ax »JeMeHTOB, uTo naér emé M — 1 ypaBuenue:

L Ly .
Aj + Bj <T*y - 5) =41+ B <-T*j1 + 5) j=2,3,..M

OnHako OmHO ypaBHEHUE OKAa3LIBAETCA HeompenenéHubiM. [las onpe-
MEMEHHOCTHU JIOTUYHO NMPUHATh, YTO B TOM 3J€MEHTe, e CPefHee 3HAUYEHNe
O'y MUHUMAJTBHO, 3TO HaIPAXEHUE MOCTOAHHO. B 3TOM Cay4Yae 31mIpPYy Ha-
OPAXKEHUN 0, BIOIb ocu X JIerKO HOCTPOUTE [eOMETPUIECKH, IPOBOAA CO-
OTBETCTBYOMUM 06PA30M OTPE3KHU MPAMBIX OT DIEMEHTA, [e CPEeIHee 3HA-
YEHUE HANPAXKEHUSA MUHUMAABbHO. KaX OBl OTPE30K MPAMOU NOJKEH MPO-
BOJAUTHCSA TaKUM 00pa3oM, ITOOBI OH, BO-TIEPBBIX, B LIEHTPE BJIEMEHTA CO-
OTBETCTBOBA HAUJIEHHOMY CPEIHEMY 3HAYEHUIO HAIPAXKEHUs, BO-BTOPHIX,
COBIAJAJ C KOHIIOM OTPE3KA B COCETHEM diaeMeHTe. [leTpyqHO MOHATH, ITO
TPU YBEJUUECHUU GUCIA PA3OUEHUN CPeIBl HA DAEMEHTBI TOYHOCTb TAKOU
KyCOYHO-JIMHENHON alpOKCUMAIIU BO3PACTAET.

IMaccmoTpuM MeTOAUKY PACCYETA HANPAKEHUU B CIydYae 3AKIAIKYA Bbi-
paboTaHHOrO MPOCTPAHCTBA. 3aKJIa J0YHAA CMECh ABIALTCA O0Iee o aaTIu-
BBIM MATEPUAJOM B CPABHEHUU C MACCHBOM TOPHBIX mopoa. [Ilpu marpyxe-
HUU B PEXUME 33JaHHBIX CMEIICHUN TOPHAA MOPOJa U 3aKJIAJOTYHAS CMECh
€CTEeCTBEHHO [1e(OPMUPYIOTCA OIUHAKOBO, OMHAKO 3AaKJIATOYHAS CMECh Ha-
rpyx)aeTcs crabee BO CTOMBKO Pa3, BO CKOMLKO €€ Mony.ab aedopmanun K3
MEHBIIE MOy A gedopMaiuu ropaon nopoasl F. Yucienubivu pacaéravu
¢ nomomsio M K9 ycTaHOBIEHHO, 9TO MPU OYEPEIHOM PACIIMPEHUN BhLIDA-
GOTAHHOTO MPOCTPAHCTBA 3ABUCUMOCTH CPEIHUX HATIPAXKEHUU B 3aKIAT0U-
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HOM MaCCHBe BOJU3U OUUCTHON Kamepwl oT orHomenus E, /E onpegensercs
KPUBOU.

[ITy 3aBUCHMOCTH MOXHO WCIOJB3OBATH B PACIETAX CPEIHUX HAMP-
JKEHUU B MACCUBE 3aKIaI0YHOU cMmech. [l MpOCTOTHI B MHIKEHEPHBIX
pacIérTax 5Ty 3aBUCUMOCTH yAOOHO CIMTATH JUHEWMHOW (IITPUXOBAA JW-
uus). Takum 0o6pasom ganee GyneM CIMTATH, 9TO NCKYCCTBEHHBIN HECYIINT
DIEMEHT U3 3aKJIAJOYHOU CMECH MO CPABHEHUIO C HAXONAIIUMCA B TEX XKe
YCJIOBUAX PYIHBIM [EJAKOM BOCIIPUHUMAET HATPY3KY, TPOMOPIUOHATILHY O
otromenuw FE;/E.

CnenoBarenbHo, B 001IEM CIy4ae, KOTQa YaCcTh DPY30HECYIINX DJIEMEH-
TOB j, PACMIOMOXKEHHBIX 10 OCU X , UMEeT IPYrOU MOAYIb nedOPMALUN, YeM
MACCHUB M'OPHBIX TIOPOJI, BMECTO MPUBEAEHHBIX BHIIIE COOTHOIIEHAN CICAYeT
UCTOMB30BATE CACAYIOMINE COOTHOIIEHUA:

P'i = E?j . 7FZ
"B Ruyr
n
Fi=— Qi
I
= F R
31ech:

E,; - Monyns nedopmanuu j-TOTO BJIEMEHTA.
Ouesngro, mpu E,; = E, 9T0 »Tu GOPMYJIBI CICAYIOT U3 MPEIBITyIIIX
u Ha0O0OpOT.

IMaccmoTpeHHBI BhIIE METOH PacYéTa MepepacupeneneHni HampPsaKe-
HUU B CIy4ae BEIEMKH C 3aKJIAJKOU LEJIeCO0OPa3HO CBA3ATHL C METOLOM II0-
caepoBaTenbublx mukiaos (MO I) [5], paspaboranabsim C.B.Kysuenossim
u B.IL.OguaneseiM. MeTon mocieqoBATENBHBIX IUKJIOB YIUTHIBAET IIO-
CIEAPBATENBHOCTD PACIIUPEHUA U 3AM0XKEHUSA BHIPAOOTAHHOTO MPOCTPAH-
crBa. B 5TOoM ciyvae ucciaegoBanua nepepacnpenenseHns HanpakeHun MOXK-
HO NPEACTABATHL B 3aBUCUMOCTH OT AWHAMUKK Pa3BUTUA DOPHBEIX padoT,
VYUTHIBAIOIIEH HANPAXKEHHO-1€(POPMUPOBAHHOE COCTOAHUE MACCUBOB IOp-
HBEIX HOPOA M 3aKIaJKd, a TAKXKE U TEXHOJOTHIECKHe (PAKTOPHLI BJIUA-
uus. [Ipu 5T0M nMeeTCs BO3MOXHOCTD yIETa U3MEHEHU 1eOPMALNOHHBIX
CBOUCTB 3aKJaOYHON CMECU BO BPEMEHU WM TOJ HATPY3KOU, HAIPUMED,
MOBLIMIEHNE KECTKOCTU U yIPOYHEHNE 3AKIaJ0IHONO MACCUBa. Bohraucau-
TeJbHLIE TPYIHOCTH IIPX 3TOM IPAKTUIECKN HE BO3pacTaiT. EcrecTBenHo,
019 yI€Ta TeOJOrMYeCKUX CBOUCTB 3aKJAANOYHOM CMECH HEeOOXOIMMO 3a-
JaTh 3aBUCUMOCTU, OTPAKAIOIINE COOTBETCTRYIOIINE CBOUCTBA, HAIPUMED,
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3aBNCUMOCTL NPUBEAEHHDBIX ©
3aN0KEHHbIX KaMepax oT OTHOLEHWA
3aKNago4YHOro MaTepuana U Maccuea ro
1 - no gaHHbIM pacyéTta ¢ MK3,
2 - ucnone3yemasn B 4aHHOM MeTOAE.

0,8 1 Ez/E

[Muc. 1.3. 3aBUCUMOCTE HAIPSKEHUSA OT MOIYJIA YIPYTOCTU OTAEIBHOTO DIe-
MEHTa.
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Cxema pa3buBku paspesa U cpegbl K pac
NPOCTPAHCTEEHHOM Clyyae.

D E
L -
= /E]
B Rii
C
T L
i® b
r
z F

Iuc. 1.4. ITacuérHas cxema [ IPOCTPAHHCTBEHHHON MOLEN.

E,;(0y.,) nm E;;(T;), rae T; - Bpems, IpOIIeIee ¢ MOMEHTA YIOXKe-
HUA CMECH B OYMCTHOU KaMmepe. AHaams mepepacupefeJeHns HAIPAXKEHUH
B MaCCUBE I'OPHBIX TTOPOJ U 3aKIaJOTYHOM MACCUBE PACCMOTPEHHBIM BHIIIE
MeTogoM B coderanuu ¢ M. I] 3HAYUTENBLHO MOBHIIIAET NOCTOBEPHOCTH
MCCAETOBAHUN B LIEJOM.

[MaccMoTpuM Temeps MPOCTPAHCTBEHHBIN Caydau. MeToquIecku OH Ma-
JIO OTAMYAETCA OT PACCMOTPEHHOTO BHIMIE TUIOCKOTO caydas. B mpocTpas-
CTBEHHOM C/Iydae MPOM3BOAUTCA PA30MBKaA paspesa, MOAEJUPYIOIEro Iio-
CKYI0 OYMCTHYIO BBRIPAOOTKY, HA KBAIPATHBIE DAEMEHTHI C MHAEKCOM i U
OCTABIIYIOCA YaCTh MAOCKOCTH y = () HA KBagpaTHBIE T'PY30HECYIINE DJie-
MeHTH ¢ uHgekcoM j. CTopona saemenTa paBHa L.

Kak u B paccCMOTPEHHOM BHIIIE CAyYae CYTh PACIETA COCTOUT B OMpPE-
JeJeHU: HOPMAIBHEIX cul Pj, gencrsytomnx Ha miockocTs Y = 0. Bogat-
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Cf B pacCMOTpeHWe BennynHbl Pj;, mpeacrassiomnme co60i COCTABMAIONINE
cun Pj, oGycioBnenHsle geicTBueM cul ();. B mpocrpamcTBeHHOM ciaydae
CIPABENJIUBLI IPUBEIEHHBIE BHIMIE COOTHOLIEHUSA, OJHAKO BBIDAYKEHUS MIJIs
Bemnane Pj; w F; wmelor meckonbko gpyrow Bui. [na cayvas 3aknagkm
OTPabOTAHHKIX PAHEE KAMEDP MOXKHO 3aNNCATh:

_E K
"B RGN
Qi

31ech :

Tj - MUHIMAaTbHOE PACCTOAHWE OT LEHTPA PACCMATPUBAEMOTO IPy30He-
CYLIEro 2AeMeHTa 40 OMU3XKaUIIen IPAHUIIBI PAa3pPe3a;

Rji - paccTosHMe OT [EHTPA I'PY30HECYIIETO JMEMEHTA 10 LEHTPA dIe-
MeHTa, rae 3agaHa cuaa ;.

Kak mMoxHO BugeTs oTaudue (pOpMyJa COCTOUT B TOM, 9TO B MPOCTPAH-
CTBEHHOM CJIydae BelmduHa Ij; B kBagpaTe. 3aBUCUMOCTE OT Rj; U 1 IIpn
E; = E cregyer m3 aHamm3a aCHMITOTHYECKOTO PA3IOKEHNS HATPAKEHNI
0y B IPOCTPAHCTRBEHHOM Clydae BOIM3YM TPAHUIBI pa3pesa. [Lna Kpyroserx
Pa3pe30oB MPUBEAEHHBIE COOTHOIIEHUS ABIAIOTCI CTPOTUMUA, I PA3PE3OB C
HEKPYTOBOU I'PDAHULEH - IPUOINKEHHBIMA.

Metoauka naxox gesus cul P; Ta xe camas. [laccroanus r; u Rj; onpe-
IETAIOTCSI TeOMETPUIECKN, 3aTeM 10 (hOPMYJIe HAXOMAT BennauHbl F; u na-
Jiee onpenensarT MCKOMBIE HOPDMAaJAbHBIE CUIBI BO BCEX I'DY3OHECYHIUX JJIE-
MEHTax. KaK ” B IINIOCKOM Cay'Yae, UCHOAb3ysA NMPUHOUT CyNEPIIO3UIun pe-
[MIEHUNU [ YOIPYTUX CPEM, MOXKHO HAUTHU CUJIBI B TPY30HECYIINX DIEMEHTAX
TIPU MPOU3BOJILHOM YUCAE PA3PE3OB, JEKAIUX B OAHOU MIOCKOCTH.

[lo w3BecTHBIM cHIaM B IPY30HECYIIAX JEMEHTAX MOXHO MOCTPOUTH
KYCOYHO-TMHEWHOE PacrpegeleHre B DIeMEHTAX HAMPIKEHUH oy, 11 3Toro
creayeT Mo ONMMCAaHHOUW B IINMIOCKOM ClIyYa€ MEeTOAMKE MOCTPOUTH KyCOYHO-
JUHENHBIE pACIpeleNeHna HAUpAXKeHnn o, 1o ocam X n Z. B kadecTse
MCXOIHOTO AJIEMEHTA CleJyeT B3ATh DJIeMEHT, Tle CpeJHee 3HAUCHUe 0y MU-
HUMAJBHO.

3. Onenka pa3MepoOB ILIACTUYECKOU 30HBI.

310K €HHY 0 BBIIIE METOAUKY PACIETA PACIPEICACHAA HODMATBHBIX K DY I-
HOMY TeJy HAIPAKEHUN 0, MOXKHO CBA3ATb C PA3BUTON B pabore [3] meTo-
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PacnpeaeneHne HanpaskeHWiA ¥ Kpaa pas
1 - KyCOUYHO-NMHERHOE pacnpeaeneHne B Np
YyNpYrocTn cpeabl;
1' - acMMNTOTMMECKOE pacnpeaeneHne HanpaKeH
TPewWuHsl B YPYTOii cpeag;
2 - pacnpegeneHne HanpAKeHWA ¢ Y4ETOM NnacTUYECK

max |
G onop ‘ﬁg
2

o
G MAC

IInc. 1.5. TlnacTnyeckas 30HA.

OUKOU OIEHKW JUHEHHOrO pasmepa d, IpeleJbHO HANPAXKEHHON 001acTH

(mIACTUYECKON 30HBI) U MAKCUMyMa OHOPHOTO AaBaeHus o, . OueHka Be-

auauH d, u 0,'"" BKIOYAET onpeneneHue Koa(@UINEHTA WHTEHCHBHOCTH

manpskeaun K y kpas paspesa. Kosgdumuent K, paccMaTpUBaeMBIU B
TEOPUM TPEINH, ONPENENACTCA U3 ACUMITOTUIECKOTO MPEACTABICHNAS Ha-
NPSAXKEHWN y KOHIIA Pa3pe3a (TPemuHB) B yOpyrou cpeqe:

K;

oy(z,0) % ——m—
(=.0) 27(x — a)

IIToT KO3 UIUEHT 3ABUCAT OT BHENTHUX YCJIOBUU HATPYIKEHUA U Pa3-
Mepa paspesa. Kak BUIHO HANpAXKEHUS y Kpasd paspesa B YIPYTOU Cpene
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MMEIOT HEOTDAHUYEHHBLIN POCT npu £ — (), 9TO CBUAETENLCTBYET O Peab-
HOCTH IIepexoa MaTepuana y Kpad pa3pe3a B MIaCTUIECKOe COCTOAHUE.

B ynomsauyTon BeIme paGoTe CIUTACTCSA, ITO PACIPEIEISHAE HATIPAKE-
HUAU B ILIACTUYECKOU 30HE, T.€. OT Kpasd Pa3pesa N0 TOYKU OJIU3KAUIIETO
MaKCUMyMa HAMPSIKEHUH 0, ONMMCHIBAIOTCS TNHENHBIM 3aKOHOM:

o, = o0 + 2K.¢
Y MAC h
rae :
o - IPOYHOCTH PYIHOI'O MAaCCHUBA,

MAC
£ - paccTosHIe 0T OOHAXKEHUA BrIyOb MACCUBA;

h - MOIIHOCTH PYIHOrO TENA.

3a MaKCUMyMOM OIODHOI'O NABJEHUs MMEET MECTO YIPYroe pacipeie-
JeHue HANpAXeHun. [[TMHA MIACTUYEeCKON 30HBI ONPEIeaaeTcs 10 hopMy.Je:

OB

b 057003, )
2K?K.,

f(P) =4y % (\3/\/1-|-—P+1+\3/\/1+—P1)

rue

B TaGmmanom Bupge 3asucmmocts f(P) mpuBeneHa B yKa3aHHOW BHIIIE
pabore.

Takum 06pa3oM, pasMep ILIACTUIECKON 30HBL BOIN3N IIOCKOU BEIPAOOT-
KU TIONEPEYHOrO paszMepa h 3aBUCUT OT BEIWYUHBI TPOYHOCTU MACCUBA U
napameTrpa K, ompeaenseMoro u3 pemeHus COOTBETCTBYIOMIEN 3a1a91 Te-
opuu ynpyroctu. Beimduny MakcuMmyMa OMOPHOTO JABJICHUA MOXKHO HAUTH,
monoXkuB & = d,.

IMaccMoTpeHHBIN BhIIIE METOI PACIETA PACIPENEICHU HOPMATLHBIX Ha-
OPAXKEHUN 0y MO3BOJIAET OLEHNTD 3HadeHue K. /114 »Toro cregyer paccmo-
TpeTh KPAWHUN CPY30HECYLIUU BJIEMEHT y paspesa, Adsd ONpeLeJéHHOCTH
npunucas emy ungexc j = 1. [Ipu TOn ke BeaUYUHE CPEIHErO HANPAKEHUS
OyeM CIUTATh, YTO B B3TOM DJIEMEHTE UMEET MECTO He JUHEUHOE Pacrpe-
JeNeHne HAMPKEHNN 0,, & PacripefeqeHre HAPSKEHN y KOHIA pa3pesa
oy(z,0). B 5TOM ciIydae HA DpaHHIE PACCMATPUBAEMOIO HIEMEHTA C COCEl-
HUM TIPY30HECYIIAM BIEMEHTOM NOJKEH BO3HUKHYTH CKAYEK HAMNDAKEHUN

16



Aoy,. OTHOIIEHVE BEINYIMHBI TON0 CKAYKA K CPEIHUM HAMPSIKEHIAM B de-
MenTe HeBeauko. OHO HOMKHO cTpeMuThbes K Hyqawo npu L — 0. Cremnosa-
TENBLHO, TPU MAJIOM [ BEJUYMHA TOTPEITHOCTU B KPAWMHEM IPY30HECYIIEM
aneMenTe Maga. 3Hadenue K mo maumgenHoum B aaemente j = 1 cume P
OTIpenenseTCs U3 COOTHOIICHNS:

m
K =P,/ —
2L
MoacraBus momydennoe Takum oOpaszom 3HadeHme K; B COOTHOIEHUE
[ [IMHBL TIACTUYIECKON 30HBI OleHuM eé pazmep d,. Boamoxubr aBa ciy-

gad.

Cay4an 1: HalgeHHOe 3HadeHUE d, TPUOIMBUTEILHO PABHO KPATHOMY
3uavenuio Beamunubl L, T.e. d, & nlL, roe n - nemoe dncao. B srom
Caydae pacdér BEMUIUHBI d, 3aKAHIUBAETCI. B COOTBETCTBUMU C pac-
npeeneHneM HANPsXKEHUN B ILIACTUYECKOU 30HE N KPAUHUX TPY30-
HECYIIUX BJIEMEHTOB COCTABASIOT IMIACTUYECKYH 30HY, B KOTOPOU
UMEeT MECTO JUHEUHBIN 3aKOH pachnpefeqeHus Hanpskenun. Ouqe-
BUOHO, YTO I'DY30OHECYLINE BJIEMEHTHI, OKa3bIBAaOIMNEC B ILIaCTUYE-
CKOU 30HE, BOCIPUHUMAIT TOJBKO YaCTh TOU HAPY3KU, KOTOPasd
CleIyeT U3 PacyeToB 1o ynpyrou mogenu. ” Uanumek” marpysku cie-
OyeT PACOpPeNeNuTh CPpequ TPY3OHECYINUX AIeMEHTOB, HAXOIAMIAXCS
B ympyrom cocrosuuu. Ilepepacuér pacupeneneHus HATPY3KU CPeIn
CPY30HECYIIUX BIEMEHTOB OCYLIIECTBAAETCA TIO0 TOU XKe METOLUKE, UTO
7 TIPU OYMUCTHBIX padorax. BaxkHO 0OTMETUTH, 9TO B DTOM mepecuére
KyCOYHO-TUHENHOE PACIPENEICHNE HANPIKEHUN B YIPYTUX IPY30HE-
CYILIUX DJEMEHTAX CTPOUTCA WHAYE, A UMEHHO UCXOMIA U3 YCAOBUA HE-
IPEPLIBHOCTH HANPAKEHUN 0, HA DPAHULE YIPYTOH U MIACTUYIECKOH
o6aacTen.

Cay4dam 2: XapaKTepHU3yeTCsa TeM, YTO HallJeHHOE 3HAMEHNE pa3Mepa mia-
CTUYECKOU 30HBI ABHO OTIMIAETCA OT Benuuunbl, kparaou L. [Tanpu-
Mep MOXKeT ObITh, 9T0 d, = 0, 5L. B 3ToM crydae nenecoobpas3so ocy-
IIECTBUATE NMEPEPACIET PACIPENEICHN HATPAXKEeHUN, monoxkuB L = d,,.
Brimonusia najsee BhIMIEYKA3AHHBIE ONEPAINH, CJAEAYET COMOCTABUTH
HOBOE pac4érHoe 3HadeHue d; ¢ BeauauHou d,. Ilpu HEOOXOUMOCTH
METONOM TOCICAOBATENbHBIX TPUOIMKEHUN MOXKHO NOOUTHCA YCJIO-
BUSA, XapaKTePU3yIOmero caydan 1.
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4. OuneHkKa JOCTOBEPHOCTH MeTOja.

[ocToBepHas nHGOPMAIUA O COCTOAHUN TOPHBIX MACCUBOB, MPOTEKAIOMINX
B HUX I'€OMEXAaHWYECKUX MPOIEeccaX, UMEEeT OCHOBOIOJIArAOIIEe 3HAUCHUE
ISl PEIIEeHUA MHOTUX TPOOIEM, CBA3AHHLIX C CO3JaHIEeM 0e30MaCHBIX TEXHO-
JOTU OTPAOOTKU MECTOPOXK [EHUY, PALIMOHAIBLHEIM U3BJIEYEHAEM MOJE3HBIX
MCKOTIAEMBIX.

Ucnons3yembre nmpu OIEHKE HATPAXKEHHOTO COCTOAHUSA PACYETHBIE DKC-
IPeCcC-MeTO b, ABAAITCA WHXKEHEPHBIME MEeTOJAaMM HOBOTO MOKOJeHUsd. B
OCHOBE OTHOCUTEIHHO IPOCTHIX IPOLEIYDP PACIETA JeKAT MATEMATHIECKAE
pelreHns psaga 3a1ad MEXaHUKN TOPHBIX MOPOJ M MEXaHUKW TBEPIOrO Je-
dbopMuUPYEMOro Tena.

OuenuBas 10CTOBEPHOCTH MPEIIOKEHHOIO METO1a OLIEHKN HAMPAKEHHOTO
COCTOSIHUS MACCUBA U HECYIMINX KOHCTPYKTUBHBIX DJIEMEHTOB, CJIEAYET OCTa-
HOBUTHCA HA (JIEIYIOMAX MOMEHTaX. [ITO COOTBETCTRBUE PACIETHOU MOLEIA
PEATBHOMY COCTOSHUIO TEXHOJIOMMYIECKUX MPOLECCOB HATYPHL U CaMa TOY-
HOCTh PACIETHOrO METOAA. B 3TOM CBA3M HEOOXOAMMO OTMETUTh, YTO [NO-
CTOBEPHOCTh MHIKEHEPHOTO METOIA 3HAYUTEIHHO MOBBIIIAETCS, TTOCKOIBKY
TPU TMOCTAHOBKE 3aJa9M UCCJACIOBAHUUN UMEETCS BO3MOXKHOCTDL TPOTHO3U-
pPOBATH IUHAMUKY Pa3BUTUA TOPHBEIX paboT. Ucmomp3oBanme meToma mo-
3BOJIAET YUECTDb BIUAHUE YK€ CYIIECTBYOMINX FOPHBIX pa0OT HA U3MEHEHUE
reOMEXaHMYEeCKON 0OCTAHOBKHU TIPU UCCJAEI0BATENLHON OTPAOOTKE TOPU30H-
TOB KaK B MacmTade BCEro PyJHOTO TEJIA WU HECKOJBKUX PYIHBIX TEI, TaK
7 B Macimrabe OYMCTHBIX KaMep.

ToYHOCTD MHKEHEPHOTO METONA PACIETA KOHIIEHTPAIIUN HATIPAXKEHUN B
IJIOCKOM ¥ TPOCTPAHCTBEHHOM CJIYYaAX OMpeNeIsIach HA MPUMEPaX CPaB-
HEHWSI PEIIeHUs] TECTOBBIX 3319 METOJIOM KOHEYHBIX DJIEMEHTOB, & TaK-
JKe 33/Ja4 MO0 ONPEJeNTeHUI0 HArPYy30K Ha, JIEHTOYHBIE U CTOAOYATHIE IIETH-
xu, paccuntanabie 2K.C.EpXaHOBbIM 1 op. METOZaMU TEOPUM yIPYTOCTH.
[Macxox neHusa pe3ynbTaTOB PACIETA 33,0aYU O PACTIPEIEICHIN HATPAXKEHUA
TIPU TMPOBENEHUHN IIOCKOUN BEIPAOOTKHY € MPAMOYTOJBHBIM YCTYIIOM [JIA TPO-
CTPAHCTBEHHOTO CJIy4as, BBIMOJHEHHLIE WHXKEHEPHBIM METONOM U HAUIEH-
HOe 6osee TOYHEIM MeTOoa0M He npesbimany 20%.

CpaBHUTENLHBIN AHAIN3 TOKA3LIBAET, YTO PA3IUIUA MEXK 1Y PACIETHHIMU
naHHBIMEA He npeBbimaloT 14%. IlTu sHAYEHUA DOMyCTUMBI IJIA MHOTHX 3a-
a4 u eé enuauny (20%) MOXKHO IPUHATH B KAYECTBE OLEHKU IOTCPEITHOCTH
PACCMOTPEHHOTO METOA PACIETA HATIPAXKEHUN.

OnpoObiBaHMe MHXKEHEPHOT'O MeTOna ObLIO MPOU3BENEHO [Ji OLEHKU
Pa3MepOB 30HBI ONMOPHOIO NABIEHUA IS CIydas YaCTUIHOU OTPAOOTKU
OXPAHHBIX MEIUKOB CTBOJOB IMAXT [[Ke3Ka3raHCKOTO MECTOPOXKICHUSI WU
TIOKA3aJ1a XOPOIINe NPAKTUIeCKNEe Pe3yIbTaTHL.
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PacuJét HarpykeHHOCTH LeNMKOE B W30NMPOR
KamepHo-cTonboeol cucTeme paspaboTkn AnAa np
CNy4yaeB reomMeTpui WHKEHEepPHbIM METOJ0M 1 BEINOA
meToguke A .C.EpsxaHoBa 1 gp.

MapamMeTpel 04MCTHEIX BripafioTok OTHOCHTEABHAA HATPYaKa
LnpuHa EEE;E; Bricota  |KonuuecTs o e e %
Lenuka (&) e MKaMy uenuka (h)| o uenukoe MHOKEHEDHBIR | TOMHBI
M L M B NaHenu T MeTon
5 15 15 1 054 060 107
&5 15 15 2 054 075 14,0
5 15 15 3 0,71 082 130
5 15 15 = 076 086 114
&5 15 15 il 0,80 0g9 99
5 15 15 a 0g3 0,91 g4
&5 15 15 " 088 052 7B
5 15 15 15 087 0,54 70

TTuc. 1.6. Quenka ToYHOCTH METOAA.

11 OLEeHKM OMOPHOTO JABIEHUSA B MPEIOXPAHUTEIBLHOM IIEJUKE CTBO-
Jia TIPU €ro 9acTUYHON OTPA0O0TKE MAPAMETPHI JeHTOYHBIX LEJIUKOB (a) u
ouncTHBEX KaMep (L) B pacuérax BapbUpOBAIKMCH. YCTAHOBJIEHO, U9TO Be-
JMYUHA OTMOPHOTO OABJEHUA B OXPaHHOM HEIUKE B 3Ha‘IHTeJILHOﬁ CTeneHm
3aBHUCUT OT PACCTOSHUA OT CTBOJIA MO BEIPAOOTAHHOTO TPOCTPAHCTBA. 1Ipo-
BEJEHHBIE PACYETHI TO3BOIWIN ONMPENETUTh 3HAUEHNE OMOPHOTO IABIEHUS,
GopMUPYIOMErocsa BCAeICTBUN OOPA30BAHUA KAMED.

Ananus pacuéToB MOKA3KIBAET, UYTO HAUOOIIIEE JONOJHUTEIBLHOE TABIE-
ume, gocturaet 1.5vH, oTMedaeTcs y TpAHUIl MPEIOXPAHUTETHHOTO IEIN-
xa. QO guaxo yxe Ha paccrosaaun 10M 0T BeIpabaTHIBAEMOrO MPOCTPAHCTBA
IOTIOMHUTENbHASA HArPy3Ka Ha maccuB He mpebimaet 0.5vH, a Ha paccro-
auuu 15M - 0.1vH. TakuMm o6pa3oM, HA OCHOBE PACIETOB MOXKHO CIEIATH
BLIBOJ O TOM, TO YaCTUYHAA OTPAOOTKA OXPAHHOTO HEINKA TO (PAKTOPY
TOPHOT'O JABJIEHUSI MOXKET IPOU3BOAUTHCA 0 TeX MOP, MOKA PACCTOSHUE OT
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BnnAHWe WWpWHbI LIENUKOE Ha UX
1-pacyét no metoay *.C.EpxaHoea;
2-pacy&T nprBe&HHbIM BbIlLE METOA0

offH 4

BnnaHne konwyecTBa LIENUKOB B
1-pac4éT no meTtogy »K.C.EpskaHogea;
2-pacyéT NpHEE AEHHBIM EbLE METOA0M.

oyfyH t

1 2/

v

12 16 n

MMuc. 1.7. Ananus pesynabTaTos.
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rpaHull BEIPaOOTAHHOIO MPOCTPAHCTBA CTBOMA HE gocTuraeT 20-25M.

Ila 6aze MpPOBENEHHBIX UCCAETOBAHUU PA3PAGOTAHBI U COTJIACOBAHBLI C
Tocroprexnagzopom IHecn.Kazaxcran 29.09.89r. (nmpunoxenue 29) gomou-
HeHusa K " BpeMeHHbIM mpaBuiaM OXpPaHBI COOPYXKEHUU OT BPEIHOIO BJIUSA-
HUS TTOI3E€MHBIX Pa3pabdoTOK HA PyaHUKAX [[Ke3Ka3raHCKOTO MOPHO-META-
JIyprudeckoro kombunara” [4], permaMenTupyiomee yCIoBus M0 9aCTUIHON
0TPabOTKe 3aMACOB B OXPAHHBIX [EINKAX CTBOJOB MIAXT U MOBEPXHOCTHBIX
COOPY2KEHNN.

5. BriBoahbl.

[Ipu pemennn 3203 MEXAHUKA TOPHBIX TTOPO, CBAZAHHBIX C PAIUOHAIBLHON
u 6e30macHon 0TpabOTKON MECTOPOXK JEHUN, BOZHMKAET HEOOXOIUMOCTh B
MOJYYeHUN HAUOOJee OBICTPOU U TOCTOBEPHOU MH(MOPMAIUKM O COCTOSHUA
u noBegenuu maccuBa. C 3TOU 1enbl0 pa3pabOTaH WHXKEHEPHBIU METO]
pacuéra HANPsXKEHHO-1e(POPMUPOBAHHOTIO COCTOSHUA MACCUBA, AHATOT Y-
HBII METONY T'PAHUYHBIX WHTErPAJbHBIX ypaBHeHUU. [[aHHBIM METOX mMO-
3BOJIAET C JOCTATOYHOM TOYHOCTBIO Oe3 mpumeHenusa IIBM, ¢ momomso
IaXke KAPMAHHOTO KAJBKYJIATOPA, OMPEIeIATh HATPYKEHHOCTH PYIHOTO
MacCUBa KakK B IIOCKOM, TAK M B MPOCTPAHCTBEHHOM CAydYadX, C YIETOM
MOCJAeI0BATENBHOCTH (DOPMUPOBAHMS BEIPAOOTAHHOTO MPOCTPAHCTBA U THU-
na mpuUMeHseMon 3akaaqku. [losee mupokue BO3MOXHOCTH MPEIJI0KEHHOTO
METONA OTKPBLIBAIOTCA TIPU UCTIOAB30OBAHAU €70 ¢ METOJOM MOCAENOBATENb-
HBIX HUKJIOB. [ITO MO3BOMAET yUeCTh TUHAMUKY PA3BUTHUA T'OPHBIX PAOOT
KAaK B MACIITA0E OYUCTHLIX KAMEP, TAK U HECKOJIBKUX TOPU3OHTOB U 3a-
nexen, 1 000CHOBAHHO TPOTHO3MPOBATEH MEPEPACTPENCTICHIE HATPAKECHIN
B 3aBUCUMOCTH OT IOCAEIOBATEIBHOCTU U TEXHOJIOTUYIECKUX OCO6eHHOCTeI‘/)I
PA3BUTUA TOPHBIX PAbOT.

Ucnonb3yemeie B pacaére METOMBI, ABIAOTCA UHXKEHEPHBIMUA METO IAMI
HOBOI'O MOKOJMeHUs. B OCHOBE OTHOCHTENIBHO MPOCTHIX MPOIELYP pacdéTa
JeXKAT MATEMATUYECKNE DEIIeHUs 3aJad O pa3pesax B yNpyrou cpeie u
OTIPENENAITCA YCIORAA MEPEX01a OCHOBHBIX HECYIINX BIEMEHTOB B YUCTO
MLIACTUYECKOE COCTOSHUE.
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