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WcTounuk: INA
HemndepHas TaHKeTKa

Puc. 6-1:. HanpaBnsowme kayeHuss MoayrbHOro Tuna

Ona peanusaumm nepemMeLleHnin y3noB W MexXaHU3MOB, LUMPOKOE [MpPUMEHEHue B
MaLLUMHOCTPOEHUN HaxXo4AT HanpasnsoLmne MOAYNbHOMO TMNa C LMPKynaunen Ten KadeHus.
Ha Puc. 6-1, cneBa, nokasaHO YCTPOWMCTBO 3aMKHYTOrO KOHTypa Ofs8 BO3BpaTa PofivKoB B
TaHKeTKe Hanpasngawwen. [nuHa nepemMelleHnss TaHKETKM OrpaHuyeHa, Takum obpasom,
TOMNbKO ANWHON penbca HanpasngLen. HegoctaTkoM TakorM KOHCTPYKLUMK, NO CPaBHEHUIO C
HanpaBNALLLMMY KavyeHns 6e3 LMpKynsaumMm Ten KavyeHus, SBnseTcs BO3HMKHOBEHWE yaapa B
30He pa3BopoTa Ten KayeHus. JTo BedeT K LUyMOBOW U TEMNSIOBOM 3MUCCUN, a TakkKe U3HOCY
COOTBETCTBYIOLNX 30H LMPKYNALNOHHBIX KaHamoB, YTO SABNAETCA OCHOBHbIM (hakTopoM,
orpaHnyMBaloLLMM MakcMManbHO AOMYCTUMYHO CKOPOCTb MepeMelleHusa Ans AaHHOro Tuna
Hanpasnsaowmx. Kpome Toro, BCreacTBne N3MeEHSLWEro Yyncna ten kadeHunsa (n nuéo n+1),
Haxo4sALWMXCA B KOHTakTe, HabntogatoTca Hebonblne konebaHus xectkocTn. Ha Puc. 6-1
cnpaBa nokasaHbl Apyrue BuAbl HarpasnslOWMX KadyeHUa ¢ Uupkynsaumen Ten kadeHus. B
cnyyae niiOCKOM POSIMKOBOWM TaHKETKM, Hanpaenstowas - niockui B6pycok n3 3akaneHHon
ctanu. Kak npasuno, Hanpasnswlue [OaHHOro Tuna OCHALLalTCA Napol TaHKETOK «B
obxBaT» penbca, 4YTO MNO3BOMSET BOCMNPUHMMATbL Harpyskum B ABYX HanpaBfeHuax u
cosfaBaTb npeaBapuTenbHbI HATAr B cucteme. LnnuHgpuyeckne wapukoBble NMHENHbIE
HanpaBnsawLwme TaKkke HABMASITCA CTaHAapTHbIMW KOMMOHEHTaMu, npegnaraeMbiMuM Ha
pblHKe. Bbrnarogapa nornHOMY oxBaTy HanpaBnsawLwWero Bana UWNMHOPUYECKOW KapeTKown,
Takov CUCTEMOW MOTyT BOCMPUHUMATBLCA NonepeyHble YCunus B NobomM HanpasrieHnu.
Bbibop HanpaBnsAwLwWmMX Ka4yeHns 3aBUCUT OT TpebyemMon HecyLlen cnoCobHOCTK, XKECTKOCTH
W OONYyCTUMOW CKOPOCTU MepemelleHus. BaxHbiMU napameTpamMu, XapakTepusylommin
HeCyLLyl0 CnOCOBHOCTb HanpaenswoLWen, ABnaTCA AuMHamudeckuin C u ctatmdeckmn Cq
KoadpduumeHTt  pabotocnocobHoctn. Mo  ctaHgapty DIN 636  guHaMmyeckum
koacppmumeHToM paboTOCNOCOBHOCTUN ABNSETCA HEM3MEHHAsA NO BEMNYMHE U HanpaBneHuo
Harpyska, KoTtopas npu npongeHHoMm pacctosHuM B 100.000 MeTpoB He BbI3blBaeT
NnosiIBfieHNs NpM3HaKoB noBpexaeHust. CTtaTudecknm KoadduumeHToM paboTocnocobHOCTH
ABNAETCH Harpyska, npu KoTopon obwasa gedopmauns Ten kadeHus u penbca coctaBnset
0,0001 ot guameTpa Terna KayeHusi. PacdeT JaHHbIX KO3(UUMEHTOB NPOU3BOAUTCA B
cootBeTcTBMM € DIN 636.

Mpn cpaBHEHUN Hecyllen CnocOOHOCTU HanpaBASALWMX OT pasHbIX NPOU3BOAUTENEN,
cnefyeTt MMeTb B BUAY, YTO B A3uun Ans pacyeTa AONroBEYHOCTU MPUMEHSIIOT pacCTosHWe B
50.000 meTpos, a B N'epmaHmm — 100.000 M, n3-3a 4Yero asmartckme nokasatenun okasbiBaloTCs
3aBblweHbl bonee, Yem Ha 20%.



MeTannopexylwme ctaHku Jlekyus No6

PenbcoBble HanpaendawLwme Ka4yeHnsa JIHelnHble n umnmHapuyeckue HanpaenaoLwme Ka4yeHna

LLlapukoBble PonwkoBble LLlapuvkoBble PonwkoBbie

4X-TOYEYHbI KOHTaKT

,uBOIAHOIA NNHENHbIN KOHTaKT 2 psina Ten KayeHus

4 psga Ten KavyeHus

[BOVHOW NWH. KOHTaKT
1 pAA Ten KavyeHna

% /'/

[IBONHOM NWH. KOHTaKT
1 pAn Ten KayeHna

NepeKkpecTH. Pornkm
-

2X-TOYEYHbI KOHTaKT
4 psina Ten kayeHust

2X-TOYEYHbIN KOHTaKT
1 psig Ten kayeHusa

™ 2X-TOUEUHbIIl KOHTaKT
N pagoB Ten kaveHus

Wctounuk: INA, THK, Schneeberger
Puc. 6-2: PasanuyHbie KOHCTPYKTUBHbI€ UCMOJIHEHUA HanpaBnALWNX Ka4eHnsa MoaynbHOro Tuna

Ha Puc. 6-2 npencraBneHbl pasnu4yHble KOHCTPYKTMBHLIE WCMOMHEHUA HanpaBnslowmx C
uupkynaumen ten kadeHus. lNpeumywiectBamu nNogobHbIX CUCTEM SABMSKOTCA MX LUMPOKas
AOCTYNHOCTb M FOTOBHOCTb K MOHTaxy 6e3 gopaboTku. [daHHble CUCTEMbl MPUrogHbl Ans
nepemMeLleHnn nobon AnuHbl. Hecywaa cnocobHOCTb 3aBMCUT OT 4Yucna psSaoB U Tuna
NPUMeHseMbIX TeST KadeHus. Peannayemble CKOpPOCTU NepemMelleHns moryT gocturate 300
M/MWH, a yckopeHuss — 15 g. Hanpasnswowme kavyeHus MoryT BOCMPUHUMATb Harpyskv Ha
pacTskeHue, cxaTue, rnonepedHble YyCUnng, a Takke NPou3BOfbHbIE KPYTALUME MOMEHTHI.
HanpaBnswowune kadyeHMss BCeX TUMOB  OOCTYNHbl C  PasfUYHbIM  3HAYEHWEeM
npeaBapuTenbHOro Hatara. B CTaHKOCTpOeHUMM OCOBEHHO LUMPOKO  MPUMEHSIIOTCS
yeTblpexpsaaHble LapuKOBbIE WM PONUKOBbIE HarnpaenslowmMe C MNOBbILLEHHOW HecyLlen
CMocOBHOCTbLIO.

LinnnHapuyeckne n nnockue wuronbvatble Hanpasnsoowme (Ha puUcyHKe cripaBa BBeEpXY)
NPUMEHAITCA  ONg  peanusaunn  BbICOKOTOYHbIX — NepeMelleHuid  KOMMOHEHTOB
MeTanmopexyLmnx CTaHKOB N XapakTepusyrtTcs 0CoO00 BbICOKOW HecCyLlen CrNoCOOHOCTbIO U
XECTKOCTbH. MakcumasribHO 4ONYCTUMbIE CKOPOCTU NepeMeLLeHnsa cocTaBnaT nopsigka 100
M/MWH NpK yckopeHusax 0o 25 g. MakcumanbHoe nepemelleHne orpaHMyYeHo ANuHOW Tena
TaHKeTKM W cenapaTopa, T.K. OTCYTCTBYyeT Bo3BpaT Ten BpaweHus BennuuHa
npegBapuUTeNbHOro HaTaAra ycTaHaBNUBAeTCA B 3aBUCMMOCTM OT CUTyauuMU Harpy>XeHusi ¢
MOMOLLIbIO OXBaTbIBAKOLLEN KOHCTPYKLUN.

JInHenHble uMNMHApUYECKMe HanpasBngalLLMe U HanpaenawLwue ¢ BpalaeMbiM1 posiMkamm
(konecHoro TMNA) NPUMEHSIOTCA B KOHCTPYKUMAX, OONYCKaKLWMX MEHbLUYID HeCYyLLyHo
CNocoBHOCTb, Hanpumep, B TPAHCMOPTHbIX WAW BbICOKO AMHAMUYHbBIX YCTPOWCTBAX.
MakcumanbHble [ONYCTUMbIE CKOPOCTM nepemeleHns coctaensaT 300 mM/MuH  gns
UMANHOPUYECKNX TNUHENHbIX Hanpasnawwmx u o 600 M/MUH Ong HanpaenawoWwux C
BpaLamLwmmmncsa ponvkamu. MakcumanbsHble yckopeHus coctasnsoT 5-10 g.

[nsa peanusauumn BbICOKOM HeCyLLEW CMOCOBHOCTU, KECTKOCTM M TOYHOCTU B CUCTEMAX C
(OMKCUPOBAHHOM W NNaBaloWEN Hanpasnslowen MNPUMEHAIOTCA FNUHENHbIE PONUKOBbIE
Hanpasngawwme ¢ umpkynauuen. KapeTku € UUPKYNALMOHHBIMA KaHanamu [onyckatT
ckopocTb nepemelteHns go 120 m/MuH u yckopenne o 10 g. C mx nOMOLLBbD MOXHO
peanu3oBaTb NepeMELLeHNss Ha pPacCTOSHUS MPOU3BOMbHOW BenuuuHbl. Co3gaHue
npeaBapuUTENbHOrO HaTtara W AOCTUXKEHME HeobXoOUMOWM KEeCTKOCTM  NPOuU3BOAMTCS
crnocobom, aHanorM4HbIM NIOCKUM HanpaBnAOLLUM.
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HanpaBnmoume cTona @ 1 % 1
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1: TaHkeTKka HanpaBNAOLL.
C UMKpynsaumen Ten
KayeHus

2: YCTpONCTBO CO3aaH.
npegBapwT. HaTsra ]

3, 4: Hanpasnstowime % 2 4

5: 3anpecoBaHHas LIMNOHKa
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KpenexHble 60nThbl 3aTshkHoM 6oNT AN HAaCTPOWKK yaepxuBeatowasi
UcTounn: INA yOEPXKUBAKOLLEN NMAHKK BEMUUMHbI NPeiBapUTENbHOrO HaTsra nnaHka

Puc. 6-3: HanpaBnsiowme ctona cBepnunbHOro crtalka ¢ UMy c ycrponcTteBom npepgHatara

Ha Puc. 6-3 nokasaH CTON CBEpPnUIIbHOIO CTaHKa C CUCTEMOW HanpaBnfAwLWMX B paspese.
lMepemelLieHne cToONa OCYLECTBSAETCH C MOMOLLBIO JIMHENHBIX PONMKOBLIX HAaNpaBnsALWNX C
unpkynsaumen. BenvunHa npegBapuTenbHOro HaTsara M3MEHsIeTCs C NOMOLLbIO KnuHa. [Ons
npegoTBpalleHns  NpeBbIWEHUS  3aJaHHOro  npefHaTdAra  BCneacTBMe  OencTBuUS
TemnepaTtypbl B KOHCTPYKUMAX KPpYMHOrabapmuTHbIX CTONOB NPUMEHSIETCA CXeMa YCTaHOBKM C
MKCUMpPOBaAHHOM M Nnaeawllen Hanpasnswowmmi. B gaHHOM criydae Hanpasnswowasa c
NpaBol CTOPOHbl  AOMYCKaeT rOpuU3OHTarnbHble MepeMelleHns npu  HensMeHHOWn
BEpPTUKaNbHOMW XXECTKOCTW.
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WcTounuk: Bosch Rexroth AG
Puc. 6-4: KOHCprKLWIﬂ U.IapVIKOBVIHTOBOﬁ nepegayiun

Ha Puc. 6-4 nokasaHa LWapWKOBMHTOBasA nepedada Ans peanusauum MocTynaTesnibHoro
nepemMeLleHuns nonasyHa. K npenmyliectsam LLapMKOBUHTOBOW Nepeaadn OTHOCATCS:

* Bbicokun KIN[ 6narogapsa TpeHuto kaveHus (8o 95%)

e OTcyTCTBME NPEPLIBUCTOrO CKoNb)eHus (stick slip)

* [pv KOPPEKTHOWN HAaCTPOMKE — MUHUMArbHbBIN U3HOC U BbICOKasA AONTOBEYHOCTb

* Bo3moxHOCTb CO34aHusA NpeaBapuTENbHOrO HaTAra Anga npegoTepalleHne nogTa

» [locTaToyHas XeCTKOCTb
K HemocTaTkam OTHOCSITCS HWU3KMIA YPOBEHb AEMMN(UPOBAHMS U HarpeB XOAOBOW rawmku, a
Takke XOOOBOr0 BWHTA Ha BbICOKMX CKOPOCTAX MEpeMeLleHUs BCNeacTBME M3MEHEHUS
HanpaBneHnss [OBWXKEHUS LMPKYNMPYOWMX LWapukoB. HeobxoammocTb  peumpkynsumm
LLIAPUKOB.



MeTannopexylwme ctaHku Jlekyus No6

XO0BOW BUHT

XxopoBas ranka

KaHan Lynpkynauum

. YnnoTtHeHus ang 3awuTbl oT 3arpA3HeHnsa

Quelle: Bosch Rexroth A(VBV
Puc. 6-5: lLlapukoBMHTOBasi nepenaya

Ha Puc. 6-5 nokasaH XoOoBOW BUHT M XOOOBas ravka C UMPKYNAUven LapukoB Mo Bcew
anvHe ravku. CneumanbHOE KOHCTPYKTMBHOE WCMOSIHEHWE LMPKYMSUMOHHBIX KaHanos
obecneuvnBaeT BXOA LLUAPMKOB B HECYLLLYIO YaCTb ranku 1 BbIXog U3 HEE Mo KacaTesrlbHOW. Tem
He MeHee, 3TO He MNO3BOMSEeT MNOMHOCTbI M30exaTb yOapHOW Harpysku npu BbICOKUX
CKOPOCTSIX BpaLlleHusi. [eomeTpnyeckne XxapakTePUCTUKM N KOHCTPYKUMOHHbIN MaTtepuan
UMPKYNSIULMOHHOIO KaHanma B 30HE W3MEHEHWs HanpaBfieHUs1 [OBWKEHUS  LLIapUKOB
onpeaensaT BENUYMHY LWYMOBOW U TENMOBOWM SMUCCUKN, a Takke U3HOC rarku npu BbICOKUX
ckopocTax BpaweHua. CyLecTBYOT Takke KOHCTPYKUMN XOAOBbIX raek, B KOTOPbIX LUAPUKM
OTBOASATCS B PELMPKYSISLMOHHBIA KaHan nocrie npoxoga O4HOro WUin ABYX BUTKOB pe3bObl
XOO0BOro BMHTA. [peuMyLLecTBOM TaKOW KOHCTPYKUUW SABMASETCA KOMMAKTHOCTb XOAOBOM
ravku. YacTtbll BXo4 M BbIXOA LUAPMKOB M3 Hecyllern obnactm XoO4OoBOMW rankm OkasbiBaeT
oTpuuaTenbHOe BO34ENCTBME HA pPaBHOMEPHOCTb [OBWXKEHUS obkaTa U Bbi3blBaeT
NoOBbILLEHHOE TPEHNE N U3HOC, a Takke Bonee BbICOKUIN YPOBEHL LUYyMA.

Cos3pgaHve npenBapuUTENbHOrO HaTara B XOL4OBOW ravke peanu3yeTcs nytemM npuMeHeHus
cbopHOM M3 OBYX YacTel ramkm WM MW3roTOBSIEHMEM HEpPaspe3HOM XOA4OBOW ramkm c
npegHaTarom B pesbbe.
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aiika JucTaHUMOHHOE KOMbLIO AvcTaHunorHoe konbLo
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[1BonHas ravka, Harpy>xeHHas Ha pacTshKeHune [BoliHas rarika, Harpy>XeHHas Ha cxaTue
(O-obpasHbIn NpegHaTAr) (X-06pasHbIii npegHaTAr)

lalika ¢ ABYXTOYEYHbIM KOHTAKTOM Malika c YeTbIPEXTOYEYHBIM KOHTaKTOM

McToynmk: THK
Puc. 6-6: C03AaHMe npeaBapuTesibHONro HaTsAra B LWWAapMKOBUHTOBDbIX Nepeaavax

Ha Puc. 6-6 nokasaHbl pasnuyHble KOHCTPYKTUBHbIE BO3MOXHOCTW CO3[aHWNA npeaHaTsara B
LwapukoBuHTOBOM nepegade (LUBIT). Ha pucyHke nokasaHbl ABe Mnoryramku, Harpy>XeHHole, B
NnepBoM BapuaHTe, Ha pacTsKeHne U, BO BTOPOM, Ha oxatuve. Mexagy nonyrankamm
YCTaHOBIIEHO AUCTaHLMOHHOE KOMbLO, C MOMOLLIO KOTOPOro Noslyranku pasxmmarotcsa nnmbo
CKMMalTCH, co3gaBas npeaBaputencHbln Hatar B LUBIM. B HwkHen 4vactm pucyHka
nokasaHbl UefibHble XOAOBble raMkv, UMelolmMe OBYX- W YeTbIPeEXTOYEUHbIN KOHTaKT C
XOAOBbIM BWHTOM. [lpy [OBYXTOYEYHOM WCMOMIHEHUM NpedHaTar B ravke peanusyeTtcs
nocpeacTBOM M3MeHeHUs xoda pe3bbbl B cepeauHe raviku. [pegHaTar Mexay XO4O0BbIM
BUHTOM W ramkon, Takke Kak U npu NpUMEHEHUU rankm ¢ YeTbipexToveYeHbIM KOHTaKTOM,
AOCTUraeTcsi NocpeacTBOM LieneHanpaBneHHoro nogbopa avameTpa wwapukos. LlenbHble
X04O0Bble ranku ynydwatoT xapakrepuctukm LUBIT no xxecTkocTn, ypoBHIO AemMndonpoBaHus,
BENNYMHE BMEHUS, KOMNAKTHOCTU U NErkOCTU KOHCTPYKUMN. YeTblpexToyeyHas ravika umeet
OOVH HeJoCTaToK, CBA3aHHbIN C BO3HUKHOBEHUEM AnddepeHumnanbHOro npockanb3biBaHUs
LWapuKoB npu obkaTke, YTO BedeT K MOBbILLEHHOMY M3HOCY W MNpexaeBpeMeHHON notepu
TOYHOCTMW.

Cos3paHve npeaBapuTENbHOTO HaTAra B CUCTEME Ha PaCTSKEHWE UnuM oxKaTue AOSHKHO
NpoM3BOANTCA MCXOOA M3 HanpasneHuss OencTBust Hambonbllen BHewWwHen cunbl. [Ons
COXpaHEeHUs BbICOKOW >KEeCTKOCTU AOMKHO cobniogaTbCs  ycrnoBue  nogaep)kaHus
MUHUManbHoro npegHatara B LUBIT npu Bo3genctBum BHeWHUX cun. C TOYKM 3peHus
AaHHoro TpeboBaHWs, XO040Bble BWHTbI GONbLIOW ANWHBI NpeAcTaBnsloT cobon crnaboe
3BEHO B CTPYKType CTaHKa. [ns yBenuyeHusi XXeCTKOCTM XOA4OBble BWHTbI CHabXarTcs
YMOPHbIMX NOALMNHUKaMK ¢ obenx CTOpoH. B cnyyasx, korga TpebyeTcs MakcumarnbHas
xecTtkocTb LUBIT npu cpegHen BenuuMHe CKOPOCTU nepemeLlleHus, anbtepHatvson LUBII
SABNAETCA NnaHeTapHbIN POSIMKOBbLIA XO40BOW BUHT. [JaHHAs KOHCTPYKUMA XapaKTepuayeTtcs
bonblien nnowaabplo KOHTakTa npu ABWXKeHWW obkata M CKOMbXeHWs, 4YTo BedeT K
NOBbILLEHHOMY TPEHUIO N HarpeBy. B 4aHHOM KOHCTPYKTUBHOM UCMONHEHUN MeXOY XOO0BOW
rankon ©n BUHTOM pacnofioXeHbl MMaHeTapHble pPonukui. [MnaHeTapHble  POMUKK
yOoepXuBaloTCA Ha 3adaHHOM pacCTosaHMW Opyr OT Jpyra C MOMOLLbK niiaHeTapHoro
pegyktopa. [na 3aToro Ha nnaHeTapHbIX POnMKax MMeeTcsa 3ybyaTtka, 3auennsaioLllascs c
3ybyaTbiMy BEHUAMKN Ha KOHLE ranku. Ponuvku ¢ 3ybyaTkon obKaTbiBalOTCA MEXAy ravkon u
XOA4OBbIM BWHTOM. [lpegBapuTenbHbI  HaTAr 34ecCb, Kak ObiNo  MokasaHo paHee,
OCYLLECTBMSieTCA C MNOMOLLbIO pasgerneHns rankm Ha pase 4vactu. Ob6e 4yacTu ramku
pas3nensTca AUCTaHUMOHHBLIM KOMbLIOM, TOMLWKWHA KOTOPOro onpeaensaeT BeNnimMHy HaTtsra.
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@ NOALIMAHNK ®O .OI.‘O — Orcyrctayer NOALIMMHIK ‘. I OO
1 : BocnpusTve pagvanbHbiX Harpy3ok 5 : ina ycTaHoBkM Heobxoamma pa3bopHas
2: BOCI'IpMﬂTVIe OCeBbIX Harpy3ok KOHCTPYKLMA onop
3 : KomneHcaums cmeLleHust B 0CEBOM HanpaBneHun 6 : KomneHcauus yBO4a nocpeacTtsom HaCTpOVIKVI

nocpeacrtesom CcBOOOAHbIX BHELLHMX KoneL, yrna yCtaHOBKU noALUUNnHUKa
4 : KomneHcauus cMeLeHuin nocpencTBOM OCEBOIO CMELLEHNSA 7 : VicnonHeHne NoBbILLEHHOW TOYHOCTHU
BHELHUX N BHYTPEHHUX Korneu B NoABMXHOM ceane 8 : lNoBbILLEHHbIE YaCTOoThbl BpalleHuna

WcTounuk: FAG
Puc. 6-7: BMAI:I N XapakTepucTtukm nogMnHUKOB KavYHUA

Ha Puc. 6-7 npvBegeH 0630p pacnpoCTpaHeHHbIX BMAOB MOAWMMHMKOB KaveHus. [pu
BblOOpe MOALUMMHMKOBBIX Y3r0B  HeobxoouMMo yuuTbiBaTb TpeboBaHMA K  Hecyllen
CMOCOBHOCTK, XEeCTKOCTW, paguaribHOMy M OCeBOMY OUEHWMI0 U OONYCTUMbIM CKOPOCTAM
BpaweHnsa. Ha npakTuke Kaxabl BUA NOALIMNHUKOB NpUrodeH Ans onpeaeneHHon obnactu
npumeHenus. lMpu BbIGOpe MNOALMMHMKOB criegyeT yyduTbiBaTb OOLWME KOHCTPYKTMBHbIE
0COBEHHOCTN MOALUMMHMKOB pasHbiX BMAOB. PonukoBble noawwmvnHuMKKM oTnuvyatotca 6onee
BbICOKOW HecyLen cnoCobHOCTbLI0, YEM LLUAPMKONOALUUMNHNKKA paBHOro pasmepa. NocnegHue
nmeloT Gonee BbICOKME AOMYCTMMblE 3HAYEHWs OCEeBbIX YCWUMWUWA, a TakKke CKOpPOCTU
BpaweHnsa. OKoHyaTemnbHbIi BbIGOP TUNa NOAWMNHUKA MPOM3BOAMTCS UCXoOa U3
COBOKYMHOCTU TpeboBaHUM MO AOMYCTMMOW CKOPOCTU BpaLleHMs, Hecyllen crnocobHOCTH,
HanpaBneHns 4eNCTBUSA CUMbl U ONTOBEYHOCTH.

B 3aBUCMMOCTM OT TOYHOCTM CTaHKa MNPUMEHSIOTCA MOALUMNHUKA PpasfMYHOro Knacca
TOYHOCTW. TOYHOCTb MOAWMMHMKA YyKa3blBaeTca B ero 00o3Ha4yeHun, Hanpumep,
cneumanbHon ToYHOCTU (HeM. SP - Spezialprazision) unu yneTpanpeumsmoHHble (Hem. UP —
Ultraprézision). PacnpocTpaHeHHbIMM KraccaMyv TOYHOCTM MO  npuHaTon B OPI
knaccudpukaumm  aenaotcd P2-SP. lpuMeHeHue - BbICOKOTOYHBIX — MOALIMMHUKOB
uenecoobpasHo TOMbKO MpUM COOTBETCTBYHOLWEN TOYHOCTU npunerawowmx getanen. K
npuMepy, TOHKME Komnbua MOALWMMHUKOB MOTyT OTHOCUTENbHO Nerko AedopmupoBaTtbces,
ecnun nocagovyHoe OTBEPCTME B KOpryce Unmn nocagoyvyHas NoBepXHOCTb Bara U3roToBreHbl C
HeZOCTaTO4YHOM TOYHOCTLIO pasmMepa 1 opMbl.
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CpenHeenonox. HarpyxeHHole — HarpyxeHnHassoHa HarpyxeHHasi 3oHa npu
6e3 gencTevs 30HHbI B MOAL. C NpeABpUT. LAeNCTBUUN BHELLH. CUbI
BHELUHUX CUI nog aencTenem HaTarom (Ar< 0) FrB noaw. c npegHaTarom

Mot Ar>0 cunbl F, npu (Ar<0)
nodpte Ar>0

o1 B noawmnHuke Ar,e
(He ycTaHoBneH)

CpeaHee nonox.
(Mot Ar)

NONOXMWUT. 3a30p

do+Adtherm* Adfien

Ar= o ,0e33a3opa

/L&Q, ¢ npepgHaTarom

Mo T B noawunHuke Ar
(B CMOHTUWp. cocT., pab. Temneparypa)

TliodT/ 3a30p B MOAWMMNHUKE €CTb Mepa
repemelLaemMoCTV O[IHOTO U3 Konel, MOoALMMHMKa
OTHOCUTENbHO APYroro Kornbla B paguanbHOM Unm
OCEBOM HanpaBfieHuy OT yrnopa fjo ynopa

N

PagunanbHbiii ntodT noaLu. 5,

PaguanbHoe ycunve F

UcTounuk: FAG, SKF

Puc. 6-8: BzaumocBA3b Mexay BenuunHon nodta, Harpy>keHHoOM 30HOM, 1 AedopmaLmen NOALNMNHUKA

Moa ynpyron gechopmauuven noflwunnHuka & MOHUMAETCH OTHOCUTENbHOE MepeMeLleHne
BHELLHEro U BHYTPEHHEero Konevw, noglunHuka noa Aencrsnem BHelwuHen cunbl. Ha Puc. 6-8
npeacTaBneHa B3aMMOCBA3b Mexay ynpyron gecdopmaumen, nopToM U AencTByOLEN
BHELUHEN CUMNOW B NOALLMMHUKE C NpeaBapuUTeSibHbIM HAaTArOM 1 B CBOGOAHOM COCTOSIHUW.
CneBa Ha puCyHKe MokasaH noAawunHuk ¢ nodTom (r > 0). MNpyn gencTBMM BHELWHEN CUnbl
KonbLa nowunHuKa nepemMeLlarnTcs OTHOCUTENbHO APYr Apyra Ha BenuuuHy /2, a Takke
BENUYNHY CMELLEHUS BHYTPEHHEro Komnbla MNOALUNHUKA OTHOCUTENbHO UEHTPa Ogmax- B
nogwunHuke ¢ nodTom HarpyxeHHas 3oHa (— W bis + W) meHbwe 360 rpagycoB, 4To
obycnoBnMBaeT Manoe 4ucrno BOCMNPUHMMAIOLLMX Harpy3Ky Ten KadeHus. OTO BedeT K
3HauyuTenbHOW ynpyroi gecopmauumn noflwunHuka. B nogwwvnHuke ¢ npeaBapuTenbHbIM
HaTsaroMm, gaxe 6e3 BO3OeNCTBUSA BHELWIHeEW cwunbl, HabnwogaeTcs paBHOMepHas ynpyras
nedopmauma Bcex Ten KadeHus. bnarogapsa aTon HavanbHOW gedopmauunu, AencTeyoLwas
Ha NOAWMWMHMK BHELLHAA cuna pacnpejensieTca Ha BCe Tena KayeHus (HaTar Ha BepXHUX
LIapuKax CHKaEeTCs) N Bbl3bIBAET MEHbLUYIO CyMMapHY Aedopmauunio NoawmnnHuka, 4em B
cnyyae ¢ nodpTtoM. Kak BMOHO M3 rpadmka, 3aBUCMMOCTb dedopmauim NogLunnHuka ot
NPUNOXEHHOW CUMbl HE NUHEHAas!, a NPOrpeccuBHast, YTo ABNAETCA pe3ynbTaToOM pacTyLlein
cteneHun pgedopmauumm Ten KadeHud, Bedylwlen K yBenuUYeHuWo nnowiaan KOHTakTa M,
COOTBETCTBEHHO, MOBbILLEHWIO XXECTKOCTM.
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Puc. 6-9: Bo3pgenctBue npeaBapuTesibHOro HaTara Ha XXeCTKoCTb nNoALWUNHUKa

lMoBegeHne nofglUNHWKA nNog LOEWCTBMEM NpPEenBapUTENbHOMO HaTsara MOXeT ObiTb
npeacraBneHo rpamnyeckm ¢ NOMOLLLIO AnarpamMMbl MOBEAEHUSS CUCTEMbI X ABYX MPYXWUH
nog, AeNCTBMEM CUIMbl, CKUMAKOLWEN OaHY K pasrpyxatowen gpyryto (Puc. 6-9). MNoseaeHne
nogwunHuka 6e3 niodTa No4 AEeNCTBMEM BHELLHEW paguanbHon cunbl F, npegcrtaeBneHa
KPMBOW XECTKOCTM MPYXUHbI - HenpepbiBHaa Ha Puc. 6-9. CosgaHve npenBapuTenbHOro
HaTdara rpacuyeckm npeacraBngeTcd nyTem nepemMeLleHns 3epkanbHO OTPaXXeHHOW KpUBOW
XKECTKOCTM (LUTPUX-NYHKTUPHAs) NPOTUBOMOMOXHON CTOPOHbI MOALUMMHUKA, pasrpyXaemMomn
cunon F, cneea HanpaBo. CHayana Ha rpaduke oTMevaetca gecdopmaums nog AeACTBUEM
paguanbHon cunbl F, B nogwunHuke 6e3 niodta &*. MNpu cosgaHmm cunbl HaTsHKeHnst Fyqq,
KoTopasi TEOpPEeTMYECKM COOTBETCTBYET HeratmBHoMy ntodTy Ar= -0, BTOpas CTOpOHa
nogwunHMKa TaKkKe YyyacTByeT B pacnpefeneHunm HarpyskM UM cymmapHada ynpyras
aedopmaums o, coctaBnseT NnpuUMepHo nonosuHy &*. MNoBbiweHWe ycunua Hatara o Fyn
nyTem YyBenu4eHust HeraTuBHoro nwodprta go Ar= -2d* Beger, B COOTBETCTBUN C
NPorpeccupyoLlen  XapakTepUCTUKON  XKEeCTKOCTM nNpu  yBenuumearwoLwlenca cune, K
AanbHenwemy ymeHbLueHunto obLuen gedopmarmm nogwmnHuKa go or.,.
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Puc. 6-10: NonapHas ycTaHOBKa pagnanbHO-yNOPHbIX NOALWNMHUKOB

[lns napHOM yCTaHOBKM NOALUNMHUKOB C YrIOM KOHTakTa 6onble 0° (Hanpumep, KOHU4Yeckune
PONMKOBbIE  MOALUMMHUKW, pPaauanbHO-YMOPHbIE  LWAPUKONOALWMNHUKA)  NPUHLMNNANbsEHO
BO3MOXHbl TPW KOHCTPYKTUBHBLIX WCMOMHEHUs, MoKa3aHHble Ha Puc. 6-10 Ha npumepe
pagnanbHO-ynmopHOro  wapukonoawwunHmka. CneBa Ha puUCyHKke uM300pakeHa Tak
HasblBaemas O-obpasHas ycTaHoBKa, Oobo3Havyaemasi Tak Mo BWUAY CUIOBbIX KOHTaKTHbIX
nHWI. [aHHbI BUA YCTaHOBKM 0BecneymBaeT XecTKoe No3vuMOHMpOBaHNe Bana B Kopnyce
N XapakTepusyeTcd BbICOKMM [JOMNYCTUMbIM ONPOKMAbIBAOWNM MOMEHTOM. Kpome Toro,
KOHCTPYKUMS crnocobHa BOCNpUHMMATbL OCeBble Harpysku B nboM  HanpasneHuu.
HeobxoaMmo y4nTbiBaTh, 4TO Npwu OOMbWOW ANWHE Bana pasHOCTb TemnepaTtyp Ha
BHYTPEHHEM W BHELLHEM KorbLe BedeT K 3Ha4YUTeNnbHOW TemnepaTypHon aegopmarmm Bana
B OCEBOM HarnpasieHUN N CHWXKEHUIO NpeaHaTara NoALWnnHMKa.

MNMokaszaHHaa B UeHTpe pucyHka X-obpasHas ycTaHOBKa MOALUMMHWKOB Takke No3BonseT
BOCMPMHMMAaTb OCEBble Harpys3ku B 06oux HanpasneHusx. OgHako, BCReacTBMe Manoro
pacCcToaHNsa MexXay TouykamMu nepeceyvyeHusl CUMOBbIX KOHTaKTHbIX JIMHMKA C OCbl Bana,
aonyctumble nsrmbatowme MOMEHTbI AN AaHHOW KOHCTPYKUMM 3HAYUTENbHO MEHbLUE, YeMm
npn O-obpasHon ycTaHoBke. [lpy BO3AENCTBMM MOBbLILWEHHOW TemnepaTtypbl BenuynHa
npegHatara npu X-o6pa3Hon YCTaHOBKE MOALUMMHMKOB MOCTOSIHHO YyBenuumBaeTcs. [ns
BOCMPUATUA BOMbLUMX BHELIHUX YCUNMI MPOU3BOAUTCH TaHAemHas X-obpasHasa ycTaHOBKa
nogwunHukoB. [Ona HagexHonW paboTbl Nog OEeNCTBMEM OCEBbIX Harpysok B 06oumx
HanpaBneHUsiX LOMNOMHUTENbHO MpuMeHsalTca oauH wunnm gea O- wnm X-obpasHo
YCTaAHOBMNEHHbIX MoALlunHuKa. MNMpyn napHOM yCcTaHOBKe paguanbHO-YNOpHbIX NOSLWUIHUKOB
pagnanbHaa Harpyska pacnpegensetcsd HepaBHOMepHO Ha oba nogwwunHuka. [lapbl
NoALWNNHUKOB NOCTaBNAOTCA NPOU3BOAUTENEM C rapaHTUPOBAHHBLIM HATAroM UK NgTOM,
N FOTOBbIMWN K MOHTaXy 6€3 NpyMeHeHMA NPOCTaBOK.
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YMeHbLUEeHNE BENUYNHBI HaTsAra YBenvyeHve BenuyumHbl Hatdara

Puc. 6-11: Bo3gencTBue oceBoro TeMnepaTtypHoro paclimMpeHusi Ha BenM4YMHy npegBapuTenbHOro HaTsra
npu napHon X- n O-yctaHOBKe

CeouncTBa OTAENbHbIX MNOAWMWMHUKOB, @ TakKe LWNUHAENbHbIX Y3M0B, B 3HAYMTESbHOM
CTENeHNn 3aBUCAT OT BeNUYMHbl NpeaBapuTenbHOrO  Hatdra. [ns  akcnnyaTaumu
NOALMMHUKOB B ONTMMarbHOM pexvMe BO BCeM paboyem AvanasoHe BenuyMHa HaTdara
AO0IMKHa ObITb JOCTAaTOYHON, HO He Ype3MepHO BOoNbLLIOW. 3HAYUTENbHY TPYOHOCTb B 9TOM
CBA3M NpeacTaBnseT M3AMEeHeHMe BeNUYMHbI HaTara B npouecce aKcnnyatauun Bcreacteve
HeOAMHAKOBOro TeMnepaTypHOro pacliMpeHns Kopnyca v Bana wnuHgens. YHMBepcanbHbIX
nyTen peleHns daHHOW npobriembl Ha CErodHsWHMA OeHb He cyuwectByeT. Kpome ToOro,
BaXHbIM (PAKTOPOM, BIUSAIOWMM Ha BeNUMYMHY HaTara B MOAWWUMHMKAX, SBMASKOTCS
LeHTpobexHble CuMbl NPU BbLICOKUX CKOPOCTAX BpalwleHus wnuHaens. B craHgapTHbIX
KOHCTPYKLMAX MOBEPXHOCTb paccevBaHWUs LWNUHAENS U BOCMOXHOCTU €ro OxnaxgeHus
MeHbLUe, Yyem y Koprnyca. CoOTBETCTBEHHO, OCEBOE U paauarnbHOe TennoBoe pacluupeHve
wnuHaena Takke 6onblwe, Yem Yy kopnyca. OTHocuTenbHOe MepeMelleHre Konew
pagvanbHO-yMopHbIX  MNOALUMMHUKOB  OKasblBaeT HENOCPEeACTBEHHOE BO3AEWCTBME Ha
BennuuHy Hatgra. [loatomy Tepmuyeckoe pacliMpeHue Bana LWnuMHgens wu kKopnyca
OoKasblBaeT NpsMoe BO3OeNCTBME Ha HaTar noAwuvnHukoB. PagnanbHoe pacwmvpeHue BO
BCEX cryyasix BedeT K yBenuyeHuto HaTtdra. OceBoe paclumpeHue umeeT 3HadeHue Ans
a(ppeKkTBHON BEMMYUHBI HATAra MNOALWMMHUKOB, BOCNPUHUMAIOLLMX OAHOBPEMEHHO OCEBbIE
n paguanbHble ycunus. MNMpu aToM MexaHu3M BO34enCTBMe onpeaensercs BUAOM YCTaHOBKM
nap nogwwunHukoB (O- unu X-obpasHas). B cnyyae O-ycTtaHOBKM TennoBoe paclunpeHune
WINUHAENS BeAeT K OTAANEeHN0 BHYTPEHHUX KoneL, NOALWMWNHUKOB APYr OT Apyra 1 BenuymHa
HaTdara ymeHbwaetca. [lpy  yctaHoBke € X-006pasHbiMM  CUMOBBIMW  FIMHUSMU
npeaBapuTenbHbIN HATAr yBENMYMBAETCH, YTO, MPW OnpedeneHHbIX YCMOBUSX, MOXEeT
NPMBECTU K pa3pyLUEeHWIO NOALLUMHUKA.
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Puc. 6-12: KOHCTPYKTUBHbIE cNOCO6bl YCTAHOBKM MOALNUMHUKOB

CyLLeCcTBYIOT pa3fnuyHble KOHCTPYKTUBHbIE WCMOSIHEHMS OMOpP  LUNMHAENbHbIX  Y3r0B
(Puc. 6-12). Mpwn pacyeTe U KOHCTPYMPOBAHUM LUMUHAENEN C BbICOKOW CKOPOCTLIO BpalleHus
HeobXoOUMO y4yuTbiBaTb 3HAuYUTENbHble LEHTpPobexHble cunbl U TemnepaTypHble
paclWMpeHns U NMpPUHUMAaTb KOHCTPYKTUBHbIE Mepbl NS UX KOMMEeHcauun. 3TO BO3MOXHO
peanu3oBaTb, Hanpumep, C TMOMOLLbD YCTAHOBKM >KECTKO 3aKperfieHHOM B OCEeBOM
HanpaBneHnn onopbl CO CTOPOHbI MHCTPYMEHTa W nNnaBalowero noAwunHUKa Ha KoHue
wnuHgensa. C NOMOLWbI0  MPYXWMHbI  NOOAEPXKMBAETCH  MOCTOSIHHas  BENUYMH
npeaBaputenbHoro Hatdara. [lpu xecTkom 3akpenneHum o6eux Oonop WX YCTaHOBKa
NpovM3BOAUTCA Ha  MO3BOMSAIOLWEM KOMMEHCMPOBAaTb TemnepaTypHoe paclmpeHue
pacctosHui. B aTOM cnyvae paauvanbHble U OCeBble TEMMoBble pacliMpeHus Bana u
NOALIMNHUKOBLIX KOreL OONOSTHAKT ApYr Apyra TakK, YTO UX OTHOCUTESbHbIE NepemMeLleHus
OCYLLECTBIAIOTCA B HaNpaBfeHuW, neprneHOuKynsapHOM IMHUAM, oO6pasylowmm  yron
KOHTaKTa paauarnbHO-YNopHOro noAawunnHuka. Takum obpasom, TemnepatypHoe paclumpeHme
HanpaBneHo B CTOPOHY HaMMEHbLUEN XXeCTKOCTU (3KeCTKOCTb NpakTU4ecKn OTCYTCTBYET), U
n3MeHeHue npeaBapuTeribHOro HaTara B MOALUMNHUKAX NPaKTUYECKM HE MPOUCXOOUT.
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WnmHaens ¢ pagnanbHO-yNnopHbIMU LLnMHaens ¢ paguanbHO-yNnopHbIMA U
NoALMMHMKaMKN B TaHAEeMHOW O-ycTaHOBKe unnmnHopuyeckum noannHukamm

Puc. 6-13: KOHCTpYKLMM WNUHAENbHbIX Y3N0B

OcHOBHbIMK TpeboBaHMAMM, NPEeABABNAEMbIMU K WNUHAENAM METanNopeXyLmMX CTaHKOB,
ABNAOTCS:

- BpallleHe MHCTPYMEHTa Unn 3aroToBKM C AOCTaTOYHON KMHEMATUYECKOW TOYHOCTbIO;

- BOCMPUATME BHELUHWX Harpysok, Hanpumep, Beca 3aroTOBKM WNW CWMbl pe3aHusi, npu
HU3KNX CTaTUYECKMX, ANHAMUYECKNX N TEMNepaTypHbIX Aedopmaumsx.

KayectBo 06paboTaHHOM MOBEPXHOCTU 3arOTOBKWU, @ Takke NPOU3BOAUTENbHOCTb CTaHKa B
OOnbLION CTEMEeHN 3aBUCAT OT CTaTMYECKMX, [OUHAMUYECKMX W  TEPMOINACTUYHbIX
XapakTepuCTUK LWNMHAENBHOrO y3na. [1o3ToMy, NpyM KOHCTPYMPOBaHUN CTaHKOB, yaensetca
ocoboe BHUMaHWe pacyeTy 1 NPOeKTUPOBAHUIO LUNUHAENbHbIX Y30B.

B 3aBMCUMMOCTM OT KOHKPETHOM TEXHOMOrMYeckonm 3ajadu, BbIMNONHAEMOW TeM WU UHbIM
CTaHKkoM, 6binn paspaboTaHbl crneayowme 6a30Bble KOHCTPYKLMM MOALIMMNHUKOBBIX OMOp
rMaBHbIX WWNWHAENEN CTaHKOB:

* A) KOHMYECKME pPOSIMKOBblE MOALWMMNHUKA: HWKHUA [uanasoH CKOPOCTEN BpalleHus,
BbICOKasA XeCTKOCTb (TOKapHble, (ope3epHble CTaHKK);

* B) ogHO- vnn OBYXpSAHble LUMNMHAPUYECKME MOALIMMHUKA B COBOKYMHOCTU C pagnanbHO-
YMOPHbIM LLIAPUKOMOALUMIMHMKOM: CPeOHUA Anana3oH CKOPOCTEN BpaLLeHWUsl, O4eHb BbICOKas
XKECTKOCTb (TOKapHble, hpe3epHbie, CBEPNUIbHbIE, LUNMAOBANbHbIE CTaHKN);

* C) pagnanbHO-yrNopHbIE LLIAPUKONOALMMHUKA U LUMAVHAPUYECKNE MOAOLINMHUKA: CPEeaHUN
AnanasoH CKOpOCTEN BpalleHWsl, CpefHAs XeCTKOCTb (WwnudoBarnbHble, TOKapHble,
dpesepHble CTaHKM C BbICOKOW CKOPOCTbK BpalLEHWs LNUHAENSA) U BbICOKUE Harpysku
(pemeHHasa nepefava) Ha 3agHUIA NOALUUMHUK;

* D) pagunanbHo-ynopHble noawunHukn, O-obpasHasd XecTkas YCTaHOBKa: CpedHun —
BbICOKMA [Manas3oH CKOpPOCTeW BpalleHWsl, CpedHsAs KEeCTKOCTb, HU3KMe noTepu
(wnudpoBanbHble, TOKapHble, (pe3epHble CTaHKM CO CpPedHen CKOPOCTbIO BpaLLEHUS
LWNWMHAENSA N HASKUM YCUIMEM Ha 3a4HEM NOALUMMHUKE);

» E) pagnanbHo-ynopHble nogwunHuki, TaHaemHas O-obpasHas ycTaHOBKa, 3facTU4Hoe
co3faHue npegHatsara, rmépuaHble NOALWMNHUKA: BbICOKOCKOPOCTHbIE KOHCTPYKLMK (MOTOp-
LUNWMHAENKN), CPEeAHAs XEeCTKOCTb, HauMeHbLuMe noTepy MOLHOCTU (wnudoBanbHble U
dpesepHble CTaHKM C BbICOKOW CKOPOCTbIO BpaLLEHWs LWNUHOENS U HU3KUM YCUnem Ha
3agHeM NOALUUMHUKE);

* F) paguwanbHO-ynopHble W uunuHgpudeckve noawunHuki, O-obpasHasi ycTaHOBKa,
anactuyeckoe cosfaHue npegHatara, rMbpuaHble  MOALUMMHUKWA:  CPegHMe  CKOpPOCTU
BpaLleHns, cpefHue XeCcTKOCTU, Marnble NoTepU MOLHOCTY (WnudoBarbHble U pesepHble
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CTaHKM CO CpedHen CKOPOCTbK BpalleHUs LUNUHAENS M BbICOKOW Harpys3kom Ha 3agHeMm
NoALUNMHUKE).

Ha Pwuc. 6-13 nokasaHbl paboynme Cxembl LIECTU KOHCTPYKUMIA MOALIMMHUKOBBLIX OMop
wnuHaenen craHkoB. OTnvumMs B paguanbHOM M OCEBOWM KECTKOCTU LUNUHAENbHbLIX Y3MOB
BO3HWKAIOT, [Mpexae BCero, BCMeACTBUE pPasfiMyHbIX  XapakTepucTuK  nepenHux
nogWwnnHUKOB. PaananbHas XecTKOCTb BbIle Yy KOHCTPYKUMA LWNUHAENEen ¢ KOHUYEeCKUMU
pPOfIMKOBBIMW  NoAlUNHUKaMu  (wnuHgens A) M UUMAMHOPUYECKUMU  POSTUKOBBIMMA
noawunHukamu (wnuHaens B). Hanbonbluylo oceByO XeCcTKOCTb MMeeT wwnuHaens B 3a
cYyeT NPUMEHEHUS YNOPHbIX NOALWNMHMKOB. BapuaHt A, HecMoTpst Ha BOrnbLUYO MOBEPXHOCTb
KOHTaKTa KOHWYECKUX POJSIMKOBbIX MNOALUMMHUKOB, UMeeT MeHbLUylo, YeM B BapuaHte B
OCEBYI0 XeCTKOCTb. [lpuyMHOM [aHHOro OTNUYUA HABNAETCA MEHbLUMW Yrosli KOHTaKTa
(BaBreHns) KOHMYECKOro ponMKoBOro noawwunHuka. LUnuHaenbHble y3nbl € paguarnbHO-
YMOPHbIMWU NOoALWMNHUKaMM obnagatoT ewe 6onee HNU3KONM OCEBOW XXECTKOCTbIO BCNeacTBUe
Manoro HOMWHaNbHOrO Yrra KoHTakTa, OOblMHO cocTaBndawowme 15° wnm 25°. [lpu
NPUMEHEHUN NOALUUNHUKOB C HOMUHAIbHLIM YrIOM KOHTaKTa 25° KeCTKOCTb LNNHAOEIbHbIX
y3NOB B OCEBOM HanpasBfeHun noBbIWaeTca W pasHuua Mexgy KOHCTPYKTUBHLIMU
BapnaHtamu A u B cTaHOBUTCA MeHblle. PaguanbHas XecTKoCTb nNpu 3ToM najaer.
XKecTkoCcTb NOALMNHUKOBBLIX OMOP HauBbICLWasa B BapuaHTe E, rae obe CTOpoHb! WnvHaens -
TaHgeMHble onopbl ¢ O-06pa3HbIMY CUNOBLIMU IMHUAMUW KOHTaKTa.
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Puc. 6-14. Bnusine pasHuMubl TemnepaTyp dT BHelWHero M BHYTPEHHEro Korew Ha BerUYUHY
npeaBapuUTenbLHOro HaTara

dnactnyHasa HacTpoyrika NpeaBapUTENbHOTO HaTsara MOXET OCYLECTBMASATbCS C MOMOLLbIO
HECKOMbKNX TapenbvatbiX NPYXWH,.UN PacrosioKEeHHbIX NO OKPY)XXHOCTM dniaHua BUHTOBbIX
NPYXWH, UM NpU NOMOLWKM rnapaenuyeckon cuctembl. Ha Puc. 6-14 nokasaHbl cnocobbl
CO34aHvsA 1 yaepXaHus HaTsra Ha npumepe pagvarnbHO-YMOPHbIX LLIAPUKONOALIMMHUKOB 1
UMNUHOPUYECKUX  PONMKOBBLIX — MOAWMNHMKOB. [lokasaHHble BapuaHTbl  OTMYaoTCA
)KECTKOCTHbIMM XapaKTepPUCTUKaMn W, crieqoBaTefibHO, BENNYMHON U3MEHEHMS HaTara npu
0oCeBbIX cMelleHusiX. KecTkad ycTaHOBKa noAwunHukoB (BapuaHT A), T.e. dumkcaums
BHYTPEHHETO W BHELIHEro Kofewu noAawunHuMKoB ©6e3  BO3MOXHOCTM  CBOGOAHOroO
nepemMeLleHuns, npeacrasnsetr cobon camoe NpOCTOe KOHCTPYKTMBHOE pelleHue. [ns ero
peanusaumm HeobxogMMO HauMeHbllee 4ncno getanen u Hebonblloe NPOCTPAHCTBO ANS
MOHTaxa. [aHHYl0  KOHCTPYKLMIO C  >KECTKUMW  OUCTaHUMOHHBIMKM  NPOCTaBKamu
uenecoobpasHo nNPUMEHATb ANs  MOAWMMHMKOB €  HEOOMbLWMM  NPOMEXYTOYHbLIM
paccTosiHMEM, TaK Kak B MPOTMBHOM Cry4vae YyBenuMyeHue pasHuubl TemnepaTyp Bana
WNUHAena W Koprnyca npuBedetr K OONbLIOMY W3MEHEHUIO BENWYMHBLI NpeaHaTsara.
KoHCTpyKUMM € anacTuUYHbIM CO34aHMEM npefHaTtara B nogwwunHukax (BapuaHtel B n C)
CrnocobHbl  MoAadepXMBaTb €ro  MPaKTUYECKM HEU3MEHHYID BENUYMHY Takke npu
TemnepaTypHOM paclUMPEHUN KOMMOHEHTOB LWNMHAENbHOrO y3na. [aHHble KOHCTPyKUun
cnegyeT nNpUMEHATb B OCOBEHHOCTM Ana y3noB C 6OMblUMM  paccTosHUMEM  Mexay
NOALWMNHUKOBBIMW  onopamu. [lpyM  MCNOMNb30BaHMM  3NAaCTUYHBLIX CUCTEM MpegHaTdara
Heobxoaumo ybeanTbCs, YTO ANacTUYHbIE ANIEMEHTLI HE pacnonaratoTcsa B NOTOKE AEeNCTBUS
CMUIT U HE CHUXKAIOT XKECTKOCTb LUNUHAENbHOrO y3na.
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HanpaBnmomaﬂ BTYJ1Ka CKONbXeHus LlJapVIKOBaﬂ BTYyInKa

Puc. 6-15: KOHCTPYKTUMBHbIE€ UCMOSTHEHUSI NJIaBaloLUX ONop

Mpy NPoOEeKTUPOBaHMM 3MACTUYHOW CUCTEMbI NpeaBapuUTENbHOrO0 HaTara MOALUMNHUKOB
HeobxoauMO nNpeaycMOTpeTb BO3MOXHOCTb OCEBOro nepemMelleHus koneu. Hebonbluon
3a30p, WMEKLWMNCA BO BTYMKax CKOMbXEHWs, MOXeT YMeHbllaTbCa BCneactesune
TemnepaTypHbIX pacluMpeHn B npouecce akcnnyataumm. Kpome Toro, BTYNKWU CKONMBXEHUS
noaBep>KeHbl KOHTaKTHOW KOPPO3uK, 3HAYUTENbHO YXyALlatowen NoaBUXKHOCTb, BCreacTamne
4yero BenWYMHa MpeaBapuUTErbHOrO HaTdra He MOXeT noagepXuBatbCA Ha 3adaHHOM
ypoBHe. Ha Pwuc. 6-15 nokasaHbl KOHCTPYKTUBHbIE WCMOMIHEHUS MNaBalolwen onopbl.
HanGonee npocTbiM pelleHneM 4€BnseTca MNPUMEHEHUA BTYMKM CKOMbXEHWS, KoTopas
yCTaHaBnMBaeTCs B KOpMyc MO nocagke C 3a30pOM U MOXeT rfnepemellatbCsi B OCEBOM
HanpasneHnn. Tun nocagku BbIBMPaAeTCs UCXOAS U3 Harpy>XEHHOCTWU y3na U KOHCTPYKLMM
wnuHaens. BHewHue konbla MOAWWMHUKOB YCTaHABNUBAKOTCA HENOCPEACTBEHHO BO
BTYNKy. B cnydae, ecnv HeobGxoamMbi AN nepemMeLlleHns MUHUMarbHbIN 3a30p ucyesaeT
U3 cUCTeMbl BCMeACTBME TeMnepaTypHOro paclUMpeHus WM KOppo3uu Mo NocagoyHoun
NMOBEPXHOCTU, BO3MOXHOCTb AN KOMMEHcauun TEPMUYECKOro pacluMpeHus ncdesaeT, vTo
MOXET nNPUBECTU K paspylleHWo MOALUMNHUKOBLIX onop. [Ana npegoTBpaleHus
BblLUEHa3BaHHbIX HEraTMBHbIX BO3OENCTBUA BO3MOXHO MPUMEHEHWEe BTYMNOK W3 LUBETHbIX
MeTannoB WM aHTUMPPUKLUNOHHBIX MNOKPbITUA. [peumyliectBamn BTYMKU  CKOSNbXEHUS
ABMAIOTCA XOpPOLIMA OTBOL Tenna M3 NOALUUMHWKA B KOPMYC M NPOCTOE KOHCTPYKTUBHOE
ucrnonHeHve. [INs CHWKeHUs TpeHNs Mexay nnasatowmMMmn onopaMmm u aneMeHTaMmmn Kopnyca
MOTYT NPUMEHSITLCS LWapUKOBble BTYIKWU. [Mpy NPOeKTMpOBaHUKU JaHHbIX cucTeM HeobxoaumMo
NPVHATL BO BHUMaHWe, YTO M3-3a Maroro paguyca LUapuKoB B 30HE KOHTaKTa LUapWKOB C
KOpNycOM BO3HMKalOT OOMNblUME KOHTaKTHblE HamnpsbKeHus coxatua (HanpsbkeHusa [epua),
KOTOpble 3HaYUTENbHO YBENUYMBAKOTCA MPU TEPMUYECKOM paclumpeHun. Kpome Toro, 13-3a
Maron nnowaan KOHTakTa BTyMKa—LUapuk-Koprnyc 3aTpydHeH OTBOA Tenna, YTO MOXeT
NPUBECTU K Neperpesy MOALLMMHUKA.
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Puc. 6-16: LLinndoBanbHbIi WNMHAENb C 31aCTUMHOW TaHOEMHOW YCTaHOBKOM Onop

Ha Puc. 6-16 nokasaH MoToOp-LWNMHAENb WwWnudoBanbHOro craHka B O-ycTaHOBKE Ha AOBYX
TaHOEMHbIX OMnopax, COCTOAWMX M3 MNPELM3NOHHBIX paguanbHO-YMOPHbIX LUAPUKOBbIX
noawunHukoB. [peaBapuTenbHbIA  HATAr  NOALMMNHUKOB  OCYLLECTBMNSETCS  YNpyrumm
anemMeHTamMn — TapenbyaTbiMU MNpyXuHamu. BenuunHa HaTtara perynupyetcs € MOMOLLbIO
YyCT@HOBOYHOIO BMHTA. 3agHAs napa MNOALUMMHUKOB YCTAHOBIEHA B LUAPMKOBOW BTYIIKE,
nepeMeLlaeMon B OCEBOM HanpaefeHun. 3aXuMM UHCTPyMEeHTa B  LINuHAene
ocyulecTBnsieTca  No  KOHycHomy  conpsbkeHuto  (HSK).  Cmaska  noAwwuvnHMKOB
OCYLLECTBNAETCS 4epe3 LEeHTPanuM3oBaHHyl0 cuctemy. KoMNakTHOCTb  KOHCTPYKUMM
[OCTUraeTcs 3a CYET pacrnonoXeHus ABuraTens mexay nepegHen u 3agHen onopamu. Ban
LINMHAENA NPUBOAUTCA B ABMXXEHME HAaNpeCcCoBaHHbIM POTOPOM. BHellHss cTopoHa ctaTtopa
ABUraTens n HapyxHble KonbLla nepegHuX NOAWMNHUKOB UMEIOT BOASHOE OXNaXaeHue.



MeTannopexylwme ctaHku Jlekyus No6

22

npu
BpaLeHnun

/
PagnanbHO-ynopHbIv NoALWW MHUK
—
B 3aBOJCKOM U CMONHEHNM
_ ?
///
wlnnenring
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F. . - HopmanbHas cuna (BHYTPEH., BHELLH.) Quwaz = Yronobkata Wapnkos
Freb,,a = Cuna TPeHWS (BHYTPEH., BHELLH.) aia ~  Yron paBneHus (BHyTpPEH., BHELLH.)
My - 'Mpockonn4ecKknii MOMEHT Uy " HomuHanbHbI yron gaBneHns nocre cbopku
Wi a - YrnoB. ckop. BpaLy. LLapnKoB (BHyTpeH., BHELIJH.) W innenring = YTFTOB. CKOPOCTb BHYTPEHHero Konbua

Puc. 6-17: Cunbl 1 MOMeHTbI, AeMCTBYIOLME Ha TeNOo KayeHus B paavanbHO-YyNOPHOM NOALMNMHUKE

CospgaHue npeaoBaputenbHOro HatdAra B paguvarnbHOM MNoAluUnHUKE BO3MOXHO NyTeM
pacwmnpeHna BHYTpPeHHero Kosbua Ges npuUMeHeHnA OONONMHUTENIbHbIX BHELUHUX CUrl. Ons
Cco34aHNA HaTAra B YMNOPHbIX, paananbHO-YMOPHbLIX U KOHUYECKUX POJIMKOBbLIX NOALUMMHUKAX
Tpe6yeTC;| BHELWIHAA CcuUna, anda co3gaHud KOTOpOI7I MOXET NPUMEHATbCA, Hanpmuvep, BTOpOVl
noaWwnnNHUK Unn npyxunHa. I'IpM Harpy>XeHun ten Kad4eHna noAglnnHUKOB C YIINOM KOHTaKTa

a>0° r’MpocKonn4yecknmm MOMEeHTaMMu, BO3HUKAIOT cunbl, orpaHnymearowine

SKCnJi1yaTaunOHHbIE CBOWCTBa NoAwunnHuKa. Yron a pacnonoxeH Mexay NNHWEN Harpy>xeHuA
Tena KavyeHuna 1 ni1oCKOCTbo BpalleHnA noaLunnHuka. rVIpOCKOI'IVI‘-IeCKVII7I MOMEHT BO3HUKaAET
BcnenctBne naMeHeHua HanpasiieHnsa OCU BpalleHUaA Tena KadyeHUuA (VI3MeHeHVIe CI'IVIHa) n
HanpasrieH TakKnv o6pasoM, 4yTOObI NOBEPHYTb TeJyi0 KavYeHua nepneHgukyrnapHo
HanpasieHNno ero ABMXEHUA. Hanpvlmep, B KOHMYECKUX POJIMKOBbLIX noALnNnHUKax
nepexkawmBaHne KOHMYECKUX POJQIMKOB BedeT K OTXaTuo KoJiey noawnnHMKa gpyr ot gpyra.
B paananbHO-YNOPHbIX nNoAWUNHUKaX noa nencrsnem r’MpOCKoONnM4yeCknx MOMEHTOB
BO3HUKAET OMNaCHOCTb NOBOPOTA TeJ1 Ka4eHuA nepneHgukyrapHoO K OCU BpalleHUA. I'I03Tomy
B pagunanbHO-YNOPHbIX NoALUMHUKAX HeobxoaMmMo co3gaHMe MUHMMAaNbHOro HaTara B
OCeBOM HanpasneHun gna npeagorspalleHnda BO3SHUKHOBEHUA TMPOCKONMMYEeCKOoro BpalleHnd
Tell KaudeHud, Beayulero K CKOJMbXXeHUK Tell Ka4deHUA 1O MNOBEepPXHOCTU KadeHuda Wu,
cnegoBaTesibHO, (prIKLI,I/IOHHOMy M3HOCY. PacueT HeobGxoagumoro HaTsra npon3BoanTcAa npu

ycnosuun, 4TO npoun3seneHune FZ'DW'H AOJDKHO ObITb OonblUe, Yem FI/IpOCKOI'IVI‘-IeCKVIIZ MOMEHT

(F, - Harpy3ka Ha Teno kadeHus). [ns ObiCTpOBpaLLAOWNXCA OCEBbIX MOALMMHUKOB
HeobX0aUMO yYnUTbIBATL, YTO LLEHTPOBEXHbIE CUITbl OTXKMMAIOT KOMbLia NOALUMMHMKOB APYr OT
apyra M CMELLEHMIO JNIMHUM KOHTaKTa K BHELIHEeW CTOpPOHe noawwunHuka. [Ona pacuyeta
MUHMMArbHOrO 3HAYeHUsI HaTara C y4eToM OOOMX OMNMCaHHbIX 3PEKTOB NpUMeHsAeTCs
crnepytollee ypaBHeHuve:

2
n
Famin =M Eﬁ—lgggj

foe M — cneumanbHbI NapamMeTp NOALIUMHWMKA, YKasbiBaeMblll npoudsogutenem. Famin
Bblpa)kaeTcs B JEKaHbIOTOHAX.

PaguanbHO-ynopHble NOALWWMHUKA BbINOSTHAKT OYHKLUMIO Kak paguanbHblX, Tak U OCEBbIX
onop. MNog genctenem LEHTPOOEXHBIX CUI N TMPOCKOMMYECKMX MOMEHTOB Ha Tena KadeHusi B
Takux NOALUMMNHUKAX, MPU BbICOKMX YaCTOTaxX BpaLLEeHUs LUNWHAENS, BO3HUKAET CMeLleHue
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TOYEK KOHTaKTa LWAapWKOB WM LOPOXKEK KayeHMsl Ha BHYTPEHHEM W HapYyXHOM KofbLax
(Puc. 6-17). Y HENOABWMXXHOIrO NoALWMMHMKA, OCOBEHHO C NpeaBapuUTENbHbIM HATSAroM, NUHUS,
COeAUHANLWAa TOYKM KOHTaKTa W cepeduHy Tena KadeHusl, UMeeT Yrosl HaknoHa Og K
BepTUKanbHOM NMockoCcTU. [Mpu BBICOKMX 4YacToTax BpalleHusl Lapuk, nog AOencTBueM
LEHTPOOEXHOW CUSbI, CMELLLAITCS K BHELLHEMY KOSbLy. YTON KOHTaKTa O, MeXay LWapuKkoM n
BEpPXHEN JOPOXKKON KauyeHUs1 YMEHbLLAETCS, Yron KOHTaKTa Og MeXay LapukamMmm u JOpPOXKKOn
KayeHust Ha BHyTpeHHeM Konbue yBenuumBaeTcs. LleHTpobexHas cuna Bbi3blBaeT Takke
yBenuyeHne HopmarnbHOM cunbl Fa mMexagy LapukoM U OOPOXKOW KauYeHUs Ha Hapy>XKHOM
Konbue. VIaMeHeHue 3HavyeHW yrna KOHTakTa M BO3AENCTBUE LEHTPOGEXHON Cunbl npwu
BbICOKOW Y4acToTe BpalleHua BefeT K TOMY, YTO OTAeNnbHO paccMaTpuBaeMblil LLapuk
HaunHaeT oOKaTbiBaTbCs MNPAKTUYECKM TOSMbKO MO BHELIHEMY KonbLy. Ha BHyTpeHHeMm
KonbLe NOALUMMHMKA, BCNeCTBME HU3KOM NPWKMMAIOLLEN CUMbl HA OBWKEHME obkaTta MoryT
HaKnaablBaTbCA OBWKEHUS CKOMbXEHMS, a Takke BpaleHus, 00yCnoBneHHble N3MEHEHNEM
3HayeHus yrna koHTakta. OOHOBPEMEHHOE CKOMbXEeHMe W BpalleHne BedeT K Tak
Ha3blBaeMomy OyKCoBaHMIO, KOTOPOE, NPW HEAOCTAaTOYHOW CMa3Ke, BbI3bIBAET UHTEHCUBHbIN
M3HOC MOBEPXHOCTEN KoHTakTa. lNpegoTBpallieHMe BO3HMKHOBEHUSA OYKCOBaHMS BO3MOXHO
TOMNbKO YBENUYEHWeM nMpeaBapuUTENbHOrO HaTsara B OCEBOM HanpasneHun. BenuuuHa
HaTdara, B TO € BpeMsi, He OOSPKHO MpeBbllaTh MakCUMarbHO AOMYCTUMYKO Harpysky Ha
NOALUUIMHUK.

Moa oencrTemMeM pagumanbHOW CUbl BO3HUKAET CMeLLeHMe BHYTPEHHEro KorbLia NoALLMNHUKa
OTHOCUTENBbHO BHELLHEro. OTO CMeELLEeHME BeOeT K U3BMEHEHWUI0 Harpy3kn Ha OOPOXKM U Ha
Tena KayeHusi B 3aBMCUMOCTU OT YIIIOBOrO MOJSIOXKEHMUS, YTO, B CBOK O4vepedb, Bbi3biBaeT
NU3MEeHEHMeE YrroB KOHTAKTa Q; U Oa, ONpeaensaiowmnx nosegeHme nogwmnnHmka nog Harpyskom.
lMepekalwumBaHne BHYTPEHHEro Kofbla BbI3blBaeT pasHULY CKOPOCTEN MepemMeLLeHns
lWwapunkoB npu obkaTke MO BHYTPEHHEMY KOfbLy, BeAyLY K pasHuiue NpONAEeHHbIX
Wwapukamun nyten. B pasrpy>keHHon obnacTtu noaLwmnHmka nepegaTtoyHoe OTHOLEHNE MeXay
LUAPUKOM M BHYTPEHHMM KOMbLIOM Gonblle, a CKOPOCTb NEePEMELLEHMS LAapUKa No AOPOXKE
KayeHusi, COOTBETCTBEHHO, Bbilwe (3aberaHune). Ecnn pasHuua B NpOMAEHHbIX PacCTOAHUSX
NPeBbICUT 3a30p B siYelKax cenapaTtopa, BO3HUKAET OMaCHOCTb paspyLleHns cenapatopa u
noaLnnHuKa.
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XecTKasa yctaHOBKa Huskas YacToTa BpalieHus

m [IpeumyulecTsa:

— TpocToTa MOHTaxa NocpesCcTBOM TaHAEMHOW
YCTaHOBKW UMW YCTAHOBKN Yepe3 ANCTaHLMOHHbIE
KonbLa

— BocnpusaTtre oceBbix Harpy3ok B ABYX HanpaBneHnsx

— OTCyTCTBME OCEBOrO CMELLEHUS BHYTPEHHETO KOrbLia

Fy: MpeanaTar
Fn: KoHTakTH. cuna
Fz: LleHTpoGexH. cuna

Bbicokas yactoTta
B HepocTtaTtku: BpaweHuns
— lMoBbiweHne npeasapuTenbHoro HaTara (O-obpasHas

yCTaHOBKa) NpY BbICOKMX YacTOTax BpaLLeHWs 1 nog
nevicTBUEM Temneparypbl

) : AXr OCEBOE CMelleHne
AnacTnyHasa ycTtaHOBKa S F, AT R e —
u [TpeumyuiecTsa: KosbLia BblLLEe YeM
— TloCTOsAHHBIN NpeaBapUTEnbHbIA HATAT B LUMPOKOM BHELLHEro
[AvanasoHe YacToT BpalleHNs R

— BbiCOKME peanu3yemMble YacTOTbl BpalleHns

m HepocTaTku:
— 3HaunTenbHoe M3MEHEHWE KMHEMATU KM NOALIMUMHUKA
NpW BbICOKOI YacToTe BpalleHusi (M3MeHeHue yrna
[aBneHuns)

— OceBoe cmelleHne BHYTPEHHEero Kosbua noglnnHnka ,-
nop aevictenem TemnepaTypbl U MPU BbICOKUX HU3Kasn BblCOKas.

YacToTax BpalleHuns YacToTa BpalweHus yacT. Bpaly. AXiR

Puc. 6-18: BnusiHne BbLICOKOM 4acTOTbl BpalwleHnA U HarpeBa BHYTPeHHero Konbua noAgwMnHUKa Ha
KUMHeMaTuky noalmnHukKa

Bug oOTHOCMTENBHBLIX MNEPEMELLEHUA KOMMOHEHTOB paauanbHO-YNOPHOro  MOALUMIHUKA
HaxoauTCs B HEMOCPEACTBEHHOW 3aBMCMMOCTM OT Harpy3ku, Temnepatypbl M 4acToTbl
BpaweHusi. Kpome TOro, napameTpbl MOHTaxa, TUM MOCadKW U B3aVMHOE pacnorioXeHune
npunerawwmx MNOAWMUMHUKOB Takke OnpedensioT KMHeMaTUYecKMe XapaKTepUCTUKK
noawWmnHukoB. B ocobeHHOCTU, N3MeHeHe paguanbHOro nogTa okasbiBaeT 3HAYUTENbHOE
BMUSIHUE HA BENUYMHY yria KOHTaKTa, Ha AEUCTBYIOLME B MOALUMMHMKE CUMbl, @ Takke Ha
CKOPOCTM NepeMeLLeHnss ero KOMMNOHEHTOB. Bbicokasi YacToTa BpalleHUsi XxapakTepusyeTtcs
BbICOKMMM LIEHTPOOEXHbIMW Ccunamu B NOALWIMNHMKE, BCNEACTBME 4ero Habnogaetcs
Aedopmaums BHyTpeHHero konbua. Mpu noBbileHMU TemnepaTypbl BHYTPEHHEro kosnbua
noa AeNCTBMEM LIEHTPODBEXHbIX cun, AedopMaums yCUNMBaeTCs 3a c4eT TemnepaTypHOro
paclmpeHusi. YTomnuleHne BHYTPEHHero KofbLa YMeHblUuaeT paguanbHbld niodT B
NOAWMUMHUKE, 3a CYeT Yero YCTaHaBMMBAETCA MEHbLUMI Yron KoHTakTa. Touku
COMPUKOCHOBEHUSI  LLUAPVMKOB C BHYTPEHHUM W BHELHWM KOMbLOM CMeLLaloTcs U
NpUBNMKaOTCA K OCHOBAHMIO Xeroba OOPOXKM KayeHusi. Bbicokune LieHTpobexHble Cumbl
TaKkKe OKasblBAOT BO3AENCTBME HA LUAPUKW, YTO MPMBOAUT K NepepacrnpenereHuo cun
MeXay BHYTPEHHUM W BHELIHUM KonbuoM (Puc. 6-18). Ecnu npy HU3KoW YacToTe BpalleHus
1 TemnepaType HopMarsbHble CUIbl, 4EWCTBYIOLLME Ha LIAPVKK, ObiM paBHbI MO BENUYUHE U
NPOTMBOMONOXHbLI MO HanpaBlEHUo, TO, NPV BbICOKON YacToTe BpaLLEHUS U YBENUYEHUM
TeMnepaTypbl, CUMbl Ha BHELUHEM KONbLe MPEBbLILIAT CUMbl Ha BHYTPEHHEM. Takum
obpa3omM, UeHTpoGexHble Cuibl Ha Llapukax, BHYTPEHHEM W BHELUHEM KoflbLiax
NOAWMUMHUKA, a TakkKe pasHuLa TemnepaTyp BHYTPEHHEro M BHELUHEro KonbLla WMET
CNOXHbI MEXaHU3M BO34EeNCTBME Ha KMHEMaTUYECKNE YCroBuMs paboTbl NOALIMMHMKE.

YMeHbLUeHNe paguanbHOro nodTa B onope BMAMSIET HA CUCTEMY B 3aBMCUMMOCTM OT BuAa
YCTaAHOBKWM MoALIMNHMKa B kopnyc,. [Npy cosgaHum npenBapuTenibHOro Hatsira ¢ NOMOLLbO
yNpyrux arieMeHToB, OCEBOE MOSIOXKEHMNE BHYTPEHHEro KosbLa U3MEHSIETCSH MO OTHOLLEHMIO K
BHelHeMy Konbly. BcrneacTBue pacluvMpeHusi, BHYTPEHHee KOnbLo CMellaeTcss B
HanpaBneHnM W3MEHEHWs1 yrna KOHTaKTa, TaK Kak W3MeHeHWe paguanbHOrO U OCEBOro
nepemMelLeHns B3auMMOCBSi3aHbl. B3aMmogencTBuMe  OCyLecTBRsSieTCs Mo NpuUHUMNY,
aHanorM4YHomy npuHUMNY KnuHoBoro mexaHusma (Puc. 6-18, cneea). B cnydae, ecnu
OCEBOMY NepeMeLLEHNI0 BHYTPEHHEro KombLia NPensiTCTBYeT KecTkas YCTaHOBKa (KecTkast
O- unn X-obpasHasi ycTaHOBKa), TO paclUMpeHue BHYTPEHHEro Komnbla BeAeT K CUbHOMY
NOBLILLEHWIO MpeaBapuTenbHoro Hatara B onope (Puc. 6-18, cnpaea). Ha noawmnHuk
HauMHalT [eNCTBOBaTb MOBbLILWEHHbIE HarpyskM, MOMEHT TpeHWs U TemnepaTtypa
nosblwatoTcs. [ockonbky mMexay obpasoBaHMEM Tenna M HaTAroM cyllecTByeT obpaTtHas
CBSI3b Yepe3 paclMpeHue BHYTPEHHEro Kombla, CYLEeCTBYeT ONacHOCTb 3aKMWMHWBAHUS
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NOALWWMHUKA «HaMepTBO» M ero paspyweHve. HenocToAHCTBO BeNWYUHbI HaTtara u
TemnepaTypbl TaKke MOXeT NPUBECTU K ObICTPOMY paspylueHuto noAwwunHuka. Mcxoas ms
3TOro, OMopbl BLICTPOXOAHBLIX LUNMHAENEN (CKOPOCTHOWM nokasatenb 1,5 x 10° mm/MuH)
BbIMONMHATCH MUCKITOYUTENBHO C 3MacTUYHbIM, TMOPABIUNYECKUM WUNU MHEBMATUYECKUM
cosfaHvem npeasapuTenbHoro Hatara. pu anacTnyHoW ycTtaHoBKe (Cco3faHue npegHaTsara
C MOMOLBIO YMNPYrnX SrEMEHTOB) CYLLECTBYET OMacHOCTb 3aKMVHMBAHUA MNOALIWMHUKA B
OCEBOM HanpasIieHUN BCNeACTBUE MOBLILEHHOrO TPEHWsI HapyXXHOro KorbLa no Kopnycy.
Kpome Toro, cosgaHue npeaBapuTeribHOro HaTsara, rnpesbilalowero AonyCcTUMbIA YPOBEHb,
TaKKe MOXEeT MPUBECTU K BbIXOAY onop M3 cTpos. [loaToMmy Ana HagexHon akcnnyaTtauuu
OMnop Ha BbICOKUX CKOPOCTSIX, HEOOXOAMMO MNpPUMEHEeHMEe CUCTEM 3MacTUYHOro HaTdara, a
Takke 3agaHne pabo4vmx napameTpoB CTPOro B COOTBETCTBUW C AONYCTUMbBIMMU.

BbiaeneHue Tenna
BCneacTB. TPeHus \

CronopeHue

MpeBbiweHne MoBbIw-e |
R O «— n%nycmmux‘- BHYTPEH. MoBbiwaeTcs / He MeHsieTCA—— Bripenen. 1 yaneH.
noAWMUNHMKa > KOM-BO TeNmnoThl
u3 cTpost 3HaYeHUN Harpysku \< OANHAKOBO
OTBOp Tenna Ha BHYTPeH. +
1 BHELLHEM KorbLie NOALIMMHMKA
HeoauHaKoB
Temnepatypa
NOCTOSIHHA
MoBbiweHne l
KOHTaKTHbIX .
‘// " HepaBHoMepHbIii HarpeB +
BHYTPEHHETO U BHELLHEro
Koneu, a Takke Ten KayeHusa CTtabunbHas paGo‘ra
Meperpyska  [lepeHanpsixeHne NOALLMMHMKA
CMa3. MMeHKN  30Hbl KOHTaKTa \
! !
MoBbiLIEHHbIA MuTTYHr YMeHbLueHne MpeBbiweHne aonycTMmon
nsHoc paauansHoro nogra Temneparypbl
N\

CHMuXeHue AONIroBe4HOCTU
Puc. 6-19: Linkn BO3HMKHOBEHUA OTKa3a LUNIMHAPUYECKOro NoALUNNHMKA

B nopwwvnHukax, He WMEKLWMX BO3MOXHOCTU OCEBOrO CMELLEHUs NoA OeiCTBUEM
NOBLILLIEHHOW TeMmnepaTypbl, HarpyskM Mpu TemnepaTypHou AedopMauum BHYTPEHHErO
KonbLa WMET MPOrpeccuBHbIn xapaktep. [Mpy NpeBblEHUM [ONYCTUMOrO 3HaveHust
npeaBapuTENbHOrO Hatsra obpasoBaHMe Tenna pes3ko YBEeNWuMBaeTCs, a OTBOA4 Tenna
NPOM3BOAUTCS HEOOCTaTOMHO ObICTpo, B OCOBEHHOCTM Ha BHYTPEHHeM konble. B
NOOLWMWMHUKE BO3HMKAET 3aMKHYTbIA MPOLECC BO3HUKHOBEHMSI OTkasa, Bedywuin 3a
CYMTaHHbIe CEKyHAbI K neperpyske u paspywexuio (Puc. 6-19).
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NameHeHne reomMeTpumn noaLwinnHUKa and npeaorspalleHnd TemMmnepaTtypHoro
3aKIMMHNBaAHNA POJIMKOB U Koriel

[_ r ' ™\
J" - - = = F«..—v ___-___________J

\___"___————-_-_-_..

MopaTtnueoe MopaTtnuBoe noaaTnuBbIN

BHeLLUHee KonbLlo BHYTPEeHHee KOmnbLo nNonbIf PONUK

MNameHeHne reoMeTpumn NoAWUNHMKa Ana CHUKEHUS NOTEPb HA TPEHME B
30HE KOHTaKTa

" = - -, F -

0 T i

I‘_,..r" ""-“‘ = i
y3Kas [OpOXKKa 604KO0Opa3HbIN Kepamu4yeckoe Teno
KayeHus npocunb ponuka KayeHus

Puc. 6-20: KOHCprKTMBHbIe cnoco6bl NOBLIWEHNA NOAATNIMBOCTU NOALIMNHUKA U CHUXKEHUA TPeHunsa

HarpeB MoOALMMNHMKOB, BbI3BAHHbIA TPEHMEM B MOALUMUMHUKE, B MPOLIECCE pe3aHus unu B
apuratensax npuBOAOB BNUSIET Ha nNpenBapUTENbHbIA HATArN MOALUMMHMKOB M CHMDKAET MX
3KCMyaTaumMoHHble CBOMCTBA. [Ns NOBbILWEHNA HAAEXHOCTM NOALUMMHMKOB, LienecoobpasHo
CHU3UTb WX BOCMAPUMMYMBOCTb K BENUYMHE pagunarnbHOro npenBapuTenbHOro Hartsara W,
Takum obpas3omM, yMEHbLUMUTL CUY BO3LENCTBUS TEMMNEPATYPHOIo paamanbHOro pacluMpeHmns
Ha npeaBapuUTENbHbIN HaTAar. Ha npumepe UMNUHAOPUYECKOrO POSIMKOBOrO MNOALUMMHMKA
nokasaHbl KOHCTPYKTMBHblE CMOCOObI  peanu3aumM [OaHHOM  TEXHUYECKOW  3ajaym.
MoBbIWEHHAs HAOEXHOCTb MOALUMMHUKOB OOCTUraeTcs NOCPEACTBOM LieneHanpaBrieHHOro
ocnabneHnss KOMMOHEHTOB MOALUMMHMKA, NeXalMxX B NOTOKE CWUN BHYTPEHHEro HaTdara, a
Takke C TMOMOLUbD CHUWXEHUSI TPEHUS U, COOTBETCTBEHHO, BblAeneHus Tenna. [Ans
TEXHNYECKOW peann3auumn HasBaHHbIX PELUEHUN CYLLECTBYIOT pasfiMyHble KOHCTPYKTUBHbIE
nogxodbl. Ha Puc. 6-20 nokasaHbl MoaMduuMpoBaHHbIE COOTBETCTBYHOLLMM 00pasom
UMNUHAPUYECKME PONUKOBbLIE NOALLUMMHUKNA.



MeTannopexylwme ctaHku Jlekyus No6

27

F a’(a+b)
31E

Hedopmaumsa Bana wnuHaens

_F ((a+b)2 a2)
yo=—(—"+— )+
b2 Ka ks

[edopmauusa nogLunnHNKOB

_F ((a+|o)2 az)
Yk=—(—+ —
b 2 Ka ks

Oedopmauus kopnyca

ySp -

Y=VYsp T YL+ Yk

Puc. 6-21: Olechopmauma wnuHaens

Oedopmaumio winuHaens B ueHTpe MHcTpyMeHTa (Tool Center Point, «TCP») ynpoLieHHO
MOXHO MpeacTaBUTb Kak CyMMYy TpeX OTAeflbHbIX KOMMOHeHToB AedopMaumn. YacTb
cymMMapHon gedopmMauum NnpuxogmuTcsa Ha M3rmb Bana WnuHAens, gpyras 4yactb BO3HMKaeT
BcrnieacTsMe ynpyron gedopmauun B MOALIMMHMKAX WU TpeTbs MPUXOOUTCA Ha YNpyryto
aedopmaumio kopnyca WwnuHaens. ToYHbIA pacdeT KaXKaon YacTu cyMmapHon aedopmalimm
MOXEeT NPOM3BOAUTBLCS C MOMOLLbLIO CneunanbHoOro nNporpaMMHoOro obecnevyeHus MeTogom
KOHEYHbIX 311IEMEHTOB.
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Puc. 6-22: CTaTu4eckuit Nnporm6é npu pasnuyHbIX BapuaHTax UCMOMHEHUsA WNUHAEeNs

(pacuet B nporpamme NewSpilad)

Ha Puc. 6-22 npeacrtaBneHbl pesynbTaTbl pacyeta craTudeckon pedopmauumn AByX
BapMaHTOB LUMNUHOENBbHOMO y3ra C MakCcMMalibHbIM BbIfIETOM, MPOBEAEHHbIE C MOMOLLbLIO
pacyeTHon nporpammbl «New Spilad». Ha pucyHke nokasaHbl MOgenn ns nporpaMmmbl «New
Spilad», a Takke Bug gecdopmauuun. MNogWMNHUKA KadeHNa NpeAcTaBneHbl B BUAE MPYXKUH,
MecTa COoefMHEHMS C KOPMNYyCOM LUNMHAENS MOKa3aHbl TpeyronbHukamu. KoHew wnuHgens B
obonx BapuaHTa HarpyxaeTcs BepTukanbHonm cunon 10 kH. [lepBbin BapuaHT
XapakTepusyeTcs  MakcumaribHbIM  paguanbHbiM  CMELeHUMeM  KOHLa  LWNuHAOens,
cocTaBnsawwmnM 258,8 MKM, UTO COOTBETCTBYET MaKCUMarnbHOW CTaTU4eCKOM NoaaTnnBoCTU
0,026 MkM/H. PaguanbHoe cMelleHne MOXET OblTb yMeHbleHO Ao 133,1 MKM nyTem
NPUMEHEHNS KOHCTPYKTUBHOIO peLUeHns, NokasaHHOro B BapuaHTe Homep 2, Npu KOTOPOM
aocTturaetcs ctatudeckas nogatnueocTtb 0,013 mkm/H. Takum obpa3om, BO3MOXHO CHU3UTb
nogaTnMBOCTb cuctemMbl Ha 50%.
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Puc. 6-23: iIvHaMuKa WNUHAENbHBLIX Y3N0B

Kpome nosegeHus nog OeNCTBMEM CTaTUYECKUX HArpy3oK YXe YNoMsiHyToe nporpaMmmHoe
obecrneyeHre no3BonseT MNpPoBecTU pacyeT COBCTBEHHbIX Y4acTOT LWMNMHAENbHOro y3na wu
CcOBCTBEHHbIX KonebaTenbHbIX POpM, Kak C y4eToM aemMndupoBaHng, Tak n 6e3 oHoro. Mpu
yyeTe AencTeusa aemngupoBaH1s Takke BO3MOXEH pacyeT aMnnuTyaHo-ha3oBO-4aCTOTHbIX
XapakTepucTuK nopatnveocTu. [Ans 9TOro B pacyeTHOW nporpaMme Cco3faeTcs Mogesb
WNMHAEeNs, cocTosilaa U3 3NeMEeHTOB, UMEHLUX XapaKTepUCTUKM MacChl, KECTKOCTU W
aemMndmpoBaHus.
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Puc. 6-24: lvHamMuKa WNuHAenbHOro yana (pacyer B nporpamme NewSpilad)

Ha Pwuc. 6-24 nokasaHbl pe3ynbTaTbl pacdeTa ANHAMWYECKOrO MOBEAEHUS LUMUHOENbHOro
y3na 6e3 ydyeta gemndupoBaHus B cucteme. PacyeT noBedeHusa pemndpupoBaHHOM
CUCTEMbl 3aTpygHUTENEH, MOCKOMbKY 3HaYeHne AemMndupoBaHUs MOALIMMHUKOBBLIX Y3MOB
HensBecTHO. Ha pucyHke nokasaH Bug Aedbopmaumm ysna Ha Tpex COBCTBEHHbIX YacToTax
U3 HWkKHen yactu cnektpa. lepBas cobcTBeHHaa 4actota (397 u) xapakrtepuayeTcs
OWHamMnyeckon u3rMbHon pedopmaumen WNMHAENs u konebaHnsiMn nepegHen 4vactu
LWINMHAEenNs, 3HauYuTenbHO BbICTynawLwero 3a npegensl NMHonu. Ha BTOpon coGCTBEHHOM
yactote (436 ['u) Habniogaetca konebaHve WNMHOENA B OCEBOM HanpaBfiEeHUM.
Oedopmaumm  wnuHgens npu  TpeTberl  COOCTBEHHOW  4YacToTe  MMEKT  BUA
KOMOBUHMPOBAHHOIO KadaTernbHOro korebaHusa BOKpYr nepefHen onopbl U NOABEMHOro
konebaHua B onopax. YeTtBeptas cobCTBEHHas 4YacToTa XapakTepusyeTcsi U3rmbHbIMu
konebaHuamun. Kakas n3 coBCTBEHHbIX YaCcTOT NPEUMYLLECTBEHHO MPUCYTCTBYET B CNEKTpe
konebaHun B npouecce ob6paboTkM, 3aBUCUT OT MHOMMX (PaKkTOpoB, HaNpumep, 4YacToThbl
Bpe3aHUA, BEMMYUHBI CUIT pPe3aHnda, maTepmana 3aroTOBKM, reOMETPUN PEXYLUUX KPOMOK U
T.0. Ans pacyeTa abConNOTHOrO 3Ha4YeHUs amnnuTyabl NOAATIMBOCTU B TOYKE pe3oHaHca
HeobxoAnMO TOYHOE 3HavyeHue KoaduumeHTa geMnUpoBaHns B NOALMMHUKAX, a TaKKe B
TOYKaxX KOHTaKTa MUHONM U Kopryca. TOYHbIX M OBLEeAOCTYMHbIX AaHHbIX MO 3HAYEHWUHO
koacpbmumeHTa AeMnpupoBaHnsa B pasfnyHbIX KOHCTPYKUMSIX He cywiecTByeT. Ero MoxHo
onpegenuTe NpPUGNU3NTENbHO, C MOMOLLBID CPaBHEHUSA pe3ynbTaToOB 3KCMepuMMeHTa W
pacyeTta. [laHHble pe3ynbTaTbl AENCTBUTENbHbBI TOMBKO ANS pacCMaTtpuBaeMon CUCTEMbI U
TONbKO B TOM COCTOSIHWMM, B KOTOPOM MPOBOAUITUCL NCCNEAOBAHNS U pacyeThbl.
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FfmpapocTaTnyeckumn
NOALUMIMHUK, YNOPHbIN

Kopnyc wnuHaens

MwppocTaTnyecknin noaLwmn-
HUK, paauanbHbINA

Oemndupyrowian
BTYJIKa MoaBsop
\ MacrnsiHoro
:,,'rymal-la

MoAwnnHNKKN KayeHun Ban wnuHaens

Puc. 6-25: F'mapocTtaTuyeckasa geMndupyrowas BTyrnKa B LWUNMHAeNe ¢ onopamMmu KayeHusi

Ha Puc. 6-25 npeactaBneHo opurMHanbHOE KOHCTPYKTUBHOE pelleHue Ans  ynydlweHus
AemndurpoBaHnsa B WNUHAENbHBLIX Y3rax ¢ onopamu kaveHus. NMepegHasa onopa wnuHaens
yCTaHOBMEHa BO BTYIKe, PacrnofioXeHHOW B MApPOCTaTUYEeCKOM YMNOPHO-paguarbHOM
HeBpaLLaLWnMca noawmnHuke. MNapamMeTpbl ruapocTaTUHecKoro noAawmnnHuka, Harnpumep,
LWUMpUHA M ONIMHA CTEHOK HeCyLMX KapMaHOB, BA3KOCTb Macrna BblibuparwTcs u3 pacdeTta
Tpebyemon xectkoctn u gemndupoBaHus. [MpeacrtaBneHHas KOHCTPYKUMS MO3BOMSIET
COBMECTUTb BbICOKYIO TOYHOCTb U JONYCTUMYIO YacTOTY BpaLLeHUs Oonop KavyeHUsi C BbICOKNM
aemMndmpoBaHueM ruapocTaTmyeckoro NoALUnnHuKa.
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Puc. 6-26: dkcnepuMeHTanbLHO YCTaHOBIIEHHAsA 3aBUCUMOCTb NMOAATAMBOCTU OT YacTOTbl ANA WNUHAENS
C rmppocTaTuyeckomn aemndupyroier BTyNKomn

Ha Pwuc. 6-26 npencraBneHa 3kcnepuMeHTanbHO onpefeneHHas amnniuMTyaHo-¢a3oBo-
YaCTOoTHas XxapakTepucTuka MOAWMUMHUKOBOIO Yy3na C YCTaHOBMEHHOMW AeMnupytoLlen
BTYNkon n 6e3 Hee. CTaTudeckas }XeCTKOCTb CUCTEMbI C NOCNen0oBaTeSNIbHO PacnoNoXeHHbIM
rMMAPOCTaTUYECKUM MOALIMMHUKOM KOHEYHOW XKECTKOCTU HECKOSIbKO HWXKE, YeM XKECTKOCTb
NCXOOHOW CUCTEMbl, OAHaKo aMmnnuTyda nogatiiMBOCTU B TOYKe pedoHaHca npu 403 Iy, B

KoTopon HabniogarTcs Wu3rMbHble KonebaHus, 3HaUYMTENbHO HUMXKE, YeM B WCXOGHOW
cucteme.
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MuHumanbHoe Cma3ka B MacnsiHom KoHcucTeHTHas
KOJin4yeCcTBO CMa3KM TyMaHe CMa3Ka
MNpeumywecTBa: MNpeumywecTBa: MNpeumywecTBa:
- OTCYTCTBUE pPa3bpbI3rMBaHUst| - BOSMOXHOCTb OXINaXAeHNS - OTCYTCTBWE pa3bpbl3rnBaHus;
cosfgaHue anacTUYHOM rmapo- | onopbl; - CO3gaHne yCTon4mBon
OVHaMW4.cMasbIB. NIEHKY; - rapaHTUpoBaHHOE Hanu4me CMa304HON NINEHKY;
- MPUrOAHOCTb ANSA BbICOKUX CMa3bIBaLLEN MIEHKU; - OTCYTCTBWE YCTaHOBKW A5
YacTOoT BpaLLEeHus; - TEXHOMNOIMYHOCTb nogaym CcMasku;
- CKOPOCTHOW nokasaTernb KOHCTPYKLUW; - NpOCTas KOHCTPYKUMS,
(n-d,, < 3 x 108). - 3KONMOIMMYHOCTb; OTCYTCTBME KaHarnos Ans
- gonycTumast 4yactoTa nogBoda CMasku.
HeHOCTaVTK”: BpaLLEHMsI HE OrpaHuyeHa. HepocTaTku:
- HEYCTOMNYMBOCTb CMaa3.
ANeHKI Npi GbICTPOM HepocTaTku: - OrpaHu4eHne CKOPOCTHOrO
BpaLLEHU; - NoTepu Ha pa3bpbI3rMBaHue; no.léasingﬂ 106)-
- CIIOXHOCTb TOYHOTO A03MpO- | - BO3MOXHA HEOGXOAUMOCTb ) H(:o 6r;o,u.m;wo)é ™ 3)E;MeHbI
BAHMS: B CUCTEME OXIaXAeHUs macna; 1000-5000
- He0BX0AMMOCTb B AOMNOMHK- | - CIOKHOCTL KOHCTPYKUMK ONA SZ?S;MPI;%Z:Z
TEeNbHOM YCTPOWCTBE AN MOBTOPHOTO NMPUMEHEHNA '
[031poBaHus; mMacna;
- CITOXXHOCTb NnoaBoAa CMasKu. | - BCNeHnBaHMe Ha BbICOKUNX
CKOpOCTSIX.

Puc. 6-27: CpaBHUTENbHbIN aHaNU3 pasfM4HbIX CUCTEM CMA3KU NOALUMMHUKOB KayeHUs

Mogaya cMasku K NOALUUMHUKAM Ka4eHMs MOXET OCYLLECTBATLCA pasnmyHbiMy cnocobamu.
CambIM pacnpoCcTpaHeHHbIM U 3KOHOMWYECKN BbIrOAHbIM METOAOM SIBNSAETCS NPUMEHeHue
KOHCUCTEHTHOM cMma3kn. [na ObICTPOXOAHbLIX MOALMNHUKOB MNPUMEHSAEeTCss CcMaska B
MacnsiHoM TymMaHe, peanusaumsi KOTOPOW 3HAYMTENbHO CIOXHEEe M CBsi3aHa C BbICOKUMM
3aTpataMm Ha noaBog cxatoro Bo3gyxa. Cmaska nogWMNHUKOB — MUHUMMAanbHbBIM
KONMMYEeCTBOM Macrna MnpuUMEHSIeTCA TOMbKO B CMleumanbHbIX Crnyyasx, Tak Kak B
NOALMNHUKOBBIA y3en [AofkHa ObiTb WMHTErpupoBaHa cucTteMa Ans YnaBAvBaHUSA U
MOBTOPHOro NoAsoAda macrna K NoAWUnHKKY. [JaHHaa KOHCTPYKLUMSA MO3BOMSET OCYLLECTBUTb
oxnaxaeHwe nogwwunHuka (Puc. 6-27).



MeTannopexylwme ctaHku Jlekyus No6

CtaHpapTHble onopbl MoandunumpoBaHHbIM pagnansHo-
YNOPHbIN noAawmnnHuk (WZL)
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Puc. 6-28: Buabl nogsoaa cMa3ku B onopax KayeHus

Ha Pwuc. 6-28 nokasaHbl cnocobbl nogBoga mMacna K 30He CMaskvM noawunHuka. Yepes
OTBEPCTUSI BO BHELLUHEM KOSbLie noAawunnHmka (06bl4HO OT OAHOro A0 TPEX), PacnosiOKEeHHbIX
PSIAOM C OOPOXKOW KayeHusi, Macno nogaeTcs BMecTe C BAYBAEMbIM CXaTbiM BO34YXOM.
OtBepctua guameTtpom okono 0,3 MM npowusatoTcs TBepaoTenbHbiM (YAG) nasepom mnm
obpabaTbiBalOTCA 3MEKTPO3IPO3MOHHLIM METOOOM.
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B cucTtema cCMasku B MacridHOM TymMmaHe

WnuHaens NOTOK BO3AYyXa ~ CmasouHas cuctema
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Cma3zouHble kaHanbl

Puc. 6-29: CpaBHeHMe cUCTEM CMa3K1U B MAaCIAHOM TymMaHe n KOHCUCTEHTHOM

YcTaHoBKa Ans CMasku MOALUMMHUKOB B MAcnsHOM TyMaHe COCTOUT M3 MacrsiHoro Hacoca,
NoAaroLLEero CMasoYHyHo XUOKOCTb B CMecUTenb Yepes onpeaerneHHble 0Tpesku BpemeHn. B
cMecuTene 3afaHHOe KOMMYecTBO Macra CMelMBaeTcs CO  CXaTbiM  BO3OYXOM,
AOCTaBNSAOWMM CMeCb B paboyyto 30HY noalunHuka. NpruMeHeHne KOHCUCTEHTHOW CMas3ku
00bI4HO paccuuTbiBaeTCA Ha BeCb Nepuop aKcnnyaTtauuu noAwwwunHuka. [lobasneHne wnu
3aMeHa CMa3Ku Npon3BOAUTCH OTHOCUTENBLHO peako (Puc. 6-29).
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Konun4yecTtBO
KOHCUCTEHTHOM CMa3KMu:

| B cBoGogHOM NpoCTpaHCTBE
. noawunnHuka:

00 30% ob6bema cMa3o4Horo
KapmaHa

B cma3o4HOM kapmaHe:
00 50% o6bema cMa3o4HOro
KapmaHa

MepenHnincmasodHbin Cmaska B cBOOOAHOM  3agHWUI CMa304uHbi
KapmaH NnpocTpaHCcTBe KapmaH
NoALIMMHUKA

Puc. 6-30: CMa304Hble KapMaHbl

Cuctema KOHCMCTEHTHOW CMasKuM OpraHuM3yeTcsl MOMOCTSIMU, PacnofioKeHHbIMM Ha 0beunx
CTOpOHax noawwunHuka. WX dyHKUMen $BNAeTca XpaHeHMe U nojaya CMasku K
NOBEPXHOCTAM KadeHusd. CMasoyHble KapmaHbl MOryT ObiTb 3anofiHeHbl He ©onee 4yem Ha
MOMOBMHY, YTOObI BMECTUTb CMa3Ky, BbITECHAEMYIO U3 MOALUMMHMKA B NepBble Yacbl paboThbl.
BHewWwHnn anameTp KapmaHa OOMKEH COOTBETCTBOBATb BHYTPEHHEMY OMaMeTpy BHELUHEro
Konbua. Takum oGpa3omM, BO3MOXHA HenpepbiBHasi nogadya CMasku U3 KaMepbl K 30HE
KOHTaKTa Ten KayeHus ¢ Konbuamu nogwmnnHuka (Puc. 6-30).
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Puc. 6-31: NMporpamma o6KaTKu HOBbIX OMOP WNUHAENs ¢ AuaMmeTpom 110 mm

lMepen BBOOOM HOBbIX MOALIMMHUKOB C KOHCUCTEHTHOW CMasKkoM B 3Kchfyatauuio
HeobxoaumMo npoBecTn ux obkaTky Ana Tpebyemoro pacnpegeneHusa cmasku. [Ana atoro
LWNMHAENb BbIBOAUTCA HA NOMOBMHY OOMYCTUMOM CKOPOCTU BpaLLeHUs Ha KOpOTKoe BpeMs n
3ateMm ocTaHaBnueaetca (Puc. 6-31). Boigengemoe npu 3ToM Tenno pacnpenensercs
MeXxay Banom LnuMHaensa n kopnycom. Takum obpasom, npegoTBpallaeTca TemnepaTypHas
neperpyska nogawwunHuka. Linkn noBtopsieTca yepes onpepeneHHoe Bpemsi, Heobxogmmoe
ans  pacnpegeneHus Tenna. Bo Bpemsa o6kaTkM CKOPOCTb  LUNWMHAENSA MOCTEMNEHHO
nosblwaeTcs. Linkn 3anycka n oCTaHOBKM LLUNMHOENSA NOBTOPSAETCA MHOrOKpaTHO, 40 TeX nop,
noka BCS CMa3ka B MOAWMUNHMKE He pacnpenennuTca paBHOMEPHO. [onroBe4YHOCTb
NOALWNNHUKOB C KOHCUCTEHTHOW CMa3KoW 3aBUCUT OT NapamMeTpoB 3KCnnyaTaumu, Hanpumep,
4acTOoTbl BpaLleHWNd, BEMUYMHbI Harpysku, a Takke TOYHOCTU W3roTOBIEHUA MOALUMMHUKA,
Barna wnuHaens, kopnyca u npunerarwmx getanen, a Takke Kkadectsa ynioTHEHUN.
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JNluHenHble HanpaBnsawLWMe

LLlapukoBMHTOBLIE Nepenayu

WnuHaenbHble y3nbl. MoawMnHUKY
n YNnoTHeHnA n 3aluTHbIe YCTPOMUCTBA

3aknroueHue
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| [nst HEeNOABUXHbBIX COeANHEHUI | | [nst noABWMXXHbIX COeAMHEHNN
Bpallaembie nocTynaTenbHo nepemMeLlaemblie
| 1 1
[na Banos [ns nIHEeMHbIX HaNpPaBNAOLWNX, MOPLUHEN,
Tonkatenemu

O-06pasHble konbLa Co cxaTtbiM BO3yXOM T I 1
F'epmeTnkmn
CunbthOHHbIE YINOTHUTEN | BeckoHTakTHble | | KoHTakTHble |

MpodunbHble ynnoTHUTENN
PnaHueBble yNNoTHUTeNn

YNAOTHUTENbHbIE KOMbLa nasoBble
Mem6paHHble ynnoTHUTENM 6 naGupuHTHble
3abUBHbIE BTYIIKU CO CKATLIM BO3OYXOM ckpebKkoBble
3aTBOpPbI C M3BLITHOYH. AaBrEHNnEM Ay
: cKonb3siLyMe KonbLa npocuneHbie
Cpesatowyme konbua niogprosble
p w u paananbHble ynnoTHUTENN KOMMNaKTHble

WcToununk: Haas

Puc. 6-32: Knaccudmkaumsa ynnotHeHun

Mo Tunam pasgenstoT YNIoTHEHNS ANS HENOABWKHBIX U NOABWKHLIX coeauHeHui. [lanee, Ha
YNNOTHEHNSA KOHTAKTHbIE N BECKOHTaKTHbIE.

KoHTakTHble YNnOTHEHUA peanu3yloTCa 3anofiHeHMEM CBOOGOAHOrO MPOCTPaHCTBA MexXay
ABYMS arieMeHTaMu COeAMHEHUs BCrioMoraTternbHbiM MaTepuanoMm. [NMpu ycTtaHoBKe AaHHbIN
MaTepuan CKUMaeTcs C TakMM ycunveMm, 4YTobbl 3a30pbl Mexgy HUM U npunerarwowmmm
NOBEPXHOCTAMU, a Takke Nopbl CaMoro Matepuana yMeHbLUUIMCh OO0 pasMepoB, AenaroLmx
30HY YMMOTHEHUS HenpoHMUaeMon. BecKOoHTakTHble YNAOTHUTENU (YHKUMOHUPYOT Ha
OCHOBE (U3MYECKNX TEPMO- U rMapoaAUHaMUYECKUX IPGEKTOB. YNNOTHEHNE SBNAETCS
GEeCKOHTaKTHbIM, ecnn oba KOMMOHEeHTa, KOTopble HEO6XOOUMO YNMOTHUTL, B NOABWMXXHOM U
HENOABWKHOM COCTOSAHMM N 6e3 NCNOoMb30BaHMA AOMONTHUTENBHON 3HEPrMM OTCTOAT ApYyr OT
Apyra Ha Benu4uuHy pabodero 3asopa.

KoHTakTHble YNrOTHEHUS MOABUXHbBIX KOMMOHEHTOB BLINONHAKOTCS, Kak npasuno, B opme
NMOABWXKHOINO  HEMNPOHWLAEMOro YnnoTHUTENs, NpwkMMaemoro paboyum ycunmem K
YNAOTHAEMON MOBEPXHOCTU TakMM 06pa3oM, YTO B CTaTMYHOM COCTOSHUM BbIMOSTHAETCH
BbllleHa3BaHHoe TpebosaHue. Korga ynnoTHUTENb nepemellaeTca C  A0CTaTOYHOM
CKOpPOCTbIO, B 3a30pe Mexay nepemMellaeMbiMu KOMNOHEHTamMun obpasyeTcs AvHamuyeckas
ynnoTHswwWwas obnactb. [JaHHbIM ynnoTHAWOWMIA 3a30p obpasyetcsa 6narogapsi MIHEPTHOCTH
N YyNnpyron BA3KOCTU YMNNOTHUTENS, @ Takke OEUCTBUI0 ANHAMWYECKON MUKPOYMNPYrocTn u
rmapoanHamMudecknx ad@ekToB B 3a30pe  Mexay YNrAOTHAEMbIMW  KOMMOHEHTaMu
(Pwuc. 6-32).
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Cma304HbIN kKapMaH
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TnHenHas HanpaBnsoLLas B NPOLIECCE 3KCMITyaTaumm
L @ Cwma3soyHasa cuctema cTaHKa Ans NPOVU3BOACTBA AeTarnei U3 anioMUHNs
Bos3Bpawartenb
KoHueBoe ynnoTHeHne

KOHTaKTHbI NameneBbli CKpebok

NPOCTPaHCTBO AN yAepXaHus —D 505 COX
NOCTOPOHHUX YacTuL, 5 : 60—

MeTannuyeckme ckpebok J 040
CTpyXxKa
[BoiHanA ynnoTHuTenbHas  JlameneBblit CranbHon ckpebok

WcTouHuk: THK MaHXxeTa cKpebok

Puc. 6-33: YnnoTHeHMA ANA pefibCOBbIX HanpaBnsAoLWMX MOAYILHOIoO TUuna

BaXHbIM 311€MEHTOM CUCTeMbl HanpaBsrsloWMX, HEMNOCPEACTBEHHO BMMSIIOWMM Ha UX
[ONTOBEYHOCTb, SBNSieTCs CKpebok Anst yaaneHus CTpyxku ¢ Hanpaensiowmx. Cyuiectsyet
MHOXECTBO KOHCTPYKTMBHbIX UCMOMHEHWI faHHOro anemeHTa. OBblYHO B kayecTBe ckpebka
NPUMEHSIETCA anacToMepHasi YNNoTHUTENbHas nnacTuHa, yaepxuBaemasi B cneumarnbHOM
onpaBke W coeauHeHHass C NOABWKHLIM KOMMoHeHToM. Ha Puc. 6-33 npeacrasneHa
pacnpocTpaHeHHast KOHCTPYKLUMS CTPYXKO- U rpsiseCbeMHoro ckpebka. [lonumepHoe
MOKPbITUE HAHOCUTCA HA MeTarsIMYeckyto NnaHKy aare3snoHHbIM CnocoboM MM C MOMOLLBHO
BynkaHu3auuu. Takke MOXeT NMPUMEHSATbCS MEXaHW4YeCcKoe coeauHeHne MeTannmM4yeckon u
nonumepHon pgetanu. KoOHTakT Mexay CKpebKoM U MOBEPXHOCTbI  HanpaBnsitoLLMX
OCYLLEeCTBNSIETCA NO OZHOM wnu ABYM kpomkam. [lpy npuMEHEeHWM penbCcoBbIX
HanpaBnALWMNX KaYeHUsl, KOHCTPYKLUM CTPYKKOCLEMHOrO ckpebka crieayeT yaenuTtb ocoboe
BHMUMaHWE, MOCKONbKY BbIXOA AaHHbIX CUCTEM HanpaBnsloWMUX U3 CTPOS YacTo CBSI3aH C
NPOHMKHOBEHMEM 3arpsi3HAIOLMX YacTuL, B TaHKETKM Hanpaenswowmx. B cucremax c
KOHCUCTEHTHOW CMa3Koii, NPUMEHSIEMbIX SIS CHUKEHUSI PAacXOAO0B Ha LiEHTPanbHYy0 cuctemy
nogBoga CMaskW, yaaneHue 4Yactul, u3  GaluMakoB  HanpaBnsitoWmMX  NpakTUYEecKu
HEBO3MOXHO. [ns  Takux cucTtemM Heobxooumbl —crneuuarnbHble CUCTEMbl  3aluUThl
HanpaBnALWMUX W Ten KayeHuss OT nonajaHus MOCTOPOHHMX 4YacTuy. [loBbllWEHHbIe
TpeboBaHMsA BbIABUraOTCA K AaHHbIM CMCTEMaM OCOGEHHO MpU NPOBEAEHUN COBPEMEHHbIX
BMOOB 06paboTky, TakMX Kak Cyxoe TouyeHue n pesepoBaHue, Npu KOTOPbIX Menbyanine
YacTULbl CTPY>KKM MOTYT MOMNacTb BHYTPb TAHKETKN HaNpaBisitoLLKX.

Kpome anacToMepHbIX CTPY)XKOCbEMHbIX CKPEOKOB C YMMOTHUTENbHLIMM MaHXeTamu Mo
BEPTUKaNbHbIM W TFOPU3OHTaNbHbIM  CTOPOHAM  HanpaBnsloWen,  NPUMEHSTCS
MHOrOCTYyNneH4YaTble CUCTEMbI, Hanpumep, ABOWHbIE YNIOTHUTENbHbIE MaHXETbI, NlaMeneBble
CTPYXKKO- U TPA3ECHEMHUKM, a Takke MPOAOSibHbIE  YMNOTHUTENbHbIE MNACTUHBI,
ycTaHaBnMBaeMble Ha HanpaBnsiiowmne Unm MHTErpupyemMble B TaHKETKM HanpaBnsioLwmx.
MHOroKOMMOHEHTHbIE CUCTEMbI MOTYT YNaBNMBaTh U yaepXMBaTb YacTuLbl FPsi3n B MOSNOCTAX
MeXay YNnoTHUTENbHLIMU MaHXeTaMu U, Takum obpas3om, NpefoTBpallatb UX nonagaHve B
30HY pacnonoXeHus Ten KayeHusi B TaHKeTKe Hanpaensowen. Ha Puc. 6-33 nokasaHa
yeTblpexpsaHas pernbcoBasi LlapuMKOBasi HanpaBnsiiowas C  OBOWHOW  CTPYXKKO- U
rpsI3eCbEMHOM  MaHXeTon no OOKoBbIM CTOpOHaM penbca W AOMOSHUTENbHBLIMM
nonepeYHbIMU YNIOTHUTENBHBIMU MTaHKaMu, CryXXawumm 4ns NpeaoTBpaLLeHUst nonagaHus
nexalux Ha HanpaeBnaoLWMNX 3arpaA3HSAOLLMX YacTULL U CTPYXXKM K Tenam KadeHusl.

[na  BbICOKOW [ONITOBEYHOCTM MOMMMEPHbLIX  YNIOTHUTENEW, MOBEPXHOCTU  TPEHMUS
HanpaBnsawLwen OOMKHbI UMETb Kak MOXHO MEHbLUYH LLepoXoBaTOCTb W [AOCTaToOYHOEe
konuyecteo cmaskn. OpgHoOW W3 nocneaHux paspaboTok B 3ToW obGnactM siBNATCA
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KOHTaKTHble CKpebkn C namenamu, U3roTOBMEHHbIMA W3  MPONUTAHHOMO  Macrom
CMHTEeTUYecKoro Kaydyka. Kpome TOro, CylecCTBYOT KOHCTPYKUMU, CHaBXeHHble
MeTannmM4eckMm ckpebKOM Ha Hapy>XHOW MOBEPXHOCTM TaHKETKa HanpaBnsAoLLlen, KOTOPbIn
CNYXXUT ANS yOaneHus CTPYXXKM OTHOCUTENbHO BONbLUOro pasmMepa Unm CUIbHO HarpeTon, u
npegoxpaHseT getann n3 3nacToMepoB OT NoBpexXaeHu rpybbiMy YacTULamMmn 3arpsasHeHus.
CoBpeMeHHble  CTaHKM  [OIDKHbl  UMEeTb  AOCTaTOMHO  ANUTENbHblIE  UHTEepBarnbl
TexobcnyxumBaHus. [Ing 9Toro cmMaska BaKHEWMLLMX KOMMOHEHTOB CTaHKa, TaKMX Kak rmnaBHbIN
LWNWHAENb, HanNpaBnawoLWmMe U NOALUUMHUKN KadeHUs, OOSMKHA OCYLLEeCTBIATLCHA B TedeHue
BCcero nepuoga akcrnyatauun. CMeHa W MNOMOMHEHMe CMas3kn B y3nax [OMKHb
NpPou3BOANTLCA, Kak MpaBuMo, He paHee, 4eM 4epe3 nNATb neT akcnnyataumn. [pu
NPUMEHEHUN pPENbCOBbIX HaMNPaBfSOWMX Ka4YeHUs 3TO OCYLLECTBISETCA C MNOMOLLbIO
KOHCTPYKTUBHO MpeayCMOTPEHHbIX CMa304HbIX KAPMaHOB, a Takke OOMNOMHUTENbHbIX CUCTEM
nogaum cmaskn. Ha Puc. 6-33 nokasaHa TaHKeTKa Hanpasfswowen C WUHTEerpupoBaHHbLIM
pesepByapoM CMaskuM (CnpaBa BBepPXy), PacnOfoXeHHbIM HernocpeaCcTBEHHO pPsAoOM C
NOBEPXHOCTbID HanpaBnsowWen, a Takke C CUCTEMOWN LIEHTpann3oBaHHOW Mogayn cMasku
(BHU3Y). Ewe ogHON KOHCTPYKTUBHOW BO3MOXHOCTBIO YBENUYEHNSA UHTepBana TeXHUYeCcKoro
obcnyxuBaHma SABNSIETCA NPUMEHEHME CenapaTopoB M3 CUMHTETUYECKOro maTepwuana,
yoepXuBarLlero cMasky. B TaHkeTke Hanpansowen NpuMeHseTcsa LenHon cenapartop Ans
LIapUKOB, yOepXUBaKLWWUA B CBOMX MOMOCTSAX CMasoyHoe BewecTBO. [laHHas cxema
nossondeT B rpouecce 3KcnnyatauMm nogadyy CMasku HenocpeAcTBEHHO K Ternam
BpaweHnsa. OTCYTCTBME CYXOro TPEHUS CHWXAeT U3HOC M YPOBEHb LyMa Npu 3KChnyaTaumm
HanpasnALLWMX.

[na 3awuTbl HanpasnsoLWKMX, a Takke KOMNOHEHTOB npuBoAda (3ybyaTtbiX peek, 3ybyaTbix
peMHeln, XO0O0BbIX BMHTOB) MPUMEHAIOTCA pasnuuHble 3aliuTHble anemeHTbl. Ha Puc. 6-34
nokasaHbl MNpUMEpPbl 3aLUTHLIX SNEeMEHTOB, WCMNOSb3yeMblX ANA pPasnuyHbIX Lenewn.
Teneckonuyeckne LWMTKN NpeacTaBnsitoT cobon camblil pacnpoCTPaHEHHbIA KOHCTPYKTUBHbIN
BapuMaHT 3alUUTHbIX 3aneMeHToB. [MpuHUMNManbHas cxema KOHCTPYKUMUM npeactasrieHa Ha
Puc. 6-34. [Ona npefoTBpalleHNa YyaapHbIX Harpy3ok B npouecce nepemeLleHns
KOMMOHEHTOB NpW nepexofe OT CerMeHTa K CerMeHTy NPUMEHSAIOTCH cneuunarbHble NOBOOKM,
OCYLLIeCTBIAIOLME paBHOMEPHOE OQHOBPEMEHHOE NepeMeLLieHne BceX cerMeHToB. [NoBoaku
npegoTBpaLLatoT 6nokMpoBaHMe oTAeNbHbIX CErMeHToB, 6rnarogaps Yemy Teneckonuyeckme
LLNTKN OTNNYAKOTCA HU3KUM YPOBHEM Lyma. Kpome TOro, oHuM No3BonsAT n3bexaTb yaapHbIX
BO3OENCTBMM Ha CTPYKTYpYy CTaHKa, 4TO, OCODEHHO Mpu BbICOKOW CKOPOCTU Mnogaudu,
NOMNOXNUTENbHO BNUSIET HA BUOPOYCTONYMBOCTb CTAHKOB U Ka4eCcTBO 06paboTkun. [JaHHbIM BUA
3alMTHLIX KOMMOHEHTOB OTNMYaeTCa BbICOKOW MPOYHOCTLIO. B 3aBucumoctn  oOT
KOHCTPYKLMK, AOONYCTUMO XOXAeHue obcrnyxuBalrowero nepcoHana Mo TaknMMm 3aliUTHbIM
KOoXyxam. 3a CYeT WHTEerpupoBaHHbIX CKpebkoB [O0CTUraeTcsi YAOBMETBOpUTESbHAs
n3onaumst Hanpasnsawowmx. Onopa W 3agaHve HanpaeneHuss OBWKEHWUS OTAENbHbIX
CErMeHTOB OCYLLECTBIAETCH C MOMOLLbIO HanpaBNALWNX CKOJTbXEHUA U OMOPHbLIX POSUKOB.
[na BbICOKOAWHAMUWYHBIX CTAHKOB CYLLECTBYIOT MWCMOMHEHUA TernecKonuyecknx LUTKOB,
ponyckarowmx yckopenmst oo 2,5 g un ckopoctm go 200 M/MuH. OCHOBHbIM HEeLOCTaTKOM
TENecKoNMYeCckUX LWNTKOB SBNSETCA WX CpaBHUTENbHO Oornblwon Bec. Cunbl TpeHus wu
WHepLuMM NOrrowarT 3HAYUTENbHYIO YacTb MOLUHOCTM npuBoga. Ons CHWXeHus notepb B
AaHHbIX cucTtemax Bce 6onblwee nNpUMEHEHME HaxXOASAT HOBble KOMMO3ULNOHHbIE
Matepuanbl. Tawkke MNPUMEHSITCA MOAYMNbHblE  KOHCTPYKUMUM, B  KOTOpbIX pama
n3rotTaBnuBaeTCcsa U3 arntoMUHNEBOro NPound, Teneckonuyeckne cermeHTbl — N3 pasnnyHbIX
MaTtepuanoB (cTanb, antoMWHUA, apMUPOBaHHbIE MONUMEpPLI), NMO3BONSAIOLLME CHU3UTL BEC
KOHCTpyKUMn o 70%.
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Puc. 6-34: 3awuTa oT CTPYKKU B MeTannopexyLmx cTaHKax

Msirkne KoXyxu HaxogAaT OCHOBHOE MPUMEHEHWe B CTaHKaxX [Afs BbICOKOCKOPOCTHOM
0b6paboTkn, nockonbky obragalT manbiM BecoM. OHM  COCTOST M3  MHOMOCIOMHOM
CYHTETUYECKONW TKaHM C  MNONMBUHUNXIIOPUOHBIMA  YOEPXMBAKOLWMMU  CTEPXKHSAMMU,
CKknagblBaLWUMNCS NPU ABUKEHUN «B rAPMOLLIKY», U KpenexHoro cdnaHua.

CKpyunBawowmecs JEeHTOYHble LWUTKA  XapaKTepu3YylTCH  BbICOKOM  KOMMAKTHOCTLIO.
KoHCTpyKuMsa gaHHOW cucTembl 00yCrnoBnMBaEeT ee HEDOMbLION BEC U NPUCNOCOBNEHHOCTb K
NCNONb30BaHMIO B CTaHKaX C BbICOKOM CKOPOCTbK ABWXKEeHWW nogadqn. CKpyydmBarowmecs
NEHTOYHbIE LWMTKN AOCTYMHbI B Pa3fiYHbIX KOHCTPYKTUBHBIX UCMOSTHEHUSIX — C KOXyXaMu U3
CUHTETMYECKOro mMartepuana wunmM Hep)kaselowlen SIMCTOBOW cTanu. JleHTbl U3 MpPYy>XMHHON
CTanuM XOpOoLWO MnoaxogAaT AN BOCNPUSATMS MOBbILEHHbIX MeXaHWYeCcKUX Harpysok. [Ans
MOBbILWEHNA CTabWNbHOCTU C OBpaTHOM CTOPOHbI NEHT NPEeAyCMOTPEHbl CTarbHble WU
antoMVHMeBble MONEepeYnHbl, npuaarLwme KOHCTPYKUMKU >KecTKocTb. B 3aBucumoctn ot
pasMepoB KOXyXa, NpW OCYLLECTBNEHUM [ABWKEHUA MoAdayn, 3awuTHas neHTa MOXeT
HamaTbiBaTbCsA MNpyY  MNOMOLUM OTAENbHOrO nNpuMBOA4a WNM  MNpPYyXuHbl Ha 6GapabaH,
YCTaHOBJIEHHbIA B KOHLUE Hanpasnsiowmx. [Ansa 3awmTbl X040BbIX BUHTOB, BanoB U KOSMOHH
NPUMEHSIOTCA CnuparnbHble Teneckonuyeckue LWUTKW. B pgononHeHve K 3awuTte OT
NMOBPEXOEHUA N MPOHUKHOBEHUSA TIPA3N, MNPUMEHEHME [AaHHbIX CUCTEM CHWXaeT pUCK
BO3HMKHOBEHWUS] HECYaCTHbIX CrnyyaeB. Takue 3aliMTHble LWWUTKU W3roTaBnMBalOTCA U3
NINCTOBOM MPYXMHHOM CTanu. YCTaHOBKa MOXeT OcCyWecTBnsaTbca 6e3 AeMoHTaxa
3awmwaemont getann nytem obeptbiBaHMa ee  wWnTkoM. [pyu Gonblunx 3HaYeHUsIX
nepemMeLLeHns no oCAM MOryT NPUMEHATLCSA CABOEHHbIE MPYXUHHBIE LLNTKMN.
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JNluHenHble HanpaBnsawLWMe
LLlapukoBMHTOBLIE Nepenayu
WnuHaenbHble y3nbl. MoawMnHUKY
YNnoTHeHnA n 3aWuTHbIe YCTPONCTBA

B 3aknrouyeHue
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1

CKOpoCTHOM noka3atens nedm MonHocTbIo COOTBETCTBYET
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OSee

Bbicokasi LONroBEYHOCTb COOTBETCTByeT

Bbicokasi To4HOCTb X042 YactnyHo CooTBETCTBYET

Bbicokoe aemncmpoBaHne He cooTBetcTBYET

1) 3aBMCUT OT CUCTEMbI CMa3Ku
1 TUNa NOALLMMHMKA

2) lonroBe4YHOCTb HE OrpaHu-
YeHa npw 6e3aBapuiiHom
pabote

3) YacTuyHo cooTBeTCTBYET
npu MacnsHom cmaske

4) CnoxHoe ynpasrneHue
MarHMTHbIMK CUnamm

Bbicokas xecTkocTb

IS
=

lMpocToTa cmasku

Hu3koe TpeHne

3)

Hw3kas cebecTonmocTb

oce¢ec e
soseeee®
w O 2 |

Puc. 6-35: CpaBHeHue pa3nnyHbIX BUAOB onop

Ha Puc. 6-35 npeactaBneHbl OCHOBHbIE XapakTepuUCTUKU MOALUMMHUKOB KadeHus, a Takke

rmapoanHamMuyeckmx,  rmapocTaTMYecknx,  aspoCTaTUYeCKUX U SNEeKTPOMarHUTHbIX

NOALUNMHUKOB M HanpaBnsAoLLNX.

K npemmyLiectsam onop kadeHust OTHOCHATCS:

* BO3MOXHOCTb 3aMeHbl 6riarogaps cTaHAapTU3NPOBaHHBLIM pasMepaM U XapakTepucTukam;

* HU3Kas cebecToMMOCTb;

* CNOCOBHOCTb BOCNPUHMMATbL Neperpysku;

* BbICOKWI yPOBEHb CTaHAapTM3auuu;

* Manasg MOHTa)KHas! LUNPUHaA;

* BblCOKasA HecyLas cCnocobHOCTb, AaXe B NMOMOXEHUWN NOKOS;

* JOMYCTUMO W3MEHEHVWE BEeNWYMHbI Harpy3kM UM 4acToTbl BpalleHus B npouecce

aKcnnyataumu;

* HU3KUIN KO3(PPUUMEHT TpeHne Onarogaps AswxeHuto obkata (v = 0,0015) npu HU3KMX
YyacToTax BpalleHus;

* HU3KMEe NOTepU MOLLHOCTM U TeMnepaTypHble Harpysku B NOALWMUMNHUKAX C KOHCUCTEHTHOM
CMa3Kon 1 CMa3Kon B MacnsiHoM TymaHe;

 6onbLune NHTEepBarnbl TEXOOBCNYXMBaHMA NPU KOPPEKTHOM NPOEKTUPOBAHUM,

* BblCOKas TOYHOCTb NepeMeLLeHNs 1 XXeCTKOCTb bnarogapsa npeasaputTenbHOMY HaTAry;

K HegocTaTkam oTHocATCS:

* HU3Koe aemMndupoBaHue;

* 3aTpyAHUTENbHbIA NOABOA CMa3KM M OXNaxaalowen XUOKOCTU Mpu BbICOKMX YacToTax
BpaLleHus;

* CHWXKEHME HecyLLen CnocOBHOCTM Ha BbICOKMX YacTOTax BpaLLeHUs:;

* OrpaHMyeHHas JONroBEYHOCTb NPU BbICOKUX Harpyskax;

* B YMNOPHbIX, paananbHO-YMOPHbIX U KOHUYECKUX POSIMKOBBLIX MOALIMMHUKaX Heobxoaumo
Yy4nTbIBaTb r’MPOCKOMMYECKNE MOMEHTbI U LLEHTPOBEXHbIE CUMbI;

* BUOPOHArpy>eHHOCTb U LWYMHOCTb.
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3aknroueHune

® [MocTynaTenbHble NepeMeLLeHNss KOMMOHEHTOB CTaHKa MOTYT OCYLLECTBNATLCA NMOCPEACTBOM
pa3nMyHbIX HaNPaBMsALIMX KadyeHns. B kauecTBe Ten KayeHUs MoryT NPUMEHSITLCS LLAaPUKL UK
PONUKN.

L anIBOLI, OBWXKEHWI NMO4aun MOXET OCyLLUeCTBNATbCA, Hanpmumep, C NOMOLLUbIO LLIapI/lKOBI/IHTOBOIZ
nepenadn. B naHHbIX y3nax wapukm pa3genarT XO40BOW BUHT U XoaoByrko ral7||<y, nepemMeLladachb no
cnnpanbHbIM OOPOXKaM KayveHua.

m B kayecTBe onop WnuHAenen MoryT NPUMEHSTLCA NOALWMMNHUKA KadeHus. Pasnuyaiot
KOHCTPYKTUBHbIE MCMOMHEHUS LUNMHAENEN C KECTKOW, NiaBatoLen N 3racTUYHON YCTaHOBKON
MOALLUMHUKOB.

®m Cma3ska NoALLUMMHUKOB Ka4eHUst YaCcTo OCYLLECTBIISIETCS NMYyTeM NMPUMEHEHNST KOHCUCTEHTHOW CMa3Ku.
B KOHCTPYKLMW BbICOKOCKOPOCTHBIX LUMUHAENEH UCMONB3YHOTCH CUCTEMbI CMa3Ku B MacrisiHOM
TyMaHe.

L] ﬂ,ﬂﬂ 3alNTbl 30Hbl KOHTAKTa Tes1 Ka4eHua U HanpaenAlLWnNX I'IOBerHOCTeIZ OT nonagaHua CTPYXKn
n rpasn, Heobxoaumo npuMeHeHne yI'IJ'IOTHeHMIZ N 3alLMTHbIX cuctem. B KOHCTPYKUMn WnuHaenen
NPUMEHATCA OECKOHTaKTHblE YynnoTHeHuaA. ,D,ﬂﬂ HanpaBnAawWKMX N XoaoBbliX BUHTOB MUCMNOJIb3YyHOTCA
KOHTaKTHbl€ KOHCTPYKUMN yI'IJ'IOTHeHMIZ.



