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OBIIAA XAPAKTEPUCTHUKA PABOTBI.

AKTyaJlbHOCTH padoTbl. B repMETUYHBIX cucTemMax YIUIOTHEHUH,
OpUMEHSIEMbIX B OOOpYJOBaHMHM  XMMHYECKOM W psia JPyrux  OTpaciei
IIPOMBITINICHHOCTH, UCIIOJIb3YIOTCS Pa3beMHbBIE COCIMHEHHs, OT paboTOCIOCOOHOCTH
KOTOPBIX 3aBUCAT TpEACNbHbIE 3Ha4ueHUs pabodynx JaBJICHUN M KAa4eCTBO pabOThHI
obopynoBanuss B 1ieiaoM. Ilpu BbIxoae W3 CTpOsl y3/la WM CUCTEMbI YIUIOTHEHUS
arperatr  mepectaeT  ObIThb  pabOTOCHOCOOHBIM,  YBEIWYMBAECTCS  OIMACHOCTH
BO3HUKHOBEHHUSI aBapHH, KOTOPAsi MOKET TPUBECTH K YEIOBEYECKUM >KEPTBAM U K
AKOJIOTMYECKUM KaTtacTpodam. HapyiieHne TepMETHYHOCTH BEIET K HapYyIICHUIO
TEXHOJIOTUM TIPOLECCa, CHIKEHUIO KauecTBa IOJIy4aeMoro MpoJyKTa, K MoTepe
CBHIPbSI U1 YJIOPO’KaHUIO BBIITYCKAEMOMW MPOTYKIIUU.

Opgnako 10 cUX MOp MpH pacuere Y3J0B VYIUIOTHEHUW OO0OpyJOBaHHS Ha
IrepMETUYHOCTh HE YYMTHIBACTCA PAJl BAXKHBIX (DAKTOPOB. DTO OTHOCUTCS, MPEKIE
BCEro, KO BCEM YIJIOTHEHHSM, BBIMOJHEHHBIM M3 MAaTE€pHAOB, y KOTOPBIX MOAYJb
YOPYrOCTH  3aBUCUT OT BEIWYMHBI W BHJAA HATPYXKEHHS, a MPU pacdyeTax
NPUHUMAETCS KaK IOCTOSHHAas BeauuumHa. K TakuMm  maTepuaizaM  OTHOCSITCA
dToporutacTel, TepMOpacmIUpeHHBI TpaduT U ap. K HUM MOXKHO OTHECTH WU
METaJUIMYECKHE TMPOKIAAKU, paboTaromfe 3a MpefeaaMu YIPYTrOCTH.

N3noxkeHHOe JenaeT BOIMPOCHl COBEPIICHCTBOBAHMS KOHCTPYKIMI M METOIOB
pacuera yIIOTHEHUHN aKTyallbHBIMHU B TPAKTHUYECKOM U B HAYYHOM ILJIaHE.

COBOKYIHOCTh U3J1araéMbIX B pa0OTEe HAYYHBIX MOJIOKEHUN, UIEH U MPAKTUYECKUX
pEe3yibTaTOB COCTABIISIIOT HOBOE HAaIpPaBJIECHUE B 00JlaCTU TEOPETHUYECKUX U
MPAKTUYECKUX METOJOB O00ECHEUYEHUsI TE€PMETUYHOCTH Pa3beMHBIX COCAMHEHUM IO
COBEPIICHCTBOBAHUIO Y3JIOB YIUIOTHEHHM M METOAMKHU MX pacyera Ha TrepMETUYHOCTH
C YIUIOTHEHHWEM U3 MaTepHUalioB C 3aBUCAILIMMHU OT HArpy3Ku (PU3MKO-MEXaHUYECKUMHU
CBOMCTBAaMH Kak Ha CTaJIMHM UX KOHCTPYUPOBAHUS, TAK U B MPOIIECCE IKCIUTyaTallMU.

BrlnonHeHHbIE HMCCIIEIOBaHUS HANpaBieHbl Ha pelieHue oomeld mnpodiemMbl
COBEpUICHCTBOBAHUS Y3JIOB YIUIOTHEHUH W METOJOB UX pacuera Ha repMETUYHOCTb.

B Hacrosimieit pabote W3JI0KEHBI MOTYYEHHBIE aBTOPOM B PaMKaX 3TOH POOIeMbI
HAy4YHO OOOCHOBAaHHBIE TEXHUYECKHME PEIICHUS [0 COBEPIICHCTBOBAHUIO Y3JIOB
VIUIOTHEHUW U METOJIMKM MX pacueTa Ha TEePMETHYHOCTh C YYE€TOM YKa3aHHBIX
0COOCHHOCTEHW MaTEepUaIOB YIUIOTHUTENIBHBIX 3JEMEHTOB (MPEXkK/E BCEro, Ha IMpUMEpe
HamOoJiee PacIpOCTpaHEHHOTO (Pproporuiacta-4).

Heabr pabdorbl — 00OCHOBATH TEOPETUYECKHM W MOATBEPAUTH MPAKTUYECKH
MOJTyYCHHbIC pEeKOMEHJAIMU TI0 pacdyeTy M KOHCTPYUPOBAHHUIO Pa3bEMHBIX
FEPMETUYHBIX COEAMHEHUM OOOpyJOBaHUS C YIUIOTHUTEISIMA W3 MaTepHUasoB,
nedopMalOHHbIE XapaKTEPUCTUKHU KOTOPBIX 3aBUCST OT HAIPY3KHU.

JIJ1st TOCTHO>KEHMS 3TOM e HEO0X0IMMO ObLIO PEIIUTh CIEAYIOIINE 3a0aun:

— OIpEAeNIUTh TPYNIy MaTepUaioB, Ie(opMalmOHHbIE XapaKTEPUCTUKH KOTOPBIX
3aBUCSAT OT BEJIMYMHBI U BUJ/Ia HATPYKEHUS: CKATUS UM BOCCTAHOBIICHUS,



— Y4eCTh MHTECHCUBHOCTH M3MEHEHHsI JedopMaIiuu 3TOH TPYMNIbl MaTepHATIOB OT
HArpy3KU TIPH CKATHH U MIPU BOCCTAHOBJICHUH BBEICHUEM CICIIMAIBHBIX MTHOBEHHBIX
MOJIYJISl CKATHSI i MOJTYJISI BOCCTAHOBJICHUS;

— YCTaHOBHUTh 3aBUCHUMOCTh MOJYJCH CXXaTUS W BOCCTAHOBJICHHUS, a TaKXKe
HArpy3Kd Ha TPOKJIAAKY W Ha KPENEKHBIC AJIEMEHTHI OT  YCIOBUS  pa3MEIICHHUS
IPOKJIAJIKK B COCAMHCHUMU;

— chopMynupoBaTh (U3MYECKOE TMPEACTABICHHE O MEXaHHU3ME I0JI3y4YEeCTH
yKa3aHHBIX TIPOKJIAIOYHBIX MAaTCPHUAJIOB;

— HCCIIENOBATh BIIMSTHHUE HUKJINYHOCTH U3MCHCHHUS  Harpy3ku Ha
paboTOCTIOCOOHOCTh TEPMETUYHOTO COCAMHEHUS C IUIACTHYHOM MPOKJIIAIKOM;

—  QHAIMTUYECCKH OIPEACIUTh W JKCICPUMEHTAILHO TIOATBEPANTH YCIOBHUS
TEPMETUYHOCTH  CONPSATAEMBIX  YIUIOTHSIIONIMX IMOBEPXHOCTEH (BBIpAKCHHE IS
OTIPEJICICHNS] YTEYKH CpPeIbl) B  3aBUCMMOCTH OT JIaBJIICHHUS CPEAbl, yACITbHOMN
HArpy3Kd Ha YIUIOTHSIOIIME MTOBEPXHOCTH W IIMPHUHBI UX 30HBI KOHTAKTA,

— pa3paboTaTh MaTEeMaTHYECKyI0 MOJETb pabOThl YIUIOTHEHUS W YCTaHOBUTH
parMoOHAIBHYI0, HCXOAS U3 TEPMETUIHOCTH U MaTePUATIOCMKOCTH COCIUHEHUS, ITUPUHY
YIUIOTHUTEIHHOU MPOKJIAJKU U 30HY €€ pa3MeIIeHUs MeK Iy (raHamu;

— YCTaHOBWTH YCIOBUS JehopMaIiuu KOJIbIIEBOTO YIUIOTHUTEIBLHOTO DJIEMEHTA TPH
Pa3IMYHBIX CIIOCO0AX €ro pa3MeIICHH MEX Ty dIaHIlaMu;

— CcO37aTh IKCIIEPUMEHTAIBHBIM KOMIUICKC IS MCCIICI0BaHUS JehOpMaIlMOHHBIX
XapaKTEPUCTHUK CaJbHUKOBBIX HAOMBOK (Ko3(dduimeHTa OOKOBOTO NaBiICHUS, MOAYJICH
CXKaTHUSg W BOCCTAHOBJICHHS, Kod(pdUIIMEHTa TPEHUS), IOIYyYUTh YypPaBHEHUS IS
OTIPEJICIICHHS ATUX IMapaMETPOB IS OTACIBHBIX THIIOB HAOMBOK;

— pa3paboTaTh METOJHUKY M CO3/IaTh SKCIICPUMECHTAIBHYIO YCTAHOBKY JUISl OIIEHKH
IIPOHUIIAEMOCTH CaJIbHUKOBBIX HAOMBOK, W SKCIEPUMEHTAJIBHO IOJIYYUTh 3HAYCHUS
K02 (PHUIMEHTOB MPOHUIIAEMOCTH JIJISl OT/ICTBHBIX TUTIOB HAOMBOK;

— pa3paboTaTh METOAWKH pacdeTa IS Pa3IWdHBIX Pa3beMHBIX TePMETHUHBIX
COCJIMHEHUI HAa OCHOBAHUU PE3YJIbTATOB UCCIIEAOBAHUM.

Hayunasi HoBu3Ha:

— BIEPBBIC YCTAHOBJICHA TPyMIa MaTePHUATIOB, JJIs KOTOPHIX HHTCHCHUBHOCTH
W3MEHCHHS JeGopManuy OT HArPy3KH 3aBUCUT OT BEIMYMHBI M XapaKTepa HarpyKeHHUSI;

—  BHEpPBBIC MPEUIOKEHO  OICHUBATh 3Ty  HWHTEHCHUBHOCTH  MOJIYJISIMH
(MTHOBEHHBIMH) CXKaTUS M BOCCTAaHOBJICHHS. YCTaHOBJICHO, 4YTO  MOMYJIH Hu,
ClIeIoBaTeIbHO, Harpy3ka Ha MPOKIaJKy W Ha KPEIMEXKHBIC DJIIEMCHTHI, 3aBUCAT OT
YCIOBHUSL pa3MEIICHUS TMPOKIAIKu B coeauHeHuu. s ¢roporacra-4 morydeHb
BBIpQXKCHUS IS OICHKH MOMYJICH C)XKaTUsS M BOCCTAHOBIICHHS B 3aBHCHMOCTH OT
TEMIIEPaTyphbl, BEIMUYMHBI M XapakTepa HarpyxkeHus. Brepsbie pa3paboTaHbl METOIbI
pacuera OTACIBHBIX MapaMETPOB TEPMETUYHBIX Pa3bEMHBIX COCIMHCHUH C YYETOM
MOJIyJICH C)KaTHsi U BOCCTAHOBJICHUS;

— BIEPBBIC MPEIOKEHA MATEMATHIECKAsE MOJICNIb YIUIOTHEHUS JIsl OTNPEACIICHUS
palioOHAJBLHOM C TOYKH 3pPCHHS TEPMETHYHOCTH M MaTCPHATOCMKOCTH  ITHPHUHBI
YIUIOTHUTEIHHOM MPOKJIAJAKU U 30HBI €€ Pa3MEIICHHUS,



— BIEpBbIE pa3pabOTaHbl pacCUYETHBbIC BBIPAXKEHUA M1 OLEHKHA YCIOBUUI
nedopMauu CaTbHUKOBOW HaOMBKH, HArpyKEHHOW OCEBOW CHIION. YCTaHOBJIEHO, YTO
IpU OCEBOM CXXaTUU HaOMBKHU paguanbHas naepopManus €€ IPOUCXOJUT B
OCHOBHOM [0 Hapy»HOMY KOHTYpYy. B 3aMkHyTOM 00beMe 3Hau€HHE paJuaIbHOU
Harpy3kv Ha BHYTPEHHEM KOHTYpE DJIEMEHTA MPEBBIIIACT €€ 3HAUYEHUE Ha HapyKHOM
KOHTYpPE B 3aBUCUMOCTHU OT BEJIMYMHBI K03 Puinenrta [lyaccona marepuana HaOUBKY;

— BIEPBbIE  IPOBEACHO HCCIEAOBAHUE YCIOBUH T€PMETUYHOCTH Pa3bEMHBIX
COCIMHEHMM C CONPSATaeMbIMH  YIUIOTHSAIOIIMMHU  IOBEPXHOCTSIMHU. [Tosryyeno
BBIDAKEHHUE JUIS OLICHKM TE€PMETUYHOCTH DPA3bEMHBIX COCAUHEHUN C IUIACTUYHOM
OPOKJIAJAKOM.  YCTAaHOBIIEHO, UYTO  JUCIEPCHOCTh  (Toporuiacta BIUSET  Ha
repMETH3UPYIOLIYIO CIOCOOHOCTD YIUIOTHUTEIS;

— pa3paboTaHa METO/JMKA pacuera U KOHCTPYUPOBaHUS (PIIAHLIEBOIO COCTUHEHMS
C OIIOPHBIM DJJIEMEHTOM, YCTAHOBJEHHBIM IAPAJUIEIbHO YIUIOTHUTEJIBHOW IMPOKIIAIKE,
0CeBas JKECTKOCTb KOTOPOT'O IIPEBBIIIAET OCEBYIO JKECTKOCTh CAMOU MPOKJIIAIKHU;

—  BIIEPBBIE YCTAaHOBJICHO, YTO 4YacCTh TOJIIUHBI COINPATAEMBIX YIUIOTHSIOLINUX
AJIIEMEHTOB Pa3beMHOI0 T€PMETUYHOTO COEJAMHEHHS B PabOUYMX YCIOBUSAX YaCTUYHO
Harpy’kaercsi M 4YacTU4YHO pasrpykaercs. [lomydeHbl BbIpaXX€HHsS  JJISI OLIEHKH
VM3MEHEHHS HArPy30K Ha YIUIOTHSIOIINX DJIEMEHTAX.

IIpakTHyeckas 3Ha4YUMOCTb. Pa3zpaboTaHbl METOIbl OLIEHKHU AePOpPMALMOHHBIX
XapaKTEPUCTHK, 3aBUCAIIMX OT BEJIMYMHBI W BUJA HArpy>KEHUA LI MaTepHaIOB,
o0naarIuX TaAKUMUA CBOMCTBaMH.

VYcraHoBieHa 3aBHCHUMOCTh MOJYJIEW CKaTUs M BOCCTAHOBJIEHUS, A TaKKe
Harpy3oK Ha NpPOKJIaJKy M Ha KpPENeXHbIe 3JEMEHThl OT crnocoba pa3MelleHUs
IIPOKJIAJIKU B COEJUHEHUMU.

[TosydeHsl ypaBHEHMS JJI1 ONPENEICHUS BIWSHHAA LUKIAYECKOIO HW3MEHEHUs
Harpy3Ku Ha 3Ha4Y€HUE OCTATOYHOU JeopMalMi U BBICOTY NPOKIIAIKH.

[TomyyeHO BbIpaXkeHue I OINPEACIICHHUs PalMOHAIBHOW IMPUHBI MPOKIAIKUA U
PEKOMEHAAUMHU 110 €€ PA3MEIICHUIO Il CHWKEHUS MATEPUATIOEMKOCTH U IOBBIIICHUS
3 PeKTUBHOCTH (JOJTOBEYHOCTH) COCTUHEHUSI.

Pa3paGoran y3en @uaHLIeBOrO COEOUWHEHUS C Pa3MELIEHHBIM MapajljiedbHO
IPOKJIAJIKE OMOPHBIM AJIEMEHTOM, BBINOJTHEHHBIM U3 00Jiee KECTKOTo, YEM MPOKIaaKa
MaTepuaia, MOBBIAIOUINN CpoK ciy)kObl coeauHeHus. IlomyueHsl ypaBHEHMs JUIs
pacdeTa COeUHEHUH.

VYcraHoBiI€HO, YTO paauaibHas JedopManus KOJIBLIEBOTO  YIUIOTHSIOLIETO
3JIEMEHTA, HaxXOJSLIErocsl MOJ| OCEBOMl Harpy3koi M 0€3 pagualibHOTO OrpaHUYECHHS
IIPOUCXOJIUT B OCHOBHOM I10 HAPYKHOMY €r0 KOHTYpY.

[Tomy4yeHbl pacyeTHbIE BBIPDAKEHHSI JUIS ONPENCICHUS MOIYyJIeH cKaTtusig U
BOCCTAaHOBJICHUS ¢Topomnacta-4 B 3aBUCUMOCTH OT TEMIIEpaTyphl, BEIMYUHBI,
IIPOJOJKUTEIBHOCTH Y BUJIA HATPY KEHUS.

[Tomrydeno BbIpakeHHE AJSl pacdeTa BIUSHUS MOJBYYECTH Ha pabOTy pazbeMHOTO
COCIMHEHMS] C IUIACTUYHBIM YIUIOTHUTEIBHBIM 37eMeHToM. /[l ¢roporumacra-4
ONPENEIICHO 3HAUEHUE NTapaMETPOB, BXOASAIIUX B 3TO BBIPAKECHHUE.



[TonyueHo ypaBHEHHE JJisl OLICHKHU YTEUKHU YIUIOTHSIEMOM Cpeibl B 3aBUCUMOCTH OT
YACIbHON Harpy3Kd Ha YIUIOTHSIOUIUX MOBEPXHOCTSIX, UX IIUPUHBI U JABICHUS CPEJIbI.
[To pe3ynbraraM SKCHEPUMEHTANIBHBIX HCCIEIOBAHUI TOJYYEHO BBIpAXKEHUE IS
OMPEICIICHUS YTEUKU Ha YIUIOTHSIOMUX (PTOPOIIACTOBBIX MOBEPXHOCTSX.

[TonyueHo ypaBHEHUE Jisl ONpPEEICHUs U3MEHEHHSI OCEBOM HArpy3Ku MO BBICOTE
HAOMBKH. Y CTAHOBJIEHO, YTO 3HAYEHUE PAIUATILHON HArpy3KH Ha BHYTPEHHEM KOHTYpE
CaJIbHUKOBOM HAOMBKM NPEBBIIIAET €€ 3HAYCHHE Ha HAPY>KHOM KOHTYpE Ha BEIHYUHY,
3aBucsnlyo oT koddduimenta [lyaccona. PazpaboTranbl METOAMKN HCCIEIOBAHUS IS
onpeneneHus Ko3hGUIMEHTOB OOKOBOTO AaBICHUS U MPOHUIIAEMOCTH HAOUBOK.

[TonyuyeHbl BbIpa)K€HHUsI AJIS pacueTa y3JI0B COCAMHEHUS LIapT COCTABHOIO aIllapara
BO ()TOPOILTACTOBOM HCIIOJTHECHHH.

Pa3zpaboTanbl 3 PexTHBHBIC KOHCTPYKIIUU CATbHUKOBBIX YIUIOTHEHUN.

Pazpabotanbl METOOUMKM pacueTa MW KOHCTPYHMPOBAaHMSI IIApOBOr0  KpaHa,
OyTebHOTO  COEIMHEHHS, Pa3beMHOr0 ITyIepa JJIS KPBIIKH  (HTOPOIIIACTOBOTO
obopynoBanus, moBbIIAOMUe AP(OEKTUBHOCT, COCIUHEHWA C TOYKH 3PCHUS
YBEJIMYEHHSI CPOKA CITY>KOBI 10 pEMOHTA.

Peanu3zanus pesyabtraroB padorbl. B 1998 rogy B 3AO0 «META®JIOHY,
3aHUMAIOIIUMCS U3rOTOBJICHUEM H3/enuil u3 GproporactoB B I. KupoBo-Uenerk, Ob110
BHEJIPEHO MPOU3BOCTBO IIEHTPOOEKHOTO KOHCOIBHOTO (ToporuiactoBoro Hacoca OK-
8/18/1411, o6onouka caTbHUKOBOM KaMepbl KOTOPOTO BBITIOJIHEHA JABYXCIIOMHOM.

Koncrpykiusi repMeTHyHOro (hJIaHIEBOrO COCAMHEHHS C  (PTOPOIUIACTOBOM
MPOKJIAIKON U JOMOJHUTEIbHBIM OMOPHBIM KOJIBLIOM BMECTE C METOJIMKOMN €ro pacuera
u npoektupoBanus Obu1a BHeApeHa B 2000 rogmy B OO0 «OHEPTTOHAJIAZIKA C+,
3aHUMAIOIUMCSI MOHTAXOM TPYOOIIPOBOIHOM apMaTyphl U KOTEIHHOTO 000PYI0BAHHS.

Metoauka «PacdeT M TPOEKTUPOBAHHME MIAPOBOTO KpaHa, pabOTAroIIEro TOJ
MOBBIIIEHHBIM JlaBieHueM» Obuta BHenpeHa B 2001 rogy B OOO «UMK Dueprnpen-
Apnocy», 3aHUMarOMUMCS pa3pabOTKOM, U3TOTOBICHUEM U MOCTABKOM IIAPOBBIX KPaHOB
B LIMPOKOM JMAIla30HE MO IUAMETPY YCIOBHOIO MPOXO/Ia U JABJICHHUIO;

KoHcTpykiusi pa3zbeMHOTO ITylepa st oO0OpyJOBaHUsS, BBINOJHEHHOTO U3
droporiacta-4, paboTaromiero IoJi TIOBBIIICHHBIM JaBJICHUEM, BHEJApPEHA Ha
«KazaHckoMm 3aBojie ManOTOHHAXKHOU xumMun» B 2004 roxy.

Texauueckue ycnoBus TY 2248-009-22955745-2009 «VY3abl TpyOONpPOBOJIOB,
dbyTepoBanHbie (TOpOILIACTOM» BHEApPEHHbI B mpous3BoacTBo B OO0 IIKIT "MUTO" .
KupoBo-Uenennk B 2009 r., coaepxamue METOAMKY pacdera (yTepOoBaHHBIX
dbToportactoM-4 (IaHIIEBBIX COCIMHEHUN TPYO HA TEPMETUYHOCTH C YYETOM MOJYyJCH
CKaTUsl U BOCCTAHOBJIEHUSI MaTepHalia, 3aBUCSIIINX OT BEJIMYMHBI U BUJIA HATPY KEHUSL.

Meronuka «PacyeT CHJIOBBIX M TEOMETPHUYECKUX TapamMeTpoB OyrelbHOTo
repMETUYHOTO coelMHeHUs» BHeApeHa Ha npeanpuatun  OAO MpkyrckHUNxummam
B2010T.

ABTOp 3alIMIIIAET:

— HAy4YHO OOOCHOBAaHHbIC TEXHUYECKHUE PEIICHUSI MO COBEPIICHCTBOBAHUIO Y3JIOB
VIUIOTHEHUW U METOJMKUA MX pacuera Ha TEPMETUYHOCTh C YYETOM MEePEeMEHHOCTH
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(U3UKO-MEXaHUUYECKUX CBOWCTB MATEpPUAJIOB YIUIOTHUTENBHBIX JJEMEHTOB (MPEK]e
BCET0, Ha TpUMepe HamboJyiee pacrpocTpaHEeHHOTO (proporriacTa-4) Kak Ha CTaIuU UX
KOHCTPYHUPOBAHUS, TaK U B MPOLIECCE IKCILTyaTallUu;

— METOJIMKH U Pe3yJbTaThl MCCIEAOBAHUN (PU3MKO-MEXAHUYECKHX XAPAKTEPUCTUK
YIUIOTHUTEJBHBIX JJIEMEHTOB, BBIMOJHEHHBIX U3 MaTE€pUaliOB, Y KOTOPBIX OTH
XapaKTEPUCTHUKHU 3aBUCST OT BUAA U BEJIUYMHBI HATPYKEHUS;

— ycioBue AehopMaliK KOJbLEBOr0 YINIOTHUTEIHHOTO 3J€MEHTA MOJ] IeHCTBUEM
OCEBOM Harpys3KH;

— METOAMKY U PE3YIbTAThl MCCIEAOBAHUN YCIOBUN FEPMETUYHOCTH CONPATAEMBIX
(bTOpPOIIACTOBBIX MOBEPXHOCTEH;

— METOJIWKY  ompeneneHuss  Kod(PQGUIMEHTOB  OOKOBOrO  JaBJICHUS |
MPOHUIIAEMOCTH CATbHUKOBBIX HAOWBOK;

— HOBBIE TEXHHUYECKUE PEIICHUS TMPU  KOHCTPYMPOBAHUU  CATIbHHUKOBBIX
YIUIOTHEHU W ypaBHEHUS JI1 pacueTa JABYXCIOHHOW CalbHHKOBOW KOPOOKH,
o0ecneunBaroIIyIo 3aJaHHOE YCUIINE HArpy>KeHusi HAOUBKU CallbHUKA;

— METOAMKH pacueTa M KOHCTPYUPOBAHUS HOBBIX BHUJOB IIIAPOBOr0 KpaHa,
OyreJbHOro COCIMHEHMS M Ppa3beMHOro IITyuepa i o00OpylOBaHUS U3
HU3KOMOJYJIbHBIX MaT€pUAJIOB;

— ycinoBue  jAepopManuii  JABYX CONPSTAEMbIX YIUIOTHSIOIMIUX 3JIEMEHTOB
Pa3bEMHOI0 T€PMETUYHOIO COSTUHEHUS U BBIPAXKEHUS IS OLIEHKU UX KO3 (UIIMEHTOB
0CEBOM MOAATIMBOCTH.

AnpobGauust padoTbl. PesynmbraThl paboThl OKIaABIBAIMCH Ha Bcecoro3Hoi
koH(pepennuu «lloBbillieHHE KayecTBa TEPMETHU3UPYIONMIUX coeauHeHui», r. IleHsa,
1989 r.; na Bcecoro3znom coBemnianuu «lloBeimenne 3)PeKTUBHOCTH M HANIEKHOCTH
MallMH W anmapaTtoB B OCHOBHOW xumum», T. Cymbl, 1989 r.; Ha koHbepeHIUU
«YTpaBieHre Ka4yeCcTBOM YIUIOTHEHHH M METPOJOTHYECKOE OOeCHedeHHe MpPOIECCOB
MexaHooOpaboTkm», T. Ilenza, 1991 r.; Ha cemmHape MeXayHApOITHONW BBICTABKU
«BEJIXUMUA-94»  «llpumenenune  QTOpPOIIACTOB B Pa3IUYHBIX  OTPACIAX
IPOMBIIIEHHOCTUY, T. MuHCK, 1994 1; Ha X KOH(pEpeHIIMN N0 XMMUU BBICOKOYUCTBIX
BemectB, . Hwkuuit Hosropon, 1995r.; Ha BTOpoil Bcepoccuiickoil koHbepeHIun
VunoraurenbHas Texnuka, r. Mocksa, 2007r.

IMyoaukanuu. Ilo teme auccepranuu omyOnuMKoBaHO 24 paboOThI; cuenaHo 7
JOKJIQIOB C UX M3JaHUEM B TpyJax KOH(EpeHIHH; moiaydyeHo 7 mareHToB PD wu
aBTopckux cBujerenbctB CCCP. B wusmanusix, yuuthiBaeMbix BAK mnpencraBieHo
26 myOnmuKaIuii.

Crpykrypa u 00bem pabdorbl. Jluccepranus COCTOMT W3 BBEICHHMS, IIECTH TJIAB,
BBIBOJIOB, CIMCKA JIUTEPATYPHBIX HCTOYHUKOB U MpuioxkeHus. Pabora uznoxena Ha 353
CTpaHMIIAX OCHOBHOT'O TEKCTa, colepkuT 115 pucyHkoB, 38 Tabnuil, CHOUCOK
JUTEpATypbl U3 225 HAMMEHOBAHUM.

Conep:xanune padoThI.
Bo BBegennu 060CHOBaHA aKTyaJbHOCTH PalbOTHI, JAHO KPATKOE €€ COJIep KaHHe
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Y TIEPEUYUCIIEHBI MOJyYEHHBIE aBTOPOM HOBBIE HAYUHbIC U MTPAKTUYECKUE PE3YJIbTATHI.

B mnepBoii riaBe aHANMM3UPYIOTCA JBE KOHIIEMIMA MEXaHU3Ma TepMETU3AINU
pa3beMHBIX HEMOJABUXKHBIX coeluHeHui. [lo mepBoil KOHIENIMK TPUHUMAIOT, YTO MPHU
OMPEICICHHBIX YCIOBUSAX MOXKHO 00€CTIEUUTh a0COTIOTHYIO T€PMETUYHOCTh COSTMHEHUS.

ITo BTOpOﬁ KOHOCIIIHUU I10JIHad I'SPpMETUUYHOCTH OTCYTCTBYCT.

KOHCTPYKIIUHU pa3bEMHBIX
FEPMETUYHBIX  COEAVMHEHUN
(PT'C).  Amtopom  mpen-
J0KEeHa KJaccuduxanus
CYIIECTBYIOIIUX HEMOJABUK-
Heix PI'C  (puc. 1). Ilo
MEXaHUYECKUM  CBOMCTBaM
Marepuaiia YIIOTHUTENS BCE
Henoasmkuele PI'C  oTHO-
OTHOCSTCS k PIC c
MJIACTUYHBIM Wi c
ynpyrum yriotautenem. Ilo
KOHCTPYKIIUU — K
dbaHeBbIM, MY(PTOBBIM U
canbHUKOBbIM. [lo crocoOy
HarpyKEHHUs — K
pPa3bEMHBIM  COEIMHEHUSIM
MPUHYAUTEIBHOTO TUNA WU
CaMOYTUIOTHSIFOLIUMCSI.

Kimaccst PI'C  3aBucst
apyr ot gpyra (puc.l),
Hampumep,  (IaHUEBbIE U
My(TOBBIE COECIMHEHNS
MOTYT OBITh u
MPUHYAUTEIBLHOTO THUIA, U
CaMOYTUIOTHSIIOIIIAECS.
ODHOBPEMEHHO 3THU COEIU-
HEHUsT  MOryT OBITh €
IUIACTUYHOM MPOKJIAKON
WIM C YIOPYrUM B3aWMO-
JNEUCTBUEM  YIUIOTHSIOIIUX
IIOBEPXHOCTEM.

[IpuBomsiTcs  MeTOABI
pacueta u  oOecrnieyeHUs
TEPMETUYHOCTU  TOJIBHXKHBIX
M HETMOJBUKHBIX Pa3bEMHBIX

Paccmotpensl Tumnoseie

HenoaBu:kHble Pa3bEMHDBIC
r¢epMETUIHLIC COC/IMHCHUSA

g
ITo maTepuan; Mo KoH-
yl'lJ'IOTHﬂeMLIE CTPyKIMH
MOBEPXHOCTEH L
— oy
_»C TIACTHYHBIM A DaHLEBbIE
YIUIOTHUTENEM
\ 4
MNPy
Dy
ViioTHuT. B Myq)TOBHe
\g—BamMxHyTOM al 4
oOBeEME
s L 5]
Ng | YTuIOTHUTENB Pe3n6oBrIe
0e3 pagnanbH«
OrpaHUYEHUN —
—>
y ByrenbHble]
N YmmorHuTens
C BHEIUIHUM L
paji. orpaHuy BbaiionetHbIq
N . .
—>
I tynepHsIq
C
— yOpyrum —»
YILTOTHCHUEM
>
Knanannsie
bes ynnort-
HHTEIIS
v
C ynpyrum
YIUIOTHHT. CaJIbHUKOBEIE
L

ITo cnocoOy
HArpyKeHUus
MOBEPXHOCTEel

[punyau-

—®  TempHOE

Camoymot-
> HeHue ¢

OceBoe  [€

Pajn.-oceBoe|«

PanuanbHO(

N
lJ

Puc. 1. Cxema knaccudukanuu HenoaBmwkHbIX PI'C.



COCIMHEHMM, OOJpIION BKJIAJ B KOTOpbIM BHecau ydeHble MUXM m MockoBckoro
HUMXUMMALIIL: JLII.LKapaces, O.B.Pymsnues, A.Jl.Jlomamues, B.[[.ITponan u ap.
Wmu 6b11 pa3paboTaH U COBEPUICHCTBOBAJICS METOJ pacyeTa ¢ y4eToOM NOJaTIUBOCTH
OTJIETIbHBIX AJIEMEHTOB COEAMHEHUS, MCIOJb3YEMbId B MHUPOBOM MPAKTHKE.

Pacuer cBomutrca k pemieHuro ypaBHeHus (1)

[Q1 < Qu=Q + & +AQ - [ v(D) dr, (1)

rie  [Q], Q. Q, — ycunus repMeTu3aly, Ha MPOKIAAKY B pPaOOYMX YCIOBHSIX U
3aTSDKKM  COOTBETCTBEHHO. BTopoil uieH ypaBHeHus (1) XxapakTepus3yeT KOHCTPYKIHUIO U
yCclIOBUS  pabOThl  COEAMHEHMSs, & — CTENeHb CaMOYIUIOTHEHHUs (IUIsl COEIMHEHUU
OPUHYAUTENBHOTO THUIIA MPUHUMAET  3HAK  MUHYC, I CAMOYIUIOTHSIOIIUXCS
COEIMHEHUI — TUTIOC); P — JABJICHHE YIUIOTHSEMOM cpenbl. Tpetuil unen ypaBHeHus (1)
— AQ; — XapakTepu3yeT U3MEHEHUE Harpy3KH Ha 3JIEMEHTbl COCAMHEHHS, BbI3BAHHOE
U3MEHEHUEM TEMIIEPaTypbl 3JIEMEHTOB COeIMHEHUs. YeTBepThlii  wieH ypaBHeHHs (1)
YUHUTBIBAET TMOJI3yYECTh MaTepuana MpoKIaJKu B paboYMX yCIOBHSIX, IJI€ V — CKOPOCTb
NaJeHUs Harpy3kH Ha JeTaiu coeauHeHus AQ BCIENCTBHUE PENAKCALMU HANPSHKEHUS B
€ro OTHEJBHBIX 3JIEMEHTAX U T — BPEMS IKCILTyaTaluu

E=nD% Zhs /4(Shs+2A) = anD?, /4, )
Trac 7L6 = 16 /E6 f6 Zm; }\‘n = hn /EH fn, (3)
ls, hy, £, fi — COOTBETCTBEHHO OCEBBIE pa3Mepbl U IUIOMIAM MOMEPEYHOTO CEUCHHS
neTanged CUCTeMbI «0oiTa» (MHAEKC 0) M CHUCTEMBbl «IIpokiaaku» (UHIAEKC m). B
COEIMHEHMSIX C MPUHYAUTENIBHOIO TUIIA K CUCTEME «OOJTa» OTHOCSTCS JeTalH, Harpy3Ka
Ha KOTOpPbIE PACTET B padOUUX YCIIOBUSAX, K CUCTEME «IIPOKIIAKI) — NaJaeT. Z,y — YUCIIO0
0onToB; D, — cpenHuil fuaMeTp NpoKIaiKu, 0—KOI(PPHULUUEHT KECTKOCTH COCIHUHEHHS.

CrnenoBatenbHO, 7151 peuieHust ypaBHeHus (1) v onpeneneHuss  reoMeTpUYeCKuX
[apamMeTpoB COEIMHEHHs, HEOOXOJMMO  3HaTh MOJAYJb yrpyroctd E marepuanos
COCTaBJISIOUINX €r0 AJIEMEHTOB. B HacTosmee BpeMs Kod(QPHUIMEHT MOMATIMBOCTH
NPOKJIAJKM U MOIYJIb YOPYrOCTH €€ MaTepuajlia NPUHUMAIOTCS MOCTOSHHBIMU. [[s
OLICHKM TMaJIeHUs Harpy3kd Ha AJIEMEHTbI COEJMHEHUS BO BPEMEHH HEOOXOJUMO HUMETh
xapakTep nonzydectd. OIHAKO JUIsl LEJNOM Tpynibl MaTepuagoB MOAYJIb YNPYTOCTH U
KO3(PUIIMEHT O0CeBOM MOJMATIMBOCTH 3aBUCST OT BEJIMYMHBI W BHUAA HATPYKEHHUS] U HE
UMEIOT IOCTOSIHHOTO 3HAUE€HUs1. XapaKTeP MOJI3YUECTH ISl HUX TAK)KE HE ONPEJIEIICH.

Bo BTOpOIi ri1aBe IPOBOIUTCS aHANU3 BIMSHUS YCIOBUI dKCIUTyaTaluu (Harpyska,
TeMIiepaTypa, U Jp.) Ha OJJIEMEHTHI, BHIMOJHEHHbIE U3 MaTepUaoB, AehOpMAaIIMOHHbBIE
XapaKTePUCTUKU KOTOPBIX 3aBUCAT OT BEJIMYMHBI M BHJA HarpyxeHus. Pe3ynbTaTsl
aHaJln3a — U3MEHEHHUE OTIEIbHBIX (PU3UKO-MEXaHMUECKUX MOKa3aTeseil ITUX MaTepruaioB
B 3aBUCUMOCTH OT YCJIOBUM DKCILTyaTalluy U3EIIHsL.

W3 anamu3a nuTepaTypHBIX HWCTOYHUKOB OBUIO YCTAaHOBJEHO, YTO TpyMIa
MaTepuaioB, TaKUX KakK pe3uHa, rpadur, Ttepmopacmmpenusii rtpadut (TPD),
¢dTopomnacT-4, KOMIO3HUIIMHA Ha €T0 OCHOBE U JAPYTUE, UMEIOT HEIMHEHHYIO 3aBUCUMOCTb
yAEIbHON HAarpy3Kd OT OTHOCUTENbHOU nedopmanuu. Ha puc. 2, 3, 4 u 5 npencTaBieHbI
yKa3aHHbIE 3aBUCMMOCTH JJisi 3TUX MarepuanoB. ClieoBaTE€IbHO UX MOAYJIH YIPYTOCTH
TaK)K€ HEJTMHEHHBI U 3aBUCAT OT BEJIMUMHBI HATPY3KH.
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q’ i qa

MlIla MlIla
6.0 30 /
4,0 20 o

e

2,0 / 10

"]

0 20 40 e 10 0 5 10 g 10
Puc. 2. 3aBucumocTh yJenbHOM Harpy3kud Ha Puc. 3. 3aBucuMoOCTb yn€IbHONW Harpy3ku Ha
pE3MHOBOE KOJBIIO  KPYIJIOTO CEUYEHHUS OT oOpaser, BBIIOJHEHHBIH u3 rpadura [JI-2,
OTHOCHUTENIBHOW ero JedopManuu. OT OTHOCHUTENBHOH ero aedopmaru.
qd, g9,

MIla MIla

28 | |

20 Y 21 _AT?H“‘;?‘
2
=

10 /

// R

0 2,5 5,0 75 €10 0 5 10 15 20 25  gl0°
Puc. 4. 3aBHCHMOCTb yIeNbHOW HAIPY3KM HAa  Pyc.5. 3aBHCHMOCTB HAmpsDKeHUsT B o0pasile,
obpasen,  BemonHeHHbd w3 TPI,  OT  ppmonnennom 3 ¢roponnacra-4, or
OTHOCHTENIBHOH €ro Aedopmanuu. OTHOCHUTEJILHOM ero Aedopmanuu.

1 — Harpy3ka, 2 — pasrpyska. 1 — Harpyska, 2 — pasrpyska.

B xauectBe nedopManMOHHBIX XapaKTEPUCTUK U3JEIUN U3 MPEICTaBICHHBIX
MaTepHaIOB HAMU OBUIN MPUHATHI MOYJIb cxkaTus E., u Monysns BoccranoBiieHus Ege, TO
€CTh MHTEHCUBHOCTh U3MEHEHHS YAECNbHON HArpy3Ku Ha U3JEIUE MPU €r0 CKATHU U
BOCCTaHOBJICHHH B 3aBUCHUMOCTH OT €r0 Je(opMaliii COOTBETCTBEHHO:

Ex=dq/de, uw E,=-dq/—de.
C wmenbto 0OoJsiee JAETAIHHOTO HCCIEIOBAHMUSI JTOTO SIBJICHUST HaMH ObLIT BBIOpaH
dropomnact-4. Jlna onpenenenuss ero E., mu E,. uUCMoOnb30BaM JaHHBbIC HAIIUX
uccienoanuii 1 pupmsl Du Pont Company. B  kawecTtBe mnpumepa  Ha puc. 5
IPEACTABICHBl SKCIIEPUMEHTAIbHBIE  3aBUCUMOCTH  YJIEJIbHOW HArpy3ku ¢ OT
OTHOCHUTEJIbHOU nedopmaii € TpU HarpyxeHuu (KpuBbie 1) W pasrpyske
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(xpuBble 2), monyueHHsle npu Temmepatype 20°C s ¢roportacta-4.  Beum
WCIIONE30BAHBI TI0JJO0HBIE  3aBHCHMOCTH, mosydennsie mpu 100 um 200°C. ITocie nx
muddepeHInpoBaHUs  TOJy4YeHbl  BbIpakeHHs] nansi  omnpeneneHuss Eg, u E,. B
3aBUCUMOCTH OT HAarpy3Ku M OT Temrmeparypbl t. B oOmeM Buae 3TH BbIpaXKeHUs
st proporiacta-4 B untepBaie temmeparyp 20— 200 °C wumeror Bux:

Eo = 11,03 + 10° ¢ 17 g 2(/480 00 B (155 0,63 t) q @67 00011 @)

[Ipy MoONMHOM CHSATHM HArpy3KH OCTAaTOYHAs OTHOCHUTENbHAs AePOpMaIUs Eocr,
BEJMYMHA KOTOPOW 3aBUCHUT OT KOHEYHOW HArpy3KH (i IEPEl MOJHBIM €€ CHATHEM, IIPU
temmepatype 20°C  g.r = 1,35 10 ° q ™.

CpaBuenue 3aBucumocteit q = f (g), momydennsix gupmorr Du Pont Company u
HaMHM, I[IOKa3bIBA€T HE3HAUUTENbHOE UX pacxoxiaenue (Menee 10%), 4TO MOXKHO
OOBSICHUTH Pa3IMuKieM BBICOT ONBITHOrO oOpasia.

[IpoBeneHHBI HaM# aHAIW3 YCIOBUU aedopmaruu  ¢GToporuiacta-4 mokasai, 9To
xapakTep AedopMalMi 3aBUCUT OT BHJIAa HArpy>KeHUs (Harpyska — pasrpy3ka — Tak
paboTaeT MpOKJaJKa B Pa3beMHOM COCIMHEHUHU) U €ro BeduuuHbl. CieqoBaTeNnbHO,
npuHAThie HaMu Moayiau  (¢ropomnacta-4 (Eex, Es) u kodpduuument  oceBoit
MOJIATIUBOCTH (PTOPOIIACTOBOM MPOKIAJAKU HE SBISIIOTCS MOCTOSTHHBIMU BEJIMYUHAMM,
a 3aBUCAT OT 3HAYECHUS U BUJIA HATPYKEHUSL.

DKCIIEpUMEHTAJIbHBIE HMCCJEA0OBAaHUS COEIMHEHUIN C KOJbLEBBIMU MPOKJIAIKaMU
Py OJTHOOCHOM HArpyXEHUHU, HO TPHU OTPAHWUYCHUSAX WX PaJAHaIbHON nedopmaiuu
NOKa3ajld  pa3M4yusl B  XapakTepe HM3MEHEHUs Harpy3kKd B  3aBUCHUMOCTH  OT
OTHOCUTENbHOM wux aepopmanuu (puc. 6). Ilpm oceBoM cxKaTUM  KOJBIEBOH
IPOKJIAJKU M0 €€ Hapy>KHOMY JUAMETPy BO3HUKAIOT PACTATUBAIONINE HANPSIKEHUS, O

BHYTpEHHEMY — Cxkumatomue. Paauyc mnpokianku, Ha KOTOPOM  KOJIbLIEBBIE
HaIpPSDKEHUST MEHSAIOT 3HAK (HEUTpalabHBIN pajnyc)
o =[3,56 1"/ (B> — 1) ho] {[ 1+ B+ D)(P*—1)he/3,56 T, p] -1}, (5)
rie 3 — OTHOIIEHUE MCXOAHOTO HapykHOro 9
I W BHYTPEHHErO | PaJinyCOB MPOKIIAIKH, MH;; A, . /
h, — ee wucxommas TtoimmuuHa, f — '
KodhpurmeHT TpPEHUs MEXKTY 24 }/
MOBEPXHOCTSIMU MPOKJIAJIKH u / /
3aMBIKAIONUMU ee dIaHIamMu. 16 / S
Jns HOpManM30BaHHBIX MPOKIATOK U3 /ﬁ
¢roponnacra-4 npu U3MEHEHUU 8
BHYTpEHHEro paauyca or 3 no 230 mm
BEJIMYMHA HEUTpaIbHOrO paguyca OoJiblie
BHYTPEHHEro Bcero Ha 5.3 — 2,6 %. 0 10 20 30 e 10°

[ostomy pamuaneHas  mebopMars Puc. 6. 3aBucuMoCTb yJ€NbHONM Harpy3ku OT
OTHOCHTENBHOW  OCEBOU nedopmanyu

KOHBHCBOﬁ IMPpOKJIaAKHU TIIpu €€ OCCBOM o
KOJIBIIEBOM MPOKIAIKU U3 (roporuiacra-4.
HAarpy’>XC¢Huu IIpoOUCXOoAUT B OCHOBHOM IIO 1 — Ges OFpaHquHHﬁ, 2 _ ¢ BHYTPEHHHM
Hapy>KHOMY KOHTYDY. OrpaHUYECHUEM, 3 — ¢ BHEIIHUM
Hcrosb3yst 3TH  OKCIIEPUMEHTAJIBHBIE — OrpaHudYeHHEM, 4 — B 3aMKHYTOM 0ObeMe.
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JAHHbIC, Mbl TIOJYYUJIM CBSI3b MEXKAY YHCIOBBIMU 3HAYEHUSMHU OTHOCUTEIHHOM
nedopMaliii ¥ Harpy3Kd, a Takke Mexay momyiasmu E., u E,. mpu pasnmuaHbix
YCIOBUSIX Pa3MEUICHUs] MPOKIIAIKH.

AHanu3 sKcnepUMeHTaIbHbIX JaHHbBIX (puc. 6 mnpu 15 MIla) nokazan, dTO
MOJYJIM CKAaTUsI U BOCCTAHOBJIEHUS, a CJIEIOBATEIbHO, U KOA(DPUIMEHTHI OCEBOMI
MOJATIUBOCTH TMPOKIAJIKK (BhIpakeHUE 3), a TakKe Harpy3kd Ha MPOKIAIKY
(ycnoBue repMEeTHYHOCTH COSAMHEHUS) U KPENeKHbIE 3JIEMEHTHI (YCIOBUE MPOYHOCTH)
3aBUCST OT CIOco0a pa3MelIeHHs] MPOKIAJAKH B COEIMHEHUHU.

Kak mnokazaim  wuccienoBaHus, y4YeT NEPEMEHHOIO XapaKTepa 3aBUCHUMOCTH
nedopmalsi — Harpy3ka W y4eT crmocoba pasMelieHHs] MPOKIAIKU B COCIUHEHUU
OTpaka€T HWCTUHHBIN xapaktep aehopmanuu. DPPEKTUBHOCTh NPUMEHEHUS OSTUX
napaMeTpoB ISl Pa3IMYHbIX 3TAOB pacyeTa OTPakeHa B COOTBETCTBYIOIIUX pa3zienax
JUCCEPTALIMH.

JleficTBUE HAarpy3ky BO BPEMEHU Ha 3JIEMEHTHI Pa3bEMHOI0 COCIMHEHUS SIBISICTCS
IPUYMHON PENAKCAllMU HAIPSKEHMS, CBSI3aHHOW C IIOJI3YYECTBhIO paccMaTpUBAEMOU
IPYIIbI MATEPUAJIOB.

[Ipn ananM3e CyniecTBYIOUIMX TEOPHM MON3y4ecTH, ObLIO OMPENETIeHO, YTO AJIs
OMMCAHUS TMOJ3YyYEeCTH MaTepHalia IPOKIAJKU B COEAMHEHUU TMpPU CKAaTUU HamboJee
panMoHAIIbHON  sIBJsieTCsl Teopus TedeHust B popmynuposke JI.M.Kauanosa.

CkopocCTh mIacTU4ecKon AedopMaliu B j-TOM JJIEMEHTE COCAMHEHUS

dSij/d’E = Bj (’C) qijmJ s
rie Bj(t), mj — cooTBeTCTBEHHO KOY()(UIIMEHT U MOKA3aTellb ION3Y4ECTH, XapaKTCPHBIE
JUIsl JaHHOTO MaTepuayia U JaHHOW Temmneparype (OmpeaessitoTcss SKCIEPUMEHTAIBHO);
qij— TEeKylllee 3HaUeHHE UHTEHCHUBHOCTU HANPSDKEHUH B J—TOM JETalld COCAMHEHHUS; & —
WHTEHCUBHOCTH JiepopMaiivii j—Toi eTanu COeUHEHHUS]; T — BpeMsl Harpy>KeHHUSI.

B pesynbpraTe aHanmza Hanps>KEHHO-IEPOPMUPOBAHHOTO COCTOSHUSI MPOKIIAIKU
Ipy TpeX crnocobax ee pa3MelleHMs], TMOJIY4YeHbl BBIpAXKEHUS MJis ONpeeiaeHUs
IJIABHBIX HaNpsDKEHUNW W AedopMalnif, a TakKe HX MHTEHCHUBHOCTEH, BXOJSIINX B
ypaBHEHUE CKOPOCTH IUIACTUYECKOW aePopMalvui B 3JIEMEHTaX COCAMHECHHUS.

Hcnone3yst 3Ty TEOpUIO0, HAMU TOJY4YEHO BbIpaxeHue (6) sl  ompeleneHus
CKOpPOCTH MNaJE€HUS HAarpy3kd B COEAUHEHWU C TEYEHUEM BPEMEHH B pe3yJIbTaTe
penakcaluu HampsiKEHUsl B j—TOMW JIeTaliv, BXOJAsIIee B OCHOBHOE BbIpaxkeHue (1)

k ) n n
v(t) = AQ/t = _21 Bi(t) q™ / ZIKZ /ZIhZ , (6)
i= z= z=

riae k, n — KoJIM4ecTBO pelakCUpyeMbIX U 00Iee KOJUYECTBO JieTaleil B COeAMHEHUHU.

JUis cTalibHBIX JeTajied SBJICHHE TMOJ3Y4YeCTH NPAKTUYECKH 3aMETHO MpHU
Temmeparypax Oomee 300°C, TpH KOTOPBHIX YIUIOTHGHHS M3 PACCMATPHBACMBIX
MaTepMasioB He paboraroT. [loaTOMy yUYHUTHIBaEM TOJIBKO pENaKCaIMI0 MPOKIAIOK.
[To sKcmepUMEHTaNbHBIM JaHHBIM, UCTIONB3Ys TEOPUIO TEUEHHUS, HAMU ObUTH TIOJTyYEHbI
BBIPAKECHUS Ul OmpeneneHus koddduirenTa U nokasarens noiasydectu B u m; mis
droportacra-4 B natepsane temmeparyp 20 — 100°C:

12



— U CIKATHH: B(t)= 0,72 10 °t " ¢ """ m =939t %> (7)

— [IPU PACTSKECHUU: B(t)= 10 7t % ¢ =M, m = 13,5t %

Paznmnmune B xapakTepe 3aBUCHMOCTEH Momyned naedopmaruu  3JIEMEHTOB,
BBIIIOJIHEHHBIX W3 MAaTEpHUAIIOB pPACCMATPUBAEMOM TPYMIbIl, NPU HUX CKATUU U
BOCCTAHOBJICHUU (PHUC.S) SIBIAETCS OCHOBHOW MPUYMHON YBEIUYEHUS UX OCTATOUYHOU
nedopmanuu rpu N HUKIaX HArpy3KH — pasrpy3ku. B aToMm ciiyyae MeHsieTcs TOJIUHA
MPOKJIAJKH, YTO OTPAXKAETCS HA 3HAUYCHUH €€ KOA((PUIIMEeHTa 0CeBOM MOIATIANBOCTH.

Jlnst ompenesieHus: BIUSHUS UKJIUYHOCTH HAarpy>KeHHs Ha MPOKJIAJIKy HaMu ObLia
CO3/l1aHa YKCIIEPMMEHTaIbHAsl YCTAHOBKA.

B cilydae HUMKIMYHOTO M3MEHEHUSI HArpPy3KU Ha YIJIOTHUTEJILHBIN AJIEMEHT, KOTrja
KaXJI0MY IIMKJTY Harpy>keHus N COOTBETCTBYET CBOSI yBEJIMUECHHAs Harpys3Ka.

j=N

j=
€ocr = 1_H(1+qj/EBc) (l_qj/Ecm)
j=1

Hamu wuccnenoBanmach 1 MHOTOLMKIIOBAsE Harpys3ka — pasrpy3ka 3JIEMEHTa W3
dToporutacta-4 ¢ MOCTOSHHBIMH KOHEYHBIMM 3HAYCHUSIMU HAMNPSHKEHUS CKATUS G
(6 =0 u o =o0). Ilo nonyd4eHHBIM 3KCHEPUMEHTAIbHBIM JAaHHBIM omnpeaeseHa
3aBUCUMOCTh € = f(o, N)

g = 0,000145 ¢ >’ N~
U3 KOTOPOM MOJIyYWJIA ypaBHEHHWE ISl ONpPEAENICHUS TEKYLIEH TOJLIMHBI MPOKIaJKU
npu N OJIMHAKOBBIX HATrPyKEHUU

hy= h(1-0,000145 q>" T N; *%). (8)

@droprnonuMepsl MPUMEHSIOTCS M Kak MaTepuaid (yTEepOBKH, KOTOpas TakKke
JIOJKHA 00€CIIeYUTh ONPEEICHHYIO CTeNeHb repMeTHYHOCTH. HaMu ObLIM npoBeieHsbl
UCCIIEJIOBAHMSI YCIIOBUM TPOHMIIAEMOCTH 3JEKTPOJIMTOB uepe3 (PTOPHOIUMEpPHBIE
IUICHKKA Ha pa3pa0OTaHHOW yCTaHOBKE. Pe3ynbTaThl  MPOBENEHHBIX  HMCCIEOBaHUMN
NO3BOJISIIOT ~ BBIOpPaTh  HEOOXOJIMMYIO TOJIIUHY O (PTOPIOIMMEPHON (yTEPOBKH IO
noryckaemoit npoteuke (koHieHTpanuu [C]) BemecTsa B 3alllUIaeMOi 30HE.

d =Pt F/(C] VI,
rae Il — kpurepuit moxpobus (1-0,1), P; — kodappuuumeHT npoHUaeMocTH, T — Bpems
KoHTakTa, V, d, F — 00bem anmapara, ToNIMHA U TUIOIaAb (yTEPOBKH COOTBETCTBEHHO.

Tperbst r1aBa nocBsLIEHA YCIOBHSIM F€PMETUYHOCTH PAa3bEMHBIX HEMOIBUKHBIX
coequHeHni. Pemienue 3Toi mpoOieMbl MOXKHO pa3leluTh Ha JBE TPYIIbI 3ajau:
1 — ompeneneHwe  CTPYKTypbl — CTBIKA, T.€. YCIOBHBIX 3a30pOB, OOpa30BaHHBIX
COMNPATaEMbIMU KOHTAKTUPYIOIIMMH MMOBEPXHOCTAMH; 2 — ONpPENEICHUE I1apaMeTpoOB
TEUEHUS >KUJIKOCTH B 3THX 3a30pax.

HccnenoBanreM CcOMMAKEHUS KOHTAKTHUPYIOIIMX TOBEPXHOCTEM 3aHUMAJUCh
H.b.[lemxun, ILE./Ipsauenko, B.B.AnekcannpoB u ap. B OCHOBHOM HCCIEOOBAIIA
yCIIOBUSI KOHTAKTa CTAJIbHBIX MOBEpXHOCTEH. J[aHHBIE MO MCCIEOBAaHUIO COMMKEHUS
MOBEPXHOCTEH C pa3HOM JKECTKOCThIO OTCYTCTBYIOT. Hamu ObulM mpOBEIEHbI
UCCJIEIOBAHUSI  TIO0 OIICHKE COJMXKEHUs JABYX (TOPOIUIACTOBBIX KOHTAKTHUPYIOIIUX
MOBEPXHOCTEN U JBYX IMOBEPXHOCTEH, BBHIMOJHEHHBIX M3 (Toporuiacta-4 u cramu. B
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OCHOBY JEHCTBHS MpuOOpa 3amepa COJNMKEHHUS 3aJI05K€H MNPUHIUIT THUIPaBINYECKOU
mynsTuiUuKanun. Kosduuuent ycunenus npubdopa paser 18100.

Yucrora 00paboTKM moBepxHOCTH (TopomuactoBoro obpasna Rz, = 10 Mkm,
cranpHoro o6Opaszua (12X18H10T) mensutace (Rz=1,8—1,7 mxMm). MccnenoBanu Takxke
o0Opa3supl, C¢ compAraeMbIMU (TOPOIUIACTOBBIMU TOBepXHOCTsIMU.  LllepoxoBarocTh
nosepxHocren Rzy = 19,7 — 44,2 mxm. IInomans KOHTaKTa MoBEPXHOCTEN 38 10 42

Tak kak >KCEpUMEHT UJET BO BPEMEHHM, TO IMOTy4YaeMble Pe3yJIbTaThl BKIHOYAIOT
nedopmalio M OT TMOJ3y4ecTH MHKpOBBICTYNnoB. Hamu Oblma ompeneneHa 3t1a
nedopmanusi— BeipakeHue (9).

Ag =0,00158 q, 9)

Pe3ynbTaThl MpPOBEACHHBIX 3KCHEPUMEHTAIBHBIX HCCIEIOBAaHUN COMMKEeHUs (a)
NOBEPXHOCTEN MOryT OBbITh mHpelcTaBieHbl BblpaxkeHusMu (10) mias crambHOM U
(bTOPOIIaCTOBOM MOBEPXHOCTHU

a=0,08 Rz "® q " (10)
u BeipakeHueM (11) 1Byx GTOpOIIaCTOBBIX MTOBEPXHOCTEHN
a=0,19Rz """ q* . (11)
NHTEeHCUBHOCTD COMMKEHUS B 3aBUCHMOCTH OT Harpy3KH.
Ay =da/F dq, (12)

rae F — nonaas KOHTaKTa CONpAraéMbIX IOBEPXHOCTEN, M

JInst  OIIEHKM BEJIMYMHBI yTEUYKU YIUIOTHSIEMON Cpellbl pacCMOTpEHa MOJEIb,
OCHOBaHHasi Ha (UIBTPAIIMOHHONW TEOPUM JIBXKEHUS >KUJKOCTH B IOPUCTOM cpelie.
Ucnonb3ys 3akoH Jlapcu s kanama jpnuHod L w ceyenus A x h m meron
KOH(OPMHOTO OTOOpaK€HUsI B KOMIUIEKCHOM IJIOCKOCTH, MOJYYWJIM BhIpAXKEHHUE IS
ONpEIECIICHNS BEJTUYMHBI YTEUKHU YIUIOTHIEMOTO ra3a:

W = 0,0156t(2Rz — a) Ap & / pkln(r,/1)) (13)
3nech & — KO3 PUIIMEHT, YYUTHIBAIOMINN U3BUIUCTOCTh TPACKTOPUU JIBUKEHUS
cpedbl, Iy U T, — BHYTPEHHHUN U HApY>KHBIM paguyc KoJblla IOPUCTOrO CIIOSA, L —
K03 (PUIIMEHT TMHAMHYECKOU BSI3KOCTU pabouelt cpenbl, k — nmoctosiHHas Ko3zeHwu.
UccnenoBanneM TepMETUYHOCTH COCAMHEHUN C (TOPOIIACTOBBIMU IPOKIAAKAMHU
3aaumamuchk M.M.Kapnyk, FO.M.I1aBnoB, B.B.Anekcanapos, B./l.Ilpogan u ap. Mpl
UCCIEJIOBATIM  YCJIOBUSI TEPMETUYHOCTH JBYX (PTOPOIUIACTOBBIX IOBEPXHOCTEH Ha
pa3pabOTaHHOM JKCIEPUMEHTATbHOM KoMmIuiekce (puc. 7). Moxenbs 9 comepxut
HUKHUN UM BEPXHHUU (PTOPOIUIACTOBBIE 3JIEMEHTHI, YCTAHABIUBAEMbIE B CHIIOBYIO paMy
MeMOpanHoro npecca. ConpsiraeMbie MOBEPXHOCTH  HMENIH YUCTOTY 00paboTku Rz =
15 mxM. BpiOop 3HaueHHs] IEPOXOBATOCTH OOYCIIOBIEH OIBITOM MEXaHUYEeCKOM
00pabOTKH (PTOPOITIACTOBBIX  IMOBEPXHOCTEH.

UccnenoBanne yciaoBUM repMETHYHOCTH 3aKIIOYAJIOCh B ONPEACICHUU BEIUYUHBI
yTE€YKA BO3JlyXa B 3aBUCMMOCTH OT €ro JaBJEHUS P U YIEJIbHOW HArpy3ku q Ha
VIUIOTHSIOIIMX MOBEPXHOCTAX (puc. 5). Bo3gyx yTeuku coOupasncs B TOJOCTH,
oOpa3oBaHHOM  OaHJIa’)kKOM, OXBATHIBAIOIIUM ONBITHYIO  MOJIeNlb, M MOJIaBaJiCsl Ha
pacxoloMep, HWKHUWA TIpelesa IOKa3aHuWh KOTOPOro — 57 100 % wmrle.
JlaBneHre yIUIOTHSEMOTO BO3JAyXa H  yJelbHash Harpy3ka Ha YIJIOTHSIOIINX
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MMOBEPXHOCTAX MeHsuch: p=0,25-2.5 Mlla, ‘

q no 80 MIla npu mupuHe KOHTAaKTa g

b=0,5 10 22,5 10> M. Besnunna yTE€YKH Ha 3 > 6

CAUHUIlY  JUIMHBI TepuMeTpa KoHTakTa [l 1 4 ||‘PL-@(—!'\ 7

0  HAPYXHOMY JAHAMETPy B 3aBUCUMOCTHU ! '

OT YJEJIbHOM HArpy3Kd Ha YIUIOTHSIOIIHUX "! | 8

MOBEPXHOCTSX, UX IIMPUHBI M JaBICHUS I '

cpeasl  (puc. 8) ompenenseTcss 1o

MOJIYYEHHOMY HaMU BBIPAXKEHUIO: t 10 ?
W/II=1700¢ (bp =446 =170 (15) Puc. 7. Cxema ONBITHOM yCTaHOBKH.
Amnanus KPUBBIX, MOJIYyYEHHBIX 1 — xommpeccop, 2,11 — mnpomexyrodnast

TEOPETUYCCKH TI0 (PHIBTPAIMOHHOW MOJEIH ©MKOCTh, 3 — MmaHomerp, 4,10-  Oydepuas

(BblpaxkeHHe  13) M OKCIEpUMEHTAIbHO CSMKOCTh, 5  — cmiosag pama, 6 -

peryJIupoBOYHBIN BUHT, 7 — yHOpHas IJHTa, 8 —

(BeIpakeHHe 15), MoKa3bIBaeT, 4TO XapakTep y
MeMOpaHHBIH npecc, 9 — MoJienb.

3aBUCHUMOCTEN OJMHAKOB.
8
IIpn yreukax, BEIMYMHBI KOTOPbIX MOxHO W /IT10

NPUHATH 34 YCIOBHYKO TE€PMETUYHOCTh, M-
o M

3HAYEHHS Y/ENbHOH HATPY3KH pa3uuaercs = 1.7 05 1.0 15 212,25 2[5 _[p(NIT)
Ha 8—15%. ]

CrnenoBarenbHO, BBIpAXKEHUE (13),
MOKET OBITH HCIIOJIb30BAHO 1St
OLICHKH YTEYKH YIJIOTHAeMOW cpeaslt mu3 0.8 \
Pa3bEMHOTO T€PMETUYHOIO COEAUHEHUS C A \
(bTOpOILIaCTOBBIMU KOHTaKTUPYIOIINMU 0,5 NN
MMOBEPXHOCTSIMM. 0 e

B Hammx »KcrniepuMeHTax 3a yCJIOBHE 3.6 44 52 60 6,8qMla
IFCPMETUYHOCTH  IIPUHHMMAaAJAaCh BEJIMYHUHA Puc. 8. 3aBMCHMOCTB BEIMUYUHBI yTEUKH
yTquH Ha eI[I/IHHHy JJIUHBI HepHMeTpa YHJIOTHSIeNiOFO BO31yXa OT €ro JaBJICHUA
1o BHEITHEMY IUAMETPy YILIOTHEHUS U yAEIBHON HAarpy3Kd Ha YIUIOTHSIOIIME
W/II = 0,5 10 /c M. A6cimcesl  Touek TMOBEPXHOCTH.

nepeceuenust npsasmoit A u  kpuBbix W/II = f (q) (puc. 8) mpuHUManuch Kak
MUHHMMaJbHas yjelibHasi Harpy3ka repmetusanuu [q]. C ydyeToM MIMPHUHBI KOHTAaKTa
ONBITHBIX 00Opa3loB
[q]=6,57b %" p %, (16)
[Ipy ymiIoTHEHWM JPYroro Tra3za BbIOOP BEIWYMHBI YJEIBHOM HArpy3KH
repmetuzanuu  (16)  3aBUCUT  OT  peXUMa €ro TEUCHHUS B 30HE KOHTAKTa
VIUIOTHSIOIUX  TNoBepxHocTtel.  [lpy  JaMUHAapHOM TEYEHUHM ONPEAENSIOIINAM
BEJIMYMHBl YTEUKHU SBIIAETCS BA3KOCTh YIUIOTHSEMOTO ras3a, a MpH MOJIEKYJISIPHOM
TedeHUH (IPU PaBHBIX YCIOBUSAX) — dS(PQPEKTUBHBINA TuaMeTp ero mMoJekyisl. [Ipu
UCIIOJb30BaHUN  YIUIOTHSIOIIMX TMOBEPXHOCTEM €  OTIMYAKOUIMMCS  3HAYEHUEM
IIEPOXOBATOCTH  BEJIIMYMHA YTEYKU HW3MEHSIETCS MPOMOPIUOHAIBHO KyOy BBICOTHI
IepOX0BaTOCTH Rz.
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Teoperndueckue H HKCIEPUMEHTAJIbHBIE JaHHBIE CBUIETEIBCTBYIOT O TOM, YTO
npu 3HaueHun uucina Kuynacena K, > 3 — nBukenue rasa moiiekyJisipHoe. Hamu ObL1o
onpeneneHo uncio Kuyacena mis paccMarpuBaemMoil MOJENU JJisl MPUHSATOW YCIIOBHOM
repmetnyHocTd. [Ipu A p = 0,5 Mlla, ucxogHoi Beicote Mukpossictyna Rz = 15
MM, ipu T =293K wu mpu q = 5,2 Mlla K, =4,1 (Gonblie Tpex), 4TO TOBOPUT O
MOJIEKYJIIPHOM pEKMME TEYeHHUs Ta3a B 30HE YIUIOTHEHHSI JIBYX (PTOPOIIIACTOBBIX
noBepxHocTell. [IpoBenennbie nccneqoBaHus nokazainu 3(h(PEeKTUBHOCTh JTaOUPUHTHBIX
YIUIOTHEHUW Ui YMEHBIIEHUs YTEUKH YIUIOTHseMO# cpenpl. Hamuume mnaGupuHTOB
Ha MYTH ABWKEHHS YIUIOTHAEMOIO ra3a MNpH IMPOYMX PABHBIX YCIOBHUSAX MPUBOIUT K
CHI)KEHUIO TpeOyeMOoil BENIMUMHBI YEIbHOM HAarpy3ku B 1,5 pasa.

UccnenoBanust BIUSHUS CTPYKTYpbl Marepuajia MPOKIAJKH HAa T'€pMETHYHOCTD
COCMHEHMs TOKa3aJIl €€ CyIIECTBEHHOE BO3/EWCTBHE HAa CTAOMIBLHOCTD MOIy4YaeMbIX
pe3ynbTaTtoB. Tak, pa30dpoc AaHHBIX JJI MPOKIAA0K U3 (PTOPOIIACTA, U3TOTOBIEHHOTO
U3 MOJIOTOTO MOPOIIKa, HO HeoaHOPoAHOU cTpyKTyphl (DMH), coctaBun 6onee 40%,
Ju1st TpokyIafok u3 ctangaptHoro -4 mo  T'OCT 10007 —20%, a a1 mpOKIAJOK U3
¢dToporacta, MU3rOTOBJIEHHOTO U3 MEJIKOAMCIEPCHOIO NOPOIIKa CIELHUATBLHOTO
nmomoa (OM), — wmenee 5%. I'epMmerusupyromas CHoCOOHOCTh MPOKIIAJIOK,
BbINOJHEHHBIX U3 OM Ha 30% BbimIe, uem npoknanok u3z ®-4, a npoxkinanok uz ®MH
NOYTH TaKas ke, Kak u u3 O-4.

B d4erBepToil rJaBe U3JI0KEHBI OCOOCHHOCTHM pacyeTa M KOHCTPYUPOBAHUS
Pa3bEMHBIX COCOUHEHHN C YIUIOTHUTEIBHBIMU JJIEMEHTAMH W3 MaTepHUasoB,
nedhopMaIlMOHHbIE CBOWCTBA KOTOPBIX 3aBHUCIT OT HArpy3KH, W BIUSHUE YCIOBUH
IKCILTyaTaluy Ha UX paboTy.

OCHOBHBIM KPUTEpPUEM T'E€PMETHYHOCTH PAa3bEMHOIO COCIUHEHUS SIBIIACTCA
Harpy3ka [Q], KOTOpO# YIUIOTHSIOIIME MOBEPXHOCTH JOJKHBI OBITH MPUKATHI IPYT K
Apyry B pabodux YCIOBHSIX Ui OOECTeuYeHHs 3aJlaHHBbIX YCIOBHHA Te€PMETUYHOCTH.
Brei6op Benmnuuubl ycunus [Q] 3aBHCHUT OT KOHCTPYKLHMH COEAMHEHHUs, MaTepuasa
NPOKJIAJKH, YCIOBHM ero cOOpKH, BHEIIHEH Harpy3KH Ha COCIMHEHHE B MPOIECCE €ro
AKCIUTyaTallii U BPEMEHU KCIUTyaTallud COeIMHEHMs. BbINOIHEHUE 3TOr0 yCIoBuUs B
oO1ieM Buae MOXeT ObITh mpeacTaBieHo BoipaxkenueMm (1), rtne [Q] = [q] F; [q] —
MUHUMAaJbHas y/elibHas Harpy3ka repMeTu3aluu BeipaxeHue (16).

Pemenuem ypaBHenust (1) siBusieTcss ompenerneHue YCHIIUS MPEeABAPUTEIILHOTO
HArpyXeHUs] KPEenE&KHBIX AJIEMEHTOB pa3bEMHOTO COCAMHEHHUS TIPU €ro cOopke —
Q,. Ero ompenensitoT ¢ y4eToM MOZYJIEW CKaTUs M BOCCTAHOBIICHHS, KOTOpBIE
BXOJIAT B 3HAUCHUS KOI(PPUIIMEHTOB OCEBOM MOAATINBOCTH JIEMEHTOB coenuHeHus (3),
CaMOYIUIOTHEHUSI M JKEeCTKOCTH (2). HeoOXoIUMO y4YuTHIBATH MOJI3YYECTh MaTepHuaia
MPOKJIAJKH, a TAKKE HUKIMYHOCTh €€ HArPyKEHUS.

OnHUM K3 BaXKHBIX KOHCTPYKTHMBHBIX MapaMETPOB COEAUHEHUS SIBJSETCS LIMPUHA
YIUIOTHUTENBHOU NPOKIAAKU. B nmuTeparype npuBoasTCs pa3iudHble pEKOMEHJALUHU 110
BBIOOPY IIMPUHBI MPOKIAIAKK b. AHanu3 pabOThl COETUHEHH MOKa3all, YTO MPOKJIaaKa
UCIIBITHIBAET JBa MPEACIbHBIX 3HAUCHHSI HArPy3KU: MaKCUMallbHOE OT ycuiausi Q, mpu
cOOpKe COeAMHEHUS
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Q,=n Dy bo= [Q]+0,25t o Dy’ p, (17)
/i€ G — HaMPsDKEHUE CKATUS TPOKIIAJIKK, U MUHUMaNIbHOE [Q] B pabounx yCIoBUsAX
[Q] =7 Dg, b [q]. (18)

Ecnu mmmpuna npoknagaku OyaeT 6omblie, 4eMm TpeOyeTcs sl JaHHBIX YCIOBHH, TO
corjacHo BeIpaxkeHuto (17) mius obGecrnedeHuss TpeOyeMod Harpy3ku [] B pabodmx
YCIOBUSIX HEOOXOJAMMO YBEIMYHUTh YCWIME MPEIBAPUTEIHHOM 3aTSHKKU KPEMexKHbIX
AJEeMEHTOB (Q,, YTO MOXKET OTPa3UThCS HAa METAUIOEMKOCTH KPEIEXHbIX OONTOB U
¢nanueB. Ecam ke mumpuHa nmpokigaiakyd OyAeT MEHbIe, TO BO3MOXKHA IMeperpys3ka
HPOKJIAJKU NPU COOpKE COENMHEHUs, YTO OTpa3uTCcid Ha ero repMmeruyHoctu. U3
BbIpakeHuid (17) u (18):

b= aDy p/4(c—n[q]). (19)
3nech n = 1,2 — 1,5 — xoadurment 3anaca Mo repMETUYHOCTH, KOTOPBIA 3aBUCUT
OT MPHUHATOIO METO/1a KOHTPOJISI CUJIbI 3aTSKKHU KPETIEKHBIX 2JIEMEHTOB COCIMHEHMUS.
bonToBas marpyska, a Takxe U3rMOaroluid MOMEHT, ACHCTBYIOMIMI Ha (JaHIbI,
3aBHUCAT OT MECTa pa3MeIlEeHUs TPOKIAAKU MEXTY (praHIIaMu (ee CpeTHEro IUaMeTpa).

CorylacHO pe3ynbTaTamM MCCIEIOBAaHUM C YBEJIMYEHHWEM CPEIHEro JuaMerpa
METaNIOEMKOCTh (PJIaHIIeB MaJaeT, a 00JITOB PACTET, MPUYEM OTHOIIICHUE MAacChl OOJITOB
K Macce ¢uanma yBenuuuBaerca. [lomyueHHbIE MaHHBIE TO3BOJSIOT CHU3UTH
METaJNIOEMKOCTh  (DJJAHUEBOIO COEIMHEHHs 0e3 yiepda [l TepMETUYHOCTH U
IPOYHOCTH €T0 COCTABJISAIOIINX 3JIEMEHTOB.

VY4er nepeMeHHOro 3Ha4eHUs] MOJYJIsl YNPYTOCTH IPOKIAJIKH (BbIpaxeHus 2, 3, 4)
npu  pacyere cuioBbix (1) u reomerpuueckux (19) mnapameTpoB pazbeMHBIX
COEIMHEHMM TaK)Xe BEJET K CHIDKEHHIO X MAaTepUaIOEMKOCTH.

Jlnst pnaH1ieBOro coelMHEeHUsI ¢ PTOPOIIACTOBBIM YIUIOTHUTENEM ObLT pa3paboTaH
U UCCJIENOBAH YIUIOTHUTENbHBIA y3€d C ONOPHBIM KOJIBIIEBBIM  DJIEMEHTOM,
pPa3MEIleHHbBIM MapajiyIesIbHO YIUIOTHUTENIBHOW NpOKIagke. B HMCXOAHOM COCTOSIHUM
TOJIIIMHA TIPOKJIATKH TIPEBBIMIAET TOJIIMHY OMOPHOTO KoJiblla Ha BenumuuHy Ah. B
npolecce  NpeABapUTENbHOM  3aTSHKKM — KPEMEKHBIX  AJIEMEHTOB  MPOKJIaJaKa
nedopmupyeTcss Ha BeIMUYUHY Ah U TONBKO MOCJE 3TOr0 OMOPHBIA 3JIEMEHT HAYMHAET
BOCIIPUHUMAThH OOJTOBYIO HArpy3Ky /10 3aBeplleHus 3aTsikKd 005ToB. C yBenTnYeHUEM
JABJICHUSI CpeAbl HAYHETCS pasrpy3ka YIUIOTHUTEIBHOTO Yy37a (0 JTOCTHXKECHHS
paboyero JaBiIeHHs pa3rpyKaeTcs TOJbKO OIIOPHOE KOJIBLIO) COTIIACHO BBIPAXKEHUIO

x « x
Qn:Q3_a QFarHe a :}“6/(}\‘6—’_}“ n)

[Ipu mapanienbHOM pa3MElIEHUU MPOKIAJKH U OMOPHOr0 KOJIblia MOAATIUBOCTD

YIUIOTHUTEIBHOTO y3J1a

An= Ao/ (M +hp),
rae A U Ay — k03P ULIKUEHTHI 0CEBOM MOAATIMBOCTH COOTBETCTBEHHO (hPTOPOIIACTOBOM
MPOKJIAJIKK U OMOPHOTO KOJIBIIA.

VY4uThiBasi, 4TO UHTEHCUBHOCTh BOCCTAHOBJICHUS MIPOKIIAJIKK M OTIOPHOTO 3JIEMEHTA
IPU yBEIWYEHUH JABJICHUS YINIOTHAEMOW cpenbl ogumHakoBa, To AQ; = AQ, A, / A4.
OceBasi MOJNATAMBOCTh (PTOPOIIACTOBOM MPOKIANKKA 3HAUYUTEIBHO OOJIbIIIE OCEBOM
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MOJIATIUBOCTH CTAIBHOTO OMOPHOTO KOJbIIA 1 2 3
BCJICJICTBUE MPEBBIIICHUS 3HAYCHUS MOIYJISI
YOPYrOCTH CTajdd HaJ 3HAYCHHUEM MOIYJIS
BoccTaHoByieHUs1 (ropomiacta (riaBa II).

[ToaTtomMy Harpy3ka Ha NPOKIAAKY IIpHU 1104

NOBBIIIEHUN AABJIEHUS CPEAbl MPAKTUUYECKU '

OCTAETCS IOCTOSSHHOM W PAaBHOM YJIIEJIbHOU !
Harpy3ke [q], co3maHHOW TIpu cOOpKe 9

COCAUHCHMUA. B PE3YIbTATC IMPOBCIACHHOI'O 8

aHanu3a pabOThl TAKOTO YIUIOTHUTEIHLHOTO

y3aa ObUIO MMOJYYCHO BBIPAKEHHE IS Pyc. 9. CTems Al HCCENOBAHNS
OIIPCACIICHUA HGO6XOI[I/IMI>IX COEIMHEHUM C OIIOPHBIM 3JICMCHTOM.
TE€OMETPUYECKUX I1apaMeTpoB, B yacTHOCTH, 1,23 — cucrema mogaunm BO3AyXa  IIOK

Pa3HOCTH HCXOJHOM TOJIIMHBI MPOKJIagKy AdBICHHCM, 4 — ¢manupr, S — dproponnacTosbie
W OTOPHOTO Y —. GdiaHmpl, 6 — cTalbHOE ONOPHOE KOJBIO, 7 —
’ IIITHJIBKH, 8 — TeH3ocTaHIM, 9 -
Ah=kpi F, MUK 10 — Tpoitnnx, 11 —
POMaHOMETD, TPONHUK, Kamnuisp.
DKCNepUMEHTaIbHbIC HUCCJICIOBAHUS,

npoBeJeHHbIE Ha Mojenu (puc.9) wu Q
CTAHAAPTHEIX (DIAHLEBBIX  COEAMHEHHUAX,
HoKa3aiu xopoluee coBmagenne <H
pe3yabTAaTOB pacyeTa M SKCIICPUMCHTA. 180
Ha puc. 10, B kauecTtBe mnpumepa,
NPEJICTaBICHbl  XapaKTEPHbIE Pe3yIbTAThHI 160
OKCMEPUMEHTOB, U3 KOTOPBIX  CIEAyerT,
YTO TIPM PaBHBIX YAEIbHBIX Harpyskax S0
Ha  YIUIOTHSAIOIIME ¢dToporacToBbie
HOBEPXHOCTHU repMeTU3HpyoIas
CHOCOOHOCTh  YIJIOTHUTEJIBHOIO  y371a C
[apajuleJIbHO YCTaHOBJIEHHBIM  OHOPHBIM 40 §# | y)
sneMeHToM B 1,5 — 2,0 pasa Bblle, ueM / l/ }/ }/ \"4-10'2
6e3 mero. Ilpu  Hamumumu omopuoro 20 / y
3JIEMEHTa Harpy3ka Ha KperexHble IIIHIbKH

IMPAKTHUYCCKHU HC 3aBUCHUT OT JaBJICHUA
Puc. 10. 3aBucUMOCTb Harpy3ku Ha KpeIexHbIE

YIIOTHAGMOH — CPEbl M BPEMEHH. OTO ,jevenrsr i yTeukd YITOTHSEMOR CPEbl OT
OOBSICHIETCSI TEM, YTO OCHOBHYIO HArPy3Ky ee aBicHUsL.

HECET OIIOpHOE KOJIBIIO, marepuai 1 u 2 —npu yaenbHbIX Harpyskax 13 u 18 Mlla;
KOTOPOTO HE MOJABEpKEeH Monsydectw rpu 1 # Il—c omopubiM snemenTom u Ge3 Hero.
HOPMAaJIbHOM TEMIIEpATYPE.

OCcoOEHHOCTBIO COEIMHEHHUS C TTapaJUIeNIbHO YCTAHOBJICHHBIM MPOKJIAIKE OMOPHBIM
DJIEMEHTOM SBIISIETCA IEPEMELICHUE  ONOPHOM  JIMHUM YIUIOTHUTEIBHOIO y3Jla B
mpolecce 3aTsHXKKU COCIMHEHMS W TPU TOBBIIICHUM JaBJICHUS Cpelbl B pabdouux

Mi1/c

60

8107

0 4 8 P, MIIa
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YCIOBHUSIX. DTO HEOOXOAMMO YUYUTHIBATH IMPHU OMNpPEACNICHUH YIJIOBOW nedopmaruu
draHIeB TpU WX pacyeTe Ha MPOYHOCTb.

Jlns paccMaTpruBaeMoOTro OMBITHOTO coeuHeHus (puc. 9), Ho 6€3 OMOPHOTO KOJIbIIA
6 Obura MOCTPOEHA 3aBUCUMOCTh W3MCHCHHS HArpy3KM Ha TPOKIAIKy U Ha
KpeTexkHble OONThI OT JIABJICHUSI Cpeibl, KOTopas mpejactaBieHa Ha puc. 11. 3mech
JuHUU | W 2 COOTBETCTBYIOT Harpy3ke Ha OONTHI M TPOKIAJIKY IPU MEPEMEHHOM
3HAUYEHUU MOJYJIeH MPOKIAJIKU (MHIEKC «a») U MOCTOSIHHOM UX 3HaY€HUU (MHACKC «O»).
W3 3aBucumocterr (puc. 11) caemyet, uro Qs Qu KH

IPU OJHOM Y TOW K€ KOHEYHOU YJIIECIbHOU 150
Harpy3Ke [q] Ha MPOKJIAJIKY, {
00eCIeYnBaIOIIYIO repPMETUYHOCTh 100 la
COCMHEHUS, Tpedyemass cujaa  3aTsHKKU
KPETEKHBIX OOJITOB C YYETOM MEPEMEHHOTO
xapakTepa  aeOpPMAIMOHHBIX  MOJIYJIeH 75
npokiaakud nmouytu Ha 20%  MeHbIe, yem 20
0e3 ux yuera. 50 2a
st oOecrieueHus TpedyeMon '
BEJIMYMHBI 3aTSHKKU KPEMEKHBIX AJIEMEHTOB
MIPUMEHSIOT ONPEACIICHHBIN PEXKUM 3aATSKKH, 0 5 10 P, MlIla
npu pacuete KOTOPOTO UCITIOJIB3YIOT Puc. 11. CpaBHeHHME CHJIOBBIX JAHArpamM,

MOJATIIMBOCTA DJIEMEHTOB COECIUHCHMUS. B IMOCTPOCHHBIX IPHU HOCTOSIHHOMI/IHepeMeHHOIT’/I
IIPUHATON PACYETHOU MPAKTUKE UCHOJIB3YIOT ;I;;Ziigzcm Hp?iﬂ%ﬁgi?ﬁopOHH;:CTZB_ZI'J
[IOCTOSIHHBIE 3HAYCHHUS NTOAATIUBOCTH

IIPOKJIAJKH, YTO HEIPUEMIIEMO JUIA COCAVUHEHUNW C YIUIOTHUTEIIMU U3 MATEPUAJIOB,
ne(pOopMallMOHHbIE XapaKTEPUCTUKU KOTOPBIX 3aBUCAT OT Harpy3ku. Hamu mosydeHsl
pacyeTHbBIE BBIPAKEHUSA JUISL OINPEIEICHUs CWJIBI HAarpy>K€HHs OYEpPEIHOM TpPYIIIbI
KPENEXHBbIX JJIEMEHTOB Il HaumboJiee IIMPOKO MPUMEHSEMOr0 Ha IPAKTHKE
oaHO00X0AHOTO pekuma. CorimacHo 3ToMy pexuMmy Tpedyemas cymMmapHas CHiia
3aTSDKKM IIPM  PaBHOMEPHOM €€ pAacCIpelesIeHUU I10 BCEM KPENEXKHBIM JIeTalsIM
coelIMHEeHUs 00ecreuynBaeTcs 3a OJJUH 00XO0/] MPU OAHOKPATHOM MPUJIOKEHUH HArpy3KH
Ha Kaxnpli oont. Q,=q, F,, rne q, u F, — ynenpHas Harpy3ka Ha MPOKJIAAKY U €€
IJI0IIAb.

i=n i=z

Jdz = On {nhH(l_ql / Ecm i) + }VG F Ecm n}Ecmz / {ZhH(l—Ch / Ec;x i) + }VG Fn Ecmz }Ecm n»
i=1 i=1

I71€ (, — yJAeJbHas Harpy3ka Ha INPOKIAJKYy (KOHEYHas) MpH 3aTsHKKE MOCIEIHENH n-ou
TPYIIIBI KPENEeXKHBIX JIeTaJIEH.

[IpoBeneHHBIN aHANM3 IMOKa3ajd, 4To O€3 ydyeTa MEPEMEHHOr0 3HA4YECHHsS] MOIYJIS
COKaTHs IPOKIIAJIKM HE 00ecreyrBaeTcs 3aJaHHasi KOHEUHas CUJIa CHKaTHsl IPOKIIAJIKU U
pPaBHOMEpPHOE €€ pacHpelesIeHne MEXAy KpENeKHbIMM OoJITaMU  COEIMHEHUS.
OKcrnepUMeHTAJIbHASI OLIEHKA 3TOT0 peXuMa MOATBEPUIIa MPaBUIBHOCTh MOJIYYEHHBIX
AHAJIMTUYECKUX 3aBUCUMOCTEH.
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JlJis pacCMOTPEHHOTO BBIIIE OMBITHOTO (PIIaHIEBOTO coeauHeHus (puc. 9), no 6e3
OTIOPHOTO KOJbIIa 6, OBUTH BBHIMOJHEHBI PAacyeThl BEIMYWHBI MAJCHHUs Harpy3ku Aq 3a
BpeMsl T MpU IOCTOSHHOM 3Ha4eHuW mnojartiuBoctu mnpokianku (E, = 700 MIla), u
npu nepemenHoM ee 3uHauenuu (E, = 140q **). B pacuere ncnons3oBamu ko3pduIeHT
U TIOKa3aTesib NOJ3ydecTu (BblpaxkeHue 7). Pe3ynapTaTel pacdyeToB MpeACTaBlICHBl Ha
puc. 12 B Buue 3aBucumoctet Aq = f(q,), U3 KOTOPBIX CIEAYET, YTO UHTEHCUBHOCTD
penakcanmu  Hanpspkenuss (dAq / dq) B 3aBUCMMOCTH  OT  Harpy3kd C Y4YETOM
NEPEMEHHOTO 3HAYEHUS TMOJNATIMBOCTU (KpuBas 2) CYIIECTBEHHO HHXKE, 4YeM €€
3HA4YCHHE, MOJIYYCHHOE II0 cyllecTByrommM  Ag, Mlla

pacueram (kpuBas 1), OCOOCHHO  TIpHU

HAarpy3Kax, MOpPUMEHSIEMBbIX TS 1.0 !

TepMETUYHOCTH Pa3beMHBIX COCIMHEHUM (110

q = 10 MlIla). Takum o6pa3om, yuer 0

IIEPEMEHHOW  IOJATIMBOCTH  MPOKJIAAKHU 0,5

pu OlIpeaEIICHN I WHTEHCUBHOCTH

penakcanuy HampspKeHuH BO  (DIIaHIIEeBOM

COCIMHEHUN JaeT WCTUHHOE OIpelesICHue 0 0 N & MITa

pecypca ero  paboTBl /IO BO3MOXHOTO Puc. 12. 3aBUCUMOCTH penakcanuu

HapymICHUA FEPMETHTHOCTH. HANPSHKEHUS B OJIEMEHTAX  COEJMHEHMS C
[IpencraBinenHpie  Ha puc. 12 ¢propomnnacropoii MpoknaaKoi OT HATPY3KH.

3aBUCUMOCTH MOJTy4YeHBI 1Jis pToporuiacta-4. | — Ipy OCTOSIHHOM 3HAYCHHUH MOJATINBOCTH

H3HO)KCHH3H METOINKA MOJKET 6BITB IMPOKJIaJIKH, 2 — npu MNMepeMCHHOM 3HAYCHHUU

II TIIMBOCTH IIPOK. KH.
UCIIONIb30BAHA IS IPOKJIAJI0UHBIX 0AaTINBOC poknan

MaTepHayioB, AehOPMAIIMOHHBIC XapAaKTEPUCTUKH KOTOPBIX, 3aBHCIT OT Harpy3KH.

B pesynbrare mossyudectd maTepualia MPOKIAIKH CO BPEMEHEM H3MEHSETCS €€
TonuHa h u, clenoBaTenbHO, U3MEHSIETCS KOI(POUIIUEHT KECTKOCTH COCTUHEHUS O, B
KOTOPBIN BXOJUT MOIATIAUBOCTh MPOKIaakn. [Ijist PTOpOTIacTOBOTO yIIOTHUTEIS

A= {0( Eex @)[Eaet (s = I[1+ 8 107tq"> " 1 %]} /m Dy b Eue” B (20)

[Tonyyennoe 3HaueHue Kod(PpPuIMEHTa KECTKOCTH o4 = Ag / (Ag + Ay) C ydeTOM
BbIpakeHUs (20) oTpakaeT AEMCTBUTENBHOE HW3MEHEHHE HArpy3Kd Ha 3JIEMEHTHI
COCTMHCHMSI B 3aBUCIMOCTH OT €€ BEJIMYHMHBI U BPEMEHH dKCILTyaTaruu. TeopeTnaeckue
WCCJICIOBaHMsI OBUTM TIOATBEPKACHBI TPU W3YYCHUH pPAOOTHI OMBITHOW MOJIETH
(baHIIEBOTO COCAMHEHUS.

N3menenue temmneparypsl pabodeil cpeabl MPUBOIUT K U3MEHEHHIO HArpy3Ku Ha
AJIEMEHTBl Pa3bhbeMHOTO  COCAMHCHUS. YyuTheiBasg TMEPEMEHHYIO IOJATINBOCTh
MPOKJIAJIKH, — ik
; o; [ At; + oy h (1 — Qs / Ecx )[ 1+ (q3 — q) /EBC] Aty —Elocj lj Atj

i=1

i=n-1  j=k h ( Eex— Q) [Ese + (qs — q)] [1 + 8 10 5t q (133700040 ¢ 0087

i=1 i=1 2
7 Dep b Ege” Ecx
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AHanu3, BBITIOJHEHHBIN [JI 3KCIIEPUMEHTAIBHOW MOJEIN COCIUHEHUS, NMOKA3all,
YTO 3HAYEHUE TEMIIEPATYpHOM Harpy3ku AQ; 0pv BBEACHUU B PACUET PEAIBHOU
NEPEMEHHON MOAATIMBOCTU NPOKIAJAKA  HUXKE, YEM IpPU pACUETE IO MNPHUHATON Ha
MIPAKTHKE METOJIUKE.

M3MmeHeHrne Harpy3ku Ha 3JEMEHTbl COEJIMHEHUS MOTYT OBbITh CJEICTBUEM
KoJIeOaHMsl TaBJICHUS WM TEeMIIepaTyphl yIUIoTHAeMOon cpeabl. Kak mokaszano B riase 11,
IIOBTOPHBIE M3MEHEHUs CKHMMAIOIIEW HAarpy3Kd COIPOBOXKAAIOTCS IOSBICHUEM
octatouHoil nedopmanuu. Ilpudem, yem OoibIe IUKIOB HArpy>XKEHUM, TeM OOJIbIlIce
3HaueHue 3Tux jaepopmauuid. IIpu konebanum naBneHus pabodeil cpeabl MPOUCXOIUT
u3MeHeHue (yMEHbIIEHHE) 3HaueHus Kod(p@uimeHta oceBol  MOJATIMBOCTH
dToporutactoBoi  mpokiagku. Kod(p@GUUIHUEHT KECTKOCTH COENMHEHHsS o, MpHU
LHUKJINYECKOM HArpyXCHUMU:

N
ay = Zhs/[ZAs+ h(1 - 0,000145 q " =N; %)/ n D, b Ey |
1

B kauectBe mpumepa ObLIO BBINOJIHEHO HUCCIEIOBAHUE PAa3bEMHOIO COEIUHEHUS,
JABJICHUE YIUIOTHAEMOUM Cpelbl B KOTOPOM MEPUOJUYECKH HU3MEHsieTcsi B TeueHue 10
HUKI0B ¢ ammuntyaou Ap = + 0,2 MlIIa npu ucxonnom gasienuu p = 10 MIla. Ilpu
TOM YyBelnueHue Kod(PQHUIMEeHTa >KECTKOCTH O 332 CUeT IHMKINYECKOTO W3MEHEHUS
Harpy3ku coctaBmwio 15%. C yBenMYeHHEM 4YHCIIAa UUKIOB CYMMApHOE CHHKECHUE
Harpy3ku Ha MPOKIaAKy OyJeT yBEJIMYUBATHCA, YTO U MOXET CTaTh MNPUUYUHOU
HapylIEHUS] TEPMETUYHOCTU COEAUHEHNUS.

[{UKIMYHOCT M3MEHEHUS TEMIIEPATYPbl YIUIOTHAEMOW CpEeAbl MPAKTUYECKH HE
IPUBOJUT K 3aMETHOMY M3MEHEHHMIO HArpy3Kd Ha MPOKIAJKY. ITO MOXKHO OOBSICHUTH
TE€M, YTO YMEHBUICHUE TOJIMHBI MPOKIAAKA MPUBOJUT HE TOJIBKO K YBEIMYECHHIO €€
OCEBOM JKECTKOCTH, HO U K YMEHBIICHHIO TEMIIEpaTypHOU Jedopmaliiu, T.K. TOJIIMHA
MPOKJIAJKH BXOJIUT U B UACIIUTEIb, U B 3HAMEHATEb PACUETHOTO BBIPAXKEHUSI.

IIsaTas riaBa nocesiieHa y3j1aM repMeTH3aluy CallbHUKOBBIMU YIUIOTHEHUSIMHU, B
OCHOBHOM, C MATKOII HAOMBKOH.

OCHOBHBIM TApaMETPOM, KOTOPBIM ONPEACIISIETCS KayeCTBO HAOMBKHU CallbHUKA
aBisgeTcs  KOd(QPUIMeHT O0oKoBOro naBieHHs (K.0.d.), T.e. OTHOIIEHUE pPaTUAIbHOMN
Harpy3kd Ha 3aMbIKalolllie HAOMBKY TOBEPXHOCTH CAJIbHUKOBOW KaMepbl K OCEBOM
Harpy3Ke, BhI3bIBAIOLIEH 3Ty paJMalIbHYIO Harpy3Ky.

B nacrosiiiee Bpemsi ompeneneHue K.0.1.  HAaOMBKM OCHOBAHO Ha yCJIOBUU
pPaBEHCTBa €€ paJuajbHON JedopMaluy Kak 10 HAPY>KHOMY, TaK U [0 BHYTPEHHEMY
KOHTYpy. IloaToMy K.0.n. Takke CUMTAeTCs  OAMHAKOBBIM [0 HApyKHOMY U
BHyTpeHHeMY auamerpy HaOuBku. Opnnako JI.®D.I'ypeBuueM ObUIO OTMEYEHO, UTO
paauanbHas Harpy3ka Ha BHYTPEHHEM KOHTYpPE CAJIbHMKOBOW HAOWBKHM MPEBBIIIACT
€e 3HAUYCHHE Ha HAPYKHOM, YTO OOBSCHSIU pa3uyueM 3HaueHUH Kod(UIMeHTOB
TPEHUS JaKe MPU OJIMHAKOBOU YUCTOTE 0OPaOOTKU COMPITaeMbIX IIOBEPXHOCTEH.

Hamu ycraHoBJI€HO, UTO OCHOBHAs JIOJIS PaJualibHON nedopmanuu Mpu 0CEBOM
CKATUU KOJBLIEBOM MPOKIAIKHU MPOUCXOJUT MO €€ HapykKHOMY KOHTYpy (rnasa II). U3
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BbIpakeHusd (5) cienyer, 4yTO C YBEJIMYECHHEM TOJIIMHBI MPOKIAJAKA HEUTpaIbHBIN
paanyc CMENAeTcsi K LEHTPY.

JInst mpoBEpKHM ASTOM TUMOTE3bl HAMU OBbUIM TPOBEACHBI JKCIIEPUMEHTAIbHBIC
WCCIICIOBAHUSI TIO OIPEACIICHUIO 3aBUCHUMOCTH HANPSIKEHHUS  OT OTHOCHUTEIbHOU
nedopmanuu BTyJnoK auamerpoMm 48 x 7 u BbicoToM 100 MM, BBINOJIHEHHBIX U3
dbropormiacra-4. Brynku yCTaHaBJIMBaIU 0e3 orpaHu4YeHUs paauaIbHON
nedopMaiyii, TpU BHEITHEM €€ OTpaHWYEeHUHU | B 3aMKHYTOM OOBbEME, W HarpyKajiu
OCEBOM CuJION, co3jarueld cxkumarone Hamnpsixkenus 10 10 Mlla.

PesynpTaTel, mosiydyeHHble s q- .MIla
BTYJKH (puc. 13) u nmpoknaaku, (puc. 6) 10 ,_2 i }
nonoOuel. M3  HuUX  cremyeTr, 4To /y
paauanpHas aedopmanus UcciaenyeMbIxX 8 X /
BTYJJOK OT OCEBOM HAarpy3ku IO 6 /)
BHYTPEHHEMY KOHTYPY IPaKTHYECKHU 4
OTCYTCTBYET U BTyJKa JehOopMHUpyeTCs
TOJIBKO IO HApy’KHOMY KOHTYDY. 2
Paccmorpum CaJIbHUKOBYIO
HAOMBKY,  pa3MEIICHHYI0 B Kamepe
CaJlbHUKAa C HApY>XHBIM M BHYTPEHHHUM 0 0,01 0,02 0,03 0,04 0,05 €
JINAMETPOM  COOTBETCTBEHHO D u d. Puc. 13.  3aBucumocts HaIPSKEHUS oT

Ucxommas  TONMMHA  HAb6uBKH  h, OTHOCHUTEIIbHOM zle(vl)opMauI/H/I BTYJIOK JHAMETPOM
8 x 7 m Beicoro 100 MM, BBIIOJHEHHBIX U3

[IpumeM psia HONMYLIEHUN: paavaibHas (roporacra-4.

,Z[e(bOpMaHI/IHU 3AMBIKAIOIIMX HAOMBKY | _ Ge3  orpammuesms  medopmaru, 7 _
IIOBEPXHOCTECU B BHUAY OTHOCHUTCIBHO orpanmyeHue aedopmaiiuu o BHEIIHEMY KOHTYpY,
BBICOKOM MX KECTKOCTH OTCYTCTBYCT, 3 — B 3aMKHYTOM OOBEMe.

HE YUUTHIBAEM BJIUSHHS CUJI TPEHUS HA 3aMBIKAIOMIMX HAOWBKY MOBEPXHOCTSX,
3HAYCHUE HEUTPAJIbHOTO pajuyca HAOWMBKW COBMAJAeT C BHYTPEHHUM €€ KOHTYPOM.
[locnenHee NOMyILIEHWE BMOOJHE  ONPABAAHO, T.K. JICUCTBUTEIBHOE 3HAUYCHUE
HEUTPAJIBLHOTO pajuyca COIVIACHO BBIPAXKEHUIO (5) YMEHBIIAETCd C YyBEJIUYEHUEM
TOJIIUHBI h, ¥ CTAHOBUTCS MEHBIIE BHYTPEHHErO pajnyca BTYJIKH.

[Tox neiicTBEM OCeBOIl HArPY3KH (, HAOMBKA COKMETCS, & €€ HAPYXKHBII AUaMeETp
yBenuuutces. Ecinu BTyska HaXOIUTCS B 3aMKHYTOM 00beMe, TO BO3HUKAIOT paJialibHbIe
HArpy3KH Kak M0 Hapy>KHOMY (g, TaK U 110 BHYTPEHHEMY (, €€ KOHTYpY. COOTHOIlIEHHE
ATUX HArpy30K ONpeeAeTCs MOJIYyYEHHBIM HaMH BhIpakeHHEM (21)

@/qr=2D*/[D*+d*+p (D*-d?)] (21)
N3 Beipaxkenuss (21) creayer, 4To 3TO OTHOIICHUE HE pPABHO €AUHUIIE, T.€.
3HAQYeHUs (; U (r He paBHbB.. Ecimm npussate, yto p = k/ (1 + k), rme k —

kod(punmenT 6okoporo napieHuss, To npu D =48 MM, d =34 mMmu k = 0,924
3TO0 oTHomeHue Oyner paBuo 1.15; mpu k = 0,510 — q, /qr = 1,2; a mpu k=
0,072 - q./qrg = 1,3 (3Hauenus k mma pa3nudHBIX MaTepUaIoB HAaOWBKHU
OTIPENIEISUTCh HAMU JKCIEpUMEHTATbHO). ClieIoBaTENhbHO, OTHOIICHWE HArpy30K Ha
OOKOBBIC MTOBEPXHOCTH CATBHIKOBOW HAOMBKHM 3aBUCUT OT 3HAaUeHUS KoddduimeHTa
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[Tyaccona martepmana HaOWBKH, W B JaHHOM ciy4yae KO3(QUIMEHT OOKOBOTO
JaBJICHUA HAa BHYTPEHHEHW MOBEpXHOCTH HaOuBku Ha 15 — 30% BeIIe, YeM Ha
Hapy>KHOMU.

Pa3paboTanHass HamMM MeETOJMKA OLEHKM HArpy3kd Ha OOKOBBIE IMOBEPXHOCTHU
KOJIBIEBOTO 3JIEMEHTa OT JACHCTBUS OCEBOM Harpy3Kh MOET OBIThb HCIIOJb30BaHA B
€ro pa3JIMYHbIX KOHCTPYKTUBHBIX BapHaHTax.

B y3nax repMeTH3anu COEAUHEHUN TPUMEHSIOT YIDIOTHUTENN B BUJIE MAHKETHBIX
KOJIEL WJIA KOJIEL TPEYTOJIbHOIO ceueHUsl. MaHKEeTHOE YIJIOTHEHUE MO CBOEH CYTH HH
YeM He OTJIMYaeTCsd OT BapHaHTa C HAOOPOM IJIOCKUX YIUIOTHUTENBHBIX KOJIEIl, T. K. BCE
MaHXETbl B COBOKYIHOCTH HPEACTABIIOT CO0OM MOHOJIUTHYIO KOHCTPYKLMUIO.
[IpoBeneHHbIN aHAMM3 TOKa3ajl, YTO B CHIIy PAaBEHCTBA BHYTPEHHETO U BHEILIHETO yIja
Ka)KIOM MaHXXEThI (900) o JEeWCTBHEM OCEBOM CHJIBI paguaibHON jaedopmarnuu
MaHXEThl HE MPOUCXOAUT 3a UCKIIOUEHUEM MONEPEYHON AedopmManniu, 00yCIOBIEHHON
kodppunuentom Ilyaccona. bonee nenecoodpa3HbiM ObLIO OBl BHITOJIHEHUE OMOPHBIX
KOJIELl C YTIJIOM OOJBIIMM, Y€M YTOJ KOHyca MamwKeThl. [Ipu TakoM HCHOJTHEHHUH
NEPBOHAYATBHBIN 3a30p MEXIy CONpPSIraeéMbIMU MAaH)XETaMH U ONOPHBIM KOJBLIOM
obecrieurst Obl TpeOyeMbId paaraibHBIN HATAT O. TpedyeMoe 3HaUeHHUE yriia OMOPHOTO
AJIeMEHTA

B={180—-2arccos[0,707b/(b— 1,414 0)]}, rpan.

JIOCTOMHCTBO YIUIOTHEHHUSI C MSTKOM CaJlbHUKOBOM HAOMBKOW — OTHOCUTENbHAs
MPOCTOTA KOHCTPYKIIMKU U BO3MOXHOCTh OBICTPOU U JIETKOM 3aMEHBI HCUEPIIaBIIEH CBOM
pecypc HaOMBKH.

[Ipu 3aTspKKe KPEMeKHbIX AJIEMEHTOB IMPOMCXOAMT CKaThe HAOMBKH U €€ 0CEBOE
cmeniernre. CxxaTuio HaOWMBKU TMPENATCTBYET BHYTPEHHEE TPEHHE €€ MaTepuaiia, |
TpeHue HaOMBKM O 3aMbIKalOIIMe €€ NoBepxHocTH. Ha kommeHcanuio BIMSHUS
CyYMMapHOM CHJIbI TPEHHUSI 3aTPAUYMBACTCS YACTh MPUIOKEHHONW OCEBOM CUJIbI, YEJIbHAs
Harpys3ka OT KOTOpOH pacrpenessieTcsi mo JJMHE HAOMBKU Z COIJIACHO H3BECTHOMY
YPaBHEHHIO

q.=qo exp (- 2fk z/b), (22)
rae f — koaddunmenT TpeHus HaOMBKH O 3aMBIKAIOIINE €€ TTOBEPXHOCTH; (, — yACTbHas
Harpy3ka Ha BEpXHHUI cloil HAaOMBKH, CONPHKACAIOUIMICS ¢ HAXUMHOW BTYJIKOH; b —
HMIMPUHA HAOUBKHU.

[Ipu BbIBOAE ypaBHEHUS (22) HE YUUTHIBAIOCH PA3HOCTb YJEIbHBIX paguaibHBIX
Harpy30K Ha HAOMBKY Ha BHYTPEHHEM M HapyX HOM ee KoHType. C ydeToM 3TOro
00CTOsITEHCTBA HAMU OBLIO MOJIYYEHO HOBOE YPABHEHUE PACTIPEICIICHUS] OCEBOM CHIIbI
1O JITMHE HAOMBKH:

a4, = qo exp[-4fz (ke D + ki d) /(D*~d?)],

JIyis yBenuueHus paauaibHON HArpy3KU Ha HAOWBKY JTHO CaJbHUKOBOW KOPOOKH U
TOPILIEBYIO MOBEPXHOCTh HAXKUMHOMN BTYJIKHA YaCTO BBIMOJHSIIOT KOHUYECKUMH C YTIIOM
koHyca o = 30 — 60° i ero BepIIMHOMN, PACIOIOKEHHOI BHE Pa3sMEIICHNS HAOUBKH.
OpnHako COIIacHO MPOBEIEHHOMY HAMM aHaJu3y TaKO€ KOHCTPYKTUBHOE PEIICHHUE HE
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CIIOCOOCTBYET  YJY4YIIEHUIO  paboThl  calbHHMKA. bomee 11e71eCO00pa3HBIM
MPEACTABISACTCS BBINIOJIHEHUE 0OPAaTHOTO yIila KOHYCa, BEIMYMHA KOTOPOTO O

o =05arcSin{2 kg QB*/[B*+1+pn(B>-1)]- 1},
rae B = D/d.

[IpaBunbHBIM BBIOOp yria CKOCa 3aMBIKAIOIMIUX TOPILEBBIX IMOBEPXHOCTEH
CAJIbHUKOBOW HAOMBKH HE TOJILKO MOBBIIIAET T€PMETUYHOCTh CAMOTO COCIMHEHHUSI, HO U
CHI)KAeT M3HOC CAJIbHUKOBOM HAOWMBKM 3a CYET CHIDKEHHUS YJIENTbHOM Harpy3kud Ha
YIUIOTHSIEMBIA MOABHKHBIA 3JIEMEHT.

B pabounx ycnoBusix HaOMBKa SIBISIETCA MPOMEKYTOYHBIM 3BEHOM, MEPEIAIONIIM
CWIy JaBJieHUs YIUIOTHSIEMOW Cpellbl Ha HaXUMHYIO BTYJIKY. B 3TOM ciydae oceBas
Harpy3ka Q, Ha HOKMMHYIO BTYJIKYy yBEIHYMBAcTCS, a Ha HaOuBKy Q, B cpeaHem
CHUKAeTCS.

QB=Q3+(1_(X‘)QF7 QHZQs_aQr
3neck Q= D, bp — kep fqep h (D + d) — oceBast cuna nasienus pabodeid cpefpl,
o =2As/ (Ag + Ay) — KOODPUIUEHT KECTKOCTU COCAUHEHUSI; Ag U A, — KOIPPUIIUEHTHI
OCEBOM MOJATIMBOCTH COOTBETCTBEHHO KPEMEXHOTO y3ja U CalbHUKOBOW HAOWBKHU
BBICOTOM h; q¢, — CpeiHee 3HaUeHHE 0CEBOH yIEIbHOM HAarpy3KH B HAOMBKE.

DKCnepUMEHTAIbHON OIeHKe Koddduimenta O0KoBOTo maBieHus k = q; /q,
MOCBSIIIEHO MHOTO paboT. OHa 3akio4aeTcss B ONpeleieHUuu nedopManuu CTEHKH
Kamepsl (HapyKHOW WM BHYTPEHHEW), B KOTOPOW pa3MelleHa CoKMMaeMash OCEBOM
CwiIold HaOWBKA, C TMOMOIIBIO TEH30PE3UCTOPOB. HEKOPPEKTHOCTh MPAKTHUYECKU BCEX
METOJI0B ompeneneHus K03 UIHCHTA
OOKOBOTO JIaBJICHUS 3aKJIOYAETCS B TOM, UTO
€ro 3HAYCHHE MPUHUMAIN OJMHAKOBBIMHU KaK
JUTSI HApY’>)KHOTO KOHTYpa HaOWBKH, TaK M JJIS
BHyTpeHHero. /g oueHku koapduimeHTa L=
OOKOBOTO JaBJICHUS] CAJbHUKOBBIX HaOUBOK
HamMu ObLIa pa3paboTaHa M HCIOJIb30BaHA Ha
IPAKTUKE OKCIIEPUMEHTaJbHAsl YCTaHOBKA
puc. 14, npuHnun  paboThl  KOTOPOW
3aKJII0YAaeTCsl B OIEHKE TMOTEPb OCEBOM NN =
HArpy3KHA Ha TPEHHUE CAJIbHUKOBOW HAOUBKHU O 771 mm M w1 77| |
CalbHUKA  ®W  YIDIOTHAEMOro  ImToka. Puc.14. KoncrpykTusHas cxema
TpeﬁyeMaﬂ oceBas CcHJia Ha Ha6HBKy OKCIICPUMCHTAJIbHOU YCTaHOBKU 151

HCCIICAJO0BAHUA CPOPMAIITMOHHBIX
CO3/1aBajach MMAPOJOMKPATOM, a OCTATOUHAS A Acopmar

6 XapaKTEPUCTUK CaTbHUKOBBIX HAOMBOK.
nocie HaOMBKH CI)HKCHpOBaHaCB I-mTok, 2-xkamepa, 3-HaOuBKa, 4-HUXKHEE

TCH30p63I/ICTOpaMI/I, HAaKJICCHHBIMU Ha KOJIBIIO, 5- 6aHOI‘IKI/I, 6_ynop’ 7-H.TH/ITa, 8-

yOpyrux Oajloukax paBHOIO COMPOTUBIICHUS. rUApOJOMKpaT, 9-MIyHxepHbIi  Hacoc, 10-

PasHOCTh MeXJy 3HAYCHHSIMH 3THX CHJI — MaHOMeTp, 11-rensopesucrep, 12-

TIOTEpH Ha TPEHHE HAOMBKM O 3aMbIKaolue TH3OCTAHLNA, 13-ungukarop, 14-HaxumHas
BTYJIKA, | 5-KpOHIITEHH.

ee TOBEPXHOCTHM KaMepsl M mmToKa. Ilo P& P

AN\

NI E
NY/ RS
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JaHHBIM JKCIIEPUMEHTa OMPEACIsICS YCPEAHEHHBIM Oe3pa3MepHbii KoMmiuieke ki,
KOTOpPBIA ~ BXOAMT B  pacueTHble  3aBUCUMOCTH. OTO TMOBBIIIAET TOYHOCTb
NONyYeHHBIX  pe3ynbTaToB. [l ompeneneHus HUCTUHHOTO 3HayeHus k Ha
JIPYrol CO3MaHHOM YCTAaHOBKE OMNpenesin Kod(POUIMEHTh TpeHUs f  nns
uccienyeMoro Buja HaouBku. [lomyuensl pacueTHsie Boipaxkenus Buaa f = F(q).

[IpeumyiiecTBO MPEACTaBICHHOTO METOJa OIEHKA Kod(duimeHta OOKOBOTO
JABJICHUS 3aKJII0YAETCS B TOM, UTO Pe3yJIbTaThl SKCIEPUMEHTOB MOJIYUEHBI JIS peaabHOM
KaMmepsbl casibHuka. Ha ycranoBke (puc 14) 6bu1u nostydensl 3HaueHus Kf s oTnenbHbIX
BUJIOB CaJIbHUKOBBIX HAOMBOK M MX 3aBUCHMOCTH OT HArpy3ku B auamazone 2,0 — 27
MIla, KOTOpbIE MOTYT OBITh BBIPAXKCHBI ypaBHeHHeM Buaa kf=a+bqtcq’. Bemmamubl
KOA((PHUIIMEHTOB ISl MCCIIEIOBAHHBIX BUJIOB HAOMBOK MPEACTABIICHBI B TUCCEPTALIIH.

OnHoBpeMeHHO ¢ KOd(pPuUImeHToOM OOKOBOTO JIaBIICHUS OMPEACISIN  OCEBYIO
nedopmanuio HaOWBKM TPU €€ HArpy>KeHWH M pa3rpy3ke, a TakkKe OCTATOYHYIO
nedopMaIuio B 3aBUCHMOCTH OT YAEIBHOTO JaBleHUS. BbUIM MONy4eHbl ypaBHEHUS,
CBSI3BIBAIOIIME YJCIBbHYIO HArpy3Ky ( M OTHOCHUTENbHYIO nedopMmaiuio €. Tak, mpu
CKaTUM HAOMBKU U €€ BOCCTAHOBIIEHUU COOTBETCTBEHHO

q=A+Big+Cie® n q=A; &, (23)

TI€ (x— 3HaYCHHE YMEHBIICHUS yACTbHON HArPy3KH.

MHTEHCUBHOCTh U3MEHEHUS YJIEIBbHOW HArpy3Kd TPH CKATUU U BOCCTAHOBJICHHUU

HAOMBKHU B 3aBUCHMMOCTH OT OTHOCHTEJIbHON Ecx, Enc >
nedpopmanmu: E.,= dq /de u E,.= —dq, / —de. MlIa %/
[MponuddepennmpoaB  ypaBHenus  (23), 160 -
MOJIYYHJIA COOTBETCTBEHHO: 120
Eo=Bi+2Ce u E,.=A'B'&®™.  (24) 30 | NN Fucl
3HauYeHUs KO3 PUITUEHTOB IS Q\‘
BeIpakeHuit (23) u (24) npencraBieHbl B 40 L ——
JUCCEepTAIIH. EEEN -
Ha puc. 15, B kauectBe mnpumepa,

0 0,02 0,06 0,10 €

MIPUBEJICHBI 3aBUCUMOCTH, PACCUUTAHHBIE IO Puc. 15.  3aBHCHMOCTb MOJyIEil CHRATHS
BbIpaKEHUAM (24). (Ecx) m BoccranoBnenus (Egc) oT

CanpbHUKOBBIE HAOMBKH B OCHOBHOM OTHOCUTENIbHON  Aedopmanui  HaOWBKHU
MOPUCTBIE  MaTepHalibl, JUIA  KOTOPBIX HI'®-C, cocrosmeii u3 Tpex Kojel, Ipu

HEN30€XKHBI YTCUKH YIUIOTHACMOW CPEIbl. nepsom (1) 1 BTOpOM (2) HArpy KCHMSX.

OnHOM U3 OMpEenessIoNNX XapaKTePUCTUK TePMETU3UPYIOIIEH CIIOCOOHOCTH HAOMBKH
SIBIISIETCS €€ MPOHUIIAEMOCTb.

Yreuka W yruioTHsieMo# cpeibl ¢ KOd)PUIIMEHTOM AMHAMUYECKON BS3KOCTH L U
kodddumrenTom mponunaemoctu K mox maBneHueM p dyepe3 HaOuBKy ceueHueM F u
JUIMHOM h HOocHT  (PUIBTPAIIMOHHBIM  XapakTep W JJIsI €€ OICHKH MOJXKET OBITh
ucroiab3oBaH 3akoH ¢unbTpanuu Japcu W = K F dp / p dh.

Jlns ompeneneHus  kod(pdUilMeHTa MPOHUIIAEMOCTH CaJbHUKOBONW HAOWBKHU B
peaNbHBIX YCIOBUAX €€ paboThl OblLla pa3paboTaHa SKCIEPUMEHTANIbHAs YCTAaHOBKA,
colepKaiias MoOJielb CAJIbHUKOBOTO YIUIOTHEHUsS, oOOecleurBaronas Cco3iaaHue
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TpeOyemMoil OceBOM Harpy3kd Ha HaOWBKY, 3aJaHHOTO JABJCHHS YIUIOTHSEMOTO
BO3/lyXa M OLIEHKY BEJIMYMHBl YTEYKM yIUIOTHAeMOM cpeasl. [lpm  mpoBeneHum
UCCIENOBAaHUM WM3MEHSUIM 3HAYEHUsI YJEIbHOW OCEBOM Harpy3ku q, no 45 Mlla,
naBiieHus: Bo3ayxa p a0 25 MlIla u BeicoThl HaOuBku h B uHTepBane 12 — 36 Mm
(2, 3 u 4 xonpua HAOMBKM) W ONPEACISUIA BIUSHHUE STUX MMAPAMETPOB HA BEIUMYUHY
yTeuku W.

HccnenoBanu callbHUKOBbIE HAOMBKM Ha OCHOBE (TOopormiacta ¢ A00aBlieHUEM
JIPYTUX MaTepuagoB KBaJAPAaTHOTO ceueHus: 6 X 6 MM ¢ BHyTpeHHUM guamerpoM d = 56
MM. BbUiu mosrydeHsl ypaBHEHUS, CBs3bIBarolue koddduuuent nponunaemoctd K u
YAEJNbHYIO Harpy3Ky (, (BbIpaxkeHue 25)

K=exp [-(a+bqo)l. (25)
3HaueHuss KOA(M(UIIMEHTOB a U b I KaXJI0ro BUJA MCCICAOBAHHBIX HAOMBOK
IPJICTaBIIEHbl B JIHCCEPTALIUU.

B mecroii riiaBe paccMOTpEHBI KOHCTPYKTUBHBIE PELIECHHUS Y3JI0B YILIOTHEHHM.

[Tpu pa3zpaboTke yMIOTHUTEIHHOTO y3Jia IIApOBOTO KpaHa 0c000€ BHUMAaHUE OBLIO
yAeNeHO Moa00py Marepuaina Jjisi €ro COCTaBHBIX AJIEMEHTOB. JlJIsl yIJIOTHUTEIBLHOTO
JJIEeMEHTa, CONpSraeMoro ¢ 1IapoOBOM NPOOKOM B CWily €ro cnequpuyeckux
ocoOeHHOCTEeN (HU3KUM KOA(DPUIUEHT TPEHUsS, OTHOCUTEIBbHO HEBBICOKAs TBEPIOCTh)
ObL1 Mcnoiib3oBaH ¢roporuiact-4. B kadectBe OydepHOro siaemeHTa, Ajii KOTOPOTO
HeoOXo/1MMa OorpeiesieHHas HEC)KUMAEMOCTh — Pe3HHa.

B pesynbrare BBIMIOJIHEHHS CHJIOBOrO aHaiu3a paboOThl KpaHa C Y4YETOM
o0ecrniedyeHus: yCIOBUM TepMETHYHOCTH (PTOPOIUIACTOBBIMU M PE3NHOBBIMHU 3JIEMEHTAMHU
y3JI0B YIJIOTHEHHUS MPU COOJIIOJIEHUHU JIOMyCKaeMol ux JaedopManuu ObLUTH TMOTYYEHbI
BBIDAKEHUS U1 OINPEACIICHHs  TIE€OMETPUYECKHUX  [apaMEeTPOB  OCHOBHBIX
KOHCTPYKTUBHBIX 3JIEMEHTOB IIAPOBOTO KpPaHa.

[Ipn skcmulyaTanuu NepBbIX NapTUH IIAPOBBIX KPAHOB HAOJIOAANOCH 3aelaHue
IapoOBOM MPOOKH, Ui TOBOPOTa KOTOPOM TPeOOBAIOCH MPUIIOKUTH JTOMOJIHUTEIbHBIN
KpyTSlMii ~ MOMEeHT. B pe3synpTaTe  NpPOBEACHHBIX  AHAJIUTHYECKUX U
AKCIIEPUMEHTAJIbHBIX UCCIEA0BAHUM ObUIH BBISBICHBI IPUUUHBI 3TOTO SBJICHHUS.

[locne cOOpkM IIapOBOTO KpaHa CHJIBI TPEHUS B COMNPSDKEHUMM NpoOKa —
(dTOopOonIacTOBBIA YIUIOTHUTEIh CUMMETPUYHO HANPABICHBI MO PAJANYCy OKPY>KHOCTH
ux conpsokeHus. [lpu moBopoTe TPOOKH CHIIOBAasi CHMMETPHUSI HApYyIIAETCS, YTO
BBIPAXKAETCA JAOMOJTHUTENIbHBIM CONPOTUBIIEHHEM MTOBOPOTY MPOOKH (ee 3aeAaHueM), Ha
MIPEOJI0JICHHE KOTOpPOTO TpedyeTcs AONOJHHUTENbHAas Harpyska.  Jius uckiarodeHus
3TOr0 SIBJICHUS OBUIO NPEJIOKEHO YMEHBIIUTh OCEBYIO JKECTKOCTb PE3UHOBOTO
YIUIOTHUTEIBHOTO 3JIEMEHTA B 30HE MaKCUMAaJIbHOTO 3HAYEHUS! CWJI TPEHUS, HAIIpUMeEp,
3a CYET BBIIABJIMBAHUS PE3UHBI B KOJIBLIEBYIO KAHABKY, BHIIIOJTHEHHYIO B KOPITyCE KpaHa.

B npouecce paboTel U3 3a TpeHUs Bajla O HaOMBKY CaJbHUKOBOTO YIJIOTHEHUS
NOBBIIIAETCA TEMIIEpaTypa Kak HaOWBKM, TaK W Kamepbl calbHUKa. B pesynbrare
HarpeBa Kamepbl €€ JUAMETP yBEIMYHUBAETCS, YTO MPUBOJUT K YMEHBIIECHUIO HArpy3KU
Ha HAOWBKY U, KaK CJIEJICTBUE, K YBEITUUCHUIO YTEUKH YIUIOTHIEMON Cpeibl.
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YuuteiBas, dYTo KOAQPHUIMEHT TEpMHUUECKOTO pacmupeHus ¢Groporriacta-4 Ha
MOPSIAOK BBIIIE, YEM CTajd, 00O0JIOYKY KaMepbl CaIbHUKA BBIMOJHWIN JIBYXCJIOWHOW;
BHEIIHUW CJOW — CTalbHOW, BHYTPEHHUN — BBINOJHEHHBIM u3 (dToporacTa-4.
Koncrpykius 3ammiena [larenrom PO.

[Ipy mnoOBBIIEHUH TeMIepaTypbl MNPOUCXOJUT YBEJIMYCHHE JUAMETpa Kak
HApY>KHOTO, TaK M BHyTpeHHero ciioeB. Ho BcienctBue paznuuusi Kod(QQPUIIMEHTOB
TEMIIEPATYPHOI'O PACIIMPEHUsS] MATEpPUAJIOB ATUX CJIOEB B 30HE HUX CONPSDKEHUS B
HAaOMBKE  CallbHUKA BO3HMKAET  JIONIOJHUTEIbHAS  paJualbHas  Harpyska,
CIOCOOCTBYIOIIAsT MOJJAEPKAHUI0 TEPMETUYHOCTH YIUIOTHEHUS HAa 3a/laHHOM YPOBHE.
3HaueHUE ATOM JONOJHUTEIBbHOM HAarpy3kKu 3aBUCUT OT T€OMETPHUYECKUX MapaMeTpOB
¢dbToporIacTOBOM BTYJKH, [JIsi ONpPEACIICHUS KOTOPHIX HAMU TOJYYEHO BBIPAXKEHUE,
NPEACTaBICHHOE B JUCCEPTALUH.

@dTopomiacTel  UCHOJB3YIOT M A CO3laHus oOopynoBaHus. B arom ciyuae
Ir€pPMETUYHOCTh PAa3bEMHBIX COEAMHEHUI 0OeCreunBaeTCs 3a CYET CHIIOBOTO KOHTAKTa
compsATraeMbIX (PTOPOIIIACTOBBIX TOBEPXHOCTEH.

O060JI0YKH anmapaToB BBIMOJHAIOT U3 OTACIbHBIX APT ABYXCJIOWHBIMU: HApYKHaS
— CTajpHas, BHYTPEHHAS — (ToporuiacToBasi ¢ OTOOPTOBKaMH, CHUJIOBOE CONPSKEHUE
KOTOPBIX 00ECIEeYMBAET T'ePMETUUYHOCTh Pa3beMHBIX coeNUHEHUH. CHIIOBOW KOHTAaKT
VIUIOTHSIIOIIUX TOBEPXHOCTEH OO0ECneYrBaeTCss WM CKBO3HBIMU CTSDKKaAMU, WIU
WHJVMBUAYJIbHBIMHA KPENEKHBIMU 3JIEMEHTAMH JJISI KaXKJI0TO Pa3bEMHOT0 y3Ja.

OcoOEHHOCTBIO CHUJIOBOTO pacyeTa »d3TUX KOHCTPYKIMH SIBJISIETCS TO, YTO
compsiraeMble (PTOPOTUTACTOBBIE KPHBIIIKA afrapara Wil 0OTOOPTOBKA BHYTPEHHETO CIIOS
OJTHOBPEMEHHO OTHOCHUTCS KaK K CHCTeME «00JITa», TaK U K CUCTEME IIPOKIAJKU», T.K.
ompejeNeHHass JOJs €€ TOJIMHBI C YBEIWYeHHWEM JaBjeHusi paboyeil cpenbl
Harpy»Kaercsi, a OCTaJIbHAs 4acTh — Pa3rpyKaeTcs.

B pe3yabTaTe aHamu3a  HaIpsHKEHHO-Ie()OpPMHPOBAHHOTO COCTOSIHUSA
YIUIOTHSIIOIIETO y3J7a KphIiKa (0OTOOPTOBKA) — OTOOPTOBKA YCTAaHOBJIEHO, UTO Ooiiee
80% TONIIMHBI h KPBIIKK OT 30HBI KOHTAKTa OTHOCUTCS K CHUCTEME «IPOKJIAIKW» H
ocTajibHOE — K cucteMe «Oontay. KoadduiumeHTsl oceBoil MOMATIUBOCTH BEPXHEU U
HIDKHEH 4acTH KPBIIIKU COOTBETCTBEHHO: A= 0,14 h/FE., Aqm=0,86h/FE,.

Ha ocHOBaHMM MOJIydYE€HHBIX PE3yJbTATOB HUCCIEAOBAHUN PAa3bEMHBIX COCIUHECHUMN
¢ (bTOpOIIaCTOBBIMH AJIEMEHTaMH, OBLIM pa3paboTaHbl METOABI pacdyeTa PazbeMHOTO
HmITylepa AJisi anmnaparoB BO (TOPOIIIACTOBOM HCIIOJIHEHUH U OYTeIbHOTO COCTUHEHUS.
Jlnst mTynepa npoBeieHa SKCIEPUMEHTAIbHASI IPOBEPKA MOIYYEHHBIX 3aBUCUMOCTEH.

OCHOBHBIE PE3YJIBTATHBI U BBIBO/IbI

OCHOBHBIM PE3yJIbTATOM Pa0OThI ABJISIOTCS HAYYHO OOOCHOBAHHBIE TEXHUUYECKHUE
pelIeHus 1Mo COBEPIICHCTBOBAHUIO Y3JIOB YIUIOTHEHUN M METOJMKH MX pacyeTa Ha
FEPMETUYHOCTh €  MaTepuajaMy YIUIOTHUTEIBHBIX JJIEMEHTOB, OO0JIaJAr0NIUX
NEePEeMEHHBIM OT Harpy3kd M €€ BUJa 3HAYCHUEM JePOpPMALMOHHBIX XapaKTEPUCTUK
(mpexze Bcero, Ha MpuUMepe Hauboliee paclpoOCTpaHEHHOro (proporiacta-4) Kak Ha
CTaJIMM UX KOHCTPYUPOBAHUS, TAK U B MPOIIECCE IKCILTyaTaIUH.
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1. YcraHoBneHna rpynmna mMaTepwayioB, JJIsi KOTOPbIX HUHTEHCUBHOCTh M3MEHEHUS
nedopMarii OT Harpy3KH 3aBHCHT OT BEIIMYMHBI U XapaKTepa HarpyXeHHs (CKaThe
WIM BOCCTaHOBJIEHHE). [l OUEHKH HampsHKeHHO Ae(POPMUPOBAHHOTO COCTOSTHUS
3JIeMEHTa BBINOJIHEHHOIO M3 TaKMX MAaTepuajoB BBEACHbI YCIOBHbIe MOAyJiu. [Ipu
CKaTUM — MOAYJb cxaTusi E., M MpU BOCCTAHOBIIEHUH CXKATOTO AJIEMEHTa — MOAYJb
BOCCTAaHOBJICHUS E,.

VYCTaHOBIIEHO, YTO MOJAYJM CXKaTUsl U BOCCTAHOBJICHHSI 3aBUCAT OT YJAEJIBbHOU
HArpy3Ku, TeMIiepaTypbl U BuAa AedopMallii: PacTsSKEHUS WA CHKATHs, HArpyKEHUS
VI BOCCTAHOBJICHHS.

AHanmu3 SKCHEPUMEHTAIBHBIX JaHHBIX, TMOJYYEHHBIX B HACTOSIIEeH padorte
MO3BOJIAET CJeNaTh BBIBOJA O TOM, YTO MOJAYJIM CXKATHSI W BOCCTAHOBIICHUS,
KOG PUIIMEHTHI  OCEeBOM  MOAATIIMBOCTA  MPOKIAJIKH, a TaKKEe T'e€PMETHUYHOCTH
COCIMHEHHSI W MPOYHOCTh KPEMEKHBIX 3JIEMEHTOB 3aBUCAT OT YCIIOBUS PpPa3MEIICHUS
IPOKJIAJIKU B COEAMHEHUHU.

Hcnonb3oBaHnE NEPEMEHHOIO 3HAYEHHUS] MOJYJIEH CKaThsg U BOCCTAHOBJIEHUS B
pPaCUETHBIX BBIPAKEHUAX BEJCT K CHKCHHUIO BEJIMYUHBI YCHIIMS 3aTSKKU COSIUHEHUS U
K ONPEJEICHUIO PEAIbHOW BEJIWYMHBI NMAJCHUS HAIPY3KU B HEM H3-3a pelaKCaluu.

JUIs OLIEHKH 3TUX MOJYJIEH MPEeasioKeHa METOANKA UX ONpPENENEeHUs O ONBITHBIM
naHubeIM. Jlnst pTopormuiacta-4 mosgydeHbl pacyeTHbIE 3aBUCUMOCTH.

2. YCTaHOBJIEHO, YTO TIPU OCEBOM CKaTUU KOJIBLEBOrO JIEMEHTA paauaibHas
nedopmaliisi ero MPOMCXOJUT B OCHOBHOM IO HApy>KHOMY KOHTYPY.

3. CdopmynupoBaHO (PU3MUECKOE TMPEACTABICHUE O MEXaHHU3ME IOJ3y4YeCTH
YKa3aHHBIX MPOKJIAJ0YHbIX MaTepuanoB. [loaydeHO BbIpakeHUE U1l pacuera BIUSHHS
MOJI3YYeCTH Ha paldoTy pa3beMHOTO COCJAMHEHHS C IUIACTUYHBIM YIUIOTHUTEIHHBIM
DIIEMEHTOM.

[To nanHBIM wHCcIeAOBaHUA TON3y4YecTH QToporiacTa-4 B 3aBUCUMOCTH OT
BennuuHbl HarpyxxkeHus (mo 12,0 MlIla) u ero xapakrtepa (cxKaTue WU PACTKEHUE),
BpeMeHH Harpyxenust (zo 10000 wacoB) u temmeparypsl (20 — 100 °C) momyuenst
BBIPAKEHUS JIJIS OTIpeesieHus] KO3 (UIMEHTOB U MOKa3aTenel MoJi3yyecTH.

4. TlomyuyeHbl BbIpaXKEHUSI JJIsl OLICHKU BIUSIHUSI YUCJIA IUKJIOB MHOTOILIMKIOBOTO U
MaJOLMKIOBOIO HAarpy>KeHHsi Ha BEJIIMYUHY OCTAaTOYHOW naepopmauuu. Pe3ynbrarbl
INPOBEAEHHBIX HCCIIEIOBAHUI TMOKa3aJid, 4YTO NpPU MPUMEHEHUHU OJIEMEHTOB U3
MPOKJIAJIOYHBIX MaTEpPHANIOB, MOJBEPKEHHBIX MEPEMEHHBIM Harpys3kaM, HEOO0XO0IUMO
OTPaHUYMBATh 10 OINPEJEICHHOIO 3HAYEHUS KaK YMCJIO LHUKIOB U3MEHEHUSI HArPY3KH,
TaK U €€ BEJIUUUHY.

5. YCTaHOBIIEHO, UTO ISl OLIEHKM YTEYKH YIUIOTHAEMOM Cpeabl B 30HE KOHTAKTa
VIUIOTHSIIOIIUX ~ TOBEPXHOCTEH, BBITIOJHEHHBIX W3 MaTepuasoB, JehOopMaIliOHHbIE
XapaKTEPUCTUKU KOTOPBIX 3aBUCST OT BHJIa M BEJIIMYWHBI HArPYXKEHUS, MOXET OBbITh
UCTOJb30BaHa (PHIBTPALIMOHHAS MOJIEIb.

Co3aH  3KCHEpUMEHTANBHBIA ~ KOMIUIEKC  JUIS  HMCCIEJOBaHUS  yCIIOBUU
repmern3anuu. [IpoBeneHa OLEHKa M NOJy4Y€HA 3aBUCHUMOCTh JUISl  ONpEIEICHUS
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BEJIMYMHBI YTEUKH YIUIOTHSIEMOTO BO3/lyXa B 3aBUCUMOCTH OT y/EJIbHOW Harpy3ku Ha
VIUIOTHSIIOIIUX TOBEPXHOCTSX, MX IIUPUHBI U JIaBJICHUS paboyel cpeibl.

Jlis ToponnacToBeIX YIUIOTHSIOIIMX MOBEPXHOCTEN ObljIa UCIIOJIb30BaHa OLICHKA
TEPMETUYHOCTU — MO BenuunHe yTeuku. [lojlydeHHbIE JaHHbBIE TO3BOJISIOT BHIOPATH
KPpUTEpUI TEPMETUYHOCTH B 3aBUCUMOCTH OT paboyero JMaBJICHUS W BEIUYUHBI
JIOITyCKaeMOM B TAHHBIX YCJIOBUSAX YTEUKU YIJIOTHIEMOM CPEBI.

6. Pazpaborana maTemaTuueckas MoJIeib YIUIOTHEHUS JJI pacueTa HE00X0JMMOTO
3HAYEHUsl IIUMPUHBI NpOKIaaku. OmnpenesreHHe STOM IIMPHHBI U 30HBI pa3MELICHUS
OPOKIIAJIKK MEXAy (plaHllaMu TO3BOJSET YMEHBIIUTh METANIOEMKOCTh (PJIAHIIEBOTO
coenuHeHus 0e3 ymiepOa s MPOYHOCTH €0 COCTaBISIONMIMX JJIEMEHTOB. Tak, macca
cragaaptHoro ¢guanua Dy 100 mm u py 1,6 MIIa Ha 30 % npeBbimaer Maccy (ianna,
PaCCUUTAHHOTO C YYETOM NEPEMEHHBIX 3HAYECHHUN MOJIyJIE€H CKaTUsl U BOCCTAHOBIICHMUS,
HEOOXOJIMMBIX 3HAYCHHUU IIUPUHBI U CPEHETO AUAMETPa MPOKIAIKH.

7. Jlna yBenuueHus Cpoka CayKObl O PEMOHTA Pa3bEMHBIX COEIWHEHHHA C
MPOKJIAIKAaMH W3 MaTEPHUAJIOB, O0Jaal0NINX MEPEeMEHHBIM OT HArpy3kKH W €€ BHUIa
3HaYeHUEM JIe(POpMAIIMOHHBIX XapaKTepUCTHK, pa3padoTaH y3el  (IaHIEeBOro
COCJIMHEHHSI C OIOPHBIM DJIEMEHTOM, BBIIIOJIHEHHBIM U3 00Jee XKECTKOro, Yem
IPOKJAJKa MaTepualia, M Pa3sMEIICHHOrO0 MapaienbHO mpokianke. [lomydeHsl
ypaBHEHUS ISl OMpENIeTICHUSI HEOOXOJUMBIX I'€OMETPUUECKUX MapaMeTpOB MPOKIAJAKU
U ONoOpHOro syeMmeHTa. IIpoBeAeHHBIE  HKCIEPUMEHTAIBHBIE  UCCIEAOBAHUS
noatrBepaAuian  3G(HEKTUBHOCT, pabOThl TaKOro0 COCOUHEHUS U IPABOMEPHOCTH
MPUMEHEHUS MTOJTYUYEHHBIX PACUETHBIX 3aBUCHMOCTEM.

8. IlomyueHsl pacueTHBIC BBIPOKECHHS [JII OLEHKH YCJIOBHH nedopmaruu
CATbHUKOBOM HAOWBKH, HArpyXEHHOM OCEBOM CWJIOW. YCTaHOBJIEHO, YTO IMPHU
pa3MeleHn HaOWBKM B 3aMKHYTOM OObEME pajHalibHas Harpy3ka Ha BHYTPEHHEM
KOHTYpE TMPEBBIIACT €€ 3HAUCHUE Ha HApyKHOM KOHType. BennunHa nmpeBbllIEeHUS
onpenensieTcs: (PU3NKO-MEXaHWYECKUMH CBOWCTBAMHM MaTepuaia HaOWBKH (MOIyJIeM
ckatus u kospduuuentom Ilyaccona).

Pa3paboTana Meroauka M OKCIIEpUMEHTalbHAs YCTAaHOBKA [UIsl ONpEAeNeHUs
kod(pduirieHTa OOKOBOrO JaBJEHUS CAJbHUKOBOM HAOMBKH, B  OCHOBY KOTOpPOH
3aJI0’KE€H HOBBIM MOJAXO0J] — OIIEHKA IMOTEePh HAa TPEHUE MPUIOKEHHOM K HAOMBKE OCEBOM
cuwibl. B aTOM cnydae ompexensercs HeoOXOIMMBINM pacueTHbIl koMmiuieke kf — kak
yCpeIIHEHHas BeJIMYMHA TI0 IBYM KOHTYpaM HaOWMBKU: BHYTPEHHEMY U HAPY>KHOMY.

Jnst ynobcTBa NPAaKTUYECKOTO HCIIOJIb30BAHUS MOJTYYEHHBIX PE3yibTaTOB IO
nedopmaliii  CalbHUKOBBIX HAOWBOK BBEACHBI YCIOBHBIE MOIYJIH CXaTHUS U
BOCCTAHOBJICHUS, XapaKTepU3YyIOLME€ WHTEHCHUBHOCTh W3MEHEHUS Harpy3kd OT
OTHOCUTEJILHOM JeopMaliiy CXKaThs WK BoccTaHOBJIeHUS. [lomydensl ypaBHEHUS s
VX ONIPENEIICHHUS.

Pa3pabotana MmeToIMKa M OKCHEPUMEHTAJIbHAs YCTAHOBKA Il  OLICHKHU
MIPOHUIIAEMOCTH CAJTHbHUKOBBIX HAOWBOK W  TOJY4YEHBI 3HA4YCHHS KOI(PPHUIIMEHTOB
MIPOHUIIAEMOCTH JJISI OTACIIBHBIX BUI0B HAOUBOK.
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9. Hcnonb3oBaHue B pACUYETHOW NPAKTHKE IIEPEMEHHBIX 3HAYCHHU MOZYJIEU
CKaTUsl U BOCCTAaHOBJICHMS MPOKJIAJOYHBIX MaTepUajoB, MAaTEMATHUYECKOW MOJEIU
VIUIOTHEHUS [Jis OINpEAeNieHUs IIMPUHBI MPOKIAJKKM W 30HBl €€ PAaCIOIOKEHUs,
MPEACTaBICHHBIX B Pa0OTe HOBBIX KOHCTPYKIMN Y3JIOB YIJIOTHEHUW M METOJIOB HX
pacyera Aa€T CYILIECTBEHHOE  TMOBBIIIEHHWE  TePMETU3UPYIOIIEH  CIOCOOHOCTH
COeIMHEHHMsI (BIUIOTH A0 MOJIEKYJISIPHOTO MCTEUYEHHUS! CPElibl), YBEIUYHMBAET €r0 CPOK
ciyx0b1 (10 25-30%), ymenbinaer ero martepuanioeMkocTb (Ha 10-30%), cHuxaet
ce0eCTOMMOCTh Y3JIOB yIUIOTHEHUH (Ha 5-15%) u naét B 1eNOM 3HAYMTENIbHBIN
TEXHUKO-3KOHOMHUYECKHUM P DEKT.
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