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3amuTa IuccepTainuu cocTouTes «24» oktsaops 2013 r. B 13 yacoB Ha 3acelaHuu
nucceprannonHoro coseta J[ 220.049.01 B ®I'BOY BIIO «HoBouepkacckasi rocynap-
CTBEHHAsl MEJIMOpaTUBHAS akajgeMus» mo aapecy: 346428, r. HoBouepkacck, PocroBekas
obnacte, yiu. [Tymkunckas, 111, ayza. 339.

C muccepramueit 1 aBTopedepaTtoM MOKHO 03HAKOMHTHCS B HAYYHOM OTAEIE OHO-
muoreku OI'BOY BIIO «HoBouepkacckasi TocyaapcTBEHHAss MEIUOPATUBHAS aKaJeMUs»
o anpecy: 346428, r. HoBouepkacck, PoctoBckas o6macts, yiu. [lymkunckas, 111.

ABtopedepat pazocnan «23» centsops 2013 r. u pasmenién Ha odurmanbHbx MH-
TepHeT - caiitax BAK PO u HITMA

YuéHblii ceKpeTapb

JTHACCEPTAMOHHOTO COBETA NBanoBa HuHna AHMCUMOBHA
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OBIIASA XAPAKTEPUCTHUKA PABOTHBI

AKTYAJILHOCTL TeMbl_MccienoBanus. 1o JaHHBIM CDGI[epaJ'II)HOFO aréHTCTBa Ka-

JacTpa 00bEKTOB HEABMKUMOCTH 52,7% opomaeMbix miomaaei KOxuoro denepansHoro
OKpyTa MOJBEP>KEHbl BTOPUYHOMY 3aCOJICHHIO, KOTOPOE OOYCIIOBICHO MHTEHCUBHBIM MO/I-
HSITUEM ypOBHA TpyHTOBBIX BoJ (YI'B) u3-3a Hu3KOM 3(pPEeKTUBHOCTH pabOTHI 3aKPHITOrO
rOpU3OHTANILHOTO ApeHaxa (31'/]).

YcTaHoBIeHBl TPU OCHOBHBIX (hakTopa cHikeHus sddextuBHOCcTH padoTer 3T /1:
OIHUOKH MPOEKTUPOBAHUS, CTPOUTENbHBIE AS(PEKThI, HEMPAaBWIbHAS IKCIUTyaTanus. bomib-
1asi 4acTh OTKA30B JIpeHa)ka B IEpBbIE I'OJbI €ro SKCIUTyaTallul MPUXOJIUTCS Ha JOJIO
CTPOUTENbHBIX NE€(PEKTOB, UTO CBSA3aHO B TMEPBYIO OYEPENb C HEJOCTATOYHOW H3YYEHHO-
CThIO0 mporeccoB ykianku 3171,

ITo coBpeMEHHON Y3KOTPAHIIEWHOM TEXHOJIOTMH CTPOMUTEIBCTBA APEHAXKA YKIIAJIKY
JPEHAXHBIX TPyO0 HA JHO TpaHIIEM C OJHOBPEMEHHOM UX OOCBHINKOW OO0BEMHO-
GUIBTPYIOIIMMU MaTepUaaMH MPOU3BOAT OYHKepaMu IpeHOYKIaauuKoB. VccnenoBanus
KOHCTPYKIUI OyHKEPOB Kak OTEYECTBEHHOT'O, TaK M 3apyOeKHOr0 MPOU3BOJICTBA MOKa3a-
JIM, 9TO OTPAaHMYEHHOE MPOCTPAHCTBO OyHKEpa APEHOYKIAAUMKa B COBOKYITHOCTH C (pu3u-
KO-MEXaHHUYECKUMHU CBOMCTBaMU (UIBTPYIOLIEH OOCHITKM MPOBOLMPYIOT 00pa3oBaHUE
BHYTpHU OyHKEpa CTaTUYECKH YCTOWYUBBIX CBOJOB. [Ipu 3TOM mpoiecc nogaun o0bEMHO-
bunpTpytomero matepuana (ODM) ocymiecTBiseTCs MPEPHIBUCTO ¢ 00pa3oBaHHUEM ITy-
CTOT, YTO MPHUBOJUT K BO3HUKHOBEHHIO CU(OHHBIX MEPETUOOB, HAPYIICHUIO 1IEJIOCTHOCTU
JTPEHAKHBIX JIMHUM, CAABIMBAHUIO IPEHAXKHOU TPyOBl U CIIOCOOCTBYET B JaTbHEHIIIEM WH-
TEHCUBHOMY 3aCOPEHHUIO U 3aWJIMBAHUIO APEHBI.

B cBsi3u ¢ 3TUM COBEPIIIEHCTBOBAHUE TEXHOJIOTUUHU M arperaTtoB, 00ECIICUNBAIOITIX
BbICOKOE KauecTBO crpoutenberBa 31°/1, ycroitunBoe u Bricok03(hPekTBHOE HYHKIIMOHU-
pOBaHUE APEHAXKHBIX CUCTEM SIBJISICTCS BaXKHOM M aKTyaJIbHOM MpOOJIEeMON.

Crenenb pa3padoTaHHocTH Tembl. CyiecTByromas TexHosorus nogadyn OPM k

MECTy €ro YKJIaJKH U IMOCIOWHOTO paclpeleseHus] A 3allUThl JIPEHAaXHOH TpyObl HE
npeaycMaTpruBaeT BO3MOKHOCTH KOHTPOJISL U YIPaBJICHUS MporieccoM ao3upoBanus OOM
B aBTOMAaTUYECKOM PEKUME, YTO MPUBOIUT K 0OPa30BaHUIO MHOTOUHCICHHBIX CTPOUTEINb-
HBIX JAedexkToB. OCHOBBI TEOPUM U MPAKTUKH MO oOecredeHuto OecriepeOoiHON mogauu

CBIIYYUX MaTepuanoB OyHKEPHBIMH YCTPOWCTBAMH H3J0KeHbI B Tpyaax A. H. [Tanuenko

(1977, 1979, 1985), P. J1. 3enkosa (1964, 1977, 1987), K. B. Andeposa (1946, 1955), J1.B.
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['stueBa (1968), B. A. boromsarkoro (1973, 2007), C.K. SAxumuna (1966), 3. B. Jlxenuke
(1968) u npyrux yu€HbIX ¢ 0O0CHOBAHHWEM H3bICKaHUS, MPOECKTUPOBAHUS U KOHCTPYUPO-
BaHUS JIO3UPYIOLIUX OYHKEPHBIX YCTPOMHCTB.

Leab uccjeoBanus - noBblieHne 3PPEKTUBHOCTH, HAAEKHOCTU U J0JITOBEYHO-

CTH pabOThI 3aKPHITOT0 TOPU3OHTAIBLHOIO JPEHa)Ka 3a CUET COBEPIICHCTBOBAHUS TEXHOJIO-
UM OOCBHITIKH TJIACTMACCOBBIX JIPEHAXKHBIX TPYO CHIMYYUM O00BEMHO-PUIBTPYIOIIUM MaTe-
pHaIoM.

32124 UCCACTOBAHUA:

— BBINOJHUTh AaHAJIU3 CYIIECTBYIOIIMX TEXHOJOTMH U cpeAcTB cTpoutenbcTBa 31/ B
30HE OPOLICHHUS], a TaK K€ KOHCTPYKUUHN APEHAKHBIX (DUIBTPOB;

— TpoBecTH aHaIn3 (HAKTOPOB, BIMSIONIMX Ha Ka4e€CTBO OOCHITIKU IPEHAKHBIX TPYO ChI-
nyunM ODPM nipu crpoutenserse 3[')] y3kOTpaHILIEHHBIM CIOCOOOM;

— pa3paboTaTh MaTeMaTHYECKYyIO0 MOJEIb nporecca nmogadn ODPM B 30HY €ro mociiou-
HOT'O pacrpeieleHusl 1 000CHOBATh MapaMeTphl YCTPOMCTBA AJI1 MEXaHU3UPOBAHHOIO pa3-
PYIICHUS CTATHYECKH YCTOMYMBBIX CBOAOB M3 ODM B OyHKepe Yy3KOTPaHIICHHOTO JIPEHO-
YKJIauuKa

— pa3paboTaTh METOJIMKY pacuéra CBOJOPA3PYIIAIOIIETO YCTPOUCTBRA;

— pa3paboTaTh TEXHOJOTHIO OOCHINKU ApEeHAKHBIX Tpyd ODPM U MpoOBECTH OMBITHO-
MIPOU3BOJICTBEHHYIO MPOBEPKY OyHKEpa OCHAIEHHOTO CBOAOPA3PYILIAOIIUM YCTPOHCTBOM;

— BBITMIOJHUTH TEXHUKO-IKOHOMUYECKOE 00OCHOBAHUE PE3YIHTATOB UCCIICIOBAHUN.

HayuyHasi HOBU3HA MCCJI€IOBAHUS:

— YCTaHOBJIEHBI (PAKTOPBI, MPOBOIUPYIONIKE OOpa30BaHUE CTATUYECKU YCTOWYMBBIX
cBos10B 13 ODM B OyHKepe y3KOTpaHIIEHHOTO JPEHOYKIAAUNKa;

— pazpaboTaHa MaTeMaTH4ecKas Mojenb npoiecca nogaun O®M B 30HY ero nociou-
HOTO pacrpe/iesICHus;

— pa3paboTaHa MeTOAMKAa pacu€ra ONTHUMAJBHBIX MMAPAMETPOB CBOAOPA3PYIIAIOIIETO
YCTPOMCTBA NJIsi OCYIIECTBICHUS OOCHINKHU IIACTMACCOBBIX JPEHAXHBIX TPYO CHITy4YUM
ODM 6e3 00pa3oBaHUs CTATUYECKH YCTOMUMBBIX CBOJOB B OyHKEpe-A03aTope APEHOYyKIa-
JIOYHOTO YCTPOWCTBA;

— TpPEeIJIoKEeHa TEXHOJIOTHSI OOCHIIKU JAPEHAXKHBIX TPYO 00bEMHO-(PUIBTPYIOMINM MaTe-
pHUaIoM ¢ MPUMEHEHUEM pa3pabOTaHHOTO CBOJOPA3PYIIAOIIETO MEXAHU3MA;

Teopernyeckasi U NpakTHUYecKas 3HAYUMOCTh padoThl. B pesynbrare TeopeTu-

YCCKUX N IKCIICPUMCHTAJIbHBIX I/ICCJICI[OBaHI/Iﬁ pa3pa60TaHa MaTCMaTH4YCCKasa MOJCIb IIPO-
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necca nogaun OPM B 30HY €ro MOCIOHHOIO pacHpeesieHus, KOTopasi I03BOJIMIA OIpeie-
JUTH YCJIOBUS 00pa3oBaHUsl CTaTHUeCKu ycroiuuBoro cBoja OPM B OyHKepe ApeHo-
yKJIaI4MKa, TOJYYUTh BBIPAKEHUS ISl ONPEACTICHHs PeXKUMOB pabOThl CBOIOpa3pyIIalO-
[IEr0 YCTPOMCTBA, 3aBUCUMOCTH JJIsl OTPEICTICHHs] HEOOXOIMMbIX KOHCTPYKTUBHBIX U pe-
KUMHBIX ITapaMeTpoB OYHKEPHOTO YCTPOMCTBA APEHOYKIaIUHKa.

Ha ocHOBaHnM npoBenEHHBIX HMCCIENOBAHUN NPOU3BOJACTBY NPEIIOKEHBI HOBAs
TEXHOJIOTHS M0J1a4l 00BEMHO-(PUIBTPYIONIMX MaTEPHANIOB MPU CTPOUTENHCTBE U PEKOH-
CTPYKILIMH 3aKPBITOTO TOPU30HTAIBHOTO JPEHAXKA, a TaK e KOMOMHMPOBAHHBIN pabounii
Opras Jjisl MEXaHU3UPOBAHHOTO Pa3pylIeHHs CBOJOB B OyYHKepe y3KOTPaHIIEHHOTO JpeHo-
yknagauuka (marent PO EO2F 5/10 76356 Ul).

PaGoTa BrimonHeHa 1o 1wiany MexBeJOMCTBEHHOM KOOPAMHAIIMOHHOM MPOTpaMMBbl
dbyHIaMeHTaBHBIX HcclenoBanuil mo HayyHoMy obecriedennto AIIK P® na 2011 — 2015
r.r., temMa: «Pa3paboTka opyauii, CpelICTB U TEXHOJIOTHM MEXaHW3allud CTPOUTENIbCTBA,
BOCCTAHOBJICHHS W OKCIUTyaTallud MEIMOPATUBHBIX CHCTEM M OOBEKTOB MPUPOA000Y-
CTPOUCTBA.

MeT010J10TMsI_ M1_METO/Abl_MCCJIEI0BAHUA. TCOpCTI/I'-ICCKI/Ie HCCJICAOBAHHS BBIIIOJI-

HEHBI Ha 0a3¢ MaTeMaTHYECKHUX M JOTHYSCKUX MCTOAOB IMO3HAHUA O6T>CKT3, 9KCIICPUMCH-
TAJIBHBIC - C HCIIOJIB30BAHUCM CTAHAAPTHBIX WM YaCTHBIX MCTOIUK IIPOBCACHUA SKCIICPU-
MCHTOB M MCTOJOB UX IINITAHUPOBAHUA. OnbITHEBIC JaHHBIC HAaYYHBIX I/ICCJ'IG,[[OBaHI/Iﬁ oJay-
YCHLI B PE3YJIbTATC UCIIOJIb30BAHUA O6HleI/I3B€CTHBIX MCTOJHK HATYPHBIX U JIa60paTOpHBIX
OKCIICPUMCHTOB, MCTPOJIOTHICCKH aTTCCTOBAHHBIX HpI/I60pOB U CTAaHIApPTHOI'O 060py11013a—
HHUA IIPOMBIIIJICHHOT'O U3IOTOBJICHUS.

I10J105KeHNS1, BLIHOCHMMbIE HA 3aIIIMTY:

— TEXHOJIOTUSI OOCBHINKH APEHAKHBIX TPYO OOBEMHO-(PUIBTPYIOUIMM MaTepHaioM C
IPUMEHEHHEM pa3pabOTaHHOIO CBOAOPA3PYILAIONIEr0 MEXaHU3MA;

— (puzuko-mexaHnueckas Mojeib celimydyero OdM;

— MareMaTu4ecKas MOoJeib npouecca nojgayu coimyyero O®M B 30HY €ro nocIOMHOIO
paclpeneneHus,

— KOHCTPYKIMsI pabouyero opraHa AJii MEXaHU3UPOBAHHOTO DPa3pyIICHUS CTaTUYECKU
ycToHuMBbIX cBOJIOB U3 OMDM B OyHKepe y3KOTpaHIIEHHOro ApeHoyKiIaauuka (natent PO
EO2F 5/10 76356 U1);

— MeToAMKa pacuéTa mapaMeTpoB paboyero opraHa ajs pa3pylIeHHs CTaTUYECKU

YCTOMYUBBIX CBOJIOB B OYHKEpE y3KOTPAHIIEHHOIO JPEHOYKIIaunKa.
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CreneHb J0CTOBEPHOCTH M _anpoOalusi pe3yJbTaTOB IMOATBCPIKACHA A0CTATO4-

HbIM O0BEMOM HKCIIEPUMEHTAIBHOTO MaTepuayia, MPUMEHEHUEM CTAHJAPTHBIX METOUK
MaTeMaTUKO-CTATUCTUYECKOW 00pabOTKU SKCIEPUMEHTAILHBIX AAHHBIX, YOBIETBOPUMO
CXOJMMOCTBIO SKCIIEPUMEHTAIIBHBIX U TEOPETUUECKUX JAHHBIX, KPUTUUECKUM aHAIU30M U
3aKJIOYEHUEM IKCIIEPTOB.

Martepuaiibl JUccepTaluy U pe3yIbTaThl HCCIEAOBaHUI 00CYXIEHBI U 0I00pEHbI Ha
MEKBY30BCKHX HAyYHO-TEXHUYECKUX KOH(pepeHIHax «CoBEepIIeHCTBOBAaHNE TEXHOJIOTHI U
CPEIICTB MEXaHM3aIMU MPOou3BOACTBEHHBIX MpoieccoB B AIIK» (r. HoBouepkacck, 2007,
2009, 2011 rr.), MEXIyHapOIHBIX HAy4YHO-TIpaKTHUeCcKuX KoHpepeHmsax MIVII (r.
Mockaa, 2008, 2009 rr.), MeXIyHApOHOU HaydYHOU KOoH(pepeHnn «YenoBek B COBpeMeH-
HoMm Mupe» (T. PoctoB Ha Jlony, 2010 r.), 1oHCKON arpapHON HayYHO-NIPAKTHUECKOU KOH-
¢depennnn «ITHHOBAIIMOHHBIE TTYTH PA3BUTHSI arpONPOMBIIUIEHHOTO KOMIUIEKCA: 3a/1a4 U
nepcnekTuBb (T. 3epHorpan, 2012 r.), MEXIyHApOAHOW HAYYHO-TIPAKTUYECKON KOoH(e-
peniun «/HTErpanus Hayku U oOpa3OBaHMs - CTpATErus YCTOMYMBOTO Pa3BUTHS BOJHO-
MeJHopaTUBHOTO KoMiuiekcay (r. HoBouepkacck, 2013 1).

[To matepuanam auccepranuu omyoaukoBaHo 10 HaydyHBIX paboT 0OLIIUM 00BEMOM C
y4E€TOM JOJIEBOTO YYaCTHs B KOJJIEKTUBHBIX MyONUKanusax 3,3 I.J., U3 HUX JUYHO aBTOpa

2,8 IT.JI1. HOJ'Iy‘ICH IMaTCHT Ha IIOJC3HYIO MOACIIb.

OCHOBHOE COIAEPKAHUE PABOTbI

Bo BBeeHUH 000CHOBaHA AKTYaJIbHOCTDb pa6OTI)I, OIIPpCACIICHBI LCJIb U 3ada4YH HUC-

CJICJIOBAHUS, HAYYHAs] HOBU3HA, MPAKTUYECKAs 3HAYMMOCTh pPa0OThI, HAYYHBIC PE3yJIbTAThI
BBIHOCHMBIC Ha 3alUTY, JOCTOBEPHOCTH U arpoOaivs paboTsl

B nepBoii riaBe «CocrosiHNE BOIIpoOcCa. I_IGJIB M 3aJa4u HCCHCHOB&HHﬁ)) H3JI0KCHO

COBPEMEHHOE COCTOSIHME MPOOJIEMBbl C aHATU30M OTEYECTBEHHOTO M 3apyO0eKHOTO OTbITa
NOBBIICHUST A()(HEKTUBHOCTH JIPEHAXHBIX CHCTEM W COBEPIICHCTBOBAHHS TEXHOJOTHIA
ctpourensctBa: E.J[. Tomun (1987), B. A. dyxosusiii (1979, 1981), B. H. bepnauckuii
(1964, 1981), H. H. bpeauxun (1987, 1988), A. A. Kopmmukos (1982, 1990, 1997), A. B.
Konranos (1982, 1998), I'. A. Cenuykos (1993, 2003), B. H. leapun (2001, 2005), B. W.
Muponos (1992, 1997, 2001, 2002, 2004), H. I'. ITuBosap (1980, 1982, 1985), A. T. Jluc-
koHOB (1992), 11. E. Mupuixynasa (1974), A. Y. Mypamko (1973, 1978, 1982), O. E. ®u-
mep (1973, 1989), L. Awenson (1977), L. S. Fisher, A. R. Jarret (1984) u npyrue yuéHsie.
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O060011eHre pe3yabTaTOB UCCIECIOBAHUM TTOKa3a10, yTo 3(P(PEKTUBHOCTH U IKCILTya-
TallMOHHAs! JIOJITOBEYHOCTh 3aKPBITOIO0 TOPU30HTAIBLHOTO JpEeHa)ka TJaBHBIM 00pa3oM
OTpeEISAI0TCA KaYeCTBOM YCTPOMCTBA U HAAEKHOCTHIO Pa0OThI JpeHaXHBIX (PpuinbTpoB. B
pabotax H.H. bpeguxuna (1984), A. K. bex0ynora (1978), B. A. Bacunsuenko (1981), B.
A. lpeiinepa (1970), A. 1. Mypamxko (1982), I'. I'. unepa (1997) u pana npyrux aBro-
POB MOKa3aHO, YTO HAUOOJIee ONTUMAIILHOM ABJISETCS KOHCTPYKIUS JAPEHbI, BHIMOTHEHHAS
C (pUIBTPOM M3 CHHTETUYECKHX HETKAHbIX MOJIOTEH (T€0MOJIOTHO) M 0OCHIITKON 00bEMHBI-
MU (QUIBTPYIOIIUMH MaTepuaiamMu (IecyaHO-rpaBUHHAs CMECh).

[Ipu y3KoTpaHIIEHHOM CIIOCOOE CTPOUTEIHCTBA APEHAKA ONEPALUs YKIAIKU JPEHBI
BKJTFOYAET MPOIIECC M3OJBIIUHU ApeHakHOH TpyOsl ODM ¢ ero oJHOBpEMEHHBIM pacIipe/ie-
JICHWEM BOKPYT JpEHbl. BCBI3M ¢ MO MIMPUHOW TPAHILIEH, BBOIATCS OTrPAaHUYCHHS HA
reoMeTpuueckre napamerpsl OyHkepa. OnbIT YKIAAKK IPEH MOKa3all, YTO pacKkiajgka (uiib-
Tpa U IPEHAXHBIX TPyO OyHKepaMu UMEET PsiJl HEOCTATKOB: CIIOW (DUIIbTPa pactpeeisaeTcs
HEPaBHOMEPHO, YTO MPUBOJIUT K BOJIHOOOpa3HOW yKIIaJgke TpyO; BHYTPHU I'pPy30BOIO OTCEKa
00pa3yIOTCsl CTATUYECKH YCTOMYUBBIC CBOJIbI, KOTOPBIE MMPUBOIST K MPEPHIBUCTOM MMOIAY€ UITH
MOJIHOMY TIpekpaieHunto ucreuenust OOM; nocine ykIaaku Teao QUiIbTpoBOil 0OCHIIKY He
UMeeT KOHEYHOTO arperaTHOro COCTOSIHHSI M B HEM IIPOTEKAIOT CTPYKTYpHbBIE Iedopmalii,
IIPUBOJAIINE K U3MEHEHUIO IPOEKTHBIX YKIOHOB.

CTpoUTENBCTBO TOPU3OHTAIBHOIO IUIACTMACCOBOIO JPECHAXKA Y3KOTPAHIICHHBIM
CrocoO0M OCYIIECTBIISIETCS CHEIHMATU3UPOBAHHBIME JIPEHOYKIanuuKaMu. ByHKephl Kak
OTEYECTBEHHBIX, TaK M 3apYOEKHBIX IPEHOYKIATYMKOB BBITIOTHEHBI IO 001l KOHCTPYK-
TUBHOM CXEME€ C Hepa3JeJbHONM COBMECTHOW PACKIIaJKOW MOACTHIIAKOLIErO0 U 3aCTHIIAIO-
1Iero CJOoE€B mecyaHo-TpaBUiHOrO (uiabTpa. OCHOBHOW HENOCTATOK MPUMEHSIEMBIX KOH-
CTPYKIUH 3aKIt0YaeTcs B 00pa3oBaHUM BHYTPH OyHKEpa CTATUYECKH YCTOMYHMBBIX CBOJIOB,
KOTOpbIE TMPETATCTBYIOT CBOOOJHOMY HcTeueHHo ODPM yepe3 11eneBoil pacrpeienuTeNb.
Takoe moJsioKeHue BBI3BAHO, MPEKIAE BCETO, HEAOCTATOUHOW M3yYEHHOCTBIO TEXHOJIOITMHU
(hopMHUpOBaHUs 3AIUTHON U3O0JIALIMU JPEHbI, OTCYTCTBUEM aJ€KBATHOM MaTEMaTH4ECKOU
MOJIeJNIU TIpoIiecca U, KaK CJIEeACTBUE, HEPAllMOHAIBHBIMH C TOUKH 3pEHUsI CBOJI000pa30Ba-
HUS apameTpaMu OyHKEpOB.

Takum 00pa3oM, CyIIECTBEHHBIM PE3EPBOM YIYUIICHUS TEXHOJIOTUU paclpeieeHUs
CII0EB (DUITBTpa SBJISIETCS IPUMEHEHUE YCTPOUCTB CIIOCOOCTBYIOIIUX HEMIPEPHIBHOMY HCTEUE-
Huro O®M, obecnieunBaroux TpeOyeMoe KaueCTBO YKJIaJIKU APEHbI U MOBBILIECHUE TPOU3-

BOAUTCIIBHOCTH APCHOYKIIATYHNKOB.
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PemenueM 3amaum mo oOecneueHuto OecnepeboiiHoil momaun ODPM sBusercs
OCHaIlleHHe OyHKEpOB MOOYAUTENSIMH TMPOBOLUPYIONIUMHU HCTEUCHHE MaTepHhalia depes
pa3rpy30uHble OTBEpCTUS Ha 0a3ze (PU3MKO-MAaTEeMaTHUYECKUX MOJIEeH OMUCHIBAIOIIUX MPO-
IIECChI, TPOUCXO/AIINE TPU UCTEUYCHUU CHITyYnX MarepuayioB. MccriemoBanuem 3aKOHO-
MEpPHOCTEW JBMKEHHUS ChIIy4Yero MaTepuasa U3 JO3UPOBOYHBIX OyHKepoB 3aHuMaiuch JI.B.
['staeB (1968), B.A. boromsarkux (2007), 3. B. Ixenuke (1968) u apyrue, oqHako paOOThI
OOJBIIMHCTBA aBTOPOB HAIIPABJICHbI HA U3YYEHHE MpoIlecca J03UPOBAHUS MPU CBOOOTHOM
UCTEUCHUU ChIMyuyux Teil. [Ipu 3TOM ciieayer 0cob0 Moq4epKHYTh, YTO TPOIECCHI IBHKE-

Hust OOM B GyHKepe 103aTope IPEHOYKIaTuhKa MPAKTUIECKH HE PacCMaTPUBAIINCE.

Bo BTOpO# raase «MaremaTuueckoe MoAENIHpoBaHUE mpouecca nogayn OPM B

30HY €ro MOCJIIOMHOTO paclpe/ieieHus» Ha OCHOBAaHUU KOMOMHMPOBAHHOW MEXaHUYECKOU
Mojienu ceimydero tena JI.B. I'sueBa u B.A. boromsrkux, noguuHstoiieiics 3akony Kyio-
Ha, 0OBSICHEH MEXaHU3M CTaTHUYECKOro cBojooOpazoBanuss ODM B OyHKepe ApeHOYKIad-
YUKa, ONPEACIICHbI YCIOBHUS YCTOMYMBOCTHMX CBOAYATBHIX CTPYKTYpP, UX OCHOBHBIE Iapa-
METpPBI, a TAKXKE BJIIMSHHUE 3TUX MApaMETPOB HA PACXOJHBIC XAPAKTCPUCTHKU IIEIECBOTO
pacripenenuTes OyHKepa ApeHOyKIIaTuuKa.

Mogenb ceimydyero O®M nomnoiaHeHa JONYIIEHUSIMU, KOTOPBIE MO3BOJISAIOT YUHUThI-

BaTh peanbHyro Gopmy uactui, ODOM dvepes xkodhumenTsl GOPMBI - k, U UCKAKEHHSA
(opmsl - k, , ¥ PUBOAUTE NMPOU3BONBLHYIO (popmy ODM K yCIOBHO IMapoBoi - d , 4TO

CYILIECTBEHHO BIHUSET HAa aJCKBATHOCTh PE3YJBTATOB TEOPETHUECKHX HcciemaoBanuid. [lo
HaOmoneHusM (opma peanbHoit yactuibl OPM 6mmska k Gpopme nmapadonrueckoro 60-
YOHKA, 111 KOTOPOTO CIPABEIINBO:

d, =k, k,c, ey

rie Kg =072 - koadduiment, xapakrepusyromuii popmy yactuis ODPM;

K,, = 3\/b . (2a2 +ac+ 0,7502) , (2)

rae Ku,qb_ - K03QPUIHMEHT, XapaKTepU3yOIN HCKakeHHue (HOPMBI peabHOM YaCTHUIIbI

O®M ot popmsl mapa;

a, b, c — COOTBETCTBEHHO, IIIMPHUHA, IJIMHHA U TOJIIMHA YacTUIEI ODPM.

d, =0,72-3b-(2a* +ac +0,75¢*) (3)

CornacHo npeanokeHHON Mojenu rodas yactuna «A» ODM B noToke yyacTBYeT, B IBYX

JBKEHUSX — MTOCTYTATEILHOM CO CKOPOCTBIO VA g Y OTHOCUTEIBHOM - VAR (pPUCYHOK 1).



Takol XxapakTep INepeMelleHus 4a-

CTHII B TIOTOKE SIBJISIETCS CJIEJICTBUEM TOTO,
4TO B TMPOLECCE MABIKEHHUS YaCTHUIIBI
commkarotcs.  Ilpoucxomutr  «addex»
CY’KCHHUS MTOTOKA, BEAYIIUI K yBETUUYCHUIO
CHJI TPEHUSI MEXKAY YacTHIIaMH, YTO IpH-
BOJAUT K TOSBICHUIO TOPMO3SALIUX HM-

ITYyJIbCOB, KOTOPBIC IPCITATCTBYIOT IBHIKC-

HHUIO H O6YCJ'IaBJ'H/IBaIOT BO3HHMKHOBCHUC

1 — IMHUU TEPEHOCHOTO IBWXEHUS; 2 — JIU-
HHUH CKOJIbKEHHS OTHOCUTEIBLHOI'O IBMKEHHS,
3 — CTaTUYECKU YCTOWYUBBIN CBOJ CBOJIOB.

HEYCTOWYMBBIX U CTATHYECKU YCTOWYUBBIX

Pucynok 1 — I[Iponecc neuxkennss 3OM B MoMmeHT 00pa3oBaHUs CTATUYECKH
B JkeJI00e OyHKepa . .
YCTOWYHMBOTO CBOJA €r0 OMOPOW SIBISCTCS

gactuiia O®M, pacrnosnio’keHHas: Ha CTeHKe »keno0a (pucyHok 2). s paBHOBECHS OMOPHI
cBoia HeoOxoaumo BeimojHenue yciaosus O < F . Ilpu QO = F ycinoBue ycToiumBocTH
OTIOPHI CBOJIA JJIS THpaBINYECKOro ABMkeHUsS 3OM B kenmoOe nMeeT BUI:

Ors choda Y=ozt P 4)
rae ¢, - yroi tperus dactur, ODOM o

CTEHKY >KeJooa.

W3 mpuBeICHHOTO BBIIIE CIEAYET,
YTO PpaBHOBECHE OIOPHI CTAaTHYCCKU
YCTOWYUBOTO CBOJ[a HE HAPYIIUTCS J1a-

*e Tormaa, korma ¢, =0. B atom ciy-

qac yCJIOBHC YCTOfIQHBOCTH OIIOpPHI CTa-

THYCCKHU YCTOI>'I‘{PIBOFO CBOJa 3aIIMIICTCA

B BUJIE:
Pucynox 2 — Cxema ycioBusi 00pazoBaHus r=« )

CTaTUYECKU YCTOMYMBOIO CBOJA N3 yka3aHHBIX 3aBUCUMOCTEU CIEAyeT,

YTO NPH THUAPABINYECKOM JBUKECHUU

OOM B xenobe yCTOMYMBOCTh OMOPHI CTATUUECKOTO CBOJAA 3aBUCUT OT YIJIa HAaKJIOHA

CTeHKH jxkeno0a. CTatuyeckuil cBoJ HauboJiee yCTOMUMB U JUaMeTpe k€100a MEHbIIUM



10

WIN PaBHBIM HauOOJbIIEMY CBO000Pa3yIOIIEMY pa3Mepy:
R.?iC = RH.C6 (6)
Takum o0Opa3om, CTaTUYECKU YCTOMYMBBIA CBOJ (pUCYHOK 3) 0Opasyercsi mpH BbI-

MOJIHEHUU BBIIIE YKa3aHHBIX yciaoBui (1, 2 u 3).

Pucynox 3 - Cxema cun, aeu-
CTBYIOIIMX Ha DJIEMEHT «dS» cTa-

THYCCKH YCTOﬁqHBOFO CBOJa

YpaBHEHUSI paBHOBECHS CBOJIa TPUMET BU:

ZyzO; (T +dT)-cos(w+dw)—T-cosw—P-dx=0; (7)

> x=0; (T+dT)-sin(w+dw)-T-sinw+B -dy=0, (8)
re w - yroiu, 00pa30BaHHBIN ANEMEHTOM U «dS» ¢ ocbio Oy;
P, 1 P - ycwius, NpUXOJSLINECS HAa EAUHUILY AJTUHBI TPOSKLIUNA CBOJIA.

Hx HHTCTPUPOBAHUC ITO3BOJUT ITOJIYYUTb CUCTCMY:

d
T-ﬁzP’-ercl;
dx 9)
T —=-P-x+c,.
ds
PemrennemM cructeMbl OTHOCUTENBHO « 1%, OyaeT nuddepeHImaibHOe ypaBHEHHUE

(P-x+cl)-j—;:—P'-y+c2. (10)
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d.
Ero perenne npu HadanbHbIX yCIoBUAX X = H — f.q © y=0;d—x:O
Y
2c P , 2c
+—x=——y+H-f,)+—H-F,). 11
X+ x=— v (H-f )+ (H -1, (1

1 1 1
[IpuBoas ypaBuenue (11) mpu c= —(P ‘R-ctgy+H - Pl) K SIBHOMY BHUJIY OTHOCH-
TEIBHO «)», NOJyYHM ypPaBHEHUE KPUBOM CTAaTUYECKH YCTOWYMBOIO CBOJAA B MPOJIOJIBHOM
CEYEHUH xemoda:
. .R- 2H-P+P-R-ctgy)-\H-f (12)
y=i/—5.x2+2(H P1+PRctg;()_x+ﬂ.(H_f )2_ (H-F, 2)-| ce)-
P P P 6 P

[IpeoOpazoBanue ypaBHenus (12) u ero pemieHue mo3BOIUT ONPEACIUTh BHICOTY CBOJA:

fu= AR, -clgy R, A ctg’y + A, (13)
g runpaBnuyeckoro Buaa apmwkeHuss OOM B xenode kodhGUueHT «A4» paBeH:

A=2Acig(B+p,)+(ga+0,)). (14)
rae f — yrona ykiuaaku yactuiy OOM B xxenode

HaunGonpmuii cBogo0o0pasyromuii pazmep xenoda OyHkepa:

b - DlAQan+3y)1g(f+,)+3y sin2p 1gy]
e 3y -sin ﬁ(l+5-tg;()-/10 ' (15

rac n - INIOTHOCTBb YaCTHULBI «711)), KI‘/M3; Y - y,Z[CJIBHBIﬁ BCC YaCTHLbI «m11», A o -~ OCCBasi

MO/ATIIMBOCThH CBOJA.
B dopmyme (15)

1g ((pcm + a)- tg(ﬁ + gonpj

[l+tg(¢cm +a)-tg(ﬁ+¢npj-cos ﬁ’} '

TeopeTuuecKkuii KodpPuieHT s ruapasiandeckoro ucreuenus OOM u3 OyHkepa.

a =

(16)

Pazpyumienne craTuyeckn yCTOMYMBOIO CBOJIa IMPOMCXOJIUT IPU Pa30BOM U JOCTa-
TOYHOM HMITYJIbCE, HO BMECTO HETO Ha ATOM K€ MECTe Cpasy ke oOpasyercs HOBBIA. Ha
OCHOBAaHHUH 3TOTO MOXHO MPEANOJIONKUT, YTO BPEMS PA3PYLICHUS «CTApOro» CBOAA PABHO
BPEMEHH 00Pa30BaHUsI KHOBOTO», TO €CTh, L ,45 =115,

[Ipn nmogaye BHEIIHETO UMITYJIbCA HA €T0 «3aAMKOBYIO» YACTHILY, ITOCIEAHSA HAUMHA-
eT cBOOOJHOE MaJIeHUE C BBICOTHI, pABHOMU CTpelie f., CBOJA, MOJ JACHCTBUEM TI'paBUTALIU-

OHHOM CHUJIBI «G,,» - CHIIBI TSKECTHU 3aMKOBOM YaCTHIIBI «I71).
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HuddepenumanbHoe ypaBHeHHE CBOOOAHOTO MAJACHHS 3aMKOBOM YAaCTHIIBI «11» T10

! o
ocu X C BBICOTBI, PABHOMU CTpeIie f cg CBOJA, OyJCT UMETh BHI:

m dzx’ =m-g (17)
dr* '
Pemenue nanHOrO ypaBHEHUS IMO3BOJIUT HOJYYUTh:
2 2 f
t Cc8
=g-cosa-—, [l = |—
fu=28 >0 e cosar (18)

dopmyna (18) He YyUUTHIBAET OCEBYIO MOAATIMBOCTD «A,» CTATUUECKH YCTOMYHUBOIO CBOJA
, CJI€I0BaTENIbHO, TEMI €ro pa3pyuieHus. [loaHoe Bpems pa3pylieHus yCTOHYMBOTO CBOJIA
B 10 + 15 pas Gonmpmie £ ;.

JIuHeiiHas 4acTOoTa BO3HUMKHOBEHHUS WIIHM paspymicHusI CTAaTHYCCKH YCTOﬁqHBOF (O

CBOJa paBHA:

v 1 1
Tn.o6p k p
IIE t; ;5 - TIOJIHOE BPEMs Pa3pyLICHHs CBOJA.
Yacrora BpanieHusi CBO0Pa3pyILIaroIIero yCTpOUCTBa:
(20)

®opmyna (19) ompenensier MaKCUMaIIBHO JOMYCTUMbIE 0OOPOTHI CBOAOPA3pPYIIA0-
IIEr0 yCTPOWCTBA, MPU KOTOPBIX JOCTHIaETCs OKOJOpE30HaHCHOe pazpsikeHne ODM,
IIPENOTBpAIIAONIEe  BO3HUKHOBEHHE
CTaTUYECKHU YCTOWYMBBIX CBOJOB.

IIpouecc po3upoBanus ODM
CBOAOPa3pyLIAOIUM YCTPOMCTBOM
npeactaBieH Ha pucyHke 4. IIIHek
TpaHcrnoptupyer o0sém ODM (V)
MJIOTHOCTBIO (p;) K BBIMYCKHOM MIEIH

Oynkepa pasmepom bx[ tne b - mu-

pHUHa ey, a [ - e€ qiuHa.

Pucynok 4 — Cxema nogaun muaexkom OOM O6bém V) ymnotHsercs mox

K BBIITYCKHOM I1LeJI OyHKepa JEUCTBUEM IHUHAMUYECKOIO JABIICHUS
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IIHEeKa U cTaHoBUTCA paBHbIM V,. Torna, V, - p, =m,, T1e p, — INIOTHOCTD YKJIaJbIBAEMO-

ro O®M. Omnpenensis maccy ODPM uyepes unciao gacTuil 1, B 00bEMe V', wrornocrs o1-

JIEJIbHOM YacTHULbI - 7] U YCIOBHBIA JUAaMETp YacTULbI d y» HAXOIHUTCS IePUIUT YACTHII

n,, B 00béMe V) :

4

_6V LA
N n)

n,,= -n,,

4 4.6

21)

rae n,,, n,, - IeUCTBUTEIHLHOE U BO3MOXKHOE YHCIIO YacTull B 00bémMe ODM.
B Beipaxkennn (21) COMHOXKUTETH (1— o1/ 77) - OTHOCUTEJbHAs CKBa)XHOCTH ODPM B

00bEMe V,, BBIpQKCHHAS B JIOJSAX CAUHHIbIc, =(1—p /7). AHAJOTHYHO pemaeTcs 3aa4a
[0 OIpENEIEHHI0 OTHOCUTENbHON ckBaxkHocth O®PM B o00véMe V, . Torua,

i:ﬂ: =5
¢ n—p,

- K09 PUIIUEHT OTHOCUTENBHON CKBAXXHOCTH B 00bEMax V, u V).

HpI/I YKIIAAKC APpCHAXKHAA pr6a HUCIIBITBIBACT HABJICHHUC OT CO31aBACMOI'0 HAIIOpOM

IIHEKa JUHAMMYECKOro naBiaeHus O, ,,, U pasieHus ciaos OOM O, , TO ecCTs,

O 6¢ =0, oun T O, YcaoBue COXpaHEHUS KOJIBIICBON YCTOMYMBOCTH APCHAKHOW TPYOBI
AMEET BUJI:

V? .cosa
o |20, =P =5k g, g b (22)

B TpeTtheii r1aBe «MeToanka J1abopaTOPHO-TIONEBBIX HCCIICIOBAHUIN MpPEACTaBIIC-

Ha METOJMKa U MporpaMma MpOBEIEHHs SKCIIEPUMEHTOB, OIMCAHO O0OPYJOBaHUE U Me-
JMOPATUBHO-XO03WCTBEHHBIE YCIOBHS 0ObEKTA UCCIIEJOBAHUS.

Ha mepBom stane uccnenoBanmii cornacHo 'OCT 25100-82 «I'pyntsl. Knaccudu-
KalMs» TMPOBEACHbI JTAOOpaTOpHbIE HCHbITaHUA mnecuaHo-rpaBuiiHoi cmecu (III'C) g
ornpezeneHus €€ OCHOBHBIX (PU3MKO-MEXaHUYECKUX CBOMCTB.

Ha BTOpOM 3Tane uccienoBanuii ObUT U3TOTOBJIEH B METAJLIE SKCIEPUMEHTAIBHBIM
obpazerr OyHKepa IpPEHOYKIATYMKa C CBOAOPA3pYIIAIONIAM MEXaHM3MOM B BHJE JABYX
HAKJIOHHBIX KOMOWHHPOBAHHBIX LIHEKOB (pucyHOK 5). MccrnenoBaHusi MPOBOJIWIIUCH B
TPYHTOBOM KaHaie kadenpsl «Mamunbl npupoaoodyctpoiicteay HIT'MA.

Jlnist onipeieNieHusi BEMMYMHBI MAKCUMAIbHO BO3MOKHOM Harpy3ku Ha CTaH/IapTHYIO

ropUpoOBaHHYIO IpeHaXHYI0 TpyOy ObLIM MPOBEIEHbl HAaTypHbIE HUCHIBITAHUS JIPEH C
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o6ceinkoid O®M u 6e3 0OCHINKH KPaTKOBPEMEHHBIMU MEXaHUUYECKUMH Harpy3Kamu

Ha OJHOOCHOC CXKaTHuc.

. i 6.

a) MEXaHU3M CBOJIOpA3pyIICHUs; 0) MPUBOJ MEXaHH3Ma CBOJIOPA3PYILICHHS
Pucynox 5 — DkcniepuMeHTanbHbIN OyHKEp APEHOYKIaTIMKa

KauectBo 06chinku apensl [1I'C skcniepuMeHTanbHBIM OYHKEPOM JPEHOYKIATINKA
CO CBOJOpa3pyILIAIOIIUM YCTPONCTBOM OCYILIECTBISIOCHh BU3YaJbHO IO CHEUUAIbHBIM Ia-
pameTrpam, O0BbEAMHEHHBIM B OLIGHOYHBIC TPYIIIBI «HEYAOBIECTBOPUTEIBHO», «yIOBIETBO-
PUTENBHO» U «XOPOLLIOH.

s mpoBeneHus TpEXGAKTOPHOTO JKCIEPUMEHTA C LETIbI0 OINPEACIICHUS OITH-
MaJbHBIX MAPaMETPOB U PEKUMOB PabOTHI CBOJOPA3PYIIAIOIIETO YCTPOMCTBA MCIOJIB30-
BaH 11aH bokca-benkuna.

[ToneBbie uccnenoBanusa npoBoauiuch B 3AO «KpacHokyTckoe» BecenoBckoro
paiioHa, TZIe B paMKax JUCCEPTAIMOHHON paboThl OblIa MPOBEACHA PEKOHCTPYKIIUS P e-
HAQXXHOW JIMHUHU, TMyTEM 3aMEHBbI TOBpe-
XKIEHHOTO y4yacTKa APEHbl NIuHHON 250
M Ha HOBBIH, YJIOXKEHHBIN MO pa3pado-
TaHHOM TexHojoruu. [locne yero B me-
puox ¢ 2010 mo 2012 r.r. uccnenosanach
e€ paboTOCTIOCOOHOCTh. YKJIaaKa mApe-

HaXHBIX TPYyO OCYIIECTBISAIACH IKCKaBa-

topom OTIL[ — 208, koTOpbBI OCHAIIEH
OYHKEpOM-TPYyOOYKIAIIMKOM  IIPELIO- Pucynok 6 — Dkckaatop ITL -208 ¢

KEHHOU KOHCTPYKIUU (PUCYHOK 6). IKCIIEPUMEHTAIILHBIM OYHKEPOM
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Jpena 3anoxena B coorserctBun ¢ BCH 33-2.03-86 o meToanke, NpeaioKeHHOM
HI'MA wu ponosiHeHHOW aBTOpoM. BoaomnpoBojsiias 4acTh BBINOJHEHA U3 APEHAXKHBIX
roppupoBannubix [I1BX 1py6 (TY 2248-003-2003) nuamerpom 110 MM, 00epHYTHIX B OJUH
cioit HeTkaHbIM 3PM ¢ 00CHINKOM MO epuMeTpy necuano-rpasuitHoit cmecsio (I1IC).

[Togaua III'C u dopmupoBanue GuibTpa BOKPYT APESHAKHOW TPYOBI, MPOU3BOIU-
Jach MPUHYIUTEIBHO CBOAOPAa3pYLIAIONIUM YCTpocTBOM. Tpebyemasi MIOTHOCTH Tena
¢unbTpa nocTUraNiach PEryJIMpPOBAHUEM YACTOT BpallleHHsT KOMOWHUPOBAHHBIX IIHEKOB
CBOJOPA3PYIIAIOIIETO YCTPOMCTBA. DTO BBI3BIBAET U3MEHEHUE CUJI TUHAMHYECKOTO BO3-
nercTBUsa TpaHncmoptupyemoro motoka I1I'C Ha ykmaapiBaeMblid ciioil GUIBTPYIOMICH
00chInKHU, obecrnieunBas HEOOXOAUMYIO TNIOTHOCTh MaTepHala. J(hamazoH M3MeHEHUS
yacToT Haxoawics B npeaenax ot 40 mo 100 o6/MuH B 3aBUCUMOCTH OT CKOPOCTH JBUXKE-
HUSl JAPEHOYKJIaauuka. Bo BpeMs UCHBITAHUN XOJOYMEHBIIUTENIb TPAKTOpPA MO3BOJIUI
U3MEHATH pabouyI0 CKOPOCTh NepeaBkenus B nuamna3zone ot 0,11 g0 0,98 km/4.

HccnenoBanue paboThl JPEHbI 3aKIII0YAIOCH B ONPEAETCHIH € TEXHUYECKON u Me-
nuopaTtuBHOM 3 dextuBHOCTH. MccnenoBanne TexHUUEeCKoW 3((HEKTUBHOCTH APEHBI BbI-

MOJIHAJIOCH IO MeToay, npeaioxkenHomy P.I'. [xanymossiM 1 FO.I'.OununmnoBbim.

B uyeTBepTOii I171aBe «Pe3ynpTaThl 1a00pPaTOPHO-TIONIEBBIX UCCIACAOBAHUN U UX aHa-

JIU3» MPOU3BEAEH aHAIN3 UCCIIeI0BAaHUI OCHOBHBIX (pr3nKo-mMexaHnueckux cBoicts [1I'C,
MPEACTABIICHBI PE3yJIbTaThl SKCIEPUMEHTAIBHBIX HUCCIEAOBAHUNA Pa3paOOTaHHBIX TEXHO-
JIOTUU U yCTpOWCTBa AJisi HenpepblBHOW nogaun ODM B 30Hy MOCIONHOTO pacnpeserne-
HUS.

[Tonmyuennsie xapakrepuctuku [II'C coorBercTBytoT TpeboBanusm BCH 33-2.208-
86, MpeabABIsIEMbIM K (UIBTpaM M oOecrieuynBaroT oOpa3oBaHue B Teie (PribTpa mop u
(GUIBTPAIIMOHHBIX XOJI0B, JOCTATOYHBIX JJIsi CBOOOAHOTO BBIHOCA B JAPEHY YaCTHUIl TPYHTA
muametpoM MeHee 0,05 MM m 3aaepskanus gacTuil guamerpom oomee 0,1 M.

XpoHoMeTpaxk 00pa3oBaHMsI CTAaTUYECKH YCTOWYHMBBIX CBOJOB B OyHKEpe IPEHO-
yKJIaJ4MKa MOKa3ajl, 4YTO CpelHee BpeMsi mpocTosi OyHKepa coctaBuio 27 % oT ooiiero
BpeMeHu cMmeHbl. OTcrofa cieayeT, yTo B OyHKepe HeoO0XoauMa yCTaHOBKA CBOJAOPa3py-
HIAIOUIETO YCTPOMCTBA, MapaMeTpbl U PEKUMBI KOTOPOTO o0ecneurBaiu Obl paBHOMEPHOE
ucteuearne ODM u3 OyHkepa ApEeHOYKIATINKA.

B pesynbraTe 3KCcrepuMEHTAIBHBIX UCCIEA0BAHUN MTOIYYEHO I0JI€ YaCTOT BHEIIHETO
BO3JICHCTBUS HA CBOJI B 3aBUCHUMOCTH OT YIJla HAaKJIOHAa CTEHKH OyHKEpa & U BEINYUHBI

CTpeJbl CTATUYECKH YCTOMYUBOTO cBOJa f,,,, 0Opasytomierocs B OyHKepe.
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B onpitax yros a n3smensuica ot 0° no 90°, a R, ot 0,1 mo 0,4 m. B pe3yinbrare noiry-

YyeHbl Tpaduku GYHKIUN OJHHU U3 KOTOPBIX PEICTaBICHbI Ha pUCYHKaX 7, 8.

y [y

100 =

azs

aq50

q25

N
N

A}

g q09

—  JKLTIEDUMEHMA/IEHOE

)

q

27

== [MEOPemu4eckoe

Epro—
G0 90 @ 2pad

Pucynok 7 — I'padux pyHkumn v = f5(a)
npu R, = 0,09 m

100

a7s

-g50

vy
N
N
\\ V-‘U _1/
NN
N
™N
005 0B 027 0wk 0l Ry M
—  KIIEDUMEHTENLHE
== [MEODEMUSELKOE

Pucynok 8 — I'paduk dpyHKIIMN
v=[f(Ry) upu a = 10°

Ananu3 rpadukoB (pUCYHKH 7, 8) MOKa3bIBAET, YTO KaXKABIM 3HAYCHHUSIM o U R, CO-

OTBCTCTBYCT 4aCTOTAa V BOBHUKHOBCHHA U PA3PYIICHUSA CTATUICCKHU YCTOﬁqHBBIX CBOJOB.

CrnemoBaTenbHO, AT KaXKIBIX 3HAYCHUH O U R, MOXHO OTPEIeINTh 3HAUYCHHS YHClIa 000-

POTOB IIHCKA, O6€CH€‘II/IBaIOH_II/Ie 3a,ZIaHHBII>’I pacxon ODdM wu ero Pa3PBIXJICHUC.

B peanbHOIM KOHCTpYKUIHMH Yros @ HaxoauTcs B auamnasone ot 0° qo 10° mpu sTom,

R, = 0,2 M, 4TO COOTBETCTBYET TPEOOBAHUAM YKIAJIKH IpeHaxa (pucyHku 9, 10).

i)

oy
42
~r{
| N
315 < =
| A~ =510
| <
o I N
™
| A
s i \
|
| _—
0 20 40 60 s0 0 0 zpad
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Pucynok 9 — I'paduk pyukipm n = fz(a)

npu R, = 0,2 M
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Pucynox 10 — I'padpuk pyHkumu
n = fe(Ry) mpu a = 10°

B cBs3u ¢ Tem, yto pacxog OPM 3aBUCHUT OT OCEBOM MoJlauM IIHEKa, BHIOOp YucIia

000pOTOB IIHEKAa HEOOXOIMMO MPOU3BOJUTh HCXOAS W3 IMOJAa4M CEKYHIHOTO 00BbEMa

O®M, yki1agpBa€MOro BOKPYT APEHAXHOU TpYObl B IPOLIECCE CTPOUTENHCTBA IPEHAXKA.
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Jloka3zaHo, YTO OCHOBHBIMHM (PaKTOpaMH, BIUSIOIIMMU HA BEIMYMHY HAHOOJBIIETO
CBOZI000pasyromero pasmepa D, ., BBITYCKHOM IIEIU OyHKepa, SBIAIOTCS pasMep dy, 4aCTHIL
O®M wu oceBas MOJIATIIMBOCTh CTATHYECKU YCTOWYMBOTO CBOJIA A,, 3aBUCSAIIASI OT (PUUKO-
MexaHndeckux cBoicTB O®M u GpUKIIMOHHBIX CBOMCTB MaTepraia OyHKepa.

TeopeTnueckue uccae0BaHus MMOKA3aIM, YTO OAHUM U3 OCHOBHBIX ITApaMETPOB J10-
3upoBanuss ODPM 1pu CTPOUTENLCTBE JIPEHANKA ABJIAETCA OTHOLIEHUE ckopocTei V, ,,/ Vi,
DTO OTHOIICHHWE 3aBUCUT OT Pq, P, [,h u R, = R,.. TIpoBeneHHbI! SKCIIEPUMEHT IO/I-
TBEPAWJI TH BBIBOJBI U MOKa3al, 4TO JUiA JitoOOro cooTHomeHust h-p; u R, - p, cyie-
CTBYET KOHKpETHOE cooTHoIenue V, , / Vip » IO KOTOPOMY MOXHO OHpeAensts V, ,, mpu 3a-

JJaHHOM 3HA4YCHUU Vﬂp,

WM HAa000pOT.
[TpoBeneHBI CpaBHUTEIBHBIC JAOOPATOPHBIC MCCIICIOBAHUSA SKCIIEPUMEHTAILHOTO U
06a30Boro OyYHKEpOB 10 KauecTBY yKiIaaku ODPM U COOTBETCTBYIOIIHUX dHEPTeTUICCKUX 3a-

TpaT. Ha pucynke 11 nokaszana olieHKa KauecTBa yKJIaIKH.

a — npepbiBUcTas ykiaaaka OPM OyHkepoMm 6a30BOT0 ApEeHOYKJIAAUUKa; O - HepaBHOMEpHas
ykaagka OOM OyHkepoM co cBojopaspymawmum yerpoiicteom mpu V= 0,03 M/c,

n = 25,0 mua"!; B - kKauecTBenHas yknaaka O®M GyHKepa CO CBOJOPa3PyIIAOIIMM YCTPOM-

creom npu V, = 0,042 m/c, n = 40,0 mun~?!
Pucynoxk 11 — JlaboparopHsie nccienoBanusi kauectBa ykiaaaku ODOM OGyHnkepamu

0a30BOro APEHOYKJIAAYUKa U MPEAJI0)KEHHON KOHCTPYKLIUU

Pe3ynbpTaThl TATOBBIX CPaBHUTENBHBIX UCIBITAHUNA MMOKA3aJIM, YTO CBOJOPA3PYILA0-
1iee yCTPOWCTBO MO3BOJISIET YMEHBIIUTH TATOBOE COMPOTUBIIEHUE, MPUMEpPHO, Ha 7% 3a
CYeT HarHeraemoro mHexkamMu noroka O®PM M NOBBICUTH OIIEHKY KadecTBa YKJIAAKU C

HETaTUBHOM Ha XOpouIyro. HpI/I OTOM IOATBCPIKIACHO, YTO CKOPOCTb YKIIAJAKH ApPCHAXa
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JIOJDKHA 00ecTieurBaTh COOTHOIIEHNE TIoTHOCTe ODM, BBIXOASIIMX U3 Kenoba OyHKepa
Y YKJIaJbIBAEMBIX Ha JHO TPAHILEH.

J1is1 BBISIBIIGHUS CTENIEHU BIMSHUA (HAKTOPOB Ha mpouecc qo3upoBanuss ODOM Obut
poBenEH TPEX(PAKTOPHBIN IKCTIEPUMEHT. B Hero Bouuiu (hakTopsl, MOTYyYEHHBIE B PE3YIib-
TaTe BBIOJHEHUS alPHOPHOTO PAHKUPOBAHUS (Z1- COOTHOIICHHE P,/ p1; Zp - GOpMa BbI-
MyCKHOTO OTBEPCTHS; Zz - IUIOIIA/Ib BBIMYCKHOTO OTBEpCcTUs OyHKepa). Maremaruueckas
MOJEJIb, ITOJYYECHHAs! B PE3YJIbTAaTE ONMHMCAHUS MOBEPXHOCTH OTKIIMKA YPABHEHUEM peErpec-
CUM BTOPOTIO MOps/IKa MPUHSJIA BUL:

y =0,6012 + 0,654 -z, + 0,0045-z, + 0,0275-z; — 0,0039 - z; - z, +
40,0750 z; - z3 + 0,0246 - z, - z3 — 0,0783 - z# + 0,458 - z5 — 0,034 - z2. (23)

Mogens npoBepsiiach ¢ MOMOIIBIO KpuTepus: duiiepa v 1ajna XOpolure pe3yibTaThl
¢ 95% BEpOATHOCTLIO, TaK Kak F,., = 0,12 < F,,5, = 2,1.

Jlanee aHanu3upys MOJYYEHHOE YpPaBHEHUE PETPECCUH, ObUTH MOCTPOCHBI Tpaduxu
MOBEPXHOCTH OTKJIMKA. JlJI 3TOro mocieaHee ypaBHEHHE IOJBEPIJIOCh KaHOHHUYECKOMY
peoOpa3oBaHuUI0, KOTOPOE B CTAHJAPTHON KaHOHUYECKON (hopMe UMEeT BUJI:

y = 0,597 + 0,0476 - zZ — 0,0364 - z2. (24)

[ToacraBiiss pa3IMYHbIE 3HAYEHHUS «)» B MOCIEIHEE YPABHEHUE, NIOJIy4aeM ypaBHe-
HUSl COOTBETCTBYIOUIMX KOHTYPHBIX JMHHIA — TUNEPOOJ, B COBOKYIMHOCTH IPEACTaBIIsSIO-
X COOOM 11e710€ CEMENCTBO COMPSIKEHHBIX TUIEpPOOs (JUHUI PaBHOTO 3HAYEHHS COOT-
HOIICHHUH p;/p, ODPM, BBIXOISIIETO U3 BBITYCKHOTO OTBEPCTHs OyHKepa, IJIOMIAb KO-

TOPOTO COOTBETCTBYET HAMOOMBIIIEH CBO1000pa3ytoleH Tiomaam (pUCyHok 12)).

Kpyenasg
oY . o7 ae620

Apyenas

[IpsaroyzorbHasg

[Ipgrayzo/bHasg

Popra BrinyckHozo ombepcmus

[IpgrayzorHas
609 707 1257 1963 2136

[lnowade BeinyckHozo ombepcmus, MM

Pucynok 12 - JIByMepHO€E ceueHne NOBEPXHOCTH OTKIIMKA Ipu z; = 0

W3 rpaduka cnegyer, 4To ONTUMAJIbHBIN BapUaHT OTHOILIEHUS I0THOCTEH ODPM
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, 100
JUISL KPYTJIOro ceueHus xéEnobda paseH p;/p, = 0,62, niu % = = 1,61.
1

OTO ycnoBHe CHpaBeIMBO AJs craTudeckoro yrsiotHeHuss OPM B xkenobe OyHkepa. B
TUHAMUKe 1pu paboTaromieM mHeke ymiotHeHnne OPOM cumxkaercsa B 1,5 + 1,7 paza. Ilo-
ATOMY, ONITUMAJILHBIM OyJeT 3HaYeHue p,/p; = 1,61/1,5 =1,073.

XKénob OyHkepa mepexoauT B mIeieBYI0 (OpMy, IpU KOTOPOU, KakK CIeIyeT U3 pu-

1000
cyHka 12, Z—l = 0,579 wm % = Too1s = 1,11, yTo OTBEYaET ONTUMAJILHBIM YCJIOBUSIM.
2 1 -1,

Takum 00pa3oM, UCXO/sl U3 MPOCTOTHI U3TOTOBJICHUSI OyHKEpa C IIeJIeBbIM OTBEPCTHEM, B
npeaiaraeMoil KOHCTPYKIMU yCTPOMCTBAa MPUHUMAEM IIEJIEBOE€ OTBEPCTHUE C pa3MepaMu
[ X 2R, > 2136 MmM? .

AHaIOTUYHBIM CIIOCOOOM CTPOWIIMCH IByMEpHbBIE ceueHus pu z, = 0, z; = 0.

Pe3ynbTarhl TpEX(aKTOPHOTO SKCIEPUMEHTA MO3BOJSIOT CHENaTh CIEAYIONINE BbI-
BOJIBIL:

1. ®dopma BBIITyCKHOTO OTBEPCTHsI OYHKEpA, B IPUHIIMIIE, HE BIUSIET HA COOTHOLIE-
HUe p,/p,. CienoBarenbHO, €€ ClleayeT BIOUPAaTh KOHCTPYKTHBHO, HCXOI U3 KOH(HUTY-
panuu ykiaapiBaeMoro Bajaka OOM.

2. lupuna meneBoro orBepctus OyHkepa npu go3upoBanu ODOM, nomxHa OBITH
Oonble cBos000pasymoiei, To ectb D, > Dy 5.

3. CoortHolleHue p,/p; MAODKHO HAXOIUTHCS B mpeenax ot 1,1 go 1,2.

AHanu3 pe3ylnbTaToB UCCIeNOBaHUS J(PPEKTUBHOCTU pabOTHI JPEH YIOKEHHBIX IO
npeaaraeMoil TEXHOJIOTHUU TIOKa3all, YTO C HAUMEHbBIIUM (PUIIBTPAIIMOHHBIM COTPOTHUBIIC-

HueM (Tabnuua 1) padotaet HoBas apeHa (Pc = 18,53 m).

Tabnuma 1 - Cpeanue 3HaueHUs (PUIBTPAIMOHHBIX COTIPOTUBIICHUH JIpEH,

paCcCUUTaHHLIX Pa3IMYHBIMHA MCTOAAMHU

[To A.M. Coiidepy Pemenne oOpaTHbIX 3a1a4
Howmep DuIbTPallMOHHOE CO- DuUIbTpaLlMOHHOE CO-
TpeHbI Yucno MPOTUBIICHUE, M Yucno NPOTHUBIICHUE, M
HaOM0IeHU TUII KOH- HaOM0IeHU TUII KOH-
JpeHa JIpeHa
CTPYKIIUHA CTPYKIIUH
3dp-1 16 17,52 17,52 14 18,53 18,53
3p-2 16 18,58 14 22,22
31p-3 16 18,06 18,32 14 21,16 21,69

OWIbTPALIMOHHOE COMPOTUBJICHNE HOBOM KOHCTPYKIIMU C MECUaHHO-TPAaBUMHON 00-

chIKOM Ha 12-15% MeHblle CyleCTBYOIIEH.
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[IpumMeHuTENBHO K paccMaTpUBAEMbIM KOHCTPYKIIMSIM BBITIOJIHEHBI PAacu€Thl KO3(-

(1)I/H_II/I€HTOB TUAPABINYCCKOIO0 COIIPOTHUBJIICHUA H Boz[03a6opa, N YCTAHOBJICHBI 3aBUCHUMO-

, 4 ctu g=f(h). Bomo3zabopHble XapakTepu-
cgmM-M ['K/]M CTUKHM HCCIIEIyEMBIX JIPEH, 3aBUCUMOCTH
0069 1 08 YAEIBHBIX PACXOJIOB OT HAMOPOB (PUCYHOK

13) u ¢uabTparMOHHBIE COMPOTHUBICHUS
ey e (Tabnuua 2), ycTaHOBJIEHHBIE Pa3IMUYHBIMU
oo% b 0 METO/IaMH, TIO3BOJIAIOT CJeNaTh O0OOCHO-

BaHHBIE BBIBOJBI 00 3(PPEKTUBHOCTH HU3Y-
407 1 424 YaeMbIX KOHCTpyKuMM. Tak, y JpeHsl,
; ; YJIOXKEHHOM C NPUMEHCHUEM HOBOU TEX-

02 G4 06 08 hm
1-npena 3Ip—1; 2-npena 3[dp—2; 3-npena 3p-3

HOJIOTUU OOCHINKK (PUIBTPALIMOHHOE CO-
npotuBieHue B cpegHeM Ha 10-15%
Pucynok 13 — I'padyk yaenbHBIX paCXOM0OB  MEHbBINE, YeM Y KOHCTPYKIHH MOCTPOCH-

ApPCH OT ﬂeﬁCTBYIOHlHX HaItopoB HBIX I10 Tp&I[HI.[HOHHOfI TCXHOJIOI'nu.

Tabnuna 2 - [lokazarenu Texunueckon 3(pPEKTUBHOCTH KOHCTPYKIUN JPEH

Texnonorus | YIeIbHBIN OUIbTPAIIMOHHOE Koaddurmentsr | [Tokazarens
OOCBITIKH IPEHBI | PacXof, COIIPOTHUBJICHHUE, BOJIOIIPUEM.
oM q, JA/cKM D, m CIIOCOOHOCTH
1o peleHue £ 1 p, M/ CyT
AM. Coitdepy| oOpaTHBIX
3a1a4
Buenpsemas | 0,40...0,55 17,52 18,53 3,75 0,28 0,31
Tpamuuuonnas | 0,36...0,52 18,32 21,69 4,10 0,22 0,28

Jlpena, ynoxeHHasi B3aMEH MOBPEKIEHHON XapaKTepU3yeTCs MEHbLIUM 3HAYE€HUEM
koadummenta ruapasiuueckoro conpotusienus (& = 3,75), GonpmuM k03P hUIueHTOM
Boz03abopa (i = 0,28) u obecrieunBaeT yaenbHble pacxoasl B cpeaneM 10 0,5-0,6 m/c-km
nipu Harnopax 10 0,6 m.

AHanu3 pe3ynbTaToB MOJEBbIX UCCAEAOBAHUM JAPEH MO3BOJSET CACNIATh 3aKII0UYEHUE
00 3¢ dexTuBHOCTH HOBOW TexHOJOTMU OOchIKkU TpyOo ODPM wm nenecooOpa3zHOCTH €€
MPUMEHEHUS JJI1 CTPOUTEIBCTBA U PEKOHCTPYKLIUU JPEHAXKA.

Ha ocHOBaHMUM TEOPETUYECKUX M DKCIIEPUMEHTAIBHBIX MCCIICIOBAaHUN pa3paboTaHa

METOJIMKa pacyéTa JO3UPYIOIIeH CUCTEMbI OyHKEpa JPEHOYKIIAUUKA.
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B nsaToii raaBe «9xoHoMHuuecKas 3Q(PEKTUBHOCTH pa3pabOTKI pacCMOTPEHBI IKO-

HOMMYECKHE MMOKA3aTeIu MPUMEHEHHUS! YCOBEPIICHCTBOBAHHOIO TEXHOJOTUYECKOIO Mpué-
Ma OOCBHINIKU ApeHaxHbIX TpyO. Ilpemmaraemas TeXHOJOTHs MpeaycMaTpUBaET MCKIIIOYe-
HUE OCTAHOBOK JPEHOYKJIAJAYMKa, BHI3BAHHBIX NpekpaiieHuem ucreuenuss OOM u3 OyHke-
pa B IPUIPEHHYIO MOJOCTh. Takue OCTAaHOBKU 3aHUMAIOT 110 35% oO011ero BpeMeHu 1UKJIa.
HckmtoyeHre 0CTaHOBOK MPUBOAUT K YBEJIIMYSHUIO IPOU3BOIUTENILHOCTH paboT Ha 18%.
DKxoHOMUYECKHUM IP(DEKT OT MPUMEHEHUS pa3pabOTaHHBIX TEXHOJIOTUN U TEXHOJIOTU-
yeckux cpenctB coctabisger 14140 py6neit Ha 1000 M peKOHCTPYHpPYEMOTO ApeHaxka, YyTo

coctaBuT At opocutenbHor cucteMbl 3A0 «KpacHokytckoe» 1256000 pyOnei.

3AKJIIOYEHUE

1. TexHonorn4yeckue MpoOUECChl U TEXHUYECKUE CPENICTBA, IPUMEHIEMBIE IIPU CTPOU-
TenbCcTBe M pekoHcTpyKumu 311, He obecnieumBaroT paBHOMEpHYIO mogadwy ODPM B 30HY
ero pacnpeneneHus. Huzkoe kayecTBO YKJIaJIKu OOyCIOBJIEHO HEIOCTATOUYHON M3Yy4YEHHO-
CTBIO TIporiecca (OPMUPOBAHUS 3ALMUTHON M30JIALIMUA IPEHBI, HEPALIMOHATBLHBIMU C TOYKU
3peHus CBOJJ000pa30BaHUs MapaMeTpaMu OYHKEPOB.

2. IlpenyiosxkeHHas mMaTeMaTuyeckas Mojelb npoiecca nogaun OP@M B 30HY €ro mo-
CJIOWHOTO pacrpeneseHus MO3BOJISET ONPEIEIUTh CKOPOCTU JIBIXKEHUS U YCIIOBHUS 00pa3o-
BaHUA B OyHKepe OpEHOYKJIaJuuKa cTaTU4ecku yctoiumBoro csoma ODM, a Tak xe pe-
YKUMBI BO3JICHCTBUSI HA HETO CBOJOOOPYIIUTENEM, MTPU KOTOPBIX JOCTUTAETCS OKOJIOPE30-
HaHCHOE paspspkenne ODPM, npenoTBpamiaroiee CBo1000pa3oBaHue.

3. IlocTynaTenpHas CKOPOCTh arperaTUpOBaHUsl YCTPONCTBA IPU CTPOUTENBCTBE Ape-
Ha)ka MpsSMO NMPONOPLMOHAIIBHA OCEBOM CKOPOCTH IITHEKA-/103aTOPA, COOTHOLIECHUIO IIJIOT-
HOCTEH, MCTEeKaIoero u3 OyHKepa M yKiaasiBaeMoro B Baiok ODM, kBajpaTy MIUPUHBI
IIEJIA BBITYCKHOTO OTBEPCTHS M OOpaTHO MPOIOpPLMOHANbHA MIMPUHE U BBICOTE BajKa
OOM.

4. Ilonmy4yeHHBIC 3aBUCUMOCTH TIO3BOJIWIN ONPEICTUTH BCE HEOOXOIUMbIE KOHCTPYK-
TUBHBIE M PEXUMHBIE MapamMeTpbl OYHKEPHOTO YCTPOWCTBA C YJYHYIIEHHBIM KadeCTBOM
TEXHOJIOTUYECKOTO Tporiecca. Tak s ApeHoykinamuuka Y/M-350M oGopyaoBaHHOTO
OYHKEpOM CO CBOAOPA3PYLIUTEIEM U HIHEKOBBIM JJ03aTOPOM, YHCIO OOOPOTOB BOPOLIUIKI
paBHo 10,1 06/mMuH, pazmepsl BblllyckHOU 1mienu 40x30 cM, CKOPOCTh JBHXKEHUS JIPEHO-

ykinaguuka 187,2 m/4gac.
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5. IIpoBeneHHbIE IKCIIEPUMEHTAIbHBIE MCCIIEIOBAHUSI CIIPOSKTUPOBAHHOIO MO MPE.-
JIO’KEHHOM METOJI0JIOTMH OyHKEpa CO CBOJIOPA3PYLIMTENIEM U ITHEKOBBIM J103aTOPOM IO/I-
TBEPAUIIN €ro paboTOCIOCOOHOCTh U BHICOKYIO (D (PEKTUBHOCTS.

6. TexHonoruyeckue 3aTpaTbl HA CTPOUTETHCTBO JPEHAXKA IO MPEIIOKEHHON TEXHO-
jorun 6osee yem Ha 15% Hipke 3aTpaT Mo cyuiecTByolel TexHoiaoruu. [IponsBoaurens-
HOCTH paboT noBkimaerca Ha 18%. Bueapenue TexHonorun HenpepbiBHOM nogaun OOM
OCHOBaHHOW Ha MPUMEHEHHH pa3paboTaHHOro OyHKepa APEHOYKIaI4hKa C YCTPOHCTBOM
cBogopazpymenus u go3upoBanus ODM (marent PO EO2F 5/10 76356 Ul) mo3Boauio
MOJIYYUTh SKOHOMUYEeCKUi 3¢ ekt B cymme 14140 py6seit Ha 1000 MeTpoB peKOHCTPYH-
pyeMoro JipeHaxka, 4To COCTaBUT 1Jisg opocutenbHor cuctembl 3A0 «KpacHokyTckoe» Be-

ceoBCKOro paiiona 1256000 py6neii.

PexoMenpanumu

1. Jl;ist anexkBaTHOTO omucaHus mporecca aswkenns OOM B OyHKepe IpeHOYKIa 9H-
Ka HeOOXOJMMO YYHMTHIBATh MapaMeTpbl OyHKepa, pu3uko-mexanndeckue cpoiictea OOM
1 GopMy ero peaabHbIX YacTHIl. BBITyCKHOE OTBepcTHE OYHKEpa JOKHO MPEBBIIIATH €ro
HanOONBIINI CBOA0OOPA3YIONIHI pa3mep.

2. Kunemarnueckue napameTpsl CBOJIOpa3pyIIAOIIEro MEXaHu3Ma He0OX0 MO pac-
CUMTBIBATh UCXOS U3 YCIOBHS, YTO TOMIOP, CO3/IaBaCMbIi PaOOTAFOIINM IMTHEKOM JOJIKEH
COOTBETCTBOBATH JOIMYCKAEMOMY HAIPSIKEHUIO Ha CMSTHE APEHAXXHOW TpyObl. Makcu-
MaJbHOE YMEHBIIEHUE TUaMeTpa APEHAKHON TPyObI HE TOJDKHO MPEeBHIIATh 3%.

4. HeoOxoauMo ompenenaTh BETHIMHY MaKCUMaJIbHO BO3MOYKHON HArpy3KH Ha Jpe-
HOXHYIO TpyOy KpPaTKOBPEMEHHBIMHM MEXAHHMYECKUMHU HArpy3kaMu Ha OJIHOOCHOE

cXKXaTuc.

IlepcnekTHBBI JaJbHelIIE pa3padoTKN TeMbI

- a1aNITUPOBATh PE3YJIbTAThl UCCIEA0BAHUIN U pa3padoTaTh METOAUKY JUIsl O0OOCHOBa-
HUSl TAPAMETPOB YyCTPONCTBA MEXAHU3UPOBAHHOTO Pa3pyIIEHUsS CTATHUECKH yCTOWYMBBIX
CBOJIOB B OyHKepe 0e3TpaHIICHHOr0 IPeHOYKIAIINKa,;

- YTOYHUTh MaTEMaTUYECKYI0 MOJeb npouecca nogayun OOM B 30HY €ro mnociou-
HOTO pacHpeesieHus] C YYEeTOM CHUJIOBOTO BO3ACMCTBUS CTATHUECKH YCTOWYHMBOIO CBOJA

buIbTpa Ha HATPY3KHU DJIEMEHTOB KOHCTPYKIMH OyHKEpa APEHOYKIIATINKA.
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