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Obmas xapakTepucTuka padoTbl

AxryaspHOCTh TeMbI McciiemoBaHud. [locrpoenne u obocnoBanme Hanbosee
TTOJTHBIX TPEXMEPHBIX YHUCJIEHHBIX MOJEJel 3apOoXkKJIeHWs W TajIbHEHIero pacripo-
CTpaHEHUs TPELIMHbl OT II0JOCTU B YIPYIOH cpene 1O/ JeiicTBUEM NPUJIOZKEHHONU
HArPy3KHU SABJISIETCS BaXKHOM HAYYIHON M TMPUKIaAHON mpobiaemoii. Hayanas 3nadm-
MOCTB DEITIeHUs ITOH MPOOJIEMbI I MEXAHUKHU TPEIUH 3aK/II0YaeTCa B HEOOXOIM-
MOCTH YCTAHOBJIEHUS MEXAHU3MOB BJIAAHUS HALIPAKEHHO-/1€(DOPMUPOBAHHOI'O COCTO-
auug (HIC) npousBoibHOrO TPEXMEPHOrO Tejia Ha, MECTONOJIOKEHHE 3aPObIIIEBOIl
TPEIIUHBI B OKPECTHOCTU €r0 MPAHUIIBI, OPUEHTAIUIO0 U PACKPBITHE ITOW TPEIIHBI,
k03 dunuentor unrencusuocry Haupsizkenuit (KVHbr) na ee dpponre. B obnacru ma-
TEMATHIECKOI0 MOJIETUPOBAHNUS W YMCJIEHHBIX METOIOB IOCTPOEeHWE Hambosee moJ-
HBIX TPEXMEPHBIX MATEMATHIECKUX MOJEJIeil MeXaHWKW TPENInH, X OOOCHOBAHWE,
Pa3paboTKa HAJEIKHBIX YUCJIEHHBIX METO/IOB AKTYaJIbHbI B CBA3U C HEOOXOIUMOCTHIO
aJIEKBATHOTO OIMCAHMS MPOIECCA PA3PYIINEHUS MATEPUAIIOB.

[IpuknagHas 3HAYUMOCTD DEIEHUs TPOOJIEMbl MOCTPOEHUST TPEXMEPHOM MOe-
JIA 3aPOZK/IEHUS TPEIIUHbL 00YCJIOBJIEHA yCOBEPIIEHCTBOBAHUEM U CO3/IAHUEM HOBBIX
rexHosioruii ruapopaspsisa iacra ([PII). Tpexmepuoe momenupoBanue 3apoxie-
HUS ¥ PACIPOCTPAHEHHUs TPEIIUHBI HEOOXOINMO [IJIs1 YCOBEPITEHCTBOBAHUS METOIOB,
MPUMEHSIEMBIX TPU CTPOUTENHCTBE TIOM3EMHBIX COOPYYKEHWH (TYHHENI!, TaxThl U
1.1.). K HUM oTHOCsTCH Meroipl ynpaBiisieMOro paspyllieHusi U Pa3rpy3Ku MacCH-
BOB TOPHBIX MOPOJ, CO3JAaHNS B HUX IPEHAYKHBIX CHUCTEM, W3OJIUPYIOIMINX IKPAHOB,
YIPOYHEHUST PBIXJIBIX TTOPOI, OTKAYKU BOIBI WJIN Ta3a, W3OJSIUN U TIEPEKPHITUS UC-
TOYHUKOB ITOCTYIIJIEHHUS IIJIACTOBBIX BOI U JIP.

OHO#T M3 BaXKHBIX OCOOEHHOCTEH MPOIIecca 3apOK AEHNS TPEIWH B TOPHOIT TIOPO-
Jie STBJISIETCST TaK HA3bIBaeMblil «3(deKT pa3mepas — 3aBUCUMOCTH HATPY3KU, HEOD-
XOZUMOI [IJisi Pa3pyIIeHns Tea, OT ero reomerpudeckux macmrabos. Bosbioe ko-
JINYECTBO WCCJIEIOBAHUI BIIMSHUS Pa3Mepa Ha MPOYHOCTh 0OPA3IOB IMPOBEIEHO HA,
3ajadax 00 u3rube 6eTOHHBIX O6aoK. OMHAKO IJIsT PEIIeHUs CIOKHBIX TPEXMEPHBIX
3a/1a4 HeoOXOoAMMa pa3paboTKa YHUBEPCAJIbHBIX TPEXMEPHBIX KPUTEPUEB pa3pyIie-
aus. K Takum 3aa9aM OTHOCUTCS pa3pyIlieHne mopoabl y nepdOpupPOBAHHBIX CKBa~
JKWH TPU TIPOBEIEHNN TUIpopasphiBa. M3-3a addekra paszmepa maBienne, HeoOXO-
JMMOe JIJIs Pa3pyIeHusi mopoabl y nepdoparuu, MOXKeT ObITh CyIIeCTBEHHO BBIIIIE,
9€eM MTOPOIBI BO3JIE CKBAXKWHBI. JTO CBA3AHO C PA3HUIEH B XaPAKTEPHBIX Pa3Mepax
CKBaXXWHBI U nepdopanuu. B ¢BsA3M ¢ 9TUM UCHOIB30BAHNE KPUTEPHsi, HE CIIOCO0-
HOI'O YYWTBHIBATH BJIMSHUE PA3MEPA HA MPOYHOCTH, MOXKET IPUBECTU K HEBEPHOMY
MIPEICKA3AHAI0 MECTA 3aPOXK/ICHUsT TPEIIWHBI U €€ OPUEHTAIHH.

st MomenmpoBanust pacipoCTpaHEH!sT TPEIUHBI HeooxoanMo BerancaaTh HIC
yupyroii 6eCKOHEYHO Cpebl € IOJIOCTSME U TPeIInHaMu, KOTopoe Ha (GppoHTE Tpe-
mrHbI XapakTepusyerca KV Havmu, onpegensionuMm HapaBJIeHne I CKOPOCTH POCTA
TpemuH. /i pernenns BHENTHUX 33734 yIPYrOoCTH ONHUM w3 Hanbosiee 3hdekTun-
Hbix MeronoB pacuera HIIC saBuserca meroxn rpanuunbix ssnementos (MI'D). Ou-
Hako knaccuwaeckuii MI'D He MOXKeT UCMONMB30BATHCS B 33Ja9aX C TPEIIMHAME, TAK
KaK HA TPEIHHE TPAHUIHOE WHTErPATbHOE YPABHEHHE CMEIEHWH BhIPOXK TAETCS U3~
3a COBIIAJEHMS IIPOTHBOIOJIOXKHBIX Oeperos Tperuubi. 1l03TOMy BaKHO HOCTPOUTH
3¢pPeKTUBHBIE YNCIEHHBIE METOIbI, KOTOPBIE CIOCOOHBI PEIaTh BHEIIHIO 3334y,
YUIUTHIBATH HAJUYUNE TIOJIOCTEHN, TPEIIWH U C BHICOKOH TOYHOCTHIO Bhrauc/isith KIHHI.

Ilens ncciiemoBanusd — nocrpoenue MoaudUKAIUI TPEXMEPHOIO METO/1A rPa-
HAYHBIX JIEMEHTOB W CO3/IaHWE HA €r0 OCHOBE a/IEKBATHBIX KPUTEPHUEB Pa3PyIIeHUs
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B TPEXMEPHBIX 3a/1a9aX 3apOXKICHUA TPeInuH. BoiaBmenne ocobenHocreit popmMupo-
BaHUs 3aPOJBIIIEBBIX TPEIUH Y 1ePHOPUPOBAHHON CKBAXKWHBI.

O6bexkTom uccienoBanuii spisiorcs HJIC ynpyroit cpeabl ¢ mOJOCTAMHU U
rpernuHamu, Merobl Berauciaenus HIC u mporeccsl 3apoxkaeHust U pacipocTpaHe-
HUS TPEUIWH N0 JeHCTBUEeM NPUJIO2KEHHOU HAIrPY3KH.

IIpeamerom umcciegoBaHUB SBJISIOTCS 3aKOHOMEPHOCTH W OCODEHHOCTHU ITPO-
LIECCOB 3apOzK/ieHus U (POPMHUPOBAHUS TPEIIUHbI B 3aBUCAMOCTU OT CBOWCTB MaTe-

puana u HIC.

3amaum, mocTaBJEHHBbIE OJId JOCTUXKEHUH eI

1. Pazpaborars Mommdukanum MeToaa TPAHNIHBIX JJIEMEHTOB, MPUTOIHBIE IS
pelIeHusT TPEXMEPHBIX 33/a4 C MOJOCTAMA ¥ TPEIUHAMHY.

2. Pazpaborarh Kpurepuu paspylleHus, yduTbiBaionime 3(@eKT pa3mepa B
TPEXMEPHBIX 33/1a9aX 3aPOKICHUS TPEIUHBDI.

3. IlpoBecTu BasmmaUIO IPEIJIOKEHHBIX KPUTEPHUEB HA SKCIEPUMEHTAX 10 Pa3-
pyIeHno o0pas3mnos u3 6EeTOHA ¥ U3 TOPHOH TOPOILI PA3IUIHON (POPMBI B PA3MEPOB.

4. Ha ocHoBe pa3paboTaHHBIX MOJIEJIel cO31aTh NporpaMMHOe Obecrievenne s
pElIeHUs TPEXMEPHBIX 3a/1ad 3apOXKJIeHusi Tpeiuabl u jist Bbraucsienus HAC u
KWHos B 3amagax medpopMalnm TPEXMEPHBIX TEJT € HMOJOCTSIMEA W TPEITHHAM.

5. C momomibio pa3paboTaHHOTO MPOTPAMMHOI0 0OECIIe €eH ST YCTAHOBUTH MECTO-
TTOJIOYKEHWE 3aPOJIBIIIEBOM TPEIIWHBI U JABJIEHNE KUIKOCTH, HEOOXOAUMOrO JIJIsT 3a-
POXKJIEHUsT TPENTUHBI, B 3aBUCUMOCTH OT OPUEHTAIINN CKBAXKWUHBI U TIepOPAIUH OT-
HOCHUTEJIbHO HAMPSYKEHWI 3aJIeranus Ha MpUMepe KOHKPETHOTO HedTEerasoBoro Mme-
CTOPOK IEHWS.

Hayunbre pe3ybraThl v peménnbie 3319 OTHOCATCSA K MyHKTY “200. mepexo K
9KOJIOTMYECKH YUCTON U pecypcocOeperaronieil sHepreTuke, moBbimenne 3HGeKTrB-
HOCTHU 00bIYM U TUIyOOKOW TepepabOTKU YTIeBOIOPOIHOTO ChIPhs, (DOPMUPOBAHUE
HOBBIX UCTOYHWKOB, CITOCOOOB TPAHCIOPTUPOBKHU U XpaHeHus ueprun’ Crpareruu
HayIHO-TEXHOJOTHIeCKOro pa3sutus Poccuiickoit @emepariu

Metoapbl nccaemoBanud. /s seraunciaenus H/IC ynpyrux Tesn ¢ moocTayMu u
TPEIINHAMY UCIOIb30BAJICS METO/ TPAHNYIHBIX JIEMEHTOB U PAa3pabOTaHbI €r0 MOIH-
durkanyu. B ocHoBe Merona pemieHus 3a/1a49u 3aPOXKICHUS TPEIIUHBL JIEZKAT KPUTe-
pHUU 3apOXKIeHUs, onpeaensionue ua ocaose ananu3a HJIC ycrnoBus, npu KOTOPBIX
3apPOJIUTCST TPEIINHA, €e MECTOPACIIOIOKEHNe, OPUEHTAITNIO 1 (hopmy.

Ha 3ammuTy BBIHOCATCH CJIeyIOIHe YeTbIpe Pe3yJsibTara, COOTBETCTBYIOIHE
gerbipem nyskram (1,3.4,5) nacnopra cnemmanbroctu 05.13.18 — maremarudve-
CKOe MOJIEJIMPOBAHUE, UHUCAEHHBIE METOIbI W KOMILIEKCHI TPOrpaMM MO (DU3UKO-
MaTEMATUIECKUM HAYKAM:

ITynxkm 1 nacnopma: Paspabomxa HOBHBLL MAMEMAMUYECKUT MEMO00E MOJeAU-
posarusa 005eKM08 U AGAEHU.

Tpexmeprnas MareMarndeckas MOJE/b 3aPOK/I€HUs TPEIIUH OT IOBEPXHOCTH yIIPY-
roro tesa, yauTbiBaomas 3G dekT pazmepa — BARAHAE PA3MEPA TEIA HA BEIUIUHY
Harpy3Ku, HEOOXOIUMYIO IS €ro pa3pylneHus. B OCHOBY MOe/V MOJIOKEHbI aIall-
THUPOBAHHBIE C BHIYUCIUTEIBHON TOYKU 3PEHU [[Ba KPUTEPUA 3aPOKACHUS TPEIIIH:

10O Crparernn Hay4HO-TEXHOJIOIHYIECKOr0 pa3suTusa Poccuiickoit ®enepanuu: Ykasz Ilpesuenta,
Poccuiickoit @egeparuu ot 1 nexabps 2016 r. Ne 642.
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e OcpesiHEeHHOE 110 MEPIEHIUKYISPHOMY K MOBEPXHOCTHU TeJIa OTPE3Ky PACTIIH-
BaOIIee HANPsYKeHNe CPABHUBAETCS C MPOYHOCTHIO MaTepruasa Ha PAa3PbIB;

o MakcuMmaibHOE pPACTATHBAIONIEE HAIMPIKEHWE CPABHWUBAETCA C JIOKAJIHLHON
HIPOYHOCTHIO MaTepuajia, KOTOpas 3aBUCAT OT MUHHMAJIbLHOIO DaJAyCa KpH-
BU3HBI TTOBEPXHOCTH TeJA.

ITynxm 38 nacnopma: Paspabomsxa, obocrosarue u mecmuposarue shPexmueHoLs
BHUUCAUMEALHDLL MEMOJ0E C NPUMEHEHUEM COBPEMEHHBLT KOMNBLIOMEPHHLT METHO-
A02UT.

JBe Momudukanun MeTona rpaHudHbix djgemenToB (MI'D) pemienus TpexMepHBIX
3a/1a4 YIPYIOCTH C MOJIOCTSAMUA U TPEIMHAMU:

e MI'D, B KOTOPOM TPEIINHBI TIPE/ICTABIISAIOTCS TIPOTIMIAMH MAJION, HO KOHETHOMN
LUIMPUHBI;

e Jlyambubii MI'D, B KOTOPOM Ha MOBEPXHOCTH TOJOCTU PEIIAETCS TPAHUIHOE
MHTErpajbHOE YPABHEHUE CMEIIeHHH, a Ha TPEIINHE — FPAHUIHOE NHTErPasb-
HOE ypaBHEHUE HALPAKEHUN, 3allMCaHHOEe OTHOCUTEJIbHO Pa3pblBa CMELIEHUN
Ha Geperax TpermuHbl. IHTepHONANMOHHBIN METO/I BRIYUCIEHNST KO PUIIneH-
ToB nHTeHCcHBHOCTH Hanpsizkeruii (KVIHog) ¢ ucnosnb3oannem B MI'S anmpok-
CUMAITIH Pa3pbhIBA CMEIEH N KakK KOPEHb U3 PACCTOSTHUS 70 (DPOHTA TPEIIUHBI.

ITynxm 4 nacnopma: Pearusayus shhexmuenvls YUucieHHHT Memodos U GA20-
PUMMO8 8 8Ude KOMNAEKCO8 NPOOAEMHO-OPUEHTIUPOBAHHHLT TIPOZDAMM 0AA NPOGede-
HUA BBLUYUCAUMENDHO20 IKCTLEPUMEHE.

[IporpaMMHBII KOMIIIEKC i PEIIeHrs 330a9 3apOXKIeHUs TPEITUH OT MOJOCTH B
yupyroii cpene u ays serauciaenus HJIC nu KIMMHoB B 3aa9ax ¢ mOJOCTSAME U Tpe-
MIMHAMU.

ITynxm 5 nacnopma: Komnaexcroie uccaed08aHUL HAYUHDLT U METHUNECKUT NPO-

baem ¢ NPuUMEHEHUEM COBPEMEHHOT METHOAO2UY MATMEMATIUYECK020 MOOJEAUPOEH-
HUA U BOLYUCAUMEADHO20 IKCEPUMEHTNA.
PesymbraTe! penrenns 3amadu 3apOXKICHAS TPEITUHBI HA MMOBEPXHOCTH OOCAXKEHHOM
CKBaXXWHBI ¢ mepdopanneil moa JefiCTBHeM IABJIEHUS 3aKAYMBAEMON B CKBAXKWHY
KUJKOCTU THJAPOPa3PhIBA: 3aBUCUMOCTU [TABJIEHUS 3aPOKIAEHUSA TPEIIUHBI, MECTO-
TOJIOKEHNS U OPUEHTAITUN 3aPOBINIEBON TPEITUHBI OT OPUEHTAINN CKBAXKWUHBI 1
mepdopalny OTHOCUTEIHHO HAMPSKEHUN 3a/I€raHus.

Takum obpazom, B coorBercTBuu ¢ dhopmyioil cnenmanbaoctu 05.13.18 B auccep-
TaIIHU TIPEICTABIEHBI OPUTHHAJIBHBIE PE3Y/IbTATHI OJHOBPEMEHHO W3 Tpex 0bJiacTeil:
MATEMATUIECKOrO MOJEJUPOBAHNS, YUCIECHHBIX METOIOB U KOMILJIEKCOB IIPOIPAMM.

Hayunas HoBuU3HAa.

Kpurepwuit 3apoxkaennsi TPEIUHBI, B KOTOPOM JIOKAJIbHAS TPOYHOCTH HA PA3PHIB
3aBHCUT OT KPUBHU3HbI MOBEPXHOCTHU TeJIA, IPpUMeHsieTcs Brepsble. Kpurepuil yuu-
ThiBaeT 3(PGEKT pazMepa U MO3BOJAET OMUCHIBATEH MPOIECC PA3PYIIEHUS CIOXKHBIX
TPEXMEPHBIX TeJI, Y KOTOPBIX PA3JINIHbBIE YIACTKN UMEIOT PA3HBII XapaKTEPHBII pa3-
mep. O600IIeHne Ha TPeXMEPHbBIH CIydail JByMEPHOIO KPUTEPHsi OCPEIHEHHbBIX 110
OTPe3Ky PACTATHBAIOIINX HAMPsXKEeHUi mposeaeno Brepsbie. [Ipeanoxkeno u oboc-
HOBAHO WCIIOJIb30BaHUE Kjaccumaeckoro MI'D mist 3a7ad ¢ TpemuHaMU MyTeM UX
3aMEHBI IIPOIKUJIOM MAJIOH, HO KOHEYHOM IUPUHBL. DTOT MeTo bosiee 3 deKTuBeH ¢
TOYKY 3PEHUS BHIYUCTUTENTHHON IKOHOMUIHOCTH 110 CPABHEHUIO ¢ JyaibHbiMu MI'D,
TaK KakK He TpeOyeT UCIOIb30BAHNS PA3PBIBHBIX IPAHUIHBIX JIEMEHTOB, UTO ITPUBO-
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JIAT K YMEHBIIEHUIO KOJIMYeCTBA CTeneHeil cBoOOIbI U, COOTBETCTBEHHO, pa3Mepa pe-
BYABTUPYIONIUX MATPHUIL JJI OJHOTO W TOTO YK€ KOJMYECTBA IPAHUIHBIX FJIEMEHTOB.
B ayampaom MI'D paspaboran crmocob BLIYHCIEHWS TJIABHOTO 3HaYeHUs A mamapa
UHTErpasa myTeM Pa3JiozKeHus HOAbIHTErPAJIbHOM (DYHKIUMKE B PsiJi B TOYKE KOJIOKA-
uu. Crocob Momudukanuu (HopM-QYHKIUN IPAHUIHBIX 3JIEMEHTOB B OKPECTHOCTH
¢dpoHTa TpEIMHDI, 3HAYUTEIHHO YBEJUIUBAIONINI TOYHOCTEL Bhrunciaenns KUHos,
SIBJIETCSl OPUTMHAJIBHBIM. DTOT CIIOCO0 IMO3BOJIET CTPOUTH (GOpM-PYHKIMA JIJist
MIPOUBBOJIBHON ACHMIITOTUKU MOBEIEHNS PA3PhIBA CMEIIEHUH B OKPECTHOCTH (DPOH-
Ta TPEIUHBL. BriepBbie [IjIs BCEBO3MOXKHBIX OPUEHTAINI CKBaXKUHBI U mepdopanyn
OTHOCHUTEJIbHO IVIABHBIX HAINPSI?KEHUI 3ajl€raHus 101y YeHbl 3aBUCKMOCTH JTABJICHUS
3aPOXKIEHUsT TPEIIWHDBI U €€ MEeCTOMOIOXKeH s, BhIsiBIIEHBI OCHOBHBIE (DAKTOPBI, BIIHU-
SIOIME HA PEIeHNe 3aJ1aun: HANPSYKEHWs 3aJIeTaHusl W OPUEHTAINS CKBAYKUHBI U
nepdopanuu OTHOCHTETbHO HuX. HalieHsl opueHTannu CKBaXKuUHbL U mepdoparnuu,
ONTUMABHBIE TIO TABJICHUIO 3aPOXK ICHUS.

JlocToBepHOCTh U 0GOCHOBAHHOCTD IMOJIYYEHHBIX PE3YJIBTaTOB 00ECHeUnBa-
€TCsl UCHOJIb30BAHUEM (DYHIAMEHTAJIbHBIX 3AKOHOB MEXAHUKHU TBEPJOIO TEeJa, MeXa-
HUKHU Pa3pyIIeHusi U BLIOOPOM TEOPETHIECKU OOOCHOBAHHBIX YMCICHHBIX METOJIOB, &
TaKzKe TOTBEPK/IAETCsI COTJIACOBAHNEM DE3YJIbTATOB IPOBEIEHHBIX PACUIETOB C M3-
BECTHLIMU AHATUTHICCKUMU PEIIEHUSIME U IKCTIEPUMEHTATIHLHBIMY JAHHBIMHY.

IIpakTuyeckas EHHOCTh [IUCCEPTANMOHHON PAOOTHI 3aKII09AETC B BO3MOK-
HOCTH TIPUMEHEHUs €€ DPEe3yJIbTaTOB (METOAWK, aJrOPUTMOB, UX IIPOrPAMMHOI pe-
aJM3aIMU U PEe3yJbTATOB PACYETOB) B PAJE MPUKIAIHBIX objacreil HedTerasoBoii
[IPOMBIIIIEHHOCTH ¥ TOPHOTO JIEJIA.

IIpeacraBiaenue paGorbi. OCHOBHBIE TOJIOKEHUS W PE3YJIbTATHI JIUCCEPTa-
MU JOKJIAABIBAJIACh W OOCYXKJAJIMCh HA HA BCEPOCCUHCKUX W ME¥KIyHAPOI-
ubix koudepennusax: 1) XI Beepoccuiickas nayunast kondbepeHius ¢ MEXK Iy HApOI-
HbIM yuactueM «Kpaesble 3a1adu ¥ MaTeMaTudeckKoe MojeupoBanues, HOBOKy3-
wenk, 10-12 okrabps 2012; 2) International Conference of Advanced Mathematics,
Computations and Applications, Novosibirsk, 8-11 June 2014; 3) VIII Kasaxcrancko-
Poccuiickast MexxayHapoOIHAs HAy9IHO-MpAKTHUEeCKas KoHdepennus «Maremarnde-
CKOEe MOJIETNPOBAHNE B HAYIHO-TEXHOJOTHYECKUX U IKOJOTHUECKUX TMPOOIeMax
nedrerazoBoit orpaciu», Kazaxcran, Arbipay, 20-21 utons 2014; 4) International
Conference “Computational and Informational Technologies in Science, Engineering
and Education” (CITech-2015), Almaty, 24-27 September 2015.

ITy6aukamuu. OCHOBHBIE PE3YIbTATHI JUCCEPTAIIUYU OIyOTMKOBAHbI B 19 mevar-
HbIX paborax [1H19], B Tom umcie (B cKOOKax B dMCIATENE YKa3aH oOmuil oObeMm
9TOr0 THUMA TYOJUKAINN B TEUYATHLIX JINCTAX, B 3HAMEHATEJIe — O0beM MPUHAI-
nexamuii maHo aBropy) 1 monorpadus [1] (19.5/4.2), 2 crareu B mepuopmue-
CKUX WM3JaHusX, pekoMeHoBaHubix BAK 1j1d mpejcraBieHus OCHOBHBIX HAyYHBIX
pPe3yIbTaTOB JMCCEPTAINii HA COWCKAHHME YUYEHOH CTeNmeHW JIOKTOpA WMJIN KaHIWIa-
ra Hayk |2, [3] (4.3/1.2), 5 crareii B KypHajax, UHIEKCUPYEMbIX B 06a3ax JaHHBIX
Scopus u Web of Science [4-8](12.9/2.9), 9 — B Tpyaax MeXKIyHAPOIHBIX U BCE-
poccuiicknx Koubepenimit [9-17] (10.4/2.6), 2 cBuaeTeabCTBA O TOCYIAPCTBEHHON
perucrpanuu uporpamm i IBM (8 Pocuarente) 18] |19]. B srux paborax asropy
aBTopy mnpunaexar metoqsl pacdera H/IC B 3asadax ¢ TpemuHAME U Pe3yIbTa-
ThI MOJEJUPOBAHNS 3aPOYKICHUS TPEIIUHBI THApOpaspbBa. IIpu 3TOM mojiHas MO-
JIeJIb TPEXMEPHOIO PACHpPOCTPAHEHUs TPEIIUHbI, BKIIIOYAoNias B cebs MOIMO/IesH
JnedopMaIiy MOPO/IbI, TEYEHHUS KUIKOCTH B TPEIIUHE, KPUTEPHUIT pACTIPOCTPAHEHUS
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TPEMIUHDL, ITPUHA/JIEZKAT COABTOPAM U HA 3AIUTY HE BHIHOCATCS.

JInuHbIii BKJIaJ aBToOpa. Pe3ynbrarhbl, COCTABISIONIAE OCHOBHOE COIEpPIKAHUE
JIMCCEPTAINY, TTOJIy9E€HbI aBTOPOM CaMOCTOSTEILHO. Bo Bcex COBMECTHBIX paboTax
aBTOpP y4acTBOBaJ B (DOPMYyJIMPOBKAX IIOCTAHOBOK 3a/a4, MOAuMUIUPOBAI CyIie-
CTBYIONINY KOMILIEKC TPOrPAMM JJIs DPelIeHusl TPEeXMEPHBIX 33349 OnpeeseHus
HJIC ren ¢ TpemuHamMu, peajn30Bajl KPUTEPUN 3aPOXKICHUST TPEIIUHBI, YIUTHIBAIO-
uue 3¢ dekT pazmepa, NPOBE PACYETbl U AHAIU3 [IOJIYY€HHBIX PE3yJIbTaTOB.

ABrop BbIpazkaer mIyboKyo OmaromaprocTh u npusHareabrocth C.I. Hepno-
My 3a BCECTOPOHHIOI TOJAEPIKKY U 3a MOCTOSHHOE BHUMAHWE K XOJy BBITOJTHEHUS
paboTbl. YCIEMmHOMY BBIIOJHEHUIO PAOOTHI CIIOCODCTBOBAJIA LEHHBIE KPUTUYECKHUE
zamedanus B.H. Jlanuna, /I.B. Yupkosa, I1.B. Kapnakosa.

Crpykrypa u o6bem auccepraiuu. Jluccepraiims COCTOUT W3 BBEIECHUS, TPEX
[JIaB, 3AKJIIOYEHH, CIUCKA IUTUPYEMOI iuTeparypbl u npusioxkenusd. Jluccepraius
n3JI0KeHa Ha 146 cTpaHuax MaMTMHOMUCHOTO TEKCTA, BKI0Yasa 66 uiamocTpanuit u
2 rabaurpl. CIUCOK MUTUPYEMOIL JIUTEPATYPhI CONEPXKUT 142 HANMEHOBAHMS.
Coaep>kaHne auccepTanuu

Bo Bsedenuu 0bocHOBaHA aKTyaJlbHOCTb BLIOPAHHOM T€MbI UCCAeA0BaHuil, cop-
MYJIIPOBAHbBI 1IeJIb PAOOTHI U 332491, KOTOPbIE HEOOXOIUMO PEIIATh s [TOCTUKe-
Hus 1esu. [IpuBeneHbr OCHOBHBIE PE3Y/IBTATHI U MOJIOKEHNU I, BEBIHOCUMbIE HA, 3aIIUTY.
Oxapakrepr3oBaHa Hay4dHAsi HOBU3HA U IPAKTUYECKas 3HAYUMOCTb paborsl. V3m0-
JKEHO KPATKOe COJIEPXKAHNE [IUCCEePTAIMN IO [JIaBaM.

TI'rasa 1 mocBsIeHa TPEXMEPHOM BHEITHEH 33a4€ yIIPYTOro PABHOBECHS, BO3HU-
KAIOIIEH [IPU MOJEJIMPOBAHUM T'MAPOPA3pbiBa, U MeromaMm ee pemenus. [Ipusenen
0030p OCHOBHBIX METO/IOB DeIeHus] TAKON 33a4u: METOJd KOHEYHBIX JIEMEHTOB
(MKD) u Merona rpaHn9HbIX sseMeHToB (MI'D).

B MKD nua perriennst BHelTHeil 3aJaun HeoOXOIUMO pacCMaTpUBATh 00JIaCTh
JIOCTATOYHO OOJIBIIOrO pa3mMepa, YTOObl Yy9ecTh BIIMSHUE T'DAHUYHBIX yCJIOBUN HA
BHEITHEH TDAHUIE, YTO BEJET K CYIIECTBEHHOMY yBEJIUYEHUIO BHIYUCIUTEIBHBIX 32~
tpar. Tpebyercss mocTpoeHne MOAPOOHON CETKH B OKPECTHOCTU (DPOHTA TPEIIUHBI U
[IPUMEHEHNE CITEIUAIBHBIX JIEMEHTOB, 9TOOBI XOPOIIO OMUCHIBATH OBE/IEHUE Derlie-
HUsI, KOTOPOE /I HANPSI’KEHWIT UMEeT CHHIYISAPHOCTb HA (poHTe TpenmHbl. [Ipu
PaCIpPOCTPAHEHNN TPEINWHBI HEOOXOAUMO JTHOO MEPECTPANBATH CETKY s KayKIOTO
1ara PacrnpoCTPaHeHusi, JubO ANIMIPOKCUMUPOBATH ODJIACTH BOKPYT TPEIIUHBI CIie-
[MAJIbHBIMA 3JIEMEHTAMU, OOOTAIEHHBIMU WHTEPIONUPYONUMY (DYHKIIUAMA, yIU-
THIBAIOIIUME DPA3PBIB CMEIEHNH Ha Oeperax TPEHIUHBI W CHHTYISPHOE MOBEICHUE
Hanpsizkenuit Ha eé ¢ponre (Meronq XFEM/GFEM).

AnwrepuaruBabiM MeTomOM sBysiercss MI'D, B koropoMm auddepeHiuaabHbie
YPABHEHUST YIIPYTOrO PABHOBECHST CBOIATCS K TPAHUIHBIM WHTETPAJIHHBIM YDABHEHU-
sIM, 9TO ITO3BOJISIET YMEHBINUTH HA €IWHUIY PA3MEPHOCTb 3334, & TAKIKE YIeCTb
BHEITHIOO TpaHuUIly S°° 6€3 ee siBHOH almmpOKCUMAIIAN, 9TO 00ECIIEINBAECT CHUKEHHUE
BBIUKMCJIUTEIHHBIX 3ATPAT.

IIpu MomenmpoBanuu mpoIecca ruIpopa3pbiBa 3a1a49a yIPYTOCTH XapaKTePu3y-
€TCd HAJIMYMEM TDAHUILGI MOJI0CTH S™, BHEITHeH rpanunsl S°° u aByx Oeperos Tpe-
muasl ST u S~. B Touke y Ha mosocTr S* J/d CMeIEHHH, pa3phIBa CMEIeHni 1



HAIPsZKeHUH 3alKilieM I'PaHu4Hoe uHrerpaibuoe ypasaenue cvewenuii (CUYC)

e (¥)uily) = / Ui (3, x)ta(x)dS —
S*

_][Tij(yvx)ui(x)dS— /Tz‘j(%X)AUi(X)dS, y € S (1)
e e

Bzecy dyuxmun U;;(y,x) u T;;(y,x) — dyunnamentansaoe pemtenne KempBuua o
JeHCTBUE COCPEJOTOYCHHON CHIIBL Ha YIPYTYIO CPEAy, § — IVIABHOE 3HAYEHHE HHTE-
rpasa B cmbicae Komu. B 3amagax ¢ Tpemunamu TMYC qyia Togex Kommokamum y
Wy~ Ha IPOTUBOIOJIOXKHBIX Oeperax TPEemmuHbl COBIA/IAIOT, 9TO MPUBOIUT K BHIPOXK-
JEHUIO Pe3YJIbTUPYIONIE CHCTEeMBbl HHTETPAJIbHBIX YPABHEHUMH.

g npeoonenus 3TON TPYAHOCTH B Juccepranuu pa3paboTaHbl /iBe TPexmep-
uble Mopuduranuu MI'D i periernst BHEITHUX 33149 € TIOJOCTIME U TPEIHHAMU.
B nepBoit MoanpuKamun TpEInHa, 3aMEeHAETCSA MPOINIOM MaJIOi, HO KOHEIHOMN IIn-
punbl. Takas MomuduKaius pacdeTHoOl OOJACTH BHOCUT MOTPENTHOCTh B PEIEHIe,
PACTYIILYIO IIPU YBEJIMYEHUH MUPUHBI ITPOINJIA, HO TIO3BOJISET UCIOIb30BATH KIACCHU-
geckuit MI'D nys pemrenus 3a1a4 ¢ TpeMIMHAME, TAK KaK ITPOTHBOMOJIOXKHBIE Oepera
Tpemmnbl ST 1 ST He COBMANAIOT U ABIAIOTCA OOLIMYHON HEBBIPOXKIEHHON TpaHm-
neit. OHAKO CyNecTByeT OrpaHuYeHre CHU3Y HA IIMPUHY MPOMUJIA: €CJIA OH CJIAII-
KOM MaJI, TO TIOIPEINTHOCTH TIPU BBIYUCICHUN WHTETPAJIOB I OJIN3/Ie2KAMMUX TOYEK
CTAHOBSITCS CJIMIITKOM OOJIBITTUMU, U JJIsi KOPPEKTHOTO WX BBIYUCJIEHUS TpebyeTcs
BCE DOJIbIIIE TOYEK MHTEIPUPOBAHMUS, YTO IPUBOIUT K 9PE3MEPHOMY POCTY BBIYUCIIU-
TeNbHBIX 3aTpat. VlccreoBanme Ha 33a4€ PACTKEHNS MI0CKON KPYTJIOi TPEIUHB
TTOKa3aJ10, YTO ONTUMAaJbHAS MUPUHA Mponuia coctapisger 0.4 — 1.6 XxapakKTepHOTO
pa3Mepa 3JIeMeHTa PACYeTHON CeTKH.

BropbiM mpeioKeHHBIM METOAOM PEIIEeHUs 3a/1a49 C MOJOCTSIMU U TPEIMHAMA
apasercsa IMI'D. Ha onnom u3 6eperos Tpemuabl BMecto [MYC paccmarpusaercs
IrPaHUYHOE MHTErpaibHoe ypaBuenue Hanpsizkenuil (TTTYH)

ti(y™) :/Dkij(y_vx)nk(Y)ti(X)dS_/Skij(y_vx)nk<3’)ui(x)ds_
§+ g
- 7[Skij(yf,x)nk(y)Aui(x)dS, yes, (2)
-

riae byukuuu Dyg; u Sy nonysaiorcs us pemenud Kenbsuna. Mcrosb3obanue
I'myH Bmecto T'MIYC na ogHOM M3 GEPeroB TPEIIUHBI TO3BOJISIET PEITUTh TPO-
0J1eMy C BBIDOXKJIEHUEM CHCTEMbI ypaBHEHU. B Mpe1ytokeHHOM B TUCCepTAITNT MO~
dukarmuu JIMI'D Ha Bropom Gepery rpemunbl [YTYC He ucnonbs3yercs BBULy TOrO,
9TO B MOJEH THAPOPA3PHIBA [IJIsi BHIYUCICHUS PACKPBITHAS TPEIIUHBI HEOOXOIUMO
3HATh TOJBKO Pa3pBIB cMemneHnit Awu;, a 3HaYeHUs CAMWUX CMEMEHWH u; m u; He
TPEOYIOTCA. DTO MO3BOJAET yMeHbIUTh pedyiabrupyonyio CJIAY no aByx pa3 B
3a1a4ax 0e3 1moJocTeil.

IIpu pemrenun ypapBHeHUS 0COOYIO0 TPYIHOCTH TPEIACTABJISET BBIYUCJICHUE
[JIABHOTO 3HAYeHUs MHTerpasa B cMblcae Azamapa f, KOTOpOe 1O OLpPee/IeHHIO
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€CTh KOHEYHAsl YaCTh OT PA3JIOKEHUs WHTErpasa B Psiji B OKPECTHOCTH 0CODOI TOY-
ku. fapo Skij B “MeeT He WHTerpupyemyio B cmbicse Ko ocobeHHOCTh, Tpo-
nopuroHaIbHyio 1/73, rae r — amuHa pagmyc-BeKTOpa Me¥KIy TOYKOH KOITOKAINN
U TOYKOW mHTerpupoBanus. He orpanmauBas OOIIHOCTH PACCMOTPHUM 3349y HHTE-
TPUPOBAHUS IO TPAHUIHOMY 3jIeMeHTy S, B KOTOPOM HAXOIWUTCs OCODasi TOYKA y

Li(y) = 7[ Sty (32 (60, 62)) ()b (€1, E2)| T (€1, )| dErd, 3)
Se

rae (£1,€2) — JOKajdbHAs CHCTEMa KOODAMHAT, (o (£1,E2) — HUHTEPHOJUPYIOIIHE
dyukmun snementa. Tak kak TUTYH BBIBEJIEHO B TIPEATIOJIOKEHUW TJIQTKOCTH
CPAHUIBI B TOYKE KOJIJIOKAIMH, MCIOJIb3YIOTCH PAa3PbIBHBIE 3JIEMEHTBI, B KOTOPBIX
TOYKHU KOJIJIOKAINY HAXOAATCS BHYTPHU JIEMEHTA.

JIJ1s1 BBIYUCTICHIS BBOJMTCS JIOKaJIbHAS TOJISIPHAST ccTeMa KoopauHat (p, 6)
¢ TIEHTPOM B 0C000# Touke y. Bee anementapubie (DyHKINN, BXOSIINE B IMOIBIHTE-
IPAJIbHOE BBIpAYKEHME, PACKJIAIBIBAIOTCA B s MO KOOPAUHATE p. 3aTEM, [MOICTAB-
Jisist 3T (DYHKIINA B U OTOPAChIBasT UJIEHBI BHICOKOTO MOPSIKA, MOJIYYAEM pas3-
JIO2KEHUE BCErO IOABIHTEIPAIBHOIO BbIPAXKEHUS B . Ynenst nopsaaka 1/r3 u 1/r?
MHTErPUPYIOTCS IO P aHAJUTUIECKH, U MOBTOPHBIE HHTEIPAJIBI CBOAATCH K KOHTYP-
HBIM MHTErpajiaM 110 TPaHuIe dy1eMeHTa p. () u 1o e-okpectrocTH pe(6). MHTErpasn
10 £-OKPECTHOCTH JACT OECKOHEYHYIO 4aCTh WHTErpaJsa, KOTopas He BKJIOYAeTCsd B
rIaBHOe 3HavYeHwe B cMmbiciie Agamapa. OcraBiimecs: KOHTYPHBIE WHTErPAJbI U 10~
BEPXHOCTHBIH mHTErpas oT wieHa O(1/r) BEIMHUCISIOTCS ¢ MOMOINBIO METOIOB HHC-
JIEHHOTO MHTEIPUPOBAHUS.

Pazpaboranabie MeToabl BepuMHUITUPOBAHBI HA 330a9aX O PACTSKEHUN TLJIOCKO
kpyruoit Tpemuabl. [lokazamno, uro myanbubii MI'D mo3sosser Beraucasts HIIC c
00JIbIIIENl TOYHOCTHIO, 9€M MEeTOJ, C IIPEJACTABJIEHUEM TPEIIUHBI IPOIUIOM KOHEYHOM
mupunbl. Ogaako ayanbabii MI'D gaer Gosibiliee KOJIMYECTBO cTeneHeil cBOboI 11
GUKCHPOBAHHOTO KOJUIECTBA MPAHUIHBIX JIEMEHTOB U3-3a MCIOIb30BAHUS PA3PHIB-
HBIX I'PAHUYHBIX SJIEMEHTOB, 9TO IPUBOAUT K pocty pesysabrupyiomeit CJIAY. Takxke
ayanbabit MIT'D Tpebyer OObIIe BEIUUCIUTETbHBIX 3aTPAT s 3al0THEHUs] MATPHIIL,
TaK Kak JJIs BEIYUCICHNS MJIABHOIO 3Ha4YeHus: A mamapa TpebyroTcst KBaapaTyphbl 00-
Jiee BBICOKOI'O HOPS/IKA.

Pacuer HJIC ¢ BBICOKOI TOYHOCTHIO OCOOEHHO aKTyaJIeH /s BBIYUCIEHUS KO-
dbunuentos unarencusnoctu nanpsikenuit (KWHos) Ha ¢ponTe Tpenmub, HEOOX0-
JIIMOE IIPA TPEXMEPHOM MOJIETHPOBAHUY I'HIpOpa3pbiBa. B pabore npeacrasien 06-
30p cyIecTByonmux Meronos Beraucaenns KMHoB: meTom skcTpanmonamuu pa3pbiBa
CMEIIEHNI, SKCTPATOJISINY HAPSAKEHUN B OKPECTHOCTH (DPOHTA, TPEIIWHBI U METO-
JIbl TUIA J-uHTerpaia. B MeTomax sKCTpanoasaun pa3pbiBa, CMEIeHnil HeOOXOIUMO C
BBICOKOI TOYHOCTBIO BHIYUCIIATD 3HAYEHUS PA3PhIBA CMEIIEHU B OKPECTHOCTH (hPOH-
Ta TPEIIUHBI, KOTOPbIE ACHMITOTHYECKN MPOMOPIMOHAIBHBI KOPHIO U3 PACCTOSHUS
10 dporTa V1. [I09TOMY CTaHIAPTHBIE MOINHOMIATIBHBIE JIEMEHTHI JII000TO MOPSII-
Ka TOYHOCTH AMMPOKCUMUPYIOT 3Ty 3aBUCHMOCTH ¢ TopsiikoM 1/2. B mmcceprarn
npe/rozkeHa Mo auduKas OnInHEHHBIX TPU(MPOHTOBBIX SJIEMEHTOB, B KOTOPOH 715



pa3pbiBa CMeleHuil UCoJb3yoTcs GopM-OYHKINH CIIeyIOIMero Buia

o= (4=5) (BBES).

rjie koapdunuenTsr af, as, b, b5 oTBEUAIOT 33 1I0JIOZKEHHE y3JI0B B JIEMEHTe U IPH-
HUMAIOT 3HAYEHUs +A B 3aBHCHMOCTH OT y3ia «. B kauecrse dbynkunn F(z) mpn
XPYIKOM PACIPOCTPAHEHUN TPEIIUHBI BeIOUpaeM byHKIuo +/1 + x. CymecTByior
PEeKUMBI TUAPOPA3PhIBa, B KOTOPBIX ACUMITOTHKA Pa3pblBa CMelleHU# Ha (poHTe
TPEIUHDLI HHAS: HAIPHMEp, B BA3KOCTHOM pekKnuMe oHa pasna [2/3) a B BA3KOCTHO-
yreurosom — [°/8. BuiGopom dbynknun F () COOTBETCTBYIOIETO BHUJA YIIyUIITAEM
TOYHOCTD IIPEJCTABJIEHHA Pa3pbIBa CMelleHuil Ha (PPOHTE TPEIUHDL.

0.6
0.4

0.2
0

K, » MIla C*?

0.2

:4_ -0.4

y' X oeh
'180 -120 60

~0 60 120 180
(00

Puc. 1. [lnockaa Kpyriast TpenuHa, HAKJIOHEHHAs Ha yroj o = 45° OTHOCUTETBHO pac-

TArMBAIOMAX HANPsKeHuii o, (caesa); pacupenenenns KMHos Brosns ee dbporTa, momy-

YeHHBIe U3 TOYHOro pemrenud (1), qyambaeiM MI'D ¢ ucnonb3oBanueM OOBIMHBIX OHIIH-
Heliubix (2) v cnenmanpHbIX nprdpoHTOBLIX (3) 1eMeHTOB (CNpasa).

Ha 3azade o pacrsikenuu 110cKoi Kpyriioil rpetmbi(cM. puc. [1 (caesa)), upo-
BeJIeHO cpaBHeHue Pe3yabTaroB Beraucaenns KMHOB miis oObraHBIX OUIMHEHHBIX U
MOAUMDUIUPOBAHHBIX TPU(MPOHTOBBIX 3j1eMenToB (puc. (1L cnpasa). B Tabn. [1] moka-
3aHO, 9TO OMJIMHETHbIE IeMEeHTbI ANIPOKCUMUPYIOT PA3PhIB CMEINEHUH € TOPAIKOM
~ 1/2, a npemjioxkeHHble 37eMEHTbl — ¢ nopsiakom ~ 3/2. TlorpemHocrs pemenus
JJIs OOBIYHBIX 3JIEMEHTOB Oojiee WeMm B 9 pa3 BbIie, 4YeM JJjis MPEIIOKEHHBIX JJ1e-
MeHTOB. X ucrosp30Banue 1mo3BoJisieT cHu3uTh norpemsocts pacyera KNHos B 5-6
pa3 Ha ceTke 64 X 08.

Pazpaboranubie MeTOmBI ObLIN UCTONIB30BAHbI i Bhraucaenus HIC B okpect-
HocTH ckBaxkuHbI 1 Tpenuibl 1 KITHoB Ha ee pponTe B TPEXMEPHOIT MOIETH PACIPO-
CTPAHEHUs TPEIIMHbI THAPOPA3PhIBA MO AeficTBrIeM HeBsi3KOM skuakocru. Ha puc. 2]
MTPUBEIEHBI TPAEKTOPUHU PACITIPOCTPAHEHHUS TPEIINH OT CKBAYKUHBI, HAKJIOHEHHON OT-
HOCHUTEJIbHO HalpsKenuil 3aseranns na yrosi 30°. Bo Bcex pacderax coorHoineHue
MEZK/ly TJIABHBIMH HANPSAKEHUAMA 0.7, 0,°, 050 ObLIO (PUKCHPOBAHHBIM, NP 3TOM
BapbUPOBAJIACH UX COOTHOIIEHNE C (DUKCUPOBAHHBIM 3HAYEHUEM TPEIINHOCTONKOCTH.
DTO COOTHOILIEHUE 3HAYUTEJBHO BJIMSET HA U3JIOM TPAEKTOPHH U JajbHeliiee e€ pac-
IPOCTPAHEHUE.

B I'nase 2 paccMoTpena TpexMepHas 3aJava 3apOXKIEHUS TPEINTIUHBI OT MOBEPX-
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Tabmuma 1. ITorpemrHOCTH BBIYUCIEHUSA IMIUPHHBI TPENIUHBI €y AyaJabHbIM MI'D n
KHWHoB ek p Ha HOCIE0BATENBHOCTH CrYIIAOMUXCA B DAAMAJbHOM HANDABICHUN
CeTOK B Ciiydae OMIMHEHHBIX U MOAUMDUIHPOBAHHBIX HA (PPOHTE TPEIUHBI JJI€MEHTOB.

Omnbka Ha CeTKe Bunuuuniinsie sne- | Momudunuposannsie Ha GpoHTE
MEHTBI TPEIIUHBL 3JIEMEHTHI
ew (64 x 04) 0.241 0.0274
ew (64 x 08) 0.168 0.0097
ew (64 x 16) 0.118 0.0037
ek (64 x 08) 0.0295 0.0054
ey (64 x 08) 0.0563 0.0102
ek (64 x 08) 0.0464 0.0079

Puc. 2. BepTHKaIbHOE CEUEHUE 3aJa49M O HEBA3KOM DPACIPOCTPAHEHHEM TPEINUHBL OT
CKBa’KHMHBI, HAKJIOHEHHON HA yrosa 30° OTHOCHUTENBHO HANDSIKEHWH 3aJIeTaHusl MPH €ro
aHavennax: o> (1),20% (2),40% (3),tme 0™ = (0°;05°;02°) = (—4; —3; —4) MIIa.

HOCTH YIPYTOro Teja. 3a/1atda COCTOUT B ONPEIeSIEHIH MECTOMOIOKEHUST 1 OPUEHTa-
LMY 3aPO/IBIIIEBON TPEIIUHbL, 4 TAKXKe HAIPY3KH, KOTOPYIO HEOOXOIUMO MPUIOKHUTDH
K YIPYTOMY TeJy JIJisl €10 Pa3pyIIeHus CONTACHO BBIDPAHHOMY KPUTEPHUIO. 33/1a49a 3a-
POXK/IeHUs BKIIIOYAET B cebs mom3agady seraucienns H/IC Tema u kpurepuit Tpemnu-
noobpazoBanus. OnHON U3 0cOOEHHOCTEH 38291 3aPOXK/IEHUS TPEIUHBL, KOTOPYIO
JIONIXKEH YYUTHIBATH KPUTEPHUI paspylienus, siByisieTcs 3hderT pa3mepa — 3aBUCH-
MOCTh HArpy3KH, HEOOXOAMMOIl JIJIsi pa3pyIIeHusl TeIa, OT ero pa3MepoB, MPE/ICTaB-
JgenHas Ha puc. 3| B muccepranum chopMyaupoBaHbl 1Ba KPUTEPUS PA3PYLICHUSI,
CIIOCOOHBIX y4ecTh 3(P(PEKT pa3Mepa u MPUTOSHBIX /s AHAIN3A TPEXMEPHBIX 3a,1a<
CJIOYKHOI KOH(DUTYpAINY C 3apaHee HEM3BECTHBIM MECTOIIOJIOKEHNEM 3aPOIbIIIIEBON
TPEIIUHBIL.

B d-xpurepun HanpsizkeHue 0., OCpeTHEHHOE 110 OTPE3KY JTUHBI d, HOPMATHHOMY
K TIOBEPXHOCTH, CDABHUBAETCS C JIOKAJIBHON MPOYHOCTHIO MAaTEpHajia HA Pa3pPbIB Oy

T

d
1
max ~ /cr.,-dn > oy (5)
0

Kpurepuit paHee HMCIOJIb30BAJICH B ILUIOCKUX 33/[a9aX Pa3pyILICHUs, a B JUCCEP-
TaIuK OH OBLT 0O00IEH HA TPEeXMEPHbIE 33Ja4UN, B KOTOPHIX HEM3BECTHA OPUEHTAIIHS
7T 3apOJIBIIEBOl TPEIUHBI, U €€ HeOOXOAMMO BHIOPATH M3 YCJAOBUS MAKCHMyMa Be-
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HEXPYIKOEe
paspyImeHue

R R-xpurepuii

log 5, (D)

XPYIKOE d-xpurepuit

. paspyLeHue

. 14
! max;jaT dn> o,
L, log D f 0 n

Puc. 3. 9dbdexr pasmepa: oy (D) — npousocTs ob6pasna; D — xapaKTepHBIH pa3Mmep

o6pasna; [, — xapakTepHbIi MacIITal HEXPYIKOTO Pa3pyNIeHud, o}7 — XPyHKas mpod-

HOCTH 06pasua 6osbmoro pazmepa (D — 0o) (caesa) U CXeMAaTHYECKOE [IPEICTABIIEHIE
R-xpurepus u d-kpurtepus (cnpasa).

JIMYUHbBI OCPEJHEHHBIX Hanpsikenuil o, (puc. [3 cnpasa).

B R-kpuTepuyn MpoYHOCTh MATEPHAJA HA PA3PHIB 0 3aBUCAT OT MHHUMAJIBHOTO
paanyca KpWBHU3HBI R MOBEPXHOCTH TejIa B TPEATIONATAeMOil TOYKE X 3apOKICHUS
TPENIMHBL X CPABHUBACTCA ¢ MAKCUMAJbHBIMU PACTATUBAIOIIMMY HAIPSAKEHUAMU 03

o3(x) > 0¢(R(x)),x € S, (6)
rJe 3aBUCUMOCTDb IIPOYHOCTH OT PaJuyCa KPUBU3HbI B34ATa B BUIE
o+ R(x)o® - R(x
on(R(x)) = T RO iy RO @
1+ R(x) lp

3aeco [, — xapaxkTepHblil pa3Mep, IPH KOTOPOM ILPOMCXOJUT LIEPEXOJL OT XPYyIKOI'O
pa3pylIeHus! K HEXPYIKOMY, 07° — XPYIKas IPOIHOCTb MATEPUATA HA PA3PBIB st
Gonpmx rest (D > 1,), 0 — npounocTh MaTepuaia 1 MageHbKux Tent (D < 1,).
Oyukns COOTBETCTBYeT 3aKOHY 3dekra pa3mepa, MOKA3aHHOMY Ha PHC.
U CIIOCOOHA OMUCHIBATH 3Ty 3aBUCUMOCTH JIOKAJTBHO B KaXKJIOW TOYKE MOBEPXHOCTU
TPEXMEPHOTO TeJIa CJIOXKHOH KOHMUrypamnm.

[IpengoxeHHble KPUTEPUH, & TAKIKE KJIACCUYECKUI KPUTEPHIl MAKCHMAIbHBIX
pacrarusaommx Hanpskeauii (MPH), 6buin BasiaupoBasbl Ha 3a7a4ax O paspy-
IIIEHUN TPEXMEPHBIX TEeJI MPU BaphbUPOBaHUU uX paszmepa. CpaBHEHHE MOy IE€HHBIX
PE3YJIBTATOB € YKCIEPUMEHTAIBHBIMU IOKA3AJI0, 9TO [IPU UCHOJb30BAHUN KPUTEPHs
MPH pe3ynbrarbl HEe 3aBHCAT OT pa3Mepa 00pasiia, a MPeIToXKEeHHbIE KPUTEPUn
MTO3BOJIAIOT KOPPEKTHO OMHUChiBaTh 3P dekT pasmepa. OaHako d-Kxpurepuit cy-
IECTBEHHO 3aBbIIIIAET IPOYHOCTH 0OPA3IOB MAJIbIX PA3MEPOB, KOrJa padmep d mnpe-
BOCXOJIUT XapaKTepHbIH pazmep 3agaun. JInsg R-KpuTepus mpu MajiblX paszmMepax
OTBEPCTHST HArpy3Ka BBIXOJUT HA TOPU30HTAIHHYIO ACHMITOTY, COOTBETCTBYIOIIYIO
poYHOCTH 0Y. R-Kpurepmil 103B0JAT MOA0OPATH IapaMeTpPbl, HAUIYHIIM 00pa-
30M ONMHCHIBAIOIIHE 3P PEKT pa3mepa.

IIpoBenena BamuAIMs PE/JIOKEHHBIX KPUTEPUEB HA IKCIIEPUMEHTAX IO pa3py-
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Puc. 4. JBomonus HATHETAEMOTO AABJIEHUS (CNAOWHAS), OOBEM XKHUAKOCTH B IHADAB-

JINYECKUX Mpeccax (Wmpuroeas), aKyCTHIECKHe COOBITHS ( 2UCmo2pamma), PACCIUTAH-

HBIE JaBJIeHUs 3apoxKJeHusi TpermuH o kpurepuio MPH, d-gkpurepuio u R-xkpureputo

(Kkpyorcru) B SKCIEPUMEHTAX [0 PA3PYyLIEHUIO GJIOKOB C IMJIAHAPUIECKON CKBAXKUHON 1

nonepesHbiMy nponmiamu rrybuaet dy = 9.5 MM (cae6a) 1 3apOSUBIINECS TPOLOIBHEIE
TPEIUHBl, PACCINTAHHBIE C TIOMOIIBIO d-KpuTepust (Cnpasa).

MeHnI0 OJIOKOB C IWJIMHIWPUYECKOW CKBAYKWUHONW U TOMEPEYHBIMU TPOMUIAME IO,
BO3/eiICTBAEM 3aKAYMBAEMOI B CKBAXKUHY KUJIKOCTH T'UIPOPA3PHIBA.

OKCIIEPUMEHTHI MMOKA3AJIM, 9TO B ITOH 337aU€ MOTYT OOPA30BBIBATHCA KAK ITPO-
JIONbHBIE (BIOJIb OCH CKBAYKUHBI), TAK U MONEPeYHbIe ([epIeHIUKYISPHBIE OCH CKBa-
Kuibl) Tpemmibl. Pacuersl ¢ nomompbio kpurepusi MPH Bcerma npejckasbisaior
obpa3oBaHue TONepedHOll TpemuHbl npu J06oi riaybune nponuia (puc. [4)). Ipu
9TOM JjIst 00pa30BaHUS TPOI0IBHON TPEIUHBI HA CKBAYKUHE TPEOyeTC st CYIIECTBEHHO
OoJiblliee [1aBJI€EHUE, Y€M JJis TPeluHbl Ha nponmsie. IIpu ucrnonp3oBanuu mpemio-
JKEHHBIX KPUTEPHUEB, YINTHIBAIOIINX 3(PPEKT pasMepa, JaBIeHne, HeOOXOTuMOe I 1s
3apOXKIEHUS MTOMEPETHON TPEIIUHBI OT MPOMUJIA CTAHOBUTCS OOJIBITNAM, 9TO MPUBO-
JHUT K [I€PBOOYEPETHOMY OODA30BAHUIO IIPOIOIHHON TPEIIUHBI HA CKBAasKWHE, KAK
nokazano Ha puc. 4| (cnpasa), 4To cooTBeTCTBYET Pe3yJibTaraM IKCIEPUMEHTOB.

B TI'rase 3 mpejcTaBiieHbl Pe3yJbTaThl MCCIEIOBAHUS CIIEHAPUEB 3aPOXKICHUS
TPeIIrH JJIs CKBaXKUHbI ¢ iepdoparueit. Maccus nopo/pl HArpyKeH HANPAKEHU MU
zaserabuus 0 = (op,0p4,0,). OpueHTalys CKBaXKUHbI OTHOCUTEJILHO HANPSIKEHUIT
3aJIETaHUsT XaPAKTEPU3YETCsI TOJISIPHBIM § U a3UMYTAJbHBIM ¢ YIJIAMU, & OPUEHTAIIHS
nepdopanuu — yruom . Jdus yekopenust pacaeroB HIIC BceBO3MOXKHBIX KOHDHUTY-
parmuii 6, ¢, § pazpaboTana METOINKA, TO3BOIAIOIIAS IPOBOINTH CEPUAHBIE PACIETHI,
UCIIOJIB3Y sl JIMHEHHYI0 KOMOWHAIMIO Pellienuii 6a30BbIX MOA3a0a4 YIPYroCTH (HAIpU-
Mep, HAIPYy2KEHUE TOJIHbKO CKBAXKUHBI ¢ nepdoparueil, OHOOCHbIE C2KATHS IOPO/IBL IO
KaxKJIOMY U3 HAIPABJIEHUi, CABUIOBbIE HAIDYZKEHUs MOPOJIbl), U HE IIePECUYUTHIBATD
HJIC st Ka)ka0T0 MOIOKEHUsT CKBAXKUHBI U 11ep(OPAIIHH.

B ckBakuny u nepdopanuio 3aKkaunBaeTcs KUJKOCTh, U B PE3YJIbTATE [IPU JAB-
JIEHUU YKUJIKOCTH Pipnjt HA MOBEPXHOCTU CKBAXKWHBI 1 repdopanuu 06pa3yoTcs 3apo-
npiiesble Tpemunbl. C moMornpio Tpex kputepues (MPH, R-kpurepus, d-Kpurepus )
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Puc. 5. 3aBUCHMOCTD JABIEHHS 3aPOXKIEHUSA TPEIIKHEL Pinit OT yria mepdopanuu [ (a)

U 3apOoJblleBble TPEIKHEL (6,6,2) /71 rOpH30oHTaAbHOM ckBaxkuubl (0 = 90°,¢ = 0°),

onHOA oprmenTanmu nepdopanuu (8 = 59°) u pa3NIUYIHBIX KPUTEPHEB PA3PYIIEHUS: MAK-
CHMAaJIbHBIX PACTATUBAIOIINK Haupskenuil (6); R-xpurepwuii (6), d-xkpurepuit (2)

[IPOBEJIEHO MOJIEJINPOBAHNE 3aPOXKIAEHNUS TPEIIMHBI OT FOPU3OHTAIBHON CKBAXKIHbI,
HAIPABJIEHHON BIOJb HANPABIEHUS MUHUMAJIbHBIX CXKUMAIOIMINX HAMPSKEHUN mpu
pas3nmuuHBIX yriax [ opuwentaimu nepdopanuu. Ha puc. 5| mokazaubr pe3yabrarhbi
CPaBHEHHS JABJICHUS 3aPOXK/IEHUS U IIOJIOKEHWS 3aPOJBIIIEBbIX TPEIIUH s Pa3-
JINYHBIX KPpUTEepueB. BhIsCHEHO, YTO MCIOTB30BAHNE KPUTEPHUEB, YIUTHIBAIOIINX -
dexT pazmepa, TPUBOIUT K YBEJUUEHUIO JABJICHUS, HEOOXOAMMOTO JIJIsT 3aPOXK ICHUS
TPEMIMHDbI, U MOXKET IPUBOJIUATH K U3MEHEHUIO CIEHAPUs 3aPOKICHUS [IPU OIHUX U
TexX XKe yCJAOBUusX Harpyxkenwns. IIpm mcnonb3oBannu kpurepus MPH Tpemmns: 3a-
POXKIAIOTCS HA TIepdOopaIuu, TPOA0JIbHbIE BO3JIE CKBAYKUHBI U TIOMEPETHBIE BIAJIN OT
ckBaxkutbl (puc. |5}, 6). Ilpu ucnonb3oBanuu d-kpurepus u R-Kpurepus o6pas3yrorcs
IPOJIOJIbHbBIE TPEIIUHBI Ha CKBaxkuue (puc. [ 6, 2)

IIpoBemeno MomeMpoBaHVE 3aPOXK/ICHUST TPEIWHBI PU PEAJbHBIX reodu3nde-
CKHX [apaMerpax, COOTBETCTBYIOMuUX MecTropoxkaennio Avun B OMaHe, Xapakrepu-
3yrommMcs TiaybokuM 3aseranuem rasza (~ 5000 M), 94TO ABJIS€TCs IPUYUHON BbICO-
KAX CKUMaIomux Hanpskeruit or 95 mo 180 MIla n BBICOKOI MTPOYHOCTHIO TTOPO/IBI
o or 15 g0 25 MIla. IlpoBenen anam3 4yBCTBUTEILHOCTH JTABJICHUS 3aPOKICHUS
7 TMOJIOYKEeHWsI 3aPOBINIEBOMl TPEIUHBI OT BCEX TPex yriioB. Haiimennl yribl, mpu
KOTOPBIX 3apPOXK/IAI0TCS MTPOI0IHHAS W TIOMEPEYHAS TPEIUHBL. BO BCEX CIydasdx Mu-
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HUMAJIBHOE Piniy HAOIIOMAIOCH jijisi 11epdOpaIum, JIeKAIeil B ILIOCKOCTH, HePIIeH-
JIUKYJISPHON HANPABIEHUI0 MUHUMATLHBIX CKUMAIOIMUX Hanpsikeruit. OpueHrarms
mepdopaluy CUJIHLHO BJIUSAET HA Dipjt: HATPUMED, OTKJIOHeHWe mepdoparuu Ha 30°
yBeJMYUBALT JlaBiienue 3apoxaenus Ha 30 % 10 CPABHEHHMIO ¢ MUHUMAJIbHBIM 3HAYe-
nueM. B cirydyae ropu3oHTATBHON CKBaXKUHBI, IPOOYPeHHOo# B Hampasiaerun § = 90°,
¢ = 90°, mpu 10060M yriie nepdopanyun 3apOXKIAETCS MPOIOIbHAS TPEITHHA.

B 3axmouenuu mucceprangoHHON paboThl ¢hOPMYIUPOBAHBI OCHOBHBIE PE3YJib-
TATBI JUCCEPTAITUOHHON pabOThHI.

B ITpusooicenuu A TpencTaBIeHO ONMUCAHUE METO/A BLIYUCICHWS TJIABHOTO 3HA-
deHus AJjaMapa B IPAHMYHOM WHTEIPAJIBLHOM YPABHEHUU HALIPSZKEHUN.

B IIpusoswcenuu B mpupemeHo ommcanwe pas3spabOTAHHBIX MPOTPAMMHBIX KOM-
mwexcos |18, [19].
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