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Puc. 3-1: TUNnUYHbIEe CTPYKTYpHble KOMMNOHEeHTbI o6pabaTbiBaloLero LeHTpa
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McTounmk: Waldrich-Coburg

Puc. 3-2: TUnnyHbIe CTPYKTYpPHble KOMNOHEeHTbI NopTanbHoro O6pab6. LieHTpa

CTPYKTYPHbIMW KOMMOHEHTaMW CTaHKa Ha3blBalTCA geTanu W y3nbl, BOCMPUHUMAaOLne
yCuUnua pesaHus u reHepupyrowine popmoobpasytome asmxkeHs paboumx opraHoB CTaHKa.
KOHCTPYKTMBHOE MCMONMHEHNE CTPYKTYPHbIX KOMMOHEHTOB U paboymx OpraHoB, TaKMX Kak
rnaBHble WNWHAENW, ABUraTenu, NonayHbl, CynnopTbl 1 KOPOOKN CKOpOCTeN, onpeaenseTcs
XapakTepHbIM TEXHOMOrM4YeckMM MPOLLECCOM M3rOTOBIIEHUA OeTann Ha OaHHOM cTaHke. B
0COBEHHOCTN Ha BbIGOP KOHCTPYKUUKM OKasblBaeT BO3L4ENCTBME hOopma 3arOoTOBKW, a Takke
napamMeTpbl TOYHOCTM U MPOU3BOAUTENBHOCTU, KOTOPblE, B CBOK o4vepedb, OonpeaenstoT
HeobXoOUMbIA YpOBEHb >XECTKOCTW CTaHKa. B npouecce KOHCTpPyMpoOBaHUS AOMKHbI
NPMHMMAaTbCA BO BHUMaHWE acnekTbl yaobcTBa cOOpKM 1 peMOHTa CTaHKa.

KomnoHoBKa CTaHKOB BKMOYaeT OOMblIOe KONMMYeCTBO OTAESbHbIX KOMMOHEHTOB, KOTOPbIE
COCTaBnsAlOT €AuHYK CTPYKTypy. [ns coeuHeHWss oTAenbHbIX geTanen NpUuMeHsATCH
pe3bboBble WNW, pexe, krneesble coedvHeHusA. K CTPYKTYpHbIM KOMMOHEHTaM MNPUHSTO
OTHOCUTb CTaHMWHbI, KOFIOHHbI, CTOSbl, KOHCOMNWN, TPaBepcCbl U UHblE€ NOAOOHbLIE KOMMOHEHTHI.
Ha Puc. 3-1 n Puc. 3-2 nokasaHbl npMMepbl CTPYKTYPHbIX KOMNOHEHTOB obpabaTbiBatoLLero
LUeHTpa 1 nopTanbHOro ope3epHOro CTaHka.
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LlyryH 1) 2),3)
MapameTp EovHuua nam. Cranb ne
EN-GJL-200 EN-GJL-250 EN-GJL-300

MnoTHOCTb p kr/gm3 7,8 7,15 7,2 7,3 2,1-2,4
Moaynb ynpyroctm E KH/MMm2 210 88-113 103-118 123-143 15-55
MnoTHOCTL, NpVBEAEeHHasn 106 we/c 27 14,0 15,4 18,2 15
K MOZYI0 yNpyroctu
Mpenen npouHocTv Ha KH/MM2 0,35-1,5 0,2-0,3 0,25-0,35 0,35-0,45 0,01-0,03
pactsxeHum Ry,
Mpenen Tekyvectn R, KH/mMm2 0,25 0,13-0,195 0,165-0,228 0,228-0,285 0,002
Remncpuposative mare- 0,002 0,003 % 0,003 9 000344 | 002004 9
puana (nor. fekp.) 102 kr/mc ’ ’ ' ’ e
Koad. Tepmunyeckoro K
pacLuMpeHus o MKM/M 12 10-13 10-13 10-13 10-20
TennonpoBOAHOCTb A BT/mMK 45-50 50-46 48,5-44,5 45,5-41,5 1,3-3,0
TennoemkocTb C;, kx/krK 0,45-0,5 0,46-0535 0,46-0,535 0,46-0,535 0,9-1,3
CroumocTb EUR/am? 8 5 5 5 2,5
OHeproemMkocTb MIDx/am3 160 120 120 120 25
1) Ferrocast (R) 2) N6 3)3aBucut ot copepxanua  4) NctouHuk: "Mineralguss ABC
Tex. TpeboBaHust Nr. 1600/3 Monnvep6eToH CMOJIbl U KAMHS ACO Severin Ahlmann GmbH

Puc. 3-3: CpaBHUTeNbHas XapakTepuCcTUKa KOHCTPYKLMOHHbIX MaTepuanos

[nsa n3rotoBneHnsi KOPryCHbIX 3N1IEMEHTOB CTaHKOB, B OCHOBHOM, NPUMEHSOTCH CTanb, YyryH
n nonumepbeToH. Kaxabil M3 Ha3BaHHbIX KOHCTPYKUWMOHHBLIX MaTepuarnoB UMeeT
npevMyLLecTBa N HeJOCTaTKM C TOYKM 3pEHUS MPUMEHEHUSA B CTPYKTypax CTaHKOB. BbiGop B
nonb3y TOrO UM MHOrO KOHCTPYKLUMOHHOrO MaTepuana npousBoguTCs Ha OCHOBE aHanusa
TEeXHONorndecknx TpeboBaHUn u pacyeTa cun pesaHust npy obpaboTke.

BaxHenwme xapakTepucTUKM pPacnpoCTPaHEHHbIX KOHCTPYKUMOHHbLIX MaTtepuanoB [Ans
N3roTOBMEHNS] KOHCTPYKTUMBHbIX KOMMOHEHTOB MpeAcTaBrieHbl B Tabnuue Ha Puc. 3-3.
Haunyywumn mexaHnyeckummn csonctBamyn obnapgaet ctanb. OgHako ee CTOMMOCTb WU
9HEProeMKoCTb ABMASIOTCA CaMbIMU BbICOKMMW MO CPaBHEHUIO C OPYrMMU NPeACTaBEHHbIMN
mMaTepmanamn. MexaHuyeckne CBOMCTBA YyryHa HECKOMbKO XyXXe, YeM Yy CTanu, HO U
CTOMMOCTb 3HaYMTENbHO HUXe. BaxkHon XapakTepucTuKomn nonmmepbeToHa,
obycnaBnvBawollern  OOMNOMHUTENbHble  TpeboBaHMA K TEeXHOSNOMMW  U3rOoTOBMEHUS
KOHCTPYKTUBHbIX KOMMOHEHTOB M3 AAaHHOro matepuvana, sBnseTca npegen Tekydectu. lMpu
HarpykeHuM nonvMmepbeToHa CUIoNW, BbI3bIBAKOLWEN HaMpsXKeHUs B MaTtepuane Bbllwe
npegena TekydecTn, 6eTOH paspyllaeTcsa unu nnactudeckn aedopmupyetcsd. YpoBeHb
OAHHOTO HanpshkKeHWsl, B CPaBHEHWW C MPOYMMM NpPeacTaBNeHHbIMU  MaTepuanam,
OTHOCUTENBHO HU3KNIA. [TPUMEHNTENBHO K CTAHOYHBIM CTPYKTypaM, AaHHasi XapakTepucTuka
MMeeT 3HayeHue nuvWwb B 30Hax MpunoxeHus cun. [locKonbKy pacyeT CTPYKTYPHbIX
KOMMNOHEHTOB CTaHKOB BeAETCA Ha >XeCTKOCTb, @ He Ha MPOYHOCTb, Mpedeni TeKyyecTu
MaTepmana MOXeT ObiTb AOCTUrHYT NUWb B 30HAaX HaNOXEHWs UNu nepegadn Harpysok.
PeweHne paHHOM npobnembl 3aknyaeTcd B YCTAHOBKE CTallbHbIX 3fIEMEHTOB B
KOMMOHEHTbl U3 nonuMepbeToHa B 30HaX, B KOTOPbIX [OEWCTBYIOT 3HaYUTErbHble
rpaBMTaAUUOHHBIE CUNbl M CUMbl pe3aHud, Ans obecnevyeHus paccemBaHuA 3TUX CUN B
bonbwemM obbeme mMaTepmana. [na AOMNOMHUTENBHOMO YNyyleHNs MeXaHU4eCKUX CBOWCTB
nonumepbeToHa MOXeT NPUMEHSTLCA BbICOKOYACTOTHas KOpOTKOBOMHOBas obpaboTtka mnu
TepmoobpaboTka ANnA OOCTUXKEHUSA MOMHOM MONMMepM3auun peakTUBHbIX nonuvepoB. B
CpPaBHEHMM CO CTanbto M YyryHOM, YpOBEHb AeMnnpoBaHNa nonumepbeToHa 3HaYMTENBHO
Bbllle, YTO MO3BOMSET MOBbLICUTb OOLWIMA YPOBEHb AMHAMUYECKOW XXECTKOCTU CTPYKTYpbl
CTaHKa.
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CBoICTBa UCKYCCTBEHHbIX CMOJ1 KaK CBA3YHOLMX BELLEeCTB HanonHutenu: kBapu, webeHb, 6a3ansT, rpaHuT
Monuactep.  3nokcup.  Merakpunat- BbIGOp pasmepa 3epHa o KpUBOI NPOCEeNBaHHS
cMornbl cmornbl Hble CMOTbl
100 =
MexaHn3m TBepaeHns Monumepusa- | Mormmapau- | Momvepnsa- < B -
unst TMBaumns una =80 e
o A ¢
Mpeaen npoYHoCTM Ha 20-70 35-70 20-100 s g d
pacTsixerune [H/mm?] ;[ o 60 e
Mpeaen npoYHoCTM Ha 20-70 85-200 70-200 g E 40 "“7‘ """"""""
cxaTtue [H/mm?] 8 g ,f[ A, B Ans )maKocTHO
Mogaynb ynpyroctu 2,8-45 @ 8 20( CBA3aHHbIX 6eToHOB
[kH/MMm2] 3-5 2-7 8-4, g ’./ C  ansnonumepbeToHa
OTHOCKT. yanuHerune 1,5-300 1,5-300 1,5-300 '
npv paspyLieHnmn % ' ' ' 01234 8 16 32
LnpuHa sauerikn cuta [Mm]

MnoTHOCTL r/cm3 1,2-1,8 1,3-1,8 1,7
KoadpcpmumeHT Temne- Pa3mepHbIi knacc MaccoBas nons HanonHuTens
paTypH. paclumpeHns 20-40 40-90 30-40 HanonHutens N0 KPMBbIM NPOCENBaHMs
[Mkm/M rpag] A B C

0-1 20 35 35

1-2 5 5 5

2-3 5 5 5

3-4 5 5 -

4-8 15 20

8-16 20 15 -

16-32 30 15 55

Puc. 3-4: Monumep6eTOH — HANOMHUTENM U CBA3YyIOLINE BellecTBa

MonumepbeToH COCTOMT U3 HaMOMHWTENS W pPeakTUBHbIX MOMMMEPOB, WUrparwLmx pPonb
cBA3yoWmMxX BewecTs. [na npousBoacTtBa nonumepbeTtoHa NPUMEHSIOTCA MeTakpuroBble
CMOJbl, HEHachIlWeHHble NonMaupHbie CMOIbl, a TakkKe anokcuaHble cmonbl. MaccoBas
aonsa cBA3kM coctaBnsAet oT 6% po 20%. OCHOBHblE XapaKTePUCTUKU pPeaKTMBHbIX
nonMMepoB npefactasneHbl B Tabnuue Ha Puc. 3-4. [aHHble napameTpbl onpegenstoTcs
nponsBoanTENEM C NOMOLLLIO pasfnUYHbIX MeToO0B UCMbITaHnW. B kavyecTBe HanonHuTenemn
NCMomnb3yTCA N3MESTbYEHHbIA MPaHUT 1 KBapL, C pasfnnyHbIM pasMepoM 3epeH. Kpome Toro
HaxoauT npuMmeHeHve ©0asanbT, cnoga W TaKenbld wnat. [lonyyYeHHbI cmelleHnem
Ha3BaHHbIX KOMMOHEHTOB MaTtepuan oTNM4aeTCcs KOPPO3MOHHON CTONKOCTBIO K BOMbLUMHCTBY
arpeccuBHbIX cpefd, Takux Kak kucnotol, wenoun m COX. Tun u maccoBas pong
peakTMBHOro nonvMmepa, a Takke BUA M pas3Mep 3epeH HarnonHutend onpeaenstoT
Xxapaktepuctukn nonumepbeTtoHa. [pu npousBoacTBe nonvmepbeToHa C NpUMEHeHWeM
3MOKCMAHON CMOMbl MaccoBasi 40N CBA3KN AO0MKHA OblTb MUHMMAaNbHOW. 3TO JOCTUraeTcs
BbICOKOM MMOTHOCTbIO HaMoOMHUTENS M3 U3MeNbYeHHoro kamHda. O6pabaTtbiBaeMocTb
CBA3ylOLLEro nonuMepa, a TaKkKe pasmep M opma 4acTul HanosiHUTEnNs OKasblBaloT
pellatoLlee BO3OENCTBME HA NMOTHOCTb HaNOSTHEHNA DOPMbI U aaresmio MeXXay CBA3KOW U
HanonHuTenem. [aHHble napameTpbl onpenenaT MexaHnyeckme CBOWCTBa
KOHCTPYKLMOHHOIrO Matepuana nocrie satsepaeBaHus.
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WUctounnk: EMAG

CeueHwue otnmku u3 MNMb

Zom

Wapenue: ctaHnHa
13 nonmmepo!

1 XpaHunuiie ans cmonel, 3 CmecuTtensb 6 [IncTaHMoHHO ynpasnsiembi
3aTBepauTens U Hanonuutens 4 Bubponnowaaka  3arpy304HbIV nopTan
2 TpaHcrnopTep 5 NuTeliHas dopma | SBYKOUIOMMPOBaHHas 8 MNoproToBuTensHas
nuTbeBasi kabuHa nrowaaka WcTounuk: Epucret

Puc. 3-5: YcTaHOBKa Ansi NpouM3BoACTBa Usaenuin us nonumepo6eToHa

[na nponsBoacTBa Aetanen us nonumepbeToHa Xxuakaa CMecb HanoNMHUTENSA N CBA3YOLLEro
BelwecTBa 3anuBaeTcs B opmy u Tpambyetca BubpoynnotHutenem. [Mpu ynnoTHeHum
cogepXxawumnca B CMeCcu BO3ayX, a Takke peakTUBHbIA NosiMMmep, NOOHMMAaKTCA B BEPXHUN
cnoun cMmecu. [laHHbIN nNpoLecc No3BoNSeT AOCTUYb BbICOKOW NMAOTHOCTM 3anofTHEHNA (DOPMBbI
KaMEeHHOW KpPOLLUKOW W HEU3MEHHOCTU XapaKTepucTuK maTtepuana B cedeHun. JnTbesas
dopma npugaeT XuOKOMYy amopdgHomy nonumepbeToHy Bug rotoson getanu. [lpu
COOTBETCTBYIOLLEN  KOHCTPYKTMBHOW  npopaboTke  opMbl  OOCTUraeTcs  BblCOKas
reomeTpyyeckass TOYHOCTb MONyYaemMon 3aroToBkM U3 nonvmmepbeToHa, TovHoe
pacrnonoXeHwe 3apaHee YCTaHOBMNEHHbIX 3fIEMEHTOB, a Takke AocTaTovHas 3anofnHAeMOCTb
¢opMbI M MAOTHOCTL CMecU. B npoLuecce ynnoTHEHUS Ha SIMTENHYO hopMy AENCTBYIOT CUMbI
TSDKECTW, NPOMOpLMOHanbHble BeCy >XMAKoro 6eToHa, a Takke WHEPUMOHHbIE CUnbl
HanoXeHHbIX KonebaHun. [ns coxpaHeHnsa reoMeTpU4EeCKon TOYHOCTU 3arOoTOBKM NUTENHas
dopma [ormkHa obnagaTb BbICOKOW CTaTUYECKOM U ANHAMUYECKOW XeCTKOCTbo. O6bl4HO
BbICOKasA >XeCTKOCTb JOCTUraeTcs npuMeHeHmem pebep KeCcTKOCTU B KOHCTPYKUMU (POpMbl.
MaTtepunanom AnNa M3roToBreHUst (POPMbl MOXET CHYXUTb CTanb, anioMUHUKW, OepeBo,
KOMMO3UTHbIE MaTepuarbl Ha OCHOBE yrnepoaa, NOMMBUHUNXITOPUA, CUMMKOH U nonnamug.
CrtanbHble 1 antoMuHMEBbIe (POPMbl NO3BOSAIOT NOMyYaTb OTAMBKN C TOMHOCTLIO 0,1 MM/M, a
TO BpPEMS Kak C MOMOLLbI0 AepeBAHHbIX OpM 0BbIYHO JOCTMraeTca TOYHOCTb B npegenax 1
MM/M.

BbinonHeHne cneumanbHbiXx TpeboBaHWM MNpU NPOEKTUPOBAHMU NUTbEBbIX OPM  ANS
nonuvepbeToHa no3BondeT AOOMTLCA MOMHOMO 3anofiHeHUs (POpPMbl CMECbID TOYHO MO
KOHTYpy. lNMpexae Bcero, HEO6XOOUMO MPUHATL BO BHUMAHWE, YTO MaKCUMasnbHbIN pa3mep
3epHa HanonHuTens AomkeH ObiTb MeHble 1/3 MUHMManbHOW TOMLWWHBI CTEHKN 3aroTOBKM.
970 No3BoNUT usbexartb obpasoBaHna NpoboK 1 pakoBuH. [anee crnenyet yuuTbiBaTb, YTO
nonumepbeToH B XNOKOM COCTOSIHUKM BedeT cebsi He Kak XXMAOKOCTb, a Kak KaMeHHast KpoLuKa
unn webeHb. MNpu nepenuBaHum GeToHa B NMOCKOCTM oBpasyeTca KOHYC C YrrioM npu
BepwmHe okono 150°. 3To Tak HasblBaeMblll Yron HacbIMHOro kKoHyca. HanoxeHue
konebaHu BbI3blBAeT cuenneHMe 4actuy 6eToHa, 4YTO CHWKaeT ero  TeKyyecTb.
Bblpa)keHHOCTb Takoro noBefeHUs 3aBUCUT OT MAcCOBOM [0SIM CBA3YHOLEro nonuMepa wu
pa3mepoB nuTerHon ¢opmbl. OCOBEHHO SAPKO BLIPAXXEHO OHO MPU HU3KOM CoAepXKaHun
CBA3KM M Manblx pasmepax gopmbl. Ncxoas mns atoro, cnegyrowmne TpeboBaHUA OOSMKHbI
ObITb BbINOMIHEHbI MPU U3rOTOBNEHUM NUTENHBIX hopM. Bo-nepsbix, ceyeHne opmbl He
MOXEeT MeHATbCHA CckadkoobpasHo. [lpn uM3MEeHeHWn pasMepoB CeYeHUs  OOKHb
NPUMEHSATLCA HaKMOHHbIE WM KOHYCHble MOBEPXHOCTWU. YCTaHaBnvMBaemble B NUTENHYHO
dopmy hacoHHble CTepXXHW, BNOCNeACTBUM 3anuBaemMble 6GETOHOM, Takke AOSMKHbI UMETb
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HaKMNOHHbIE WM KOHYCHblE MOBEPXHOCTU. B cBA3M € BbicOKkOW agresven nonumepbeToHa
CTEHKN (POpMbl JOSMKHbI ObITh 3allMLleHbl crieuynansHblM pasgenutenem. Ha rnagkux u
TBepAblX MOBEPXHOCTAX (PopMbl Mpouecc oTaeneHus (opmbl M 3aroTOBKW MpoTeKaeT
ocobeHHo ©OnaronpusaTHo. LlepoxoBaTble NOBEPXHOCTM aares3vpyloT K nonumepbeToHy
cunbHee, BCNeacTBME Yero Ans pasgerneHus Heobxoaumo NpUNOXUTb 3HaYMTErbHOe
ycunue, Kotopoe BedeT K YCKOPEHHOMY U3HOCY (DOPM U MOSIBIIEHUIO CKOMOB HAa NOBEPXHOCTU
3aroToBKW.

B npouecce ynnoTHeHUs crnowv pasgenuTernibHOro matepuvarna Ha noAaTtnvBbIX NOBEPXHOCTAX
MOXeT gedopMmpoBaTbCs Mog gencteMeM nonumepbetoHa. B 30Hax noBpexgeHus
LEeNOCTHOCTU 3alUMTHOrO CNosi BO3HUKAIOT IOKasibHblEe CKNeuBaHwWd, BedylluMe K WU3HOCY
dhopMmbl.

CranbHble ¥ anwoMuHMeBble OPMbl MPUroA4HblI  ANS NPOM3BOACTBA ThICAY  OTIIMBOK.
OkpalleHHble M MNOKPbITble 3aliMTHbIM CroeM Wu3 nnacTMaccbl OepeBsHHblE (OPMbI
NpuUrogHbl ANs NPou3BOACTBA, B cpegHeM, He Bonee yem 50 oTnMBOK. I3HOCOCTOMKOCTb
AepeBSHHbBIX POPM MOXET 6bITb NOBbILIEHA 32 CYET YCTAHOBKM MeTann4yeckmx nnacTuH Ha
BHYTPEHHIOIO CTOPOHY hpopMbl. [JononHuTeneHble Aetanu, KoTopble TpebyoTcsa B roToBOM
OTNuBKE, Hanpumep Awbenu, TpyObl U COeaUHUTENbHbIE MNAacCTVMHbI YCTaHABNMBAKOTCA B
NNTENHYIO OPMY U 3aKpennsTcs nepeq 3anmekon nonumepbeToHa. 3akpenneHme 4OMKHO
OblTb HageXHbIM M BblAepXuBaTb Harpysku npu BuUOpaumMm U KOHTakTe ¢ GeToHOM 6e3
nepeMeLleHnsa  yCTaHOBMEeHHOW pgeTanu. Takum ke obpa3om  ycTaHaBNMBAOTCS
pasrpy3oudHble CTEpPXXHW, Harnpumep, U3 NIMCTOBOro Matepuana unu nonmypeTaHoBOW MNeHbI
ONA CHWKEeHWs Beca 3aroTOBKW. YCTaHaBnvBaemble B (popMy [eTanu CKremBakTCa C
nonumvepbeToHoOM, AnA 4Yero Mx MnoBepxHOCTM obpabaTtbiBaloTcss MexaHudecku (rpyboe
wnudoBaHne WNM  NecKoCTpyrka) Ans  NOBbILUEHUA LLIEepOoXOBaTOCTU  MOBEPXHOCTW.
OnemMeHTbl LepoXoBaTOCTM reOMeTpUYecKkM 3aMblkalTca C Yactuuamum 6eToHa, 4To
nosblWaeT cuny cuenneHua. MNMpu 6onee nNo3gHen ycTaHOBKE 31IEMEHTOB B 3aTBEPAEBLUYIO
OTNMBKY HEOBXO0AMMO NOAroTOBKA NMOCaA0YHON MOBEPXHOCTU — MexaHundyeckas obpaboTka u
00paboTka XMMUYECKMM PEeaKTUBOM.

KoHCTpyKUuMst chopMbl AOMKHA npegycmaTpuBaTh SNeMeHTbl ANns 0TBOAA BO3gyxa M3 CMecwu
npu 3anuseke. Kpome Toro, 4onycku pasMepoB U popMbl MOBEPXHOCTU OTIIMBKN CO CTOPOHbI
3anvBKkM nonumMep6eToHa A0MKHbI ObITb HAMBONBLUNMM.
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BcromoraTtenbHble To4yHOCTb U NPOU3BOAUTENBHOCTb Be3onacHOCTb M OXpaHa OKp. cpeAbl
KOHCTpYKTOpCKune Feometpuy. [ Ctatuka | QuHamuka | Temnepar. | MpouHocTs | YposeHb Bubpauuu Besonac- [3proHomukal
cpeacTtsa ans U KUHEMATWY. nonst wyma HOCTb
OLIEHKM TEXHUYECKNX TO4HOCT
cTaHka
XapaKkTepucTtuk 6e3 Harpysk1 | —
Pa3nnYHbIX
KOHCTPYKLNIA —»

CAnNP:
PacueT KOHCTpyKUuUu
KoHTponb pacyeToB
OnTummnsauus
MopgenupoBaHue

MpoBeneHne namepeHui ansi:
Cosganus mogenen
WccneposaHus npotoTunos
CepuiiHOro KOHTponst

KaTanorv npuHumnuanbHbIx
peLLeHnin 3aaay no cosgaHuto
TEXHOMOTUYHbIX KOHCTPYKLIWIA.
KaTanoru KoHCTpyKLmii

Kputepumn n cnocobbl oLeHku
YpoBeHb pasBuUTUA HayKu U1
TexHuku (TY, cTaHaapThl,
3aKOHbI)
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Hanunuue cpeacTBa: 0TcyTCByeT© @ Q ‘—» B n36bITKe

Puc. 3-6: BcnomoraTtenbHble cpeAcTBa Afsl pacyeTa U KOHCTPYMPOBaHUA

Ha Puc. 3-6 B cton6buax Tabnuubl npeactaBreHbl OCHOBHbIE KPUTEPUN OLLEHKU TEXHUYECKNX
XapaKTEPUCTUK CTAaHKOB. TOYHOCTb M MPOM3BOAMTENBHOCTb CTAHKOB B OONbLLOW CTEMeHU
onpegensieTcs KNHeMaTU4eCKon TOYHOCTbIO, CTaTUYEeCKOM U OUHAMUYECKOW XEeCTKOCTbIo, a
TaKke TepMoanacTUYHbiMM nokazaTensmm. C  TOYKM 3pEHUsT MapKeTUHra, BadKHbIMMU
ABNAOTCA TaKKe 3ProHOMUYECKME XapaKTEPUCTUKK, Bnvsaowme Ha 6esonacHocTb Tpyaa. K
HUM OTHOCSITCS, B MEPBYIO 0Yepenb, YPOBEHDb LLyma 1 BUGpaumi npm obpaboTke.
BcnomoratenbHble cpeactBa, AOCTYNHbIE UHXEHEPY ANS OLEHKU TEXHUYECKMX MapameTpoB
CTaHKOB, nMpuBedeHbl B CTpokax Tabnuubl Ha Pwuc. 3-6. B kneTtkax, ob6pasyembix
nepeceyYyeHnem CTPOK M CTONOLOB, yKazaHa OOCTYNHOCTb TOrO WM MHOrO MEeToda OLEHKM
Ans cooTBEeTCTBYHOLWEro napameTtpa. [puBedeHHble B Tabnuue BcnoMoratesbHble CpeacTea
HaxoOAT Bce Oonee LWMpoOKoe MNpPUMEHEHME B MNpPOLEeCCe KOHCTPYMpOBaHWUS CTaHKoB. B
0COBEHHOCTU B CTAHKOCTPOEHMUM, SABMSIOLWMMCS OOHOM U3 BaXKHEWLLUX OTPaCIen repMaHCcKomn
NPOMbILUNIEHHOCTW, MPUMEHEHME COBPEMEHHbIX CPEACTB TEXHUYECKOW paspaboTkm wn
KOHCTPYMPOBaHUSA SBNSETCA HEOTHEMIIEMbIM 3NIEMEHTOM BbICOKOW KOHKYPEHTOCNOCOOHOCTH.
B HacTodwee Bpemsa cuTyauusa Ha pblHKe TpebyeT BbICOKOW FMOKOCTM B HOMEHKNaType
Bbinyckaemon npogykumn. [lpu 3tom cebecToMMOCTb peanu3aumm TOro WM UHOTO
WH)XXEHEPHOro peLleHns YacTo UrpaeT peLLaroLLyo posb B PbIHOYHOM yCrnexe npogykTa.
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MopTanbHbIN hpe3epHbIM 06pabaThbiBaloWMNi LIEHTP Dedopmaumna K3-mogenu nonsyHa
nop AeMCTBUEM CTaTU4E€CKOW CUTbI

CTPyKTypa :
I ST
[edopmauus X [Mkm]

[ecdopmmpoBaHHas CTpyKTypa
Puc. 3-7: CtaTnueckas aedopmauus nonsyHa no ocu z nopransHoro OL

Mopn genctBuem cunbl pesaHusa B npouecce o6paboTkn, a Takke CUnbl TAXKECTU, CTPYKTYPbI
CTaHKOB MOABEPralTCs CTaTMYeCKOMYy HarpyxeHuto. B 3aBMCMMOCTM OT KOHKpEeTHOM
TEXHOSIOMMYECKON 3ajayv, BenuuMHa W HarnpasfeHne Ccun U MOMEHTOB, a TaKke
pacrnonoXeHeM TOYKU MPUIOXEHUA Cunbl MeHsTcsa. Bcnegctene 3Toro BenuymMHa
cTaTudeckon pJedopmaumm KOMMOHEHTOB CTaHKa TakkKe MEHSieTCs, 4TO Bbi3blBaeT
pasnu4yHoe cmelleHne ueHTpa uHctpymeHTa (TCP — Tool Center Point). Ha Puc. 3-7
nokasaH TWUMWYHBIA BUA cTatudeckonm Aedopmauuu MondyHa no ocu z nopTanbHOro
bpe3epHOro CTaHka nog AEeWCTBMEM CTaTUdeckonm cunbl. CMeLLeHne LieHTpa UHCTPYMEHTa
noa [AOencTBMEM CTaTMYECKMX CUN  BbI3bIBAET OTKIOHEHWE pasmMepoB W opmbl
obpaboTaHHbIX AeTanen. Takum o6pas3oM, OOCTATOMHO BbICOKas CTaTU4yecKkasi XeCTKOCTb
CTPYKTYpbI siBNsieTcAa HeobxoauMMbiM ycnoBueM ansa cobniogeHunss Tpebyemoro gonycka Ha
OTKINOHEeHMe pa3mepoB M dopmbl geTanen, obpabaTbiBaeMblX Ha MeTannopexyLmx
CTaHKax, a Takke obopyaoBaHum Ans obpaboTku MeTannos AaBneHneM.
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CpeaHee 3Ha4YeHNe XKeCTKOCTH XecTkocTb B pabouei Touke
w A 4
LL
© (]
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Puc. 3-8: OnpeaeneHune XeCTKOCTU NO KPMBOM cTaTU4eckon aedopmanmm

Cratnyeckasi KeCTKOCTb CTaHKOB, COOpPOYHbIX Y3MOB WM  OTAENbHbIX  AeTanen
onpegendeTcs BENUYMHOW UX ynNpyrnx gedopmaumin nog enCTBUEM Harpy3oK NOCTOAHHOW
BeNuuYuMHbl. [lapameTpoMm, onucbiBalOWMM MNoBedeHue CTPYKTypbl nNog OeACTBUEM
CTaTUYECKMX CUIN, ABNSAETCH XXECTKOCTb unuM ee obpaTHad BenvyuHa - NOAATMBOCTb.
3aBUCMMOCTb NepemelleHns X OT cunbl Fy rpaduyeckn npencraBnsaeTcs B BUMAE KPUBOW
XecTkoCcTU. WMpoeanbHas nuHEeNWHas XapakTepucTuka npucywia TOSIbKO  MOHOSMUTHBIM
CTPYKTypam. YacTo KpuBbl€ XXECTKOCTU CTPYKTYp CTaHKOB M COOPOYHBLIX Y3MOB MPOSBASAOT
HennHerHoe nporpeccuBHoe noBedeHue, MNpu  KOTOPOM C  YBeNIMYEHMEM BEerUYUHDI
CTaTU4EeCKON CWrbl MOCTOSIHHOMY MpUpaLLEHU0 CUMNbl COOTBETCTBYIOT BCE MeHbLUee
npupalleHne nepemelleHus. NporpeccuBHoe yBenuyeHue XXecTKOCTM BO3HMKaeT, npexae
BCEro, BCNeacTBMe pocTa Nrowiaan KoHTakTa B coeamHeHusax. OnpeneneHune XXecTtkocTu B
NPON3BOSbHOM TOYKE KpuBOW onpepensetca gsymsa crnocobamu. pu nepsom (Puc. 3-8,
cneBa) XXeCTKOCTb onpefendeTca Mo HaKMOHY Cekyllen, NoBeAEeHHOW N3 HYNEeBOW TOYKM K
paccmaTpuBaeMon TOYKe KpuBOoMW. [daHHbIA MeTod NpUMeHsieTCs Torda, Korga JOCTaTOYHO
onpeaennTb BENUYMHY CPpedHen XeCTKOCTU AN 3adaHHON BenuyuHbl Harpyskun (0 <F <F).
Mpn npumeHeHnn BTOpOro cnocoba (Puc. 3-8, cnpaBa) BennyMHa XeCTKOCTM onpenensieTca
Kak HaKMoOH KacaTenbHOWN K KPUBOW XXECTKOCTU B paccmaTpmBaemMon Touke. C NOMOLLbIO 3TOro
crnocoba BO3MOXHO oOMnpefenuTb BenNuuYMHYy nepemMeLLeHns B cucteme C npegHaTarom
nocpeacTBOM cunbl Fo, KOTOPOE BO3HWUKMNO BCReACTBME OEWCTBUS AONOMHUTENbHOW CUMbl
(Hanpumep, nNpu  OMHAMUYECKOM Harpy>XeHuM CTaHKa, Ha KOTOopbld YyXe [eWCTByeT
cTaTudeckas cuna). [na nporpeccuBHbIX XECTKOCTHbIX XapakTepuctuk k, B obiem cnydae,
mMeHbue k* (Puc. 3-8).

MopaTtnuBoCcTb g npeactaBnsdetT cobon obpaTHoe 3HaYeHue XXEeCTKOCTM W paccuyuTbiBaeTcs
Kak oTHowleHue aedopmaumm x K cune F. XKeCTKOCTb M, COOTBETCTBEHHO, NOAATNIMBOCTb
CTPYKTYPHbIX KOMMOHEHTOB CTaHKOB onpefensetcs BMAOM KOHCTPYKLUWMOHHOro maTtepwana,
reomMeTpuen, a Takke BUAOM, pacrnonoXeHnemMm u HanpaesneHmem AencTBus cunbl. PacyeT Ha
CTaTUYECKYID J>KEeCTKOCTb [OIDKEeH npoBOAUTLCA TOSMbKO AN UEenOCTHOW CUCTEMBI,
BKMtOYaloLLlen Bce aneMeHTbl U y3nbl. Lenbio pacyeta 4Bngetcd yMeHblLUEHWe
OTHOCUTENBbHOMO NepeMeLLeHns Mexay LeHTPOM UHCTPYMEHTa 1 3aroToBKOW NoA AeNCTBUEM
CTaTUYECKOMN Harpysku.
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Puc. 3-9: PacnpegeneHue NoToka curbi pe3aHusi No ocu Z B CTPYKType CTaHKa

Cunbl pesaHusi, BO3HUKAalOLME B 30HE KOHTaKTa MeXay WHCTPYMEHTOM M 3aroTOBKOW,
BbI3bIBAOT AedopMaLMi0 CTPYKTYPbl CTaHKa, CymmapHasi BenuynHa KOTOpON cknaabliBaeTcst
13 BENUYMH aedopmaunii OTAeNbHbIX KOMMNOHEHTOB, HAXOASLWMNXCSA B MOTOKE cun. BennunHy
Aedopmaummn Kaxaoro KOMMOHEHTA NN COEAMHEHUSI MOXHO YCTAHOBUTL MyTEM M3MEpPEHUS]
OTHOCUTEINbHbIX NepeMEeLLEHUA MeXAY NpuUneraowmnmMmy KOMNoHeHTamMmu cTaHka. Ha Puc. 3-9
CXeMaTW4YHO MpeACcTaBneH MOTOK CUM B BEPTUKaNbHOM (hpe3epHOM CTaHke Kak crieacteue
AENCTBUSI COCTaBNSOLWEN CUNbl pe3aHns no ocu z. O4yeBMAHO, YTO Tpebyemasi XecTKOCTb
CTPYKTYpbl CTaHka MOXeT ObITb AOCTUrHyTa TONbKO MPU [AOCTATOYHOM XXECTKOCTU BCEeX
nexawmx B MNOTOKE CWUM KOMMOHEHTOB — MNOALIMMHMKOB, LWMNWHAENS U HanpaBrstoLmX.
YNpOLWEHHO KOMMOHEHTbI CTaHKa MOryT paccMmaTpuBaTbCs Kak —nocregoBaTeribHO
COEAVMHEHHbIE  MPYXXWHbI, CyMMapHasi MogaTNiMBOCTb  KOTOPbIX  CKMagblBaeTcs U3
nogaTnMBOCTU OTAENbHbLIX KOMMNOHEHTOB U COEAUHEHUN.
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HarpyxeHue: Fx,y,z = 40.000 N

Puc. 3-10: AHanus gecopmauunmn ropusoHTanbHO-PACTOYHOro CTaHKa

Mpumep aHanusa ctaTudeckon gedopmMauunm CTPYKTYpPbl FOPU3OHTASTbHO-PACTOYHOMO CTaHKa
nokaszaH Ha Pwuc. 3-10. [ns npoBedeHWs aHanus3a LWNUHOENb CTaHKa HarpyxaeTcs
ctatudeckon curonm 40.000 H nooyepenHo no ocsaMm X, y u z. B neson yactn pucyHka
npueedeH rpaduk, nokasbiBaloWMM BenUUMHY OedopMaunmn KaKaoro KOMMOHEHTa N ee
ponto B obwen gedopmaumm ctaHka. PpesepHbir LWNUHAENb U KOPMyC LWNUHOENs npu
HanoOXeHWW CUrbl MO OCU X W y HarpyxaeTtcs Ha u3rnb. [pu HarpyXeHun no ocn z — Ha
cxatve. Bcnegcteme 9TOro nogaTtnMBOCTL AAHHOW Napbl KOMMOHEHTOB MO OCAM X WU Y
3Ha4MTENbHO BbIlE, YeM MO Ocu Z. XKecCTKOCTb CynnopTa No BCEM TpeM OCAM NpaKTUYeCcKu
oavHakoBa. [logaTtnvBOCTb KOMOHHLI U CT@HWHbLI, HAMpPOTUB, CWUIMBbHO pasnuMyaeTcs B
3aBMCMMOCTU OT HanpasreHus gewcteus cunbl. Cunbl Fy u F, Bbi3biBaoT gedopmauum
n3rmba M KpyYyeHWs KOMOHHbI. M3-3a OOBONbHO GOMbLIOro nreya Cusbl, HanOXeHHOW Ha
KOHUE LNUHAENs no OCU X, KPYTUIbHblE HArpy3ku Bbi3biBaOT Havbonbluyo AedopManuio
KONMOHHbI. [pn HanoXeHun cunbl MO OCU Y KONOHHA HarpyxaeTca Ha MU3rnb n pactsxeHue.
[dedopmMaumsa cTaHWHbI Takke 3aBUCUT OT HanpaBneHus OeNCTBUS CUMbl, T.K. Nfie4n cun no
OCSIM X, Y U Z pasnunyHsbl.
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MapameTpbl Npoduns:
a : xapakTepHbIn pasmep npocduna a=VvBH

E S : TOMLWMHA CTEHKN
g— OceBot MOMEHT MHepLuK | ANst 3aKpbITbIX U
g OTKPbITbIX Npodunen:
[} 3 3
z I:BH-bh h:a_s;H:a+S s < 1 3« 3
2 12 12 b=a-s:B=a+s a 10 — &S s-a
@©
@ I=C,s A3
TOPCUOHHBIN MOMEHT MHEpPLMK | ANS 3aKpbIThIX
npodunen
4 _
=== —a2:g= fd_s _4a
J}ds A=a?;s=const. s = s
S
I1=C, s A3

TOPCUOHHBI MOMEHT UHEPLMK | ANst OTKPbITBIX
npocpunen

= %Z(s%a) n : ®aktop npocomns (1,0 ... 1,3)

OTKpbITble NpoUIn

I =C;s%a

Puc. 3-11: ®opMbI ceyeHuit U hopmyribl pacyeTa reoMeTpUYeCKMX MOMEHTO B MHepLUn

Ha Puc. 3-11 npeactasneHbl oopMynbl AN pacyeTa 0CEBOro MOMEHTa UHEPUUN CeYeHun
Ba)XXHENLLNX KOHCTPYKTUBHBLIX MNpodunen. PacyeT BegeTcd MO XapakKTepHbIM pasMepam
npounsa a u TonwuHe CTeHkn s. NapameTp a 9BnsgeTca OPUEHTUPOBOYHOM BENUYNHON ANS
CeYeHNn pasnuyHon oopmsbl, NpeacTaBreHHbIX Ha Puc. 3-11.

Mpn pacyeTe TOPCMOHHOIO MOMEHTA MHEPLUUN Pas3NUYaloT 3aKpbITble U OTKPbITbIe NPodUnun.
CpaBHeHne opmyn nokasbiBaeT, 4YTO ANA  3aKpbiTbIX MNpOoUNen TOMWUHA CTEHKU
yUuThbliBaeTCSa NIMHENHO, a pa3Mep CevyeHUst No CTeNeHHON (PyHKUUKU TpeTbero nopsaaka. Ons
OTKPbITbIX NPOdUNen 3aBUCUMOCTb NPSAMO NPOTUBOMONOXHASA: TOMLWMHA CTEHKU - B TPETbEWN
CTeneHu, a pasmep ceveHus - IMHEeNHO.
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dopMynbl 4Na pacyeTa KecTKOCTH fl‘lonomwTeanoe BO3[. + OTpuuatensHoe Bo3A.
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Puc. 3-12: BnusiHne pasnuyHbIX KOHCTPYKTUBHbIX NapaMeTPOB Ha )XeCTKOCTb

Ha Pwuc. 3-12 npegcraBneH aHanu3 M3MEHEHUs! XXEeCTKOCTW eTanen npu yBenuydeHuu
pasfiMyHbIX KOHCTPYKTUBHBLIX MNapamMeTpoB JeTanen. YBenuyeHue AOfuHblI  3aroTOBKWU,
cTosen B 3HameHaTene opMyribl NS pacyeTa XeCTKOCTU, BeAET K CHUKEHWUIO XECTKOCTH.
B Tabnuue Ha Puc. 3-12 B COOTBETCTBYIOLLEN KMETKE MoKasaHa CTpeska, ykasbiBaroLias
BHM3, UTO O3HA4YaeT YMEHbLUEHUE >KEeCTKOCTM nNpu YyBenuMyeHUn AnvHbl npodung.
YBenuyeHne apyrux napamMeTpoB, HanpoTuB, MOBbLILWAET XEeCTKOCTb npodwuns, 4To
oTpaXkaeTcs HarpaBfeHHbIMU BBepX cTpenkamu. [MapameTpbl npodunen, KoTopble npu
pacyeTe XecTKocTn BepyTcst B TPETbEWN CTEMNeEHW, BblAeNeHbl YyTONWeEHHbIMU cTpenkamu. C
MOMOLLbIO AaHHOW Tabnuubl KOHCTPYKTOP MOXET HEMNOCPEeACTBEHHO OLEHUTb BIIMSIHWE TOro
UIiM MHOTO NapamMeTpa Ha XeCTKOCTb Npoduns:

» [lnnHa npodoumnga (L),

» TonwmHa cTeHku (s),

» Pasmep ceueHus (a),

* Mogynb HOHra (E) n mogynb casura (G).
Mpn pacyeTe Ha WM3rMOHYK XECTKOCTb ANWHA M pasmep cedveHus bGepyTca B TpeTbewn
CTeneHu, a TonwmHa cTeHkn n moayrnb KOHra — B nepon. COOTBETCTBEHHO, A1 MOBbILLEHUSA
XEeCTKOCTM ANuHa npodouns AofmkHa ObiTb HauMeHbllen, a pasmepbl cedyeHus -
Hanbonbwmmn. B gaHHOM cnyyae, aTM napameTpbl OKa3biBalOT Oonbllee BO3AEWCTBUE Ha
KECTKOCTb, 4YeM Bce ocTanbHble. [MogobHbIM pacyeT NpoBOAUTBLCA ANA OpPYrux BUOOB
Harpy>xeHusi, NnpeacTaBneHHbIX B Tabnuue Ha Puc. 3-12.
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Puc. 3-13: OnpepgeneHne ponu nepemelleHuss caBura u usrnba B nomnHown pedopmMauuu nonepeyHo
HarpyXeHHbIX geTaneun

Mpn pacyeTe XeCTKOCTU cABuUra BCe MNapaMeTpbl CeYeHUs ydnuTbiBalOTCA B opmyre
NNHENHO N, COOTBETCTBEHHO, NPWY U3MEHEHUN, OOUHAKOBO BIIUAIOT Ha BEMUYMHY XXECTKOCTH.
Hona gecdopmauuu casura n nsrmba B cymmapHomn gedopmanmm MoxeT ObiTb onpefeneHa ¢
nomoLbio rpaduka, nokasaHHoro Ha Puc. 3-13, B 3aBUCMMOCTU OT COOTHOLUEHUSI OSNUHbI
npounsa K pasmepy ceveHus.
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Puc. 3-14: PacnonoxeHue pe6ep )eCTKOCTU B KONIOHHaX CTAHKOB

YKecTtkoCTb n3rnba m KpyTurbHas MOryT ObiTb MOBLILIEHbI MPUMEHEHNEM pebep KEeCTKOCTW.
PacnpoctpaHeHHble Buabl opebpeHus nokasaHbl Ha Puc. 3-14. KOHCTPYKTUBHbIE BapuaHTbl C
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npogonbHbIMKM pebpammn nokasaHbl Ha ackm3ax A-D, BapuaHTbl ¢ nonepeydHbiMn pebpamm —
Ha ackusax E — H.
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Puc. 3-15: XXecTKOCTb Ha Kpy4eHue U u3rné ¢ pasnuyHbIMM BapMaHTaMM YCTaHOBKU pebep KeCTKoCTH
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Puc. 3-16: AlechopMauusi OTKPbITON KOJNTIOHHbI 6e3 pebep XKeCTKOCTU NpU KPYTUNbLHOM Harpy3ke

[Ns KONMOHH C pas3nuyHbIM pacrnonoxeHvem pebep ObiNM paccynTaHbl METOAOM KOHEYHbIX
3NEeMEeHTOB 3Ha4YeHUA XECTKOCTU U BUAbl KPyTUNbHbIX Aedopmauun (Puc. 3-15, Puc. 3-16).
MNpwn HarpyxeHnn Ha wu3rMbd ycTaHoBKa nNpoAOrbHbIX pebep no3BonseT 3HauYUTEeNbHO
MOBbLICUTb XECTKOCTb KOHCTPYKUMW. HanpoTtus, ycTaHoBKa norepeyHbix pebep, a Takxe
BEPXHUX M HWKHUX 3aMblKaloLWMX MIacTUH, NPakTUY4eCcKn He oKasblBaeT BO3AEWCTBUSA Ha
BETNMNYUNHY XEeCTKOCTWN. Harpy3ka Ha Kpy4eHue BO3HMKaeT Npu JenCcTBUW Ha AeTarb napbl Cus.
Takon Bug Harpysku Bbi3biBaeT gedopmauuio cedeHus npoduns. Pebpa xecTtkocTw,
NPensTCTBYOWMNE U3MEHEHUIO (OPMbl CEYeHWs, MOBbLILAIT XECTKOCTb npoduna Ha
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KpydeHue. K TakMM BapuaHTam YCTAHOBKM OTHOCATCH BEPXHME 3aMblKaloLMe MracTUHbI,
nornepeyHble NepeMblYKkn 1 guaroHanbHble pebpa. [Jedopmanmsa KonoHHbI cTaHka 6e3 pebep
)KECTKOCTM Mo AeNCTBMEM Tpex nap Cum B Tpex MIIOCKOCTSX npeacTaBneHa Ha Puc. 3-16.
Ha pucyHke BMAOHO, YTO C yAaneHueM OT MNSIOCKOCTU 3aKpensieHUsa KOMOHHbI BeNu4yMHa
pedopmaumm Bo3pactaeT. [lpu cucTtemMaTMyeckoM aHanm3e pasfnnyHbiX BapuaHToB
YyCTaHOBKM pebep XXeCTKOCTM cnefyeT yduTbiBaTb HE TOMbKO peann3yemyro XXeCTKOCTb
KOHCTPYKLMKN, HO N Heobxoammbli 06beM KOHCTPYKLMOHHOrO mMaTepuana, a Takke ONIMHY
CBapHbIX LUBOB.

OB6Wwas pacyeTHan Mogerb: MNpumep:  Harpyska i

Harpyska 2
A u FrﬂGﬁEﬂhH= 21 Mkm UFnoEa‘th= B MEM
B BcnomorareneHan cTpykTypa ans
onpegeneHns rMobanbHoW
h = 1400 mm \ Bq Nedopmauunn
t= 750 MM ‘__F_v —L ;
b =800 mm F !
X
hg. =620 mMm
z
BakpenneHa yLx

[MNnockri Npodune HArpPY3KW GEMEHWS KGMOHHLI

B 0DNacTW NPUNOXeHNA cinsl B
BonowmorateneHan cTpykTYpa

NS onpegensHus
nenHol gechopMaunm

2

= 48 MKM

Unonn = 85 MKM Unonn

=u

nonn = U FnoﬁanhH.|

ﬁ) {!I’
u = 64 MKM u = 42 MKM

Harpyaka 1 Harpyska 2 oK TIOK

Puc. 3-17: JlokanbHasa u rmo6anbHas aedopmauus KONIOHHbI CTaHKa

Pasmepbl ceyeHnss KOHCTPYKTMBHOIO 3fieMeHTa OnpeaenstTcs pacnonoXeHUeMm BHELUIHUX
CTEeHOK. Hanpumep, ecnm HeobxoanMmMo CNpOeKTUPOBaTb KOMOHHY CTaHKa ¢ OMKCUPOBAHHbLIM
paccTosiHneM Mexay Hanpasnswowmmy 400 MM, pasnuyaroT ABa BapuaHTa KOHCTPYKTUBHOIO
nucnonHeHns. B nepBom BapuwaHTe LWWPUMHA KOMOHHbLI MpPEeBbIWAET PacCTOSHUE Mexay
HanpaBnALLNMKY, YTO NO3BONSAET peanuM3oBaTb MakCcMMarnbHbIA OCEBON MOMEHT UHepuuun. B
30HaX NPUNOXEHNSA CUN TOSLMHA CTEHKM AO0MKHA ObITb YBENUYEHA, NOCKONbKY MPOXOAALLNIA
MOTOK CUIT OT HanpaBnALWMX Yepes NepeaHio CTEHKY KONOHHbI K 3aAHEN CTEHKE HECKOSbKO
pa3 usMeHsieT cBoe HarnpasreHune, YTo BedeT K 3HauuTenNbHbIM NokanbHbIM gedopMaLumsim.
Bo BTOpomM BapuaHTe KOHCTPYKTMBHOIMO WCMOSIHEHWUSI OOKOBbIE CTEHKM pacnornaralTcs
HEerNnoCpeACTBEHHO B 30He JeWcTBua cun, Gnarogaps Yemy MoBbIWAETCs roKarnbHas
XeCTKOCTb KOMOHHbI. OfgHako rnobanbHasa XecTKoCTb ByaeT OTHOCUTENbHO HU3KOM, Tak Kak
TOPCUOHHBIA  MOMEHT MHepuuMm OTHocuTenbHo Man. Ha Pwuc. 3-17 npeacrasneHsl
pesynbTaTbl pacdeTa dedopmaumy AONA pasnuuHbIX pasMepoB cevyeHuss B 1 TonwuHbl
CTeHkn D 3aKkpbITON KOMOHHbI. JlokanbHble AedopmMaLmm, B 3aBUCMMOCTU OT BUAA Harpysku u
KOHCTPYKTUBHOIO MWCMOSTHEHUA, 3HAYUTENbHO MNPEBbLIWAOT rnobanbHble aedopmMauun u,
cnefoBaTesibHO, onpefensoT noBedeHe geTanu nog AercTBMEM Harpysok. [pu Harpyske
nonepe4yHom CUnom U MOMeHTOM cun (cxema Harpyskm Nel) KOHCTPYKTUBHblE WU3MEHEHWS
OKa3sblBalOT pasfnnyHoe BO3AENCTBME Ha XKECTKOCTb KOMOHHLI. [1pyn Harpy3ke Ha pacTsxeHue
- okaTue (cxema Ne2) yeBernuyeHue TOMWWUHBI CTEHKM MOSIOXKUTENBHO BNUAET Ha BENUYUHY
noKarnbHOM XeCTKOCTM B TOYKe pe3aHus. NoMmMmo Bbibopa onTMManbHbIX pa3mepoB CeYeHUs
N OopMbl CcevyeHna npodungd, AanbHenllee NOBbILWEHNE XECTKOCTU BO3MOXHO MyTeM
YyCTaHOBKM pebep KXeCTKOCTH.
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Puc. 3-18: Buabl KOHCTPYKUMIA ANA pacnpeaeneHns noToka cun

[na noBblWeEHNss FOKaNbHOW >XECTKOCTU KOHCTPYKTMBHOMO 3fieMeHTa LenecoobpasHbiv
ABNAETCHA NpUMeHeHne PopMbl CeYeHUsl, KOTopas MO3BOMSET peanu3oBaTb ONTUMAarbHYHO
dopmy notoka cun. lMpu BbIGOpe KOHCTPYKTMBHOMO peLUeHns Heobxoaumo onpenenuTb
ONTUMAarnbHYlD KOMOMHAUMIO MaKCUManbHOrO pas3Mepa CcedeHus AOns  MOBbIWEHUS
rnobanbHOM  XXECTKOCTU MU PacrosioXeHUs  Oonop  Hanpasnswwmx.  HekoTopble
KOHCTPYKTUBHbIE BapuwaHTbl npeacTaBneHbl Ha Puc. 3-18. ®opma ceyeHuns A aBnsaeTcs
HeonTUManbHOW, TaK Kak MoAaTNUBOCTbL CTEHOK B 30HEe KpenneHua HanpaBnaowmx
HeraTMBHO BNUSIeT Ha OOWMA ypoBeHb xecTkocTn. dopmbl B 1 C nossonsawT JOCTUYbL
3HaAYUTENbHOrO MOBbILIEHWS FTOKANbHOW XXECTKOCTWU, TaK Kak Hanpasnsiolmne onmparTcsa Ha
GokoBble CTeHkM. B cpaBHeHun c dopmon A, pasnuumsa B OpME HE3HaAYUTENbHbI,
6narogaps 4eMy Ha @YHKUMOHANbHOCTb KOMMOHEHTa He OKa3blBaeTCA HeraTMBHOMo
BNusHUA. lNMpuMeHeHne BHYTpeHHUX pebep xecTkocTv B Mogenu D nossonseT OOCTUYb
3HAYMTENbHO Ny4llen NOAAEPXKKN HaNpPaBNSALWMX, @ TakKe MOBbICUTb XXECTKOCTb KOMOHHbI
Ha n3rmb 1 KpyyeHue.
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Puc. 3-19: PacueT dpnaHueBbIX coeguHEeHUNn

Mpn coeauHeHun cbnaHues € nomolbio 60nToB HeobxoaMmo A06UTbCA pPaBHOMEPHOro
pacnpefeneHns 0aBneHUss NO BCEN MNOBEPXHOCTM coeauHeHus. [Ona atoro Tpebyetcs
paccuntatb ONTMMarnbHOE paccTosHuMe Mexay 6onTamu nNpy 3agaHHOW ToNwMHe hnaHues.
WccnepoBaHusa nokasanu, YTO TOMbKO 4acTb braHua, HenocpeacTBEHHO Mpunerarwas K
bonTty, yyacteyeT B nepegaumn ycunum (Puc. 3-19). 3Ta nnowagb KOHTakTa BOKpyr 6onta
yBENMYMBAETCA C MOBbIWEHWEM TOMWMHbI (hnaHua wus3-3a rpagueHTa pasnenus. [Ang
MaKCUMaIribHOW YECTKOCTM COEAMHEHUSA 30Hbl HarpyXeHusi BOKpYr OTAenbHbiXx 6onToB
AOMKHbI NepecekaTbCs.
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Puc. 3-20: BsaumocBs3b Mexay reomeTpuei dpraHueB U pacnosioXXeHUeM KOHTaKTHbIX 30H
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Yucno 60nToB n MeHbLUEero 4mcna KpynHbIX

Puc. 3-21: PackpbiTne pe3bL60BOro cTbika

Ha Pwuc. 3-20 n Puc. 3-21 npedcrtaBneHbl NpUONmnanTEnbHbIE 3HAYEHMS yrna rpagueHTta
OaBneHus R, AnNa coeanHeHnsa pnaHueB pasfuyHbIX pasMepoB. N3 pUCYHKOB BUAHO, YTO
nnowanb 30Hbl Harpy>XeHusi yBenuumBaeTCHd C MOBbILEHUEM XeCTKOCTU coenHeHnd. Ha
Puc. 3-21 nokaszaHO W3MeHeHWe BeNMyuHbl gedopmaunn naHua npuv  nNpUMeHeHun
pasnnyHbIX pe3bboBbIX coeauHeHu. TonwmHa draHueB U Harpyska B [aHHOM cry4vae
NOCTOSIHHBI.
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Pe3bboBoe coeanHeHne
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KoHTaKT Mexay HeHarpyXeHHbIMN
cdpe3epoBaHHLIMU MOBEPXHOCTAMM
ke, KecTkocTbcoeanHeHus

ks, ecTkocTbbonTa

C., [HOemndwnposaHne coegnmHeHns

u

Puc. 3-22: OnucaHue pe3b60BOro CoefAUHEHUs Yepe3 XapaKTepUCTUKU yNpyrux aeMnupyomx
311eMeHTOB

KecTkoCTb pe3bbOBOro COeAMHEHUs OMnpedensdeTcs XecTkocTblo OonTta, dnaHua u
XKECTKOCTbIO UX KOHTakTa. Ha Puc. 3-22, cneBa, nokaszaHa mogenb pe3bboBOro coeanHeHus
C NPUMEHEHUEM MNPYXMHHO-AeMN@EpPHbIX anemeHToB. C MNpaBoW CTOPOHbI CXeMaTU4HO
nokasaHa 30Ha KOHTaKTa ABYX hpe3epoBaHHbIX MOBEPXHOCTEN B CBOOOOHOM COCTOsIHMM. Ha
PUCYHKe BUAOHO, YTO Mrowanb KOHTakTa OTHOCUTENbHO Mana. [laxe npu HanoXxeHun cunbl U
nnacTu4yeckoMm AecopMMpoOBaHUMN MUKPOHEPOBHOCTEN COEOMHAEMbIX AeTanen HEBO3MOXHO
A0BUTLCA UX NOIHOrO NpUNeraHns.
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Conpukacarowwmecs nosepxHocTu: copesep./ ppesep. Conpukacarowmecs nosepxHocTu: wnucos./ chpesep.
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[daBneHne Ha noBepxHOCTM P [H/MM? ] HaBneHune Ha noBepxHocTU p [H/MMm? ]
CmMaunBaHue: e cyxasnoBepxH. oh, =170wmlMac Yacrota: 150— 195 My
ah, = 40mMNac 2 h, =350mMac Cwvna ypapa abcontoTHoro aktyaropa: F=1,0 kH

Puc. 3-23: Bo3gencTBue CMauyMBaHUA Ha YAEJbHYH XXeCTKOCTb COeANHEHUS

BaxxHOM xapaKTepucTuKon pe3bboBbIX COeQMHEHWUA, PABHO Kak U COEANHEHUI ApPYroro Tmna,
HanpuMep, NOCaaKN C HAaTAroM, MPecCcoBOro COeAMHEeHNs Ban-cTynuua, SBnaeTcs XeCTKOCTb
30Hbl KOHTaKTa conpukacarowmxca getanen. KoHTakTHas XecTKOCTb 3aBUCUT OT KayecTsa
noBepxHoctTn pJetanen. LlepoxoBaToCTb MOBEPXHOCTM B 30HE KOHTaKTa OKasblBaeT
HenocpeACTBEHHOE BO3OENCTBME Ha XEeCTKOCTb coeuHeHUs. [1pu yBennyeHum npuwxMmMHon
CUInbl XXECTKOCTb COEeQUHEHUS YBenuuMBaeTCs, TaK Kak MoBbllaeTcsa nnowanb KOHTakTa Ha
YPOBHE MWKPOHEPOBHOCTEN, KOTOpblE Y4acTBYKT B nepedayn notoka cun. OTHoOweHue
NPWXUMHOM CUNbl U BENWYUHBI AecdbopMaumm Oblio AMNUPUYECKM OMMCAHO C MOMOLLBIO
crneayoLero ypaBHeHu s:

d=ap™

Hedopmaumsa d onpegenserca kak PyHKUMS cpegHero 3HayeHUs KOHTaKTHOro HanpshXXeHus
p. 34€echb 0— yron onpokuabLIBaHNA B MKM/M, & UMeeT pasMepHOCTb MKM, p — Hicm?. Mpuyem a
M m 3aBUCAT OT LIEepPOXoBaToCTM noBepxHoCcTU. [Ona napbl wWnNudoBaHHbIX AeTanen,
Hanpumep, a=0,6 1 m=0,4. B obwem cny4ae, BbICOKOE Ka4yeCTBO NMOBEPXHOCTU MO3BONSAET
OO0CTUYb BbICOKOM KOHTAKTHOW XECTKOCTH.

MpoBedeHHbIE MccnegoBaHMs NOBEAEHUS COeAMHEHUI MO3BOMUAN YCTAHOBUTb U3MEHEHWe
UX XapaKkTepHbIX MapamMeTpoB B 3aBUCUMOCTM OT YyOenbHOro [AaBfeHud, Hanuyus
CMavnBaHus, [OUMHAMWYECKOW Harpysku CcoedVHEHUs U KadecTBa MNOBEPXHOCTUM napbl
coevHsiemMblx Aetanen. [na onpegeneHvs yHWBepcarbHO MNPUMEHUMOW  BENUYUHBbI
XKeCTKOCTM Obinv nNpoBeAeHbl MCCNeOBaHUA OMHAMUYECKOro COCTOSIHUA, NPUBEOEHHOro K
nnowanu coeguHeHus. PesynbTaTbl NokasaHbl Ha Puc. 3-23.

Bbino yctaHOBREHO, 4YTO yAenbHas XeCTKOCTb COeOUHEHUA 3KCMOHEeHUManbHO pacteT C
yBEINIMYEHMEM  KOHTaKTHOIMO  HanpsbkeHus.  3HauuTernbHble  U3MEHEHWs  XKEeCTKOCTU
HaBMIOJATCA MPU HU3KUX 3HAYEHWAX KOHTAKTHOro HanpsbkeHusi p < 10 H/mm?. MpuumnHoii
ABNAETCH pe3koe yBenvyeHne nnowann KOHTakTHON NOBEPXHOCTM NPW HanoXeHUn BHELLHEN
cvnbl. [pymeHeHre cmaumnBaroLwen cpefbl Takke No3BOMNSET NOBbICUTL MoWanb KOHTakKTa 1
YBENNYNTb XKECTKOCTb COEANHEHNSI B 0BMACcTU KOHTAKTHLIX HANpshKeHuii Ao p = 15 H/mm?.
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Mogens:
TonuwmHa ocHoBaHUs: 30 MM

TonwwuHa cteHku: 20 Mm
a=30 mm, c=40 mm

X *= 77 mm makc. TonwuHa pebpa: 20 mm

xS*= 105 mm makc. TonwmHapebpa: 60 mm

Yennue cxaTtus: 58 kH (M12)

F/b=76 H/mm
*ONTMM. paccT. Mexay 6ontamu: 60 Mm
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Puc. 3-24: CpaBHeHue aecdopmauum cpnaHueB pasnmM4yHON KOHCTPYKLMU

B npepmenax ¢pnaHua NoToK CUM KOHUEHTPUPYETCS B 30HaxX COeAWHEHUs C npuneralowum
aneMeHToM. MIameHeHne HanpaBneHus NoToka CUIl U ero KOHUEHTpauns B KOHTaKTHbIX 30HaX
pe3bb0oBbIX COEAMHEHNN BbI3bIBAET HanpsXeHve narnba cdonaHua n 3HauymTenbHble MECTHbIE
aedopmaumn. Ha Puc. 3-24 nokaszaH MexaHM3M BO3HWKHOBEHMSI Harpysku Ha uarnb. lMpu
pacnonoxeHu 601TOB HENOCPEACTBEHHO Y BEPTUKANBbHOW CTEHKM KOSTOHHbI HanpsXXeHne Ha
n3rnd cHwxkaetcs. MNMpumeHeHne pebep, nogaepXmnBatoLLNX BEPTUKAIbHYIO CTEHKY 1 donaHey,
B 30HE pacnonoxeHus 6onToB, NO3BOMSAET MOBLICUTL XECTKOCTb. Takon xe addekT gaet
yBenuyeHve TonwmHbl onaHua. PacnonoxeHve 60NToB B NIIOCKOCTU BEPTUKAITbHOW CTEHKM
nossonseTt usbexarb Harpy3kn Ha M3rnb nogoLwsbl hnaHua. Heobxoaumele onst 3Toro nasbl
oKkasblBalT ocnabnswlee OeNCTBUE Ha CeYeHUe CTEHKM KOMOHHbI B 30HEe COeAWMHEHUS.
Takum obpasom, npyv Manom paccTosHUM Mexay OGonTamum paBHOMEPHOE HarpyxeHue
COEQVHEHNSA N XKECTKOCTb COeAMHEHUsI MOTYT NOTEePATb CBOK OOOGPOTHOCTb M3-3a 60MbLUO
nogaTnMBOCTU BePTUMKaNIbHOW CTEHKU. [1OCKOMbKY XECTKOCTb KOHCTPyKuun B Touke D
onpegensier CyMMapHYH XXeCTKOCTb AeTanu, NpeanoyTUTENbHbIM SBNSETCS BapuaHT B -
Boree NpocTon B U3rOTOBNEHUN 1 C ONTUMU3NPOBAHHBIM pPacnonoxeHmem 60nToB.
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BBepneHue

BnusiHne ctatuvyeckunx Harpy3okK

BnusiHne guHamMmun4yecknx Harpy3ok

BnusHue Temnepatyp

3aknroyeHune
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Koneb6aHusa TBepabIx Ten
OTHOCUTENbHbIe nepemMeLwieHnsa B HanpaeBnALLWNX N COeANHEeHUAX

KavyaHune OTpbIB casur MoBsopot

N3rnbHble n KpyTuUnbHble KonebaHus
PopMbl COOCTBEHHbIX KONe6aHUn KOpPNyCcHbIX AeTaneun

N3rn6 KpyueHue

g

Puc. 3-25: TunuyHble popMbl COGCTBEHHbIX KONie6aHU KOPNYCHbIX AeTanen CTaHKOB

Ha Puc. 3-25 npeacraeneHbl Buabl konebatenbHbiX hOpM KOPMYyCHbIX AeTanen CTaHKoB npu
OWHaMMYecknx Harpyskax. Pasnuyatot konebatenbHble hopMbl TBepaoro tena (6es ynpyrom
aedopmaumm KOMNOHEHTA), @ TakkKe KpyTuIbHble U U3rMbHble konebartenbHble (POpMbI.
MpUMEHUTENBHO K CTPYKTYPHbIM KOMMOHEHTaM CTaHKOB, Takve konebaTenbHble opMbl
XapaKTepHbl O51s1 KOFIOHH, MON3yHOB W KopnycoB wnunHaenen. UarmbHble n KpyTUibHbIE
KonebaHua XxapakTepHbl ANd KOMOHH W cTaHuH. CTonbl 3aroToBOK, Kak MpaBwuno,
noaBEPXKEHbl TBEPAOTENbHbIM  KonebaHusM napannenbHo WNu - NeprneHanKynsipHoO K
Hanpasnsaowmm. CobCTBEHHble 4YacToTbl konebaHun B OGOMbLION CTENEeHW 3aBUCAT OT
pa3mepoB cTaHka. MpubnmanTencHbin gManas3oH 4acTtoT KonebGaHuiW KOMMOHEHTOB CTaHKa
nexunt mexagy 20 Iy n 200 My. CobCcTBEHHbIE YACTOThl WNUHAENS MOMYT MMETb ropasgo
6onee BbiCOKMe 3Ha4YeHus (go 1200 ).
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Puc. 3-26: BnusiHne pa3nuyHbiX NapameTpoB Ha aMNNUTYAHO-a30BY XapaKTepuc-TUKY NogaTinuBoCTU
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Puc. 3-27: BnusiHme pasnuy4HbiXx MNapamMeTpoB Ha aMnnUTyAHO-(ha30BO-4aCTOTHYH XapaKTepUCTUKY
nogatnuBoctu OK Cuctemsl

Ha Pwuc. 3-26 n Pwuc. 3-27 nokasaHbl
YaCTOTHbIE XapaKTEPUCTUKM OOHOMACCOBOM KonebaTenbHOW CUCTEMbI AN  PasfiMyHbIX
3HaYeHUN XeCTKOCTU, KoapdpuumeHTa gemndpumpoBaHMs M Maccbl. [lyTemM yMeHbLUeHUS

MaKCnmalibHOro

3Ha4ye

HUA

HeraTuBHOM

amMnnmMTygHo-dasoBble U amMnnTyaHO-(ha3oBo-

OEeNCTBUTENbHOM  4YacTn  AMHAMWUYECKOWN
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NOAATNIMBOCTU CTa@HKa C MOMOLLbI0 KOHCTPYKTMBHbLIX PELUEHUA BO3MOXHO [06UTbCA
ynyJdweHnsa ctabunbHocTn 06paboTkn pesaHmnem.

Tskenana 5-koopauHaTHasA

CraHpapTHas nerkas dpe3epHas ronoska

cpesepHan ronoeka

-—O
m;=100% m;=300%
|m A
Re Re
+ > + + 1 v . »-
s 44 Hz 38 Hz 34 Hz
Z
45 Hz 37 Hz | 35 Hz
_ Hz
1 IR€{Gy }regl mex = 100 % N |R€ {Gy }negl max = 400 %

Puc. 3-28: BnusaHue maccbl (ppe3epHON rofloBKM NOPTanNbLHOro ¢ppesepHOro craHka Ha AUHAMU4YECKYHO
noaaTiIMBOCTb CTaHKa U CTaGUINbHOCTL 06paGoTKN

Ha npakTuke noBbllEeHWEe XEeCTKOCTU N CHUXEHNE MacChbl KOMMNOHEHTOB CTAHKOB BO3MOXHO B
KOHCTPYKTUBHO onpedeneHHblx npegenax. Ha Puc. 3-28 nokaszaH npumep HeratmBHOMoO
BO3AENCTBUA HEONTUMAnbLHOro pacnpefeneHns Maccbl Ha AMHaMUYeckoe COCTosHUE
noprtanbHoro dpesepHoro ctaHka. CTaHOK C YCTAHOBMEHHOMW CTaHO4apTHOW bpe3epHom
rOfIOBKON UMeeT SPKO BbIPaXXEHHYI TOYKY pe3oHaHca npu vactote 45 'y, KonebatenbHas
dopMa Ha [gaHHOM 4acToTe BKMYaeT U3rnMbHyo gedopMaunio BEpTUMKANbHOIO MOf3yHa u
aedopmaumio  HanpaensAwwWwmMx nonepeyHoro nondyHa. C npaBOM CTOPOHbI  PUCYHKA
npegcraeBneHa  amnnuUTyOHO-pa3oBad  XapakTepucTuka CTaHka C  YCTaHOBMEHHOW
NATUKOOPANHATHOM (Ppe3epHON rOofOBKOW, KOTOpasi 3HAYUTESIbHO TsXKeriee cTaHOapTHOW.
M3meHeHna B amMnnuTygHo-ha3oBOW AuarpaMmme MoKasbiBalT BANAHWE AOMOMHUTENbHOM
Maccbl Ha AMHaMM4eckoe cocTosHMe cTaHka. CobcTBeHHas 4acTtoTa ymeHblunacb o 36
u. MakcumanbHas HeraTMBHas OeNCTBUTENbHAs 4acCTb, XapakTepusylowlasi CKNOHHOCTb
CTPYKTYpPbl K BO3HWKHOBEHMIO HECTaAbUIbHOMO COCTOSHMA B npouecce 06paboTku,
yBenu4yunacs B 4 pasa.



MeTannopexylwme ctaHku Jlekyus No3

29

Oemndpep . .
YaapHbin  Oemndoep Tunbrep co Bcnomor. ARanTUBHbLIN AKTUBHbLIN
aemndep JlaHkacTepa Maccoi aemndep aemndcep

Sensor

“m | ﬁ

C;

M M

Sensor

YpenbHas
amnnutyna

Puc. 3-29: AKTMBHbIE U NacCUBHbIe BCoMoraTtesibHble AeMndupyrome cucteMbl

3apava BcrnioMoraTenbHbIX AeMNMUPYOLLMX CUCTEM 3aKroyaeTcsa B MOBbIWEHUN obLiero
YPOBHA AeMndupoBaHMsa CTaHka. PasnuuyaloT akTuBHble W MaccuBHble Aemndupylolmne
cuctembl (Puc. 3-29). lNaccmBHble CUCTEMBI, Kak MpaBuiio, COCTOAT U3 OOMNOSTHUTENbHON
MaccCbl U 9NaCTUYHbBIX NPOMEXYTOUHbIX KOMMOHEHTOB. [laHHble CUCTEMbI YyCTaHaBNUBaKOTCA
Ha pgeTanb, B Haubonblien CTeneHn NOABEPXKEHHYD BO3AEWCTBUIO Bubpaumi, mno
BO3MOXHOCTU B 30HY MakcumaribHon amnnutyabl konebanun. [Oemndwupytowmin acddekt
AocTuraeTcs nyTem guccunauumn 3Heprmm  KonebaHui OCHOBHOM CUCTEMbl 3@ CyeT
konebaHun  BcnomoratenbHOM  Maccbl. K naccMBHbIM ~ cuCTeEMaM  OTHOCSITCS
BCioMoraternbHble Aemndepbl, AeMndepbl TpeHus, a Takke AeMndupylowme BTYNKA C
MacnsHon nneHkon (squeeze film). Jemndepbl coO BCnoMoratenbHON Maccon pa3genstTcs
no BuOy YCTaAHOBKM BCMOMOraTefibHOM MacChbl Ha ydapHble, gemndepbl JlaHkactepa wu
aemndepbl C XECTKUM 3akpenreHuem AOMNOSMHUTENbHOW Macca — T.H. «TUIbrepbl».
lMaccuBHble cucTeMbl 3PEEKTMBHBI B (PUKCMPOBAHHOM Y3KOM AuanasoHe 4acTorT.
CobCcTBEHHbIE YaCTOTbl Y3MOB CTaHKa B 3aBUCUMOCTM OT pPacnonOXeHUs MOoCrneaHux B
paboyen 30He, a Takke B 3aBUCMMOCTM OT NMapameTpoB 3arOTOBKM U MHCTPYMEHTa, MOryT
MEHATbCS B AOCTATOMHO LWUMPOKUX Npedenax, YTo 3a4acTyto BegeT K YaCTUYHOW UIn MOMHON
notepe 9PEKTUBHOCTU NACCUBHBIX BCMOMOraTenbHbIX cucteM. [Ons peleHus 3Tomn
TexHudeckom npobnembl Obinv  pa3paboTaHbl MNacCMBHblE adanTUBHbIE  CUCTEMBbI,
aBTOMAaTMYECKN U3MEHSIOLLIME CBOMCTBA BCMNOMOraTenbHOM CUCTEMbI U NoaAepXuBatroLLne ee
paboTocnocobHocTb B Hornee LMpOKOM AmanasoHe 4acToT. [na peanusaumm NogobHbIX
CUCTEeM, KaK npaBuiio, NPUMEHSIOTCA COeAVHUTENbHbIE 3NEeMEHThl, XEeCTKOCTb W/vnu
AemndurpoBaHMe KOTOpPbIX MOXET U3MEeHATbCA B 3ajaHHOM AuanasoHe. Haubornee yacto
Haxo4AT NpYMeHeHMe naccuBHble Aemndepbl Co BCIoOMOoraTenbHOM Maccon MU 3nacTUYHbIMU
npoctaBkamu. [emndepbl JlaHkacTepa W Tunbrepbl B CTAHKOCTPOEHUU MPUMEHAIOTCA
CpaBHUTEMNBHO peako.
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BeepneHune

BnusHue ctaTuyeckux Harpy3sok

BnusHue AMHaMU4YeCKMX Harpy3okK
n BnusHue Temnepatyp

3aknroyeHune
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BozpeicTBue okpyxalowen cpeabl =
= b
TemnepaTypa < Pacnpefen. TeMnepatypbl = Q
B Lexe (BepTUKanbH. / TOPU3OHT.) =
* KonebaHua Temnepatypbl £ /\/>
(OeHb [ Houb, KOHOWLMOH.) E ) /\%
* MNoTokK Bo3dyxa E o5
Q
McTouHMKN « ConHue =5
[} ”
Tenna * Otonnenne = § CroiicTea MaTtepuana KoHcTpykuns
n * CoceHue yCTaHOBKM 5 E TennoemkocTs PacnpegeneHie mMacchl
OrNIOTHTENU ngﬂ-aMEHT = > TennonpoBodHOCT | Pacrnon-e NCT-KoB Tenna
Tenna TKpEITEIE BOpOTA g 5 |[Temneparypk. aedopm-a TennoBkie NoToKN
©
Y, m =x
BoanencTaite BHYTPEHHIX UCTOHHIKOB HecTauuoHapHoe pacnpeaensHie TeMneparyphl
Tenna B CTaHke » MoawWWnH., Hanpasn. MpocTpaHCTBEHHBIN TPaaneHT TeMNepaTypbl
KOMMOHEHTLI cTaHka , LU-B-Mepenaun
+ Motophl Bwa v pacnonoxeHue NaMepuT. cUcTeM
» Kopobku ckopocTei Koath®dWUMEHT TennNoBoro paclunpeH1a
» Mopasnuka BaaumMHoe pacnonoxeHue KOMNOHEHTOR
Mpouecc pesanua  « OceoGoxa. Tenna YMeHbWeHWe ANUHLI TSPMOHArp. KOMMOoH,
npu pesaHunu
* Ctpyxka = COX BaanmHoe nepemelieruve mexay
OxnaxneHve * Oxnaxg. geuratens 3aroTOBKON 1 MHCTPYMEHTOM
* Oxnaskg. wnuHaena
* Oxnax. KOMIMOH-TOB HeTouHOCTb 06PaBOTKK

Puc. 3-30: NMpuyunHbI TepMoanacTMyHon aedopmMmaLMm CTaHKOB

[dedopmaumm CTaHKOB BbI3bIBAOTCA HE TOMbKO CTaTUYECKMMU U AUHAMUYECKUMM
Harpyskamu, HO 1 TeMnepaTypHbIMU BO3AeNCTBUSMU. TOYHOCTb 06paboTku B GonbLuon mepe
onpefendeTcss YCTOMYMBOCTBbIO CTaAHKOB K W3MeHeHuaMm Temnepatyp. Ha Pwuc. 3-30
npeacTaBneHbl BUAbI MICTOMHUKOB Tenna, BO3OEeNCTBYOLWME Ha CTaHOK nNpu obpaboTke, U nx
BMUSIHWE Ha TOYHOCTb 06paboTkn. PasnnyaloT BHeLHWeE (BO3AENCTBME OKPYXKaloLLen cpeabl)
N BHYTPEHHME (BXOOSALME B CTPYKTYPY CTaHKa) UCTOYHUKM Tenmna. BHyTpeHHue UCTOYHMKM
HenocpeacTBEHHO OMNpeAensAlnT pacnpefeneHne TemnepaTypbl B CTPYKType cTaHka. B
3aBMCMMOCTU OT BENWYMHbI MNOTEPU MOLLHOCTU B MNOALUMMHMKAX, MOTopax, Kopobkax
CKOpOCTEN M T.M. CO3Aal0TCS foKanbHble TemnepaTypHble Nons, BO3AeNCTBYOLWMe Ha obLiee
pacnpefeneHne TemnepaTtypbl.

MNpn obpaboTke B OOMOMHEHME K Ha3BaHHbIM MCTOYHMKAM Tenna Heobxoaumo npubaBuTb
BblgenswLleecs npu pesaHun Tenno. K BO3OeNCTBUSAM OKpyxatowen cpefbl OTHOCATCA:
BEepPTUKanbHbIe U FOPU3OHTaNbHblE rPaaMeHTbl TeMnepaTypbl B Lexe, AHEBHOE U3MEHeHune
TemnepaTypbl, Tenno, BblpabaTbiBaemMoe MpPoOYMMM CTaHKaMuM W  YyCTaHOBKamMu B
HenocpeacTBEHHOW Onmn3ocTu.
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TennonpoBOAHOCTb A KoadhcbmumeHT nnHenHoro pacwmpeHms a
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*CpefiHee 3HaueHue

Puc. 3-31: TepmoanacTM4Hble CBOUCTBA MaTepuanoB

Ha Pwuc. 3-31 npegcrtaBneHbl TePMO3MaCTUYHbIE CBOMCTBA HEKOTOPbIX KOHCTPYKUMOHHbIX
mMaTepuanoB. Hanpumep, nonumepbeToH OTNMYaeTCs HU3KOW TEennonpoBOAHOCTbIO U
BbICOKON NPUBEAEHHON TEMNOEMKOCTbIo, 4YTO O6ycrnoBnvBaeT ero TepMOANHAMWUYECKYHD
WHEPTHOCTb. JTO O3HA4aeT, 4YTO TemnepaTtypHble KonebaHus BONU3N CTaHKa BegyT K
He3HaunTeNnbHbIM  U3MEHEHMAM  Temnepatypbl getaned u3  nonumepbetoHa wu,
cnepoBaTeNbHO, K He3HauyuTenbHbIM gedopmauuam. M3 gaHHoro martepuana 4acto
N3roTaBNUBAOTCH CTaHWHbI U ApYyrue CTPYKTYPHblIE KOMMOHEHTbl CTaHKOB. KOMMO3ULMOHHbIE
MaTepuanbl Ha OCHOBE YrnepoaHblX BOJSIOKOH TakkKe WMEKT HU3KUA  KOIdhULNEHT
NNHENHOro pacluMpeHnsi, 0COGEHHO B HaMpaBfeHUn 3aneraHnsa BOSTOKOH. [JaHHOe CBOMCTBO
NCNonb3yeTcs MNpu pacyeTe M KOHCTpyupoBaHuu wnuHaenen. [aHHblin maTepuan Takke
NpUMeEHseTCa ONA CHWXEeHUS Beca KOMMOHEHTOB BbICOKOCKOPOCTHbLIX CTaHKOB, Harnpumep
MON3yHOB, a Takke MaHMNynATOpoB pobOTOB.

B nononHeHve Kk Ha3BaHHbIM MaTepuanam, Ans NpovM3BOACTBA LUNUHAENEN TakkKe HaxogouT
npyMeHeHne TexHuyeckas kepamuka. OHa OTnMYaeTCd HU3KOW TEnronpoBOAHOCTLIO U, B
OTNMYUM OT CTanu, HU3KUM KOIPPULNEHTOM NIMHENHOIO pacLUMPEHMS.



MeTannopexylwme ctaHku Jlekyus No3 33

Mpobnema dyHOameHTanbHble nccnegoBaHvs Peaynesrat

* Pasnuunas TonwnHa nepefHnx u | TemnepatypHas Aedopmaums ToHkas usonaums (Ne 3)

S8AHNX CTEHOK CTanbHbIX 3aroToBOK MoBbIWaeT ycTONUMBOCT K
» KoneGaHue Temneparypel B Liexe PasnuyHble ceveHns Kone6aHusiM TeMnepaTtypbl
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Puc. 3-32: Tepmousonsaums CTPYKYTPHbIX KOMMNOHEHTOB

LleneHanpaBneHHas wu30nauMs CTPYKTYPHBIX KOMMOHEHTOB CTaHKOB OT BO34ENCTBUN
BHeLLHEN cpefbl NO3BONSAET YMEHbLWUTb TepMoanacTuyHble aedopmauuun. NMokasaHHasa Ha
Puc. 3-32 KornoHHa nopTanbHOro pe3epHoOro CtaHka BbIMOMHEHA C pasfiM4yHOM TOSLMHOMN
nepeaHen n 3agHen CTeHoK. B nepBon NonoBmHe AHS NOAHMMAaWAasca TeMnepaTypa B Lexe
HarpeBaeT 6onee TOHKYIO 3a[HIOK CTEHKy CTaHka ObicTpee, Yyem nepepgHioo. Becneacrteue
3TOro KONOHHA HaKMoHseTCcsa Bnepen, kak bumeTtannuyeckas npyxvHa. Bo BTopow nonosuHe
OHSA 3afHss CTEeHKa oxnakgaeTcsd ObicTpee, UTO BeAEeT K HaKMOHY KOMOHHbI B 0GpaTHOM
HanpasneHun. Ha npaktuke 370 BeAeT K BO3HUKHOBEHMIO OLUMOKM MOSOXEHUA OTBEPCTUN B
100 MkM/M  nNpu  cBepnunbHoOM  oOpaboTke. [Ons  KOMNeHcauum  HEOAHOPOAHOro
TEPMO3MACTUYHOrO MOBEAEHUST CTEHOK KOJSIOHHbl OblfiM  yCTaHOBMEHbLI  U30NUpyloLLMe
NEHOMNONIMCTMPOSIbHbIE MNNAacTUHbL. Heobxoaumasi TonwmHa M30oNUpYLWMX nnactuH Obina
yCTaHoBMNeHa aKkcnepumeHTanbHo. Ha Pwuc. 3-32 nokasaHbl KpuBble TemnepaTypbl
pasfnuuHbIX deTanen npuv uU3MeHeHuuM TemnepaTypbl OKpyXawllen cpefbl. Temnepatypa
CTanbHOro nncTa TOoNWKUHON 25 MM (KpmBasi 2) NpakTUYECKN B TOYHOCTM NMOBTOPSIET KPUBYHO
Temnepatypbl B uexe. Jluct TonwmHon 150 mm (kpmBas 1) Bcnegctesue 60nbLUOK
TemMnepaTypHOn MHEPTHOCTWU crefyeT KPMBOW TemnepaTypbl B LEexe CO 3HauuMTerbHbIMU
BPEMEHHbLIMM 3adepKkaMyM U ropasgo MeHblIen aMnnuTygon konebaHui. YcTaHoBKa
N30nMpYyoLLLEN NNACTUHbI TOSWMHON 25 MM Ha CTanbHOW SINCT TOMLWKWHOM 25 MM NO3BoONseT
AOCTUYb YPOBHSA TEPMOAMHAMUYECKOW MHEPTHOCTM Gornee ToncToro nucra. Ha npaktuke
npUMEHeHNe U3OMNAUMOHHBIX MNNAacTUH  TOMWWMHOM 25 MM MNO3BOMNUNO  YMEHbLUUTb
NOrpeLLIHOCTb NonoXeHnst oTeepcTuii co 100 Mkm/m go 15 Mkm/m.

0Ona ymeHblleHNa TemnepaTypHbIX AedopMaunii Kpome MpUMEHEHUa OOMOMHUTENbHbIX
N30MALMOHHBLIX MaTepuanoB NpU U3roTOBIIEHUM CTPYKTYPHbIX KOMMOHEHTOB CTaHKa MOryT
NPUMEHATLCSA COBPEMEHHLIE MaTepmarbl, MUMEKLLNE XOpOoLLNE TEPMOISAacTUYHbIE CBONCTRA.
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Puc. 3-33: U3amepeHHble 1 paccYnTaHHbIe U30TePMbI Ha LUINUHAENBHOM KOPOGKe

MNpy ycTaHOBKe CTaHka B Lexe creayeT BblOMpaTb 30Hbl, HauMEHee noABEpP)KEHHbIE
NOCTOSIHHOMY [OEWCTBMIO CONMHEYHOro cBeTa U konebaHusm TemnepaTtypbl. Bcneacteue
nepeMeHHbIX TemnepaTypHbiX BO3AENCTBUA B CTaHKe, Kak NpaBWro, ycTaHaBMMBaeTCs
HecTauMoHapHoe TeMmnepaTypHoe pacnpeferneHve, NpuBoAsilee CTaHOK B TepPMUYECKM
HeycTouMBoe cocTosiHne. Ha  Puc. 3-33  nokasaH npumep  3KCNepUMEHTanbHO
onpeaeneHHoro M pPacCYMTAHHOIO METOAOM KOHEYHbIX 3JfIEMEHTOB TemnepaTypHOro
pacnpegeneHuss B Koprnyce wnuHaens. Bpemsi HarpeBa coctaBuno 67  MUHYT.
TemnepaTypHoe pacnpegeneHne 3aBUCUT OT WHTEHCMBHOCTM W MPOCTPAHCTBEHHOMO
pacnonoXeHnsi ICTOYHMKOB Tenna, TePMOAMHAMUYECKMX CBONCTB MaTtepuana, KOHCTPYKLMM
CTaHKka W TensionpoBOAHOCTM €ro 3NeMEHTOB W COeAMHEHMR. WCTOYHMKM Tenna
noaopasnensioTcs Ha akTMBHbleE W MNacCuMBHble. AKTUBHbIE UCTOYHUKM  (Hanpumep,
NOALMMHUKM) camMu BbipabaTbiBalOT TENMO 3a CYET MexaHu4yeckux notepb. [laccuBHble
3MEeMEHTbI, HaNPOTUB, NOABEPralTCs TONbKO HarpeBy M3BHe. CymmapHOe BO3OeNCTBUE STUX
WCTOMHUKOB Ha BenuuuHy pgedopmMauum U CMELLEHME TMOJNIOKEHUS UHCTPyMEHTa
OTHOCUTENbHO 3aroTOBKM Takke OnpenensieTcsl KOHCTPYKTUBHbIM — UCMOSIHEHWEM U
TEPMO3MacTUYHbIMK CBOMCTBaMWU MaTepuanoB. [pu aToMm ocobeHHoe 3HaveHve UMeeT BUf
COeAVHEHUs aeTanei u NXx OTHOCUTENbHOE PachoNioXeHue.
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BBepneHue

BnusiHne ctatuvyeckunx Harpy3okK

BnusiHne guHammn4yecknx Harpy3okK

BnusHue Temnepatyp

B 3aknrouyeHue

BBepneHue

TUNUYHBIE CTPYKTYPHBbIE KOMMOHEHTbI U UX (OYHKLMU

OueHKa KOHCTPYKLIMOHHbBIX MaTePUAroB C TOYKU
3pEeHUsi CTaTUKW, AUHAMUKA U TEPMOAMHAMMKM

MonumepGeTOH: NPON3BOACTBO, HANOSTHUTENN U
cBs3yloLLMe BellecTBa

BcnomoratenbHble cpeacTBa KOHCTPYKTOpa Anst
OLeHKMN NapameTpoB MeTannoobpabaTbiBatoLLmX
CTaHKOB

CrtaTuka

OnpepeneHune xecTkocTu

PacnpepneneHue cun B ctaHke

PacueT cTpyKTypHbIX KOMMOHEHTOB Ha XXECTKOCTb
KoHcTpyupoBaHue cnaHueBbIX COeaNHEHUN

OnucaHune pe3bboBbIX COEANHEHWIN NOCPEACTBOM
ynpyrx 1 eMnupyoLmx aNeMeHToB

OuHamuka

B TunnyHble hopMbl COBCTBEHHLIX KonebaHuin
CTPYKTYPHbIX KOMMOHEHTOB

B dakTopbl, BO3OENCTBYOLNE Ha AUHAMUYECKYHO
noaaTnMBoCTb

®m [lononHuTenbHble CUCTEMbI ANSA YIyYLleHUs
AVHaMUYecKon NoaaTnnMBoCcTn

TepmoanHamumka
B [1pnymHbl TEPMO3NACTMYHBIX AedopMaLimi

B TepmoavHaMuyeckue CBOMCTBA pasfmyHbIX
KOHCTPYKLMOHHbIX MaTepunanos

® Cnocobbl Tepmousonsauum



