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HEDE‘BO,D, eqmMHny UsMepeHund

Mepeeoa eanHUL U3MEPEHUA

Mepa Eaunuua p Mpeobp
OnunHa AHOUM 1 MM 0,03937 grorma 1 nronim 25,40 mm
$yT Y 3,281 dpyta 1 oyt 0,3048 m
Apa im 1,094 sppa 1 spa 0,9144 M
MUns 1km 0,6214 munu 1 muna 1,609 km
Mnowaab KB. AOMM 1 mm2 0,00155 ks. groima 1 k8. orOMM 645,16 MM2
KB. byT 1 mMm2 10,76 k8. pyTa 1 k8. pyT 0,0929 m2
06bEM Ky6. oMM 1 mMm3 0,061 ky6. aroima 1 ky6. aroim 16,387 cm3
Ky6. byT 1 mm3 35 ky6. pyToB 1 ky6. byt 0,02832 M3
WM. rannoH in 0,22 rannoxa 1 rannoH 4,5461 n
amep. rannoH 1n 0,2642 amep. rannoHa 1 aMep. rannox 3,7854 n
CkopocTb yt/c 1 m/c 3,28 dyTa/c 1 pyt/c 0,30480 m/c
Muns/yac 1 kM/y 0,6214 Munu/yac 1 muns/yac 1,609 km/u
Macca YHUUS ir 0,03527 yHuumn 1 yHums 28,3501
PYHT 1«r 2,205 ¢pyHta 1 $yHT 0,45359 kr
KOpPOTKan TOHHA 1T 1,1023 KOpOTKOM TOHHbI 1 KopoTKas ToHHa 0,90719 T
ONUHHas TOHHA 1T 0,9842 ANUHHOM TOHHBI 1 An1HHaA ToHHa 1,0161 1
MnoTHocTb YHT Ha Ky6. JHOMM 1 r/cm3 0,0361 pyHTa/ky6. arorm 1 dyHT/ky6. groim 27,680 r/cm3
Cuna PYHT-CMNa 1H 0,225 pyHT-cuna 1 dyHT-CcHna 4,4482 H
Haenenue, PYHT Ha KB. AHOWM 1 MMa 145 dyHTOB/KB. ArOMM 1 dyHT/KB. ArONM 6,8948 x 103 Ma
Harpyska 1H/MM2 145 dyHTOB/KB. AFOMM
1 6ap 14,5 pyHTa/kB. 4ronM 1 yHT/KB. AHOMM 0,068948 6ap
MomeHT YHT-CUNA-[HOMM 1H-M 8,85 pyHT-cuna-gromM 1 pyHT-cuna-gronm 0,113 Hem
Mowmocts PyT-PYHT/C 1Bt 0,7376 pyHT-cuna-¢pyt/c 1 dpyHT-cuna-¢pyt/c 1,3558 Bt
NoLaanMHan cuna 1 kBt 1,36 n.c. 1n.c 0,736 kBt
Temnepatypa rpamyc Lenbcna  tc=0,555 (t—32) dapeHrenTa tr=1,8tc+32
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[lpeancnosue

JlaHHLIH KaTanor coaepXuT UHPOPMALIMHO Mo
CTaHJapTHbLIM NoALLMNHUKaM KaveHus SKF,
npeaHasHaYeHHbIM AN MPOMbILLIEHHbIX
obnacren npuMeHenus. [ns obecneyeHus
MaKCMManbHOW paboTocnocoBHOCTM NPOaYKLWH
1 BblCOYAMLLIEro Ka4ecTsa 06Cy 1BaHUs
KNTMEHTOB faHHas NpodyKUMs AOCTynHa Ans
NpUoBPeTeHUs No BCEMY MUPY Yepe3 TOProBy+o
cetb SKF. [Ins nonyyeHns MHdopMaLmm o
CPOKax W YCNOBHAX NOCTABKMU CBAXMTECH C
pervoHansHbIM npefdctasutenem SKF unu
ABTOPM30BaHHbIM gUCTPUBLIOTOPOM SKF.
MHdbopMaums, npeacTaBneHHas B HacTosLLEM
KaTanore, OTPaXaeT ypOBEHb PA3BUTHA
TEXHOMOMMM 1 NPOM3BOACTBEHHbIVM NOTEHUMAnN
koMnaHuun SKF no coctoanuto Ha 2012 rog. 31
LaHHble MOTYT OTNIMYATLCA OT NPeCTaBNeHHbIX B
6onee paHHUX U3HaHUsAX KaTanora B CBA3M C
MOEepHHU3aLMEN KOHCTPYKLUMK M3OENNH, a TaKKe
COBEpLUEHCTBOBAHWEM TEXHOMOMMM Y METOA0B
pacyéTa. B uensx nocTosiHHOrO NOBbILLEHUS
kayecTsa npogaykumn SKF octasnset 3a cobon
NpaBo BHOCWTb HEOBXOMMbIE U3MEHEHHS B
MaTepuansl, KOHCTPYKLUMIO U METOAbI
NPOMU3BOACTBA, KOTOPLIE 0BYCNOBEHbI
COBEPLUEHCTBOBAHWEM TEXHOMOMMHM.

BeeneHue

[aHHbIN KaTanor CoaepXKMT NoapobHyHo
WMHDOPMALMIO 0 CTaHAAPTHBIX NOALMNHMKAX
KayeHWA, HeKOTOPbIX BbICOKOTEXHOMOMMYHbIX
W30enuUaX U NPUHALNEeXKHOCTAX ANs
noamnnHukos SKF. K BbICOKOTEXHOMOMMYHBIM
W31enM1AM OTHOCATCA CEHCOPHbIE NOALLMMHUKK C
HenoABMXKHbIM HapY>KHbIM KOSbLIOM, KOTOPbIE
o6ecneynBaroT U3MEPEHWe YacToThl 1
HanpasneHus BpaLLeHus, NoNUMepHble
NOALIMMHUKMA M NOALLMMNHUKK KaueHus,
COOTBETCTBYHOLLIME CReadyHoLLnM
cneundUyeckum TpeboBaHUaM:

akF

3KCTpeMasbHble TeMnepaTypbl
3MEKTPOM30NAUMS

CyX0e CMasblBaHuWe

HEeO0CTaTOYHOE CMa3biBaHUe

peskoe U3MEHeHWe YacToTbl BpaLLeHWs
BbICOKME YPOBHHW BUOPALIMK
KonebarenbHble OBUKEHUS

MepBbI pasaen, KOTOPbIA CONEPXKUT 06LLYH
TEXHUYECKYH MHbOPMALIMIO, MOMOraeT B Bbidope
Hanbonee 3cbdEKTUBHOM NPOAYKLMM ANs
KOHKpETHOW 0611acTh npuMeHeHns. B naHHoM
pasfene nogpoBHO paccMaTpUBaOTCA Takue
acneKThbl Kak CPoK CYKObl NOALIMMHUKA,
CKOPOCTHbIE XapaKTePUCTHKH, TPeHUe,
NpUMeHeHWe NoALLUMMHUKOB U cMasbiBaHWe. B
HEro Takxe BKMNHYeHa MHPOPMALIMA 0 MOHTaXe
u TexobcnyxmBarHuun. Bonee nogpo6Has
MHGOPMALIMA O MOHTAXE U TeX0BCNYXMBaHUM
npuseneHa B «CripaBoYHUKeE 10 TeXHUYECKOMY
06CT1ysKMBAHUKO NOALUMAHMKOB SKF>.

Heproc6eperaroiyme
nogLumnHmkm SKF
o603Haqarotcs npeguxcom E2.

SKF Energy Efficient bearing




Mpeaucnosue

Hoeelwwe paspaboTku

OcHOEHBIE 06HOBMEHMWS COepKaHus Mo
CPaBHEHWHO C NpefblayLLIMM U3AaHKeM KaTanora
BKNHOYArOT fJo6aBneHue nogLMnHUKoB TUNaY 1
WronbYaThiX PONTMKONOALUMMHUKOB, @ TAKKe
cneayroLLen NpoayKLmMK:

Jueprocbeperarowime noawUNHUKK SKF

Y106bI yO0BNETBOPUTL NOCTOAHHO pacTyLiue
Tpe6oBaHUs K CHKEHWH 3HEPronoTpedneHus,
komnaHus SKF paspabortana
3HeprocéeperaroLlme NOALUMIHWUKK KadeHHs
knacca SKF E2. MoMeHT TpeHus B
3HeproceperaroLmx noawmnnHmnkax SKF E2 kax
MUHMMYM Ha 30 % HMXKe, YeM B CTaHOAPTHbIX
nogwwmnHukax SKF Toro »e pasmepa.

Liunuugprueckre ponnMkonogLwMnHUKK
NOBbILIEHHOW rPY30M04bEMHOCTH

Liununapuyeckve ponukonogwmnHukm SKF
NOBbLILIEHHOM rpy30nogbEMHOCTH 06ranaroT
BbICOKOW rPY30M0AbEMHOCTLHO
6eccenapaTopHbIX NOALIMMTHWUKOB
CKOPOCTHbLIMW XapaKTepUCTUKaMK NOALLMMHUKOB
c cenapaTopamu. OHKW NpefHasHayeHbl 4N
NPUMEHEHUS B MPOMbILLISIEHHbIX PedyKTopax,
penyKTopax BEeTpsAHbIX TYp6WH 1 0bopynosaHuu
15 ropHoaoBbIBatoLLIEN OTPACSIN.

MoawunnHukn SKF DryLube

Moawwunuukm SKF DryLube ontiManbHo
NOAX0M4AT AN YCN0BMI padoTsl C
3KCTpeMasbHbIMKU TeMNepaTypamMu. 3Tu
NOALIMNHWKM 3aN0NHEHbI CYXMM CMA304YHbLIM
MaTep1asnioM Ha OCHOBE rpacuTa U aucynbduaa
Monu6aeHa. CyxoM cMa3ouHbIi MaTepran
3aLUMLLAET Tena KayeHns U JOPOXKKM KaueHus oT
NOBPEXAeHWS TBEPALIMU 3arPA3HSAOLLIMMHU
yacTMuamu. LaHHbIM CMa304HbINM MaTeEpHan
o6ecrneynBaeTt 3pdeKTUBHOE CMasbiBaHue
noawunHukos SKF DryLube npu noBbILLEHHbIX
TeMnepaTypax, HU3KUI KPYTALLMIA MOMEHT BO
BpEM$ 3anycka npu nrobbix TeMnepartypax v
HU3KMI MOMEHT TPEHWS BO BpeMst paboTbi.

MonuMepHbIe LWapUKONOALWMAHWUKK

nOHMMeprIe LapyKonoaLWNUNHUKK ABNAKOTCA
OTNIUYHbIM peLlleHneM Kak C TEXHW-IECKOI;L TakU C
3KOHOMMYECKOM TOYeK 3peHna B obnacrsx
npuMeHeHna, roe OCHOBHbLIM TpeﬁOBaHMeM
ABnAeTca yCTOﬁHMBOCTb K BO3,ﬂe;1CTBMI-O Bnarn v
XUMHUYECKKUX BeLLecTB. ﬂOﬂMMEprIe
LapukonogwmnHUKM OCHaLLaHTCA KoNibUaMK
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UnnuHgpryeckmii
ponukonogmnHnk SKF
M0BbILLIEHHOH
rpy30Mo4BLEMHOCTH

TMogwmnumk SKF DryLube

nOﬂMMeprlﬁ LIaprKono[LUHMHUK

Toawmnumnk Tuna Y ¢ puxcaymen
SKF ConCentra
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MNK Wak6amu, U3roTOBNEHHLIMU W3 PA3fMYHbIX
NONMMEPHBIX MaTepPHarnos, a TakKe LLapuKamu
13 CTEKNA, HepsKaBerOLLIEN CTanM UMK
NONMMEPHBIX MaTeprUanos. 3T NOALLMMHUKK
MMetoT MansIv Bec, ABNSHTCS
camMoCMa3blBaroLLIMMKICA, oBecnednsaroT
MasioLLyMHYH paBoTy M YCTOMUYMBLI K KOPPO3WK,
XUMUYECKUM BeLLeCcTBaM, U3HOCY M YCTaNoCTU.

Noawwunuukn TunaY ¢ pukcaumen SKF ConCentra
(kopnycHble NoAWKUNHWKK)

dukcauma metogoM SKF ConCentra
obecneynsaeT HagéxHYH NocadKy NoALIMNHUKA
Ha Bany ¢ HaTAroM, npeaoTepaLLan obpasosaHue
PETTUHM-KOPPO3WK. ITU NOALLMMNHUKK
OTNMYArOTCA TAaKOM e NPOCTOMN YCTAHOBKOM, KaK
NOALIMMHUKM CO CTONOPHLIMW BUHTaMMU.

PacuéT cpoka cny»06bl NNacTUYHOW CMa3ku Ans
YNNOTHEHHBIX PaAnanbHbIX LWAPUKONOALMMNHUKOB

YNNoTHEHHbIE paauankHble
LIAPMKONOALLIMMNHUKM M NOALUMMHKMKK TUNa Y
(kopnycHble NOALIMMHKKK) CMa3bIBaKOTCA Ha
Becb CPoK cNy>6bl. Komnanua SKF nposena
0BLUMPHbIE MCCNenoBaHWs W paspaboTana MeTos
OLEHKM CpOoKa CNyXGbl NAAcTUYHON CMa3Ku B
3aBMCMMOCTH OT YaCTOTbl BPALLIEHMS
NOALLIMMHMKA, paBoyel TeMnepaTypsl, Harpysku
W OpYrux dakTopos.

PaclMpeHHbIM acCCOPTUMEHT CneLuanbHbIX
NOALWNHUKOB

ACCOPTUMEHT YNNOTHEHHbIX NOALLMMHUKOB,
noawwmnnHukos SKF Explorer, nogLmMnHunkos ¢
3MEeKTPOU30NALMEN U TMOPUOHBIX NOALLUMMNHUKOB
BbIS pacLLUpeH.

Kak nonb3oBaTbcA HACTOALUM
KaTanorom

HacTosawui katanor pasfaenéx Ha fBa 0CHOBHbIX
pasgena: TexHU4eckui pasaen 1 pasgen no
npoayKuUuK. B TexHuueckom pasgesie npuseneHa
noapo6Has MHdOopMaLMa Mo BbIGOPY U
NPUMEHEHUH NOALLMMHUKOB KaueHus. B HEM
paccMaTpMBarOTCA BOCEMb OCHOBHbIX TEM,
o603HayYeHHbIX 3aknagkamu ot A go H. Pasgen
N0 NPOAYKLIMK pa3fesiéH Ha rnasbl No TMNam
npoaykumu. Kaskaas rnasa cogepyuTt
KOHKPETHYH MHbOPMaLMIO 0 TUMe NOALUMNHKUKA
1 ero BapuaHTax UCMOSTHeHNS, a Takke Tabnuubl
nofLwunHukos. Kaxkgas rnasa o npoayKLmu
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Mpeaucnosue

ofo3HaueHa ¢ MNOMOLLIbHO BbIpe3HbIX 3aKNafok C
COOTBETCTBYHOLLIUMU M306pa>KEHMFIMI/1.

BbICTpbIM NOWUCK MHPOPMaL UK

Karanor obecneuynsaet GbICTpbIV NOMCK
HeobxoaMMon UHdopMaumK. B Hauane katanora
HaxofMTCA nonHoe ornasneHwve. B koHue
KaTanora npusenéH ykasartens 0603HaYeHWH
NPOAYKLMM W NONHbIN TEKCTOBLIN yKasaTenb.

BbICTPbIM NOWUCK MHPOPMALMK O NPOAYKL UK

Harntv nogpo6Hyto MHdopMaLmio 06 usgenuu
MOHO C NOMOLLIbFO HOMepa M3fenus 8 Tabnuue.
Homepa u3nenui nepeymncriersl B ornassieHny B
Havase Kartasora, B OrnasfieHUW B Havane
KaX<QOoW rnasbl W B ykaszaTene 0603Ha4YeHWn B
KOHLIe KaTasnora.

WpeHTudUKaLMa NpoayKUUn

0603HayeH1s NOALLMNHMKOB KayeHus SKF
cofepxaT MHbOpMaLMHo 0 NOALLUMMHUKE W ero
[I0NOSNHUTESbHbIX XapaKTEPUCTUKAX.
CyuiectsyeT Tpu crnocoba naeHTUdMKaLmUm

noawwmrnHuka SKF nnu noncka gononHUTensLHON
MHDOPMALMK O HEM:

e Ykasatesib 0603Ha4eHNUI
Ykasatens 0603Ha4YeHWH B KOHLe KaTanora
COLEePXKUT 0603HAUEHUSA CepUM,
COOTBETCTBYHOLLIME TUMbI NMOALLUMMIHUKOB U
CCbINKK Ha COOTBETCTBYHOLLIME MN1aBbl U
TabAnLbl NPOAYKLMH.

e Tabnuubl 0603HaYeHUI
Tabnuubl 0603HaYEHUI NPOOYKLIMK,
OMNMCbIBAEMOW B KaX0M rnase,
NpeacTaBfieHbl Ha CTPaHKULAX, KoTopble
npeaLlecTsyoT TabnuuaM NpoaykUmu. B atux
Tabnuuax 4aHo onpefeneHue CTaHaapTHbIX
NPedUKCOB U CydHUKCOB 0003HAYEHMS.

o TeKcTOBbIV yKasaTens
TekcTOBbIN yKa3aTeslb B KOHLIE KaTasnora
COMEPXKUT CyddHKCbI 0603HAYEHNA B
andasuTHOM nopsaake. OHW HaneyaTaHsbl
YWPHbBIM LLPUTOM AN BbICTPOro noucka.

- s N
D"Siﬂnazia,,
A L
HoMepa m3genuii ynpoLyaroT MoMck MHGOpMAymum o MpoayKUMA. Ykazarens 0603HayeHnH yrpoLLaeT nouck HHpopMawmmu 06 3[enu.
CNatic o 1Sh 95T, eSS 7
( N CViscogity ’lé'nl_t/s rva}igg 176
L Scosity, 100, 102

L
Ylingyj,
I"Cknirfal'a”g"bé’ar’
Polyme pnd locking' "5 60,
uzleeves Jzalylgea’f"gs ;Vzlcss 1289
3 6
Lsg 275 4oy 288" 1260

504
178 ¢a242.12,, 1245

=305, 357" Mteryy) o J

Tabnnua 0603HadeHHi 4ns pacluMePOBKM CyPPHUKCOB 0603HAYEHMS.
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CyppHKCbI 0603HAYEHHS NEPEYMCIIEHbI B TEKCTOBOM yKasaresne Ans
YCKOPEHHS MOMCKa.
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EAanHULbI M3MepeHus

Hactoawui katanor npegHasHadeH ans
ucnonb3oBaHua B Ntoboi ctpane. MNoatomy
OCHOBHbIE €MHHLIbI U3MEPEHWS NPUBEQEHbI B
cooTBeTcTBUM co cTaHgapToM |SO 80000-1. Mpw
HEOBX0AMMOCTH, B HEKOTOPLIX CIy4anx
UCMonb3yroTcs GpUTaHCK1e eauHULbI
usmepeHus. NpeobpasosaHue eauHuL
M3MEPEHHS MOXKHO BbIMNOMTHUTL C MOMOLLbHO
Tabnuubl nepecyéta (= crp. 8).

Lna yno6cTea 3HaYeHUs TeMneparypbi
ykasaHbl B °C 1 °F. 3HaueHWs Temnepatypsbl
00bI4HO OKpYrneHbl. [03ToMy fBa 3HAYEHHA He
BCerga TOYHO COBNAAAroT MPU UCNOb30BaHUK
$OopMynbl NepecyéTa.

Opyrve nogwmnnHuku kavenusa SKF

,Elpyrme noAWKWNHUKKN KaYeHUAq, He
npeactassfieHHble B HACTOALLEM KaTanore,
BKNHOYaHT:

® NpeLmn3UoHHbIE MOALLIUMHUKH

® LLAPUKO- U POSIMKOMNOALLMMIHWUKOBbIE Y3kl

® LIAPUKONOALLMMHWKK C GUKCUPOBAHHOM
BbLICOTOM NONEPEYHOr0 CeYeHMs

o kpynHoraBapuTHble paauanbHble
LLIAPMKONOALIMIMHWKM C Na3aMu ANs BBOAA
LLIAP1KOB

e kpynHoraBapuTHble yNopHO-paguanbHbie
LIAPMKONOALIMIHWKM

® YMOPHbIE KOHWUYECKUE POSTUKONOALLIMMHUKH

® MHOropsifHble LWapuKo- UMK
PONUKOMNOALLMMHUKH

® Pa3bEMHbIE PONMKOMOMLLMIHUKK

® KOHWYECKWUe PONMUKOMOMLLMMHUKM C
nepeKkpécTHbIMU PONIUKaMK

® 0MOpHO-NOBOPOTHbIE YCTPOWCTBA

® MOALWMMNHWUKMA ANSt IMHERHOrO NepeMeLLieHus

® MOALWMMHWUKM NSt POSIMKOBLIX KOHBKOB W1
ckenT6opaoB

® DOMMKONOALLMMHUKU-0MNOPHbIE POSMKK AN
MHOrOBasKOBbIX MPOKATHbIX CTAHOB

® 0MOpHbIE UHOEKCHbIE POIMKKU NS neven
HEenpepbIBHOMO [eHCTBUs arnodbabprk

® MOALIMMHWKK CeLManbHOro HasHaueH s ans
KeNe3HO0POXKHOr0 NOABHKHOIO COCTaBa

® MOALIMMHWKKM CMeUManbHOro HasHaueH s ans
NerkoBbIX W FPY30BbIX aBTOMOGMMEN

® TPEXKOMbLEBbIE NOALLMIHUKM 4119
LIeNNoNo3Ho-6yMakHOW NPOMBILLEHHOCTH

® MOALIMMHWAKK AN POSIMKOB MEYaTHbIX CTAHKOB

akF

¢ NoAWHWnNHKUKK Ona NpUMeHeHnA B
aBMaKOCMUYeCKoH oTpacniun

Lna nonyyenns MHdOpMaLmMKU 06 3TUX U3Lenuax

obpatuteck B kKomnanuio SKF unun nocetute cait
skf.ru.
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3710 — SKF

KomnaHus SKF 6bina ocHosaHa 8 1907 rogy
LUBEACKUM MHKeHepoM CBeHOM BUHIKBHUCTOM.
3a 371 rogl U3 HeBONbLLLIOW KOMNAHUK, B KOTO-
poii pabotasno scero 15 yenosek, oHa npespa-
TUNACh B NMepa B 001aCTU MHKEHEPHBIX peLue-
HWW. B TeYeHWe MHOTMX NeT Mbl COBEPLLEHCTBO-
BaflM CBOMW 3HAHWUSA M HAKaNIMBasM OnbIT B
0651acTi NPoM3BOACTBA NOALLIMMHWKOB, a TaKKe
YNNOTHEHWH, MEXaTPOHHbIX Y3108, CUCTEM CMa-
3bIBaHMA U cepsurce. Komnanusa SKF HacumTbl-
saet 46 000 coTpyaHUKOB, 06 bEAUHAET CETb M3
15 000 ancTpmbbLIoTOpoB, a Takke pacnosaraet
oducamu bonee, yem B 130 cTpaHax Mupa.
[MoMKMO 3TOr0 € KaXkabIM Fo0M PacTET Konuye-
CTBO MHXKMHUPUHIoBbIX LieHTpoB SKF Solution
Factory (®abpuka peluenni SKF).

HUccneposanus u paspaboTku

MbI UMeeM BoraTbiM onbIT PaboTsl, OCHOBAHHbIM
Ha OBLUMPHBIX 3HAHUAX HALLUWX COTPYOHUKOB,
Goree YeM B COPOKa OTPAC/SX NPOMbILLTIEHHO-
cTW. KpoMe Toro, HaLlW 3KCNepTsl MUPOBOTO
Knacca B COTpYAHUYECTBE C YHUBEPCUTETAMMU
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BeayT TeOpeTUYeCK1e UCCNeqoBaHua U paspa-
60TKM B Tak1x 0BnacTax Kak: Tpubonorus, gua-
FHOCTMYECKMI KOHTPOSb, yNpaBieHue akTBaMm
1 Teopu1s pecypca NoALMnHKKoB. Halue Hey-
CTaHHOE BHUMAHME K UCCNefoBaHWaM W pa3pa-
60TKaM N03BOASET HAM NpeanaraTh KAMeHTaM
camble NepefoBble peLleHus.

WHXXMHHMPUHIOBbIE LieH-
Tpsl SKF Solution Factory
(Pabpuka pewermri SKF)
o6ecneynBaroT [OCTYN K
3HAHMAM M NPOM3BOL-
crBeHHoMy onbiTy SKF Ha
MecTax, npegnaras Kam-
€HTAM HALLM YHUKASTbHbIE
DELLIEHUS U YCIIYTH.
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PeweHuna ana cambix CNOXHbIX 33434

HalLl onbIT ¥ 3HaHMS, @ TakKe LIMPOKHUE BO3MOX-
HOCTW N0 08 beAUHEHWUHO NEePeOBbIX TEXHONO-
FMW, NOMOratoT HaM Co34aBaTh MHHOBALIMOHHbIE
peLLeHus, 0TBEYArOLLME CaMbIM XECTKUM Tpebo-
BaHMAM. Mbl TECHO B3aMMOEMCTBYEM CO CBOMMM
KNMEeHTaMM Ha NPOTAXKEHWM BCEro cpoka cyxbbl
o6opyoBaHMA, NOMOras UM pa3s1BaTh CBOM
6u3Hec.

YcTonuunBoe passutue

C 2005 roga komnanua SKF paboTaet Hag cHU-
YKEHWEM BPeHOro BIUSHWSA CBOEH OesTeNbHO-
CTW W [1eaTeNbHOCTH CBOMX NOCTABLLMKOB Ha
OKpy»KatoLLyto cpedy. Henpekpallaroulmecs
paboTbl HaL COBEPLLEHCTBOBAHWEM TEXHOMOM MM
MO3BOMMAM BbINYCTUTL CEPHHD MPOLYKTOB U
ycnyr B paMkax kamnanuu SKF BeyondZero,
KOTOpble 0BecneYnBaroT NoBLILEHWEe 3ddek-
TUBHOCTM 060PYH0BAHUA U CHUMKEHWE NOTEPb
3Hepruun. Kpome Toro, 6bifiv 0CBOEHbI HOBbIE
TEXHOMOMMK UCNONb30BaHUSA IHEPTWUM BETPA,
COMHLA U MOPSA. ITOT KOMOMHUPOBAHHBIN NOAX0
MOMOT CHU3WTb BPeAHOE BO3LEMCTBHE HA OKPY-
arOLLYHO Cpefly KaK OT Hallew COBCTBEHHOM
L1eATeNbHOCTH, Tak W OT OeATebHOCTH HaLUKX
3aKa34MKOB.

CoTpygHr4as ¢ akcnep-
Tamm SKF no uHepopma-
LMOHHBIM TEXHOSIOTUAM,
TI0rHCTHKE M 0671aCTAM
NpHUMeHeHHs, aBTOPH30-
BAHHbIE JUCTPHBLHOTODLI
SKF npegocrasnsror
KITMEHTAM 1o BCemy Mupy
L{€HHbIE 3HAHMS O HALLIMX
MPOAYKTAX M 0COGEHHO-
CTAX UX IPUMEHEHNS.
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SKF — koMNaHWs MHXEHEPHbIX

3HaHWUU

Hawwm 3HaHMA — ocHoBa

MpoekTMpoBaHue
1 paspaboTka

CocTaBnexue
Bawero ycnexa P
Ynpasnenue xH3HeHHbIM UuKnOM  F3A3HA \ W MCnbITaHNS
npon3BoacTBeHHbIX akTHBoB SKF
- HaW NoAxof K 06beAHHeHHI0 YnpaBneHue 13HEHHbIM
TeXHONI0rHYECKMX NIaTpopM H LMKIIOM NPOU3BOACTBEHHBIX
yenyr, a TaKxe K UX NpPUMEHEHHUHo aktveos SKF
Ha Ka)XK[oM 3Tane XM3HeHHoro .
umkna 060pynoBaHUSA, C LeNbH EXHUHECKOE
6 _ oBcnyknBaHue
o06ecneynTsb ycnex HaWwmx KIHeH 1 peMoHT A y
TOB U rapaHTUpOBAaTbL 3KOJI0r Y- OHTaX
1 BBOO B
HOCTb M NPUGBBINBLHOCTb MX Jkcnnyataums 3KcnnyaTau§r0

AeATesIbHOCTH.

TecHoe B3aMMOAENCTBUE C KNUEHTAMH

Halwa uens — NoMoYb HalKMM KNIMEHTaM yBenu-
YUTb NPOM3BOAMTENLHOCTbL TPYAA, CBECTH K
MUHUMYMY TeXHWUYecKoe 08CysKUBaHWE, NOBbI-
CHTb 3P DEKTUBHOCTb UCMNOSMb30BAHUSA IHEPTUU U
pecypcos 1 ONTUMM3MPOBAaTL NPOEKTHbIE peLle-
HUSA ANS NPOLEHWs CPOKA CY>KObI W NOBbILLIE-
HUSA HAOEXHOCTU 060PYA0BaHMS.

MHHOBaUUOHHbIE peweHuna

HesaBMCMMO OT HazHaYeHWS TEXHUYECKOro
pewienuns — By b TO NIMHENHbIE aKTyaTopbl, aKTy-
aTopbl BPaLLEHWUS UM KOMNNEKCHbIE CUCTEMbI —
nHxeHepbl SKF okaxkyT BaM noanepskky Ha Ka-
[I0M 3Tare XW3HeHHOro LUMKa 060pyaoBaHus
LN8 YNYYLLIEHWS ero XapaKTePUCTHK C YYETOM
ocobeHHoCTeM aKkcnnyaTaumu. Haw nogxoq pac-
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Y MOHUTOPUHT

NPOCTPaHAETCA He TOJSIbKO Ha oTAefIbHble KOMMNO-
HEHTbI, TaKWe KaK NoALLWUNHUKKU U YNNOTHEHHUA.
OH oxBaTbIBaeT BCHO cncTemy, B KOTOpOﬂ OHH
NPUMEHAROTCA, N03BONIAA OUEHUTb BBaMMO,ﬂEI;I-
CTBME KOMMOHEHTOB ApYr C APYroM.

ONTUMKU3ALMA U NPOBEPKA NPOEKTHbIX
peLeHun

SKF Takxe npegnaraeT CBOMM KINWEHTaM ycnyru
M0 ONTUMM3ALMHM TEKYLLIMX UMW HOBbIX NPOEKTOB
C NOMOLLIbH) COBCTBEHHOrO NPOrpaMMHoro obe-
cneyeHWs TPEXMEPHOro MOAENTMPOBaHHUS, KOTO-
POe MOXKHO MCMOSb30BaTh B KAYeCTBe BUPTyasb-
HOr0 MCMbITAaTENbHOMO CTeHAA AN NPOBEPKU
Ha1EXHOCTH KOHCTPYKLIWH.
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lMogwnnHkM

SKF — MupoBo# nvgep B 061aCTH IPOEKTUPOBAHMS,
paspaboTkK M NPOM3BOACTBA BbICOKOIPPEKTUBHBIX
MO[LUMITHUKOB KAYEHHS, MOLLIMITHHKOB CKOSTbXKEHHS,
MOALUIMMHHKOBBIX Y3108 M KOPIYCOB.

TexHHyeckoe 06CryKHBAHUE MEXAHU3MOB
TexHosorM1 MOHMTOPUHIA COCTOSIHMS 060PY.40BAHHSA 1
YCIYrv TeXHUYeCKOro 06CryKkuBaHus komnaHmum SKF
MOMOraroT CBECTU K MUHUMYMY BPEMS HE3AMIAHUPO-
BAHHbIX MPOCTOEB, MOBbICHTb 3P PEKTUBHOCTL IKCMTYd-
Taymm 060pyJOBAHMS M CHU3UTL 3ATPATHI HA
06CnyXUBaAHME.

YnnotHenns

SKF npeqnaraet kak CTAHRAPTHbIE, TAK M CNELUMATTBHO
paspaboTaHHbie yrnnoTHeHUS 47151 yBeSTMYeHUS BDEMEHU
6e30TKa3HOM paboTsl, MOBLILLIEHHS HAAEXHOCTH MeXa-
HM3MOB, CHUXXEHMS TDEHWUS U I0TEPL MOLLIHOCTH, d
TAKXKe peLLeH1s [119 NPOAIEeHHUS CDOKA CITysKBbl CMA3KH.

MexarpoHuka

MexatpoHHbie cuctemsl SKF gns aspokocmudeckor
0Tpacsv, BHEJOPOXKHOM, CESIbCKOX03AHMCTBEHHOM 1

04 BEMHO-TPAHCIOPTHOM TEXHUKM 3AMEHSHOT TAXENbIE
MEeXaHUYECKHe 1 MMOpaBIMYECKUE CUCTEMbI, MOTPE6TS -
roLLjHe 60sIbLLIoe KOSTMYECTBO CMA304HbIX MATEPHUASIOB.

CHcTeMbl cMA3bIBAHKUA

Pewwenus SKF 8 06n1actv cMassiBaHus — oT creymnanm-
3MPOBAHHbIX CMA30Y4HbIX MATEPHUAIIOB [O COBPEMEHHbIX
CHCTeM CMA3bIBAHUSA M YCIYr N0 MIGHUPOBAHMUI CMA3bI-
BAHMS — MOMOraroT COKPATMTL BPEMS IPOCTOEB, CBA3AH-
HbIX C HEOBX0MMOCTBHO CMA3bIBAHMSA, M PACXOL CMA30Y-
HbIX MATEPHAIOB.

AKTyaropsl M ynpasneH1e nepeMeLyeHHeM
Pacnonaras wupokum accopTUMeHTOM MpogyKLmMM — T
MpHMBOLOB M LLIGPHUKOBMHTOBbIX MEPeAay 4o Npogmb-
HbIX pesnbcoBbix HanpasnaroLymx — SKF nomoraet
30KA39YMKAM PELLIATb CaMble CII0KHbIE 3a4aYH, CBS3AH-
Hble C CUCTEMAMM JTIMHEHHOIO NepeMeLLeHHS.
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OcHoBHasn WH¢OpPMaL 1A 0 NOALUNHUKAX

Bbi6op nogLMnHUKOB
KayeHus

NOALWKMNHKKOELIK Y3€N COCTOMUT He TOMbKO U3
noAWMNHUKOB. CONPAKEHHbLIE KOMMOHEHTI,
Takue Kak Ban 1 Kopnyc, ABAAHOTCA COCTaBHOM
yacTbo Bcero y3na. CMasoyHble MaTepuarnsl 1
YNSIOTHEHMA TaKXKe ABNATCSH BaXKHOM YaCTbHO
cMCTeMbl NOALLMMNHWKOBOrO y3na. MpasunbHoe
KOSIMYECTBO COOTBETCTBYHOLLIEr0 CMA304HOM0
MaTepuana cnoco6CcTByeT NpogneHnto Cpoka ero
cnyx6bl, CHUXaA TPEHWE B NOALLMIMHUKE U
3aLLMLLan ero OT KOppo3uK. BaxkHas dyHKLMS
YNNOTHEHWM 3aKSHOYAETCS B TOM, 4TOGbI yaep-
YMBaTb CMA30Y4HbIM MaTepuan B NOALLMMIHUKE,
He Jonyckas nonagaHWa 3arpasHArLLMX
BeLLecTB. ITo 0COBEHHO BaXKHO, TaK Kak CTeneHb
YMCTOTbI CMA304HOI0 MaTEpPHana okasbiBaeT
3HaYUTENbHOE BIUAHWE Ha CPOK CY>KObI N0 -
wmnHuka. MNoatoMy SKF npouseoguT 1 npegna-
raeT LUMPOKUM aCCOPTUMEHT MPOMbILLINIEHHbIX
YNIOTHEHWM Y CUCTEM CMa3blBaHMS.

p1 caMocToATeIbHOM NOMCKeE B KaTanore
SKF nogxogsilero noAlwunHMKa cnegyet UMeTb
BBMY 60MbLLIOE KONMYECTBO ONPeaenstoLLmnX
$aKTopoB:

® [0CTYNHOE NpPOCTPaHCTBO

* [eNCTBYHOLLIME HArpy3KM (MX BENMYMHA W
Hanpasnexwue)

* nepekoc

TOYHOCTb M3rOTOBNEHMS M KECTKOCTb

3NeMEHTOB KOHCTPYKLMK

4acToTa BpaLLeHWs

paboune TemMnepaTypsi

YPOBHH BMBpaLmm

YPOBHM 3arpA3HeHus

TMN M MeTo[ CMa3blBaHMA

Mocne onpefeneHna nogxogdaillero nogwun-
HUKa HEOéXOﬂMMO OépaTVlTb BHMUMaHWe Ha pag
ApYrux He MeHee BaXKHbIX paKTOPOB:

e nogaxofsilas ¢dopMa M KOHCTPYKLMSA OPYrux
fneTaneu ysna

* NpaBubHbIM BLIGOP NocafkK Koned, obecne-

YeHWe NPaBMLHOr0 BHYTPEHHEro 3a30pa MK

npeaHaTara NogWwUnHUKa

DUKCUPYHOLLIME YCTPOMCTBA

NPaBMIbHBbINA BbIBOP YNIIOTHEHMS!

TWN W KOIMYECTBO CMA304YHOMo MaTeprana

CNocoBbl YCTAHOBKM M IeMOHTaXa

e o o o
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Mpw paspaboTke 060pyA0BAHMUA KAXKObIA aCNeKT
BIMAET Ha MPOM3BOAMTENLHOCTb, HAAENKHOCTb U
3KOHOMWMYHOCTb NOALLMMHWUKOBOrO y3na.

SKF npo13soauT LUMPOKMIA aCCOPTUMEHT Nof-
LUMNHUKOB Pa3sfMuHbIX TUNOB, CEPUM, UCMOMHe-
HWWM W pasmepoB. CaMble pacnpocTpaHEHHbIe U3
HUX NpefcTaBfeHsl B pasaene « Tunbl v KOH-
CTPYKUMM nofgLmMnHuKkos» (= cTp. 26). HekoTo-
Pble KOHCTPYKTUBHbIE TUMbI NOALLIMNHUKOB SKF
He NpeCTaBeHbl B HACTOALLEM KaTanore.
MHdpopMauma 0 60NbLIMHCTBE 3TUX NOALLIMMHM-
KOB NpefCTaBneHa B cneuuranbHbIX Katanorax
MNK Ha camTe skf.ru.

B naHHoM pasgene, a Takxe B pasgenax B-H
BCA Heo6x04uMas MHbOPMaLMs CTPYKTYPHUPO-
BaHa B popmare, yao6HOM 4N padoTbl KOH-
CTPYKTOPA NOALLUMMHUKOBbIX y31108. OueBunaHo,
YTO HEBO3MOXHO NPWUBECTH BCH MHPOPMALIHHD,
YUMTBIBAOLLIYHO BCE KOHCTPYKTUBHbIE 0COGEH-
HOCTM Pa3HO0Bpa3HbIX NOALLUMMHUKOBbIX Y3108,
Mo 3ToM NpUYMHE B KaTanore BCTpeYaroTCa
pexoMeHdaumm 06paLlaThCs B TEXHUYECKYH
cnyx0y SKF. TexHnueckas cnyx6a okasbiBaeT
KOMMNIIEKCHYH NOAOEPXKKY, OCYLLIeCTBNSET AMa-
FHOCTWKY W aHanu3 npo6rem paboTocnocobHo-
CTW NOALUMNHMKOBBIX Y3108, @ TaKKe Npeana-
raeT nomoLLb B Bbiope nogwmMnHuKos. SKF
Takxe pekoMeHyeT 06paLlaTbca B 3Ty CyxBy
NPy HEOBX0MMOCTH MOBLILLEHUA MPOM3BOAU-
TenbHOCTH 060PYA0BaHMS.

MHdbopMaums B faHHOM pasaene W B pasge-
nax B—H npuMeHnMa K 60MbLIMHCTBY NOALIMM-
HUKOB KayeHus. MHbopMaums o NogLMNHUKaX
onpenenéHHoro TMna NpMeefeHa B COOTBETCTBY-
FOLLMX rNaBax. [ononHUTenbHbIe KaTanoru 1
6poLUtOpbI, NOCBSALLEHHbIE 0COBLIM CRyYaaM
NpYMeHeHUs NOALUMNHUKOB, NPefoCTaBNAHTCS
no 3anpocy. Mogpo6Has MHbOPMaLKa 0 Noa-
LUMNHKUKAX KauyeHWsl, NOALLMMHUKOBbIX y3NaX,
Kopnycax, NOALLMNHMKAX CKOMbXEeHUS W ynnoT-
HEHUWsX NpeacTaBneHa Ha canTe skf.ru.

CnepnyeT 0TMETWTb, YTO MHOTOYMCEHHbIE
BENWYMHbI, NepeYncneHHble B Tabnuuax nog-
LUMMNHKKOB, CYLLIECTBEHHO OKPYrMeHbl.
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TepMuHonorma

311echb NOACHAKOTCS YacTo MCMOMb3yeMble Tep-
MMWHbI, BCTPEYarOLLIMECs NPU OMUCAHUM NOLLLIMM-
HWKOB. Mogpo6HbLIN NepeyeHb TEPMUHOB MO -
LUMMNHWUKOB MOXHO HaWTH B M3gaHmu 1SO 5593
«MoALWKMNHUKK KaYeHUs — c1oBapb
TEPMUHOB.

akF

TepMMHONOrMA

Puc. 1

=

L]

O6o3HaveHus

BonbLuas 4acTb UCNOMb3yeMbIX B HACTOALLEM
KaTanore CMMBOJIOB COOTBETCTBYET CTaH4apTam
ISO. Han6onee pacnpocTpaHéHHble o6o3Haue-
HUSl NPUCOEOMHUTENbHbIX PA3MEPOB NOALLMNHM-
KOB npuseaeHbl Ha puc. 1. [pyrue o6o3HaueHus
nepeyncneHbl Huxe. Bce 06o3HaueHUs MoryT
MCNOsb30BaThCA C NOACTPOYHBIMU 3HAKAMK AN
YKa3aHWUs XapaKTepUCTHK.

A = napameTp BbICTPOXOAHOCTH [MM-06/MUH]

=ndn

C = HOMMHaNbHas rPy30MNoABLEMHOCTb

noAwwmMnHmka [kH]

cpefHUi AnaMeTp NofLLMIHKUKA [MM]

=0,5(d +D)

F = dpakTuyeckas Harpyska Ha noawnnHuk [kH]

L = pecypc (06b14HO B MMARKMOHax 060poTOB

nnu paboumx yacax)

= yacToTa BpaLleHus [06/MuH]

3KBMBaNeHTHas Harpyska Ha NOALUMMAHUK

[kH]

P, = npemen ycTanoctHoi npoyHocty [kH]

Ne = KO3 PULIMEHT 3arpA3HEHHOCTH

K = KO3 DULMEHT BA3KOCTH: OTHOLLIEHWE
aKTMYeCcKoro 3Ha4eHus K TpedyeMomy

v = BA3KOCTb Macna [MM2/c]

o
3
1]

o=
n
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OcHoBHasn WH¢OpPMaL 1A 0 NOALUNHUKAX

no.D,LI.IMHHMKOBbIe y3nbl Puc. 2

(= puc. 2)

1 Uunuuapuyeckun
POSIMKONOALLMMHKK

2 LlapurkonogwmnHuk ¢

YETbIPEXTOYEYHbLIM KOHTAKTOM

Kopnyc

Ban

3anneuuk Bana

LunameTp Bana

MocafoyHoe MecTo Ha Bany

Topuesas warnba

MaHyeTHoe ynnoTHeHWe Bana

10 [ucraHunoHHoe KonbLo

11 [uameTp oTBepcTHs B Kopnyce

12 [MocapgoyHas NOBEPXHOCTb B
Kopnyce

13 Kpbilwka kopnyca

14 CronopHoe KonbLio

vooNoOLIE~W

PaananbHble NOAWUNHUKNA Puc. 3
(> puc.3n4)

1 BHyTpeHHee KonbLO

2 HapyxHoe konbuo

3 Teno kayeHus: LWApUK, ULMNKUH-
LIPUYECKHUM POSHK, UroNbYaTbIM
POSIMK, KOHUYECKWUW PONKK,
cpepuyeckui ponuk, Topou-
anbHbIN PONKK

4 Cenapatop

5 YnnoTHWTenbHOE yCTPOWCTBO:
YnnoTHeHWe 13 3nNacTOMEPHOro
maTtepuana
3alumTHas warkba U3 NCToBOK
cTanu

6 [locapoyHast NOBEPXHOCTb
Hapy>HOr0 KomnbLia

7 [locapoyHas NOBEPXHOCTb
BHYTPEHHEro KofbLa

8 [uaMeTp 3anneyvka
BHYTPEHHEro KofbLa

9 [wuametp 3anneurka
Hapy>HOro KonbLa

24 akF



10 KaHaBka nof CTONOPHOE KOsbL0

11 CronopHoe konbuo

12 Topuesas NA0CKoCTb
HaPY>KHOro Kofbla

13 KaHaBka ans BCTPOEHHOMO
YNIOTHEHUA

14 [loposkka KaYeHWs Hapy>HOro
Konbua

15 [oposka KayeHWs BHYTPeH-
Hero KofbLa

16 KaHaBka, ConpaxeHHan ¢
KPOMKOW YNAOTHEHWUA

17 Topuesasi NNOCKOCTb BHYTPEH-
Hero KofbLa

18 dacka

19 CpeaHu guamertp
noALMNHMUKA

20 06was LWwMpKHa NoOLMNHUKA

21 Hanpasnarowmi 6opT

22 YnepskuBaroLLmi 6opT

23 Yron koHTaKTa

Ynoprle noAWKUNHUKH

(= puc. 5)

24 Tyroe konbuo

25 KoMnnekT Ten KayeHus ¢
cenapaTtopom

26 CeoBogaHoe KonbLo

27 CsoBogaHoe KonbLo co
cdpepuyeckomn onopHom
MOBEPXHOCTLHO

28 Copepuueckoe nogknagHoe
KonbLO

akF

TepMuHONOrUs

Puc. 4

Puc. 5
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Tunbl KOHCTPYKUHUKN NoALLMNHUKOB

PapnanbHble NoAWWAHUKA

Pa,uMaanue noALWKWNHKUKK BblOEPXKUBAHOT
Harpysku, ,ueﬁcmyrou.me npenMyLlecTBeHHO
nepneHOnKynapHoO ocu Bana. ,ﬂaHHble nogwun-
HWKM, Kak NpaBnnio, kKnaccupULMpyroTca No Tuny
Ten KavyeHnsa 1 popMe [OoPOXKEK KaueHUs.

PagnanbHble wapukonogwnnHukm (—> crp. 295)
OOHOPAOHEIE
oTKphITHIE (1)
C 3aLLMUTHBIMM LaHBamMK
C ynnoTHeHnamu (2)
ofIHOPAMHbIE, U3 HepXaBeroLLeH cTanu
oTKpbIThIE (1)
C 3aLLMUTHLIMM LanBamMu
C ynnoTHeHuamu (2)

0[HOPAAHbIe, C Na3aMu ANA BBOAA LLIAPUKOB
oTKpbIThIE (3)
C 3aLLMTHBIMM LWaiBamu
C KaHaBKOW Mo/} CTONOPHOE KOMbLO,
CO CTONOPHBIM KOMbLIOM Uik 6e3 Hero

nsyxpagHsle (4)

NOALMAHMKM C ManoK BbICOTON NONEPeyHOro
ceuerms?)

oTKpbITbIE (5)

C KOHTaKTHBIMM YNOTHEHUAMM

1) O6pauaiitecs B TexHUueckyto cyxoy SKF.
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Tunbl 1 KOHCTPYKUKK noOLLKMNHKUKOB

MoawmnHuky TMNa Y (KopnycHble NOAWMNHUKK)
(= crp. 421)
CO CTOMOPHbLIMW BUHTAMU
BHYTPEHHEe KoMbL|o, YANMHEHHOEe C 0[HOM
CTOPOHbI (6)
BHYTPEHHee KoMbLlo, YANUHEHHOE ¢ 06eux
cTopoH (7)

C 3KCLIEHTPHUKOBLIM CTOMOPHLIM KOMbLIOM
BHYTPEHHEe KoMbLIO, YAMHEHHOE C OAHOM
CTOPOHbI (8)

BHYTPEHHee KombLi0, YAMHEHHOe C 06enx
cTopoH (9)

C KOHUYECKUM OTBEPCTUEM
BHYTPEHHee KombLi0, YANMHEHHOe C 06enx
CTOPOH AN MOHTaXa Ha 3aKpenuTenbHoM
sTynke (10)

CO CTAHAAPTHbIM BHYTPEHHMM KOfbLIOM
N9 YCTAHOBKM Ha Bany ¢ Hatarom (11)

27
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PafuanbHo-ynopHbIe WapuKonoaWHIHUKK
(= cTp. 475)
ONHOPAIHEIE
6a30Bas KOHCTPYKLMA ANS OfUHOYHOMO
MOHTaXa
OTKPbITbIE MU C BECKOHTAKTHBIMM
ynnoTHeHusmmu?)
KOHCTPYKLUMS ANS YHUBEPCANbHOTO
MoHTaxa (12)

MpeLn3noHHble, ogHopsagHbiel)
BbICOKOCKOPOCTHbIE
OTKPbITbIE MK C BECKOHTAKTHBIMU
ynnotHeHnamu (13)
NOBbILLIEHHOW FPY30N00bEMHOCTH
OTKPbITbIE MK C BECKOHTAKTHBIMU
YNAOTHEHUAMM

LBYXpAOHbIE
C LeNbHbIM BHYTPEHHWM KonbLioM (14)
OTKPbITbIE
C 3aLMUTHBLIMM LIanbamu
C KOHTAKTHbIMKW YNAOTHEHUAMK
C Pa3bEMHbIM BHYTPEHHWUM KOMbLIOM

LLIAPUKOMOALIMAHUKM C YETHIPEXTOYEYHbIM
KoHTakToM (15)

CaMoycTaHaBNMBaOLLMECA LAPUKONOALINAHWUKM
(= cTp. 537)

C UIMAMHAPUYECKMM UM KOHUYECKUM
oTBEpCTHEM

oTKpbITble (16)

C KOHTaKTHLIMK ynnoTHeHuamu (17)

1) MncpopMaums 0 faHHOM NPOAYKUMM NPefcTaseHa Ha caiite skf.ru
MNW B OTAENbHOM KaTasnore.

akF



Tunbl KOHCTPYKUKK noOLLMNHKUKOB

C LUIMPOKMM BHYTPEHHWUM KonbLoM (18)

LiunuHapryeckue ponuKonoALWLMNHUKA
(—> cTp. 567)
ofHOpAQHble
tmna NU (19)
C OfHUM UMK [1BYMS baCOHHBIMU KOMbLIAMM
na N (20)

ofHOpAOHbIE
na NJ (21)
C haCOHHBIM KOMbLIOM
na NUP (22)

OAHOPAOHbIE
NOBbILLIEHHOW rPY30MN0AbEMHOCTH
tmna NCF (23)
ina NJF
Tana NUH

asyxpsgHblel)
C LMAMHOPUYECKIM UM KOHUYECKUM
oTBEpCTHEM
tna NNU (24)
tna NN (25)
tmna NNUP

1) MncpopMauus 0 faHHOM NPOAYKUMM NPefcTaseHa Ha caiite skf.ru
MNW B OTAENLHOM KaTasnore.

29




OcHoBHasn WH¢OpPMaL 1A 0 NOALUNHUKAX

30

LiunuHapryeckre ponvKonoaLLMIHUKK
(npogonkeHue)
yeTEpExpanHE el
C UMMMUHOPHUYECKUM UMK KOHUYECKHUM
oTBEepCTUEM
oTKpbITbIE (26)
C KOHTaKTHbIMK YNOTHEHUSIMK

BeccenapaTopHble UMAMHAPHYECKME
PONMKONOALLIMAHMUKM
0fHOPAOHbIE
tmna NCF (27)
tmna NJG (28)

OBYXpAaHbIE
C HanpaBnAKOLLMMM BOpTaMu Ha
BHyTpeHHeM KonbLe (29)

C HanpaBnALLMMK BopTaMu Ha
BHYTPEHHEM W Hapy>XHOM KoMnbLiax
C KOHTaKTHbLIMK ynnoTHeHUamu (30)

WUronbuatble ponukonogwunHuku (= crp. 673)

UronbyaThie PONUKONOALLMIHUKK 6e3 Konell
ogHopaaHsie (31)
nByxpsaHble (32)

MronbyaThlie POSIMKONOALUMAHMKM CO LUTaMMo-
BaHHbIM HaPYXKHBIM KOSTbLIOM M OTKPbITBIMU
Topuamm
0[IHO- 1 ABYXPAAHbIE
oTKpbIThle (33)
C KOHTaKTHbIMW yNNoTHeHWAMK (34)

1) MncpopMaums 0 faHHOM NPOAYKUMM NPefcTaseHa Ha caiite skf.ru
MNW B OTAENbHOM KaTasnore.

akF



akF

Tunbl KOHCTPYKUKK noOLLMNHKUKOB

UronbyaThlie PONUKONOALLMIHUKKM CO LUTaMMo-
BaHHbIM HaPYXKHBIM KOSbLIOM C 3aKpPbITbIM
TOPLIOM
0[IHO- 1 ABYXPAAHbLIE
oTKpbIThIe (35)
C KOHTaKTHbIM yNoTHeHWeM (36)

MronbyaThlie POSIMKONOALLMAHUKM C BopTamMu
0[IHO- 1 ABYXPAAHbIE
6e3 BHyTpeHHero konbua (37)
C BHYTPEHHWUM KOMbLIOM
OTKpbITbIE
C KOHTaKTHLIMK yNnoTHeHUaMK (38)

MronbyaThle pONMKONoALWMAHUKK 6e3 6opToB
0[HO- W [ABYXPAQHbLIE
C BHYTPEeHHWUM KonbLoM (39)
6e3 BHyTpeHHero Konbua (40)

caMoyCTaHaB/IMBatOLLMECH UrofbyaThie
DONMKONOALIMIHUAKMA

6e3 BHYTPeHHero KonbLa

C BHYTPeHHWUM KonbLioM (41)

KOMBMHUPOBAHHbIE UroNbyaThle
POMMKONOALIMMHWKM
KOMBMHWPOBaHHbIE PafuanbHO-yNopHble
LUAPMUKONOMLIMMHUKM C UrONbYaTHIMKU
ponukamm
oguHapHble (42)
nBOMHble (43)
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Uronbuatble ponnkonogwunHuku (npogonkexue)

KOMBHHM POBAHHEIE YNIOPHbIE LapUKonoa-
LLUMMHWKK C UFONbYaTLIMK POIMKaMK
6e3 cenapatopa (44)
C KOMMEKTOM LLIAPWKOB C CenapaTopoM
C KpbILLKOW UK 6e3 (45) KpbiLLKK

KOMBMHMPOBaHHBIE YNOPHbIE LIMAMHAPHYE-
CKME PONMKOMOALLIMMHWUKM C UroNbYaThIMKI
ponMuKamm

6e3 Kpbilku (46)

C kpbiwKow (47)

KoHunueckune ponukonogwunuuku (= ctp. 797)
odHOpsAdHblE
OAMHOYHbIE NOAWMNHKUKM (48)
cnapeHHble NOALLMITHUKK
X-o6pasHas cxema (49)
0-o6pasHas cxema
cxema «TaHgem»

asyxpsagHbiel)
koHourypaums TDO (0-oBpasHas cxema) (50)
koHourypaums TDI (X-o6pa3sHas cxema) (51)

yeTbipéxpsgHblel)
KoHopwMrypaums TDO
oTKpbIThle (52)
C KOHTAKTHbIMW YNNOTHEHUSIMM
KoHdUrypauus TQl

1) WMncdpopMaums 0 faHHOM NPOAYKUMM NPeCTaBNEHa Ha CTPaHMLe
skf.ru unu B oTaENbHOM KaTanore.

akF



Tunbl KOHCTPYKUKK noOLLMNHKUKOB

Cepuyeckue ponukonogmnnuuku (—> crp. 879)
C UMNMHAPUYECKUM UM KOHUYECKUM
oTBEpCTUEM

oTkpbITble (53)

C KOHTaKTHLIMW yNnoTHeHUaMH (54)

NOALUMMNHWKK A9 BUBpPOMALLIWH

53

TopoupansHble ponukonoawuniuku CARB
(= ctp. 957)
C UMNMHAPUYECKUM UM KOHUYECKUM
oTBEpCTUEM
C CenapaTtopoM, LIeHTPUPYEMbIM Mo
ponukam (55)
6e3 cenapaTopa C NOfHbIM KOMMIEKTOM
ponuKoB
C KOHTaKTHLIMK ynnoTHeHUaMK (56)

55

yI'IOprIe noaWKUNHUKA

yl'lOprIe NOALLNNHWKK BblOEPXXWUBAHT HArpy3KkHK,
,ueﬁcmyrou.me npenMyLeCTBEHHO B 0CeBOM
HanpasieHnu. ,ElaHHbIe NoALWNWNHKUKK, KaK Npa-
BWNO, KNACCUPULMPYHOTCA NO TUNY TeN KaveHna
1 popMe AOPOXKEK KaYeHHUs.

YnopHble wapukonogwunHukk (= ctp. 1009)
OOMHapHble
C NNOCKMM cB060HbIM KonbLoM (57)
€0 chepuyeckuM cBOBOAHBIM KOMbLIOM
€ noaknaaHbIM KonbLoM (58) unu 6e3 Hero

57
[BOMHbIE
C NNOCKMMM cBoBOOHBIMM KonbLamu (59)
CO ChHEepUYECKUMU CBOBOOHBIMM KOMbLAMK
€ noaknaaHbIMK konbLamu (60) nnun 6e3 Hux
59 60

akF 33
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YNopHo-paananbHble WapukonoawnnHukul)

MPeLM3MOHHBIE NOALLMTHWKN
ofMHapHble
6a308as KOHCTPYKLMS A1 OAMHOYHOrO
MoHTaxa (61)
KOHCTPYKLMA 19 YHUBEPCaNbHOro MOHTaXa
komnnekTamu (62)

[IBOMHbIE
NOALLMNHUKK 623080 KOHCTPYKLMWH (63)
BbICOKOCKOPOCTHble (64)

YRopHbIe LMAUHAPHYECKUE POTMKONOALIWMNHWUKH
(= cTp. 1037)

OOMHapHble
onHopaaHsie (65)
nByxpsaHble (66)

[BOMHbIE

netanu
KOMMAEKTbI UMAUHOPHUYECKUX POSTUKOB C
cenapaTopom
Tyrue u ceobogHbIe KonbLa

YnopHbIe UrofbyaThbie PONUKONOAWMNAHWUKK
(= cTp. 1057)

ofMHapHbIe
KOMMNEKTbl YNOPHbIX UrofbYaThIX POSIMKOB C
cenapatopoM (67)
YMNOPHbIE UronbYaThle POSIMKONOALIMHWKM C
LIeHTPUPYHOLLIMM dnaHLem (68)
yHMBEpCarbHbIe KOMbLa
YHMBEpPCarbHbIe TOHKUE KOMbLa

[BOMHbIE

67

YnopHble chepruueckue ponMKonoaWMNHUKKI
(= cTp. 1077)

oauHapHble (69)

69

1) MncpopMaums 0 faHHOM NPOAYKUMM NPefcTaseHa Ha caiite skf.ru
MNW B OTAENbHOM KaTasnore.
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Tunbl KOHCTPYKUKK noOLLMNHKUKOB

YnopHbIe KOHUYECKME PONMKONOALIMNHUKKY)
ofMHapHbIe

C kpbiWwKow Unu 6e3 (70) KpbiLLkK

AN HaXXMMHBIX BUHTOB NPOKaTHbIX CTAHOB
nsowHble (71)

nO.D,LIJHHHMKM-OI'IOprIe PONHUKH

MoALIMMHUKW-0NOpHbIE pornku (—> cTp. 1099)
— 370 NOALIMMHWKHN C TONCTOCTEHHBIM HapYyXK-
HbIM KOMbLIOM. ITH FrOTOBbIE K MOHTaXY Y3kl
NOAX0MAT ANA BCEX TUMOB KYNayKoBbIX MPUBO-
0B, KOHBEMEPHbIX CUCTEM U T. 1.

OnopHbIE POSIMKKM Ha OCHOBE LIAPUKONOALIMNHUKOB
onHopaaHsie (72)
NBYXpAOHbIE

C 3aLMTHbIMK Wakbamu (73)

C KOHTaKTHBIMM YNIOTHEHUAMM

72 73

OnopHble PONKUKK HA OCHOBE PONTMKONOALLIWNHUKOB

6e3 dpnaHLieBbIx KoneL
C KOHTaKTHBIMU YNNOTHEHUAMM UK Be3
KOHTaKTHbIX YNOTHEHWI
6e3 BHYTPeHHero KonbLa
C BHYTPEeHHWUM KonbLioM (74)

¢ dnaHLUeBbIMU KOMbLIAMK, Ha OCHOBE Urofibya-
ThIX POIMKONOALLIMMHUKOB
C KOHTaKTHBIMM YMAOTHEHWUAMU UMK 6e3
KOHTaKTHbIX YNOTHEHWI
¢ cenapatopom (75)
6e3 cenapaTopa

&
=
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OnopHble PONIMKM Ha 0CHOBE PONMKONOALIMNHUKOB
(npogonkeHue)
C dNaHLEeBbIMU KOMbLAMM, HA OCHOBE LIMMMH-
IPUYECKMX POSIMKONOALLMMIHWUKOB

€ NaBUPHHTHBLIMK yNNoTHeHWUAMK (76)

C KOHTaKTHLIMK ynnoTHeHuamu (77)

C NaMUHAPHbLIMK KOMbLIAMK

76

OnopHble POSIUKK C Landoii
Ha OCHOBE UrOMbYATHLIX POIMKONOALLIMAHUKOB
C KOHTaKTHBIMMW YNAOTHEHWUAMU UMK Be3 KOH-
TaKTHbIX YNIOTHEHWI
C KOHLIEHTPUYecko dukcaumei (78)
C 3KCLIEHTPHUKOBBIM PUKCUPYHOLLIUM
KOMbLIOM
c cenapatopom (78)
6e3 cenapaTopa

Ha 0CHOBE LIMMMHAPUYECKHX
PONMKONOALIMIHUKOB

€ NaBUPUHTHLIMK ynnoTHeHUaMu (79)

C KOHTaKTHBIMM YNIOTHEHUAMM

C KOHLIeHTpHYecKow dukcaLment (79)

C 3KCLIEHTPHUKOBBIM UKCUPYHOLLIMM KOSTbLIOM

36 akF



Cenaparopbl

Bce noALWMNHMKK KayeHWs ocHaLLaroTcs cena-
paTtopamu, UCKIHYeHWe cocTaBnaroT Geccena-
paTopHble NoawnnHUKK. Konuyectso cenapato-
POB B NOALLMMHUKE 3aBUCHT OT KONKUYeCTBa
KOMMNIEKTOB LLIAPMUKOB MMM PONMKOB, a TaKXe OT
KOHCTPYKUMK cenapaTtopa. OCHOBHbIE YHKLIMH
cenaparopa:

o PasgeneHue Ten KayeHns AN CHAKEHNA
MOMEHTa TPEHMS 1 TENOBbLIOENEHNUS U3-3a
TPeHUs B NOJLUMMHKKE.

¢ [loanepxaHue paBHOMEPHOro pacnpenene-
HUS TeN KaYeHus ANs onTMManbHOro pacnpe-
[leNeHUs Harpysku 1 BecluymMHoM paboTel.

e HanpasneHue Ten kayeHWs B HEHArpy>XeHHoW
30He N8 YNyYLIEHWs YCIOBUM KaueHHs 1
NpenoTBPALLEHWS NPOCKab3blBaHKS.

o YrepxaHue Ten KaYeH s Npu CHATUM KonbLa B
Pa3bEMHbIX NOALUMMHKMKAX B NPOLIECCE MOH-
TaXka Uny AeMoHTaxKa.

CenapaTopbl NOfBEPrakoTCA BO3NEHCTBUI CHN
TPEeHWs, PacTAHKeHUa U MHepLuK. Mx cBoicTBa
TakKe MOryT yXyALLIaTbCA U3-3a BO3AENCTBUSA
BbICOKMX TEMNEPATYP U XMMUYECKMX BELLIeCTB,
Hanp1Mep, HeKOTOPbIX CMa304YHbIX MaTepUasnos,
NpMCafoK ANs CMa304HbIX MaTePUasoB UMK
no60oYHbIX NPOAYKTOB MX CTapeHUs, OpraHuye-
CKUX PacTBOPUTENEN UMM OXNXAAHOLLIMX XKML -
KkocTer. TaknM 06pa3oM, Kak KOHCTPYKLMA, TaK W
MaTepWan cenapaTopa CyLLeCTBeHHO BAMSAHT Ha
BbIGOP NOALIMMHUKOB KaYeHWs AN ONpefenéH-
Horo oBopyosaHus. Mo3atomy komnanua SKF
pa3spaboTana accopTMMEHT cenapaTopos 13 pa3-
FIMYHBIX MAaTePHUANOoB A PasHbIX TUMOB Noa-
LLIMMHUKOB ¥ PaBoymnX YCHOBHN.

Bo Bcex rnasax NpMBOAMTCA MHPOPMALIMS O
CTaHAapTHbIX CeNapaTopax 1 BO3MOXHbIX anb-
TepHaTueax. Ecnu TpeByeTca NoALLIMAHMK C
HecTaHJapTHbIM CENapaTopoM, 0 ero HanUuWu
HeoBxoAMMO 06a3aTesIbHO YTOYHWTbL Nepea
3aKa30M.

CenapaTopbl MOXHO KNACCUULIMPOBATh MO
TMNY NPOM3BOLCTBEHHOrO NpoLIecca v rpynmne
MaTep1arnos Ha:

e MeTannMyYeckue LITaMnoBaHHbIe cenapaTopsl

® MexaHMyecku obpaboTaHHbIe MeTanIMyeckue
cenapaTopsl

® nonMMepHble cenapaTopsl

akF

Tunbl KOHCTPYKUKK noOLLMNHKUKOB

Puc. 6

MeTannuyeckue WTaMnoBaHHble cenapaTtopsl

LLiItamMnosaHHble cenapaTopsl SKF (= puc. 6),
KaK NpaBKIO, M3roTaBAMBAFOTCA M3 IMCTOBOM
CTanw v pexe U3 NIMCTOBOM NaTyHu. B 3aBMCMMO-
CTW OT TMNa NOALIMMHKKA, JOCTYMHbI CleayH-
LLiMe MeTannMyeckme LLITaMnoBaHHbIe
cenapaTopsl:

cocTasHble (a)
knénansle (b)
3awénkusarowmecs (c)
okoHHoro Tvna (d)

MeTtannuyeckue LWTAMNOBaHHbIE cenapartopsbl
uMeroT Manbin sec. OHu obecneynsaroT AocTta-
TO4YHOE NPOCTPAHCTBO BHYTPHU NoALLUMNHKKA ONa
o6ecneyeHuns onTUMasnbHbIX ycnoawﬁ paGOTbI
CMaso4HOro Matepuana.
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a
MexaHuueckn obpaboTaHHble MeTannuyeckue
cenaparopsl

MexaHn4yeckn 06paboTaHHble MeTanIMyeck1e
cenapatopsl Ang noawunHukos SKF (= puc. 7)
M3roTaBNMBAOTCS M3 NATYHU, CTaNlu UK NETKMX
cnnasoB. B 3aBMCMMOCTM OT TUNA, KOHCTPYKLUMK
1 pasMepa NoALLMNHKKA, OCTYNHbI CriedyroLme
MexaHU4eckn obpaboTaHHbIe MeTanIuyeckue
cenaparopsl:

® (COCTaBHOW, MeXaHW4ecku 0BpaBoTaHHbIN KNé-
nNaHbIi MeTannMyeck1ii cenaparop (a)

® COCTaBHOW, MeXaHW4ecku 0BpaboTaHHbIN
MeTannMyecknii cenapaTop ¢ MHTerpUpoBaH-
HbIMK 3aknénkamu (b)

® LeNbHbIM, MexaHW4Yecku 0BpaboTaHHbIN
MeTannMyeck1ii cenapaTop 0KOHHOro Tvna (c)

o rpebeHuaThbiit, MexaHMyeckn obpaboTaHHbIN
MeTannuyeckui cenapartop (d)

MexaHuyecku OépaéOTaHHbIe MeTannuyeckue
cenapatopsbl, KOTOpble, Kak NpaBmMno, 4OoNyCKarT
BbICOKWE 4aCTOTbl BpaLleHua, 06bI4HO ncnonb3y-
HTCA NpU BO3,ﬂeﬁCTBMM Ha cenapartop cun,
OTNUYHBIX OT UCKNHOYMUTENBbHO BPpaLlaTesbHbIX.

MonuMepHble cenapaTopbl

MonumepHble cenapaTopb! ANg NOALLMMNHUKOB
SKF (= puc. 8) n3rotaBnuBaroTcs METO0M
nuTbs nog nasneHuneM. SKF Takske npovssoauT
apMUPOBaHHbIE TKaHbH CenapaTtopbl U3 TEKCTO-
NITA, HO TOSbKO A1 NPELMU3UOHHBIX NOALLIMNHU-
KOB, KOTOPbIE HE paccMaTPUBAOTCA B HACTOA-
LleM kaTtanore. B 3aBucmmocTu oT TMNa,
KOHCTPYKLMK M pa3Mepa NoaLLMnHKUKa,

38
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Puc. 7

Puc. 8

LIOCTYNHbI CieayHoLLMe NofIMMepHble
cenaparopsil:

* NONMMEpHbIN cenapaTop OKOHHOro T1na (a)
® 3alLIENKMBAOLLMMCA NONMMEPHBIN cenapaTtop
(b)

nOﬂMMeprIe cenapaTtopbl OTNMYaKTCA ONTU-
ManbHbIM CO4ETAaHWUEM NPOYHOCTH U YNPYroCTH.
XODOLLIME XapaKTePUCTUKKU CKOSbXXEHUA NOSTN-
MEepHOro Matepuarna no cMasaHHbIM CTanbHbIM
NOBEPXHOCTAM U BbICOKOE Ka4eCTBO NOBEPXHO-
cTen cenaparopa, Haxo4AaLWKMXCA B KOHTaKTe C
TeNnaMn KavyeHus, cnocoﬁcmyeT HU3KOMY Tpe-
HUH, 6naronapﬂ 4yeMy TennosblgeneHne n UsHoc
noawnnHUKa MMHUManbHbI. Manas nnoTHocTb
NONMMEPHOro MaTepmMarna o3Ha4aeT, 4To Npu

akF



Tunbl n KOHCTPYKUKK noOLLMNHKUKOB

BpaLLeHWM NOALLIMNHUKA C TaKUM CenapaTopoM R0

CHIbl UHEPLMK He3HauMTeNbHbI. OTNWYHbIE
paboyue CBOMCTBA NONMMEPHLIX CENapaTopos B
YCNOBWAX HEJOCTAaTOYHOMO CMa3blBaHUs NO3BO-
NAOT NOALUMMHUKY NPOAOIKUTENBHOE BPEMS
paboTaTh 6e3 3aKNMHUBAHMWS U NOBPEXOEHWH,
KOTOPble MOrYT GbiTh Bbl3BaHbl Pa3pyLLIEHUEM
cenaparopa.

LleHTpupoBaHue cenapaTtopos

MeTannuuyeck1e WTaMNOBaHHbLIE CENapaTopbl,

KaK NpaswmIIo, LLEHTPUPYHOTCS MO TenaM KadeHus. a
B 3aBMCMMOCTM OT TMNa, KOHCTPYKLMK W pas-

Mepa NofLLUMIHWKA, paauanbHoe LeHTp1MpoBa-

HUE MexaHUYecku 00paboTaHHbIX MeTannue-

CKMX U NONMMEPHBbIX cenapaTtopos (—> puc. 9)

OCYLLIECTBNAETCS NOCPEACTBOM:

e Ten kadyeHus (a)

® BHyTPeHHero konbLa (3anneunka
(3anneunkos)) (b)

® Hapy»KHOro Konbla (3anneunka b
(3anneunkos)) (c)

Cenapatopsl, LIEHTPUPYEMbIE MO TeflaM KaueHus,
obecneynBaroT Nérkoe NPOHUKHOBEHWE CMA304-
HOro MaTepuana B NOALIMMHKK.

Cenapatopbl, LIEHTPUPYEMbIE MO KONbLaM,
06bIYHO UCNONB3YHOTCA B YCNOBMSAX paboTsl Nod-
LLIMMHMKA C BbICOKUMM YaCcTOTaMK BpaLLieHus,
4aCTbIMK U BbICTPBIMU YCKOPEHUAMU UK BbICO-
KMMM ypoBHAMM B1BpaLmu. YTobbl obecneunts C
nofady A0CTaTOYHOr0 KOMIMYECTBA CMa3ku K
HanpaBAOLLMM NOBEPXHOCTAM cenapaTopa,
HE06X0MMO NPUHATL COOTBETCTBYHOLLIME MEPbI.
IMpu BbICOKMX YacToTax BpaLleHus SKF peko-
MeH[IyeT cMa3biBaHue MacnoM (= «Cmassisa-
HU1e, cTp. 239 U/Mnu COOTBETCTBYHOLLIME NaBbl
KaTanora).

Matepuansi

MHdpopMauma o MaTepranax, MCnosb3yeMbix 4ns
NPOM3BOACTBA CENApaToOpOoB NPUBEAEHA B pas-
nene «Marepuansi cenaparopos» (= ctp. 152).
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OcHoBHasn WH¢OpPMaL 1A 0 NOALUNHUKAX

MNpucoegmuHUTENBHBIE
pasmepbl

MpucoeanHUTENbHbIE Pa3MePbl ABNAKTCA OCHOB-
HbIMK pa3Mepamu nogLMnHuKos (= puc. 10).
OHM BKNHOYAHOT:

aunametp oteepcTma (d)
HapyxHbIn gruameTp (D)
wnpuny (B, C, T) unu seicoty (H)
pasmepsl dacok (r)

MpucoednHHUTENbHbIE pa3Mepbl AN CTaH4apT-
HbIX METPHUYECKMX NOALLMNHUKOB COOEPXKATCA B
cepuax pasMepoB cornacHo ctaHaaptam ISO
(International Organization for Standardization
— MexoyHapoaHas opraHusauus no
CTaHJapTH3aLmWK):

e |SO 15 nns paguanbHbIX NOALWMMHMUKOB Kave-
HWA, 32 UCKMHOYEHWEM NOALLMNHUKOB TUNa Y,
HEKOTOPbIX TUMOB UrOMbYAThIX M KOHUYECKUX
POSIMKOMNOALLMMHUKOB
ISO 104 ans ynopHbIX NOALWMWNHAUKOB
ISO 355 ans KoHU4YecKux
POSIMKONOLLMMHUKOB

=B ——
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Cepuu ocHoBHbIX pasmepos I1SO

CepuK 0CHOBHBbIX pa3MepoB paauanbHbIX Nod-
wmrnHukos I1SO cogepxkaT nocneaoBaTenbHOCTL
CTaHOapTH30BaHHbIX HAPYXKHBIX AMAMETPOB ANs
BCEX CTaHAapTHbIX AMAMETPOB OTBEPCTUM, 00b-
elMHEHHbIX B cepun ouameTpos 7, 8,9,0,1, 2,3
1 4 (B nopsake BO3pacTaHWs HapYXKHOro aMame-
Tpa). B kaxaok cepuun auaMeTpa ecTb pasrpaHu-
YeHWe Mo CePUM LIMPHHBI (cepru WnpuHbl 8, 0,
1, 2,3, 4,5 w6 B nopsake Bo3pactaHus
LUMPUHBI).

Cepuu BbICOTHI yNOPHBLIX nogLumnHmukos (7, 9, 1
1 2 B NOPALKE BO3PACTAHMS BbICOTbI) aHANOrMYHbI
CEPHAM LLMPHHbBI PaarasnbHbIX NOALLMMIHKUKOB.

Cepuu pasMepos 06pa3oBaHbl 06begMHEHWEM
HEKOTOPOro KOMIMYECTBa CEPUI LUMPHHBI (MK
BbICOTbI) B KOMBMHALIMM C ONpeaenéHHbIMKU
cepuamu auametpa (—=> puc. 11).

Mo ctanpapty ISO 355 npucoeauHuTenbHble
pasMepbl 0QHOPSAAHbLIX METPUYECKUX KOHUYECKUX
POSIMKONOALUMNHKWKOB CrPYyNNUMPOBaHbI N0 onpe-
[IeNEHHbIM JManasoHaM BeIMUYMH yria KOHTaKTa
0L, U3BECTHbIM Kak cepum yrna (2,3, 4,5,6 78
nopsiake BO3pacTaHUa BefMUMHbI yrna). Ha
OCHOBAaHWM 3aBUCMMOCTEN JMAMeTpa OTBepCTHs
OT HapY’>KHOr0 AMamMeTpa W 06LLeH LUMPUHBI
NOALIMNHMKA OT BbICOTI €r0 MOMNepeyHoro ceye-
HUS ObINK TaKXKE YCTAHOBMEHbI CEPUM AWaMe-
TPOB U CEPUM LUMPHHBI. B 3TOM cnyyae cepus
pasmepos 0603Ha4aeTcs KOMOUHaLUEN cepum
yrna c cepyen guaMeTpa v cepuent LUMPHHBI
(= puc. 12). Cepus pa3MepoB cOCTOMT U3 060-
3HauYeHus cepuu yrna v gsyx Oyks. MNepsas
6ykBa 0603Ha4aeT CEpHIO AMaMeTpa, BTopas —
CEpHH LUMPHHBI.

Puc. 10
dg
d
v I
i )
S 1 |
| o, |
D

1B 1S0 ncnonb3ayercs cumeon T
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MpeacTaBneHHble B JaHHOM KaTanore nof-
LLUMMNHUKKM COOTBETCTBYHOT CEPUAM OCHOBHbIX Pas-
mepos IS0, nuib HeBosbLIas YacTb UMEeT 0Co-
Bble pasmepsl. OnbIT NoKasblBaeT, 4To
NOALLUMMHWUKM CO CTaHOAPTHLIMK pa3Mepamu B
B0MNbLUMHCTBE C/Iy4aeB NOSIHOCTLHO COOTBET-
CTBYHOT TPeBOBaHUSAM Pa3nMUyHbIX 0Bnacten npu-
menenus. CobnrogeHune ctangapTos 1SO no npu-
CoeAnHWUTENbHBIM Pa3Mepam ABMAeTcA 0CHOBOW
B3aMMO03aMEHAEMOCTH NOALLIMMNHMKOB. MHdop-
MaLms 0 COOTBETCTBMM CTaHOapTHLIM pasMepam
YKa3blBAETCA B KaXOM rnase Katanora.

nDMCOEﬂMHMTeanHEpa3MEpH

Pa3Mepbl ,Ell-OﬁMOBbIX nogwunHUKOB

Kpome NogLwmMnHUKOB C METPUYECKUMU pasMe-
pamu, B HaNW4MK NpeacTasneHa 6onbLias
rpynna KOHUYEeCKMUX POSTMKONOALLMMIHUKOB C
[FOMMOBbIMM pasMepaMu. Pasmepbl AaHHbIX Noa-
LUMMNHWKOB COOTBETCTBYHOT cTaHaapTy AFBMA 19
(ANSI B3.19). Bnocnegctsuu 31oT cTaHgapT
6bIn 3aMeHéH ctaHaapToM ANSI/ABMA 19.2, u3
KOTOPOro, 0AHAKO, ObINK UCKHOYEHI PA3MepsI.

Kpome 3Toro, Takxe 0CyLLecTBAAeTC Npours-
BOACTBO AHOMMOBBIX LLIAPUKOMOALLMNHWUKOB U
LIMNMHOPUYECKUX POSTMKONOALLMMHWKOB (He
yKa3saHbl B JaHHOM KaTanore).

Puc. 11
3 03 K 23 3

Cepua 2 02 12 22 32
auamertpa 0
Cepus ‘
pasmepa d
Cepust
LUMPHHbI 0 1 2 3

Puc. 12

akF
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OcHoBHasn WH¢OpPMaL 1A 0 NOALUNHUKAX

CucTteMa 6a3oBblIx
0603HaYeHMM NOALLIMMNHUKOB

BonbLUMHCTBO NOALWMNHMKOB KaveHWs SKF 060-
3HAYaroTCA B COOTBETCTBMM C NPUBEAEHHON
cucTemMol obo3HayeHui. MNonHoe o6o3HaueHne
NOALLMMHMKA MOXET COCTOATb M3 Ba3oBoro 060-
3HAYEHMA BMECTE C OHUM MMM HECKOSIbKUMU
[ONONHUTENbHLIMK 0603HaYeHUaMK, nu 6e3
Hux (= anarpamma 1). MonHoe o6o3HaueHne
BCEraa yKasblBaeTcs Ha ynakosKe NoaLLIMnHUKa,
B TO BPEMA KaK MapKMPOBKa, yKa3blBaeMas Ha
CaMOM NOALLIMMHUKE, MOXET BbITb HENOSTHOW UIK
OTNMYATLCA OT NOSTHOro 0603HAYEHMA.

B 6a3080M 0603HaYEHUM YKa3bIBAETCA:

® TWUN NOALUMNHKMKA
e 6a3oBas KOHCTPYKLMA
® NpHUCOeOUHWUTESNbHbIE PasMepbl

MpeduKcbl U cyddUKCHI YKasbiBAOT HA AeTasu
NOALIMNHMKA MK BaPUAHTbLI UCMNONTHEHUS, UMe-
FOLLIME HEKOTOPbIE KOHCTPYKTHUBHBIE W/WUIK
YHKLMOHASIbHbIE OTIMYMS OT 6a30B0M
KOHCTPYKLMK.

Basosble 0603HauYeHus

CucTeMa 6a30Bbix 0603HAYEHMI KaK NPaBUIIO0
COMEPKMT OT TPEX A0 NATH LM p. HekoTopble
W3Aenua, HanpuMep, LMAUHAPUYECKHE POSTUKO-
NOALLMMHUKK, MOTYT UMETb BYKBEHHO-LIMdPO-
Boe 0603HaveHue. CucTema 6a3oBbix 0603HaYe-
HWIW NpefcTaBneHa B guarpamme 2.
KoM6uHaummn Lundp 1 Byks UMErOT cnegytoLlee
3HaueHwe:

MepBas uMdpa Mnu Byksa, UK KOMOUHALKUA
6yKB yKa3blBaeT Ha TUN NOALUMMNHWKA U B
LenoM Ha 6a30B0€ UCMOfHEHHE.

e [Nocneayrolime ase UMdpbl 0603HaYar0T
ceputo pasmepos no ISO. Mepeas uudpa u3
[IBYX NOCEAyHLLMX OTPAXKaeT Cepuro
wnpuHbl (B, T) unm Beicotsl (H). Cnepyrowias
uMdpa onpefenseT Cepuro auameTpa
(pasmep D).

e [MocneaHue ase UMdpbl 6a308oro o6o3Haye-

HUA COOTBETCTBYHOT KOfly pasmMepa 0TBepCTHsl

nofwwmnHuka. [na onpegenesus auamerpa

oTeepcTus (d) B MM HEOBXOAUMO YMHOMMTb

[IBy3HAUHOEe YMCNOo Kofa pasmepa Ha 5.
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[Munarpamma 1

06 SKF

Mpseps [R] [Nu2212 | [ ECML
6008 |/| 3
| ][ 23022 |-| 2cs

Mpedukc

C npo6enom unu 6e3 Hero

Basosoe 0603HayeHue

Mpoben, kocas YepTa MK aeduc

/

Cydppuke

O6paTuTe BHUMaHWe Ha BaXKHbIe UCKIHOYeHNA 13
crcTeMbl 6a30BbIX 0003HAYEHWI:

1 B HekoTopbIX CNyYasx UMdpa TMna nogLimn-
HWKa UMK Nepeas LMdbpa cepuu pasmepa
OTCYTCTBYHOT. ITU LMD PbI YKasaHbl Ha
avarpamme 2 B ckoBkax.

2 MoawmnHuku ¢ gMameTpamu oteepctuit 10,
12,15 n 17 MM uMetoT criegyroLme 06o3Ha-
YeHus Koaa pasmepa:

00 =10 MM
01=12mMm
02=15mMm
03=17 MM

3 [ns nofLUMNHUKOB C AMAMETPOM OTBEPCTUS
<10 MM unu = 500 MM gHMaMeTp oTBEPCTHS
06bI4HO YKa3bIBAETCA B MUANIMMETPaX (He
koaupyertcs). 0603HaueHne pasmepa MoXeT
6bITb OTENIEHO OT OCTaNbHOro 0603HaYeHUs
NOALIMNHMKA KOCOM YepTOM, HanpuMep,
618/8 (noawunHuk 618 c aMameTpoM noca-
nouHoro oteepctva d = 8 M) unun 511/530
(nogwmnnmk 511, d = 530 MM). 370 Takke
pacnpocTpaHaeTcs Ha NOALMNHKUKHM, U3rOTOB-
neHHble cornacHo IS0 15:2011, c arameTpom
oTBepcTHa 22, 28 unu 32 MM, Hanpumep,
62/22 (d = 22 mm).

4 [1ns HekOTOPbIX NOALUMMHUKOB C JMAaMETPOM
oTBepcTHA < 10 MM, TakUX Kak paguansHsle,
CaMOyCTaHaBNMBaOLLMECS U PaaManbHO-
YNOPHbIE LAPUKONOALUMIMHUKKY, AUAMETP
OTBEPCTHA TAKXKE YKA3bIBAETCA B MUANUME-
Tpax (He KogMpyeTcs), OAHaKo pasMep He
0TLenaeTca KoCcow YepTor oT 0603HaueHHs
cepuu. Hanpumep, 629 unm 129 (d = 9 mm).
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Cucrema 6a30BbIx 0603HAYEHHUI nogwnnHHUKoOB

[Munarpamma 2

Cucrema 6a30Bbix 0603HaYEHUM ANA CTAHAAPTHLIX METPUYECKUX LWap np SKF
Cepus NOALIMNHUKOB 6(0)4
544 623 (0)4
223 524  6(0)3 33
213 543 622 23
232 523  6(0)2 23 (0)3
222 542 630 32 22
241 522  6(1)0 22 12
231 16(0)0 41 (0)2
240 323 534 639 31 31 41
230 313 514 619 60 30 31
249 303 533 609 50 20 60
139 239 332 513 638 7(0)4 814 40 10 50
130 248 322 532 628 7(0)3 894 30 39 40 28
(1)23 238 302 512 618 7(0)2 874 69 29 30 (0)3
1(0)3 331 511 608 7(1)0 813 59 19 69 12
(1)22 294 330 510 637 719 893 49 38 49 (0)2
(0)33 1(0)2 293 320 4(2)3 591 627 718 812 39 28 39 10
(0)32 1(21)0 292 329 4(2)2 590 617 708 811 29 18 48 19

Tun nogwMNHKKa

NC, NCF

NF, NFP NNF
NJ, NJF, NJP NNC
NP, NPF NNCF
NU, NUH NNCL
NUP, NUPJ NNU

opEZ0E &9

NN QJ
PaguansHble NOAWMNNHUKK YnopHble NOAWNAHUKK
LW nprna (B, T) Beicora (H)
o (5106 ] 0]

H

T Cepusa guametpa

B

BEE;
2 3 4

Cepua pasmepa
—

XXXXX

Cepus noawunHukos Pasmep
d/5

Koa Tun nogmnHuka Koa Tun nogwmnHuka Koa Tun nogwmnHuka

0 [LlByxpanHbIvA pagranbHO-ynopHbIi 7 OgHOpsAAHbIA paguanbHO-YNopHbIA Q)  LLapukonogumnHuk c
NOALMMHUK LUIAPMUKOMOALLMMHNK YeTbIPEXTOYEYHBIM KOHTAKTOM
1 CaMoycTaHaBsnuearoLLmmcs 8 YNOpHbIM UMNUHAPUYECKUIA T KoHuyeckui ponmMkonogLumnHuK B
LAPUKONOALLIMMHUK POSMKONOALIMMHKK cooteetcTemu ¢ ISO 355:1977
2 Copepryecknit posiMKonoaLLIMNHUK, C TopounaansHbIA POIMKONOALMAHUK
YNOPHbIN ChepUYecknui CARB
PONMKONOALIMMHUK N LunuHgpuyeckuit
3 KoHu14eckni ponnKonoaLnMnHAK PONMKONOALMNHKK. [ns
4 LlByxpsaaHbii paguanbHbiid 0003Ha4YeH1A KONIMYEeCTBa PAA0B UK
LUIAPHUKOMOALLIMMHAK KOHHWrypaLn1 60pToB UCnonb3ytoTcs
5) YNOpHbIM LIAPUKONOGLLIMIHUK nge unu Bonee Bykabl, Hanpumep, NJ,
6 OgHopsAaHbINM paguanbHbIn NU, NUP, NN, NNU, NNCF u . .
LUIAPUKONOALLMMHMK
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Cucrema 0603HaueHni Ans cydpuKcos

Mpumep o6o3HaueHns

[Munarpamma 3

1

[pynna | Mpynna

2

Mpynna
3

/

Mpynna
4

43 | hb | 45 | 46

| Ail [ 42 ]

6205-RSINRTNY/P63LT20CVB123 ‘ 6205 ‘ ‘ ‘—RSlNR‘ TN9 ‘/‘ ‘ P63 ‘

‘ ‘ LT20C ‘V8123 ‘

23064 CCK/HA3C08452W33 ‘ 23064‘ ‘ cC

¢« |

|/

HA3 ‘ C084 ‘

‘52‘W33‘ ‘

Basosoe 06 J

Mpoben

CydPpukcbl

Mpynna 1: BHYTPEHHAA KOHCTPYKUWA

Mpynna 2: HapyxHas KoHCTpyKuus (ynnotHenus, _

KaHaBKa noj, CTONOPHOE KONbLO M T. A.)

Mpynna 3: KoHcTpyKuua cenapatopa

Kocas yepTa

Mpynna 4: UcnonHenus

Mpynna 4.1: Matepuansl, TepMuyeckas o6paboTka

Mpynna 4.2: To4HOCTb, 3a30p, NPEAHATAT, ManoLwyMHas padoTa
pynna 4.3: KoMnnekTbl NOALIMNHWKOB, CNApeHHbIe NOALLMNHWKM

Ipynna 4.4: CraBunusaums

[pynna 4.5: CMasbiaHue

lpynna 4.6: Opyrue ucnonHexus
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5 MocanoyHble 0TBEPCTUSA, UMEOLLIMe HEeCTaH-
[apTHble AMaMeTpbl No Knaccugpukauum IS0,
He KOOUPYHOTCA, UX AMAMETp yKas3blBaeTcs B
MUANMMETPAX C TOYHOCTHH [0 TPEX AecATHY-
HbIX pa3panos. Takoe oBo3HaueHWe guameTpa
OTBEPCTHA BXOAWT B COCTAB OCHOBHOMO 060-
3HAYEHMA U OTAENAETCA OT HEro KOCOM Yep-
ToW, HanpuMep, 6202/15.875 (d = 15,875 MM
cooTBeTcTByeT 5/8 grokma).

0O6o3HaueHns cepumn

Bce cTaHaapTHble NOALWMIHUKW NPUHAANEXaT K
onpefdeneHHoN Cepum, KoTopas MaeHTUdULMpPY-
eTCA NPY NOMOLLIM OCHOBHOr0 0603HaYeHus 6e3
ykasaHua pasmepa. 0603Ha4eHHs cepum 4acTo
BKNtoYaroT cydpoukcsl A, B, C, D unu E, unu
KOMBUHaLMHO 3THX OykB. [JaHHbIe OyKBbI
MCMONb3YHOTCA AN MOEHTUDMKALMM PA3IMUMM
BO BHYTPEHHEM KOHCTPYKLUMH.

Haunbonee pacnpoctpaHeHHble 0603Ha4eHus
cepwit npueefeHbl Ha guarpamme 2 (—> crp. 43)
Hag M306paXKeHUAMK NOALWMNHKUKOB. Lindpbl B
ckoBkax B 0603HaYEHUE CEPUM HE BKIHOYEHbI.

MpedurKcbl U cydpDHKCbI

I'Ipe¢v1|<cn=| M CypPUKCbI NpeacTaBNAroT gonon-
HUTENbHYH WHPOPMaLMHO 0 NOALLMNHKUKE. Hpe-
PUKCbI U CyPPUKChI, @ TAKXKE UX 3HAYEeHWe NpuU-
BedeHbl B COOTBETCTBYHOLLIMX MMaBax KaTanora.

Mpedukcb

MpedrKCbl UCNONb3YHOTCS rNaBHLIM 06pa3oM
ans 0603HaYeHus getaner nogwmnuuka. OHu
TaKxe onpefensaroT UCNONHeHWe NOALIMNHKUKA.

Cydpdukcnl

CydbdUKCbI UCMONb3YHOTCA AN 0003HaYEHUs
Pa3NMYHbIX BAPUAHTOB UCNOSTHEHMWSA, KOTOPbIE
WUMEHOT OTIMYMA OT NepBOHaYanbLHoM unu 6aso-
BOM KOHCTPYKUMKW noawmnHuka. Cyddukcsl pas-
feneHbl Ha HeckosbKo rpynn. Mpu HeoBxoaMMo-
CTU MOeHTUdUKALMKU OBYX U Gonee creuranbHbix
XapaKTEPUCTUK CypDUKChI JOMKHBI GbITh pac-
NONoXeHbl B NOPSIKe, YKazaHHOM Ha
auarpamme 3.

akF

Cucrema 6a30BbIx 0603HAYEHHUI nogwnnHHUKoOB

0603HayYeHUs NOALLIMNHUKOB, HEe
BKHOYEHHbIE B cUcTEMY 6a30BbIX
0603HaYeHUM NOALLMNHUKOB

Moawnnuukk TMNa Y (KopnycHbIe NOALWMAHWKK)
0603HaueHUs NOALUMNHUKOB TUNA Y HECKOMLKO
OTIMYAKOTCA OT BbILLEONUCAHHOM CUCTEMbI 060~
3HAYEHWUM M NPUBOAATCA B COOTBETCTBYHOLLIEN
rnase karanora.

Uronbuatble ponukonoawnUNHUKA

0603HaueHna UronbyaTbix ponukonogwunnHUKos
He B NONHOM Mepe COOTBETCTBYHOT BbILLEONUCaH-
HOM cucTeMe, UX onrucaHMe nNpencTaBfieHo B
COOTBETCTBy}-OLLlEIji rnaBe Kkatanora.

KoHunueckue PONMUKONOALWNNHUKHU

0603HaYeHUA METPHUYECKMUX KOHUYECKWUX PONU-
KOMOLLUMMHUKOB MOrYT COOTBETCTBOBATH BbILLIE-
OMMUCAHHOW CUCTEME UITU CUCTeMe 0603HAYEHUH,
yctaHosnenHow ISO 8 1977 r. B HacTosLee
BpeMA faHHbIe 0603HaYeHUA 0XBaTLIBAOTCA B
ctaHgapte = IS0 355. 06o3HayeH1s roMMo-
BbIX KOHUYECKWX POSNIMKOMOALLIMMHUKOB COOTBET-
cTsytoT ctaHaapTy ANSI/ABMA.

CucteMa 0603HaYEHWI A9 KOHUYECKUX PONN-
KOMOLLUMMHMUKOB NOSCHARTCSA B COOTBETCTBYHO-
LLieV rnase KaTanora.

CneunanbHble NOAWKUNHUKK

B Cny4vae 1u3rotosneHnsa noawnMnHKUKOB No
nHaOnBMaOyanbHbLIM TpeﬁOBaHMﬂM, KakK npasuno, B
KayecTse 0603HaYeHUs ncnone3yeTca HoMmep
vepTexa. HOMEp vepTexa, MCNOSb30BaHHbIN B
0603HAYEHWUM TaKKX noaLwnnHUKOB, He ,ElaéT 0
HUX HUKaKoWM MHPpOopMaLnK.

[pyrve nofWKUNHUKKU KaueHus

|_|0,IJ,LLIMI'IHMKM KaveHuqa, He NnpefcTaBfieHHbIe B
HaCToALLeM KaTanore, Takne Kak npeymsnoHHble
noaWwHnnNHUKK, NOOLLKWUNHUKK C Masov BbICOTOM
nonepeYyHoOro ce4eHMq, 0ONOPHO-NOBOPOTHbIE
yCTpOﬁCTBa M NOALWNMNHUKK ONA NUHENHOro
nepemMeLleHna, UMeroT 0603Ha‘-|eHl4ﬂ, KOTOpble
MOryT 3HA4YUTENbHO OTNIMY4ATLCA OT BbiLLUEONU-
CaHHOW CHUCTEMBI. MH¢OpMaL|VIFI 00 3THX cucTe-
Max 0003HaYeHWH npueeneHa B COOTBETCTBYHO -
LLKUX KaTanorax.
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OcHoBHasn WH¢OpPMaL 1A 0 NOALUNHUKAX

KpuTtepuu Boibopa
NOALWMNHUKOB

Ka¥Oeld TMN NOALWIKMNHMKA MMEET XapaKTepHble
0C06EHHOCTH, 3aBUCALLIME OT KOHCTPYKLIMK, 4TO
fenaer ero 6ofee Unu MeHee NPUrodHbLIM Ans
onpenenéxHbIX yCNoBui NpumeHeHus. Hanpu-
Mep, paarasnbHble LapUKonoALWMIHUKKY Cno-
co6HbI BOCNPUHUMATD B ONpeaesiéHHOM COOTHO-
LLEHWM pafuanbHble 1 0ceBble Harpysku. Kpome
NOALLIMMHWKOB LUIMPOKOrO NPUMeHeHKs B 6a3o-
BOM UcnosiHeHnn, SKF nponssogut aHeprocbe-
peraroLme nogLimnumku (E2), obnagarouime
YECTKMMM [0MYCKaMKU M HU3KUM YpOBHEM BUBpa-
umu. [aHHble NoALWMNHUKK XOPOLLO NOAXOAST
0019 NPUMEHEHUA B MaNo- W cpedHerabapuTHbIX
3NeKTpoaBUraTensx.

Coepuyeckue v ToponaanbHble ponNMKonod-
LUMMHUKKX BMECTE CO CNOCOBHOCTLIO camoycTa-
HOBKM MOTYT BOCMPUHUMATL 04eHb GonbLume
Harpysku. 3TW UCKNHOUYKUTENbHbIE CBOWCTBA che-
Nasu Ux BOCTPEOOBAHHbLIMK B KOHCTPYKLIMAX
MexaHW3MoB, paBoTaroLLUX Npr BOMbLLIMX
Harpyskax B yCI0BMSIX MEPEKoca Banos.

MockonbKy Ans BbIGOPa KaXA4oro NogLLmn-
HMKa Y4YMTbIBAETCH 6OSbLLIOE KOMMYECTBO dbak-
TopoB, 06LLMX NpaBun He cyulecteyet. Cregys
06LLIMM peKkoMeHgaLMaM No BbIGOpY CTaHaapT-
HbIX NOALUMMNHUKOB, BAXHO YYMTbIBATbL CedyHo-
LiMe daKTopbl:

[OCTYNHOE NPOCTPaHCTBO
DENCTBYHOLLIME HArpy3Ku
nepekoc

TOYHOCTb BPALLIEHHS

yacToTa BpaLleHusa

TpeHue

Tpe6oBaHUA K YPOBHHO LyMa
YECTKOCTb

BE/IMYMHA 0CEBOr0 CMELLIEHHS
YCII0BMS MOHTaXa U IEMOHTaXa
BLIOOP YNAOTHEHUK

Ha BbI6Op NOALIMMNHMKA TAKKE MOXET BMSATH
06LLasn CTOMMOCTb BCEro NOALLIMMHUKOBOTO y3a,
a TaKKe 3aTpaThl Ha 3aKyMKy W XpaHeHWe
NOALUMMNHUKOB.

HekoTopble Hanbonee BaXHbIe KPUTEPUH,
yunTbIBaEMbIE NPU Pa3paboTKe NOALLMIHUKO-
BOrO y3/1a, N0p0o6HO ONUCaHbI B OTAESbHbIX
pasgenax gaHHoro katanora. K Takum TexHuye-
CKWMM NapaMeTpaM OTHOCATCS MPy30MoAbEM-
HOCTb, PECYPC, BIMAHWE TPEHUSA, AOMYCTUMblE
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YaCTOThbl BPALLEHUS, BHYTPEHHUM 330D WU
NpedHaTAr, a TakKe BapraHTbl CMa3ku 1
YNNOTHEHUH.

Bornee nogpobHas UHdopMaLma 06 oTaesb-
HbIX TUNaXx NOALUMMHUKOB, BKIHOYAA MX XapaKTe-
PUCTUKM U BapUaHTbI UCMONHEHWH, NpeacTas-
NeHa B COOTBETCTBYHOLLMX FMaBax JaHHOMO
KaTanora.

B 3ToM KaTanore He paccMaTpMBaeTCs non-
HbIM ACCOPTUMEHT NOALLIMMHMKOB KaveHua SKF.
MofLUMNHWKK, He NpefcTaBeHHbIe 30eck, pac-
CMaTPUBAKOTCA B CreuMasbHbIX KaTanorax u
6powitopax. Ons nonyyerns Gonee nogpobHom
MHdOPMaLMK 06paTUTECh B TEXHUYECKYHD
cnyx06y SKF.

[LlocTynHoe npocTpaHcTBO

Bo MHOMUX Crlyyasx 0CHOBHbIE pa3Mepbl Nof -
LUMNHKKA NpegonpeaeneHbl 06LLeH KOHCTPYK-
u1er obopynosaHua. Hanpumep, aMameTp sana
onpefenseT AMamMeTp Nocafo4Horo 0TBepCTUA
NOALLMNHKKA.

[na sanos Manoro aMameTpa MoryT UCMonb-
30BaThbCA BCE TWMbI LLIAPUKONOALLMIHUKOB,
CaMbiMK PacnpoCTpaHeHHbIMU U3 HUX ABNAKOTCA
paguanbHbIe LLApUKONOOLLMIHUKK. Takxke ¢
TakWMK BaniaMu MOryT MCMONb30BATLCA UIOMb-
yaTble PofMKONOALMNHWKK (=> puc. 13). Ina
YCTAHOBKM Banos B0NbLUMX AMaMETPOB Hapagy C
pafuanbHbIMK LLIAPUKONOALLMMHUKAMK NpUMe-
HAKOTCSA UMNMHAPUYECKUE, KOHUYecKue, Chepu-
Yeckue v TOpoMaabHbIE PONMKONOMLLMIHUKK
(= puc. 14).

Korga npocTpaHCcTBO B pafranbHOM Hanpas-
NEHWW OrpaHuyeHo, crieayet BbiIbMpaTh nog-
LLIMMHWKK C MASIOM BbICOTOM NONEPeYHoro ceye-
HUA. 3TO MOTYT BbITb UrOMbYATHIE
PONUKOMOALLIMMHUKM Be3 Konel, Urofbyatble
POSNUKOMOALLIMIHUKHM CO LUTAaMNOBaHHbIM HAPYXK-
HbIM KOMbLIOM W MroMnbYaThle posIMKonoaLwmn-
HWUKM C BHYTPEHHUM KOJbLIOM UK 6e3 Hero
(= puc. 15). Takxe MOryT UCNOMBL30BATLCA
[Zipyrue T1Mbl NOALWMIMHUKOB C CepUei auameTpa
8unn 9.

Ecnmv npocTpaHCcTBO B 0CEBOM HanpasneHuu
OrpaHWYeHo, NP1 OeHCTBYHOLLMX PaaranbHbIX
UMK KOMBUHWPOBAHHbIX HArpy3Kax MoryT BbiTh
PEeKOMEH0BaHbI K YCTAHOBKE LIMNIMHAPUYECKUe
POSIMKOMOALLIMIMHWKM U pafiManbHble LLIApHUKo-
NOALUMMHAKK C MASIOM BbICOTOM NONEpPeYHoro
ceyenus (= puc. 16). Takke BOIMOXHO
MCMOSb30BaHWe KOMBUHWUPOBAHHBIX UrOfbYATHIX
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ponUKonoALWwUnHUKos (= puc. 17). [nq soc-
NPUATUA TONLKO 0CEBLIX HArPY30K MCMOMbL3YHOTCA
YNOPHbIE MrofbyaThble POIMKONOALWMAHKKM (o
cB060HBIMM KOMbLAMK UK 6e3 HUX), yNopHbIe
LLIAPUKONOALIMAHUKK W YNOPHbIE LIMAMHAPUYe-
CKMe PONMKONOALWMAHWKM (= puc. 18).

Harpysku

BenuunHa Harpysku

BenuumnHa Harpys3ku — 370 0[IMH W3 haKTopoB.,
KOTOPBIN 06bIYHO ONpeaenseT BLIGOP pasmepa
MCMONb3yeMoro NoALIMNHMKA. B o6Liem cnyuyae,
PONMKONOALWMAHUKM CNOCOBHbLI BOCAPUHUMATb
Bonee TAKENbLIE HArPy3KK1, YeM LLIAPHUKOMOA-
LLIMMHKKKM TakKoro e pasmepa (= puc. 19).
MOOLIMAHUKM C yBENIMYEHHBIM KOSTMYECTBOM Tefl
KayeHus (6eccenapaTopHble NOALIMMHUKM) CNO-
COBHbI BbIAEPXMBaTh Bonee TAKENbIE Harpy3KkH,
YeM NOALIMMHUKM aHaNOrUYHbIX Pa3MEpOB C
cenapatopamu. Kak npasmno, LWaprkonoawmn-
HWUKM UCNONb3YHOTCA NP NEFKMX U CPeAHMUX
Harpyskax. PonukonoaLWmMnHUKKM MCNONb3yHOTCA
npw 6oree BLICOKOM Harpy><eHMH.

HanpaeneHue Harpysku

PagunanbHble Harpysku

LnnuHapuyeckie poniMKonogLUMnHUKK TUMNOB
NU u N, uronbyaTbie poniMkonoaLwmUnHUKK 1
TOpPOMAANbHbIE POUKOMNOALLUMIHWUKM CNOCOBHBI
BOCNPHWHUMATb MCKIHOYUTENBbHO PaguanbHyH
Harpysky (= puc. 20). Bce ocTanbHble pagu-
anbHble NOALWMMHUKKW, NOMUMO PaamanbHbIX
HarpysokK, CnocoBHbI BOCMPUHWMATL OnpeaenéH-
HYHO BEIMUYWHY 0CeBOM Harpysku (= «Kom6u-
HMPOBAHHbIE Harpy3k1», cTp. 50).

Ocesble Harpysku

YnopHble LaprvKonoALLIMNHUKK W LLaprUKonogd-
LUMMHKUKM C YETBIPEXTOYEYHBIM KOHTAKTOM

(= puc. 21) cnocoBHbI BOCAPUHUMATL NEFKKUE U
cpefHUWe ocesble Harpysku. OguHapHble ynop-
Hble LIAPMKONOALUMNHUKM NpedHasHayeHbl ans
BOCMPHATUSA OCEBbIX HArpy3oK, 4eMCTBYHOLLIMX
TONbKO B OAHOM HanpasneHuu. [1na socnpuatus
0CEBbIX HArpy30K, [EeMCTBYHOLLMX B 060MX
HanpasneHuax, Heo6Xo0UMO NPUMEHATL OBOW-
Hble YNOpHble LWAPUKONOALLMMIHUKH.
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YNopHO-paananbHbie WaprUKonoaLMIHUKMA
CNocoBHbI BbIOEPXMBATH OCEBbIE HArPy3KK
CpefHelt BeMMYMHbLI NPU BLICOKMX YacToTax Bpa-
LeHuns. OguHapHsle NOAWMAHKUKK 3TOr0 TUNa
€nocoBHbI Takke 0AHOBPEMEHHO BOCPUHWUMATL
pafuansHyr HarpysKky, B To BpeMs kak ABOMHbIe
— TONbKO 0ceByto (= puc. 22).

[ns BOCNPUATUA CPEAHUX U TAXKENBIX Harpy-
30K, ABNAOLLMXCA UCKIHOYUTENIBHO OCEBLIMM 1
NeNCTBYFOLLIMMM TONLKO B OHOM HanpaBneHu,
NPUMEHSAHOTCA YNOPHbIE UrofbYaThle POSIKO-
NOALIMAHMKK, @ TakKe YNOPHbIe LMNUHAPHYe-
CKME M KOHMYECKWe PONTMKONOALWMIHUKA. Ynop-
Hble CeprUyeckre PONMKONOALLIMIHUKM
(= puc. 23) MoryT BocnprHUMaThL OCeBble
Harpy3ku, [eNCTBYHOLLIME TOMLKO B OAHOM
HanpaBMeHWH, a TakxKe paananbHble Harpy3ku.
[ns BocnpuaATMA B0MbLLMX 0CEBbIX HArPY30K
NepeMeHHOro HanpaBeHWs MOryT NPUMEHATLCA
[Ba CNapeHHbIX YNOPHbIX LMAMHAPUYECKUX
PONMKONOALLIMIHMKA MM ABA YNOPHbIX CHepr-
YeCKWX POIMKONOALLMMHMKA.

Puc. 22
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KoM6WHUpOBaHHbIE Harpys3ku

KoM61HMpoBaHHas Harpy3ka npeacrasnseT
co60M 0JHOBPEMEHHO AeNCTBYHOLLIME PadHalib-
HYH W 0CeBYyH Harpy3ku. CnocoBHOCTL nogumn-
HWKa BOCMPUHUMATb OCEBYH) Harpy3ky onpege-
NSETCA yrnoM KoHTakTa o. Yem GonbLue yron,
TeM GorbLue 0ceBast Fpy30Mno4bEMHOCTL Noa-
LUMMHWKA. 3TO BbIPAXKAETCH BENMYMHOM pacyeT-
HOro Ko3dduruMeHTa Y, KoTopast yMeHbLIAETCA C
yBEIMYEHUEM YrTa KOHTaKTa o. 3HauyeHua yrna
0L M BESIMUYMHBI PACYETHBIX KO3 dHLMEHTOB Y
NpUBEAEHbI B COOTBETCTBYHOLLIEM pa3gerne
KaTanora.

Ocesas rpy30nogbEMHOCTb paguansHoro
LLIAPMKOMOILUMITHUKA 3aBUCHT OT €r0 BHYTPEH-
HEW KOHCTPYKLMK U BENIMUYMHBLI Paboyero BHy-
TpeHHero 3a3opa (—> «PaguasnibHsle Wwapuko-
NOQLMIHUKK, CTP. 295).

Lns paboTbl B yCNoBUsiX KOMOMHUPOBAHHbIX
Harpy3oK Yalle BCEro UCnosb3yTCs 04HOPAL-
Hble W ABYXPAAHbIE PAAMANbHO-YNOPHLIE LapU-
KOMOALIMMNHUKM, 0OHOPAOHLIE KOHUYECKHE
POSMKONOALMMHKKM, @ TAKXKE paguasbHble
LLIAPMKOMNOALIMITHUKM U CEPUYECKHE POSTUKO-
noALWMnHKUKK (—> puc. 24). Kpome Toro, B ycno-
BUAX KOMBUHWMPOBAHHOIO HArPYXKEeHMWs C Masion
BENWYUHOW 0CEBOM COCTaBNAOLLIEN MOTYT BbITh
BbIOPaHbI CAMOYCTaHaBNMBAOLLIMECS LLIAPHKO-
NOALIMMHKUKK, LUAIMHOPUYECKUE POSIMKONOA-
wnnHuku Tnos NJ v NUP 1 umnuHopuyeckue
ponukonoawmrnHukm Tnos NJ u NU ¢ dacoH-
HbIM KonbLoM HJ (= puc. 25).

OAaHopsaHbIE PaaMansHO-YNOPHbIE LWAPUKO-
NOALIMMHWKKW, OQHOPSAHbIE KOHUYECK1e posn-
KOMOALIMMHUKHM, UMAMHAPHUYECKUE PONMKONOoA-
winnHukv Tnos NJ 1 NU ¢ dacoHHbIM KOnbLOM
HJ, a Takxe ynopHble cepuyeckue ponukonoa-
LUMMHUKM MOTYT BOCMPUHUMATL OCEBYH
Harpysky TONbKO B 04HOM HanpasneHuu. ns
BOCMPUATHA OCEBLIX HArPY30K NEPEMEHHO0
HanpasneHus 3T NOALUMNHWUKK JOMKHbI yCTa-
HABNMBATLCA B NAPE C aHANOMMYHbIM NOALIMN-
HUKOM. [Ins Takux cry4aes U3roTaBIMBaroTCs
paaranbHo-ynopHble WapUKONOALIMMHWUKK B
YHUBEPCASNbHOM UCMOMHEHWM M COTNIAcoBaHHbIe
KOMMEKTbI KOHWYECKMX POSNIMKOMOALLIMMHUKOB
(= «[MogLumnHMkm 4ns yHUBEPCATTEHOMO MOH-
Taxa», cTp. 477, unn «CornacosaHHble KOM-
M€K Tbl NOALIMAHUKOB, €TP. 802).
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KpuTtepuu Bbibopa NoALLIMIHUKOB

Ecnu oceas cocTasnsaoLLan KOMOUMHUPOBaH- Puc. 26

HOW Harpy3k1 4OCTATOYHO BEMIMKA, MOXKET
notpe6oBaThCA yCTaHOBKa BTOPOr0 NOALLIMM-
HMKa, Ha KOTOPbIM He BO3AenCTBYeT paguansHas
Harpyska. Hapagy ¢ ynopHsIMM NOALMIHUKaMK
QNS BOCNPUATMS 0CEBOM HArpPy3Ku MOryT
MCMONb30BaThCA pafnanbHble LIapUKONoALLIMA-
HUKM UM LIAPUKONOALLIMMHUKM C YeTbIDEXTO-
YeyHbIM KOHTaKTOM (—=> puc. 26). YTobbl rapaH-
TMPOBaTh BO3AEMCTBUE Ha MOALLIMIHUK
MCKMHOYUTENLHO 0CEBOM Harpy3ku, ero HapyX-
HOE KOMbLIO A0KHO BbITh YCTAHOBEHO C pagu-
anbHbIM 3330pOM.

MoMeHTHble Harpysku

Korga Harpyska fercTByeT Ha NOALIMMHMUK 3KC-
LIeHTPUYHO, BO3HWUKAET ONPOKMAbLIBAFOLLINMA
MOMeHT. HecMOTps Ha To, 4TO [BYXPAAHbIE NOA-
LLUMMHUKM, B YaCTHOCTM, paguanbHele 1 pagu-
anbHO-YNOpPHbIE LAPUKONOALLMAHUKM, MOTYT
BOCMPMHMMATb ONPOKMbIBAIOLLIME MOMEHTbI, B
Tak1x Cry4anx Nyylle UCNonb30BaTh CNapeHHble
0[HOPALHbIE PafMarnbHO-yNOPHbIe LLIaPMKONoL -
LUMAHWKW M 0AHOPAAHbIE KOHUYECKWEe PONUKO-
NOALWMAHMKK C pacnonoxeHuem no 0-oBpasHon
cxeme (= puc. 27).

Puc. 27
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Mepekoc

Ledopmauus Bana (M3ru6) nog aercTenem
paboymx Harpy30K NPUBOAMT K BO3HUKHOBEHUHO
YrNoBoro nepekoca Mexy BanoM 1 KoprycoM.
MepeKoc Take MOXET BO3HWKaTb NPW Pacnono-
eHUM NOALLMMHWKOB Ha CIIMLLIKOM 60fbLLIOM
PaccTofHWM Apyr oT Apyra.

PaguasnsHsle LapUKONOAWMAHUKA W LIMAMH-
QpUYecK1e PofIMKONOALLMMHWKM 06nafaroT
60NbLLION XECTKOCTLH, NO3TOMY OHM CMOCOBHBI
6e3 NoBpeXAEHWA BbIOepXMUBaTh NepeKoC Benn-
YWMHOM MWL HECKOMBKO YrNoBbIX MUHYT. CaMo-
yCTaHaBMMBaOLLMECH LAPHUKOMOALLIMIHUKM,
cchepryeckre ponMKoNoALLIMIHWKM, TOporaank-
Hble PONIMKOMOALIMMHUKM W YNOPHbIE Cheprye-
CKWe POMKONoALLIMNHKUKK (—> puc. 28) cno-
COBHbI KOMNEHCMPOBATh YrN0BLIE OTKNOHEHWS

Bana, a TakKe HayanbHbIM NePeKoc, Bbi3BaHHbLIN
HETOYHOM 06paBOTKOW KOPMYCHBIX AeTanem uiu
OLUMBKAMM MOHTaXa NOALLIMMHUKOBbIX OMop.
3HauyeHus OonyCcTMMOro nepexkoca Ans nepeymc-
NEeHHbIX TUNOB NOALUMMNHMKOB YKa3aHbl B COOT-
BETCTBYHOLLMX rMaBax kaTanora. Ecnv npegno-
naraeMslv yron nepekoca npesbilaeTt
LIONYCTUMYHO BENTUYMHY, 0BpaTUTECh B TEXHUYe-
ckyto cnyxBy SKF 3a koHcynsTaumen.

YnopHble LaprvKonoALMNHUKKM CO Chepuye-
CKMMU CBOBOAHBIMK M NOAKNALHBIMK KOMbLIAMMU,
NOALIMNHMKOBBLIE Y3Mbl TUNA Y U caMoycTaHaB-
NMBAIOLLIMECS UronbyYaTble PONIMKONOALLMMTHUKK
(= puc. 29) Tarke cnocobHbI KOMNEHCUPOBaThL
nepBOHaYanbHbIA NEPeKoC BCNeACTBUE HETOY-
HOM MexaHu4eckor 06paboTkK fetanen unu
NOrpeLUHOCTEN MOHTaMXa.

Puc. 28
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ToyHoCTb

ToYHOCTb NOALUMMNHUKOB KAYEHWS OMUCLIBAETCS
Knaccamu pasMepHbIX v reoMeTpUyeckux fgonyc-
KOB.

B kakgoM rnase katasnora npuMBoguTcs
WMHDOPMALMA 0 KNaccax TOYHOCTH, B COOTBET-
CTBWM C KOTOPbLIMMW NPOM3BOAATCA NOALLMMHUKK.
SKF npoun3BoguT pasnuyHble TUMbl NPeLmu3noH-
HbIX NOALUMMNHKUKOB, BKIHOYAs OAHOPAOHbIE
paguanbHO-yNopHble LWapHKONOALLMIHUKH,
OQHO- W ABYXPAOHbIE LMTMHOPHUYECKHUE PONUKO-
NOALIMNHKKM, @ TaKXKe 0MHapPHbIE W ABOWHbIE
YNOPHO-padranbHble LApUKONOALLIMMHUKK.
MHdopMaLms 0 NPeLM3MOHHbIX NOALIMMHUKAX
npeacTaBfeHa B ONMCaHWW NPOAYKLUMK Ha cakTe
skf.ru.

YacroTa BpaweHuna

Honyctumas pa6oyas TeMnepaTtypa NOALLMMHK-
KOB OrpaHW41BaeT NpefdenbHble YacToTbl Bpa-
LieHus. Takum o6pasom, Ans 3KCnyaTaLmum npu
BbLICOKOM YaCToTe BpaLLieHus BbIBMParOTCA Noa-
LUMAHUKMW, UMEFOLLIME HU3KWIA YPOBEHb TEMOBbI-
NleneHns BCNeCTBUE CUIT TPEHUA.

HauBonbLuyro yacToTy BpaLLieHWs obecneym-
BatOT pagMasnbHble LIapMKONOALIMAHUKK W
caMoyCTaHaBNMBaOLLMECS LLIAPUKONOALLIMA-
HWKM, Ha KOTOPbIE BO3AENCTBYET TOMLKO Paam-
anbHas Harpyska (= puc. 30). PaguanbHo-
YNOPHbIe LapUKonoaLwunHUku (= puc. 31)
MCNOMb3YHOTCA B YCNOBUAX BO3AEMCTBUA KOMOU-
HMPOBaHHbIX Harpy30K. [paKTUYeCKW TaKUMMU XKe
BO3MOXHOCTAMM 0611a]aroT NPEeLIM3MOHHbIE
pafMansHo-ynopHbIe WapUKONOALWUIHUKMA 1
rMBpraHbIe paguanbHble LAapUKOMOALLMIHUKM C
KepaMMU4YecKUMM Tenamu KadeHus.

YNopHble NOALLMMHWKK He MoryT paboTaTh Ha
TaKMX e BbICOKMX YacToTax BpaLLleHus, Kak
pafuanbsHble NOALWUIHUKM, U3-3a 1eHCTBMA
LeHTPOBEXHBIX CHT.
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Tpeunue

MNOAWKMNHKKK KaYeHUs TakKe M3BECTHbI KakK
«aHTUPPUKLIMOHHbBIE NOALLMITHUKMU, XOTS, Be3-
YC/I0BHO, OHU TaKXKe XapakTepu3yroTcs onpeae-
NEHHON BeIMYMHOMN TpeHus. OCHOBHOM NpUYK-
HOW TPEHMWA B NOALLUMMHUKE ABNAOTCA
nedopMaLuy Ten KayeHus nofd Harpyskom. Eue
0AWH PaKTOP — 3a4acTyHo Henpegackasyemoe
TPeHUe CKONbXEeHWs, 06pasyroLLieecs Mexay
TeflaMu Ka4YeH1s 1 cenapaTtopom, BopTamu u
HanpasnALLMMK KOMbLAMK, @ TaKKe Mexay
YNAOTHEHWSIMU WU CONPAYKEHHBLIMM NMOBEPXHOCTAMM.
TMapoaMHaMUyeckoe ConpoTUBIIEHWE CMAa304HOMO
MaTepuasna okasblBaeT 3HauYMTeNbHOE BIMAHKUE Ha
yBenuYyeHue noTepb 0T TPeHWUA. MoMEHT TpeHus
noALMnHUKoB kaueHus SKF paccumTbiBaeTcs no
dopmyne (= «Tpenues, ctp. 97).

B LesioM, LwaprKonogLUMnHUKKU UMeroT Bosee
HWU3KUI MOMEHT TPEHMS, YEM POSIMKONOLLIMM-
HUKK. T1pU >KenaHuM yMeHbLLIWTL 3Heporosa-
TpaTbl NPU BpaLLeHuu, cneayeT paccMOTPETb
BO3MOXHOCTb MCMOSb30BaHWsA 3Heprocéeperaro-
Wwmx noawmrnHukos SKF E2. MoMeHT TpeHus
nogwwunnHukos SKF E2 kak MuHuMyM Ha 30 %
HUKE, YeM MOMEHT TPeHUs CTaH4apTHbIX Nod-
wwunHukoe SKF aHanornvyHoro pasmepa. SKF
NPOU3BOAMT HECKOSTbKO TUMOB NOALLMMNHUKOB B
3HeprocbeperaroLL|eM UCMOSTHEHWUK:

® 0OHOpPAQHLIE PaAManbHbIe
LLIAPUKOMOALLIMAHUKM

® noawMnHKkK TMna Y (kopnycHble
NOALIMMIHWKK)

® [ByXpAfHblE paaranbHO-ynopHsIe
LLIAPUKOMOALLMMAHUKM

® 0OHOPAQHLIE KOHUYECKME
DONMKONOALIMAHUKNA

® LUWUAMHOPHUYECKME PONMKOMOALIMIHUAKM

ManowymHan paboTa

Tpe6oBaHWe K HU3KOMY YPOBHHO LLIYMa B HEKOTO-
PbIX ClyYanx OKa3blBAeTCS MMaBHLIM GaKTOPOM
MPW KOHCTPYMPOBAHWK, Hanpumep, npu1 padote
ManorabapuTHbIX 3NeKTPOABUraTenen, Ucnosb-
3yeMbIX B ObITOBbIX 1 0UCHBIX Nprbopax. Mano-
LyMHaa paboTa uMeeT o4eHb BonbLUoe 3HaYe-
HWe U OKa3blBaeT BNMAHKWE Ha BbIBOP TMNa
nogwwmnHuka. SKF nporsBoauT paguansHble
LLApUKONOALIMMHKUKK, CNeurMansHo npeaHasHa-
YEeHHbIe ONA TaKUX YCNOBUM.
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YeéctkocTb

YKEcTKoCTb NoALUMNHKMKA KaYeHWs XapaKTepusy-
eTCs BENIMYMHON yNpyromn gedpopmalmu nog-
LUMNHKWKA noa Harpyskow. Kak npaswvno, nedop-
MaLMa NOALUMMHWUKA HEBENMKA U e MOXKHO
npeHedpeys. OgHaKo, NpW UCMONb30BAHWUK B
LWNWHOENAX CTAHKOB U AUdbdepeHLUManax aBTo-
MOBMNSA SKECTKOCTb NOALLMMHUKOB ABMAETCA
KNHOYeBbIM 3KCMIyaTaLMOHHLIM NApaMeTpoM.
Bcnencreue ocobeHHOCTEN YCNOBMI KOHTaKTa
Tes KayeHus W JOPOSKEK, PONIMKONOOLLMMHUKM,
HanpuMep, UMIMHOPHUYECKHUE MU KOHWYEeCKHe
(= puc. 32), umeroT 6ornee BbICOKYHD XECTKOCTb,
YeM LaprKonoALLIMNHUKKU. YKECTKOCTb noaLwmn-
HUKa MOXET BbITb YBENMUYEHA 3a CYET npedHa-
tara (= «[IpegHarar noALWUnHUKOB,
cTp. 214).

Puc. 32
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KpuTepuu Bbibopa noaLIMNHAKOB

OceBoe cMeLeHKe Bana Puc. 33

Bankl nu Apyrue spallarolimecs aetanu 06o-
PYA0BaHWs 06bIYHO MMEHOT ABE NOALLMMHWUKO-
Bble 0MOpbI, 0[Ha M3 X KOTOPbIX dbUKCUPYHOLLAS,
a pyras — nnasarowan (—> «/logumnHukossie
y3nbi», €Tp. 160).

MOALIMAHUK B UKCUPYHOLLIEM Y3e JOIMKEH
o6ecneynBaTh [BYXCTOPOHHIOH OCEBYH) dUKCa-
uuro Bana. [na ¢pukcupyroLero yana 6onsLue
BCEro NOAXOAAT NOALLMMHWKHM, CNOCOBHbIe BOC-
NPUHAMATL KOMBUHUPOBAHHbIE HArpy3KK MU
0CeBbIe Harpy3k1 NPU yCTaHOBKE CO BTOPbIM
NOALIMMHUKOM.

MnasatoLLMe NOALWMIHUKA AOMKHbI KOMMEH-
CMpOBaTh 0CEBOE CMeLLieHHe Bana Bo 13bexaHue
NoBpexaeH1s oT 60MbLUIMX OCEBbIX HArPy30K,
Hanp1Mep, NP BO3HWKHOBEHWM TEMNOBOIO pac-
WwnpeHnsa Bana. []na 3ToM Lenu nyyiue Bcero
NOAXOAAT MrofibyaThle PONTMKONOALLMAHUKK 1
UMAMHAPMYECKMUE PONTMKOMOALIMIHUKM TUNOB
NU 1 N (= puc. 33). Takke MoryT 6biTh
MCNOMb30BaHbl LIMIMHAPUYECKME PONMKONOA-
wmrnHukn TMna NJ u 6eccenapaTopHble UMAWH-
NIPUYECKUE POMMKONOALLIMMHWKH.

B Tex cnyyasx, Koraa ocesoe cMeLLeHWe Bana
OTHOCUTENLHO BENMKO U MMEeT MecTo nepekoc,
MaeanbHbIM peLLieHeM ANs nnasaroLLer onopei
ABNIAETCA NPUMEHEHWE TOPOMAANbHOIO POSIMKO-
nogwwnuuka CARB (= puc. 34).

[aHHble NOALLMNHWKM KOMNEHCHUPYHOT onpe-
NenéHHoe 0ceBoe CMeLLIeHWe Bana 0THOCK-
TenbHO KOpNyca. 3Ha4eHus AoNyCTUMbIX BEeU-
YMH 0CEBOr0 CMELLIEHUA ANS NOALLMMIHUKOB
npuBeeHbl B COOTBETCTBYHOLLIMX TabnuLax.

Ecnu HepasBopHble NOALIMIHUKM, HanpuMep,
pafmanbHbIe LWAapUKONOALIMIHUKK UMK Chepu-
Yeck1e PonuKonoaWwUnHuUku (= puc. 35) e &5
MCNOMb3YHITCA B KAYECTBE NNABAFOLLIMX, OIHO W3
X Konew [OSKHO BbITh YCTAHOBNEHO CO CBOBO-
HOM N0CaaKoM Tak1M 06pa3oM, YToBbl NOALLIMM-
HWK MO NepeMeLLiaTbCs BAOMb 0CK N0 Bany UK
B kopnyce (= «PagnansHas ¢rkcayma nog-
LUMMHMKOB, cTP. 165).

Puc. 34
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OcHoBHasn WH¢OpPMaL 1A 0 NOALUNHUKAX

MoHTax 1 AeMoHTax

MoAWwWKUNHUKK C ULUNUHAPUYECKUM OTBEPCTHEM

Pa3fopHble NOAWMWAHWKM C LMAMHAPUYECKUM
0TBEPCTUEM MPOLLIE B MOHTaXeE U IEMOHTaXe,
ocobeHHo ecnu ans o6omx Konew TpebyeTca
nocagka c HaTaroM. [lpuMeHeHre pa3BopHbIX
NOALIMMNHAKOB NPEANOYTUTENLHO U B TeX CRy-
yasx, Koraa TpebyeTcs Ux YacTbli MOHTaX U
[NEMOHTaX, TaK KaK KOfbLI0 C KOMMEKTOM Ten
KaYeHUs U cenapaTopoM MOXeT yCTaHaBAM-
BaTbCS HE3aBMCMMO OT APYroro konbua. K Takum
NOALUMMHMKAM OTHOCATCA LUAPUKONOALLMIHUKM
C YeTbIPEXTOYEYHbIM KOHTAKTOM, LIMIMHAPUYe-
CKMe, UroNbYaThle U KOHUYECKMUE POIMKONO. -
LUMNHKKK (=> pUc. 36), a Takxke yNnopHbIe
LLIAPUKO- W POSTUKONOLLLMIHWKM.

MoAWNNHUKKU C KOHUYECKUM OTBEPCTHEM

MOALUMAHMKM C KOHUYECKUM OTBEPCTUEM

(= puc. 37) MoryT ycTaHaBnAMBaTLCS HA KOHU-
YeCKMX LeHKax BasioB UK LMAMHOPUYECKUX
NOCaf0YHbIX MECTax NPU NMOMOLLIM 3aKpenuTeNb-
HOW UMK CTSXKHOM BTyroK (—> puc. 38).
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Puc. 37 Puc. 38
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OcHoBHasn WH¢OpPMaL 1A 0 NOALUNHUKAX

YnnoTHuTenbHbIE peweHuna Puc. 39

Jna ynep>xaHus cMa3oyHbIX MaTepuanos v npe-
[I0TBPaLLEHN NPOHUKHOBEHWSA 3arpasHEHUI B
noawunnHuk SKF npegnaraet nogLwWnHUKK co
BCTPOEHHbLIMW YNMOTHEHUAMM W 3aLLUTHLIMU
warnbamu:

3aLLUTHbIE Warbel (= puc. 39)
6eckoHTaKTHbIe ynnoTHeHua (= puc. 40)
YNAOTHEHWS HU3KOrO TpeHus (= puc. 41)
KOHTaKTHbIE yNnoTHeHua (= puc. 42)

YNnoTHEHHbIE noaWHUNHHUKK — 3TO IKOHOMKHY -
Hble MU KOMNAKTHble peLlleHna Ona MHOrmx obna-
cTen npUMeHeHHna. ,ElOCTyI'IHbI cnegyrowne TMnbl
yI'IJ'IOTHéHHbIX noaLwnnHUKOB:

® paaManbHble LWAPUKONOALLWMIHUKK
® paauvanbHO-YNopHbIE LWAPUKONOALLMIHUKK
® camoycTaHaBnu1BaroLLmecs
LLIApUKONOALLMMHUKK

LUMNUHAPUYECKME POSTUKOMOALLMITHUKM
WronbYaThlie POSIMKONOALLIMMHUKM
chepryeckre poiMKonoaLLIMNHUKK
TopouaansHble ponukonodwunHuki CARB
NOALMNHAKU-O0NOPHbIE POSIUKK
noawmnHukK Tuna Y (kopnycHele
NOLLLMMHNKK)

Puc. 40

MoawunnHmkm ¢ YNNOTHEHWUAMU C OBYX CTOPOH
3anosiHeHbl CMa3kow Ha Becb CpoK CJ'Iy)K6bI nHe
noanexart NpoMbliBKe U NOBTOPHOMY CMa3blBa-
HUr0. OHW 3anonHaroTCs COOTBETCTBYHOLLIUM
KONMYECTBOM BbICOKOKAYeCTBEHHOM NNACTUYHOM
CMasku B YUCTbIX 3aBOACKHUX yCNNOBHAX.

Puc. 41
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Puc. 42
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Bbi6op pasMepa nogwMnHUKa

CucTeMHbIM Noaxo K BbiGopy
NoALIMNHUKA

B ¢opMyne ans sblymcnenuns pecypca SKF yun-
ThIBAFOTCH KOHTAKTHbIE HANPSYKEHUs, BO3HUKar0-
LLIMe B pe3ynbTaTe BHELLHUX HArpy30K, a Takxe
HanNpPAYKeHUs 0T NOTEPb HA TPEHWUE B 30HE KOH-
TakTa kayeHus. MoHMMaHWe BAWAHWS [aHHOM
KOMBWHaLMK Harpy30K Ha pecypc NOALIMMHUKA
no3sosiseT Hanbosnee TOUHO ONPeaenUTs ero

3 HEKTUBHOCTb B TEX UMW UHbIX YCITOBUAX.

Tak kak Teopusi pecypca NoALWMNHUKOB
CnoxHa, eé nogpo6Hoe onucaHWe He BXOOMT B
3aAauu HacTosLero katanora. E€ ynpolieHHoe
«KaTanoXKHoe» onucaHWe NpeacTaBeHo B pas-
nene «HomuHansHeik pecypc SKF» (= ctp. 64).
370 4aéT BO3MOXKHOCTb NOMHOCTLHO PEANM30BaTh
noTeHUMan NoALUMNHUKOB, CAeNaTh Pa3yMHbIN
BbI6OP B NOMb3Y NOALUMMNHWKA MEHbLLUEr0 pas-
Mepa W 0CO3HaTb CTeneHb BIUSIHUS CMa3blBaHUs
W 3arpsA3HEHHOCTH Ha ero pecypc.

Pecypc nogLwmnnHMKoOBOW CUCTEMBI

YcTanocT MeTanna Ha KOHTaKTHOW NOBEPXHOCTH
Ten KayeHus ABNSETCA XOPOLLO U3yYEeHHbLIM Mexa-
HW3MOM Pa3spyLUEHHs NOLLMMHUKOB KauyeHus.
[MpUYMHOM YCTANOCTHOMO PaspyLUEHHs Harpy-
YKEHHbIX METaNMYECKVX AeTanen NoaLWMnHUKa
MOXET BbITb P daKTOPOB, B TOM YUCTIE: Ypes-
MepHOe BblAeneHWe Tenna npy TpeHuu, HegocTa-
TOYHOE CMa3blBaHWe, 3arpsA3HEHHOCTb CMA30YHOMO
MaTepuana, a TakKe BbICOKME BHELLIHWE Harpy3ku
WK Harpysku, KOTopble He BbINK NPUHATLI BO
BHMMaHKe Npu BbIGOPE NOALIMMNHMKA.

Pecypc noAWHWNHAKOBOW CUCTEMbI

Mo3TOMY KpUTEPHM YCTANOCTH JOPOXKKHM Kade-
HWUA KaK NPaBMIIO 4OCTATOYeH 4519 BbiGopa TUNo-
pasmepa NofALMNHUKA KaueHus, npeaHasHayeH-
HOro Ans paboTbl B ONPeAesEHHbIX YCIIOBUAX.
MexoyHapoaHble CTaHAapPTbI, TaKMe Kak
ISO 281, ocHOBLIBAOTCA Ha YCTANOCTHOM NPOY-
HOCTW NOBEPXHOCTEM KayeHus. TeM He MeHee,
BaXHO NMOMHWTb, YTO NOALLMMHUK SBNSETCS
CNOXHOW CUCTEMOM, B KOTOPOW PECYpPC BCEX KOM-
MOHEHTOB, TAKMX KakK Tena v AOPOXKU KaYeHus,
cenaparop, CMa3oyHbI MaTepyan v ynnoTHe-
HUsl, MPU UX HANWYMK, OKa3bIBAET BNUAHUE, A B
HEKOTOPbIX CIlyYanx peLuaroLliM 06pasoM Bu-
fAeT Ha pecypc nofLuMnHuKa (= puc. 1).

B pasnuyHbIxX pasgenax AaHHOMo KaTanora
LeTanbHO aHaNMU3UPYHTCSA aCNeKTbl MPOYHOCTU U
NPUMEHUMOCTH BCEX KOMMOHEHTOB, COBMECTHO
paboTaroLLmX B NOALIMMNHAKOBOM cucTeme. [aH-
Hble acneKTbl CriedyeT yunTbIBaTb NPU Bbibope
NoALUMMNHKKA AN 0BecrneyeHns ero MakcuMarb-
HOrO CPOKa CyKObl.

Puc. 1

Lnaguinnmmea = f (Lnopox(w xavennss Lren kavennss Lcenapampav Lewasouroro matepuana LynnoTHenMﬁ)

O =030
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Pecypc M HOMKWHANbHaA I'py30|'|0,lJ,'béMHOCTb nogwnnHHUKoB

Pecypc ¥ HoMHHanbHasA
rpy30N0aAbEMHOCTb
NnoaLIMNHUKOB

OnpegeneHue pecypca NoALWMNHUKA

Pecypc nogLumnHuka KadeHns onpenensercs
KONMMYEeCTBOM 060POTOB MU KOTIMHYECTBOM OTpa-
6OoTaHHbIX 4aCoB C 33[JaHHOM YacTOTOM BpaLle-
HUsl, KOTOPbIE NOALLMMHUK BblAEPXXMBAET NpU
onpenenéHHoM Harpyske 4o NoABEHUS NepBbIX
3aMeTHbIX Pa3pyLUeHWM OT YCTanocTy MeTanna
(BbIKpaLLMBaHKWE) HA [OPOXKAX KAYEHWUA OHOr0
13 Konew MK Ha Tenax kadeHwus. MpakTuka
MOKa3bIBAET, YTO MAEHTUYHBIE MO BHELLHEMY
BMAY NOALIMMNHKUKKM, paboTaroLme B 0AMHAKOBbIX
YCNOBUSAX, UMEOT Pa3nuyHbIM pecypc. [No3aToMy
[N9 pacyéta pasmepa noALMnNHUKa Heo6xo4MMo
6ornee TOYHOE ONpedeneHre TePMUHA KPecype.
Bce npusogumelie SKF gaHHble gMHaMUYecKon
rpy30N0AbEMHOCTH OCHOBaHbI HA pecypce, KoTo-
pbIM NpeanonoxuTensHo obnaaaroT (Mnu npe-
BbilwaroT) 90 % 0AMHAKOBbIX NOALLUMMHWKOB
[OCTATOYHO BOMbLLOW rpynMbl.

PacyéTHbIV pecypc NofLIMNHKKA, ONpeaenéH-
HbIW N0 PEKOMEHA0BAHHbIM 3aBUCMMOCTAM, 40S1-
YEH yO0BNETBOPATbL 0XKMOAEMOMY CPOKY CNyxX0Obl
B YKa3aHHbIX yCnoBusax. [1p1 oTCyTCTBUM OnbiTa
MOXHO MCMOMb30BaTh PEKOMEHAYEMbIE BEMIUUYMHI,
npuBenéHHble B Tabnuuax 9 v 10 (= crp. 83).

Heo6x0AMMO OTMETUTB, YTO C YYETOM CTaTU-
CTMYECKOro XapakTepa pacyéra pecypca paboThbi
OTAENbHOro NOALIMMHUKA B ONpefeneHHbIX
YCNOBMAX 3KCMyaTaLmK, NoNyyYeHHas BeNMYMHA
MOXET NPUBNU3UTENBHO COOTBETCTBOBATHL €0
HOMMWHaNbHOMY pecypcy TOMbKO B TOM Clyyae,
©CNM BEPOATHOCTb 0TKa3a JAaHHOr0 MOALLMMHMKA
MOXET BbiTb ONpefenieHa no OTHOLLIEHHO K
o6LLien rpynne noaLWMMNHUKOB, paboTaroLLMX B
aHanorMYHbIX ycnosusx. HanpuMep, npu Beixoge
M3 CTPOS OQHOMO NOALUMMHUKA BEHTUNATOPA U3
QIBYXCOT paBoTaroLLMX B aHANIOMMYHBIX YCIIOBHMSX
MOALUMINHWKOB BEPOSITHOCTL 0TKa3a COCTaBAseT
Bcero 0,5 %, a HAAEXHOCTb 3KCNyaTaLWK B
NlaHHOM cJyyae, TakuM o6pasom, — 99,5 %.

Psa vccnenoBaHWM 0TKa30B NOALLMMHWKOB B
PaA3NIUYHBIX Chepax NPUMEHEHHS, TPOBOAUMBIX Ha
MPOTSXXEHUM HECKOMbKMX NET, MoKasalsl, YTo B
6onbLLUoM rpynne (HeCKoNbKO MUANMOHOB Nof-
LUIMMHWKOB) OTKa3 ABNAETCH OTHOCUTENLHO PEAKUM
SIBNEHWEM U He CBA3aH HAMPAMYH C TUMMYHBIM
YCTanOoCTHbIM Pa3pyLLUEHUEM [OPOXKEK KaUYEHUS.
TakuM 06pa3oM, MCNONb30BaHWE PEKOMEHL0BaH-

akF

HbIX 3aBUCMMOCTEN MO BbIGOPY NOALLMMHWKOB MO
CTaTUYeCKOW U IMHAMWUYECKOMW rpy30Mn04bEMHO-
cu, 6asmpyroLumxcs Ha paboTocnoco6Hoctv 90 %
NOALUMMNHAKOB NPY ONPeaeNEHHbIX YCIOBUAX,
N03BOMAET C 6OMbLLION CTENEHBH TOYHOCTHU MPOM3-
BOAMTb BbIOOP MOALIMMHUKOB C HU3KOM BEPOSITHO-
CTbHO HEMpeacKasyeMbix paspylieHmit. Habnroga-
eMbIe 3KCMSTyaTaLMOHHbIE OTKa3bl, B 60MbLUMHCTBE
CBOEM, CBs3aHbl C aBpa3svBHbLIM M3HOCOM, Nonaaa-
HWEM Bflary, KOPPO3WeK, HapyLLEHWEM NpaBuI
MOHTaa, HenpaBKIbHOW NocaaKkoi Ha Bany/s
KOPMyCe, NPOCKasb3biBaHUEM TS KaUeH s 1
3arps3HeHreM. Takke NPUYMHON YMeHbLIEHUA
PacyYETHOro CpoKa Cry>KObl MOXKET ObITb NOBPEX-
ZleH1e cenaparopa, yNoTHEHWs UMK HapyLLeHue
YCIIOBWI CMa3blBaHMs.

Mpy3onogbEMHOCTL

Bbi6op pasMepa noaLwmMnHuKa, Npexae Bcero,
OCHOBLIBAETCS Ha €ro PacyYETHOW rpy30noabeM-
HOCTH, onpeaenseMon NpUKNaasBaeMbiMm K
NOALLMMNHKKY Harpy3kamu, a Takke Tpe6oBaHu-
AMM, NPeABbABNAEMbIMMU K €r0 Pecypcy M Haaéx-
HOCTW. BenuuunHbl ouHaMryeckown rpysonogb-
émHocTn C v cTaTnyeckon rpysonogbeMHocTy Cq
npuBedeHbl B TabnuLax NogLLMIHUKOB.

MMpw BbIGOPE NOALLIMNHUKA HEOBX0AMMO NPO-
BECTM PacyEThl ANA AMHAMUYECKUX U CTaTHYe-
CKMX YCIOBUM Harpyy<eHusl, NPUHUMAn BO BHU-
MaHWe 3HaYMUTEeNbHbIE YAapHbIe HArpyskH,
KOTOpble MOMYT BO3HWKATL B PEAKUX CRyYasX.

[MHamMnyeckan rpy3onoabeMHOCTb

HoMuHanbHas gMHaMUyeckas rpy3onodbEem-
HocTb C Mcnonb3yeTcs Ans BblYMCEHHs pecypca
LMHAMWUYECKM Harpy>KEHHbIX NOALIMMHUKOB, T. €.
NOALIMNHMKOB, KOTOPbIE BpaLLAoTCs Noa
Harpyskow. OHa BblpaXkaeT BeIMUYK1HY Harpysku
Ha NOALLMMHMK, KOTOpasa obecneynBaeT HOMU-
HanbHbIM pecypc 8 1 000 000 obopoTos
cornacHo ctanaapty IS0 281. MpennonaraeTtcs,
YTO HarpysKka NocTosiHHA MO BENWYMHE U
HanpasneHuto W ABNseTCs pagranbHon ans
pangmanbHbIX NOALMNHKUKOB W LIeHTPanbHoM
0CeBOW AN YNOPHbIX NOALLMMNHUKOB.
IlMHaMuyeckas rpy3onoabEMHOCTL AN Nod-
wmnHukos SKF onpenensetcs no npasvnam,
onucaHHbIM B cTaHgapte IS0 281. 3HaueHus
rpy30n0AbEMHOCTH, YKa3aHHbIE B HACTOSALLEM
KaTanore, 0eNCTBUTENbHbI AN NOALWMTHWUKOB U3
XPOMWCTOM CTanM C 3aKankon Ha MUHUMAnbHYH
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Bbi6op pasMepa nogwMnHUKa

TBépgoctb 58 HRC, paboTaroLLmx npu HopMans-
HbIX paBoymx ycnosusx. McknroueHneM aenaoTca
nonMMepHbIe NoALWMAHKKK (—> cTp. 1247).

[Mpu u3roToBneHMu nogwmMnHMKoB knacca SKF
Explorer npMMeHsIOTCS yCOBEpPLUEHCTBOBAHHbIE
MaTepuasnbl U TEXHOMOMMU NPOM3BOACTBEHHBIX
NpoLeccos, 4To TpebdyeT UCMosb30BaHUs 4OMNon-
HUTENbHbIX KO3 DULMEHTOB ANA BbIYUCIEHNS
IMHaMWYECKOM rpy30noabLEMHOCTH B COOTBET-
cteum ¢ IS0 281.

CraTtMueckan rpy3onogbEMHOCTb

CornacHo ctaHgapty IS0 76 6a3oBoe 3Ha4eHWe
CTaTUYeCKOM rpy30nodbEMHOCTH 3aBUCHT OT
PaACYETHOr0 KOHTAKTHOMO HAMPSAXEHWUA B LIEHTpe
KOHTaKTa Haubosnee HarpyeHHoro Tena kaye-
HUA/DOPOXKM KauyeHU:. BennumnHbl KOHTaKTHbIX
HanNpPAKeHWH:

e 4 600 MlMa ana caMoycTaHaBNMBaOLLIMXCS
LLIAPUKOMOALLUMMHUKOB

e 4200 MMa ons apyryx WapyuKonoaLWNHUKOB

e 4000 MlMa ans Bcex ponuKonoLMNHUKOB

Takue HanpsXKeHWs CO3Aar0T OCTATOYHYHD
nedbopMaLMio Tena KaveHns 1 JOPOXKKK Kaue-
HWAa BenuunHon npumepHo 0,0001 ot gnameTpa
Tena kadeHus. Harpysku — TonbKo paguansHbie
INs paguanbHbIX NOALMMNHUKOB M LIeHTPanbHble
0CeBble 4719 YNOPHbIX NOALLMMNHUKOB.

3HayeHWe HOMWHANBLHOM CTaTUYECKOM rpy30-
noabémHocTv Cg Mcnonb3yeTcs B CeayHoLLmnX
PACYETHBIX CryYasnx:

® 0YeHb HW3KaA YacToTa BpaLLieHMs
(n <10 06/MuH)

* 0YeHb MeffeHHble KoneBaTenbHble ABUXKEHMS

° CTaTMYecKoe HarpyKeH1e HenoaBUKHOMO
NOALIMMHMKA B TEYEHUE ANUTENbHbIX
nepvonos

I'IpOBepKa COOTBETCTBMUA CTAaTUYECKMUX HArpy30K
Ha NOALMNHUK NPOU3BOOMTCA NO CTaTUYECKOMY
K03dPpULMEHTY 3anaca, KOTOprlji onpepnenaeTca
KakK

C
SO=P_2

64

roe

Sg = CTaTMYeCKui Ko3bPULMEHT 3anaca

Co = HOMMHaNbHas cTaTUYeckas
rpy30n0abEMHOCTb [KH]

Po = 3kBMBaneHTHas cTaTMyeckas Harpyska Ha

NOALIMNHMK [KH]

Mpu pacyéTe 3KBUBANEHTHOM CTaTMYECKOM
Harpy3Ku1 JOMKHbI UCMOMb30BaTLCA MaKCUMasb-
Hble Harpy3kK, AeMCTBYFOLLIME Ha NOALLMIHUK.
LononHuTenbHas MHPOPMaLMA 0 peKoMeHaye-
MbIX 3HAYEHMAX KOIPPULIMEHTa 3anaca U MeTo-
nax ero pacyérta npefcTaBneHa B pasaene
«BeiBop pasmepa no[LIMIHMKA MO CTATUYECKOH
rpysonogbémHocTu» (= crp. 87).

Buibop pa3sMepa noALMnHKKa
NPY NOMOLLIK SOPMY bl NS
BblUMCNEHNA pecypca

HoMuHanbHbIM pecypc

HoMuHanbHbLIM pecypc NoALWMNHUKA, COrnacHo
IS0 281, coctaBnser

C\p
o= 5]

Ecnu yacToTa BpalLeHus NOCTOSHHA, BbluMCTIe-
HWe pecypca 3a4acTyro yaobHee Npou3BoaUTh B
paboumx yacax no popmyne:

106
Lion = %on Lo

roe

L4g = HOMWUHanNbHBINA pecypc (Npu HaOEXHOCTU
90 %) [MMnnuoHbl 06opoTos]

L4gn = HOMUHanNbHBINA pecypc (Npu HaOEXHOCTHU

90 %) [paboune yacsi]

HOMMWHanbHas AMHaMUyecKas

rpy30n04bEMHOCTb [KH]

P = 3kBMBaneHTHas AMHaMMUeCcKas Harpyska

Ha noawmnHuk [kH] (= cTp. 85)

= yacToTa BpaLLeHus [06/MuH]

nokasaTenb cTeneHu dopMysbl 4na

BbIUMCIIEHMA pecypca

— NS WapUKONOALLMAHUKOB P = 3

— 019 PoNMKonoAwmMnHuKos p = 10/3

(@]
n

T 3
n

akF



Bbi6op pasmepa noALwmMnH1Ka NPy NOMOLLIM dOPMYbI 4119 BbIYMCNIEHHUA pecypca

HoMuHanbHbIW pecypc SKF

HoMWHanbHbLIN pecypc COBPEMEHHbIX BbICOKO-
KayeCcTBEeHHbIX NOALLUMMNHUKOB MOKET 3HaUM-
TefIbHO OTNMYATLCS OT PeasibHOro Cpoka CryXoObl
B OnNpeaenéHHbIX YCnoBuax akcnayaTtauuu. dak-
TUYECKUI CPOK CNYXObl NOOLUMMNHUKA 3aBUCHT OT
Lenoro psaa ¢akTopos, BKMNHOYas yCoBUs CMa-
3bIBAHMA, CTEMEHb 3arpA3HEHHOCTH, HanMuue
nepekoca, NpaBMbHOCTL MOHTAKA, haKTopbI
BHELLHEro BO3AeNCTBUA U YCNOBUS OKpY»XKaro-
LLiev cpeabl.

Crangapt ISO 281 BBoAMT AONONHUTENbHbIE
KO3 DULUMEHTbI AN YTOYHEHWs 6a30BOM METO-
[IMKK pacyéTa pecypca noglmnuuka. Koagpou-
LIMEeHT pecypca agyr 3aBMUCHUT OT COOTHOLLIEHUS
npenena ycranocTHoOW NPoYHOCTH Py, KOTOpbIM
ncnonb3ayetcs B IS0 281, k gencrayroLlen
Harpyske. 3HaueHus P, npusegeHsl B Tabnuuax
noawmnHukos. CornacHo IS0 281, nonpasoy-
HbIM KO3 dULMEHT pecypca asyr y4MThIBaeT
daKTUYeck1e yCroBra cMa3sblBaHus (K03 du-
LIMEHT BA3KOCTU K, => €TP. 71) U K03 dULMeHT
YPOBHS 3arpA3HeHMUs NOALLMMNHUKA N¢
(= cTp. 74), yumtbiarowwmii ero paboume
yCoBumA

C\p
Lnm = a1 askr L1o = a1 askr (3)

Ecnu vyactoTa BpallleHna NoCToAHHa, pecypcC
ny4lle BCero pacCyMTbiBaTb B paéoqwx 4acax no

dopmyne

106
Limh = m Lom

roe

Lom = HOMMHanbHI pecypc SKF (npu
HagéxHoct 100 — nd) %) [Munnuoksl
obopoTos]

Lnmh = HOMMHanbHbIM pecypc SKF (npu
HagéxHoctn 100 — nd) %) [paboune vacei]

L4g = HOMWHanbHBIN pecypc (Mpy HaaéXHOCTH
90 %) [MunAMoHbI 06opoTos]

a; = NONPaBOYHbINA KOIPDULIMEHT
HagéxHocTv (—> Tabnuua 1, 3HaveHns B
cooTsetcTuu ¢ ISO 281)

17 3peck ko3 dUUMEHT N NpeacTaBnseT cobom BEPOATHOCTb 0TKa3a,
T. . BEIMYMHY PA3HOCTW Mexy HEOBXOAMMOM HaBEKHOCTbHO,
BblpaXkeHHow B npoueHTax 1 100 %.

akF

Askp = Ko3dbPHUMeHT pecypca SKF
(= nvnarpammbl 1 - 4)

C = HoMMHanbHas gMHaMMUyeckas
rpy30nogbeMHocTb [KH]

P = 3KBMBaneHTHaa AMHaMM4eckas Harpyska
Ha NoALWMNHKK [kH]

n = yactoTa BpaLleHus [06/mMuH]

p = nokasaTesfb CTeneHu bopMysbl AN
BbIYMUCIIEHWA pecypca
— ONA WapUKonoaLWMWNHUKOB p = 3
— 019 PONMKONOAWMNHKKOB p = 10/3

B tabnuue 2 (= ctp. 70) npeacrasnexbl Hau-
6onee pacnpocTpaHeHHsle hopMybl AN nepe-
BOfa pecypca NOALLMMHWKA B eAWHMLIbI, OTAINY-
Hble 0T MUANMOHOB 060POTOB.

Ko3ad $pUuMeHT pecypca askr

Kak ykasblBanock paHee, fiaHHbIN KO3DPULMEHT
npeacTasseT B3aMMOCBA3b MEXY OTHOLLEHWEM
npegena ycranocTHOM NPOYHOCTH K IKBUBA-
NeHTHOM AMHamuueckoi Harpyske (P,/P), ycno-
BUAMM CMa3biBaHUA (KO3DPULIMEHT BAKOCTH K)
1 YPOBHEM 3arpa3HeHus noawunHuka (n). B
3aBUCMMOCTH OT TUNA NOALLMNHUKA, BEAUYUHY
K03 DULMEHTA asKF MOXHO OMPeaenuThL no
0QHOM M3 CNeayrLLIMX YeThIPEX guarpamm, rae,
B 3aBMCMMOCTH OT TMMa NOALLMNHKKA, NPeacTas-
NeHbl rpacdu KK 3aBUCMMOCTH Mexay N (Pu/P)
CTaHOapTHbIX nogwmnHukos SKF 1 nogwmnHm-
koB knacca SKF Explorer v pasnuyHbiMu Benu-
YMHAMM KO3PDULIMEHTA BA3KOCTH K. Koadpdu-
LIMEHT agkr MOXKHO ONpefenvTh No ceayHoLLnM

AuarpaMmmam:
Tabnuua 1
3 0 K03 P Ta pecypca
NOALIMNHWKA ag
Hapéx- BepoaTHocTe HoMuHanbHbIN Koagppu-
HOCTb oTKasa pecypc SKF LUMEHT
n [ ap
% % MfTH 060pOTOB -
90 10 Liom 1
95 5 Eim 0,64
96 4 Ly 0,55
97 3 L5 0,47
98 2 Lam 0,37
99 1 Lim 0,25
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Bbi6op pasMepa nogwMnHUKa

[Munarpamma 1

Ko3¢pPpHUUNEHT askr ANA PAANANBHBIX LWAPUKONOALINMNHWKOB

askr
50,0 7 / /
20,04 / /
10,01
N
”
5,0 1 3
55
)
Q
2,0 1 // . /
- / / é/ %
051 // / / /
// / 0L
“ /
0,2 :/// /
’// L—] [y
T L
0,1
0,1
Hpyrue
T T T T T T T T 1 CTaHOapTHble
0,005 0,01 0,02 005 01 0,2 0,5 1,0 2,0 5,0 noawnnHmki SKF
P
Ne —
)
MogLwmnHukn
knacca SKF
0,005 0,01 0,02 0,05 0,1 0,2 0,5 1,0 2,0 Explorer
PU
Nec F

Ecnu k > 4, ucnonb3ayiTe KpuByHo Ans K = 4.

MockonbKy 3HaueHe N (Py/P) cTpeMUTCS K HyNH, KO3 HUMEHT asr cTpemuTes k 0,1 Ang Bcex 3HaYeHWH K.
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[Munarpamma 2

Ko3ppHUUMEHT askr ANA PAAKANbHBIX PONUKONOALIMIHUKOB

AskF
50,0
20,0 1
10,0 1
5,0
2,01
1,0 1
0,51 /%
==
———
_///
01—
LOpyrue
0,05 T T T T T T T T 1 CTaHpapTHble
0,005 | 0,01 0,02 0,05 0,1 0,2 0,5 1,0 2,0 5,0 noawmntmkmr SKF
P
M| ==
MogwmnHrkm
knacca SKF
0,005 001 0,02 0,05 0,1 0,2 0,5 1,0 2,0 . Explorer
n. —
P

Ecnu k > 4, ucnonb3ayiTe KpuByHo Ans K = 4.

MockonbKy 3HaueHHe N (Py/P) cTpeMUTCS K HynH, KO3 HUMEHT askr cTpemuTes k 0,1 Ang Bcex 3HaYeHWH K.
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[Munarpamma 3

Ko3agppuumeHT askr ANA y p

aASKF

50,0 1

20,0 4

10,0 4

5,0 1

2,01

1,0 1

0,5 1

0,2 1

01

0.05 CTaHpapTHble
E T T T nogwwmnHuk1 SKF
0,005 0,00 0,02 005 01 0,2 0,5 1,0 2,0 5,0

Ecnu k > 4, ucnonb3ayiTe KpuByHo Ans K = 4.

MockonbKy 3HaueHe N (Py/P) cTpeMUTCS K HyNH, KO3 HUMEHT asr cTpemuTes k 0,1 Ang Bcex 3HaYeHWH K.
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[Munarpamma 4

Ko3agppuumeHT askr ANA y p
askr
50,0 1 /
20,0 + //
10,0 1
5,0 1 / /
2,0' ///
.
"
N,
/ # / /
o
a5 / o
// / >
0,2 4%//
— | ___— | o015
0,1
01
[Opyrve
0,05 T T T T T T T T 1 CTaHgapTHble
0,005| 0,01 | 0,02 0,05| 01 0,2 0,5 1,0 2,0 5,0 noawmnHukm SKF
ne 2
MoawmnHUKKM
knacca SKF
0,005 0,01 0,02 0,05 01 0,2 0,5 1,0 2,0 Explorer
Pu
nC —_
P

Ecnu k > 4, ucnonb3ayiTe KpuByHo Ans K = 4.

MockonbKy 3HaueHHe N (Py/P) cTpeMUTCS K HynH, KO3 HUMEHT askr cTpemuTes k 0,1 Ang Bcex 3HaYeHWH K.
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Bbi6op pasMepa nogwMnHUKa

* N8 paguanbHbIX LLIAPHMKONOALUMIHWKOB
(= awnarpamma 1, cTp. 66)

* N8 paguanbHbIX POTMKONOALWMIHUKOB
(= awnarpamma 2, ctp. 67)

® [N yNOPHbIX LUAPMKONOALIMAHUKOB
(= awnarpamma 3, cTp. 68)

® [N yNOPHbIX PONMKOMNOALLIMIHUKOB
(= awnarpamma 4, cTp. 69)

[u1arpaMMbl NOCTPOEHBI ANA 3HAYEHUN KO3IPDU-
LIMeHTOB 3anaca, KoTopble B3aMMOCBA3aHbI CO
3Ha4yeHWAMW Npefena ycTanoCTHOM NPOYHOCTH
LpYrux aetanen noAWwnnHUKOBOro yana. YunTsl-
Bas NPUHATLIE AONYLLEHUA NpY oNpedeneHnu
pacuétHoro pecypca SKF, gaxe ecnv paboune
YCNOBWA TOYHO ONpeaeneHbl, UCNOoNb30BaHWe
3HauYeHWM agyr cebile 50 He MeeT cMbicna.

Pacuér koad PpuLMenTa pecypca askr

Takue uHxeHepHble nporpaMmsl SKF kak SKF
Bearing Select noctynHbl Ha cawTe skf.ru 1 MoryT
BbITb MCMOJb30BaHbI A5 BbIYUCIEHUA KOIDDU-
umneHTa agr. KpoMe Toro, SKF paspabortaHsl
COBpPEMEHHbIE KOMMbHOTEPHbIE NPOrpamMMmbl,
N03BONAHOLLME NPOM3BOANTL PACcUET pecypca
NOALIMNHMKA C YYETOM KOHTAKTHBIX HANPSXKEHUM
B TeNnax KaueHus v Opyrux BaXKHbIX GpakToOpoB,
HanpuMep, nepekoca, AedpopMaLMm Bana v Kop-
nyca (= «PacyérHbie cpencrsa SKF», ctp. 92).

Tabnuua 2
KoagdpuumenTsl npeobp n3mep pecypca nog,
II 1
3 “
‘ MonHoe konebanue = 4 y (= oT
Touku 0 0o Toukm 4)
Oc AMHULLI Ko3gduumeHT npeobp
MunnuoHsl Pabouune MunnuoHsl MunauoHsl uMKNos
060poToB yacsbl NPOMAEHHBIX Kone6anuit®
KNOMETpos
108 nD 180
1 6 1 — — ——
Munn1oH o6opoTos o0 103 2y
1 paboumii uac 60n 1 60nnD 180 x 60 n
106 10° 2y108
1 MMAAWOH KUNOMETPOB 108 10° 1 180x10°
nD 60nnD 2ynD
2v _2y10¢ _2ynD _
1 unnno yuknos 180 %601 180 x 107 1

KoneGanui

D = auaMeTp Kkofieca TpaHCNOPTHOrO cpeacTsa [M]
n = yacToTa spatieHusa [06/MuH]

Y = amMnauTya konebatni (yron Makc. 0TKNOHEHUS OT LEHTPanbHoro nonoxetus) [°]

1) HegeficTeutensHo ans Manbix amnauTya (v < 10°).
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Bbi6op pasmepa noALwmMnH1Ka NPy NOMOLLIM dOPMYbI 4119 BbIYMCNIEHHUA pecypca

Ycnoeus cMasbiBaHWMA — OTHOCUTENbHAA
BA3KOCTb K

I PeKTUBHOCTL CMA304YHOMO MaTeprana rnas-
HbIM 06pa30M OnpedenseTca CTeneHbH pasge-
NEeHUs NOBEPXHOCTEN B 30HE KOHTAKTA KayeHus.
Lnsa o6pa3oBaHWs CMa304HOM NNEHKK [OCTATOY-
HOM TOMNLLMHbI CMA30YHbIM MaTepuan QOMKeH
obnagarb onpeaenéHHoN MMHUManbHOMN BA3KO-
CTbHO MPW JOCTUXKEHWM NOALIMMHUKOM paboyen
TeMmnepatypsl. COCTORHME CMA30YHOr0 MaTepw-
ana onucbIBaeTcs KO3bPHULIMEHTOM BA3KOCTH K,
KOTOPLIV ABNAETCA OTHOLLEHWEM dhaKTUYecKon
BA3KOCTM V K HOMMHAMNBHOM BA3KOCTH V1, Tpebye-
MOM N8 [OCTAaTOYHOI0 CMasbiBaHus. [1pu 3ToM
06e 3TWX BeIMUYMHbI pacCMaTpMBarOTCA NPU HOP-
MasbHoW paboyer Temnepatype CMasouHoro
MaTepuana (= «Bbi6op cMa304HbIX MACESs,
cTp. 266). PesynbTaT nonyyeH us dbopMynbl

K = KO3 PULIMEHT BAZKOCTH

Vv = daKTUUecKas BI3KOCTb CMa30UHOrO
MaTepuana [Mm2/c]

V1 = HOMMHaMbHas BA3KOCTh CMA30YHOrO
MaTepuana B 3aBMCUMOCTH OT CPEAHEro
AYaMeTpa NOALMAHMKA M YacTOTbl
BpaLLeHns [Mm2/c]

BenMymHy HOMUHanNbLHOW BA3KOCTH V4, Tpebye-
MOW 19 [JOCTAaTOYHOr0 cMa3blBaHua (—> «Kosgp-
ULMEHT BA3KOCTH K, CTP. 241), MOXHO nony-
UKTb W3 gUarpammel 5 (= crp. 72), ucnonb3ys
BESIMUYMHBI CPeHero gMaMeTpa NoaLMnHUKa
dm = 0,5 (d + D) [MM] 1 yacToTy BpaLLeHus nog-
LUMNHKKa N [06/MKH]. 3Ta AMarpaMma yuuThiBaeT
pesynbTaThl NoCNeaHUX TPMBOMOrUYecKux
uccnenoBaHWi NOOLLUMMNHUKOB KaYeHHs.

Ecnv BenuumHa pabodei Temnepatypsl nog-
LUMMHWKA U3BECTHA UM MOXKET BbITb onpene-
neHa KakuM-11M60o MHbIM 06pa3oM, COOTBETCTBY-
FOLLIAs BeIMUYMHA BA3KOCTH CMA304YHOMO
MaTepuana npy COOTBETCTBYHOLLIEH MEXOyHa-
POOHbLIM CTaHOApTaM 3TafoHHOW TemnepaType
40°C (105 °F) moxkeT 6bITb HalaeHa no
aunarpamme 6 (—> ctp. 73) unu paccumtanxa.
[LaHHas ouarpaMma nocTpoeHa aAns uHoexca
BaskocTv 95. B Tabnuue 3 npuseneHa knaccu-
$UKaums BA3KOCTH no ctangapty IS0 3448 ¢
yKa3aHWeM AranasoHa BA3KOCTH ANs KaXKA0ro

akF

knacca npu 40 °C (105 °F). HekoTopble Tvnbl
NOJLLIMMNHWUKOB, HAaNpPUMeP, ChepuUyeck1e posu-
KOMOZLLMMHUKK, KOHUYECKUE PONMKONOMALLIMN-
HWUKKU W YNIOPHbIE ChepUUecKUe PONMKONOALLIMI-
HUKKU 00bIYHO MMErOT Bonee BbICOKYH padouyro
Temnepartypy, 4eM NOALLIMIHUKK OPYrKX TUMOB,
HanpuMep, paaranbHble LWapUKONOALLIMIHUKKI U
LUMNUHOPUYECKUE POSTUKONOALIMIHUKA NPK
CPaBHWMbIX paBoyYmx yCrIOBUAX.

Tabnuua 3

Knaccudpukauus Baskoctu B cooteTcTBuu ¢ ISO 3448

Knacc saskoctn MNp TH-
yeckoM BaskocTH npu 40 °C (105 °F)
cpeaH. MHH. Makc.

- Mm2/c

1ISOVG 2 2,2 1,98 2,42

ISOVG 3 3,2 2,88 3,52

ISOVG 5 4,6 4,14 5,06

ISOVG 7 6,8 6,12 7,48

1ISOVG 10 10 9,00 11,0

ISOVG 15 15 35 16,5

IS0 VG 22 22 19,8 24,2

IS0 VG 32 32 28,8 35,2

ISO VG 46 46 41,4 50,6

1SO VG 68 68 61,2 74,8

1SO VG 100 100 90,0 110

1SO VG 150 150 135 165

1SO VG 220 220 198 242

1SO VG 320 320 288 352

IS0 VG 460 460 414 506

1SO VG 680 680 612 748

ISOVG 1 000 1000 900 1100

ISOVG 1 500 1500 1350 1650
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Bbi6op pasMepa nogwMnHUKa

Mpumep pacuéra cnenyert, yTo TpeByeTcs cMaska Kacca BA3KOCTU
MogwmnHKK c AMaMeTpoM NOCaaoYHOro oTeep- ISOVG 32 ¢ MMHWManNbHOM dhaKTUYeCKOW BA3KO-
ctvs d = 340 MM W Hapy>KHbIM AMAMETPOM CTbHO V = 32 MM2/C NPY HOMUHaNLHOM TeMnepa-
D = 420 MM pa6oTaeT ¢ 4acToTOM BpaLLeHus Type 40 °C (105 °F).

n =500 06/MuH. Mpu d, = 0,5 (d + D) = 380 MM,
13 gMarpamMsel 5 cnefyert, 4To MUHUManbHas
HOMMHaNbHas BA3KOCTb V1, HeoBxoauMas Ans
J10CTaTOYHOMO CMa3blBaHMA NpW paboyelt Temne-
paType, coctasnseT npuénusnutensHo 11 Mm2/c.
Ecnu npeanonoxuTs, 4to paboyas TemnepaTypa
nogwunHuka 70 °C (160 °F), s anarpammsl 6

[Hwnarpamma 5

OueHKa HOMWHANbHOM BA3KOCTH V4 NPY pabouei TeMnepatype

H DMHHANBHAR BRIKO LTS MACNA V1 NPH pABEYER TeMn EpaType [MM2/c]

1000

500 - 5
0

200+ 0

S0

100- =
tog
7

100 A’/—r;,/

504 900

20

104~ - SRONNN T

(3]
1

10 20 50 100 200 500 1000 2000
dm =0,5(d + D) [MM]
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Bbi6op pasmepa noALwmMnH1Ka NPy NOMOLLIM dOPMYbI 4119 BbIYMCNIEHHUA pecypca

0630p aHTM3aAMPHBIX NPUCAAOK [OMKEH BbITb OrpaHUyeH agkr < 3, HO MpH 3TOM

[LobasneHne aHTU3aAMPHbIX NPUCAOK B CMa- askr He JOMKeH BbITb MeHbLLE, YeM Ans 06bIy-
304Hble MaTepuasibl MOXET YBETMYUTL CPOK HbIX CMA304HbIX MaTepHanos.

cnyx6bl NoALIKMHKUKA ecnu, cornacHo IS0 281, Lns octanbHoro gManasoHa MogubULKUpPO-

K <1 ¥ KO3 DUUMEHT YPOBHSA 3arPA3HEHNUA NOA-  BaHHbLIM KO3 PULMEHT Pecypca agky MOXKeT
wunHuka ne 2 0,2. B cooTBeTCTBUM C aHHbIMK onpenensaTbes N0 GakTUYECKUM BEMMYMHAM K.
YCNOBUAMM, AN BbIYUCIEHNS KOIDPULIMEHTA B cnyvae cMnbHOM 3arpa3HEHHOCTH, HaNpUMep,
AgKF MOXHO NPUMEHUTL 3HaYeHue K = 1, ecnu Koraa Ko3¢pdULMEHT 3arpssHeHHocTU N < 0,2,
WCMOMb3yeTcs NPOBEPeHHbIN CMa304HbIM MaTe- BO3MOXHbIE MPEUMYLLIECTBA AHTU3AQWUPHBIX NPU-
pran ¢ 3 deKTUBHBIMW aHTU3a4UMPHLIMK NPU- cafoK JOMKHbI BbITb NPOBEPEHbI 3KCNepUMeH-

CaKaMu. B atom cny4vae Ko3apPpUUMEHT pecypca TanbHO. ,J:lOI'lOJ'IHMTEJ'IbHaFI WHPOopMaumna 06

[Munarpamma 6

JluarpamMma 3aBUCUMOCTH BA3KOCTW OT TEMNEpPaTypbl AN KNACCOB BA3KOCTH No cTaHAapTy IS0
(MuHepanbHsle Macna, MHaEeKC BA3KOCTH 95)

BaskocTb [MM%/c]

20 30 40 50 60 70 80 90 100 110 120
(70) (85) (105) (120) (140) (160) (175) (195) (210) (230) (250)
Pabicyan Temnepatypa [°C (°F)]
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aHTW3aAMPHbIX NPUCaaKax NpefcTaBeHa B pas-
nene «Cmassisanmnes (= crp. 239).

Ko3d$pUUMeHT n_Ana yposHA
3arpA3HEHHOCTH ©

LaHHbIN KO3 dULMEHT Bbin BBEAEH AN1A y4éTa
YPOBHA 3arps3HeHns CMa3o4YHOro MaTepmana
npu pacyéTte pecypca noaLIMnH1Ka. Bnuanue
3arpA3HEHHOCTM Ha YCTanoCTb TN KayeHus nog-
LLIMMHMKA 3aBMCKUT OT LIeNoro pada napaMeTpos,
BK/HOYas pa3Mepbl NOALLMMNHUKA, OTHOCUTENb-
HYHO TOSILLIMHY CMA304HOM NAEHKK, PasMepbl U
pacnpefeneHue 3arpasHAroLLIMX YacTuL, TUN
3arpasHeHmni (Markve, TBEpable YacTULbl U T. 4.).
ITv NnapaMeTpbl BAMAOT Ha Pecypc NoALMnHUKa
CNOXHbIM 06pa3oM, v TPYAHO OLIeHWUTb 3TO BAWA-

HWEe KofiMyecTBeHHo. [103ToMy Ha3BaTb TOYHbIE
BENMYMHBI 1 N5 06LUMX Cryyaes He npeacras-
NAETCA BO3MOXHbIM. [INS NPUHATHS OLEHOYHBIX
peLueHui B Tabnuue 4 npuBoaATCA pekoMeHay-
eMble 3HayeHus B cooTBeTcTBMM ¢ I1SO 281.

Knaccupukauus 3arpasHeHUM U dbUnbTPOB No
ctaHpapty I1SO

CTaHgapTHLIM MeTo KNaccudbuKaLrm ypoBHS
3arpsi3HEHWS CUCTEM CMa3blBaHWA pernamMeHTm-
poBaH ctangapTom IS0 4406. 3Ta cuctema
KnaccudmMKaLMm 0CHOBaHa Ha Npeodpa3oBaHWu
pe3ynbTaToB NOACYETA KOMMYeCTBa TBEPAbLIX
YacTWU B KOA MO LKane 3arpsa3HEHHOCTU

(= Tabnuua 5 1 guarpamma 7, ctp. 75 1 78).

Tabnuua 4
P y b Ta N ANA PasHbIX YPOBHEM 3arpPA3HEHHOCTH
Ycnosus KoagpuumenT ncl)
ANS NOALIMMHAKOB CO CPEAHUM AUAMETPOM
dp, < 100 MM dp, 2100 MM

Oco6o BbicOKan YHUCTOTa 1 1
® pasMep YacTuL NMPUMEPHO PaBeH TOMLLMHE CMA30YHOM MNEHKH
* nabopatopHsle ycnoeus
Bbicokas uucToTa 0,8..0,6 0,9..0,8
® Macro NPOHULTPOBAHO YEPE3 PKUNLTP 0COBO TOHKOW 0YMCTKM
 CTaHOapTHbIe YCNOBKS: YNIOTHEHHbIE NOALIMMHWKM, CMa3blBAEMbIE HA BECH CPOK

cnyK6bl
HopMmanbHas uuctota 0,6...0,5 0,8..0,6
® Macso NpoguLTPOBAHO Yepes GpUMbTP TOHKOW OUUCTKM
© CTaHAapTHbIe YCNOBUS: NOALUMMHUKM C 3aLUWTHBIMM LWaHBaMu, CMa3biBaeMble Ha

BECb CPOK CITYXObI
HesHauuT 3ar 0,5..0,3 0,6..0,4
© CTaHOapTHbIE YCNOBMS: NOALUMMHAKW B€3 BCTPOEHHBIX YNNOTHEHWH, rpy6as

UNLTPALMSA, YACTULbI U3HOCA W HE3HAYNUTENBHOE NoNadaHKe 3arpssHeHNI
06bIuHoe 3arpasHeHne 03..01 0,4..0,2
® CTaHAaPTHbIE YCNOBUA: NOAWWNHUKK 63 BCTPOEHHBIX YNIOTHEHWH, rpy6as

UNLTPALIMSA, YACTULbI U3HOCA W NONAJAHME 3arPA3HEHUI U3 OKPYXKAFOLLEN

cpenb!
CunbHoe 3arpasHeHue 01..0 01..0
® CTaHOapTHbIE YCNOBMS: BbICOKME YPOBHM 3arPA3HEHHOCTU BCAEACTBUE

4PEe3MEepHOr0 U3HOCA U/ HeIPEKTUBHOCTH YNNOTHEHHUI
® NOALIMMHAKOBbIE Y37ibl C HEIPEKTUBHBIMU MW NOBPESKAEHHBIMM YNNIOTHEHUSIMU
OueHb cUNbHOE 3arpasHeHne 0 0

® CTaHOapTHble YyCNoBMA: YPOBHAU 33|'p5|3HéHHOCTM HACTO/bKO BENNKK, 4YTO CPOK
CJ'Iy)KGbI NOALWNWNHUKA 3HAYMTENBbHO COKPAaLLaeTca, U 3Ha4eHUA N BbIXOOAT 3a

npegesnsb! WKanbl

1) LLkana Ans KO3 GHLMEHTA Ne OTHOCUTCS TOMBKO K 06bIYHbIM TBEPAbIM 3arpsiBHEHHAM. BAUSAHME 3arpsi3HEHHS BOAOM MMM APY MMM UOKO-
CTAMM Ha Pecypc NOFLUMMHUKA HE Y4HUTLIBAETCS NPUBEAEHHON METOAWKON. Bcnegctame CcnbHOro apasMBHOrO M3HOCA B CUIbHO3Arpsi3-
HEHHO okpysaroLuen cpege (n. = 0) pecypc NOALWIMNHMKA MOXET 3HAYUTENBHO COKPATUTLCA MO CPABHEHNHO C PACYETHBIM 3HAYEHMEM.
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Bbi6op pasmepa noALwmMnH1Ka NPy NOMOLLIM dOPMYbI 4119 BbIYMCNIEHHUA pecypca

OQMH U3 METOA0B OLIEHKM YPOBHS 3arpsa3HeH-
HOCTW Macna B NOALUMMHKMKE COCTOMT B NoACYETE
KonuyecTBa TBEPAbIX YaCTUL NOA MUKPOCKOMOM.
[Mpu 3TOM MeToe OLIeHKM MCMONb3YHTCS OBe
KaTeropuy pasmMepoB 4YacTuL: > 5 MKM K1
> 15 mkm. [pyrum, 6onee coBpeMeHHbIM MeTo-
[IOM ABNIAETCA UCMNOSb30BaHWE aBTOMATUYECKOro
ONTUYECKOrO CYETYMKA YACTUL, B COOTBETCTBUM C
IS0 11171. LLkana kan16poBk1 aBTOMaTHYE-
CKOro MeToa NoAcYéTa 0TIMYaeTcs oT TOK,
KoTOpas NpMMeHsieTcs Npy NofACcYETe KoNMYecTsa
3arps3HAOLLMX YaCTHL C MOMOLLIbH MUKPOCKONa.
IMpu 3TOM UCNONb3yeTCs TPH KaTeropuu pasme-
POB YacTHL, 0603HaueHHbIe cMBONoM (c),
Hanpumep, > 4 MkMm(c), 2 6 Mkm(c) n > 14 Mrm(c).
Kak npaewno, BO BHUMaHWe NpUHUMatroTCA
TOMNbLKO ABE KaTeropuy 6obLLIMX pasMepos

Tabnuua 5
Knaccudpukauus 1ISO — onp YPOBHA 3arp:
no wkane
Kon-80o YacTuuy Ha MUANWAKTP Macna Howmep no
6onee BKI. wkane
2500000 >28
1300 000 2500000 28
640000 1300000 27
320000 640000 26
160 000 320000 25
80000 160 000 24
40000 80000 23
20000 40000 22
10000 20000 21
5000 10000 20
2500 5000 19
1300 2500 18
640 1300 17
320 640 16
160 320 15
80 160 14
40 80 13
20 40 12
10 20 11
5 10 10
2,5 5 9
1,3 2,5 8
0,64 1,3 7
0,32 0,64 6
0,16 0,32 5
0,08 0,16 4
0,04 0,08 3
0,02 0,04 2
0,01 0,02 1
0,00 0,01 0

akF

4acTuu, Tak Kak 6onbLUee BNUAHKWE Ha YCTaNoCTb
NOALUMMNHMKA 0Ka3blBAFOT KPYMHbIe YacTHLbI.
TWNUYHbIE NPUMEPbI YPOBHSA 3arPA3HEHUs
CMa30Y4HbIX Macesn no 3Tow KnaccudukaLumm
coctasnatoT —/15/12 (A) unm 22/18/13 (B), kak
nokasaHo Ha guarpamme 7 (—> ctp. 78).
Mpumep A 03HaYaeT, 4To Macno COOEPXKUT OT
160 no 320 yactuy > 5 Mkm v ot 20 o 40
yactuy > 15 mkm Ha 1 Mn Macna. HenpepbisHas
UNLTPALMA CMa304HbIX Maces, 6e3ycroBHo,
6bina Bbl ONTUManbHLIM BAPUAHTOM, HO 060CHO-
BaHWE NPUMEHEHWS CUCTEMbI PUNBTPALIMH 3aBU-
CHT OT ONTUMANbHOMO COOTHOLLEHMUS PacXoaoB
Ha 0YMCTKY Macna ans yBenryeHus cpoka
CNy>k6bl NOALIMNHKUKA, CTOMMOCTH CAMOro Nog-
LUMMHKKA M 3aTPpaT Ha ero 3aMeHy.
XapakTepucTUKa $unbTpa sSBnseTcs nokasa-
Tenem ero 3ppeKTUBHOCTH U BbIPAXKAETCS B
BMae KoadpduumMeHTa B. YeM Bbile BenMyMHa B,
TeM BblLUE 3 PEKTUBHOCTL PUMLTPA Mo 3a4ep-
YKaHWH YacTuL onpefenéHHoro pasmepa.
XapakTepucTuKa ounbTpa B BbIpaxaeTcs B BUAE
OTHOLLIEHWS MEXY KOJTMYECTBOM YacTuL onpe-
[enéHHoro pasMepa o v nocne eunsTpaumu.
Ero MoXHO paccumTaTh C NOMOLLLH dOPMYbI

51
Bx(c) = n_2

roe

Bx(c) = XapaKTEPUCTMKA PUIBTPA OTHOCUTESNLHO
3a]aHHOr0 pa3Mepa YacTuLibl X

x = pasMep yacTuu (c) [Mkm] Ha ocHoBe
aBTOMaTMYeCcKoro MeToda NofcyéTa
4acTuL € KanMBpoBKOK COrNacHo
1S011171

N1 = KOAMYECTBO YacTWL| Ha eguHULLY 06bEMa
6onblue X, nepeq dUNLTPOM

N, = KOAMYECTBO YaCTWL| Ha eguHULLY 06bEMa
BonbLue X, nocne dunbTpa

XapakTepucTHka dpunbTpa B 0THOCUTCS TONMBKO K
OIHOMY Pa3Mepy YacTuL, B MKM, KOTOPbIM NoKa-
3aH KaK MHOEeKC, Hanpumep, B3(q), Bs(d) B12(c) 1
T. 1. HanpuMep, nonHas xapakTepucTuka

«PBe(c) = 75» 03HayaeT, yto Tonbko 1 3 75
YacTWL PasMepoM 6 MKM UK GosbLie NPOXOAWT
uepes punbTp.
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Bbi6op pasMepa nogwMnHUKa

OnpegeneHue BEIMYMHLI 1. NPU U3BECTHOM YPOBHE
3arpasHeHus

Mocne onpeaeneHus ypoBHs 3arps3HeH1s cMa-
304HOr0 Macna NyTém nofcyéTa YacTuL noa
MWKPOCKOMOM, aBTOMaTU4YecKoro aHanusa no
metoamke ISO 4406, nubo onocpefosaHHoO No
BeSIMUYKHe NnapaMeTpa dUbTPaLMU CUCTEMbI
LUMPKYAALMK Macna, 3TW AaHHbIe MOXHO UCMOMb-
30BaTb AN ONpefeneHns BeMUYMHbI KO3pdu-
uMeHTa 1. KoapdUUMEHT 1 HeMb3s NONYYUT
TOMbKO NYTEM NPAMOro NoAcyéTta Konu4yecTsa
3arps3HAOLLMX YacTmL B npobe macna. OH B
60NbLUOW CTENEeHW 3aBUCKUT OT YCI0BMM CMa3bl-
BaHMS, T. €. OT KO3PDULMEHTA BA3KOCTH K U pas-
Mepa nofLUIMMNHMKa. 34eck NPUBOAUTCA YNpo-
LLIEHHbIM MeToA onpedeneHnUs BeNUUYMUHbI
Ko3dpPpuuMeHTa ne no Metoauke 1SO 281. Koag-
UUMEHT 3arpa3HEHHOCTH N ONpedenstoT Ha
OCHOBE KOfja LKanbl 3arpsA3sHEHHOCTM Macna
(M1 ko3 dULMeHTa dUNLTPaLMK, NPUMEHse-
MOr0 AN KOHKPETHOM CUCTEMbI CMa3sblBaHKs),
WCMOMb3ysa BeIMYMHbLI CPpeiHero quaMeTpa nof-

wmnumka dpy, = 0,5 (d + D) [MM] 1 ko3 dULMeHTa
BA3KOCTU K (—> anarpammsl 8 1 9, cTp. 79).

HOnarpammel 8 v 9 faroT cTaHgapTHbIE 3HA-
YeHUs KO3 ULMEHTA N ANA LUMPKYNSALUMOHHBIX
CMCTEM CMa3blBaHWA MACNOM C Pa3nMyYHoM cTe-
NeHb GUNLTPALMKU U PA3NUYHLIMK YPOBHAMM
3arpa3HEHHOCTM Macna. AHaNorMyHbIe BEMUYMHBI
K03 DULUMEHTOB 3arPASHEHHOCTM AONYCTUMO
MCNONb30BaTh B TEX CIy4Yasnx, Koraa Ucnonb3oBa-
HWE MaCNAHOM BaHHbI NPAKTUYECKU HE MPUBOAMT K
YBENTMYEHUIO COMePIKaHMS 3arpA3HSAOLLMX YacTHL
8 cucTeme. C ApyroM CTOPOHBI, eCiv KONUYecTBo
YacTWLU B MacNAHOM BaHHE NPOOMKAET yBeNun-
UMBaTLCA M3-3a YCUNEHHOr0 M3HOCA MNK Nonaaa-
HUA 3arPA3HAOLLIMX YaCTUL, 3TO JOSIXKHO ObITh
OTPaKeHo B BbIGOpe BEMMUYMHbBI KO3IPbULMEHTA
Nc, MCNONb3YeMOro Npu CMasbiBaHWK MaCAHOM
BAHHOM, Kak onpegeneHo B ctaHaapTe IS0 281.

Lns ycnoBui cMasblBaHWA NNACTUYHON CMa3-
KoM KO3 DULMEHT 1 ONpeaensieTcs aHanorny-
HbIM CNOCOBOM C UCNONb30BAHUEM MOKa3aTenem
ISO ans NATH ypoBHEN 3arps3HeHus, Kak noka-
3aHo B Tabnuue 6.

Tabnuua 6

Koagpo Thbl ANS onpe, yp W 3arps. TH NPY CMa, NNacTMYHOW cMasKkow cornaco IS0 281
Yp 3arp Pab ycnosus c [
Bebicokas yucToTa ® Y3e/1 C BLICOKOM CTEMEHbH YUCTOTbI. BbicoKo3pdpekTHBHas c1cTema ynnoTHeHun 0,0864 0,6796

[Nt COOTBETCTBYHOLLMX YCOBUHN IKCnyaTauuu. CMasbiBaHWe ocyLLecTenseTcs

HenpepbIBHO UK Yepe3 KOPOTKME UHTEPBaTlbl.

© YN0THEHHbIE MOALIMMHUKM, CMa3aHHbIE HA BECh CPOK CAYKOBb, C ONTUMAbHOM

3¢ HEKTUBHOCTbIO YNIIOTHEHMH 415 COOTBETCTBYHOLLMX YCIIOBHI IKCNyaTaLMH.

HopmanbHas uuctota  © Y3en c HOpManbHOM CTeNeHbH YACTOThI. IbdeKTUBHAA CUCTEMA YNNOTHEHWUM 0,0432 1,141

ANA COOTBETCTBYHOLLIMX ycnoawﬁ 3Kcnnyatauuu. CMasbiBaHuWe ocyuiecTengaerca

COrnacHo NHCTPYKUMAM NpoM3BOaUTENA.
nD,ElLIJMI'IHMKH C 3aLLNUTHBIMKU u.raﬁﬁamw, CMasblBaeMble Ha BeCb CPOK CJ'Iy)KﬁbI. ©

ONTUMANbHOM 3P HEKTUBHOCTEHD YNIOTHEHMH AN COOTBETCTBYHOLLMX YCNIOBUM

IKcnyaTauum.
HesnauntenoHoe unu  © Y3en c HOpManbHOM CTeNeHbro YUCTOTb. CpeaHss 3¢ dekTUBHOCTL ynnoTHenns, 0,0177 1,887%)
6 3arp o6ecn 0LLIas NPUEMIEMYHO 3aLLMTY 7151 COOTBETCTBYHOLLIMX YCII0BMH
akcnnyataumnu. CMasbiBaHWe 0CyLLECTBASETCA COrNAcHO MHCTPYKLMAM
npoussoauTens.
CunbHoe 3arpasHeHHe o 3SKcnnyaTauus yana B ycrnoBusx Lexa. MogumnnHmk u o6opynosaHue 0,0115 2,662
HEJ0CTaTOYHO OYMLLIEHBI NEped MOHTXOM. HeaddekTUBHOE ynnoTHeHWe Ans
COOTBETCTBYHOLLIMX YCNIOBUIM 3KCMNyaTaLuu. MHTepBansi NOBTOPHOIO cMasbiBaHKs
NPeBbILLAT PEKOMEHJ0BaHHbIE MPOU3BOAMUTENEM.
OyeHb cunbHoOE ® JKkcnnyatauus yana B 3arpssHéHHoM cpege. HeagpekTueHan cuctemMa 0,00617 4,06
3arpasHenue YNIOTHEHWH. 3HAYMTESNIEHO YBENMYEHHBIE MHTEPBASIbI MOBTOPHOIO CMa3blBaHMs.
1 Mpu d, 2 500 MM cneayeT Mcnonb3osatk 3HaveHue 1,677
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Ouarpammel 10 v 11 (= cTp. 80) narot
CTaHOapTHbIE 3HaYeHWs KO3 dULMEHTa N ANS
BbICOKOrO U HOPMAIbHOrO YPOBHEM YUCTOTI
cMasku (= Tabnuua 6).

[Py HaNMuYMK OpYrkX YPOBHEN 3arpA3HEeHNs,
a Takke B Haubosee pacnpocTpaHeHHbIX Cny-
4aax NPUMEHEHUS CUCTEM CMa3bIBAHWS LIMPKYNA-
LMen Macna, MacnsHoW BaHHOW UK NIAcTUYHON
CMa3KOM, KO3 DULMEHT 3arpsASHEHHOCTH Nog-
LUMMNHUKOBOIO Y3/1a MOXKHO ONpefenuTh C NoMo-
LLIbH YNPOLLEHHOM POPMYIb

Ne = MuH. (cq K268 d,, 025, 1) [1 —(

o

MUHUMYM (#1, #2) — cnefyeT ucnonb3osaTth
HauMeHbLLee M3 BYX 3HAYEHUH

rfe ¢4 U C; — KOHCTaHTbl, XapakTepu3yroLLm1e
unctoTy Macna (B cootsetctauu ¢ IS0 4406) unu
NNacTMYHOM cMa3ku (CornacHo KnaccubuKaLmu
8 Tabnuue 6). Mpu HaNUUUK dUNLTPaLIMK
Macna BMecto MeTponorMyeckomn xapakTepu-
CTUKM YACTOTbI MACNa MOXHO MCMOfb30BaTh
COOTBETCTBYHOLLIMI YPOBEHb 3P PEKTUBHOCTH
dunbTpaumm (B cootsetctsuu ¢ IS0 16689)

(= Tabnuua 7).

Tabnuua 7

Koagpo Thbl ANS onpe, yp W 3arpasHeé TU B CUCTEMAX CMa3biBaHWA MAcoM B cOOTBETCTBUM ¢ ISO 281
CreneHb punbtpaumun IS0 4406 LiMpkynaunoHHoe cMasbiBaHue MacnoM  CMasbiBaHue MacnoM 6es punsTpaunu

€O BCTPOEHHLIMU hUNLTPaMK WK C BHEWHWMU HUNLTPaMK
Bx(o) OCcHoBHbIE KOAbI (=} c (=} ()
Bs() =200 -/13/10 0,0864 0,5663 0,0864 0,6796
B12() =200 -/15/12 0,0432 0,9987 0,0288 1,141
Basi) =75 —-/17/14 0,0288 1,6329 0,0133 1,67
Baoi) =75 -/19/16 0,0216 2,3362 0,00864 2,5164
= -/21/18 - - 0,00411 3,8974

akF
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Knaccudpukauua yposHs 3arpasHenus IS0 v np

78

pbl NOACYETa TBa TBEPALIX YACTHL

Kenuyectso YacTuy Gonbwe YKa3aHHOro
pasMepa Ha 0AWH MUINUAKWTP Macna

[Hwnarpamma 7

>28 Homep no wkane

2,5- ;
106 134 e
6,41 27
3’2 26
' 25
1,61
= 2
. 23
; 2
104 \ 21
] 20
g B 19
103 13 18
6,41 7
N 16
’ 15
1,61
102 . \ 14
"l A\\ 13
; 12
10 11
; 10
9
2,5- .
1 13- ;
6,41 .
3,21 .
101 167
- 4
\ 3
N 2
102 1
- 5 15 A
4 6 14 B

A = noAcyéT yacTuu noa Mukpockonom (—/15/12)
B = aBTOMaTMueCKMI NoacyeT yacTuy (22/18/13)

Pasmep yactuy [Mkm]

Pasmep yactuu (c) [Mkm]

akF



Bblﬁop pasMepa nofLmrnH1Ka Npy NnoMoLLM opmynbl ANA BblYUMCNEHWUA pecypca

[Munarpamma 8

KoappuumneHT 3arpasné TN,
- cMa Mmacnom
- 3arp TBEp, 4 yacTMuamu —/15/12 e cooteetcTeuu ¢ ISO 4406

= )I(;panepucmka $unsTpa B1z() = 200

@i @3 @5 07 09 43 43 i3 a7 49 23 23 25 27 29 i 33 35 7 39
K

[Hwnarpamma 9

Ko3agppuumeHT 3arpasHé TH N

= unp cMa Macnom

-yp 3arp TBEP vactuuamu —/17/14 8 cootsetcteuu c ISO 4406
~ XapakTepucTuka punbTpa Bos() = 75

n[
1,0

dpm [MM]
. —— 2000

0103 0507 0911 13 15 1,7 19 21 23 25 27 2,9 31 33 3,5 3,7 3,9

K
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[Munarpamma 10

Ko3agpdpuumnent sarpasné TW N NPH cMa NNACTUYHOM CMA3KOW, BLICOKaA YMCTOTA CMA3KK

1,0- dm [MM]

i 2000
1000
500
200
100

50
25

0103 05070911 13151719 2123 2527 29 3133 35 3,7 39
K

[Awnarpamma 11

Koagpduument 3arpasné TH N NPH CMa NNAcTU4HON CMA3KOW, HOPMaNbHARA YUCTOTA CMA3KK

@i @3 @5 07 09 4 43 45 47 49 23 23 25 27 29 i 33 35 J7 3P

=
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Pacuér pecypca Ans M3MeHALWMXCS
paboumnx ycnoeun

B HekoTopbix 06/1acTAX NPUMEHEHUS, TakKUX KaK
NPOMbILLEHHbIE PedyKTOPbI, NOCTOAHHO U3Me-
HAROTCA paboyme yCroBus, HanpuMep, BeMYMHa
W HanpasfieHWe Harpysku, CKOpoCTb, TeMnepa-
Typa v yCnoBus cMasbiBaHusa. B Takux cnyyanx
pecypc NOALLMMHKMKA MOXKHO BbIYUCIWTb, TOMLKO
CY3MB CNEKTP Harpy3Kku 1in paboumi umkn
CUCTEMBI 10 HEBOSbLLIOTO KONMYECTBA YNPOLLEH-
HbIX BapUaHToB (—> auarpamma 12).

B cny4ae HenpepbIBHO MEHAROLLIMXCS HArpy30K
MOryT npeobnafarts OTAeNbHbIE YPOBHU Harpy-
YKEHUS], @ BECb CMEKTP AEMCTBYHOLLMX CUM MOXKET
6bITb YNPOLLEH [0 rMCTOrpaMMbl B1OKOB € pas-
HbIMW BeJIMYMHAMM NOCTOSIHHOM Harpysku. Kax-
ObIM 610K XapaKTepu3yeTcs onpeaenéHHbIM Npo-
LIEHTHbIM BbIPAXKEHWEM MNK fofen oT obLero
BPeMeHM PadoTsl CUCTeMbI. TKENbIe U cpeaHue
Harpysk1 COKpaLLaroT pecypc NoALIMIHUKA
GbicTpee, YeM Nérkue Harpysku. MoaToMy BaxHo,
YTOBbI yOapHbIE U MUKOBbIE HArPY3KH BbinK
XOPOLLIO NPeACcTaBfeHbl Ha AMarpaMMe Harpysku
[laXe B TOM Cfyyae, ecyiv NepuoanyHOCTb BO3-
HUKHOBEHMA 3TUX HArpy30K HeBonbLLIAA M orpa-
HUYEHA BCEro HeCKOMbKUMK 000POTaMK.

Harpyska Ha nogwmnHuk v paboyue ycnosus,
CYLLIECTBYHOLLIME Ha NPOTSKEHUW paBoyero
LMK, MOTYT BbITh NPHUBEAEHBI K HEKOTOPOK
NOCTOAHHOW PACYETHOM BennUmHe. Takke Heob-
XO[IMMO YYWUTLIBATL KONMYECTBO PaBoumx Yacos
UK 060pOTOB, NPOrHO3UPYEMBIX 4119 KaXKA0ro
paboyero LUMKa 1 NOKa3blBarOLLIMX AOSIH
pecypca, koTopas TpebyeTcs B 3TUX KOHKPETHbIX
yCnoBusx HarpyskeHus. [MoaTomy, ecnv N4 pasHo
KonuuecTsy 060poTOB, KOTOpoe TpebyeTca
COBEPLUMTL B yCNoBMAX Harpysku Pq,a N —
NpPOrHo3upyeMoe KoiM4ecTso 060poToB Ans
3aBepLUEHWS JENCTBUA BCEX NEPEMEHHbIX
LIMKNUYECKMX Harpy3ok, To fons pecypca
U1 = N4/N mcnonb3syetcs B ycnoBuax Harpysku
P4, 4To BbIpakaeTcs BENUYUHOM PacYETHOrO
pecypca L1gm1. B ycnosusx nameHarowmxcs
paBoymX yCoBKUM pecype NOALLMIHUKA MOXHO
BbIYUCNWUTL N0 dOpMyne:

Lyom = 1
10m U1 U2 U3
Liom1 Liom2 Liom3

+ .

akF

roe

L1om = HOMWHanbHbIN pecypc SKF
(npu HagéxHocTv 90 %)
[MMAnuoHbl obopoTos]

= HOMWHarbHbIE pecypcsl
SKF (npu HagéxHocTH
90 %) NpM NOCTOAHHBIX
ycnosuax 1, 2, ...
[MMnnuoHbl obopoTos]

= 0N pecypca B yCroBUsX
1,2,..
Ur+Us+..U,=1

Liom1> Laom2, -

U, Us, ...

Mcnonb3oBaHWe AaHHOrO METOAA BO MHOMOM
3aBMCHT OT HaNWYMUs penpeseHTaTUBHbIX aua-
rPaMM Harpysku KOHKPETHOM CUCTEMbI. TaKoM
TN JAHHbIX HArpPy30K MOXKHO B3ATb U3 aHano-
TMYHOM 06NacTU NPUMEHEHMS.

[Munarpamma 12

Pa6ouue LMKNbI NPYU NOCTOAHHOM Harpyske Ha NOALWMNHUK P
1 konuyectee obopotos N

P
Py

Paticy 1 LMkn

100%
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Bbi6op pasMepa nogwMnHUKa

BnusHue paboyen Temnepatypsl

B npouecce paboTbl pasMepbl NOALWMNHUKA
MEHAROTCA B pe3ynbTaTe CTPYKTYPHbIX U3MEHE-
HWW MaTeprana. 3TM U3MEHEHUs NPOMCXoasT
noja BO3OeNCTBMEM TeMMNEPATypbl, BpEMEHU U
HaNPAKEHWH.

Bo usbexxaHue HegonyCTUMbIX U3MEHEHWH
Pa3MepoB, BbI3bIBAEMbIX CTPYKTYPHLIMU U3MEHe-
HUSIMW, KOMMOHEHTbI NOALLMNHKWKOB NoABepra-
+OTCH CreumanbHoM TepMuyeckon o6paboTke
(= Tabnuua 8).

B 3aBMCHMOCTH OT TMNA MCNONHEHMS, CTaH-
[apTHbIE NOALUMMHKUKM M3 3aKaNEHHbIX CTanem v
CTanem ¢ MHAYKUMOHHOM 3aKakoM paccymTaHbl
Ha padoTy B YCNOBMSAX MaKCUMasbHbIX PaBoUmx
Temnepatyp ot 120 go 200 °C (o7 250 go
390 °F). 3T1 3Ha4YeHUA MaKCUManbHbIX paBoyumnx
TeMnepaTyp HENOCPeLCTBEHHO 3aBUCAT OT NPU-
MeHseMoro npouecca Tepmoodpadotku. Jonon-
HUTENbHAA MHPOPMALIMA NPUBESEHA BO BCTYMNMU-
TeNbHOW YacTW COOTBETCTBYHOLLIMX INaB Mo
KaXXOoMY TUMY NOALUMMHKKOB.

Ecnu paboyan TeMnepatypa 3Kcnyatauuu nog-
LUMMNHMKA NPeBbILLAET MaKCUMasibHO PEKOMEH-
LlyeMble NpefenbHble 3HaYeHus, cneayeT pac-
CMOTPETb BO3MOXHOCTb UCMOSb30BaHMS
NoALLMNHKKA C Boriee BbICOKOW CTeNeHbH Tep-
MWueckoi cTabunusaumu. B Tex ciyyasax, korga
NOALLMMHUKK NOCTOAHHO PaBoTaroT B YCNOBUAX
MOBbILLEHHbLIX TEMNEPATYP, ANS ONpeaeneHus
pacyéTHoro pecypca MoxeT noTpe6oBaThca Kop-
PEKTUPOBKa TaBNMUHbIX BENTMYMH UX AMHAMUYE-
CKOWM rpy30noabEMHOCTH. 3a AOMNONHUTENbHOM
UHbOPMaLMen oBpaLlanTecs B TEXHUYECKYHD
cnyxBy SKF.

Tabnuua 8

CrabunbHocTb pasmepos

Knacc cra6 U Cra6 uus 1o
= °C °F

SN 120 250
S0 150 300
S1 200 390
S2 250 480
S3 300 570
S4 350 660
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CrabunbHas paboTa NOALIMIHUKOB B YCO-
BMAX NOBbILLEHHbLIX TEMMEPATYP TaKKe 3aBUCHT
OT CNOCOBHOCTH MCMOSb3YEMOrO CMa304HOM0
MaTepuasna CoxpaHsiTb CBOM CMA30uHbIe CBOM-
CTBa M OT NPUrOAHOCTH MaTepHasnos ynioTHe-
HWi, cenapaTopos W T. A. (= «CMasbiBaHmes,
cTp. 239, v «Marepurasnsl NO[LIMIHUKOB Kaye-
Hu1A», cTp. 150).

Mo BoNpocam 3KcnnyaTaumu NOAWMNHUKOB B
YCNOBUSIX BbICOKMX TEMMEPATYP, KOr4a MOXET
notpe6oBaThCsa Knacc crabunmsaumu NoaLwmn-
HuKa Bbile S1, o6pallanTecs B TEXHUYeCKyH
cnyxBy SKF.

TpebyeMbit pecypc

Mpv BbIGOpPE pasMepa NofLUMIHWKA CreayeT
NpPOBEPATL JOCTOBEPHOCTb PACHETHbIX JUHAMMU-
YECKMX Harpy3oK U TeXHUYECKUE XapaKTepu-
CTWKM y3na. ITW XapaKTepUCTUKM 0BbIUHO 3aBU-
CAT OT TMMNa MexaHn3Ma 1 TpeBoBaHWM K
NepUOOMUYHOCTU TEXOBCNYKUBAHWA U HAOEXKHO-
cTv paboTbl. Mpu OTCYTCTBUM OMbITA MOXKHO
MCMONb30BaTh PEKOMEHAYEMbIe BeSfIMYMHbI, NPU-
BeféHHble B Tabnuuax 9 1 10.

akF



Bbi6op pasmepa noALwmMnH1Ka NPy NOMOLLIM dOPMYbI 4119 BbIYMCNIEHHUA pecypca

OpHEeHTUPOBOYHbIE aKcnnyarau 0 pecypca Ans pasHoro Tuna o6opyaosaHus

Tun o6opynosanus

Tabnuua 9

JKcnnyaTauMoHHbIM pecypc
Pa6ouue yacl

Beitosble I'IpMéClphl, CeMbCKOX03MCTBEHHOE aéopy,uoaawe, uMepuTenbHaa annapatypa, MeguumMHCKasa
TexXHWKa

Of)opy,uoaanwe, ncnonb3yemoe B Te4eHHe KOPOTKUX NPOMEXXYTKOB BPEMEHU UMK C NepepbiBaMK: ’Jy‘-IHCIIZ
3MTIEKTPOUHCTPYMEHT, I'IOJ:l'béMHbIE MeXaHW3Mbl B LiexaX, CTpOUTesibHoe oéopynoaanwe W MalLUKWHbI

060pyaoBaHKe, MCNONb3yeMoe B TeYEHWe KOPOTKWX MPOMESKYTKOB BPEMEHHW UM C NepepbIBaMH, Koraa
TpeByeTcs BbICOKas IKCMIyaTaUMOHHas HAAEKHOCTb: NUThI, KPaHbI 47151 NAKETUPOBAHHBIX FPY308 Uik
6apabaHHble Ne6EAKU U T. f.

06opyaoBaHHe, ACNoNb3yeMoe B Te4YeHKe 8 YaCOB B A€Hb, HO He BCErAa C NOMHON HArpy3Koi: PeAyKTopbI
06LLero HasHa4eHus, MPOMbILLNEHHbIE 3N1EKTPOABHraTeNH, APOGHUIKNA

060pyaoBaHHe, UCNONb3yeMoe B TeYeHWe 8 YacoB B AeHb C NOSTHOW Harpy3KoW: CTaHKH,
[nepesooBpabarTbiBaroLLme CTaHKM, KpaHbl AN5 ChiNy4X MaTePUasios, BEHTUISTOPbI, KOHBEHEPHbIE
CUCTEeMBI, NeyaTHoe 060pyAoBaHHe, CenapaTopbl U LEHTPUDYri

060pyaoBaHue Ans HENPEPLIBHOIO KPYrioCyTOYHOr0 MCMOMb30BAHMS: NPUBOALI POKATHbIX CTAHOB,
cpeaHerabapuTHoe 31eKTpooBopyA0BaHKeE, KOMNPECCOPbI, LIAXTHBIE NOAEMHMKH, HACOCHI, TEKCTUNbHOE
obopynosaHue

OﬁopynosaHme ANA BEeTPOYCTaHOBOK, BKNHOYasn rNaBHbIN Ban, sanbl C BepTMKaJ’IbHDl:I “n I'OPMC'IOHTEJ'II:HO;I
0CAMW BpaLLleHus, NOALUIMNHUKA reHepaTopos

OéupynoeaHMe CTaHLlMl:i BOJ]OCHaﬁ)KeHMﬂ, BpallaroLmecs nevyn, MallHbl 4Na CKpy4nBaHua Kaﬁeﬂﬂ,
CUNOoBblE YCTAHOBKW OKEAHCKKUX Cyn0B

KpynHora6apuTHoe 31eKkTpoo6opyfoBaHK1e, 3MeKTPOCTaHLMM, LIAXTHbIE HACOCHI, LIAXTHbIE BEHTUMATOPSI,
fenasyaHble NOALMMHUKIA OKeAHCKWX Cy[0B

300...3000
3000...8000
8000...12 000

10000 ... 25000

20000 ...30 000

40000 ... 50 000

30000...100 000

60000 ... 100 000

>100 000

Tabnuua 10

OpHEeHTUPOBOYHbIE Ikennyar 0 pecypca ByKcoBbIx no,

YKenesHoAopoXXHOro TpaHcnopTa

Tun TpaHcnopTHOro cpeacTea

y3nos ana

JKcnnyaTauMoHHbIM pecypc
MunnuoHsb! KMnomeTpos

ToBapHble BaroHbl, COOTBETCTBYHOLLME cneundrkaumnn UIC ¢ y4ETOM NOCTOAHHO erCTBYHOLLEN
MaKCMManbHOM Harpy3ki Ha ocb

[MaccaskpeKii TPAHCMOPT: NPUTrOPOAHBIE NOE3A, METPOMONUTEH, NETKUM PeNbCoBbIN
TPaHCNOPT 1 TpamBan

naCCa)KMpCKME BaroHbl fanbHero cnefosaHma
J:lVBEJ'IbeIe W 3neKkTpu4eckue noesga

,ElMBeJ'IbeIe WK 3N1eKTPHUYHECKUe JTOKOMOTHBbI

akF

0,8

1,5
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Bbi6op pasMepa nogwMnHUKa

[1MHaMuyeckue Harpysku Ha
NOALUMNHUK

Pacuér AWHAMUYECKUX Harpy3ok Ha
noAWKUNHUK

Harpysku, aencTByroLLMe Ha NOALLIMMHUK,
MOMHO BbIYMCNMTL MO 3aKOHAM MexaHUKu, ecnu
BHELLIHWE CUIbl, TaK1e Kak CUMbl OT MPMBOSA,
paBoyme Cubl UMK CHITbl UHEPLIMM, W3BECTHDI
WNK MOTYT BbITb paccumuTaHsl. Mpu pacyére
COCTaBMAROLLMX HArPy3KW ANS OAMHOYHOr0 Noga-
LUMMNHKKA B LENSX YNPOLLEHWS Ban paccMaTpu-
BAETCA KaK XKECTKO 3aKpeniéHHas B onopax
6anka. Ynpyrue nedopMaumuy nogLLMIHUKA,
Kopnyca Unu paMbl MexaH13Ma He paccMaTpyBa-
FOTCA, PABHO KaK U MOMEHTbI, BO3HWKAOLLME B
NoALUMNHWKe B pe3ynbTaTe AedopMaLlum Bana.

3T yNpoLLEHUs HEOBXOAMMbI, ECIIU PACHET
napameTpoB NOALIMNHUKOBOTO y3/1a Npou3Bo-
ONUTCA 63 UCMOMNb30BaHWA KOMMLHOTEPHOM NPo-
rpammbl. CTaHOapTH30BaHHbIe METOAbI PacyéTa
HOMMWHANbLHOM rPy30M0ABEMHOCTH U 3KBMBA-
NEHTHbIX HAarpy30K 0CHOBaHbI Ha NOLOBOHbIX
LIONYLLEHMSAX.

Bo3MOoXeH pacyéT Harpy3ok Ha NOALUMMHKK
6e3 BblLLEeYKa3aHHbIX 4ONYLLIEHUH, OCHOBAHHbIN
Ha TEOPUM YNPYrocTH, HO Ans 3Toro TpebyroTcs
CNOXHbIE KOMMbHOTEPHbIE MPOrpaMMbl. B aTux
nporpaMMax NoALUMMHKK, Ban U KOpNyC paccMa-
TPUBAIOTCS KaK yNpyrue KOMNOHEHTbI CUCTEMbI.

Ecnu BHELWHKWE C1nbl M HArpy3ku, Takue Kak
CHIbl UHEPLIMK MW HATpy3KK BCNeACTBUE BO3-
LIeMCTBMS MAcChl Bana v €ro KOMNOHEHTOB, HEU3-
BECTHbI, UX MOXHO paccymTaThb. OfHako npu
onpegeneHnun paboymnx Cun U Harpy3ok, Hanpu-
Mep, CWUI1 Ka4YeHWs, MOMEHTHBIX, AMCOANAHCHBIX U
YAapHbIX HArpy30K, MHOTAA NPUXOLMTCA nona-
raTbCs HA OLEHKM, OCHOBAHHbIE HA OMbITE 3KC-
nnyaTaluu1 nogo6bHoro 06opyaoBaHKUa UK Nog-
LUMMHKUKOBBIX Y3/10B.

3y6uaTblie nepegauu

B cnyyae 3y6uatbix nepefay pacyér Teopetuye-
CKMX CUT, [IEMCTBYHOLLIMX B Nepefaye, MoxeT
ObITb NPOM3BEAEH HA OCHOBE NepeaaBaeMon
MOLLIHOCTU WM FeOMEeTPHUYECKMX NapaMeTpoB 3alle-
nnexus. OQHaKo B JaHHOM cflyyae AencTByHOT
LIONONHUTENbHbIE IMHAMWYECKUE CHTbI, BO3HU-
KaroLLmMe B camoM 3yBuaTtoi nepegaye Unm 3a
CYET BHeLLHero BO3AeNCTBMS Ha Banbl nepe-
faun. [lononHWTenbHbIe AMHAMUYECKHE CHUIbI B
3y6uatoi nepegaye MoryT GbiTb Bbi3BaHbl
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HETOYHOCTBH POPMbI 3y6beB UMK AucHanaHcoM
BpaLLaroLImMxca getanen. B cootsetcremu ¢ Tpe-
60BaHWUAMM K LLIYMHOCTH paboThl, 3y6yaTbie
nepefayu U3roTaBIMBaoTCA MO BbICOKUM CTaH-
[lapTaM TOYHOCTH, 6narogaps Yemy 3TH CUbl
06bI4HO HE3HAYMTENbHbI U HE YUMTBIBAOTCA NPU
pacyéTe NoALWMNHUKOB.

LlonosHWTENbHbIE CUMbI, BO3HWUKAOLLME
BC/IEACTBME KOHCTPYKTUBHBIX 0COBEHHOCTEN W
peXknMa paboTbl MEXaHW3MOB, COMPAKEHHBIX C
3y6uyaTtbiMM NepedayamMu, MoryT BbITb onpeae-
NeHbI TOMbKO B TOM CyYae, eCiu U3BECTHbI
YCNOBUS IKCMNyaTaLmu, TUN MEXaHU3Ma U
peXxUMbl paboTbl. WX BRiMsHWE Ha BENWUUYUHY
HOMMHAMILHOIO PeCYpCca NOALLUMMHUKOB YUWUTbI-
BaeTCH NPW NOMOLLIM «KO3bdHULMEHTA
Harpysku», KOTOPbINA YYWUTLIBAET yaapHbIe
Harpyskv 1 KINI nepegay. 3HayeHns 3Toro
K03 DULUMEHTA AN PA3NMYHBIX YCIIOBUM
paboThbl 06bIYHO NPUBOASATCA B TEXHUYECKUX
U3 gaHuUaXx, Ny6rnMkyeMbix NPOU3BOaUTENSMHU 3y6-
yaTbIx nepegau.

PeMeHHble nepenayn

lMpu pacyéTe Harpy3oK Ha NOALLUMMHUK B CUCTe-
Max C peMeHHbIMKU nepeaadamMu HeobxoauMo
YUMTbIBATb BENIMUMHY HATSXKEHUS peMHs. Benu-
UMHA HATAKEHWA PEMHSA ABNAETCA OKPY>KHOM
HarpysKow, 3aBUCALLIEN OT NepeaaBaeMoro Kpy-
TALLero MoMeHTa. BennunHa HaTasKeHHs pemMHs
[IOSKHA BbITb YMHOXKEHA Ha KO3 DHLMEHT,
BeSIMYMHA KOTOPOro 3aBUCHT OT TUMA PEMHS,
BENMYMHBI CUIbI M CNOCOBa ero HaTAKEHUS, a
TaKe A0NOMHUTENbHBIX OUHAMUYECKHX CH.
37U BENMUYMHBI 06bIYHO NYBNKUKYHOTCH MPOMU3BO-
autenamu pemuen. OgHako, eciiv HeobxoanMble
TeXHUYeCK1e [aHHbIe HEWU3BECTHbI, MOXHO
MCNOb30BaTh ClefdyHoLLne OPUEHTUPOBOYHbIE
BeSIMUYMHbI:

e 3ybuaTble pemin =o071,1001,3
® KNMHoBble peMHW =0T1,2 00 2,5
e nnockve peMin =011,5004,5

BonbLuve BeNMUMHLI UMEHOT MeCTo, ecfiv pac-
CTOSIHWE MeX[y BanaMu HEBEJTMKO, a TakxKe B
CnyYae TAXKENbIX U YAAPHbIX HArPY30K UK
CHUNBHOTO HATAKEHWS PEMHS.
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JKBMBaANEHTHAA AUHAMUYecKas Harpyska
Ha NOAWNNHUK

Lns pacyéTa Harpysku Ha NoALWMNHUK F MOXHO
MCMOMb30BaTh BbILLENPUBEAEHHYH MHdOPMa-
umto. Ecnu BennumHa Harpysky Ha NOALLMIHUK
COOTBETCTBYET AMHAMUYECKOM MPy30M04bEMHO-
cTv nogwmnuuka C, T. e. Harpy3ka nocTosHHa no
BENUYMHE M HANPaBNEHWIO W AeNCTBYeT B pagu-
anbHOM HanpasfieHWW Ha paguasbHbIA NogLIMM-
HWUK MW B OCEBOM HanpasfeHuu BAOSb LeH-
TPanbHOW 0CK Ha YNOPHbIM NOALLMMHKK, TOraa

P = F v BeNnnUMHbI Harpy3k1 MOXKHO NOACTaBUTbL
HEMNoCpPeCTBEHHO B hOPMYIbl AN BbIYUCIEHNS
pecypca.

Bo Bcex ocTanbHbIX CNyYasx 3KBMBasIeHTHas
[MHaMKUYecKas Harpy3ska Ha NoALLUMMHKMK, KaK
npaBw1o, NOANEXMUT pacyETy. IKBUBANEHTHas
[IMHaMKUYecKas Harpyska Ha NoALLUMMHKK onpe-
[enseTca Kak rMnoTeTMYeckas Harpyska, Kotopas
NOCTOAHHA MO BEIMYMHE W HANPaBNEHWHO, AEN-
CTBYET B paManbHOM HanpasfieHWn Ha pagau-
anbHbIM NOALLMMNHUK UM B OCEBOM HANpPaBeHWUK
BMOMb LIEHTPanbHON 0CK Ha YNOPHbIM NoALLIMN-
HWK M OKa3blBaeT TaKoe e BIIMIHWE Ha pecypc
NOALLMMHMKA, KaK U paKTUYeCKUe Harpysku,
NeNCTBYIOLLME Ha NOALIMIHKK (= pUC. 2).

PagunanbHble NogLMnHUKK HepeaKo noasep-
raroTcs 0JHOBPEMEHHOMY BO3AENCTBUIO paau-
anbHbIX U 0CEBbIX HArpy3ok. Ecnv cymmapHas
Harpyska nocTofHHa no BefIMYMHe W Hanpasne-
HWH, 3KBMBASIEHTHAA AUHAMMYECKan Harpyska
Ha NoALMNHUK P MoxeT BbITb BblYMCIIEHA NO
obuen dopmyne:

P=XF +YF,

Puc. 2

akF

ﬂMHaMMHECKMe Harpys3ku Ha NnoALWKWNHAUK

roe

P = 3KkBMBaneHTHaa AMHaMM4ecKas Harpyska Ha
nofgLMnHKK [kH)

F, = dakTUyeckas paguanbHas Harpyska Ha
nofLMnHKK [kH)

F, = dakTWyeckan ocesas Harpyska Ha
noALMnHKK [kH)

X = KO3 PHUMEHT paaranbHOM Harpyski ans
NOALLMAHUKA

Y = Ko3bdHLMEHT 0CEBOM Harpy3k1 Ana
NOALLMAHUKA

LononHuTensHas ocesas Harpy3ka okasblBaeT
BSIMAAHWE Ha BENUYMHY 3KBUBASIEHTHOM JUHAMM-
Yeckom Harpyskv P, nencTsyroLLien Ha ogHopaa-
HbIW paguasnbHbIv NOALLUMMAHKUK, TONBLKO B TOM
crnyJae, ecnu oTHowweHwe Fy/F, npesbiiaet
onpedenéHHbIM orpaHUYMBarOLLIMIA dhaKTop e.
Lns nByxpagHbIx paguansHbIX NOAWMNHUKOB
[axke cpaBHUTENbHO HeBosbLUMe oceBble
Harpysku, kak npasuno, sBASTCA
3HAYUTENbHBLIMU.

Ta e o6Las dopMyna NnpUMeHUMa ans ynop-
HbIX CbEPUYECKMUX PONMKOMOALLMIHUKOB, KOTO-
pble cnocoBHbI BOCNPUHUMATbL KaK 0CeBble, TakK 1
paamarnbHble Harpysku. [pyrye ynopHble nog-
LUMMNHUKK, HANpUMep, YNopHbIe LapuKonoa-
LUMMNHKUKK, YNOPHbIE UronbyaThble U UMNUHOPU-
YeCcKue PONTMKOMOALLMIHUKM MOTYT
BbIJEPXKMBATbL TONLKO 0CEBbIE HAarpy3ku. Mpwu
YCNIOBUW AeNCTBUS HAarpy3ku Ha NOALLMIHUK B
0CEBOM HanpasneHun 6e3 nepekoca, popmyrna
MOXET BbITh YNPOLLEHa CIeAYHOLLIMM 06pa3om

P=F,

MHdpopMaums 1 faHHble, HeobXoauMble ans pac-
YéTa IKBMBANEHTHOW AMHAMUYECKON Harpy3ku
L1119 KaXK40ro TMna noaLLIMNHUKOB, NpeacTas-
NEHbI B COOTBETCTBYHOLLIMX FMaBax Katanora.

MepeMeHHas Harpyska Ha NOALUIMNHUK

B 60MbLUMHCTBE Cly4YaeB BefIMYMHA Harpy3ku
aBnAeTca nepeMeHHol. opMyna Ans BblYMCe-
HWA NepeMeHHOM Harpy3k1 Ha NOALIMIHUK NPH-
BOAMTCA B pa3aene «Pacyér pecypca 4na usme-
HArOLLMXCA paboymx ycrosui» (= crp. 81).

CpeaHsa Harpyska Ha NpoTseHWW pabouero uukna
B npepenax kaxaoro MHTepBana Harpysku
paBoyme yCnoBu1st MOTYT HECKOSbKO OTAMYATLCSA
0T HOMUWHanNbHbIX BenuyuH. Ecnv npegnono-
MTb, YTO TakKe paboyme ycrnoBms, Kak CKOPOCTb
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Bbi6op pasMepa nogwMnHUKa

PVETECE 1 W HanpasfeHue Harpysku, 4OCTaTOYHO NOCTO-
YcpenHeHune Harpysku AIHHbI, @ BENMUYUHA HAlrpy3KKU NOCTOAHHO U3MeEHA-
eTcs B Npefenax oT MUHUManbHOWM BENUYMHBI
F min 40 MaKCUManbHOW BENWUYMHBI Fray
. (= Anarpamma 13, cTp. 86), To BenUuMHY
cpefHen Harpy3ki MoXHO onpenenuTb no

Frm 7 dbopmyne:

o F, = fmin* 2 Fnac *32 Frnax

U Bpawatouiancs Harpyska

Ecnu, kak nokasaHo Ha guarpamme 14,
Harpyska Ha NOALMMNHUK COCTOWT U3 Harpy3ku Fq
C NOCTOSHHOM BEIMYUHOMN U HanpaBfeHWeM
(HanpWMep, Bec poTopa) U KOHCTaHThI Bpallaro-
PV BT Ljevica Harpysku F (Hanpumep, aucBanaHcHas
Bpawatowancsa Harpyska Harpy3Ka), CpeHHOHO Harpy3ky MOXHO NoNy4nTb
no ¢opmyne

F1 \ Fin=fm (Fl + FZ)

\ 3HayeHus Ko3pPULMeEHTa fm npencrasneHbl Ha

/—\\\ nuarpamme 15.

\ . Tpebyeman MMHMManbHan Harpyska

Koppenauus Mexay Harpy3kow v pecypcoM He
5 ! MrpaeT BasKHOM POSK B YCIIOBUSAX 0YEHb ManbIX
; / Harpysok. B 3ToM cfiyyae 0CHOBHYHO ponb Urpaet
\ He YCTanocThb, a fipyrue MexaHuaMbl
- paspyLLeHus.
Lna obecneyenns ctabunbHon paboTsl nog-
LUMMHWKKY Ka4eHWs BCerna JomkHbl ObiTb Harpy-
VBT 15 YeHbl HE06X0AUMOU MUHUMATBbHOM Harpy3KoK.
Bpawarowasncs Harpyska ﬂpaKTMHECKMﬁ ONbIT NOKa3blBAET, YTO Ha LWWapKU-
f, KONOALIMMHUKM JOMKHA NeNCTBOBATL MUHW-
1,00- ManbHas Harpyska 0,01 C, a Ha ponvkonogwmn-
Hukm — 0,02 C. BaxkHOCTb NPUNOXKEHWUA 3TOM
0,951 MWHUManbHOM Harpy3kM Bo3pacTaeT npu pabote
0.904 NOALLUMMHMKA B YCIIOBUAX BOMbLUMX YCKOPEHUH,
' BbICTPbLIX NYCKOB M OCTAHOBOK, @ TaKXKe KOrga ero
0,85 yacToTa BpaLLeHus coctasnsaet 50 % v Gonee ot
npeaenbHOM YacToTbl BPALLEHWs, KOTopas yka-
3aHa B Tabnuuax noaWwMnHUKoB (—> «Yacrors:
0,751 spatyenns», crp. 117). Ecnu tpebosaHus no
NPUNOXKEHWUHO MUHUMANbHOM Harpy3ku1 BbINOM-
e 0 02 04 06 08 10 HUTb HEBO3MOXHO, CNedyeT paccMOTpeTb BO3-
B MOMHOCTb MCMOMb30BAHWSA NOALLMMHWUKOB C
Fi+Fy nokpsbiThem NoWear (= ctp. 1241).

¢

0,80
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Bbi6op pasMepa NoALWMHKWKA MO CTaTUYECKOMW MPY30M0abEMHOCTU

PexkoMeHgauUMu No BbIYMUCNEHWID BENIMYMHBI
TpebyeMor MMHUMarbHOW Harpy3ky Ans pas-
NWYHBIX TUNOB NOALLUMMNHUKOB NPUBEdEHbI B
COOTBETCTBYHOLLIMX MaBax KaTasnora.

Bbi6op pasMepa nogLMnHUKa
Nno cTaTUYeckKomn
rpy30MoabEMHOCTH

Bbi6op pasMepa NoaLWMNHUKA JOSKEH 0CyLLecT-
BNIATLCA HA OCHOBE CTATUYECKOW rpy30Mn04beM-
HocT Co, €CIIU BbINONHAETCA OAHO M3 Crieayro-
LLIMX YCNOBHM:

o [MoALWMMHWUK HAXOAWUTCS B COCTOAHUM MOKOS U
noaBepraeTca BO3NenCTBUO NOCTOAHHbIX UMK
KpaTKoBpeMeHHbIX (yaapHbIx) Harpy3ok.

o [oALWMNHKK coBepLUAEeT MeasieHHble Koneba-
TeslbHble ABMXEHWUA NOf Harpy3Kou.

o [oALWMMHMK BPaLLLAETCA NOA HArPy3KoW ¢
04eHb HW3KOW YacTOTOM BpaLLeHus
(n < 10 06/MKH) 1 TpeboBaHMA K CPOKY ero
cny06bl HeBbICOKK. B 3TOM cnydae dopmyna
pecypca A5 3KBUBANEHTHON JMHAMUYECKOM
Harpyskv P 0acT ctofib HU3KYH BENUYUHY
TpebyeMow AMHAMHUYEeCKOM rpy30noabeMHO-
ctr C, 4T0 BbIBPaHHbLIM NOAWMNHUK ByaeT
3HaYMTENbHO NeperpyskeH Npu1 3KCnyaTaLm1u.

o [loaLMNHMK BPALLAETCA U NOMUMO 0BbIYHbIX
pabounx Harpy3ok nofsepraeTca Bo3nen-
CTBMHO TAXENBIX Y4APHbIX HArPy30K.

Bo Bcex 3Tvx cnyyasx fonyctumas BenmMumHa
Harpysky Ha NOALUMNHKUK ABNSAETCS MaKCMMalb-
HOM Harpy3KoM, KOTOPYHD MOALUMMHKUK MOXKET
BblaepaTb 6e3 BO3HMKHOBEHMWS 0CTAaTOYHOM
nedbopMaumnu Ten U JOpoXeK Kayenus. [Mpu-
UMHBI, BbI3bIBAFOLLIME OCTATOYHYH e OpMaLIMHD:

TXKENbIE HArpy3KK, BO3AENCTBYHOLLME Ha
NOALIMMHWK B HEMOABUXKHOM COCTOSHWUM UMK
NPy MeNeHHOM BPaLLEHWH

TSXKENbIE yAapHble Harpy3sku1, AencTByroLLMe
Ha NOALUMMHKK NPKU BPaLLEHWH

Pe3ynbTaToM TSXKENbIX YCNOBUM 3KCNNyaTaLny U
3HAUMTESbHBIX HArpy30K MOryYT GbiTb Takue
NOBPEXAEHWS, KaK NoKaNbHOe CMATUE TeN Kaye-
HUS UK BMATHMHbBI HA [OPOXKAX KayeHWs. BMmsi-
THHbI MOTYT BbITh pacnpenenieHb! no JOPoXKe

akF

KayeHWs KaK HEPAaBHOMEPHO, TaK U PaBHOMEPHO
yepes NPOMEXYTKH, COOTBETCTBYHOLLIME PACcCTON-
HUFO MeXay TenaMu KayeHus.

OcTaToyHas aedpopmaLma Ten 1 AOPOXeK
KauyeH st 00bIYHO NPUBOMT K NOBbILLEHWID
YPOBHEH BUOPALMM M/UNK LyMa, a TakKe K yBe-
NUYEHWHO MOTEPb Ha TpeHMe. Takxke, He UCKNH-
YEHO yBenMYeHMe BHyTPEHHEro 3a30pa Unu
M3MEHeHWe XapaKTepa nocamku.
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Bbi6op pasMepa nogwMnHUKa

BenunuuHa Toro, HackoNbKO AaHHble U3MeHe-
HUA YXyALWaroT paoymne xapaKTePUCTHUKKM Nof-
LUMMHKKA, 3aBUCUT OT TpeBOBaHWK, NpeabaBa-
eMbIX K NOALLMMNHUKY B KOHKPETHbIX YCITOBMAX
3kcnnyaTauuu. No3ToMy BakHO NpefoTBpaTUTh
WM OrPaHHUYUTL BO3HUKHOBEHME OCTATOYHbIX
fnedbopMaLmMi, 4To JocTUraeTcs nyTéM eoibdopa
NOALLIMMNHMKA C JOCTAaTOYHON BENMYMUHOM CTaTH-
YecKom rpy3onoabEMHOCTHU ANA yAoBneTsope-
HUS 0HOr0 U3 CNedyroLLMX TpeBoBaHWM:

® BbICOKAsA HAAEKHOCTb

® HW3KMI ypoBeHb paboyero LwyMa, Hanpumep,
B 3/1€KTPOABHUraTenNsx

® HW3KWMM ypOBEHb BUGPALMK, HANPUMED, B
CTaHKax

® MOCTOAHHbLIM MOMEHT TPEHWA B NOALLMNHMKAX,
HanpuMep, B U3MEPUTENTbHOM W UCNbITAaTeNb-
HOM 060pyfOBaHWUK

® Manoe TPEHWEe NMpU MycKe Nof Harpyskom,
HanpuMep, B KpaHax

JKBMBANEHTHAA CTaTUYeCcKan Harpyska Ha
NoAWKUNHUK

CTaTuyeckue Harpysku, cocTosLLMe U3 pagrarb-
HOW 1 0CEBOW COCTaBAAHOLLIMX, JOSMHbI BbITh
npeo6pa3oBaHbl B 3KBUBASIEHTHYHO CTAaTUYECKYH
Harpysky Ha NoALWMNHKUK. IKBMUBANEHTHas
Harpyska onpeaensfercs Kak pacyeéTHas Harpyska
(pagmansbHas ons paguanbHbIX M ocesas ans
YNOPHbIX NOALLUMMHWUKOB), BbI3blBatOLLAA B N0~
LLIMMHKKE TaKyH e MaKCMManbHYH Harpysky Ha
Teno KaueHus, 4To M dbakTUyeckas Harpyska. Eé
BESIMUYMHY BbIYUCNAHOT N0 hOpMyre:

Po=XoFy+YoFa

roe

Pg = 3KkBMBaneHTHaA cTaTMyeckas Harpyska Ha
nofLMnHmK [kH]

F. = dbakTUyeckan pagmManbHas Harpyska Ha
NOALLMNHKK (cM. HUxke) [KH]

F, = dbakTHUyeckan ocesas Harpyska Ha
NOALLMNHKK (cM. HWxke) [KH]

Xo = KO3 DULMEHT pamanbHOM Harpysku Ans
NoALLMMHUKA

Yo = KO3 DULMEHT 0CEBOM Harpy3Kku AnA
NoALLMMHUKA

MHdopMaLma 1 naHHble, HeoBxoauMble 451a
pacyéTa 3KBMBANEHTHOM CTAaTUYECKON HarpysKku
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Ha NOALLMMHKK, NPeACTaBneHbl B COOTBETCTBYH-
LLMX pasaenax o npoayKLmu.

[Mpu pacuéte Py A0MKHbI MCNOMb30BaTLCS MaK-
CMManbHO JONYCTUMbIe paauasibHas v ocesas
cocTaBnAroLLMe Harpyskv (= puc. 3), noacras-
NeHHble B BblLLeyKaszaHHyo dopmyny. Ecnu cta-
TUYecKas Harpyska [encTByeT Ha NOALLUMMHUK B
PasHbIX HANPaBNEHWUAX, BENMYMHA 3TUX COCTAB-
NAFOLLIMX NPUHUMAETCA B KAYeCTBe NepeMeHHoM.
B Takux cnydasx cnenyer MCnosnb308aTth KOMMNO-
HEHTbI HarpyseHusi, 08ycnaBnusaroLLMe Han-
60NbLUYHD BEIMUMHY IKBMBANIEHTHOM CTaTUye-
CKOM Harpysku Py.

Tpe6yemaﬂ HOMHWHaNbHaA CTaTUYecKasn
rpysonoaseMHOCTb

Mpu onpegeneHnu pasmepa NOALLMIHKUKA MO
CTaTUYeCcKoW rpy30nogbEMHOCTH, ANs pacyérta
Tpebyemow BENUUYMHBI CTAaTUYECKOW MPy30NnoLb-
EMHOCTU NOALLIMMHUKA UCMOMb3YHOT 334aHHYH
BENWUYUHY KO3 DULIMEHTA 3anaca S, KOTOPLIM
BbIPAXAET OTHOLLIEHWE MEXAY CTAaTUYeCKoM rpy-
30n04bEMHOCTLH Cg M 3KBUBAMNEHTHOW CTaTHUYe-
CKOW Harpyskom nogwmnHuka Pq.

TpebyeMyro BEfIMYMHY HOMUHATBHOM CTaTH-
yeckow rpyzonogbémHocTr Co MOXHO onpege-
NWTL No popmyne

Co=5s0Po

Puc. 3

akF



Bbi6op pasMepa NoALWMHKWKA MO CTaTUYECKOMW MPY30M0abEMHOCTU

Co = HOMMHaNbHaA cTaTMYeckasn
rpy30n04bEMHOCTb [KH]

Po = 3kBMBaneHTHaA cTaTMyeckas Harpyska Ha

nofaLMnHmK [kH]

CTaTMYecKui Ko3bdULMEHT 3anaca

S0

PexkoMmeHayeMblie 3HaYeHUs CTaTUYECKOro Ko3d-
dUUMeHTa 3anaca Sg, 0CHOBaHHbIE Ha 3KCNepu-
MEHTanNbHbIX faHHbIX, NPUBEdEHb! B

Tabnuue 11. Mpu NoBbILLEHHbIX paboymnx Tem-
nepaTypax cTaTuyeckas rpy3onofbeMHOCTb
CHWKaeTcs. 3a JONONHUTENbHOM MHdOPMaLIMen
oBpallanTeck B TexHuyeckyro cnyxoy SKF.

Mpoeepka cTaTUyeckom
rpy3onogbEMHOCTH

,ElJ'Iﬂ NOoALWNNHNKOB, HAarpy>XeHHbIX AMHaMHU4e-
CKOM Harpy3|<0|?1, B CNy4anX, Korga U3sectHa
BeSIMUYKMHA 3KBUBANIEHTHOM CTAaTUYECKOM
Harpysku Ha noALWnNHUK Po, pexkoMeHayeTca
NpOBEPUTL OOCTATOYHOCTb cTaThyeckom rpyso-
I'lO,El'béMHOCTVI NpW NOMOLLK dOpPMYynbl

C
So=P—g

Ecnu nonyyeHHas BefIMUMHA S MEHbLLIE PeKO-
MeH0BaHHOM BefMyMHbI (—> Tabnuua 11),
cnegdyeT BbIBpaTb NOALWMMHMK, UMEHOLLMIA Bonee
BbICOKYHO CTAaTUYeCKYH rpy30Mn04bEMHOCTb.

Tabnuua 11

Op1eHTMPOBOYHbIE 3HAYEHWA CTAaTUYECKOTO0 KO3 pULIMEHTa 3anaca Sy
Tun pab ycnosun  Bp #ca no HenopasuxHbIv

TpebosaHus K paboynM xapakTepUCTMKaM (HanpuMep, ManoLyMHas padota Mnu  NOAWWAHKK

HW3KMH ypoBEHb BUOPaLK)

HEBAXHO HOpMasbHble BbICOKME

LLlapukonog- Ponukonog- LUapukonoa- Ponukonog- LUapukonoa- Ponukonoa- LLlapukonog- Ponukonog-

WWMNHAKA  WWNHUKK  LWUANHAKA  WWNHAKKY  WANHAKA  WWNHAKY LWANHAKA LUMNHAKA
MnasHas pabora, 0,5 1 1 1,5 2 3 0,4 0,8
6e3 Bubpaumi
HopmansHsbie ycnosua 0,5 1 1 1,5 2 3,5 0,5 1
BbipaxkeHHble yaapHble > 1,5 >25 >1,5 >3 >2 >4 >1 >2
Harpyskul

Ins yNopHbIX CheprUYeckix PoNMKONO[LUIMIHAKOB PEKOMEHAYETCA MCMONb30BATh 3HAYEHUS Sq = 4.

1) Ecnu Bennumna ynapnoﬁ Harpyskn Hen3BecTHa, cnegyeT UCNoNb30BaTh 3HAYEHUA Sp, KOTOPbIE HE MeHbLLEe ﬂpMBEJ:léHHbIX Bbilwe. Ecnu
BeIMYnHa ynapHoﬁ Harpyskun TOYHO U3BECTHA, MOTYT MPUMEHATLCA MEHbLUKWE 3HAYeHMA Sg.
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Bbi6op pasMepa nogwMnHUKa

MNpuMepsbl pacyeta

Mpumep 1: HOMUHaNbHbIA PECYPC U HOMUHAMNbHbIN
pecypc SKF

PagunansHble Wwapukonogwmnnumkm knacca SKF
Explorer 6309 npegHa3sHayeHsl gns paboTsl npu
yactoTe BpatleHus 3 000 06/MuH B ycnosuax
NOCTOSAHHOW pafuanbHoM Harpysku Fr= 10 kH.
Heo6xoa1Mo cMa3bliBaHWe MacsioM ¢ dpakTUye-
CKOM KMHEMaTUYeCKoM BA3KOCTbIO v = 20 MMZ/c
Npy HOpManbLHOM TeMnepaType 3KCNyaTauuu.
Tpebyemas HagéxHocTb cocTasnsaet 90 %, a
paBoyme yCnoBmst fOMKHbI OTIIMHATLCA BbICOKOM
CTeneHbH YUCTOTbI. YTO Takoe «HOMUHAbHbIN
pecype» 1 «HOMWHasbHbIN pecypc SKF»?

a) HoMuHanbHbIM pecypc npv HaaéxHocTh 90 %:

o 3
Lio= (3)

CornacHo 3Ha4YeHWsM 13 Tabnuubl 4ns NoaLwmn-
Huka 6309, C = 55,3 kH. MNockonbky Harpyska
UCKNHOYUTENbHO paguansHas, P = F. =10 kH
(= «3kBHBaANEHTHAA QUHAMMYECKAS HArpPy3Ka
HA NOQLLMMHMK», CTP. 85).

55,3)3
10

|-10=(

=169 munnuoHos 06opoToB

nnm B paéoqwx Yacax Cc UICcnonb3oBaHMeEM

106
Lion = %on Lo

1000 000

Lon = 253 000 167

= 940 paboumx yacos

b) HoMuHanbHbIM pecypc SKF npu HagéxHocTH
90 %:

Liom = a1 asr L1o

90

Mockonbky TpebyeTcs HagéxHocTb 90 %,
HeobxodMMo paccumTaTh pecypc Lygmmaq =1
(= Tabnuua 1, cTp. 65).

CornacHo 3Ha4YeH1sM 13 Tabnuubl 4na nog-
wmnHuka 6309,d, =0,5(d + D)= 0,5

(45 +100)=72,5 MM

Mcxons 3 guarpammel 5, (= crp. 72),
HOMMHasbHasA BA3KOCTb Macsa npy paboden
TeMnepaTtype 1 YacToTe BpaLleHHs

3000 06/MuH, v1 = 8,15 Mm2/c. Takum
obpasoMm, kK = v/vq = 20/8,15 = 2,45

CornacHo Tabnuue NogLWMUNHUKOB,
P.=1,34kHwuP,/P=134/10=0,134.
MoCcKosbKY YPOBEHb YUCTOThI B PaBOUMX yCno-
BMSAX 0YeHb BbICOK, N = 0,8

(= rabnuua 4, ctp. 74) un, (P,/P) = 0,107.
C yyétoM k = 2,45 1 ucnonb3oBaHWeM LLIKanbI
SKF Explorer Ha guarpamMme 1 (—> cTp. 66),
nosiy4aeMm 3HaveHue asyr = 8. TakuM 06pasom,
cornacHo ¢opmyne pecypca SKF

Liom = 1x8x169

= 1 352 munnuonHa obopoTos

nnns paﬁoqwx Yacax c UICnonb3oBaHMeEM

1006
Liomh = “on Liom

1000 000

Liomn = g5%3 000 < 1 3°2

= 7 512 pabouux yacos

MpuMep 2: npoBepKa YCNoOBUH 3arpA3HEHHOCTH
PaccMoTprM cyLLecTBYHOLLIMM NPUMED NPUMeHe-
HWA. PaguanbHsiv wapukonoawmnnuuk SKF
Explorer 6309-2RS1 co BCTPOEHHLIMU yNNOTHE-
HWUAMM, 3aN0STHEHHbIW CTaHOAPTHOM NAACTUYHON
cMa3skow, paboTaeT B YCNOBUAX, aHANOTUYHbIX
onucaHHbIM B npumMepe 1 (k = 2,45). Heobxo-
[IMMO ONpeaenuTb YPoBeHb 3arPA3HEHHOCTH
[laHHbIX YCIOBMM 3KCNSyaTaL MM ANa OLeHKu
BO3MOXHOCTW MUCNOSb30BaHUsA Bonee 3KOHOMMY-
HOro NOALWMMHUKA C MUHUMaSTbHbIM TpeByeMbIM
pecypcom 3 000 yacos paboTsl.
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® YyuThbiBas, 4TO NOALLMMHMK OCHALLEH yNnoT-
HEHUSIMW U 3aN0NHEH NNACTUYHOM CMa3KOW,
YPOBEHb 3arpsi3HEHWS MOXKET KNaccMbULUMpo-
BaTbCA KaK «BbICOKAsA YMCTOTA», U, COrMNACHO
Tabnuue 4 (- crp. 74),n.=0,8.
Mpu P,/P = 0,134, n. (P,/P) = 0,107, c
ucnonb3oBaHueM Wwkansl SKF Explorer Ha
anarpamme 1 (= crp. 66) vk = 2,45,
askr = 8.

L1omn = 8 x 940 = 7 520 paboumx yacos

e HaunBonee 3kOHOMUYHbLIM NOALLMMHUKOM A9
[laHHOro cnyyas asnaeTcs nogwunHuk SKF
Explorer 6309-27 ¢ 3alMUTHLIMK WaKBaMK.
YpoBeHb 3arpa3HeH1s MoXeT Knaccupuumnpo-
BaTbCA KaK «HOpManbHas YACTOTa», NO3TOMY
cornacHo Taénuue 4 (= crp. 74),n.=0,5.
Mpu P,/P = 0,134, n. (P,/P) = 0,067, c
ucnonb3oBaHueM Wwkansl SKF Explorer Ha
anarpamme 1 (= ctp. 66) vk = 2,45,
aAgkF = 3,5.

L1omn = 3,5 x 940 = 3 290 paboumx yacos

BblBOS: 3KOHOMUYHBIM PeLLEHUEM B YCMOBHAX
faHHoM 061acTi NPUMEHeHWa ABNAeTCH 3aMeHa
YNAOTHEHHOMO NOALLMNHKUKA NOALLMMHUKOM C
3aLLUMTHbIMK LIanBaMu.

Mpumep 3: npoBepKa yCNoBUIH AUHAMUYECKON W
CTaTUYECKOMW rpy30noabEMHOCTH

Pa6oumit UMK yNNOTHEHHOMO ChepUYEcKoro
ponukonoawwmnumka SKF Explorer
24026-2CS2/VT143, ucnonbsyemoro B 6osb-

Pa6ouwue ycnosus

[MpuMepsl pacyéTa

LUerpy3sHoM TPaHCMOPTHOM 060pYA0BaHWH CTa-
NenuTerHoro 3aBoga, NPOXoAMT B YCNOBUSIX,
yKasaHHbIX B TaBnuLe Huxe.

CraTuueckas Harpyska B JaHHbIX YCNOBUAX
onpeaenseTcs ¢ 40CTaTOYHON TOUHOCTBHO C YYé-
TOM MHEPLUMOHHBIX HArpy30K, BO3HUKAFOLLIMX NPK
NOrpy304HbIX ONepaLmsx, a Takxe yaapHbIX
Harpy3oK npwu cnydyanHoM c6poce rpysa.

TpebyeTcs NpoBEpPHTL COOTBETCTBHE YCNOBUM
OMHAMUYECKOMW W CTaTUUYeCKOM Harpy3ku 3Toro
NoALLUMMHMKA AN NPELNONOXEeHNS, YTO ero Tpe-
GyeMmbli CPOK 3KCMNyaTaumMu JOMKEH COCTaBNATL
L10mn 60 000 YacoB ¢ MMHUMarbHbLIM CTaTUYe-
CKMM K03 dHLMeHToM 3anaca 1,5.

e [cxofHble faHHble Ana pacyéTa:

[py3onogbEMHOCTb:
C=540«H; Cy=815«kH; P, =81,5kH

PasMmepbli:

d =130 mM; D = 200 MM,

TakuM o6pasom, d, = 0,5 (130 + 200) =
165 MM

3anonHeHue NacTMYHON CMa3Kom
AHTU3agupHas NnacTMYHas cMaska Ha ocHoBse
MUHepanbHOro Macsa ¢ MIMTUEBLIM 3arycTure-
neM uMeeT KoHcucTeHuuro knacca NLGI 2 ona
nOvanasoHa Temnepatyp ot —20 go +110 °C
(o7 =5 o +230 °F) v BA3KoCTb 6a30B0r0 Macna
npu 40 1 100 °C (105 u 210 °F), pasHyro 200
1 16 MM2/c COOTBETCTBEHHO.

Mpumep 3/1

Pa6ouunn JkeuBaneHTHas BpemeHnHon  Yactota Temnepatypa JKBMBaNEHTHas CTaTUYeckas Harpy3ka
urKn AMHaMUYeckas  OTpe3ok BpaLLeHus
Harpyska
P n T Po
- kH - 06/MUH °C °F KH
1 200 0,05 50 50 120 500
2 125 0,40 300 65 150 500
3 75 0,45 400 65 150 500
4 50 0,10 200 60 140 500
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Bbi6op pasMepa nogwMnHUKa

o BrinonHatotcs cnefyrouine Bbl4nucneHna Unu
onpenenaroTca cnegyrouime BeNMYUHbIL

1 vq = HOMUHanNbHas BA3KOCTb [MM2/c]
(= nmnarpamma 5, ctp. 72) — BBOAHbLIE
BENMUMHbI: dry M 4ACTOTA BPALLIEHMS

2 v = bakTMyeckas padoyas BA3KoCTb [MM2/c]
(= amnarpamma 6, cTp. 73) — BBoAHbIE
BEMMYMHBI: BA3KOCTH CMA304HOMO MaTepu-
ana npu 40 °C (105 °F) v pabouas
Temnepatypa

3 K = KO3 DULMEHT BA3KOCTU — PACYETHBIN
(v/v1)

4 . = K03 DULMEHT ANA YPOBHS
3arps3HeHus
(= tabnuua 4, ctp. 74) — «Beicokas
YMCTOTa, YNNOTHEHHBIM NOALLMAHUK:
n.=038

5 L1gn = HOMWHaNbHLIN PECYpC COrnacHo
dopmyne (= cTp. 64) — BBOAHbIE
BenuyuHbl: C,Pun

6 acyr = u3 gnarpammsl 2 (= ctp. 67) —
BBO/IHbIE BEMMYMHBI: NOALLMMHUK KNacca
SKF Explorer, n, Py, P 1k

7 Liomh1,2, .. = HOMMHanbHbIM pecypc SKF

cornacHo popmyne (= crp. 65) —
BBOAHbIE BENUYMHBI: askr M Ligh1 2, ..

PacuéTHble 3HaueHus

8 L1gmn = HOMWHanNbHLIM pecypc SKF
cornacHo popmyne (= crp. 81) — eso-
IHble BennYuHbl: L1gmn1, L1omh2, - ¥ U1,
Uy, ...

HomuHanbHbIM pecypc SKF, coctasnstoLmi

84 300 yacos, npesbiaeT TpebyeMbii Cpok

cnyx06bl. TakuM 0Bpasom, ycnosua gMHaM1ye-

CKOW Harpysku NodLwMnHUKa NPOLLM MPOBEPKY.
Lanee nposepseTcs cTaTUYeCKUM KO3 PH-

LIMEHT 3anaca 4519 AaHHoW 06nacTv npUMeHeHus

C UCNONb30BaHWEM hOPMYIbI

Lo (815 43

P, 500

Sp=

Sp= 1,63 >S5 peb.

MpuBeAEHHbIE BbiLLE AaHHbLIE NOKA3bIBAOT, YTO
CTaTUYECKMM KO3 PULMEHT 3anaca Ans AaHHOW
0651acTi NPpUMEHEHWs Y0BeTBOPAET PacyeT-
HbIM Tpe6oBaHUAM. BBUOY BbICOKOM TOYHOCTH
npenBapuTensLHOMO onpedeneHus cTaTHYeckom
Harpysku, HesHauuTenbHoOe OTKIIOHEHWE Benu-
UMHbI CTAaTUYECKOr0 Ko3dbdHLMEeHTa 3anaca
MOXET BbITb MPU3HAHO JOMYCTUMBIM.

PacuéTHble cpeactsa SKF

SKF o6nagaeT ogHUM 13 CaMblX NOSTHbLIX U MOLLL-
HbIX KOMMIEKTOB NPOrpaMM Ana UMUTALIMOHHOMO
MOJENMPOBAHMA B NOALLUMMHUKOBOW OTPaCU.

K MX 4ncny OTHOCATCA Kak NpOCTbie NPorpammel

Mpumep 3/2

PaBouni JksueaneHT- HomuHanb-Pabouas K2 Ne HomuHanb-  askr HoMuHanbHbIM - BpemeH-  MonyyeHHbIn

UMK Has gUHaMK- Has BA3KOCTb HbIV pecypc pecypc SKF HOM HOMWHanbHbIN
yeckan BA3KOCTb 0Tpe3oK pecypc SKF
Harpyska
P V1 v L1on L1omh u Liomh

- KH Mm2/c Mm2/c - - Y4 - 4 - Y

1 200 120 120 1 0,8 9136 1,2 11050 0,05

2 125 25 60 2,3 0,8 7295 7,8 57260 0,40

84300

3 75 20 60 3 0,8 30030 43 1318000 0,45

4 50 36 75 2 08 232040 50 11 600 000 0,10

1) MnacTUuHbIe CMa3KK C aHTM3AAMPHBIMMA NPUCAAKAMM
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pacyéta no dopmynam katanora SKF «/log-
LLMMTHUKM KQYEHMS, TaK U CNOXKHeNLIWe
cuCTeMbl, Ans paboTbl KOTopbIX TpeByeTca Mol -
HOCTb HECKOMbKMX KOMMbHOTEPOB.

KomnaHuewn SKF paspa6oTaH Lienbiv psa KOM-
NbHOTEPHbIX NPOrPamMM, YA0BNETBOPAOLLMX Pa3-
NWYHBIM 3aNPOCaM KNMEHTOB — OT A0BOMbHO
MPOCTbIX ANS NPOBEPKM NPABULHOCTU NPOEKT-
HbIX PEeLUeHWM 1 UCCnefoBaHWK cpedHero
YPOBHS CIOXHOCTH, 10 CIIOXKHENLLMX CUCTEM
MOAENUPOBaHWUA KOHCTPYKLUMM NOALUMNHWUKOB U
o6opynosanua. [JaHHbIe NporpamMMbl 4OCTYMHbI
0119 UCNOMNb30BAHKA KNIMEHTaMK1 npu paboTe Ha
CBOMX KOoMnbroTepax. KpoMe Toro, ocoboe BHU-
MaHWe yaenaeTcs BO3MOMXKHOCTU MHTErpaumnm 1
B3aMMOAENCTBUS Pa3NUYHbIX CUCTEM.

PacuéTtHble cpeacTea, LOCTYNHbIE Ha
cawte skf.ru

Ha cavte skf.ru npeqcrasneHsl npocTsle cpeq-
cTBa ANs BbIGOPa NOALLMIMHWUKOB M pacyéTa ux
napameTpos. [oMck nofLLIMNHUKOB BedeTcs no
0603HaYeHWAM MK pasMepaM, KpoMe Toro, ume-
€TCS BO3MOMXHOCTb PACYETHOM OLIEHKM NPOCTLIX
NOALWMNHKUKOBLIX y310B. [N pacyétos ncnonb-
3yHOTCA Te >Ke hOPMYIbl, YTO U B JAHHOM
KaTanore.

MHTepakTUBHbIE MHXKEHEPHble cpeacTBa SKF
NO3BONSAHOT FrEHEPUPOBATL YEPTEXMW NOALIMMHW-
KOB M KOPMYCOB, KOTOPbIE MOTYT UCMOMb30BaTLCS
B 60NbLUMHCTBE COBPEMEHHbIX MPOrpamMM aBTo-
MaTU3MPOBAHHOIO NPOEKTUPOBAHMS.

Mporpamma SKF SimPro Expert

SKF SimPro Expert — ocHoBHas nporpamMa ons
pacyéTa ycnosui paboTsl NOALIMIHUKOB,
ncnonb3yemas nHxkeHepamu SKF ons nouncka
HanGonee oNTUManbHbIX PELLEHWUH, YO0BNETBO-
parolwmx Tpe6oBaHuaM knueHTos. PaboTasn B
BUPTYansbHOM cpefe, uHxeHepbl SKF koMBUHW-
PYHOT MEXaHWYECKUE CUCTEMBI, BKIHOYAHOLLIME
Basibl, 3yGuaTble nepeaayy v Kopnyca, c TOYHOM
MOAEenbH NOALMMHUKA ONs NPoBefeHUs TLa-
TeNbHOr0 aHan13a B3aMMoAeNCTBUSA CUCTEMBI.
MporpamMma Takxe No3BoNAET aHaNM3MPoBaThL
yCTanocTb MeTanna NoBepxHOCTeN KayeHns B
NOALIMMNHKKE C UCNOMb30BaHWMEM MeToa TEOpPHM
pecypca SKF. SKF SimPro Expert asnsetca
pe3ynbTaToM MHOTONETHUX UCCEeA0BaHUMI U
paspabotok SKF.
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PacuéTHble cpenctea SKF

Mporpamma Orpheus

Mporpamma Orpheus no3sonseT U3yyaTb U
ONTUMW3MPOBATL AMHAMUYECKOE XapaKTepu-
CTUKM LLYMOB W BUOPALIMIA B OTBETCTBEHHbIX
0651acTaX NPUMEHEHU:A NOALLIMMNHUKOB, TaKMUX KaK
3MeKTpoABUraTenu v pegykTopsl. [lporpamma
TaKKe UCNosb3yeTca ANa peLleHUs HeNUHENHbIX
YPaBHEHWH OBUXKEHUS ONS NOALLMNHUKOBbIX
Y3108 U COMPSKEHHbIX JeTanew, Bkiodas 3y6-
yaTble nepeaayu, Banbl U Kopnyca.

Orpheus obecneuvsaeT rny6okoe NoHWMaHWe
IMHAaMWYECKOro NoBeAeHUs CUCTEMBI, BKTHOYAS
NOALIMNHKKK, C YYETOM OTKITIOHEHWUH POPMbI
nocafoyYHbIX NOBEPXHOCTEN W Nepekoca. 3To
nossonsaet uikeHepam SKF BbiBupats onTu-
MasbHbIM TUM M pa3Mep NOALLMMHKUKA, @ TaKKe
COOTBETCTBYHOLLIME YCII0BMS MOHTaXa W NpedHa-
TAra 4ns pacyeTHOM CUCTEMbI.

MporpamMma Beast

Beast — nporpamma SKF, nossonatoLyas nHxe-
HepaM BbINOMHATL TOYHOE MOfEeNUpoBaHue
LIMHAMUYECKUX YCIIOBUH BHYTPW NOALLMMHMKA.
E€ MoxHO paccMaTpuBaTh Kak BUPTyanbHbIM
UCNbITaTeNbHbIN CTeHS, KOTOpbIY No3sonseT
NPOU3BOAMTL NOAPOBHOE U3yHEHWE CUIl, MOMEH-
TOB ¥ OPYrMX NapamMeTpoB BHYTPH NOALLMMNHMKA
B YCNIOBMAX N1H0ObIX BUPTYaslbHbIX HAarpy3oK. 310
NO3BONSAET KUCMbITATb> HOBbIE MAEW U KOH-
CTpYKUMK B Bonee oKaTble CPOKKU M NPU 3TOM
nony4nTh BonbLUe OaHHbIX, YEM NPK NpoBege-
HWUW TPAOMLUMOHHBIX UCNbITAHWM.

Lpyrve nporpammsl

Hapsagy c BbilLeykasaHHbIMW NPorpaMMamy,
koMnaHuen SKF paspaboTaHbl cneyuanusmpo-
BaHHbIE KOMMNbHOTEPHbIE NPOrpamMMbl, NO3BONAHD-
wue cneunanuctam SKF npegoctasnsats KNueH-
Tam NOALLMNHUKM C ONTUMASIbHON
MOBEPXHOCTHOM 06paboTKOM, YTO No3BONAET
NPOASINTL CPOK CNYXKObI NOALLUMMHUKOB B TAXE-
NbIX YCIOBMAX 3KCNyaTauuu. ITW NPorpaMmsl
CrocoBHbl NPOM3BOAUTH PACYET TONLLMHBI CMa-
304HOM NNEHKMU B 30HE KOHTAKTa B peXKUMe 3n1a-
CTOrMAPOANHAMUYECKOro cMa3blBaHKs. Kpome
TOro, MOXeT BbITb NPOMU3BEAEH NOAPOBHbLIN pac-
YET NOKANbHOM TOMLLMHBI CMA304YHOM NIEHKH,
BO3HMKAOLLIEN BHYTPW TaKWUX KOHTAKTOB B
pesynbTarte fedpopMaLmu 06 bEMHON NOBEPX-
HOCTHOM Tonorpacduu 1 cnedyHoLLero 3a 3TuM

93



Bbi6op pasMepa nogwMnHUKa

YMEHBLLEHWA YCTANOCTHOMO pecypca
NOALIMMHMKA.

MHykeHepbl SKF Takke MCNONb3yHT NakeTsl
nporpamM, npefnaraemMbix ApyrMMu NocTaBLLmn-
KaMu, 48 BbINOSNIHEHWS, HAaNpUMep, aHanusa
METOA0M KOHEYHbIX 31eMEeHTOB UMW OUMHaMHUye-
CKOr0 aHanu3a cucTeM. ITW NPOrpaMMbl UHTe-
rpupoBaHbl B cucteMsl SKF ansa 6onee onepa-
TUBHOW M HaAEXHOM CBA3M C Ba3aMu JaHHbIX U
CAD-MonensaMu KOHCTPYKLIMKM KNUEHTOB.

MH>KeHepHbIW KOHCANTUHT
SKF

OCHOBHYH MHbOPMALIMIO, HE0BX0AUMYHO 419
pacyéTa U KOHCTPYMPOBaHWA MOALLMNHUKOBOrO
y311a, MOXHO HanUTW B JaHHOM kaTanore. OfgHako
6bIBakOT Crlyyau, korga TpedyeTcs MakcMMansHo
TOYHOE NPOrHO3MPOBaHHE OXMOAEMOr0o pecypca
NOALIMNHMKA B CUNY OTCYTCTBMSI [OCTAaTOYHOMO
OMbITa KOHCTPYMPOBAHWA NOLOGHBIX NOALIMMHM-
KOBbIX Y3/10B UMW B CHITY KpaMHeN BaXKHOCTH
TakWX nokasaTenemn, kak 3KOHOMUUHOCTb /UK
3KCNyaTauMOHHas HaAEXHOCTb. B Takux cny-
yanx LenecoobpasHo 06paTUTLEA B CryOy
UHXeHepHoro koHcanTuHra SKF. 3Ta cnyxba
NpeaocTasnseT ycnyry no pacyéTy U Mogenupo-
BaHWHO NPW NOMOLLIM NOCTOAHHO COBEPLLIEHCTBY-
FOLLIMXCA KOMMbHOTEPHBIX MPOrPaMM, a TaKKe Ha
0CHOBaHWM 0BLLMPHOIO OMbITa B 0611aCTH Y3108
BpaLLEHKS.

Takke, MOXeT ObITb NpefoCcTaBeHa TexHUYe-
CKast NoAAePXKKa C MCMoJb30BaHWMEM 0COObIX
«HOY-Xay> B 06/1aCTW NPUMEHEHWA NOLLLIMMHW-
koB. CneuuranucTsl TexHuyeckomn cnyx6el SKF
MOrYT 0Ka3aTb NOMOLLb B CNefyHoLLMX BONPOCaXx:

® aHaNM3 TeXHUYECKUX Npobnem

® MpennoXKeHWs No oNTUManbHOMY CUCTEMHOMY
peLueHnto

e BbIGOP NOAXOAALLEr0 CMA304HOr0 MaTepuana
M MeToJa CMasblBaHWs, a TaKXKe ONTUManbHOW
NporpamMMbl Texo6CnyskMBaHUa

Cnyx6a UHxeHepHoro KoHcantuHra SKF npea-
naraet HOBbIM NOAX0[ K CEPBUCHOMY 0BCITYXM-
BaHWHO 060PY0BaHMS W YCTAHOBOK A11S1 NOCTaB-
LLIMKOB 0B0PYA0BAHMS U KOHEYHbIX
nonb3osarenen. MpeunmMyLlecTsa Takoro
nogxoga:
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e ycKopeHue pa3paboTKK U NOCTaBKW TOBapa Ha
PbIHOK

® CHWXEHWe 3aTpaT Ha Peasiu3almrto NPOeKToB
6narofaps NpoBeaeHUIo BUPTYasbHbIX UCMbl-
TaHWM 10 HaYana CepMMHOro NPOM3BOACTBA

® ynyylieHue NnapameTpoB NoALMMNHAKOBOIO
Y31 3a CYET CHUXKEHWUS YPOBHEN LLIYMOB U
Bubpaumm

® yBeNMuYeHWe yaerbHOW MOLLHOCTU 060pyao-
BaHWA 33 CYET MOAMDUKALMM KOHCTPYKLMK

® yBesiMYeHWe pecypca 3a CYET ynyyLueHus
YCNOBMWH CMa3blBaHUA UK CUCTEMBI
YNIOTHEHWM

Cnewunanu3MpoBaHHble KOMAbHOTEPHbIE
nporpammsl

B pacnopskeHnn cneLmnanmucTos cysBbl Hxe-
HEepHOro KOHCaNTUHIa UMEHOTCA KOMMbOTEPHbIe
NporpaMMsl, NO3BONAOLLME peLuaTh cnegyro-
Liue 3agauu:

® aHAMUTUYECKOe MOLENMPOBaHWE bYHKLIMOHW-

POBaAHMA NOALLIMMHWUKOBbIX Y3108 C YY4ETOM

B3aMMOJENCTBMA CUCTEMBI, BKITHOYas Basbl,

KOpnyca, LIeCTEPHH, MydThbl U T. .

CTaTMYeCKUM aHanm3 Ans BbisIBNIEHUS YNPYruX

flebopMaumni U AeNCTBYHOLLIMX HANPAXKEHWH B

LIeTaNAX MEXaHUYECKMUX CUCTEM

® [MHaMWYeCcKui aHanu3 ans onpeneneHus
BO3MOXKHbIX BUOPALIMIA 1 PE30HAHCHbIX 4acToT
LN MEXaHUYECKMX CUCTEM B paBoyumx yco-
BMAX (BUPTyanbHoe UCnbITaHKe)

® BU3yanu3auus B PEXKMME aHUMaLMK CTPYK-
TYPHBIX U KOMMNOHEHTHbIX AedopMaLmi

® OMTUMM3ALMA CUCTEMHBIX 3aTpaT, CPoKa
cnyx6bl, ypoBHs BUBPALIMK U LLyMa

KpaTkoe onvcaH1e KOMNbHOTEPHBIX MPOrpamM,
ucnonb3yembix cneumanuctamu SKF ansa pacué-
TOB ¥ MOJENMPOBAHUS, MOXKHO HANTH B pasdene
«PacqétHble cpeqcrsa SKF» (= ctp. 92).

Llns nonyyeHus [ononHWTENbHOW MHbOPMa-
UMK 0 NpedoCTaBnseMbix ycnyrax oépatlanteck
B Bnmxanuee npeacrasutenscTso SKF.
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PecypcHble ucnbitanuna SKF

OestensHoctb SKF B 06nactv pecypcHbIX UCMbl-
TaHWM COCPeioToYeHa B HAyYHO-TEXHUYECKOM
ueHTpe SKF, pacnonosxeHHoM B HuoepnaHgax.
MMeroLeecs Tam ucnbiTaTensHoe o6opynosa-
HWe CepTUdULMPOBAHO NO CTaHAAPTY

SO 17025 1 He UMeeT aHanoros B NOALLMNHU-
KOBOW MPOMBILLISIEHHOCTU C TOYKM 3PEHUs BO3-
MOYKHOW CIIOMKHOCTH 3KCMEPUMEHTOB M KoSnye-
CTBA MUCMbITATENbHBIX CTEHAO0B. LieHTp Takke
0Ka3bIBAET Noaepsky paboTkl, BeayLLencs B
MCCNeaoBaTenbCkux NoapasneneH1ax KpynHem-
wwux npomssoacts SKF.

MposoguMsle SKF pecypcHble UcnbITaHUS
N03BOMAOT HENPEPbLIBHO COBEPLLEHCTBOBATbL
KOHCTPYKLMIO, MaTepuarsibl M NPoLIecCh NPous-
BOACTBA NOALLMMNHUKOB W CBA3AHHOW C HUMM
npoaykuru. Kpome Toro, Hay4YHo-uccnenosa-
TesbCkan feaTeslbHoCTb HeobxoauMma Ans pas-
paboTKK 1 HEeNPEPLIBHOMO COBEPLUEHCTBOBAHUS
UHXKEHEPHbIX MOZENeN, MCNOMb3yeMbIX 45 Npo-
eKTUPOBaHWSA ONTUMU3UPOBAHHbIX NOALLMMHU-
KOBbIX Y3/10B.

CraHaapTHble pecypcHble UCMbITaHWUA BKITHO-
4aroT TECTUPOBaHWe 06pasLoB NOALLMIHUKOBBIX
rpynn npu:

® pnaeanbHbIX yCNOBUAX CMasbiBaHUA

° OéeﬂHéHHOM CMasblBaHWK

® 3apaHee OI'IpE,ﬂEﬂéHHOM 3arpAsHeHnn cMa-
304HOro Matepuana

SKF Takxke NpoBoAMT PECYPCHbIE UCTbITAHUS ONs
CnedyroLLmMX Lenem:

® NpOBepKa COOTBETCTBMSA pearnbHbIX XapakTe-
PUCTHK U3LEMUI ONUCAHWSM, 3aABNEHHbIM B
KaTanorax

® KOHTPOJIb KAYeCTBa CEPUMHO BbINYCKAEMbIX
CTaHAAPTHLIX NOALMNHUKOB

® WCCNefoBaHKUE BIUAHMA CMA30YHbLIX MaTEpUa-
OB U YCIIOBMM CMa3blBaHUA Ha CPOK CITYyXObl
NOALLMMHMKA

® NPOAO/HKEHUE UCCIIEA0BAHUI KOHTAKTHO-
rMAPOAMHAMMYECKOW TEOPUM CMa3blBaHMsl
NOALLMMHWUKOB

® CpaBHEHWe C U30eNUAMU KOHKYPHUPYHOLLIMX
KOMNaHWM-Npon3BoanTENen

MeToauka ncnbITaHWK, OTNMYAFOLLAACS BbICOKUM
YPOBHEM aBTOMAaTH3aLIMK U CTPOr0 KOHTPOSMPY-
€MbIMKU YCNOBMSAMU, B COYETAHWUM C NOAPOOHBIMM
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PecypcHbie ucnbitanuns SKF

UccnenoBaHUAMKU NOCE UCMbITAHWM C TPUMeHe-
HWEM NepefoBOoro U BbICOKOTEXHOMOMMYHOMO
CNOXHOro 060pya0BaHu1s, NO3BONAET NPOBOAUTHL
CHUCTEMHBIM aHaNIM3 MHOrOhaKTOPHbIX 3KCMepH-
MEHTOB 19 BbIABIEHWA NPUYWH, BIUAOLLIMX Ha
pecypc noALLMNHMKA.

Bblcoko3ad pekTHBHbIe 3HeprocbeperatoLme
noALwmnnHukv E2 1 nogwmnHmkm knacca SKF
Explorer aBnaroTcs npyMepoM onTUMM3aLIMK Ha
0CHOBE aHANUTUYECKUX UMUTALIMOHHBIX MOJe-
NEeN M 3KCNePUMEHTaNbHOMO NOATBEPXKAEHHA Ha
YPOBHE OTAeNbHbIX feTanew 1 NoALLUMHUKOB B
cbope.
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TpeHue

TpeHue B NOALLUMMNHUKE KaYeHns onpenenser
WMHTEHCMBHOCTb TEMMOBbIAENIEHMS B NOALLMM-
HUKe. BenuuuHa cunbl TPEHUs 3aBUCUT OT BHELLI-
HEM HarpyskK U HEeKOTOPbIX APYrux ¢dakTopos,
BKNHOYan:

® TWN W pasMep NoALLMNHKKA

* pabouyto YacToTy BpaLLeHus

® CBOWMCTBA M KONWYECTBO CMA304YHOIO
MaTepuana

O6bLiee coNpoTUBIIEHWE BPALLEHWIO NOALLIWM-
HUKa SBIAETCA PE3yNbTaToOM TPEHUSA KaYeHUs 1
TPEHMS CKOMbXKEHMS B 30HAX KOHTAKTa Mexay
Tenamu v JOpPOXKKaMMK KauyeHusa, TeNamu KadeHns
1 CenapaTtopoM, a TakKe Mexy TeNlaMu KaueHus
¥ APYrMMW HaNPaBnAMLLMMU NOBEPXHOCTAMM.
Tpenue Takke o6pasyeTcs BCencTBUE CONpo-
TUBMEHHWS NepemMeLLeHno CMa304HOro MaTepu-
ana v u3-3a UCNosb30BaHMs KOHTAKTHBIX
YNIOTHEHWHN.

OueHka MOMeHTa TpeHHna

HDM OI'IpE,I]EJ'IéHHbIX YCNoBUAX MOMEHT CHUN Tpe-
HUA MOXXHO paccymTaThb C ,ﬂOCTaTO‘-IHO;i TOYHO-
CTbH), UCNONb3yA MOCTOSAHHbIN KO3dPULMEHT
TpeHua J. Takumu YCNoBUAMHK ABNAHOTCA:

e Harpyska Ha nogwmnuuk P = 0,1 C
® MpaBM1IbHOE CMa3blBaHUe
* HOpMasbHble paboyue ycnosus

le/l HanM4nn OaHHbIX ycnoawﬁ MOMEHT Cu1n
TpeHus onpegensaeTca No ¢opmyne

M =05uPd

Lns pagnanbHbIX MUrofbyYaThiX PONMKONOALLIMM-
HWKoB BMecTo d ucnonbayetcs F unu Fy,.

roe

M = MoMeHT TpeHus [H-mm]

I = NOCTOSHHbBIM KO3IPPULIMEHT TPEHUS ANs
nogwunHuka (= Tabnuua 1)

P = akBMBaneHTHas AMHaMMyYeckas Harpyska

Ha noALMNHKK [H]

d = auMameTp 0TBEPCTMA NOALIMNHMKA [MM]

F = avMaMeTp AOPOXKHW KauyeHus BHYTPeHHero
konbua [MMm]

F = AMaMeTp noa ponukamu [Mm]
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Tabnuua 1

MoCTOAHHBIN KO3 PULHUEHT TPEHUA | ANA OTKPLITIX

NOALIMNHNAKOB
(NOALIMAHMKN 63 KOHTAKTHBIX YNIOTHEHHH)

Tun noAawmMnHUKa Koadpdpu-
UneHT
TPEHUA |

PaguanbHble WapUKONOALWWNHUKKA 0,0015

Pagua. y

— 0fHOpSaHblE 0,0020

— [BYXpAOHbIE 0,0024

— C YeTbIPEXTOYEYHbIM KOHTAKTOM 0,0024

CamoycTtaHasnuBatowmecs 0,0010

LIApPUKONOALWINNHWKK

LinnuHapuyeckue ponuKonoaLWMNHUKA

— c cenapatopoM, ecnu F, = 0 0,0011

— 6eccenapatopHsle, ecnu F, = 0 0,0020

Uronb4aTtbie ponMKONOALWNNHWUKY C 0,0020

cenapaTopom

K KHe p: 0,0018

Coepryeckne ponuKoNoALWMNHUKN 0,0018

TopouaanbHble PONMKONOALWNNHUKA 0,0016

CARB c cenapatopoM

Ynop p 0,0013

YnopHble uunuHapuueckue 0,0050

PONUKONOALINNHUKN

YnopHsie uronsyatele ponukonogwunumkn  0,0050

YnopHblie cpepuyeckue ponukonogwmnniukn 0,0018
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Mogenb SKF onsa pacyeta
MOMEHTA TPEeHUS

3aBUCMMOCTb MOMEHTa TPeHWs CTaHAapTHOro
NOALLMNHKMKA OT YaCTOThl BPALLIEHWSA UM BA3KO-
CTM CMa304HOM0 MaTepuana npejcTasneHa Ha
anarpamme 1. B npouecce nycka (3oHa 1), ¢
YBESIMUYEHUEM HYACTOTbI BPALLEHUA UMW BA3KOCTH
BENMYMHA MOMEHTa TPeHWS YMEHbLLIAETCH, TakK
KaK MeXy [ABMXKYLLIMMUCH NOBEPXHOCTAMM dop-
MUpYeTCa ruapoauHaMmyeckas (cMasodHas)
nnéxka. Mo Mepe yBenuyeHWs 4acToThl BpaLLe-
HUA MU BA3KOCTM C NEPeX0f0M NOALLMMNHKKA B
NONHOCTLHO 3M1aCTOMMAPOAUHAMUYECKUI PEXKUM
pabotbl (EHL) TonwmHa rugpoamMHaMmMyeckoro
MacnsHOro C10A PacTéT (ysenuueHue 3HaueH s
K, €Tp. 241), 4TO TaK >Ke yBenny1BaeT TpeHue
(30Ha 2). Mpu ganbHerLWeM yBenUYeHUK
4aCTOTbl BPALLIEHWs UMK BA3KOCTH JOCTUraeTcs
onpefenéHHbI npegen, Npy KOTOpoM NPomc-
XOQMT «KMHEMaTMYeCKOe CMa304yHoe rofoda-
HWME> W Harpes CMa304HOro MaTep1ana, uto
NPUBOAMT K CTABUIM3ALIMM UK AAXKE CHKEHUHO
cun TpeHus (3oHa 3).

LononHuTensHas MHpopMaLUa NpUeBeaeHa B
pasgenax «Ko3¢ppULMEHT yMeHbLLIEHHS BA3KO-
CTH 30 CYET HArpeBa CMasoyHoro MAaTepHands
(= cTp. 101) 1 «K03pPHLMEHT yMeHbLLEHHS B

Mogenb SKF nns pacyérta MOMeHTa TpeHus

pexuUMe KMHeMaTMyeckoro CMasoyHoro rooqd-
Hua» (= crp. 102).

[ns ToyHoro pacyéTa o6LLiero MoMeHTa Tpe-
HWA B NOALLUMMHMKE KaYeHWs CrefyeT yuynuThiBaTh
cnenyroLLMe NPoLeccsl C y4&ToM Ux Tprbonoru-
4ecKoro BO3eNCTBUS:

® MOMEHT TPEHWS KayeHHs C YYETOM IdbdeKkTa
CMa304HOro ronofaHMs Ha BbICOKMX YacToTax
BpaLLIEHMWs M HAarpesa CMa3o4YHOro MaTepuana

® MOMEHT TPEHWA CKOMbXEHWUS U ero BAUsHWUE
Ha KayecTBO CMasbiBaHUs

© MOMEHT TPeHUA yNoTHeHWs (YNNoTHeHUK)

® M0Tepu Ha CONPOTHBIEHHWE, BCMEHWBaHUe,
pasbpbiarvBaHve U T. O.

Mogens SKF ana pacyéta MoMeHTa TpeHus
[I0CTaTO4HO TOYHO COOTBETCTBYET peasibHbIM
YCNoB1AM paboTkl NOALLUMMHMKA, TaK KaK Npy pac-
YETe YYMTBLIBAFOTCA BCE KOHTAKTHbIE 30HbI, COBpE-
MEHHbIE KOHCTPYKTUBHbIE U3MEHEHWA W yCOBEp-
LeHcTBOBaHUA nogwunHukos SKF, a Takxke
BIMAAHWE BHYTPEHHWUX W BHELLHWUX PaKTOPOB.

[Munarpamma 1

MomeHT TPEeHWA B NOALWNNHAKE B 3aBUCUMOCTH OT HacTOTbl BPALLLEHHUA UK BASKOCTH CMA30OYHOro MaTepuana

M

3oha 1: CMellaHHoe cMasbiBaH1e

3oHa 2: InactorgpoarHaM1yeckoe cMassisanue (EHL)
3oHa 3: EHL + TennoBoi 3 peKT 1 3pdeKT CMa3ouHOro ronogaHus

akF
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TpeHue

Mogens SKF nns pacyérta MOMeHTa TpeHu1s
BK/IHOYaeT

M= Mrr + Msl + Mseal + Mdrag

roe

M = 0BLMi MOMEHT TPeHUs

M, = MOMEHT TPEHUA KaueHWs

Mg = MOMEHT TPEHUA CKOMbYXKEHNS
(= cTp. 103)

Mgeal = MOMEHT TPEHUA YNNOTHEHHI
(= cTp. 109)

Mdrag = MOMEHT TPEHHS 13-3a CONPOTUBNEHHUS,
B36anTbiBaHWs, pa3bpbI3arvBaHua U T. A.
(= cTp. 110)

Mognens SKF, npeanaraemas ons ucnonb3osa-
HWA B MHXKEHEPHbIX pacyéTtax, NonyyeHa Ha
0CHOBaHWK BosIee CIOXKHbIX BbIYUCIUTENbHBIX
mogenen, paspabotantbix SKF. Ona o6ecneun-
BaeT NONyYeHUe NPUBSIMKEHHBIX 3HAYEHWI ANA
cnegyroLLnx paboymx YCnoBum:

® MpU CMasbIBaHWM MNNACTUYHONM CMA3KOM:

— paboTa TONbKO B YCTAHOBMBLLIEMCA PEXUME
(nocne HeckonbkMx yacos paboTbl)

— nnacTWyYHas cMaska C 3arycTuTenem Ha
0CHOBE MWHepanbHOro Macna v NMTUeBoro
Mblfa

— 3anonHeHue cBo6oaHOro NPOCTPAHCTBA
BHYTPW MOALLMMHWKA NPUBSIM3UTENBHO Ha
30%

— Temnepatypa okpyxaroien cpegbl 20 °C
(70 °F) unu Bbiwe

® NPW CMa3biBaHWW MAC/IOM:

— CMa3blBaHWE MaCcNsHOW BaHHOM, BNPbICKOM
Macrna Mnu MacnoBo3ayLLHOEe CMasblBaHWe

— IManasoH Bs3KocTv oT 2 4o 500 MM2/c

® Harpysku pasHbl UM NPEBbLILLIAT PEKOMEH-

LlyeMyro MUHUMaSbHYH HarpysKy, 4To COCTaB-

NAET KaK MUHUMYM:

- 0,01 C gns waprkonogLwUnHUKOB

- 0,02 C ons ponvkonoaLwmMnHUKOB

® Harpysku NOCTOAHHbLI N0 BEMUYMUHE U

HanpasfieHnto

® HOpMasbHbIW BHYTPEHHWI pabounii 3a30p
® MOCTOAHHAA YacToTa BpaLLeHus, He NpeBbl-

LUAOLLIAR AONYCTUMYHD

Lnsa cnapeHHbIX NoALWMNHUKOB TpebyeTcs npo-
M3BECTM PACYET MOMEHTA TPEHWA OTAENbHO ANs
KaXaoro NoJLUMNHKKA, a 3aTeM CI0XKMTb Nony-
YeHHble BeIMYMHbI. PaguansHas Harpyska pac-

100

npenenaeTca paBHOMeEpHO MeXxay nsyma non-
wmrnHukamu. Ocesas Harpyska pacnpegenaerca
mexay nogumrnHUKamMmn B 3aBUCUMOCTHU OT CXEMbI
NX YCTAHOBKH.

MomeHT TPEHUA KayeHunqa

MomeHT TPEeHUA Ka4eHUA MOXXHO onpeadennTb C
NOMOLLIbHO dOPMYIbl

Mrr = dish Prs Grr (V n)0’6

roe

M, = MOMEHT TpeHus KaueHus [H-mm]

®ish = NOHWKAFOLLIMI KO3 DULMEHT 3a CHET
Harpesa CMa30y4HOro Matepuana

drs = NOHWKAFOLLIMI KO3 DULMEHT B PEXHUME

KMHEMaTMYeCKOro CMa304HOro FoNoAaHHs
(= cTp. 102)

G,y = nepemenHas (= Tabnuua 2, ctp. 104),
3aBMCALLAA OT CNedytoLLMX nokasaTenen:
® TUN NOALUMMHMKA
° cpefHWi aMaMeTp NoaWwKnHUKa dpy, [Mm]

=0,5(d+D)
e paguanbHas Harpyska Fy [H]
e ocesas Harpyska F, [H]

n = yacToTa BpaLleHus [06/MuH]

vV = dakTHyeckas paboyan BA3KOCTb Macna
unu 6a30B0ro Macna NNAcTUYHOM CMa3sku
[Mm2/c]

$opMynbl, NpefcTaBneHHbIe B JaHHOM pasgene,
npeaycMaTpUBatoT NOBOMLHO CIOXKHbIE pac-
YeTbl. MNoatomy SKF HacTosaTenbHO pekoMeHayeT
BbIYMUCNATE MOMEHT TPEHUS C UCMOSb30BaHUEM
PaCYETHBIX CPEACTB, AOCTYMNHbIX Ha canTe skf.ru.
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MoHWKaroLWKUM K03 PULMEHT 3a CYET Harpesa
CMa3oy4yHoro MaTepuana

He BCé KonuyecTBo CMa3o4HOro MaTepu1ana,
MCMOMb3yeMoro B NOALIMMHUKE, MOXKET NPOMTH
yepes NoBEPXHOCTb KOHTAKTa JOPOXKKM U Ten
KauyeHus. JTMLLb 04eHb Masioe KoNMYecTBo cMa-
304HOT0 MaTepMarna UCnosb3yeTca Ans GdopMU-
POBaHUA CMa304HOM NNEHKK. TakMM 06pasoMm,
HEKOTOPOE KOMMYECTBO Mac/a, Haxo4aLerocs
BONM3M 30HbI KOHTAKTa, OTOPACkIBAETCA TENOM
KayeHua 1 o6pasyeT oBpaTHbIM NoTok (—> puc. 1).
B 06paTHOM NOTOKe NPOMCXOAMT CABMI CII0EB
CMa304HOro MaTepuana C BblgesieHuem Tensna.
Harpes cHWaeT BA3KOCTb Macna u, kak cnef-
CTBME, YMEHbLUAETCS TOSLLIMHA CMA304HOM
NAEHKM U BENIMYMHA CUI TPEHUA KAYEHUA.

Lnsa yyéra ykasaHHOro BbiLe 3bdeKTa
MCMOMb3YETCs NOHWXKAOLLIMM KO3PDULIMEHT 3a
CYET Harpesa CMa304HOro MaTepuana, BblYMcia-
eMbI1 Mo dopMyne

1
1+1,84x107% (ndy,)b28 V0064

bish =

roe
®ish = NOHWKAFOLLIMI KO3 DULMEHT 3a CHET
Harpesa CMa30y4HOro MaTepuana

(= nmnarpamma 2)

yactoTa BpaLleHus [06/mMuH]

dp = CpemHui AuaMeTp NofLLIMNHKUKa [MM]
=0,5(d+D)

dbaKTHyeckas paboyan BA3KOCTb Macna
unu 6a30Boro Macna NNAcTUYHOM CMaskm
[Mm2/c]

=]
n

<
n

akF

Mogenb SKF ans pacyéta MOMeHTa TpeHus

OBpatHbii
noToK

n

Puc. 1

[Munarpamma 2

T 33 CYET Harpeea cMa3o4Horo

Pish
1,0 4
0,91
0,84
0,7 4
0,6 1
0,5 4
0,44
0,34
0,24
0,1

k03D UL

Matepuana dish

0
0

04 08 12 16

2,0 x10°

(n dm)1.28 vO.bA
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TpeHue

MOHWKAKOLWKUHN KOIDPULIUEHT B pEXXMUME
KMHEMATHYEeCKOro CMa30yYyHOoro rofoaaHus

B ycnosusx MacnoBo3ayLLIHOro cMasbiBaHus,
CMa3blBaH1s BNPbLICKOM Macfa U MacNaHoM BaH-
HOW C HU3KMM ypoBHEM Macna (korga yposeHb
Macna H Hue LleHTpa caMoro HUXKHero Tena
KaueHus), a Takxke CMa3sbliBaHUA NNACTUYHOM
CMa3KOoM HenpepblBHOE NepeKaTkiBaHWe Ten
KayeHWs COMpOoBOXKOAETCH NEPEHOCOM M3MULL-
HEero CMa3oy4HOro MaTepyana 13 30H KOHTaKTa
LIOPOXEK W Ten KayeHus. B cnyyae Bbicokon
YacToTbl BPALLEHUS UMK BA3KOCTW CMA304YHOMO
MaTepuana, B 30HaxX KOHTaKTa [JOPOXeK v Ten
Ka4yeH st MOXKET He NPOMCXOOUTL CBOEBPEMEH-
HOT0 NOMONHEHUS CMA3KH, YTO BbI3bIBAET 3 dEKT
«KMHEMATUYECKOro CMa30YHOro rofnoAaHus.
KuHemaTHyeckoe cMa3oyHoe ronodaH1e nNpueo-
IMT K YMEHbLLIEHWHO TOMLLMHbI FTMAPOAMHAMUYe-
CKOW CMa304HOM NNEHKM (yMeHbLLEHWE 3HaYeHHs
K, €TP. 241) 1 BENWUYUHBI CUN TPEHWUA KaYeHMs.

Lns onucaHHbIX BbiLLe YCIOBUI CMa3blBaHWS
PaCYET KO3PPULMEHTA YMEHBLLIEHWS B PEXKUME
KMHEMaTHYeCKoro CMa3oyHOro rofloAaHus
BbINOMHAETCA N0 popMyne

1

) eI:KrSvn (d+ D). /ﬁ]

s = NOHMKANOLLIMIA KOIDDULMEHT B PEXKMME
KMHEMATMYECKOro CMa3oyHoro rofiofaHus
e = OCHOBaHWe HaTypanbHoro norapudma
= 2,718
K.s = KOHCTaHTa CMa304HOro ronofaHus:
= 3 x 1078 B ycnoBusx cMasbiBaHus
BMNPbICKOM Macfa Unu NOHUKEHHOr 0
YPOBHS Macna B MacnsaHOM BaHHe

= 6 x 1078 B ycnosusx MacnoBO3ayLUHOMO
CMa3blBaHWUA UMK CMa3bIBaHKS
MNacTUYHOM CMa3KoM

Kz = reomeTpuyeckas KOHCTaHTa, 3aBucALLas
0T TWna noawwmnHuka (= Tabnuua 5,
crp. 112)

vV = daKTuyeckas paboyas BA3KOCTb Macna
unu 6a30B0ro Macna nacTUYHOM CMasku
[Mm2/c]

n = yacToTa BpaLleHus [06/MuH]

d = gMameTtp oTBepCTMA NOALIMMHUKA [MM]

D Hapy>KHbIM AMaMeTp NoALWMIHWKA [MM)
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MomeHT TPEHUA CKONbXXEeHHUA

MomeHT TPEHUA CKONbXXeHWAa MOXKHO onpene-
JNIUTb C NOMOLLIbHO OPMYNbI

Mg = Gg| Hs|
roe
M| = MOMEHT TPeHUA CKoNbXeHUs [H-MM]

nepemenHas (—> Tabnuua 2, crp. 104),

3aBMCALLIAR OT CRedyoLLIMX nokasaTenen:

© TMN NOALLMMHMKA

° CpefHWi aMaMeTp NoAWMUNHUKA dpy [MM]
=0,5(d + D)

e paguanbHas Harpyska Fr [H]

e ocesas Harpyska F, [H]

Hgl = KOIDOULMEHT TPEHWSA CKOMBXKEHMA

sl

BnuaHne cMasbiBaHMA Ha BENTIMYUHY TPEHUA
CKONbXeHua

KO3¢CPMLM€HT TPEHUA CKONbXXEHUA B yCNOBUAX
CMa3blBaHKA C 06pa3OBaHMEM I'IOJ'IHOLI,EHHOﬁ CMa-
304HOM NMAEHKKU U B peXxmMMe CMeLlaHHOro TpeHua
MO>XHO BbIYUCNINTb C MOMOLLIbFHO OPMYNbI

Hsi = dpi Hpi + (1 = dpi) HenL

roe

Ug = KOIDPULIMEHT TPEHUA CKOMBKEHNS

&bp| = BECOBOM KO3 DULIMEHT MOMEHTA TPEHMS
CKOMbYXKEHUS
_ 1

02.6x1078 (nv)1 dm
(= awnarpamma 3)

e = 0CHOBaHWe HaTypanbHOro norapudmMa
= 2,718

n = yactoTa BpatleHus [06/MuH]

vV = daKTHyeckas paboyas BA3KOCTL Macna
nnu 6a30B0ro Macna NNacTUYHOM CMasku
[Mm2/c]

dm = CpemHui AMaMeTp NofLUMMHKUKa [MMm]
=0,5(d + D)

Hpl = KO3 DULMEHT, 3aBUCSALLMIM OT KOMNNeKca
NPUCaNoK B cMaske, 06bIYHO paBHAETCA
=0,15

HEHL = KO3 PULMEHT TPEHUS CKOMNbXKEHUS B

yCrnoBuax 06pa3oBaHUs NONHOLIEHHOM

CMa304YHOM NAEHKK

3HaYeHus Ons KeHL:

¢ 0,02 ong UMNUHOPHUYECKMUX
POSIMKONOALLIMMHWUKOB

akF

Mogenb SKF nns pacyérta MOMeHTa TpeHus

e 0,002 ona KOHUYECKMX
POSIMKONOALLMMHWUKOB

Lpyrve noawmnHUKK

¢ 0,05 onsa cMasbiBaHMA MUHepanbHbIMU
Macnamu

e 0,04 ong cMa3biBaHUA CUHTETUYECKUMMU
Macnamu

e 0,1 ona cMa3biBaHMA
TPAHCMUCCUOHHBIMM XKUOKOCTAMM

,D,uarpamma 3 0TpaXkaeT 3aBUCUMOCTb BECOBOIro
K03dPpHLMEHTA MOMEHTA TPEHMA CKONbXKEHNA OT
ycnoswﬁ CMasblBaHUA:

¢ B ycnosuax 06pa3oBaHuUa NONHOLEHHOM cMa-
304HOM NNEHKK (COOTBETCTBYHOT 6ONbLIMM
3HaYeHUAM K, €Tp. 241) BennunHa BECOBOrO
K03 PULMEHTA MOMEHTA TPEHUS CKOMBXKEHMS
dp| CTPEMUTCS K HYTHO.

o [1p1 HU3KOM BA3KOCTM CMA3KKU UMM NPU HEBbI-
COKOM YacToTe BpaLLeHus, Koraa NoALwmnHUK
paboTaeT B peXxMMe CMeLLaHHOMo TPeHUS,
BeSIM4YMHA BECOBOro K03 PULIMEHTA MOMEHTA
TPEHUS CKOMbXXEHUS dp| CTPEMUTCA K 1, TaK
KaK BO3MOMeH HEeMOCPeCTBEHHbIN KOHTAKT
LOPOXEK M TeNn KayeHus, a Takke yBenuymea-
eTcs TpeHue.

[Munarpamma 3

BecoBoi KO3 PULMEHT | MOMEHTA TPEHUA CKONbBKEHUS

Pl
1,0 1

0,9 1
0,8 1
0,7 1
0,6 1
0,5 1
0,4 1
0,3 1
0,2 1
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TpeHue

Tabnuua 2a

Feuule‘rpuqel:me W 3aBUCALLIME OT Harpy3ku nepeMeHHble ana pacué'ra MOMEHTOB TPEHUA KAYEeHUA U CKONbXeHUA — paguanbHblie

NoAWNUNHAKKU

Tun noawmnnHuKa Mep TpeHus MepeMeHHan TPEHUA CKONbLXKEHUA
Grr Gsl
PaguanbHble WapUKONOALWNNHUKA ecnnF,=0 ecnmF,=0

Gry = Ry d, 19 F,054

ecnmF,>0

Gyr =Ry d 2% ( Fr+

R, _ |05
sinag ° ]

ag = 24,6 (F/Co)024[°]

Gy =51 dm—0,26 Fr5/3

ecnmF,>0 ’
1/3
L S2dn®®

Gt = 51 dy 0145 (F5 + =2
sl 1 8m r sin o a

PaguansHo-ynopHsie

Grr = Ry dy ™7 [Fr + Fg + Ry Fy 054

Gt = 51 dn28 [(Fr + Fg)*3 + S, F,4P)

LuapMKononuJunHMKul)

Fg=R3dy’n? Fg=S53dmn?
LWap € YeTbIPEXT M Gy =Ry d ™7 [Fr + Fg + Ry Fy] 054 Gt = 51 dnO28 [(Fr + Fg)*3 + S5 F,4R)
KOHTAKTOM

Fg=R3dp*n? Fg=S3dm*n?
CaMoycTaHaBnuBatowmecs Grr = Ry dy? [Fr + Fg + Ry Fy |05 Gt = 51 dn 12 [(Fr + Fg)*3 + S5 F43)
LWapUKonogLWHUNHUKHA

Fg=R3 dp>° n?

Fg =53 dm>°n?

LlMﬂMHADH‘IECKMe PONUKONOALWNHUKK

G" = Rl dmZ,Al FrU.Bl

Gs1=51 drno'9 Fa+Sod Fr

K Kue pi 1)

KoagduuuenT ocesow Harpysku Y ans
OfIHOPAAHBIX NOALWNNHWKOB NPUBEAEH B
—> TabauLb NOAWNNHUKOB

Gyr = Ry d>38 (Fr +RyY Fa)0'31

Gs= 51 dn 282 (F, + S,V F,)

Coepuyeckue ponuKonoaWMNHAKKY

Grre = Ry dy 185 (Fr + Ry Fp)054
Gyry = R3 d?? (Fr + R, Fy)%31
ecnu Grre < Gy

Ei=Cie

B NPOTMBHOM Cry4ae

Grr = Grry

Goe = S1.dr®25 (F4 + S, F )43
Gai = 53 A% (F3 + S, F,3)13
ecnm Ggj e < Gy

G = Gge

B NPOTVBHOM CnyYae

Gy = Gel

TopoupansHbie ponukonoawnniuku CARB

ecnn Fr < (Ry185 d,, 078/R, 1.85)235
G" 5 Rl dm1,97 FrO.SA
B MPOTUBHOM Criy4ae

G” - RZ dm2'37 Fr0'31

ecnn Fy < (Sp dm24/54 )12
Gy =S d, 019 F 53
B NPOTMBHOM Cryyae

Gy1=5Sz dm:l'o5 Fr

B Tab 3,4

[eoMeTpryeckie KoHCTaHTbI R 'S np

5 co cTp. 105.

06a BiAa Harpy3ok, F; 1 F,, BO BCeX Cyyasx CYMTAIOTCA NONOXKUTENBHBIMM.
1) B kauecTe BenUUMHbI F, JOMKHA UCMONL30BATLCS BENMUMHA BHELLHEN OCEBOM HATPY3KM.
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Feumerpuqecme W 3aBUCALLIME OT Harpy3ku nepeMeHHble ana pacuETa MOMEHTOB TpeHHUA

NoAWNUNHAKKU

Tun noawmnHuka

Mogenb SKF nns pacyérta MOMeHTa TpeHus

MNep TpeHua
GIT

Tabnuua 2b

MNep TPEHHUA Ck SKEHU
Gsl

Gy = Ry dy 183 F,0.56

Gy = S d, 005 F,4/3

YnopHble UMAMHAPHUYECKUE PONMKONOAWNNHUKM G = Ry dp238 F,0.31

Gy =51 l:lmo'62 Fa

YnopHble cpepruyeckue ponuKonoaLIMIHUKK

Grre = Ry d % (F, + Ry F,)0.54
Gyri = R3 dp237 (F, + Ry F,)032
ecnu Gyre < Gy

Grr = Grre

MHaue

Grr = Grr

Feumerpuqecme KOHCTaHTbI Ans pacuéra MOMEHTOB TPEHHUA KAYeHUA U CKONbXEeHUA

Tun nogwMnNHKKa

reometpuqecme KOHCTaHTbI
AN MOMEHTOB TPEHWUA Ka4YeHus

Gsle =51 dm—o'35 (FrS/3 +S F35/3)
Gat1 = 53 dn®? (F, + F)
ecnu Gge < Gy

Gr = Ggl e C

WHave

Ger = Gyl
Gt =S4 dy®76 (Fr + S5 F)
Gy

Gy=God—o—
s| = Dsr o107 (o)t d,,

Tabnuua 3

AN MOMEHTOB TPEHUA CKONbXKEHUA

R1 Ra R3 S1 S, S3
PagnansHble Wap1KonoaWUNHUKK (—> Tabnunua 3a) (—> Tabnunua 3a)
Papua. y p
— ofHOpSAAHbIE 5,03x1077 1,97 1,90 x 10712 1,30 x 102 0,68 1,91 x 10712
— NBYXPAOHbIE 6,34 x1077 1,41 7,83x1013 7,56 x1073 1,21 7,83x1013
— C YeTbIPEXTOYEYHbIM KOHTAKTOM 4,78 x1077 2,42 1,40 x 10712 1,20 x 102 0,9 1,40 x 10712
CamoycTaHasnusarowmecs (—> Taénuua 3b) (—> Tabnuua 3b)
LIAPUKONOALIMNHUKN
LinnuHapuueckue p (—> Tab 3c) (—> Tabnunua 3c)
K Kue p (—> Tabnuua 3d) (—> Tabnuua 3d)
Ccepuyeckne ponMKoNoaWHUNHUKK (= tabnuua 3e) (= Tabnuua 3e)
TopouaansHbie p (= Tabnuua 3f) (—> Tabnuua 3f)
CARB
Ynop P 1,03x10° 1,6 x 102
YnopHble uunuHApUYecKue 2,25x10°¢ 0,154
PONMKONOALINMHUKN
YnopHble cpepuyeckue (= tabnuua 3g) (= tabnuua 3g)

PONUKONOALIUNHHUKHU

akF
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TpeHue

Tabnuua 3a

Feumerpuqel:l(ue KOHCTaHTbI Ans pacuéra MOMEHTOB TPEHWUA KAa4eHUA U CKONbXEeHUA paguanbHbIX LWAPUKONOALWUNHWUKOB

Cepua NoALWIMNHUKOB [eoMeTpUYecKUe KOHCTaHTbI

ANA MOMEHTOB TPEHUA KaYeHUA ANA MOMEHTOB TPEHUA CKOJNbXKEHUA

Ry R> S1 55
2,3 4,4 x107 1,7 2,00x 1073 100
42,43 5,4 x107 0,96 3,00x1073 40
60, 630 4,1x107 1,7 3,73x1073 14,6
62,622 3,9x1077 1,7 3,23x1073 36,5
63,623 3,7x107 1,7 2,84x1073 92,8
64 3,6 x1077 1,7 2,43x1073 198
160, 161 43x1077 1,7 4,63x1073 4,25
617, 618, 628, 637, 638 4,7 x107 17 6,50 x 1073 0,78
619, 639 43x107 1,7 4,75x1073 3,6

Tabnuua 3b

Feomerpuqecxue KOHCTaHTbI Ana pacuéra MOMEHTOB TPeHUA W Cl camoyct A
WapUKonoaLWHUNHAKOB
Cepml nogWHUNHUKOB I'eometpuqecuue KOHCTaHTbI

AN MOMEHTOB TPEHWUA KaYeHUs ANA MOMEHTOB TPEHUA CKOJNbXKEHUA

Ry R2 R3 S1 S2 S3
12 3,25x 1077 6,51 2,43x10712 4,36 x1073 9,33 2,43 x10712
13 3,11x107 5,76 3,52x10712 5,76 x 1073 8,03 3,52x 10712
22 3,13x1077 5,54 3,12x10712 5,84 x 1073 6,60 3,12x 10712
23 3,11x107 3,87 5,41 x 10712 0,01 4,35 5,41 x 10712
112 3,25x1077 6,16 2,48 x10712 4,33x1073 8,44 2,48 x 10712
130 2,39x1077 5,81 1,10x 10712 7,25x1073 7,98 1,10x 10712
139 2,44 x1077 7,96 5,63 x 10713 4,51x1073 12,11 5,63 x 10713
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Mogenb SKF nns pacyérta MOMeHTa TpeHus

Tabnuua 3c

Feumerpuqel:l(ue KOHCTaHTbI Ans pacuéra MOMEHTOB TPEHUA KAYeHUA U CKONbXEeHUA LUNUHAPHUYECKUX PONTUKONOALWKWNHWUKOB

Cepu1a NOALWIMNHUKOB [eoMeTpUYecKUe KOHCTaHTbI
ANA MOMEHTOB TPEHWA KaueHus AN MOMEHTOB TPEHWSA CKONLXKEHUA
Ry S1 Sz

Noawwunnukn Tunos N, NU, NJ unn NUP c cenapatopom

2,3 1,09x10°¢ 0,16 0,0015

4 1,00x 107 0,16 0,0015

10 1,12x10°® 0,17 0,0015

12,20 1,23x10°® 0,16 0,0015

22 1,40x 107 0,16 0,0015

23 1,48 x 107 0,16 0,0015

Mo, noBb W rpy AbEMHOCTH ¢ cenapaTopom Tunos NCF .. ECJB, RN .. ECJB,

NJF .. ECJA, RNU .. ECJA unun NUH .. ECMH C
22 1,54 x10°¢ 0,16 0,0015

23 1,63x107® 0,16 0,0015

BeccenapatopHble nogwunuukn Tunos NCF, NJG, NNCL, NNCF, NNC unu NNF
Bce cepun 2,13 x10°® 0,16 0,0015

Tabnuua 3d

Feumerpuqel:l(ue KOHCTaHTbI Anf pacuéra MOMEHTOB TPeHHUA Hnc KUX P

Cepua nogwnnHMkoB  [eoMeTpUYeCcKUE KOHCTAHTbI

ANA MOMEHTOB TPEHUA KaYeHHUA ANA MOMEHTOB TPEHUA CKONbXXEHUA
R1 Ry S1 Sz
302 1,76 x10°¢ 10,9 0,017 2
303 1,69x10°¢ 10,9 0,017 2
313 (X) 1,84 x 107 10,9 0,048 2
320X 2,38x10°¢ 10,9 0,014 2
322 2,27 x10°¢ 10,9 0,018 2
322B 2,38x10°¢ 10,9 0,026 2
323 2,38x10°¢ 10,9 0,019 2
323B 2,79 x 107 10,9 0,030 2
329 2,31x10® 10,9 0,009 2
330 2,71x10°¢ 11,3 0,010 2
331 2,71x10°¢ 10,9 0,015 2
332 2,71x107® 10,9 0,018 2
LL 1,72x10°¢ 10,9 0,0057 2
L 2,19x10°¢ 10,9 0,0093 2
LM 2,25x10°% 10,9 0,011 2
M 2,48 x10°¢ 10,9 0,015 2
HM 2,60x10°¢ 10,9 0,020 2
H 2,66 x10°¢ 10,9 0,025 2
HH 2,51x10°¢ 10,9 0,027 2
Bce ocTanbHble 2,31x10°% 10,9 0,019 2
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TpeHue

Tabnuua 3e
TeoMeTpUYEeCKUEe KOHCTAHTbI ANS PACYETA MOMEHTOB TPEHHS KAYEHUA W CKONbKEHUA CHEPUUECKHUX PONUKONOALLMIHUKOB

Cepua nogwnnHMKoB  [eOMETpUYECKUE KOHCTAHTbI
ANA MOMEHTOB TPEHWA KaueHUs ANA MOMEHTOB TPEHWA CKONBKEHUA

R1 Ry R3 R, S1 S, S3 S,
213E, 222 E 1,6 x10°6 5,84 2,81x10% 58 3,62x10° 508 8,8x1073 117
222 2,0x10° 5,54 2,92x10% 55 510x103 414 9,7x1073 100
223 1,7 x10% 4,1 3,13x10°¢ 4,05 6,92x1073 124 1,7 x1072 41
223E 1,6 x10°6 41 314x10¢ 4,05 6,23x103 124 1,7x1072 41
230 2,4x10°6 6,44 3,76x10¢ 64 413x102 755 1,1x1072 160
231 2,4x107 4,7 404x106 4,72 6,70x103 231 1,7x1072 65
232 23x10°% 41 400x10%¢ 4,05 8,66x102 126 2,1x1072 41
238 3,1x10° 121 3,82x10°¢ 12 1,74 x 1073 9495  59x1073 1057
239 2,7x10° 8,53 3,87x10¢ 847 2,77x10% 2330 85x103 371
240 2,9x10°% 4,87 4,78x10¢ 4,84 6,95x103 240 2,1x102 68
241 2,6x107° 3,8 4,79x10% 3,7 1,00x102 86,7 2,9x1072 31
248 3,8x10% 9,4 5,09 x10°¢ 9,3 2,80x1073 3415  1,2x107? 486
249 3,0x10 6,67 509x10¢ 6,62 390x103 887 1,7x1072 180

Tabnuua 3f
Feumerpuqecxue KOHCTaHTbI AnA pacuéra MOMEHTOB TPEHUA KA4YeHUA U CKONbXKEHUA TOPOUAANbHbIX
ponukonoawunuukos CARB c cenapatopom
Cepmi nogLWHUNHAKOB I’eomeTpnuecxue KOHCTaHTbI
ANA MOMEHTOB TPEHUA KaYeHUsa AN MOMEHTOB TPEHUA CKOJNbXKEHUA
Ry R2 S1 Sz
c22 1,17 x107® 2,08x107¢ 1,32x1073 0,8x1072
c23 1,20x 107 2,28 x107 1,24 x1073 0,9 x1072
C30 1,60x 107 2,59 x107 1,58 x 1073 1,0x102
C31 1,37x107® 2,77 x10°® 1,30x1073 1,1x1072
Cc32 1,33x10°® 2,63x107® 1,31x1073 1,1x1072
C39 1,45x 107 2,55x107 1,84 x 1073 1,0x1072
C40 1,53x107® 3,15x 107 1,50x 1073 1,3x1072
c41 1,69 x107% 3,11x10°® 1,32x1073 1,3x1072
C49 1,49 x 107 3,24 x10° 1,39x1073 1,5x1072
€59 1,77 x 107 3,81x10°¢ 1,80x 1073 1,8x1072
C60 1,83x107® 5,22 x107¢ 1,17 x1073 2,8x1072
c69 1,85x 107 4,53 %107 1,61x1073 23x1072
Tabnuua 3g
Feumerpuqecxue KOHCTaHTbI AnA pacuéra MOMEHTOB TPeHUA ncl y P C(PEDHLIECKMX PONUKONOALWKUNHUKOB
Cepua noawmnnHMKoB MeoMeTpuYecKre KOHCTaHTbI
ANA MOMEHTOB TPEHUA KaYeHUs ANA MOMEHTOB TPEHUA CKOJNbXKEHUA
R1 R> R3 R, Sy Sz S3 Su Ss
292 132x10% 1,57 1,97x10¢ 321 4,53x1073 026 002 01 0,6
292E 1,32x10® 1,65 2,09x10° 2,92 5,98 x 1073 023 003 017 056
293 1,39x10® 1,66 1,96x10° 3,23 5,52 x 1073 025 002 01 0,6
293E 1,16x10® 1,64 2,00x10° 3,04 4,26 x1073 023 0025 015 058
294 E 1,25x10® 1,67 215x10° 2,86 6,42 x1073 021 0,04 0,54
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MoMeHT TpeHHA YNNoTHeHNH

Ecnu NoALWNNHUK OCHaWaeTCs KOHTAKTHbIMK
YNNOTHEHUAMU, NOTEPU HA TPEHUE OT YyNNOoTHE-
Rz MOryT NpeBbilaTb NOTEPU Ha TPeHUE B NoO-
LWKNHKKe. MoMeHT TpeHna yI'IJ'IOTHeHMl;] Bnog-
LUHMNHKUKAX, yI'IJ'IOTHéHHbIX c o6eunx CTOPOH,
paccymTbiBaeTCA No popmyne

Mseal = Ks1 ds[3 +Ks
roe
Mceal = MOMEHT TPEHMSA YNAOTHEHKWI [H-MMm]

Ks1 = koHctaHTa (= Tabnuua 4), 3aucaulas
oT:
© TUM YNNOTHEHUS
© TWN 1 pa3Mepa NOALLIMMHUKA

ds OuameTp KOHTaKTHOM NOBEPXHOCTH

MomeHT TPpeHusa yﬂHDTHEHHﬁ: nokKasaTtesnb CTeNeHU U KOHCTaHTbI

Tun ynnoTtHeHus
Twn nogwunHuKa

HapyxHbiv guametp [MokasaTtens cteneHu
noawwunuuka [Mm]

Mogenb SKF nns pacyérta MOMeHTa TpeHus

ynnoTHeHus [Mm] (= Tabnuua 4)
B = nokaszaTens cTenenu (= Tabnuua &),
3aBUCALLMM OT:
® TUM YNNOTHEHUS
© TUN NOALLMNHKKA
= KoHcTaHTa (—> Tabnuua 4), 3asucawas
oT:
® TUM YNNOTHEHUS
® TUN W pa3Mepa NoALLIMNHKUKA

Ks2

Ecnu B nogwMnH1Ke ycTaHoBNEHO TOMNLKO 04HO

yNnoTHeHWe, MOMeHT TpeHus paseH 0,5 Mgy .
Mpyn Mcnonb3oBaHWKW ynnoTHeHWn Tuna RSL

N5 pafranbHbIX LAPUKONOALIMITHUKOB C

D > 25 MM cnefyeT Ucnonb3oBaTh PACYETHYHD

BESIMUMHY Mgy HE3ABMCMMO OT KOMMYecTBa

YCTaHOBMEHHbIX YNNOTHEHWUN.

Tabnuua 4

JDunametp conpsrae-

W KOHCTaHTbI MO NOBEPXHOCTH

YNNOTHEHUA
D B Ks1 Ks2 d.?
6onee BKJ1.
YnnotHenus Tuna RSL
Pagu1ansHble LWaprkonoawmnnHUKK - 25) 0 0 0 dy
25 52 2,25 0,0018 0 d;
YnnothHeHus Tuna RSH
PanuansHble WapuKonoaw1nHUKK - 52 2,25 0,028 2 dy
YnnotHenus Tuna RS1
PanuansHbie Wap1KonoaLwrnHUKK - 62 2,25 0,023 2 dq, dp
62 80 2,25 0,018 20 dq, dp
80 100 2,25 0,018 15 dq, dy
100 2,25 0,018 0 dq, dy
PaguansHo-ynopHble LWapukonoaLwmMnHUKA 30 120 2 0,014 10 dq
CamoycTaHaBnvBatoLmecs Lwapukonogwuniukd 30 125 2 0,014 10 dy
YnnotHeHus Tuna LS
LinnnHapryeckure ponukonoaLLMnHUKA 42 360 2 0,032 50 E
YnnotHenus tunoe CS, CS2 u CS5
Ccepuyeckue ponnKonoaLLIMNHUKA 62 300 2 0,057 50 d>
TopouganbHsie ponvkonogwunuuki CARB 42 340 2 0,057 50 dy

1 O6o3HayeHus Pa3MepoB yKasaHbl B Ta6nuuax MOALWNWNHUKOB
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TpeHue

HOTepM Ha conpoTuseieHne

B ycnoewuax cMasbiBaHUs MacnsiHOM BaHHOM Nof-
LUMMNHKUK HAXOOMTCA B COCTOSHWUM YaCTUYHOrO
WK, B 0COBBIX CIyHanXx, NOMHOMO NOTrPYXXEHUS.
MoTepu Ha CONPOTUBIEHHWE, BO3HWKAOLLWE NPH
BPALLIEHWM NOALLUMMNHUKA B MACNSAHOM BaHHe,
B/IUAROT HA BEMMYMHY 06LLIEr0 MOMEHTa TPEHUS,
no3toMy npeHebperats UMK He cneayert. [aH-
Hble NoTepy 06yCNaBNMBaKOTCA HE TOMLKO
YacTOTOW BpaLLEeHWs NOALIMMHMKA, BA3KOCTLHO U
YPOBHEM Mac/a, HO TakyKe Pa3sMepoM U KOHPU-
rypauuen MacnsHoro pesepsyapa. Heo6xoaumo
TaKXe y4nTbIBaTb BHELLHEe nepemeLLnBaH1e
Macsna B6IM3u NoALLMIHUKA, KOTOPOE MOXKET
0CYLLIECTBNATLCA TAKUMK MEXAHUYECKMMU 3ne-
MEHTaMMU, Kak 3y6uyaTble nepeaaqu uim Kynaudku.

MoTepu Ha coNpoTUBAEHHUE B YCNOBUAX
CMa3blBaHWA MACNAHOW BaHHOM

Mopens SKF ana pacyérta notepb Ha CONpOTHB-
neHue B YCNIOBUAX CMa3biBaHUS NOALLUMMHUKA
MacnsiHoW BaHHOW NPUHUMAET BO BHUMaHUe
CONPOTUBNEHWUE OBUKEHUIO TEN KayeHus B
Macre v yYuTbIBAET 3 deKT BNUAHUSA BAZKOCTH
Macna. OHa oBecneyvBaeT [OCTATOYHO TOYHbIE
pe3ynbTaThl B CledyroLLMX YCIOBUSIX:

MomeHT TPpeHud 3a CYeT noTepb Ha conpoTuBneHne B

Bornbluok 06bEM MacnsHoro pesepsyapa.
BnuaHue pasMepa M KOHPUrypaLmu pesepsy-
apa Wy BHeLLHero nepeMeLL1BaH1sa Macna
npeHe6peXxxumo Maro.

[op130HTaNbLHOE pacnonosKeHWe Bana.

BHyTpeHHee KonbLO BpaLLlaeTcs C NOCTOSHHOM

yacToTow. YacToTa BpaLLeHus He npesbiLlaeT

LONYCTUMYHO.

BqskocTb Macna HaxoauTcs B Npefdenax:

— <500 MM?/c NP NOrpy>KeHUM NOLLIMAHMKA
10 NONOBUHBI UKW MeHbLLe (ypoBeHb Macna
H<D/2)

— < 250 MM2/C NpK NOrpy>KeHUM NOAWMAHMKA
6onee yeM HanonosuHy (yposeHs Macna
H>D/2)

YpoBeHb Macna H 13mepsaeTcs oT caMom HUKHewM
TOYKM KOHTaKTa AOPOXKM Ka4eHUs HapyXHOro
KOMbLa € TefIoM kayeHua (= puc. 2, cTp. 112).
MonoxeHu1e HKHEN TOUKK KOHTaKTa onpeaens-
eTCA C [OCTaTOYHOM TOYHOCTLH N0 hopMyre:

NS KOHMYECKMX POSIMKOMOALIMMHUKOB:
Hapy>Hbir arametp D [MM]

QNS NPOYMX PaAUanbHbIX POSIMKONOALIMAHU-
KOB:

CpefHWi AUaMeTp Hapy>KHOro KofbLia [MM]
=0,5(D + D)

LLapMKONOALLMMHMKAX paccymUTbIBAETCA No popMmyne

Marag = 0,4 Vi Kpai dm® 02 + 1,093 x 10~ n? d )3

MomeHT TpeHud 3a CYeT noTepb Ha conpoTuBneHne B
ponMKonoALMNHUKAX paccynTbiBaeTca No popmyne

Marag = 4 Vi Kroll Cy B din n2 + 1,093 x 1077 n2 d3

KoHcTaHTI, 3aBucaLlmMe OT NapaMeTpoB Ten KavyeHUa

iw K, (d+D)
Kball = % 10712

K Kz(d+D) ,
Koo = ———— 10722
110

n dm2 ft -1,379
5=

R

n dm2 ft

\

-1,379
|k,

|
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Mogenb SKF nns pacyérta MOMeHTa TpeHus

Lns pacyéTta MoMeHTa TPEHWs 3a CYET NoTepb Ha
COMPOTUBMEHWE UCMONb3YHTCA NEPEMEHHBIE U
YHKUMK:

Cy = 2,789 x 10710 (3 — 2,786 x 1074 p2 + 0,0195 | + 0,6439

¢ _[sin(O,St), npnO<t<n
=

1, npumn<t<2mn

Ry =0,36 dp? (t—sint) fs

0,6d,—-H
t=2cos? (—m) Mpu H > 1,2 dy,, cnegyet ucnonbsosats H = 1,2 dyy,
0,64,
K, (D +d)
fa=0,06 —/——
A D-d
roe

Mdrag = MOMEHT TPEHMA 3a CYET NOTEPb Ha
conpoTtuenenue [H-Mm]

VM = KO3bdHULUMEHT NOTepb Ha CONPOTUBNEHME
(= nmnarpamma 4, ctp. 112)

B = WwMpu1Ha noawunHuka [Mm]
® [1119 KOHUYECKMX PONMKOMOALLUMNHAKOB —> LMpHHA T
® 01119 YNOPHbIX NOALIMMHUKOB —> BbicoTa H

dp = CpegHui AMaMeTp NoALMMHWKA [MM)
=0,5(d + D)

d = gMaMeTp oTBEpCTMA NOALIMMHMKA [MM]

D = HapyXHbIl AMaMeTp NoALMMHKKA [MM]

H = yposeHb Macna (= puc. 2, ctp. 112) [mM]

iw = KOMMYeCTBO PALOB LUAPHKOB

K; = reoMeTpuyeckan KOHCTaHTa, 3aBUCALLAA OT TMNa
nofwwmnHmka (= Tabnuua 5, crp. 112)

KL = reoMeTpuyeckas KOHCTaHTa, 3aBUCALLAA OT TMNa
ponukonoawunHuka (= Taénuua 5, ctp. 112)

n = yacToTa BpaLLeHns [06/MuH]

v = cbaKTUyeckas paboyas BAIKOCTb CMA30YHOM0

MaTepuana [Mm2/c]
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TpeHue

I'I0Tepu Ha conpoTuBneHWe ANA BepTUKaNbHbIX Banos

[nq BepTHUKanbHbIX BaNos NpUGM3nTeNnsHoe
3HayeHWe NoTepb Ha CONPOTUBIIEHWE B YCNOBHAX
CMa3blBaHWA MACNsAHOW BAHHOW PacCcyMTLIBALTCA
C NOMOLLbHO MOZEeNu AN NOALLUMMNHUKOB C Non-
HbIM NorpyseHueM. MonyyeHHoe 3HadeHHe Myraq
cnefyeT YMHOXWTb Ha KO3bULIMEHT, paBHbIM
OTHOLLIEHUHO NOFPY>KEHHOM LUMPUHBI (BbICOTHI) K
obLLel WKpHHe (BbICOTE) NOALIMMHMUKA.

MoTepu Ha conpoTUBNEHUE B YCIOBUAX
CMa3biBaHUA BNPbLICKOM Macna

Ilna pacyéTa noTeps Ha CONPOTUBNEHKE B YCNO-
BMAX CMa3blBaHWs BNPbLICKOM Macna Mcnosb3ay-
eTcs MoAenb ANA cnyyas CMasbiBaHUs MaCIAHOM
BaHHOM C ypoBHeM Macna H, KoTopbiv paseH
NoMoBMHE AMAMETPa CaMOro HUMKHero Tena
kayenus. MonyyeHHoe 3HaueHne Myrq HeoBx0-
[IMMO YMHOXMTb Ha ABa. besycnoeHo, faHHas
NpUBNMU3NUTENbHAA BEMMYMHA MOXKET BapbUpPO-
BaTbCA B 3aBMCMMOCTM OT CKOPOCTH M Hanpasne-
HUWs noToka Macna. OgHako, ecnu yposeHs H npu
nofaye Macna B yCTaHOBUBLLEMCS PexuMe

Tabnuua 5

FeomeTpuueckue KoHcTaHTbl Kz n K|
Tun noawMnHKKa leomeTpuyeckue

KOHCTaHTbI

Kz Ki
PagnansHble Wap1KonoaWUNHWKK
— 0fiHO- W ABYXPAOHbIE 31 -
Papua. y p
— 0QHOpAgHbIE 4,4 -
— OBYXpAaHbIE 3,1 -
— C YeTbIPEXTOYEYHBIM KOHTAKTOM 31 -
CamoycTaHaBnuBatowmecs 4,8 -
LIAPUKONOALLMNHUKN
Liununapuyeckue ponuKonoaLwMnHUKY
— C cenapatopom 51 0,65
— 6eccenapaTopHsle 6,2 0,7
K Kue p 6 0,7
Cepepuueckue ponuKonoaWUNHUKHU 5,5 0,8
TopouaansHble ponukonogwuninku CARB
— C cenapaTopoM 53 0,8
— 6eccenapaTopHble 6 0,75
Ynop p 38 -
YnopHble uunuHapuyeckue 4,4 0,43
POAMKONOALINNHUKN
YnopHbie chepuyeckue 5,6 0,58Y
PONUKONOALINNHUKN

1) TonbKo ANA 0AMHOUHBIX NOALIMIHUKOB
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Puc. 2

YpoBeHb
Macna H

f
|1

[Munarpamma 4

Ko3agppuumnent noteps Ha conpotuenenue Vy

Vi
0,00167
0,0014
0,0012
0,0010
0,0008
0,0006
0,0004

Ponukonog-
LUMMHKKK

LLlapukonon-
LWMMHUKA

0,0002

0,000301

0,00025

0,00020

0,00015

0,00010

0,00005

o

O b

Ponvkonog-
WHNHKUKKN

LLlapvkonog-
LWHWNHUKKU

0,05 01 015 02
Hidp
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paﬁOTbI noaLwnnHUKa U3BecTeH, 3Ha4eHHe Mdrag
MOXET BbITb MCMNONb30BAHO npu pacqéTe Benun-
YMHbI NOTEPb Ha CcONpoTUBEHWe ANA nonyvYeHnsa
6oree ToYHbIX pe3ynbraTos.

,ﬂOl‘IOJ’IHMTEJ‘IbeIe ¢$aKTopsbl, BAUAOLWHUE
Ha BeJINYUHY MOMEHTA TPeHUA

BnuaHue BeNWYMUH BHYTPEHHErO0 3a30pa U
nepekoca Ha TpeHue

M3MeHeHWe BENWYMH BHYTPEHHErO 3a30pa B
NOALLMMHKKE M Nepekoca NpY MoHTasKe Nofd-
LUMMNHKUKA NPHUBOLAMT K U3MEHEHUIO MOMEHTa Tpe-
Husl. BbilweonucaHHas Moaens cnpasennvea
[Nsl YyCNOBUM HOPMAnbHOMO BHYTPEHHEr0 3a30pa
W OTCYTCTBMSA Nepekoca B nodwwmnHuke. OgHako,
B YC/TOBMAX BbICOKMX paBoyumnx Temnepatyp unu
BbICOKMX YACTOT BPALLIEHMSI BHYTPEHHWM 3a30p
NOALIMNHMKA MOXKET YMEHbLLIATLCS, YTO Bbl3bl-
BaeT yBenuyeHue TpeHus. [Mepekoc ocv Bpalle-
HUS NOALUMMNHKUKA, KakK NPaBuno, ysenuuueaeT
Tpenue. OgHaKo B Criyyae caMoyCcTaHaBIMBako-
LLMXCS LLIAPHUKONOALLIMMNHUKOB, ChEPUYECKMX
PONUKONOALLMNHWUKOB, TOPOMAANbHbIX PONMKO-
nogwunHrkoB CARB u ynopHbIx chepuyeckmx
PONMKONOALLMINHWUKOB YBENIMYEHUE TPEHUS B
3aBMCUMOCTH OT BENTMUMHbI NEepeKoca ABNAeTcs
HE3HAYMTENbHbIM.

Lnsa nonyyerns nHdopmaumrm 06 obnacrsx
NPUMEHEHWS, KOTOPbIE YYBCTBUTENbHbI K M3Me-
HEHWsIM BHYTPEHHEro 3a3opa NoALIMMNHUKOB
WK nepekoca, 06paTUTeCh B TEXHUYECKYH
cnyxdy SKF.

BnusHWe nnacTMyHoW cMasku Ha TpeHue

HenocpencTeeHHo nocne cMasbiBaHWS PEKOMEH-
[I0BaHHbIM KONTMYECTBOM NACTUYHOW CMA3KH
BEJIMYMHA CHUNbI TPEHWUS B MOALUMMHKMKE MOXKET
3HAYUTENbBHO NPEBLILIATL PACYETHYHD BETUUMHY.
3T0 MOXKET NPOABATLCA B NOBbILLEHWW paboyek
Temnepatypsl. [lep1of, B TeYeHWe KOTOPOoro
CHIbl TPEHWS YMEHbLLAOTCS, 3aBUCUT OT YacTOTbI
BpaLleHua npu paboTe o6opynoBaHua U Bpe-
MEHW pacnpeneneHns nNacTMYHoW CMasku BHy-
TPp¥ CBOOOAHOr0 NPOCTPAHCTBA NOALLMIHUKA.

LlaHHoe BNUAHME MOXKHO OLIEHWTb, KaK YBenu-
yeHWe MOMeHTa TPEHMS KaYeHMs oT ABYX 40
YeTbIpeéx pas. [Oe yBenuuyeHue B 2 pasa npume-
HAETCS AN ManorabapuUTHLIX NOALLUMMHWUKOB
(y3KkoK cepmu), a B 4 pasa — ans kpynHoraba-
PUTHBIX NOLLMMHKUKOB.

akF

Mogenb SKF nns pacyérta MOMeHTa TpeHus

OaHako nocne nepyoga npupaboTku Beu-
YMHA MOMEHTA TPEHWA B NOALLMMHUKE YMEHbLLA-
eTCs 0 YPOBHSA TPEHUS NOALLIMMNHUKOB, CMa3bl-
BAEMbIX MAC/OM, @ B HEKOTOPbIX CIlyYanx aaske
HUxKe. M36bITouHOE 3anonHeHue NoALWMNHUKOB
NNACTMYHOM CMa3KOM MOXKET NPUBECTH K YBENU-
YeHUo TpeHus. [ng nonyyeHus JOoNonHUTENb-
HOM MHbOPMaLIMKM CrieayeT 00paTUTLCA K pas-
neny «lTosTopHoe cmaskiBarues (—> crp. 252)
UMK CBA3ATLCA C TexHUYeckom cnyx6on SKF.

[JononHuTenbHas MHpOpMaLMs o
cneuManbHbIX TUNAX U Knaccax
NOALIMNHWUKOB C

M6puaHbIe NOALWNNHWUKK

Bonee BbicokWe BENUYMHBI Moayna ynpyroctu
HUTpUOA KPEMHKA, U3 KOTOPOro U3rotaBnnea-
HOTCA Tena kav4eHna FMﬁpMﬂHbIX noaLnnHUKos,
obecneuynsaroT YMeHbLUeHWe 30H KOHTaKTHOM
nedopmaLiMn Ha [OPOXKKAX KavyeHUd, 3Ha4n-
TeJIbHO CHWXXaA CUNbl TPEHMUA KaYeHUA U CKONMb-
XXeHua. KpOME 3TOro, MeHbLUadA NNOTHOCTb Kepa-
MHUYECKUX Ten Ka4eHna No CpaBHEHUHD CO
CTallbHbIMKU YMEHbLUAET LleHTpOée)KHbIe Cunel,
YTO TaKXXe MOXeT CHU3UTb TPeHWE NPU BbICOKKUX
4acToTax BpalleHuna.

CtaHaapTHbIe rMBpUaHbIE LWAPUKONOALLMNHUKK

BbilenpueenéHHble dopMyIbl UCMOMbL3YHTCA
[N onpefeneHnst MOMeHTa TpeHWs B rubpua-
HbIX Pa1anbHO-YNOPHbIX LIAPUKONOALIMMHU-
Kax NyTEM YMHOMEHWS reOMETPUYECKUX KOH-
cTaHT R3 M S3 NOALIMNHKUKOB CO CTaNbHbIMK
Tenamu kayeHus Ha koaddpuumenT 0,41, To ecTb
0,41 R3 1 0,41 S3, cOOTBETCTBEHHO.

TMBpraOHbIE pagrarnbHbIe LAPUKOMNOALLUMIHUKM
0119 paboTbl NPU BbICOKMX YaCTOTax BPaLLEHHs
06bI4HO YCTaHABIIMBAOTCS C OCEBLIM NPEAHATATOM.
B Takmx ycnosusax rubpuaHble paguasbHble wapy-
KOMOZLLIMMNHWKM paBoTaroT aHaNorMyHO paau-
anbHO-YNOPHbIM LLIAPUKOMOALLMIMHUKAM C COOT-
BETCTBYHOLLIMM NOHMUMKEHHBIM MOMEHTOM TPEHUA.
IMpu pac4éTe MOMeHTa TPeHMA 4719 TMOPUOHBIX
paguanbHbix WaprkonodwwmnHukos SKF peko-
MeHyeT 06paTUTLCA B TeXHUuYeckyto cryxcOy SKF.

TMBpuaHbIE NPEUNU3UOHHBIE NOALMAHUKU

3a 6onee noapo6HOKM MHpOPMaLIMeH ang onpe-
feneHns MOMEHTa TPEeHUS B MPELIM3UOHHBIX
NoALLMNHKUKaX 06paLLaiTeCh B TEXHUYECKYH)
cnyx6y SKF.
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TpeHue

Jueprocbeperatouime nogwrnHuku SKF

Jna onpeaeneHust MOMeHTa TPEHUS B IHEproc-
6eperaroLmx nogumnnuukax SKF E2 pekomeH-
[lyeTca UCnonb3oBaTh pacy€THLIEe CPeCTBa,
[I0CTYMHbIE Ha cawnTe skf.ru.

MoawwunHukm TMna Y (kopnycHele
NOALMWMHUKH)

Ilns onpeaeneHust MOMeHTa TpeHUS B NOALLIMN-
HUKax Thna Y pekoMeH4yeTcs UCNoNb30BaTh
pacyéTHble CpeacTea, JOCTYMHbIE Ha canTe
skf.ru.

Uronbuatsle PONUKONOALWNNHUKH

Lnsa onpegenexHys MOMEHTA TPEHWUA B UrofbYa-
ThIX POSIMKONOALLUMMHUKAX PEKOMEHAYeTCs
MCNOsb30BaTh PACYETHbIE CPeACTBA, AOCTYMNHbIE
Ha cante skf.ru.

[yckoBOW MOMEHT

IMycKoBOM MOMEHT MOALLMMHMKA KauyeH s onpe-
[IeNIAeTCs Kak MOMEHT TPEeHHS, KOTOPbIM Heobxo-
IMMO NPEeoAoneTb 4519 TOro, YTOGbI NOALLIMMHMK
Hayasn BpaLLaTbes. [1o3ToMy Heo6X04MMO yun-
TbIBaTb TONbKO MOMEHT TPEHWS CKOSbXKEHUS 1
MOMEHT TPEHWA YNIOTHEHWUI, NPH UX HAMUYUK.
Mpu TemnepaType okpyxaroLen cpedbl ot 20 go
30°C (o1 70 go 85 °F), nyckoBow MOMEHT pac-
CYWTbIBaETCA No hopMyne

Mstart = Mg + Mseal

roe

Mqtart = NYCKOBOM MOMEHT [H-Mm]

Mg MOMEHT TpeHus cKonbxkeHua [H-mm]
ceal = MOMEHT TPEHUA YNAOTHEHWM [H-MM]

CnepnyeT 3aMeTHTb, YTO NYCKOBOW MOMEHT MOXET
ObITb 3HAYMTESNBHO BhILLE B POSIMKONOALLIMMHA-
Kax ¢ 60MbLLUMM YrNoM KoHTakTa. OH MOXeT BbITb
[0 4eTbIpéx pa3 6onbLue AN KOHUYECKMUX POnn-
KonoaLIMnHMKoB cepun 313,322 B,323 B u
T7FC, a ans ynopHbIX Cpepuyeckux poiMkonoa-
LUMMNHWKOB — A0 BOCbMM pas.
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MNoTepu MOLLIHOCTH U
TeMnepaTypa NnogLWwUnHUKa

BeanHy noTepb MOLLHOCTKU B NOALLMNHKUKE
M3-3a TPEHUA MOXHO BbIYUCNUTL N0 popmyne

Ng=1,05x10"*Mn

roe
NR = noTepu MoLLHOCTH [BT]
M = 06LIMIM MOMEHT TPEHMA NOALIMNHWKA

[H-mm]
n = u4acrtoTa spatleHua [06/MuH]

KoaddurumnenT Tennootsoga W, onpegensercs
KaK KONMYecTBo Tenna, 0TBOAUMOe OT NOALLIMM-
HWKa AN NOHUXEHWUS PasHULIbl TeMnepaTyp
Mexay NOALLUMNHUKOM W OKpYXKaroLLIen cpeaom
Ha 04uH rpagyc. Ecnu sHayeHne W nssecTHo,
npYMepHoe yBenr4yeHue TeMnepaTtypsl B nog-
LLIMMNHKUKE MOXKHO BbIYUCAWTL N0 bopMyne

AT = Ng/W,
roe
AT = pocT Temnepatypsl [°C]

Ng = noTepu MoLLHOCTH [BT]
W, = ko3 duumeHT TennooTsoga [BT/°C]
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rlOTepM MOLLUHOCTH U TeMnepaTypa noaLlmnHmnKa
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YactoTbl BpauieHua

OcHoBHble CBEAEHUS O
4aCTOTaxX BpaLLleHHUA
noawnnHAUKOB

CyLecTByeT npefen ckopocTH, NP1 KOTOPOK MO-
ryT 3KCANYaTMPOBaThbCA NOALIMAHUKM KaueHUs.
Kak npaBuno, 3T0T Npefien 3aBMCHT OT Npeaesb-
HoM paboyelt TeMnepaTypbl MCNOMb3yeMOro cMa-
304HOr0 MaTepuana UK MaTepuanos, U3 KoTo-
PbIX M3rOTOBNEHLI AeTanM NOALMIHMKA.

YacToTa BpaLLeHs, NP1 KOTOPOK NOALLMMAHWK
nocTuraeT npefena paboyei TeMnepaTypel, 3a-
BMCHT OT MOLLIHOCTM TENNoBbIAeneHus, 00ycnos-
NeHHOro TPeHUEM B NOALLMMIHUKE, BHELLHUX UC-
TOYHWKOB Tenna, a Takke 0T 3P PeKTUBHOCTH
0TBOfa Tenna oT NOALLMMHKKA.

KonuyecTBo BbIeNsemMoro NoAWUNHUKOM
Tenna 3aBUCKT OT ero T1na, pasmepa, BHyTPeH-
Hel KOHCTPYKLIMK, Harpy3KK1, CMa3blBaHMA W npa-
BMNBHOCTM YCTAHOBKM NOALLMMHMKA. TakKe BK-
HWe OKa3blBaeT KOHCTPYKLIMA cenapaTopa,
TOYHOCTb M BHYTPEHHMI 3a30p.

B tabnmuax NoALLMAHMKOB 0BLIYHO YKa3bIBaFOT-
€l [1BE BeMMYMHbI 4aCTOTbI BpaLLIEHUSA: HOMMUHASb-
Has (Tennosas) u npeaensHas (MexaHnyeckas).

B 6onbLUMHCTBE Cy4aeB NpefenbHan YacTtoTa
BbILLE HOMMHANLHOM YaCcTOThl BpaLLeHKs Nog-
LUMMHKKa. TeM He MeHee, HEeKOTOPbIe CepUM Nof -
LLUMMHWKOB, Bnarofaps HU3KOMY YPOBHH TPEHMS
1 TennoBbIgeNeH1s B CDABHEHWM C MexaH1ye-
CKOM CNOcOBHOCTLH NOALIMMHUKA BbIOEpXMBaTh
BbICOKME CKOPOCTH, MOTYT MMETb HOMUHANbHYHO
4acToTy BpalLieHus BuiLLe npenensHoi. OgHako,
B NFOBOM Cryyae, faxe B CaMblx 611aronpUATHbIX
YCNoBUAX HE0BX0AMMO CTPOro cobnrogath npe-
[enbHYH YaCcToTy BPaLLEeHWs NoALIMAHKUKA.

HoMunHanbHasa yactoTa
BpaLleHuA

HoMuHanbHas yactoTa BpalleHus (Tennosas)
CNY>XKWT AN BbICTPOM OLEHKW CKOPOCTHBIX Xa-
PaKTEPUCTMK NOALLIMMNHMKA HAa OCHOBE HOPMMPO-
BaHHbIX 3TANIOHHbIX 3HAYEHW TENNOBbLIAENEeHNS
npu ero paboTe, yCTAHOBMEHHbIX CTAHAAPTOM
IS0 15312 (= anarpamma 1).

B ctanpapte ISO npencraBneHsbl HopManbHble
paBoyue yCnoBus M CTaHOapPTHbIE 3HAYEHUA Te-
NnoBblaeNeH1s 4ns aHHbIX ycnosun. CtaH-
[lapTHbIE 3HAYEHWSA NAOTHOCTH TEMNOBOMO No-
TOKa, NoKa3aHHble Ha guarpamme 1, Haxoaarcs
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B Npefenax nokasarenei paboTbl NOALLMIHWKA
B YCMOBUAX, BblAENEHHbIX TEMHbLIM LIBETOM.

Llns oLueHKM dbakTUYeckoro yBenuyeHus Tem-
nepaTypbl ¥ TENNOBOrO NOTOKA B KOHKPETHbIX yC-
NOBUAX NPUMEHEHWA MOXKET NoTpe6oBaTLCA ge-
TaNbHbIA aHaNW3 UMErOLLIerocs TennooTeoaa 13
paboyei 30HbI NoaWwMnHUKa. [aHHbIM aHanms He
paccMaTpuBaeTcs AeMCTBYHOLLMM CTaHOAPTOM
ISO ans onpenenexus YacToTbl BpaLexus. Ons
6onee noapo6HoOro pacyéra TemnepaTypHoro pe-
»M1Ma oBpaLLianTecs B TexHuueckyro cnyxoy SKF.

3HayeHWs HOMUHANbHbIX YacTOT BPALLEHUS
0CHOBaHbI Ha cTangapTe IS0 15312. OaHHbiv
crangapt IS0 paspaboTaH A cMasbiBaHWs Mac-
1IOM, HO TaKXe [eMCTBUTENEH AN NNACTUYHOM
cMasku. B ctanpaprte I1SO He paccMaTpuBaeTcs
BpaLLeHWe Hapy>XHOro Konbua. Mo3Tomy, B ycno-
BMAX BPALLIEHUS HAPYXKHOTO KOMbLAa HOMUHANb-
HYHO YaCTOTY BPaLLiEHMsl, BO3MOXHO, noTpebyeTcs
YMEHbLUWTb. 3a AONONHUTENbHOW UHpOPMaLMen
obpallanTeck B TexHUYeckyro cry>kBy SKF.

[MapameTpbl YacTOTbI BPALLEHWS NOALIMMHW-
KOB C KOHTAKTHbLIMW YNIOTHEHUAMM He 0Bycnas-
NWBAIOTCS TEMOM, BblAENSAEMbIM MPU TPEHWK B
30He KOHTaKTa Ten W [OpoXeK KayeHus. [MoaTo-
My OaHHbIE NOALUMMHUKK He BKIIFOYEHbI B CTaH-
napt ISO 0 HOMMHaNbHBIX YacToTax BPaLLEHUS, U
B TabnMuax NoALWMNHAKOB NEPeYrCeHbl TOMbKO
npenenbHbIe YacToThl BpaLleHus.

HoMuHanbHble yacToTsl BpaLleHus no 1SO
yKasaHbl 4519 OTKPbITbIX NOALUMMHWKOB, paboTa-
FOLLIMX MPK CNedyroLLmX YCIoBUsX:

® NErkue Harpysku:
— paguanbHas Harpyska P = 0,05 Co ans
pafuanbHbIX NOALMMNHUKOB
— oceBas Harpyska P = 0,02 Co ans ynopHbIx
NOALMNHUKOB
® HOMMWHabHOE NoBbILLEHWE TeMnepaTypbl Ha
50 °C (90 °F) N0 OTHOLLEHUIO K HOMWUHANbHOM
TemnepaType okpyxarowien cpegsl 20 °C
(70 °F)
® NPaBWIIbHOE CMa3blBaHWE U YUCTbIE paboune
ycnosus
® HOpMasbHbIM BHYTPEHHWI 3a30p (= «BHy-
TPeHHMH 3a30p MOALUMIHUKOB, cTP. 149)

3navenusa SKF gns HOMMHaNbLHOM YacToThl Bpa-
LLIeHUs COOTBETCTBYHOT flaHHbIM YC/IOBMAM, 3a
UCKTHOYEHWEM YCII0BMA BENMYMHBI 3a30pa. 3Ha-
yeHua SKF nercTeuTeNbHbLI NPY HanWM4YuK nocTta-
ToyHoro paboyero 3asopa (= «BHyTpeHHH 3a-
30p NOQLWMIHMKOBY, €TP. 149), 4TO B HEKOTOPBLIX
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HoMuHanbHas vacToTa BpaLleHua

MDuarpamma 1

MNoTHOCTL TENNOBOro NOTOKA

HoMmuHanbHas NoTHOCTL Tennosoro notoka g [Br/mM2]
0,060

0,050

0,040

0,030

0,020

0,015

0,010

0,005 + T T T
10 20 50 100

100I000 1000 000

TennosbinenatoLas nosepxHocTs A, [Mm2]

1000 10 000

cnyyasx TpebyeT yBenuueH s HauansHoro 3a-
30pa B NOALUMMHKKE.

[Mpw cMa3sbiBaHWM NNACTMYHOM CMA3KoW, B
nepBoe Bpems Nocsie nycka BO3MOXEH NOBbI-
LUEHHbIW Harpes, NOKa NOALUMMHUKK He AOCTUr -
HYT YCTaHOBMBLUEMCSA HOPMarnbHOW paboyent
Temnepartypsil.
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YactoTbl BpauieHua

Bnuanue Harpysku v BA3KOCTHU Macna Ha
BeNIMYUHY HOMUHANTbHOU HACTOThbI
BpalweHuna

Ecnu BenuumHbl Harpy3ky UKW BA3KOCTU NpeBbI-
LUAOT HOMUHATbHbIE, BO3PACTAEeT CONPOTUBNE-
HWE OT CWJ1 TPEHMS, 4TO TpeByeT KOPPEKLIMM HO-
MMHanNbHOW YacToThl BpaLleHus. M Haobopor,
NOHMMKEHHbIE 3HaYeHUs BA3KOCTM CMA30YHOro
MaTepuana UMW Harpyskv aenaroT BO3MOXHbLIM
yBEMMYEHME YaCTOTbI BPALLEHHA.

BnuaHue Harpysku v KMHEMATUYeCKoW BA3KO-
CTW Ha BEMWYMHY HOMWHANBLHOM YacTOThl Bpa-
LLIEHMS MOXHO OMpPeaenuTL No cnegyroLuM
OuvarpaMMam:

® 019 paguanbHbIX LWAPUKONOALLMMHWKOB
(= anarpamma 2)

® 1019 paguanbHbIX PONMKONOALMIHUKOB
(= amnarpamma 3, cTp. 122)

® 11119 YNOPHbIX LUIAPMKONOALUMMIHWKOB
(= nmnarpamma 4, ctp. 123)

® 11119 yNOPHbIX PONTMKONOALIMIHUKOB
(= nmnarpamma 5, ctp. 124)

CMasbiBaHWe Macnom

3HayeHUs NONPaBOYHbIX KO3 PULIMEHTOB NP
CMa3blBaHWW MACNIOM MOXHO ONPeaenuTL No
avarpammam 2 — 5 kak pyHkumro P/Co m
cpefHero uamMeTpa NoAWUnHUKA dm:

o fp ANS BNUAHWSA 3KBUBANEHTHOWM OUHAMWUYe-
CKOM Harpysku Ha NogLUMnHKUK P
o f, ANS BNUAHWSA BA3KOCTU

roe

P = akBMBaneHTHas AMHaMMYecKas Harpyska

Ha noALWMNHKK [kH]

cTaTMyeckas rpy3onogbeMHocTs [KH]

(= Tabnuubl noawWKUNHUKOB)

dm = CpeaHWit aMameTp NoaLwMUnNHUKA [MM]
=0,5(d +D)

Co

BenuuunHbl BA3KOCTH Ha iMarpaMMax ykasaHbl

cornacHo IS0, Hanpumep, ISOVG 32, roe

32 — easkocTb Macna npu 40 °C (105 °F).
CKoppeKTHpoBaHHas HOMWHanNbHas YacToTa

BPALLIEHMS B Clyyae CMasbiBaHUsA MAC/IoM

onpenenseTcs no popmyne

Ngr = nrfP 1l:v
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= CKOPPEeKTMPOBaHHAsA HOMUHaMbHaA YacToTa
BpaLLeHnsa [06/MWH]

N, = HOMWHaMbHaA YacToTa BpaLLeHns [06/MuH]

(= Tabnuubl noawWKUNHUKOB)

3
)
£

|

fp = NonNpaBOYHbLIN KOIDPULMEHT BAUSHUSA
Harpysku Ha NoaWwMnHKUK P
f, = NonpaBoYHbIN KOIDPULMEHT BUSHUSA

BA3KOCTHU MacCna

CMasbiBaHMe NNACTUYHOM CMA3KoM

3HayeHUs NoNPaBoYHOro Ko3bdHLMEHTA Ha-
rpy3k1 Ha noawunHuk (fp), npeacTasnexHsie B
aunarpammax 2 — 5, Takke JenNCcTBUTENbHbI B
Cny4ae CMasblBaHWSA NNACTUYHLIMKU CMa3KaMM.
Mpu MCNONb30BaHWM NNACTUYHBIX CMA30K C BA3-
KoCTbHo 6asoBoro Macna ot 100 go 200 mm2/c
npu 40 °C (105 °F) 3HaueHWe NonpaBoYHOro KO-
3dpburumeHTa ans saskoctu f, = 1. B cnyyae
[IPYrvX BESIMYMH BA3KOCTM 6a30B0ro Macna 3Ha-
yeHue f, cneflyeT cpaBHWTL CO 3HAYeHWEM Macna
ISO VG 150. CkoppeKkTrpoBaHHas HOMWHanNbHas
yacToTa BpaLLeHUs B Clyyae cMasblBaHWa nna-
CTMYHOM CMa3KOoM onpenenseTcs no bopmyne

f\) daKTUyeckas BA3KOCTb 6asosoro Macna

fui1sove150

Nar=nfp
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n KO

1) To! f, U f, ANA PaAManNbHLIX WaPHKONOAWHMNHUKOB

/
? dyp = 120 MM

1,4

1,2 1

ISOVG 15

ISO VG 32

1,0

0,8

0,6 4

akF

ISO VG 68

ISO VG 150

ISO VG 220

ISO VG 460

HomuHanbHas YacTtoTta BpaLleHna

[Munarpamma 2

CaMOyCTaHElBﬂMBa}OLLlMeCﬂ
LapMKoNoALUMNHNUKA

dr, < 20 MM
dyy = 70 MM

dmy 2120 MM

Bce gpyrve paguansHsle
LapuKonoALWWUNHUKKA

dy, < 20 MM

dpy = 70 MM

dm 2 600 MM
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YactoTbl BpauieHua

[Aunarpamma 3

MNonp. K03 Tol fp W f, ANA pagnanbHeIX PONUKONOAWHNHUKOB
fp
0,9
dm < 35 MM
0,7 4
dp =150 MM
— — dr, = 400 MM
0,5
dp, 2 600 MM
0,3 A
|
A
0,1 - |
1 —
0 i P/Cq
01 I 0,3 0,5 0,7
|
|
1,0
|
0,9
- I1SO VG 32
B IS0 VG 68
0,8
1SO VG 150
ISO VG 220
0,7 1 \
I1SO VG 460
0,6 1
f\)
122
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n KO

fp

0,9

0,7 1

0,5

0,3 4

01 4

1) Tol fp W f, Ana ynop

HomuHanbHas YacTtoTta BpaLleHna

[Dunarpamma &4

1,1

1,0

01 03 0,5

|

ISO VG 15

ISO VG 32

0,9

0,8

akF

0,7

P/Cy

ISO VG 68

ISO VG 150-220

ISO VG 460
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YactoTbl BpauieHua

124

K03

fp

0,9 4

0,7

0,5 4

0,3 1

01 4

1) To! fp W f, Ana ynop p

dry, <€ 95 MM

dr, 2 300 MM

HAwuarpamma 5

1,0

0,05 0,15 0,25

0,9 1

0,8 1

PICo

ISO VG 68

ISOVG 150

ISO VG 220

ISO VG 460
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Mpumep 1

PaguansHbiv wapukonogwmnHmk 6210 knacca
SKF Explorer cMa3blBaeTcs Npy 4YacTUYHOM
NOrpy>XeHuu B MaCnsaHyH BaHHy. BaskocTb Mac-
na — 68 Mm2/c npu 40 °C (105 °F), Harpy3ka

P = 0,24 Cq. Kakosa 6yneT ckoppeKTUpoBaHHas
HOMMWHasbHasA YacToTa BpaLLeH1s?

Ona nogwmnnunka 6210: d, = 0,5 (50 + 90) =
70 MM u n, = 15 000 06/mMuH. U3 anarpamme! 2,
ctp. 121, cnegyet: npu dy, = 70 MM u P/Cq =
0,24, fp=0,63 v npu P/Cy = 0,24 1 1SO VG 68,
f, =0,85.

Nar = 15000 x 0,63 x 0,85 = 8 030 06/MuH

MpefensHas YacToTa BpaLleHWs Ans AaHHOro
nogwmnHuka coctasnset 10 000 06/MuH, yTo
MPeBbILLAET ero CKOPPEKTUPOBAHHYH HOMM-
HanbHYH YacToTy BpaLLeHus. B nogobHbIx cy-
yanax Hambosee 3HaYUMbIM s pecypca nog-
LLUMMHMKA ABNAETCA MeHbLLEe U3 [BYX 3HAYEHWUH
4acToTkl BpaLeH1a. Kak npasuno, 4actota Bpa-
LLIEHMS, BIM3KasA K CKOPPEKTUPOBAHHOM HOMM -
HaNbHOW YacToTe BpaLlieHWs, co30aéT 6naro-
NPUATHBIE YCI0BMA AN YBENUYEHUs pecypca
nofLmMnHuKa. B To ske BpeMs, nocne 4ononHu-
TeSIbHOM OLIEHKM KOHKPETHbIX YCNOBUM OKpYya-
FOLLIeM cpefbl M TeMnepaTypHoro 6anaqca, MoryT
BbITb TaKXKe NPUEMSIEMbI MOBbILLIEHHbIE 3HaYe-
HWA, BNMOTb 10 NpefenbHON YacToThl BpaLLeHms
NOALUMMHMKA.

Mpumep 2
Cpepuyeckuit ponukonoaLmnnHmk 22222 E
knacca SKF Explorer, cMa3blBaeMbiv NAacTUUHOM
cMa3kow, BocnpuMHUMaeT Harpysky P = 0,15 Cy.
BsaskocTb 6a3080ro Macna nnacTMYHOW cMasku
coctasnset 220 Mm2/c npu 40 °C (105 °F). Ka-
KoBa ByfeT CKoppeKTMPOBaHHaA HOMUHAbHAA
yacToTa BpaLLeHus?

Lns nogwunhuka 22222 E: d,, = 0,5
(110 + 200) = 155 MM 1 n, = 3 000 06/MUH.
M3 anarpammel 3, cTp. 122 cnenyert:
npu dy, =155 mmu P/Cy = 0,15, fp = 0,53 1 npu
P/Co=0,1511S0VG 220, f, pakrmveckan = 0,83;
npu P/Cq = 0,151 IS0 VG 150,
fyisoveaso = 0,87.

n,- =3 000 x 0,53 x0,83/0,87 =1 520 06/MuH
BnnoTb A0 faHHOM YacToThl BpaLLeHus Tenno-
Bble YCNOBUSA NOALUMMNHKUKA, KakK NPaBKno, CunTa-
+OTCH HOpManbHbiMK. Mpu onpenenéHHbIx 06-

akF

HomuHanbHas YacTtoTta BpaLleHna

CTOATENBCTBAX TAKKE MOrYT BbITb MPUEMEMbIMM
MOBbILLEHHbIE YaCTOThI BPaLLEeHHs 10

4 000 06/MuH. Ons 370ro He06X0AMMO NPOU3-
BECTM OLIEHKY MOBbILLEHWS TeMNepaTypbl Nod-
LUMMNHUKOBONO Yy3M1a, UCXOAs U3 haKTUYECKMX yC-
NOBWM TENMOBLIAENEHUS OT CUI TPEHUSA U
oxnaxgaeHus.. B nogo6HbIx cnyyaax HeobxoamnMa
NpoBepKa U KOPPeKTUPOBKa NapameTpoB pac-
CenBaHuA Tenna, CMasku, BHyTPEHHEr 0 3a30pa B
NOALLUMMHKKE M TOYHOCTH ero Nocaaku ana obe-
cneYyeHWs NOBbILLIEHHOM YacTOTbl BpaLLeHH1s. Ta-
KWME KOPPEKTUPOBOYHbIE PACYETLI MOXKHO MONy-
UKUTb, 0BPaTUBLLKUCH B TEXHUYeCcKyro cnyxBy SKF.

YacToTbl BpalleHua, npesbiwaroiune
HOMUWHanNbHbIE 3HAYEHUA

Kak 8110 yka3aHo B npefblayLLeM np1Mepe,
NOALLMMHUKK MOTyT padoTaTh NPY YacToTax
BpaLLEHMA BbILLIE HOMUHAMBHbIX NPU YCIOBUN
KOHTPONA NOBbILLEHUS paBoyel TeMnepaTypbl 1
OTCYTCTBMA HEraTUBHOIO BAMAHWA HA NOALIMN-
HWUK MM NOALLMMHUKOBbIN y3en.

Mpesxxae YeM UCNONbL30BaTh NOALMMHUK Ha
YBENMYEHHbIX YaCTOTax BpaLLeHus, yOeauTech,
4TO BCE ero feTanu, Bknroyas cenapatop(bl) u
yNNoTHeHWe(s), CMOTYT BblAepyKaTh NOBbLILLEHWEe
Temnepatypsbl. KpoMe Toro, npoBepsTe napame-
TPbI HEOBXOMMOTO 3330pa UMW NPeABapHUTeNb-
HOrO HaTAra, a TakxKe CMa30YHbINA MaTepuan Ha
BO3MOXHOCTb PaBOThl NPK NOBBILLEHHbIX
TeMmneparypax.

Pa6oyas TeMnepaTypa MOXeT KOHTPONIMPO-
BaTLCA NPU BOIMOXKHOCTU YMEHbLLIEHUS TPEHWS B
NOALLMMHMUKE UMK 06ecneyerru TennooTeoaa oT
NOALUMMHUKOBOrO y3na.

JocTryb onpeaenéHHoro yMeHbLLIEHWS Tpe-
HWS MOXHO, UCNONb3YS ONTUMU3UPOBAHHYH) C1-
CTeMy CMa3bIBaHMA C NoAayel TOYHO AO3MUPO-
BaHHOr0, HEBONLLLIOr0 KOMMYECTBA NNACTUYHOM
CMa3KM UMK Macna B NOALWMMHKK.

OTBOA TENNa U3 NOALIMNHAKOBOrO y3M1a MO-
KET BbITb OCYLLIECTBNEH HECKOMbKMMU cnocoba-
M. CTaHAapTHbIE METOfb! OXNaXAEHWs Macna B
CMa3blBa@MOM MacsioM 060pyA0BaHWM BKMHOYa-
FOT: BEHTMMATOPAI, BCNOMOraTenbHble oOxnaxaa-
FOLLIME YCTPOMCTBA M LIMPKYNALMOHHBIE CUCTEMBI
cMa3blBaHKUa (= «MeTogsl cMa3siBaHmMs Mac-
oM, cTp. 262).

[nf NoALIMNHMKOB, KOMNEHCUPYHOLLIMX 0Ce-
BOE CMeLLieHu1e Mexay 0HUM W3 KoneL| nof-
LUMNHWKA M €r0 N0CaA0YHLIM MECTOM, BaXKHO
NPOBEPHTL 0CEBOE NepeMeLLieHHe NOALLMMHUKA
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NPy dakTUYeckux paboumx ycrosuax. B HekoTo-
PbIX CyYaax MOKET NoTpe6oBaThCs ONTUMMU3a-
LMsl OPYrrX BIMAHOLLMX HA YacTOTY BPaLLeHus
aKTopOoB, TaKMX KaK reoMeTpruyeckue Jonycku,
KOHCTPYKLMSA cenapaTopa v MaTepuasn nogwmn-
HuKa. Jro6oe nosbILLeHWe TeMnepaTypbl Nog-
LUMMHUKA CHWKAET BA3KOCTb U 3 DEKTUBHOCTb
CMa304HOr0 MaTep1arna, yCroxHsa nogaepya-
HWE 40CTaTOYHOM TOMLUMHBI TMAPOAUHAMUYE-
CKOW CMa304HOM NNEHKKU MEXKOY TeNamu 1 [o-
POXKKOM KayeHus.

B 6onbluMHCTBE Cryyaes 3T0 NPUBOIMT K 0-
NOSHUTENBHOMY MOBbILLEHWUID TPEHWUA U TEMMO-
BblAENEHWHO W3-3a TpeHus. pr DOCTUXKEHUK
pexkrMa paboTbl, NPy KOTOPOM BHYTPEHHEE
KOSbLIO HAarpeBaeTCs 3HaYMTENbHO BonbLUe Ha-
PY’>KHOr0, PaB0oymi 3a30p MOXKET YMEHbLUMTLCS
BNJIOTh [0 3aKNMHUBAHUA NoAWMNHKKA. JTtoboe
YBENMYEHUE YacTOTbl BPALLIEHHS BbILLE HOMU-
HasIbHOM 03HAYaeT, YTo pasHWLa TemMneparyp
MeXdy BHYTPEHHWUM WM HAPYXXHbIM KOJTbLIOM
6onbLue HopManbHoM. Mo3ToMy MoxeT notpe6o-
BaTbCA NOALLUMMHWK C BHYTPEHHUM 3330POM
6onbLue, YeM y BbIBPAHHOr0 M3HAYanbHO
(= «BHyTpeHHMH 3a30p NO[LUMITHUKOB,
cTp. 149). Takke MoxeT BbITh LiefilecoobpasHo
6onee BHUMATENLHO U3YYUTb PacnpeaeneHue
TeMmnepatypbl B NOALWMMNHWUKE U OLUEHUTL Npe-
feNbHO 4oNyCTUMble TeMNepaTypbl 4ns cenapa-
TOpa ¥ CMA304HOr0 MaTep1ana, NoCKosbKY TeM-
neparypa B yCTaHOBMBLUEMCS pesKMMe PaboThl
gbite 70 °C (160 °F) MoxeT NpUBECTH K CyLLie-
CTBEHHOMY COKpaLLIeHHHo ux pecypca (—> «[To-
niMmepHble cenaparopsi», cTp. 153 u «[lnactmy-
Hble CMa3Ku», cTp. 244).

Ecnv npeanonaraetcs akcnnyaTMposaTh nog-
LUMMHUKK B YCIIOBMAX YACTOTbl BPALLIEHMS BbilLe
HOMMHaNbHbIX 3HaYeHWH (TennosbIx), cnegyet
06paTuThCa B TexHuyeckyro cny6y SKF. 06Limm
NPaBWIIOM ABMSETCH KOHTPOSb NpefesibHOM ya-
CTOTbI BPALLEHWst NOALIMMHUKA, AAXKE NPU CaMbIX
61aronpUsTHLIX YCIOBUAX TPEHUA U
oXnaXaeHus.
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MNpenenbHasa yacToTa
BpaLLeHus

MpenensHas YacToTa BpaLLEHUA NOALLIMMHUKA
(kMHeMaTHyecKan) ycTaHaBMBAETCA C YYETOM
Takux PaKTOPOB, Kak CTabUIIbHOCTL hOPMbI U
NPOYHOCTbL CEnapaTopa, yCnoB s CMasblBaHUs
HanNpaBnAMOLLMX NOBEPXHOCTEW cenapaTopa, Be-
NMYUHBI LEHTPOBOEXKHBIX M TMPOCKOMMYECKHX
CUN, DENCTBYHOLLIMX Ha Tena Ka4yeHus, TOYHOCTb
nocaaku NOALLMMNHUKA B KOPMYCe U APYTrUX dak-
TOPOB, OFPAHUYMBAOLLIMX YACTOTY BPaLLEHHS,
HanpUMep, TMNa ynnoTHeHWM U CMa304HOro Ma-
Tepuana ans ynnoTHEHHbIX NOALMTHUKOB.

OnbIT NOKa3bIBAET, YTO AaXKe NpH camblx Bna-
FONPUATHBIX YCIIOBUAX HArPY3KW U MUHUMarbHOM
TPEHWM CYLLIECTBYHOT MaKCUMarbHO 4ONYCTUMbIE
YaCcTOThl BpaLLEHUs NOALIMMNHUKA, KOTOPbIE HE
[IOSIKHbI NPEBbLILIATLCA N0 TEXHUYECKUM CO00-
PaKEHWUAM, a TaKKe B CUMY TOrO, YTO NogAepyKa-
Hue paboyek TeMnepaTypbl NOALUMMNHKAKA Ha NPK-
€MNeMOM ypoBHe TpeByeT 04YeHb BbICOKMX 3aTpar.

YkasaHHble B Tabniuue NogLUMIHUKOB npe-
[efbHbIe YacTOTbl BPALLEHWS eNCTBUTESbHbI
0019 NOALMMNHMKOB 6a30B0M KOHCTPYKLMK. B
cnyvae, ecnv npeaensHas 4acToTa BpaLleHus
BbILLE HOMUHAMBHOM, MOXHO 0XKMAATh 3HAYU-
TENbHOro NPeBbILLEHWs HOMUHAmNLHOMW TeMnepa-
Typbl. B faHHbIX YCNOBMsX MOryT NoTpedoBaTsCs
COOTBETCTBYHOLLIME U3MepeHUua (= «YacToTs
BPALLEHMS, IPEBbILLAFOLLNE HOMUHATTbHBIE 3HA-
yeHus», cTp. 125). Ecnn Takve Mepbl Henpuem-
NeMbl, CnefyeT NPOBEPHTL BHYTPEHHWM 3a30p U
TOYHOCTb MOCAAKM NOALLMIMHMKA B KOPMYCE U Ha
Bany c nocrieayroLLier agantauven K 6onee Ta-
ENbIM YCNOBUAM 3KcnnyaTaumm (= «Jonycku
o6Lyero paguansHoro 6uenuss, crp. 200).

Takke He0Bx01Mo paccMaTpuUBaTh COBME-
CTUMOCTb NMPUMEHAEMbBIX MAaTEPHUASIOB B CUCTEME
NOJLLMMHUKOBOrO y3na 19 o6ecneyeHuns Tpe-
6yemoro pecypca nofLMnHWUKa nNpu padoyen
Temnepatype (=> «Marepuasibi NOQLIMTHUKOB
Kkayenus», cTp. 150 v «lInactmyHbie cMazku,
cTp. 244). Ecnu TeMnepaTypa B yCTaHOBMBLUEM-
cq paBoyeM peskMMe Bbillie MaKCUMasibHO PeKo-
MeHOBaHHOW B COOTBETCTBMM CO CTENEHbH Tep-
MUyYecKom ctabunmsaumu, Hanpumep, 120 °C
(250 °F) pna knacca SN (= «Brmanme paboyeri
Temnepatypsi», €Tp. 82), cnefyeT UCNomnb30BaTh
NOALLUMNHKK C 6oriee BbICOKOW CTeNeHbH cTabu-
nW3auMK 4ns NoaaepskaH1s NocagoyHoro Ha-
TAra W BHYTPEHHEro 3a30pa B NOALUMMHUKE.
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B cnydae cMa3biBaHMA NAACTUYHON CMa3KoM
cnefyeT yunuTbIBaTh AONONHUTENbHbIE PaKTOPI,
TakWe Kak CMa3blBaHWe HanpaBnAoLLMX NOBepX-
HOCTeW cenapaTopa M KOHCUCTEHLIMID CMa3ku
npu pabouen Temnepartype (= «CmassiBanme
MAACTUYHOM CMA3KOH», €Tp. 242).

HeKoTopble OTKPbITbIE LLIAPUKONOALLMIHUKK
MMEHT 04eHb Manoe TPEHWUE, U UX HOMUHaNbHbIE
YaCTOTbl BPaLLEHWsl MOrYT NPeBbILaTh Npefdenb-
Hble 3HauYeHus. [103ToMy He0BXOAMMO BbIUMC-
fINTb W CPaBHWUTb CKOPPEKTUPOBAHHYH HOMMW-
HaNbHYH YacTOTY BPALLEHUS C NPefeNibHbIM
3HauyeHreM. JomkHa BbITb UCNONb30BaHA MeHb-
LLas U3 [BYX BENIUUMH.

Lnsa o6ecneyenns ctabunbHon paboTsl Nog-
LLUIMMHWKOB, B YaCTHOCTM NPU BbICOKMX YacToTax
BPALLIEHWA, HA HWX [JOMKHA BO3eNCTBOBATL
onpefenéHHas MUHUManbHas Harpyska. Mog-
pobHas UHdOPMALIMA 0 HEOBXOAUMOW MUHK-
ManbHOM Harpy3Ke NpefcTaBeHa B pasgenax
«Harpyskus coOTBETCTBYHOLLMX MNaB KaTanora.

B HekoTOpbIX Clly4anx, HanpuMep, 4519 HeKo-
TOPbIX LMAMHAPUYECKMX POSTMKOMNOALLIMMIHUKOB,
npw BbiBope anbTepHaTUBHOrO TWNa cenaparopa
NOALLIMMNHWAKK MOTyYT paboTaTk ¢ 60siee BbICOKUMM
yacToTamu BpaLLeHusa, YeM npedesbHble 4519
CTAHOAPTHBIX UCMOSTHEHWH, 3HAYEHMS KOTOPbIX
ykasaHbl B Tabnuuax (= «Jonycrumas vacrora
spaiyenms», Tabnuua 9, crp. 600).

Kak npaBuno, ecnv npefensHas 4actoTa Bpa-
LLIEHMWsI HE COOTBETCTBYET YCIIOBMUAM 3KCMITyaTa-
LMK, MOXET NoTpe6oBaThbCs NPUMEHEHWe Apyro-
0 NOALIMMHWKA, MOAUDUKALIMA CUCTEMBI
CMa3blBaHWa WKW NOALIMMHUKOBOTO y3na. OHa
MOXET BKIHOYATh YMEHbLUEHUE FeOMETPUYECKMX
[IONYCKOB, 3aMeHy MaTep1asnos cenaparopa, 3a-
MEHY CMa304HOro MaTep1ana Unu UsMeHeHue
cnocoBa cMasblBaHMs, a Take ONTUMM3aLMIO
TennooTeoaa.

B nono6HbIx cnyyaax pekomeHayertca obpa-
TUTLCS B TeXHUYeckyHo cnyxBy SKF 3a
KOHCynbTaUuew.
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OcoBble ciyyan

Ocobble cnyyau

B HekoTopbIX Crydasx 0coBy+o BaXHOCTb MO CpaB-
HEHWHO C NpefenbHbIMK YacTOTaMu BpaLLeHUs
NOALLIMMNHKUKA NPUOBPETArOT APYrre baKTopbl.

Manble yacToTbl BpalleHun

IMpu 0YeHb Manok yacToTe BpallieHus 06pa3o-
BaHWe 3NacTorUaPoAMHAMUYECKON CMa304HOM
NNEHKK B 30HE KOHTaKTa TeN W [JOPOXEK KayeHns
NPaKTUYECKU HEBO3MOXHO. B Taknx cryyanax
cnefdyeT paccMoTpeTb BO3MOXHOCTb MCMOMb30-
BaHWs CMa30YHbIX MAaTEPManoB, CoAepyXaLLnX
aHTu3aaupHble (EP) npucanku (= «Cmassisa-
HHMe MIacTUYHOH cMaskoi», cTp. 242). B kave-
CTBE anbTepHaTUBbI MOXHO PacCMOTPETh NPU-
MEHEeHWe aHTUPPUKLIMOHHOTO 3aN0fHUTENS
Solid Oil (= cTp. 1185).

KonebatenbHble ABWXeHUa

[Mpu TakoM TuMe ABUKEeHUs HanpasfeHue Bpa-
LLIEHUSA U3MEHARTCA NPeXae, Yem NOALUMMHKUK
COBEPLUMT NOnHbINA 060poT. MockonbKy Yactota
BPALL|EHMA B TOYKE U3MEHEHWUs HanpaBneHms
BPaLL|EHMA PaBHa HyNH, NPaKTUYECKU HEeBO3-
MOXHO 06ecneynTsb nogaepXaHue ruapoguHa-
MWYECKOW CMa304HOM NNEHKKW JOCTAaTOYHOM TON-
LWMHBbI. B cBsizn ¢ atum SKF pekoMeHayeT
ncnonb3oBaTth aHTM3agupHyto (EP) npucaaky
[1N9 NoAAepXKaHWa A0CTaTOYHOW TOMLLMHbI Fpa-
HWUYHOM CMa304HOM NNEHKK 415 paboTsl B yCI0-
BUAX NPUNOXKEHHbIX HArpy3ok. MépuaHsle noa-
LMNHKUKK (—> cTp. 1219) nokasbiBatoT XOpoLLyH
paboToCnocoB6HOCTL B YCNOBUSAX HEAOCTATOYHOMO
CMa3bIBaHWA W, CrefoBsaTtesibHo, MoryT 4aTk no-
NOXWUTENbHbIE Pe3ysbTaThl B YCIOBUSAX BbICTPbLIX
MYCKOB, OCTAHOBOK M PE3KOro U3MEeHEHMA Ha-
npaBfieHna AeNCTBUSA Harpy3oK.

B uenioM, ycTaHoBUTbL kakow-n1bo npegen
CKOPOCTHM COBEpLUEHNUA KonedaHWi HEBO3MOXHO,
MOCKOSIbKY BEPXHWI Npegen onpeaenserca He
TensnosbiM BanaHcoM, a cunamu uHepumu. Mpu
KayK10M M3MEHEeHWW HanpaBneHWa cyLLecTsyer
0MNaCHOCTb, YTO CUSIbI MHEPLIMK BLI3OBYT NPO-
CKanb3blBaHWe TeN Ka4YeHMa B NOALUMMHUKE W
3a/IMPbl Ha JOPOXKKAX KayeHus. BennuuHa ycko-
PEeHUM 1 3aMeeHu 3aBUCHT OT MacChl TeN Ka-
YeHMA 1 cenapaTopa, TMNa W KorM4yecTsa cMa-
304HOMO MaTep1arna, BesiMumnHbl paboyero
3a30pa W Harpy3ku Ha NOALLMMNHMK.
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Bo3HWKHOBEHMKE Bwépauww Ha
BbICOKUX YaCTOTax BpaLlleHHa

Bbicokas paboyas yacToTa BpaLLeHWs NpUBoaUT
K NOBbILLEHWHO YaCTOTbI NepeKaTbiBaHWA PonMKa
B NOALUMMNHMKE 1 reHepaLy BbICOKOTOHAMBHOrO
wyma. To, 4To NofpasyMeBaroT NoA BbIpaXeHU-
€M «LUYM NOALLMNHKKA, OTHOCUTCSA K 3ByKOBOMY
3 dexTy BUBpaLmu, NPOM3BOAMMON U Nepeda-
BaeMOoW NoALLIMMNHUKOM Ha COMPAXKEHHbIE feTa-
nn. ConpsaxkEHHble JeTanu Takke cnocobCTayroT
NOHUXXEHUIO UMK NOBbILLIEHWHO LLIYMOBbIX XapaK-
TEPUCTHK KOHCTPYKLUMK. PaccMaTtpursas npobremy
LLYMa MU BbICOKMX YacTOTax BpaLLEeHWs nod-
LUMMHKUKA, LenecoodpasHo y4YMTLIBATL Cliedyro-
LL{Me JONONHUTENbHbIE ACNEeKThI.

M3meHeHHe KonuyecTBa Harpy>eHHbIX
Ten KavyeHua

Ecnu Ha noawMnHmk gencTeyeT paguanbHas
Harpyska, To KONMYeCTBO Tes KaueHus, HecyLLmux
Harpysky, B npouecce paboTbl U3MeHAeTCs, Ha-
npuMep, 2—-3—-2-3. 370 Bbi3blBAET CMELLIEHWE Ha-
npasfieHua Harpysku. Mpr 3ToM HeuzBexxHo Bo3-
HUKaeT BUOPaLMA, KOTOPYHD MOXKHO YMEHbLLLIWTH
MpY NOMOLLIM 0CEBOro NpedHaTsara Ans Harpy-
YKEHWS BCex Ten KayeHus. Takoe, 0HaKo, HEBO3-
MO>HO B CNy4ae LMIMHAPUYECKMX POSIMKONO -
LUMMHKKOB, UrOMbYaTLIX U TOPOUAANbHBIX
ponukonogwmnuukos CARB, a Takske He peko-
MeHdyeTcs ANa ABYXPAAHbLIX NOALMMHUKOB.

TOYHOCTb CONPAKEHHBIX AeTanen

Mpw nocafke c HaTArOM MeX.y KOSbLIOM Noa-
LUMMHWKA W KOPMYCOM WK BanoM KosbLo noa-
LUMMHWKA MOXET MPHUHUMATb POPMY COMPAKEH-
HOM netanu. Npwu 3ToM Bce OTKIOHEHUA hOpPMbI
MOTYT Bbl3blBaTb BUGpaLMK B npoLiecce paboTl.
Mo3ToMy BaxkHO, 4ToBbl 06paboTka NOcafoUHbIX
MECT Ha Basnax 1 B KOpnycax COOTBETCTBOBasa
TpebyeMbIM fonyckam (= «onycku o6Lyero
paguansHoro 6ueHms», crp. 200).

Hanuuune MecTHoro NospeXaeHs JOPOXKeK
KauYeHUs UNK BMATUH OT TBEPbIX 3arPA3HAOLLIMX
4aCTUL TaKXKe CHMKAET TOYHOCTb MUKPOreoMe-
TPWUM NOPOXKEK KAYEHWA 1 YBENWUMBAET BUOpa-
LM B MoALMNHMKe. [TpUMEHeHWe CMa304HOro
MaTtepuasna BbICOKOW CTEMEHU YUCTOThI M 3aLLmTa
OT NonafaHWs 3arpasHAoLLMX YacTuL MOryT
CHW3WTb YPOBEHb LLYMA OT PadoThl NOALUMIHUKA.
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BnuaH1e NogWwMnHMKa Ha BUBpaL MO
o6opynosaHus

Bo MHOIUX KOHCTPYKLMSAX SKECTKOCTb NOALLIMIHU-
Ka NPUMEPHO TOr0 YKe NOPALKA, YTO U XKECTKOCTb
CONPAXEHHBIX feTanei. 3To N03BONAET CHU3UTDL
BMBpaLIMM B MexaHU3Me NyTEM BbiBopa Apyroro
NOJLLMNHKAKA UMW PerynupoBku npegHatara (3a-
30pa) B NoALLMNHUKOBOM y3ne. CyLiecTayeT Tpu
cnocoba yMeHbLLEeHUs BUBpaLnu:

e YcTpaHeHWe UCTOYHMKA BO36YXKOeHNA
BuBpaumm.

o [leMncdupoBaHHe KpUTUYECKOM BUBPaLIMK
Mexdy B0o36y>KOaroLLiel U Pe30HUPYHOLLIMMU
neTanaMmu.

o M3MeHeHMe )ECTKOCTH 3NeMeHTOB KOHCTPYK-
LMK NS U3MEHEHUA KPUTUYECKMX 4acToT coB-
CTBEHHbIX KonebaHum.
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BosHukHOBEHME Bmépauwm Ha BbICOKMX 4aCTOTax BpaLLleHna
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Jonycku u MaTepuansi

Pa3mepbl

MHdbopmaLms 06 0CHOBHbIX pa3Mepax NoALLIMM-
HWMKOB Npe/acTaBneHa B pasaene «/Ip1coequHu-
TesbHble pasmepsi» (= crp. 40).

Pasmepbl ¢pacok

MuHUManbHbIe 3Ha4eHWUs pa3Mepos pacok

(= puc. 1) B pagransHoM (rq, r3) 1 ocesoM (rp,
r4) HaNpaBneHWsax NpuBegeHb B Tabnuuax nog-
LUMMHKKOB. [laHHble 3HaYeHWS COOTBETCTBYHOT
Cep1sM pa3MepoB, yYka3aHHbIM B CledyHOLLIMX
CTaHgapTax:

e |S015,15012043 1 1S0 12044 ana
paaManbHbIX NOALMNHUKOB KaYyeHust

e |SO 355 nns paguanbHbiX KOHAYECKUX
PONMKONOALLMMHWUKOB

e |SO 104 nns ynopHbIX ponMKONOALWKUNHKUKOB

I'Ipe,ueanble 3Ha4eHna pasmMepoB ¢$acok, KoTo-
Pble BaXkHbl 414 onpeneneHna paguycos rante-

nen, cooTeeTcTByHOT cTaHaapTy 1ISO 582
(= «onyckm).

Puc. 1

T, T3

T2, T4
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Honycku

PasMepHble v reoMeTpuyeckre 4onycku nofa-
LLIMMHUKOB KAaYeHWUA PErnaMeHTUpPoBaHbl Mexay-
HapoaHbIMKU CTaHgapTamu. MoMUMo HopMasbHO-
ro Kfacca To4YHoCTH, ctanaapTsl SO Takke
pernaMeHTUpYIoT Nonycku Bonee ToUHbIX Knac-
COB, Hanpumep:

® KNacc TOYHOCTH 6, COOTBETCTBYHOLLIMM Knaccy
SKF P6

® KNacc TOYHOCTU 5, COOTBETCTBYHOLLIMM Knaccy
SKF P5

Llna cneuranbHbIX cyyaes NpUMeHeHus, Ha-
npuMep, Ons WNUMHAENbHBIX y3noB cTaHkos, SKF
TaKe BbINYCKAET NPeLU3MOHHbIE NOALIMMTHUKK.
OHW BKNHOYAROT KNACChl TOYHOCTU P4, P4AA,
PASA, SP v UP. JononHutensHas HdopMauus
npeacTasneHa B pasgene «/TpeynsnoHHbIe nog-
wKnHukK» (= skf.ru).

MHdbopMaLms 0 TOYHOCTH ANS KaXAoro TMna
NoALIMNHWKOB NpeAcTaBneHa B rnase «jony-
CKM> COOTBETCTBYHOLLMX rNas kaTanora. B o6o-
3HaYeHWM NOALLMMHUKOB, UMEHOLLIMX KNACC TOY-
HOCTM BblLLIE HOPMAsbHOro, 06bIYHO MMeeTCs
COOTBETCTBYHOLLIMH CYypDUKC.

O6o3HaueHWn [oNycKos

0603HayeHWs AOMYCKOB M MX onpefeneHus
npencTasnexsl B Tabnuue 1 (= crp. 134).

O6o03HaueHWe cepun [UaMeTpoB

Lonycku Ha IMaMeTp OTBEPCTHS 1 HAPYXKHbIM
onameTp tygsp M typsp AN METPUYECKKX MO -
LUMNHKKOB KaveHus (= Tabnuubl 3 -5,

cTp. 137 - 139, 33 UCKNHOYEHWEM KOHUYECKUX
POSMKONOALIMMHWKOB) AEUCTBUTENbHBI He 4NA
BCeX cepui auameTpos. [ns onpeaeneHus ce-
pWM IMaMeTpoB paaranbHbIX NOALIMMTHUKOB CM.
Tabnuuy 2 (= ctp. 136).
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Tabnuubl gonyckos

Mons [onyckos NpeacTaBneHbl B CleayHoLLMX
Tabnuuax:

o [lonyckv HOpManbHOro Knacca TOYHOCTH Ans
paamanbHbIX NOALIKMNHKMKOB, 33 UCKNHOYEHUEM
KOHWYECKMUX PONIMKONOALLIMNHUKOB
(= Tabnuua 3, ctp. 137)

o [lonycku knacca To4HocTv P6 ons paguans-
HbIX NOALLMMNHKUKOB, 3@ UCKMHOYEHUEM KOHUYe-
CKMX ponukonoaLmnHukos (= Tabnuua 4,
cTp. 138)

o [lonycku knacca ToyHocTH P5 ans paguans-
HbIX MOALLMNHKUKOB, 33 UCKMHOYEHUEM KOHUYe-
CKWX ponuKonoaLwmnHukos (= Tabnuua 5,
cTp. 139)

o [lonycky HOpManbHOro Knacca TOYHOCTH U
knacca ToyHocti CL7C ans MeTpuyeckux Ko-
HUYECKMX PONIMKONOALLMMHWKOB (Tabnuua
140) (= Tabnuua 6, ctp. 140)

e [onycku knacca To4HocTv CLN gns Metpuue-
CKUX KOHUYECKMUX PONIMKONOALLMMHUKOB
(= Tabnuua 7, ctp. 141)

e [Monycku knacca ToqHocTv P5 gns Metpuue-
CKUX KOHUYECKMUX PONMKONOALLMNHUKOB
(= Tabnuua 8, ctp. 142)

o [lonyckv ans AHOMMOBbIX KOHUYECKHX POSn-
konofLwmnHukos (= Tabnuua 9, ctp. 143)

o [lonycky Ans ynopHbIX NOOLLMNHUKOB
(= Tabnuua 10, cTp. 144)

o [lonycky KNaccos TOYHOCTH HOPManbHbIN, P6
1 P5 ansa KOHWMYECKUX OTBEPCTHUM, KOHYCHOCTb
1:12 (= Tabnuua 11, ctp. 145)

e [lonycky HOpManbHOro Knacca TOYHOCTH ANns
KOHWUYECKUX 0TBEPCTHH, KoHYcHoCTb 1:30
(= Tabnuua 12, ctp. 146)

B Tex cnyyasx, korna BennyMHbI AONYCKOB CTaH-
[lapT130BaHbIl, OHWX COOTBETCTBYHOT CTaHAapTaM
IS0 492,150 199 nANSI/ABMA Std 19.2.

JLlonycku Ha pasmepbl dpacok

Bo m3bexxaHue oLMBOK B onpegeneruy pasme-
POB bacoK Ha CONPAKEHHBIX AeTanaX NoALWMUN-
HUKOB M ANS YNPOLLEHUS PacYETOB NOMOXKEHUS
nocafoyHbIX MeCT CTOMOPHbIX KomeL, AonyCKM
MaKCHManbHbIX pasMepos ¢acok (= puc. 2),
COOTBETCTBYHOLLIME MUHUMANbHBIM Pa3Mepam
bacok (= Tabnuubl NOAWKUNHUKOB), MOXKHO
HaWTV B cnegyroLLmx Tabnuuax:

akF

Jonycku

* pa3sMmepbl $acok Ans METPUYECKUX paarasb-
HbIX M YNOPHbIX NOALLIMMHUKOB, 3@ UCKNFOYe-
HUEM KOHWUYECKMX POTMKONOALLMIHUKOB
(= Tabnuua 13, ctp. 147)

° pa3sMmepbl $acok AnNs METPUYECKUX paguass-
HbIX KOHUYECKMX PONMKONOALLMMHUKOB
(= Tabnuua 14, ctp. 147)

 pa3smepbl $acoK AN JHOMMOBBIX KOHUYECKMX
ponukonoawm1nHukos (= Tabnuua 15,
cTp. 148)

Tonycku ons MeTpUyeckmx NogLMNHUKOB COOT-
BeTcTBYHOT cTangapty IS0 582. Lonycku ans
[IFOMMOBbIX KOHUYECKMX PONMKOMOALLMIHUKOB,
KOTOpbIE 3HAYUTENBHO OTIMYAFOTCA OT 3HAYEHUH
LN METPUYECKMX NOALUMMHUKOB, YKa3aHbl B
ANSI/ABMA 19.2, Ho He cTaHAapTH30BaHbI.

Mpumep
Kakwm 6yget HanbonbLuee paguansHoe 3Have-
HHe (11 yakc) A9 PACKM PAAMANBHOMO LIAPHKO-
nofgwmnHuka 6211? CornacHo Tabnuue nog-
LwnnHukos (—> cTp. 328), 11 . = 1,5 MM 1
d=55mm.

M3 tabnuubl 13 (= crp. 147) cnenyer, uto
NPU Tg yan. = 1,5 MM 1 d < 120 MM, HanbBonbLuee
pPaaManbHOe 3HAYEHUE T yaye. = 2,3 MM.

Puc. 2
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Jonycku u MaTepuansi

Tabnuua 1

0603HaueHns Aonyckos
06 e Onp
Aaonycka

BHYTpeHHHe KonbLa pafranbHbIX NOAWKWNHAKOB — LMAUHAPUYECKUE U KOHUYECKUE OTBEPCTUA
d LInnHapuyeckoe 0TBEPCTHE: HOMMHANbHBINA AMAMETp OTBEPCTUS

KoHuueckoe oTsepcTHe: HOMWHanbHbIN JAnameTp CO CTOPOHbI MeHbLUEro AWaMeTpa KOHWYeCKoro oTBepcTua
Admp LIMnMHgpHyeckoe 0TBePCTHE: OTKNOHEHWe CpedHero guaMeTpa 0TBepCTHA (M3 ABYXTOYEYHLIX pa3Mepos) B NH6OM NoNepeyHoM CeyeHnu oT

HOMWHANbLHOrO pa3Mepa
KoHuueckoe 0TBEpCTUeE: OTKNOHEHWe CpefHero AMaMeTpa 0TBepcTUa (M3 ABYXTOYEYHbIX pazmepos) CO CTOPOHbI MEHbLUEro AuameTpa
KOHWYeCKoro 0TBepCTUsA OT HOMUHANBLHOrO pasMepa

Ads OTKNOHeHWe AMaMeTpa LIMMHAPHUYECKOro 0TBePCTHS (aBYXT! # pasvep) ot 0ro pasmepa

Vdsp [lnanasoH aMaMeTpoB OTBEPCTHS! (ABYXTOYEUHbIE PasMepbl) B 11H060M nonep CeYEeHMM LIMIMHAPHYECKOrO MK KOHUYECKOro 0TBEPCTHS

Vdmp [lnanasoH cpegHero guaMeTpa oTBepcTs (M3 ABYXTOHEUHbIX Pa3MEpOB), MoNY4EHHOTO B 11F0BOM nonep CeYEHMN LIMNMHAPHYECKOr
oTBEpCTHS

B HoMuHanbHast W1pKHa BHYTPEHHEro KonbLa

ABs CHMMETPHUHbIE KOMbLA: OTKNOHEHHE LUMPHHbI BHYTPEHHEr0 KONbLia (ABYXTOEYHBIM PasMep) OT HOMHHaNbHOro pasMepa

HOpMaJ‘IbeIﬁ, ACMMMETDW«{HI:IE Konbua, BepXHee 0TKNOHeHWe: 0TKNOHEeHUEe MUHUMANbHOro DﬁﬂﬁLLléHHOI'O PasMepa LWHUPKUHbI BHYTPEHHEro Konbua,
MUJJM¢V1LU4P0' KoTopas 33aéTCA Kak MUHUManbHoe paccTosiHne Mexay AByMA NUHUAMU B nrobom npoaoNbLHOM CeYeHuu, NpoxoasLuem Yepes ocb

BaHHbINL OTBEPCTUS BHYTPEHHEr0 KOMbLIA, OT HOMUHANLHOrO pa3Mepa
ACHMMETPMUHBIE KONbLIA, HKHEE OTKTIOHEHME: OTKNOHEHME IMPUHLI BHYTPEHHETO KOMbLA (BYXTOUEUHbIN Pa3Mep) OT HOMUHANLHOMO
pasmepa

VBs CMMMETPHYHBIE KOMbLIA: AMANA30H LWMPMHLI BHYTPEHHErO KOMbLA (ABYXTOYEYHbIE Pa3Meps!)

ACVIMMETDM"IHbIe Konbua: AnanasoH MMHUManbHbIX GsOﬁU.léHHbIX Pa3sMepoB LWMPHUHbLI BHYTPEHHEr0 KoNbua Mexay ABYMA NTMHUAMK B nrobom
NpoAoNbLHOM CeYeHuu, Npoxoasnilem Yepes oCb 0TBEPCTHUA BHYTPEHHEro Konbua

Kia PagnansHoe 61eHme NOBEPXHOCTM OTBEPCTHS BHYTPEHHEr0 KOMbLIA NOALIMNHUKA B CBOPE OTHOCUTENLHO Pa3MEPHOH Basbl, T. €. 0Ck
Hapy)XHOM NOBEPXHOCTM HAPY)XHOr0 KoMbLia

Sd OceBoe 61eHe TOpLA BHYTPEHHETO KONbLA OTHOCUTENLHO PasMepHOM Gasbl, T. . 0CM NOBEPXHOCTH OTBEPCTHMS BHYTPEHHEr0 KoMbLa

Sia OceBoe 61eHne TopLa BHYTPEHHETO KoNbLA NOALIMIHIMKA B COOPe OTHOCUTENbHO PasMepHOM Gasbl, T. e. 01 Hap 7 NOBEPXHOCTH

Hapy>HOro Konbua

BHyTpeHHMe KonbLa paguanbHeIX nog — TonbkKo Koe oTBepcTHe
dl HoMuHanbHbIi AUaMeTp co CTOPOHbI 60NLLIOTO AUAMETPa KOHHYECKOr0 OTBEPCTHS
Ad1mp OTKNOHEHHe CPeHEro a1ameTpa oTBEPCTHS (M3 ABYXTOYEUHbIX Pa3MEPOB) CO CTOPOHbI BONLIOTO AMaMeTPa 0T HOMMHANLHOTO Pa3Mepa
SL Yron KoHyca, pasHuLa Mexay HOMUHASTbHBIMK AMaMeTPaMM Ha GOSTbLLIOM W MaroM AMaMeTpax Kouyeckoro oteepctia (dq — d)
ASL OTKNOHEeHHe yrna KoHyca KOHUYECKOro 0TBEPCTHA BHYTPEHHETO KONbLA OT HOMMHANLHOMO pasMepa

Hapy)Kthe Konbua paguanbHbIX NOALWKWNHUKOB

D HoMuHanbHbIM HapyHbIA AMamMeTp

ADmp OTKNOHEHHe CPEAHEro HapyXkHOro AMaMeTpa (M3 ABYXTO4EUHbIX Pa3MepoB) B 1t0BOM NONEPEYHOM CEYEHNN OT HOMUHANLHOMO pasMepa
ADs OTKNOHEHWe HapYXKHOT0 A1aMeTpa (IBYXTOYEYHbIH PasMep) OT HOMUHANLHOTO pasMepa

VDsp [lnanasoH HapyXHOro AuameTpa (AByxToueuHble pasmepsl) 8 1060M NONEpeYHOM CeYeHMH

VDmp [lnanasoH cpeHero HapyHOro AaMeTpa (M3 ABYXTO4EUHbIX Pa3MEpOB), MoNYYEHHOTO B J1FOGOM NOMepeYHOM CeyeHUn

© HoMu1HanbHas WMpKHa HApYXHOTO KosbLiA

CHUMMETPHYHBIE KONbLA: OTKNOHEHME LUMPHHBI HAPYXHO0 KOMbLia (ABYXTOYEUHBIN pa3Mep) OT HOMMHANLHOO pasMepa

ACs . AcMMMeTpHYHbIe KoMbLia, BEPXHEE OTKIOHEHHE: OTKOHEHWE MUHUMANBHOTO 0606LYEHHOTO Pa3Mepa LUMPHHBI HAPYXXHOMO KOMbLa, KoTopas
HopManbHbIi,  3agaétes kak MUHWMansHoe PacCToAHWE MEKAY ABYMS IMHMAMM B NtOBOM MPOAOSBLHOM CEYEHWUH, NPOXOAALLEM YEpes 0Cb HapyXKHOM
MOAWPULIMPO- noBEPXHOCTM HAPYXKHOTO KOMbLIA, OT HOMUHANLHOrO pasMepa

BaHHbIi! ACHMMETPUYHBIE KONbLA, HUKHEE OTKNOHEHKE: OTKMOHEHWE LIMPKHbI HAPYXKHOTO KONbLA (ABYXT! 1 pasvep) ot oro
pasmepa
VCs CHMMETPHYHbIE KOMbLA: AUANa30H LUMPHHBI HAPYXKHOIO KOSbLIA (ABYXTOYEYHbIE Pa3Mepbi)

ACMMMETPW‘IHHE Konbua: AnanasoH MUHUManbHbIX OﬁOﬁLLléHHbIX Pa3sMepoB LUMPHUHbLI HAPY>KHOO KoNbLa Mexay ABYyMA NTMHUAMKU B ntobom
NPOAONLHOM CeYeHUH, NpoxoaaLLEeM Yepes oCb HElDy)KHUlji NOBEPXHOCTU HAPYXXHOI0 Konbua

Kea PaauansHoe GueHme Hapy>HON NOBEPXHOCTM HAPYXKHOO KOMbLIA NOALUMNHUKA B C6OPE OTHOCUTENbHO PasMepHOiA Basbl, T. €. 0ck
NOBEPXHOCTW OTBEPCTMA BHYTPEHHETO KOMbLA

SD TepneHanKynspHOCTb OCK HAPYXKHOH NOBEPXHOCTU HAPYXKHOTO KOSbLIA OTHOCHTESNBHO Pa3MepHOM Gasbl, T. €. 0CH TOPLA HAPYXKHOO KOMbLA

Sea OceBoe B1eHme TOpLa HAPYKHOTO KOMbLA NOALMIHIMKA B COOPe OTHOCUTENbHO Pa3MEpPHOM Gasbl, T. e. 0CK NOBEPXHOCTM OTBEPCTUS

BHYTpPEHHero konsua
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Lonycku

Tabnuua 1, npoaomxenue

0603HaueHns Aonyckos

06 Onp
nonycka

Pasmepb! pacok

% EanHMuHbIM pa3Mep dacku

Tomtn HauMeHb LM eUHUYHBI Pa3Mep BaCcKH IS, I, T2, T3, Ty ...
1,73 Pa3mepbl bacok B paguansHoM HanpasneHun

T2, Ty Pa3mepbl bacok 8 0CeBOM HanpaBneH1m

KoHuueckue ponukonogwmnnHuk1

T HoM1HanbHas LWMpKHa NoALIMNHKKA B cOope

ATs OTK/OHEHWE MUHMMATbHOrO 0606LLEHHOMO Pa3Mepa LWHPKHBI NOALIMMHKKA B COOPE OT HOMUHAMLHOIO pasMepa

T1 HoMiHanbHas LWMpKHa BHYTPEHHErO KOMbLa (C KOMNIEKTOM POMKOB W CENapaTopom), CoBpaHHoro ¢ 06pasLoBbiM
HAPYXXHbIM KOMbLIOM

T, HoMWHanbHas LMpPUHA HapYXKHOMO KoMbLa, COBPaHHOr0 € 06Pa3LIoBbIM BHYTPEHHWM KObLIOM

AT1s OTK/OHEHHWE MUHMMANbHOrO 0606LLEHHOMO Pa3Mepa WHPKHBI (BHYTPEHHee KofbLio COBPaHO ¢ 06Pa3LoBbIM HapYsKHbIM

KOMbLIOM) OT HOMMHANBHOrO pasMepa

AT2s OTKNOHEHWE MUHMMATBHOrO 0606LYEHHOTO pa3Mepa LMPHHBI (HAPYXHOE KOMbLO COBPaHO C 06Pa3LOBbIM BHYTPEHHUM
KOMbLIOM) OT HOMUHASLHOrO pasMepa

Tyrue KOoNbUa yNOPHbIX NOALWWNHUKOB

d HoM1HanbHbIM AUaMeTp 0TBEPCTHA TYroro KombLa, 0AUHAPHBIM NOALLMMHIK

Ads OTKNOHEHWe a1ameTpa 0TBEPCTMA TYroro KoNbLa (ABYXTOUEYHbIM pa3Mep) 0T HOMUHANLHOrO pasMepa

Admp OTK/0HEHHE CPeaHero AUaMeTpa OTBEPCTHS TYroro Kombua (13 ABYXTOYEYHbIX Pa3MepoB) B 1HOBOM NONEpeYHOM CeyeHmn
OT HOMMHANLHOO pasMepa

Vdsp [l1anasoH anameTpa oTBEPCTUS TYroro Kosbua (AByXToYeYHbIe paMeps!) B N0BOM NONEPEYHOM CEYEHNM

d; HoMWHanbHbIM GUAaMETP OTBEPCTHA LEHTPabHOrO TYroro KosbLa, ABOMHON NOALIMIHUK

Ad2mp OTK/OHEHWE CPeaHero AUaMeTpa OTBEPCTHS LIEHTPANbHOMO TYroro Kofbua (13 ABYXTOYEUHbIX Pa3Mepos) B 1HBOM
nonepeyHoM CeYeHWH OT HOMMHANBLHOrO pasmepa

Vd2sp [l1anasoH auameTpa 0TBEPCTUS LIEHTPAsbHOMO TYroro KombLia (ABYXTOYeYHbIE PasMepbl) B 11F0GOM NONEPeYHOM CeYEHMN

Si [11ana3soH TONLWHbI MeXKY AOPOXKKON KaueHMs W 3a4HWM TOPLIOM TYroro Konbua (AByXTo4euHbIe pasMepsl), ynopHbii

LMAWHAPUYECKMHA POTIMKONOALLMMHUK

[1anasoH MUHUMAnbHbIX CHEPUYECKIX PA3MEPOB MEXAY AOPOXKKOM Ka4eHMsl U MPOTUBOMONONKHBIM 33AHMM TOPLIOM
TYroro KofbLa, Nofy4eHHbIX B 1H060M NPOA0SILHOM CEYEHWH, MPOXOASLLEM YEPE3 0Cb OTBEPCTHS TYroro Kosbua,
YNOPHbIM LWAPUKOMOALIMAHUK

Csob: 1e Konbua ynop A

D HoMWHanNbHBIN HapysKHLIM AMaMeTp cBOB0AHOM0 KofbLa

ADs OTKNOHEHWe Hapy)KHOro AMameTpa cBo60AHOI0 KONbLA (ABYXTOUEYHbIM pa3Mep) 0T HOMUHANLHOrO pasMepa

ADmp OTKNOHEHWE CPeAHero HapYXHOTO AMaMeTpa CBOBOAHONO KoMbLA (M3 ABYXTOYEYHbIX PAa3MEPOB) B NtOBOM NONEPEYHOM
CEYEHUM OT HOMUHAMNLHOrO pasMepa

VDsp [l1ana3oH Hapy>KHOro AnameTpa cBoB0AHOr0 KoMbLa (ABYXTOYEYHbIE pasMepbl) B NOGOM NONEPEYHOM CeYeHHM

Se [l1anasoH TOMLLMHbI Mexay AOPOXKON KaYeHHs U 3aAHUM TOPLIOM CBOGOAHOTO KoMbLia (ABYXTOYEYHbIE Pa3Mepbi),

YNOPHbIM LIWMMHAPUYECKMIA PONMKONOALLIMIHAK

[1anasoH MHHUMAnbHbIX CEPUUYECKMX PA3MEPOB MEXAY AOPOXKKOM KaueHUsl 1 MPOTUBOMONONKHBIM 33AHUM TOPLIOM
cBOBOAHOIO KOMbLIA, MONYYEHHBIX B Nt0OOM NPOACIEHOM CEYEHIHM, MPOXOAALLEM YEPE3 OCb HAPYXKHOM MOBEPXHOCTH
CBOBOAHOIO KOMbLIA, YNOPHbIN LIAPUKONOALLMMHIK

NPOAOIHKEHWE Tabnuubl >

1) <<MOJJM¢MLU4DOBBHHBII:I» OTHOCUTCA K BHYTPEHHWUM U HAPY>KHbIM KONbLAM B ABYX UK 6onee NOALLIMMHUKAX COrflaCoBaHHbLIX KOMNJIEKTOB.
HEHE“CTBMTEI‘IBHO ANA paananbHO-YNOPHbIX LWAPHUKONOALUMMHMUKOB AN YHUBEPCANbHOr0 MOHTaXa.
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Jonycku u MaTepuansi

Tabnuua 1, npoaomkenue

0603HaueHns aonyckos

06 0
nonycka

BbICOTa YNOPHbIX NOAWIMNHWKOB B c6ope

T HoMuHanbHas BbicoTa NOALIMNHIKA B CBOPE, 0AMHAPHBIN YNOPHbIM NOALIMMHMK (33 MCKIFOYEHWEM YNOPHBIX
ChEPUYECKMX PONTUKONO[LINNHIKOB —> T4)

ATs OTK/0HEHHWE MUHMMATbHOMO 0606LLEHHOrO Pa3Mepa BbICOTbI NOALIMMHUKA B COOPe OT HOMUHAMNLHOIO pasmMepa,
0AMHaPHBIN YNOPHbIM NOALIMNHMK (33 MCKNFOUYEHWEM YMOPHBIX CHEPUUECKUX PONUKONOALINNHIMKOB —> AT4s)

T1 HoMwHanbHas BbICOTa NOALIMMHWKA B cBOpe, ABOWHOM YNOPHbIMA NOALLMMHIK
HoMwHanbHas BbICOTa NOALIMMHWKA B c6OPe, 0AUHAPHBIM YNOPHBIM NOALIMAHWK C NOAKNAAHbIM KONbLOM

AT1s OTKrMOHEHME MUHMMarbHOro 060BLLEHHO0 Pa3Mepa BbICOTbI MOALIMMHUKA B C6Ope 0T HOMUHAMLHOIO pa3Mepa, ABOMHON
YNOPHbIM MOALWNMHUK
OTKNOHEHWE MUHMMANBHOrO 06OBLLEHHOr0 pa3Mepa BbICOTbI MOALUMNHIKA B COOPE OT HOMUHANLHOrO pasMepa,
0fIMHAPHbIM YNOPHbIA NOALUMMHWK C NOAKNAAHBIM KONBLIOM

TV HoMuHanbHas BbIcOTa NOALWIMNHKKA B COOPE, ABOUHOM YNOPHBINA NOFLUMMHUK C NOAKNAAHBIMK KOMbLAMM

AT3sY) OTKIOHEHHWE MUHUMANbHOr0 0B0BLLEHHOrO Pa3Mepa BbICOTbI NOGLUMMHWKA B COOpe OT HOMUHANLHOrO pasMepa, ABOHHOM
YNOPHbIA NOFLUMMHKK C MOAKNAAHBIMK KOMbLAMM

T2 HoMuHanbHas BbicOTa NOALIMNHIKA B COOPE, YNOPHbIM CHEPUYECKII POTMKOMOALLMMHMK

AT4s?) OTKOHEHHUE MMHMMATbHOrO 0606LLIEHHOIO Pa3Mepa BbICOTbI NOALIMMHUKA B COOPE OT HOMUHANLHOMO Pa3Mepa, YNopHbIM

ChEPUYECKUI PONMKONOALLIMMHIK

) He sknrouero g IS0 199:2014.
2) B150199:2014 ucnonb3yetcs cumeon T.

Tabnuua 2
Cepuu auameTpos (paauanbHbie NOAWMNHUKK)
Tun nogwMnHKKa Cepusa guametpa
7,8,9 0,1 2,3,4
PaguanbHble Luapuxonop,l.uunnukul) 617,618,619 60 2,3
627,628 160,161 42,43
637,638,639 630 62,63, 64,622,623
Pagua. y p 70 32,33
72,73
QJ2,QJ3
CamoycTaHaBnuBatrowmecs 139 10,130 12,13,112
LWapUKONOAWMNHUKKS 22,23
LiunuHapuyeckue ponuKonoaWwMNHUKA NU 10, 20 NU2,3,4,12,22,23
NJ 10 NJ2,3,4,22,23
NUP 2, 3,22, 23
N2,3
WUronb4atblie ponuKonoaWKUNHUKK NA 48, 49, 69
BeccenapaTtopHble UMAWHAPHUYECKUE NCF 18, 19, 28, 29 NCF 30 NCF 22
PONHUKONOAWMNHUKN NNC 48, 49 NNF 50 NJG 23
NNCF 48, 49 NNCF 50
NNCL 48, 49
Ceepuyeckue ponuKoNoaWHUNHUKK 238,239 230,231 222,232
248,249 240,241 213,223
TopouaaneHsle ponukonogwuniuku CARB C39,49,59,69 C30,31 C22,23
C40,41 Cc32

1) Mogwmnnukun 604, 607, 608, 609 oTHocATCa K cepun anameTtpa 0, noawmnnHuku 623, 624, 625, 626, 627, 628 n 629 — Kk cepun ana-
MeTpa 2, noawunnHukn 634, 635 1 638 — k cepun anametpa 3

2) Mogwwmnuuk 108 oTHocuTCs K cepum anametpa 0, nogumnumkn 126, 127 n 129 — k cepuun guametpa 2, nogumnimk 135 — k cepumn
nuamerpa 3
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Lonycku

Tabnuua 3

Jlonycku HOPManbHOro KNACCa TOYHOCTH ANA PaAHanbHbIX No, 3a UCK KWX P
BHyTpeHHee Konbuo
d tadmp?) tyasp?) tyamp tags . tygs tgia

Cepus guameTpa Bce  HopmanbHbin Mog.3)
> < u L 7,899 0,1 23,4 u L L
MM MKM MKM MKM MKM MKM MKM MKM
- 2,5 0 -8 10 8 6 6 0 -40 - 12 10
25 10 0 -8 10 8 6 6 0 -120 -250 15 10
10 18 0 -8 10 8 6 6 0 -120 -250 20 10
18 30 0 -10 13 10 8 8 0 -120 -250 20 13
30 50 0 -12 15 12 9 9 0 -120 -250 20 15
50 80 0 -15 19 19 11 11 0 -150 -380 25 20
80 120 0 -20 25 25 15 15 0 -200 -380 25 25
120 180 0 =25 31 31 19 19 0 -250 -500 30 30
180 250 0 -30 38 38 23 23 0 -300 -500 30 40
250 315 0 -35 L Lb 26 26 0 -350 -500 35 50
315 400 0 -40 50 50 30 30 0 -400 -630 40 60
400 500 0 -45 56 56 34 34 0 -450 - 50 65
500 630 0 -50 63 63 38 38 0 -500 - 60 70
630 800 0 -75 - - - - 0 -750 - 70 80
800 1000 0 -100 - - - - 0 -1000 - 80 90
1000 1250 0 -125 - - - - 0 -1250 - 100 100
1250 1600 0 -160 - - - - 0 -1600 - 120 120
1600 2000 0 -200 - - - - 0 -2000 - 140 140
HapyskHoe Konbuo
D tAl]mp tVDspA) . tVDmpA) tacs tkea

OTKPbITbIE NOALIMAHWKA YNNoTHEHHbIE tycs

Cepws auametpa NOALWIMMHUKA
> < U L 7,8,990,1 2,34 2,3,4 MaKc.
MM MKM MKM MKM MKM MKM
2,5 18 0 -8 10 8 6 10 6 BenuymnHbl MOEHTUYHBI 15
18 30 0 -9 12 9 7 12 7 3HAYeHMaM tags M typs 15
30 50 0 -11 14 11 8 16 8 N5 BHYTPEHHEr0 KofbLa 20

[IaHHOrO NOALIMMHMKA.

50 80 0 -13 16 13 10 20 10 25
80 120 0 -15 19 19 11 26 11 35
120 150 0 -18 23 23 14 30 14 40
150 180 0 -25 31 31 19 38 19 45
180 250 0 -30 38 38 23 - 23 50
250 315 0 -35 4t 4b 26 - 26 60
315 400 0 -40 50 50 30 - 30 70
400 500 0 -45 56 56 34 - 34 80
500 630 0 -50 63 63 38 - 38 100
630 800 0 -75 94 94 55 - 55 120
800 1000 0 -100 125 125 75 - 75 140
1000 1250 0 -125 - - - - - 160
1250 1600 0 -160 - - - - - 190
1600 2000 0 -200 - - - - - 220
2000 2500 0 -250 - - - - - 250

1) Nonycku ans KOHAYECKIX 0TBEPCTHIA (—> Tabnuua 11, cTp. 145 1 Tabnuua 12, cTp. 146)
[IunameTpbl cepuit 7 1 8 He paccmaTtpueatotes 8 1SO 492.

3 ((MOJ:[Mq)MLlMpOBaHHbIlZ» OTHOCHTCA K BHYTPEHHUM U HAapy>XHbIM KONbUaM B ABYX UNK 6[)]'IEE noAWKUNHUKAX CoOrNnacoBaHHbIX KOMMNNEKTOB.
HepnercTanuTensHo Ans pagransHo-ynopHbIX LAPUKOMOALLMIHWKOB ANS YHMBEPCANbHOM0 MOHTAXA.

4) [eMCTBUTENbHO ANS NOALIMMHUKOB B [OMOHTAXHOM COCTOHMM U OCAE CHATMA BHYTPEHHEr0 MM HAPY)KHOTO CTOMOPHONO KOMbLA.

5) K ynnoTHEHHLIM NOALIMIHWKAM OTHOCSTCS MOALIMMHUKM C YNINOTHEHMAMM UM 3aLLWTHBIMM LIAHOaMH.
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Jonycku u MaTepuansi

Tabnuua &

JDonycku knacca TouHocTH P6 Ana paauansHbix noal 3a UCK KOHUYECKHUX P
BHyTpeHHee Konbuyo
d tadmp?) tyasp?) tvamp  tags tves tkia

Cepus guametpa
> < U L 7,8,99 0,1 2,3, 4 Bce  HopMmanbHbin Mc;l.3)
MM MKM MKM MKM MKM MKM MKM
- 2,5 0 -7 9 7 5 5 0 -40 - 12 5
235) 10 0 -7 9 7 5 5 0 -120 -250 15 6
10 18 0 -7 9 7 5 5 0 -120 -250 20 7
18 30 0 -8 10 8 6 6 0 -120 -250 20 8
30 50 0 -10 13 10 8 8 0 -120 -250 20 10
50 80 0 -12 15 15 9 9 0 -150 -380 25 10
80 120 0 -15 19 19 11 11 0 -200 -380 25 13
120 180 0 -18 23 23 14 14 0 -250 -500 30 18
180 250 0 -22 28 28 17 17 0 -300 -500 30 20
250 315 0 -25 31 31 19 19 0 -350 -500 35 25
315 400 0 -30 38 38 23 23 0 -400 -630 40 30
400 500 0 -35 L L 26 26 0 -450 - 45 35
500 630 0 -40 50 50 30 30 0 -500 - 50 40
630 800 0 -50 - - - - 0 -750 - 55 45
800 1000 0 -60 - - - - 0 -1000 - 60 50
1000 1250 0 -75 - - - - 0 -1250 - 70 60
1250 1600 0 -90 - - - - 0 -1600 - 70 70
1600 2000 0 -115 - - - - 0 -2000 - 80 80
HapyHoe konbuo
D tAllmp tVstA) . tVDmpA) tacs tkea

OTKPbITbIE NOALIMAHWKA YNnoTHEHHbIE tycs

Cepws auametpa NOALWIMMHAKA
> < u L 789901 23,4 01,234
MM MKM MKM MKM MKM MKM
2,5 18 0 -7 9 7 l5) 9 5) BenuyuHbl MOeHTUYHBI 8
18 30 0 -8 10 8 6 10 6 3HAYeHMsM tags U typs
30 50 0 -9 11 9 7 13 7 N5 BHYTPEHHEr0 Kofbua 10

[NaHHOr0 NOALLIMMHMKA

50 80 0 -11 14 11 8 16 8 13
80 120 0 -13 16 16 10 20 10 18
120 150 0 -15 19 19 11 25 11 20
150 180 0 -18 23 23 14 30 14 23
180 250 0 -20 25 25 15 - 5 25
250 315 0 -25 31 31 19 - 19 30
315 400 0 -28 35 35 21 - 21 35
400 500 0 -33 41 41 25 - 25 40
500 630 0 -38 48 48 29 - 29 50
630 800 0 -45 56 56 34 - 34 60
800 1000 0 -60 75 75 45 - 45 75
1000 1250 0 -75 - - - - - 85
1250 1600 0 -90 - - - - - 100
1600 2000 0 -115 - - - - - 100
2000 2500 0 -135 - - - - - 120

1) Nonycku Ans KOHAYECKIX OTBEPCTHI (= Tabnuua 11, cTp. 145).
[InameTpsl cepuit 7 1 8 He paccmaTtpueatotes 8 1SO 492.

3 ((MOJ:[Mq)MLlMpOBaHHblIZ» OTHOCHTCA K BHYTPEHHUM U HAapy>XHbIM KONbUaM B ABYX UNK 6[)]'IEE noAWKUNHUKaX CoOrnacoBaHHbIX KOMMNNEKTOB.
HepnercTauTensHo Ans pagransHo-ynopHbIX LAPUKOMOALLMIHWKOB ANS YHUBEPCANbHOM0 MOHTAXA.

4) [eMCTBUTENbHO ANS NOALIMMHUKOB B [OMOHTAXHOM COCTOHMM U MOCTE CHATMA BHYTPEHHEr0 MM HAPY)KHOTO CTOMOPHOO KOMbLA.

5) K ynnoTHEHHLIM NOALIMIHWKAM OTHOCSTCS MOALIMMHUKM C YINOTHEHMAMM UM 3aLUWTHBIMM LIAHOaMH.

138 akF



Lonycku

Tabnuua 5
JDonycku knacca TouHocTH P5 ana paauansHbix noal 3a UCK KOHMYECKUX POSTMKONOALIMNHUKOB
BHyTpeHHee Konbuyo
d tadmp?) tvasp tvamp  taBs . o tves tia tsq tsia®)
Cepus guameTpa Bce HopManbHbiv MDAM¢MuMpoaaHHbm“)
> < U L 7,8,990,1,2,3,4 u L L
MM MKM MKM MKM  MKM MKM MKM  MKM  MKM  MKM
- 2,5 0 -5 5 4 3 0 -40 -250 5 4 7 7
25 10 0 -5 5 4 3 0 -40 -250 5 4 7 7
10 18 0 -5 5 4 3 0 -80 -250 5 4 7 7
18 30 0 -6 6 5 3 0 -120 -250 5 4 8 8
30 50 0 -8 8 6 4 0 -120 -250 5 5 8 8
50 80 0 -9 9 7 5 0 -150 -250 6 5 8 8
80 120 0 -10 10 8 5 0 -200 -380 7 6 9 9
120 180 0 -13 13 10 7 0 -250 -380 8 8 10 10
180 250 0 -15 15 12 8 0 -300 -500 10 10 11 13
250 315 0 -18 18 14 9 0 -350 -500 13 13 13 15
315 400 0 -23 23 18 12 0 -400 -630 15 15 15 20
400 500 0 -28 28 21 14 0 -450 - 18 17 18 23
500 630 0 -35 35 26 18 0 -500 - 20 19 20 25
630 800 0 -45 - - - 0 -750 - 26 22 26 30
800 1000 O -60 - - - 0 -1000 - 32 26 32 30
1000 1250 O -75 - - - 0 -1250 - 38 30 38 30
1250 1600 O -90 - - - 0 -1600 - 45 35 45 30
1600 2000 O -115 - - - 0 -2000 - 55 40 55 30
HapyxHoe konbuo
D taDmp typsp”) tvomp  tacs tyes  thea tsp®  tsea
Cepus guametpa
> < u L 7,8,99°0,1,2,3,4
MM MKM MKM MKM MKM  MKM  MKM
2,5 18 0 -5 5 4 3 BenuynHbl UOEHTUYHBI 5 5 4 8
18 30 0 -6 6 5 3 3HAYEHUAM tags AN 5 6 4 8
30 50 0 -7 7 5 4 BHYTPEHHEro KonbLa 5 7 4 8
[IaHHOr0 NOALIMMHMKA.
50 80 0 -9 9 7 5 6 8 4 10
80 120 0 -10 10 8 5 8 10 45 11
120 150 0 -11 11 ) 6 8 11 5 13
150 180 0 -13 13 10 7 8 13 5 14
180 250 0 -15 15 11 8 10 15 55 15
250 315 0 -18 18 14 9 1 18 65 18
315 400 0 -20 20 5 10 13 20 6,5 20
400 500 0 -23 23 17 12 15 23 75 23
500 630 0 -28 28 21 14 18 25 9 25
630 800 0 -35 35 26 18 20 30 10 30
800 1000 0 -50 50 29 25 25 35 125 -
1000 1250 0 -63 - - - 30 40 15 -
1250 1600 0 -80 - - - 35 45 175 -
1600 2000 0 -100 - - - 38 55 20 -
2000 2500 0 -125 - - - 45 65 25

1) Nonycku Ans KOHAYECKUX OTBEPCTHI (= Tabnuua 11, cTp. 145).
[IunameTpbl ceput 7 1 8 He paccmaTtpueatotes 8 1SO 492.

3) MeicTBUTENbHO TONbKO ANA PaaMaibHbIX LAPHKOMOALMIHUKOB, 33 UCKMHOYEHHEM CaMOyCTaHABMBAFOLIMXCA LIAPHKONOALMIHUKOB.

4) «Moand1UMPOBAHHBIM>» OTHOCHTCA K BHYTPEHHUM M HAPYXKHbIM KOMbLIaM B ABYX MW BoNee NoALMNHUKaX COrNacoBaHHbIX KOMNEKTOB.
HQREIZCTEMTEJ'II:HO ANa pagManbHO-yNOPHbIX LWaprUKoNoALWKMNHWUKOB AN YHUBEPCANbHOr0 MOHTa)a.

5) 3HaueHnst ANs yNNOTHEHHBIX MOALIMMHUKOB (C yNNIOTHEHMAMM MM 3aLLIMTHBIMM LAKGAMM) HE ONpEeneneHbl.

6) 3HaueHus oMy CKOB yMeHbLLIEHb! B 1Ba Pa3a B COOTBETCTBMM C HOBOM pefjakuMelt cTanaapta IS0, nockonbky SD onpefensercs Kak nep-
NeHANKYNAPHOCTL OCH HapyXXHOM NOBEPXHOCTH HApYXHOr0 KONbLA OTHOCUTENbHO Pa3MepHOM 6asbl, T. e. 0CH TOpLA HAPY)KHOTO KOMbLA.
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Jonycku u MaTepuansi

Tabnuua 6
Jlonyckn HOPManbHOro KNAacca TOYHOCTH W KNacca TouHoctH CL7C Ans MeTPUUECKHUX KOHUYECKNX PONUKONOAWNNHUKOB
BHyTpeHHee P 0 W wup
d tadmp tvasp  tvamp tass tkia tats tatas tatas
Knaccel TouHocTH
HopmansHeii CL7CY

> < u L U L U L u L u L
MM MKM MKM  MKM  MKM MKM MKM MKM MKM
10 18 0 -12 12 9 0 -120 15 7 +200 O +100 O +100 O
18 30 0 -12 12 9 0 -120 18 8 +200 O +100 O +100 O
30 50 0 -12 12 9 0 -120 20 10 +200 O +100 0 +100 O
50 80 0 -15 15 1 0 -150 25 10 +200 O +100 0 +100
80 120 0 -20 20 15 0 -200 30 13 +200 -200 +100 -100 +100 -100
120 180 0 =25 25 19 0 -250 35 - +350 -250 +150 -150 +200 -100
180 250 0 -30 30 23 0 -300 50 - +350 -250 +150 -150 +200 -100
250 315 0 =35 35 26 0 -350 60 - +350 -250 +150 -150 +200 -100
315 400 0 -40 40 30 0 -400 70 - +400 -400 +200 -200 +200 -200
HapyxHoe konbuo
D tapmp tvosp  tvomp  tacs tgea

Knaccel TouHocTh

HopmansHeiin  CL7CY
> < u L u L
MM MKM MKM MKM MKM MKM
18 30 0 -12 12 9 0 -120 18 9
30 50 0 -14 14 11 0 -120 20 10
50 80 0 -16 16 12 0 -150 25 13
80 120 0 -18 18 14 0 -200 35 18
120 150 0 -20 20 15 0 -250 40 20
150 180 0 =25 25 19 0 -250 45 23
180 250 0 -30 30 23 0 -300 50 -
250 315 0 -35 35 26 0 -350 60 -
315 400 0 -40 40 30 0 -400 70 -
400 500 0 —45 45 34 0 -450 80 -
500 630 0 -50 60 38 0 -500 100 -
630 800 0 =75 80 55 0 -750 120 -

1) J:lOﬂyCKM He COOTBETCTBYHOT KaKDMy-ﬂMéO Knaccy To4HOCTU no 1SO 1 0THOCATCS K KOHUYECKUM PONMKONOALLMMNHUKAM C yMEHbLUEHHbIM
TPeHWeM 1 yMeHbLUEeHHbIMK A0NYyCKaMW Ha 6uenmve.
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Lonycku

Tabnuua 7
onycku knacca TouHocTH CLN 4ns MeTPUUECKHX KOHUYECKNX PONUKONOALNNHUKOB
BHyTpeHHee P A W wup
d tadmp tvasp  tvamp  taBs tkia tats taTas tatas
> < u L u L u L U L U L
MM MKM MKM MKM  MKM MKM MKM MKM MKM
10 18 0 -12 12 9 0 -50 15 +100 O +50 0 +50 0
18 30 0 -12 12 9 0 -50 18 +100 O +50 0 +50 0
30 50 0 -12 12 9 0 -50 20 +100 O +50 0 +50 0
50 80 0 -15 15 11 0 -50 25 +100 O +50 0 +50 0
80 120 0 -20 20 15 0 -50 30 +100 O +50 0 +50 0
120 180 0 =25 25 19 0 -50 35 +150 0 +50 0 +100 O
180 250 0 -30 30 23 0 -50 50 +150 O +50 0 +100 O
250 315 0 -35 35 26 0 -50 60 +200 O +100 O +100 O
315 400 0 -40 40 30 0 -50 70 +200 O +100 O +100 O

HapyxHoe konbuo

D tADmp tVDsp tVDmp tacs tkea
> < u L u L

MM MKM MKM MKM MKM MKM
18 30 0 -12 12 9 0 -100 18
30 50 0 -14 14 11 0 -100 20
50 80 0 -16 16 12 0 -100 25
80 120 0 -18 18 14 0 -100 35
120 150 0 -20 20 15 0 -100 40
150 180 0 =25 25 19 0 -100 45
180 250 0 -30 30 23 0 -100 50
250 315 0 =I5 35 26 0 -100 60
315 400 0 -40 40 30 0 -100 70
400 500 0 —45 45 34 0 -100 80
500 630 0 -50 60 38 0 -100 100

MPUMEYAHWME: Knacc TouHocTv CLN cooTsetcTeyeT knaccy TouHoctv ISO 6X
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Jonycku u MaTepuansi

Tabnuua 8
Jonycku knacca TO4HOCTH P5 4ns METPUUECKHX KOHUYECKUX PONMKONOAIWNHNKOB
LUnpKHa BHYTPEHHEro KONbLUA W NOALIMAHKUKA
d tadmp tvasp  tvamp  tass tkia tsq tars taTas tatas
> < U L U L u L u L u L
MM MEM MEM MEM M KM MEM M KM MHEM MEM MHEM

10 18 0 =7/ 5 5 0 -200 5 7 +200 -200 +100 -100 +100 -100
18 30 0 -8 6 5 0 -200 5 8 +200 -200 +100 -100 +100 -100
30 50 0 -10 8 5 0 240 6 8 +200 -200 +100 -100 +100 -100
50 80 0 -12 9 6 0 -300 7 8 +200 -200 +100 -100 +100 -100
80 120 0 -15 11 8 0 -400 8 9 +200 -200 +100 -100 +100 -100
120 180 O -18 14 9 0 -500 11 10 +350 -250 +150 -150 +200 -100
180 250 O -22 17 11 0 -600 13 11 +350 -250 +150 -150 +200 -100
250 315 O =25 19 13 0 -700 13 13 +350 -250 +150 -150 +200 -100
315 400 O -30 23 15 0 -800 15 15 +400 -250 +200 -200 +200 -200

HapyxHoe konbuo

D tADmp tVDsp tVDm}:' tacs tiea tSDl)

A
c
=

>

MM MKM MKM MKM MKM MKM
18 30 0 -8 6 5 BenununHsl 6 4
30 50 0 -9 7 5 WIOEHTUYHbI 7 4
50 80 0 -11 8 6 3HaYEHHAM taps 8 4
[N5 BHYTPEHHEro

80 120 0 -13 10 7 KOfbLia laHHOMO 10 4,5
120 150 0 -15 11 8 NoALMNHMKE. 11 5
150 180 0 -18 14 9 13 5
180 250 0 -20 15 10 15 55
250 315 0 -25 19 13 18 6,5
315 400 0 -28 22 14 20 6,5
400 500 0 -33 25 17 24 8,5
500 630 0 -38 29 19 30 10

1) 3HaueHus 40Ny CKOB yMeHbLLEHs! B 1Ba Pa3a B COOTBETCTBMM C HOBOM pefjakuMelt cTanaapta IS0, nockonbky SD onpefensieTcs kak nep-
NeHAMKYNAPHOCTb OCK HAPYXKHOW NOBEPXHOCTH HAPYSKHOTO KOMbLiA OTHOCUTENBHO Pa3MepHOM 6asbl, T. €. 0CK TOPLA HAPYXKHOrO KOMbLA.
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Lonycku

Tabnuua 9

JDonycku ans aromn KUX P
BHyTpeHHee Konbuo
d tadmp tkias tsia

Knaccbl To4HoCTH

HopmanbHein, CL2 CL3, CLO
> < u L U L
MM MKM MKM
- 76,2 +13 0 +13 0 3HayeHua NpuBedeHsbl B TabnuLe HapyXHbIX Konell
76,2 101,6 +25 0 +13 0
101,6 266,7 +25 0 +13 0
266,7 304,8 +25 0 +13 0
304,8 609,6 +51 0 +25 0
609,6 914,4 +76 0 +38 0
HapysHoe Konbuo
D tapmp tkias tkeas tsias tsea tea

Knaccsl To4HoCTH Knaccbl To4HoCTH Knacc TouHocTn

HopwmanbHbin, CL2 CL3, CLO Hopmanbhbin  CL2  CL3 CLO CL7C
> < U L U L
MM MKM MKM MKM
- 304,8 +25 0 +13 0 51 38 8 4 —> Tabnuua 6, cTp. 140
304,8 609,6 +51 0 +25 0 51 38 18 9
609,6 914,4 +76 0 +38 0 76 51 51 26
Mown [HOro nog
d D tats

Knaccbl ToyHocTH
HopmanbHbin CL2 CL3,CLO

> < > < U L U L U L
MM MM MKM MKM MKM
- 101,6 - - +203 0 +203 0 +203 -203
101,6 266,7 - - +356 254 +203 0 +203 -203
266,7 304,8 - - +356 —254 +203 0 +203 -203
304,8 609,6 - 508 +381 -381 +381 -381 +203 -203
304,8 609,6 508 - +381 -381 +381 -381 +381 -381
609,6 - - - +381 -381 - - +381 -381
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Jonycku u MaTepuansi

Tabnuua 10

Jlonycku AnA ynopHbIX NOAWWNHUKOB
HomuHanbHbin  Tyroe Konbuo Ceo6oaHoe KonbLo
Aunamer Knaccbl To4HoCTH Knaccbl To4HoCTH Knaccbl To4HoCTH
d,d,, D ) HopwmaneHsin, P6, P5 Ho;Maanuﬁ P6 P5 HopwmansHbi, P6, P5

tadmp» tad2mp tvasps tuazsp tsic) t?3) 52 taomp tosp  tse
> < U L U L
MM MKM MKM MKM MKM MKM MKM MKM
- 18 0 -8 6 10 5 3 0 -11 8 Benuuutbl
18 30 0 -10 8 10 5 3 0 -13 10 WOEHTWUYHbI
30 50 0 -12 9 10 6 3 0 -16 12 3HAYeHUAM

tsj ans Tyroro

50 80 0 -15 11 10 7 4 0 -19 14 Kosblia JaHHOro
80 120 0 -20 15 15 8 4 0 -22 17 NOALUMMHMKE.
120 180 0 -25 19 15 9 5 0 -25 19
180 250 0 -30 23 20 10 5) 0 -30 23
250 315 0 =35 26 25 13 7 0 -35 26
315 400 0 -40 30 30 15 7 0 -40 30
400 500 0 -45 34 30 19 9 0 -45 34
500 630 0 -50 38 35 21 11 0 -50 38
630 800 0 -75 55 40 25 13 0 -75 G5
800 1000 O -100 75 45 30 15 0 -100 75
1000 1250 O -125 95 50 35 18 0 -125 95
1250 1600 O -160 120 60 40 25 0 -160 120
1600 2000 O -200 150 75 45 30 0 -200 150
2000 2500 O -250 190 90 50 40 0 -250 190
BbIcoTa noglmnnHuKa
d, dp?) tats taras?) taT1s taras? tarsst)

OguHapHble nog-  OguHapHble noa-  [BoHHbIe nogwwun- [BoKHbIE NOALWKMA- YNOPHbIE Chepryeckue

LUMNHUKA 63 NOA-  LUMMHMKM C NOS- HWKW 6€3 NOAKNAA- HWKW CMOAKNAA-  POSMKONOALIMIHWKM

KNafHOro KOMbLAa  KMadHbIM KOMbLOM  HbIX Koew HbIMW KOMbLIAMH

SKF SKF Explorer

> < u L U L u L U L u L U L
MM MKM MKM MKM MKM
- 30 +20 -250 +100  -250 +150  -400 +300  -400 - - - -
30 50 +20 -250 +100  -250 +150  -400 +300  -400 - - - -
50 80 +20 -300 +100  -300 +150  -500 +300  -500 0 -125 0 -100
80 120 +25 -300 +150  -300 +200  -500 +400  -500 0 -150 0 -100
120 180 +25 -400 +150  -400 +200  -600 +400  -600 0 -175 0 -125
180 250 +30 -400 +150  -400 +250  -600 +500 -600 0 -200 0 -125
250 315 +40 -400 - - - - - - 0 -225 0 -150
315 400 +40 -500 - - - - - - 0 -300 0 -200
400 500 +50 -500 - - - - - - 0 -400 - -
500 630 +60 -600 - - - - - - 0 -500 = =
630 800 +70 -750 - - - - - - 0 -630 -
800 1000 +80 -1000 - - - - - - 0 -800 - -
1000 1250 +100 -1400 - - - - - - 0 -1000 - -
1250 1600 +120 -1600 - - - - - - 0 -1200 - -

1600 2000 +140 -1900 - - - = o -
2000 2500 +160 -2300 - - - - - = = = - -

1 s ABOMHbIX NOALMNHWUKOB 3HAYEHUS ABNAFOTCH NPUMEHUMbBIMU TONLKO A0 BENUYMHBLI AMameTpos do= 190 MM 1 D = 360 MM.

2) [leMcTBUTENLHO TONBKO ANA YNOPHbIX LUAPHUKOMOALIMNHWKOB C YrNoM KoHTakTa 90° U yNOPHbIX LIMAMHAPMYECKHX POAHKONOALLMNHUKOB
c yrnom koHTakTa 90°.

3) He NPUMEHAETCA K LIEHTPaNbHOMY TYroMy KOMbLy.

“) He sintouero 8 150 199.

5) B 1S0 199 ucnonsayetca cumson T.
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Lonycku

Tabnuua 11
Jlonycku KNaccoB TOMHOCTH HOPManbHbIW, P6 U P5 Ana KOHWYEeCKUX 0TBEPCTUM, KOHYCHOCTb 1:12
A
SL tast
> 5 D
B
(S | .
=] N
)
S *
wn
:
13 o] S
3 2 o =
5 g S RS
S ‘ ! S}
(o)
(B)
@ _ SL siBnsieTcst paccYMTaHHbIM HOMMHAMbHBIM Pa3MepoM 13 d 1 dq, T. e. SL = (d - d) = 2B tan(o/2);
~ ASL siBnfieTcA paccuMTaHHON XapakTepucTrkor, T. e. ASL = AdImp — Admp
JDunavetp Knaccel TouHocTH
oTBepCTUA HopmansHeiil), P6 P5
d tadmp tydsp?) tast tadmp tydsp?) tast
> < u L u L u L u L
MM MKM MKM MKM MKM MKM MKM
18 30 +21 0 13 +21 0 +13 0 13 +13 0
30 50 +25 0 15 +25 0 +16 0 15 +16 0
50 80 +30 0 19 +30 0 +19 0 19 +19 0
80 120 +35 0 22 +35 0 +22 0 22 +22 0
120 180 +40 0 31 +40 0 +25 0 25} +25 0
180 250 +46 0 38 +46 0 +29 0 29 +29 0
250 315 +52 0 4t +52 0 +32 0 32 +32 0
315 400 +57 0 50 +57 0 +36 0 36 +36 0
400 500 +63 0 56 +63 0 +40 0 - +40 0
500 630 +70 0 70 +70 0 +hb 0 - +hb 0
630 800 +80 0 - +80 0 +50 0 - +50 0
800 1000 +90 0 - +90 0 +56 0 - +56 0
1000 1250 +105 0 - +105 O +66 0 - +66 0
1250 1600 +125 0 - +125 0 +78 0 - +78 0
1600 2000 +150 O - +150 O +92 0 - +92 0

1) Nona [l0NYCKOB MeHbLLIe, YeM nons gonyckos no IS0 492.
2) NelicTauTENbHO ANS NFOBOrO NONEPEYHOrO CeUYEHUS OTBEPCTHS.
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Jonycku u MaTepuansi

Tabnuua 12

Jlonycku HOPManbHOrO KNACCA TOYHOCTH ANA KOHMYECKUX OTBEPCTUH, KOHYCHOCTb 1:30

A
75O
N Aﬂ_L/—CB :
g ' g
5 8

(Ddy)

(a)

(B)

@ _ SL aBnAeTcs paccuuTaHHbIM HOMUHaNbHbIM PasMepoM W3 d W dy, T. e. SL = (d; —d) = 2B tan(o/2);
~ ASL aBnseTcsa paccyMTaHHOW XapakTepucTukom, T. e. ASL = Adlmp — Admp

Ouametp Knacc Tounoctu

oTBepcTUa HopmanbHbii

d tadmp tyasp?) tasL

> < u L u L
MM MKM MKM MKM

- 80 +15 0 19 +30 0
80 120 +20 0 22 +35 0
120 180 +25 0 40 +40 0
180 250 +30 0 46 +46 0
250 315 +35 0 52 +52 0
315 400 +40 0 57 +57 0
400 500 +45 0 63 +63 0
500 630 +50 0 70 +70 0
630 800 +75 0 - +100 O
800 1000 +100 O - +100 O
1000 1250 +125 0 - +115 0
1250 1600 +160 0 - +125 0
1600 2000 +200 O - +150 0O

1 ,ﬂeﬁCTBMTEJ’IbHO ana nto6oro nonepeYyHoro ce4yeHWAa OTBEPCTUA.
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Tabnuua 13

PaSMepr $acoK Ana METPUYECKUX PagHnanbHbIX U YNOPHbIX

3a MUCK.
PonUKONOALIMNHHUKOB

MunuMane- HoMUHanbHbIH
HbIW eau-  AuameTp
HUYHBIN  OTBEpCTMA

KOHWYECKUX

MakcumanbHsle
pasMeps! pacok
PaguansHble  YnopHble

Lonycku

Tabnuua 14

PaSMepr $acoK Ana METPUYECKUX PagHnanbHbIX KOHUYECKHUX

PONUKONOALIWNHHUKOB

MunuMane- HoMuHanbHbIH Au- MakcuManbHele
HbIli eAn-  ameTp oTBepcTUA / pasMepbl pacok

HUYHBIK Hapy>KHbIN
pasmep Anametp

pasmep noAWMnHAKa NOAWMNHUKK  NOALIMN-
dacku HUKK
TS . d r1,3 T4 T1,2,3,4
6onee BKn. MaKC.  Makc. Makc.
MM MM MM
0,05 - - 0,1 0,2 0,1
0,08 - - 0,16 0,3 0,16
0,1 - - 0,2 0,4 0,2
0,15 - - 0,3 0,6 0,3
0,2 - - 0,5 0,8 0,5
0,3 - 40 0,6 1 0,8
40 - 0,8 1 0,8
0,6 - 40 1 2 1,5
40 - 1,3 2 1,5
1 - 50 1,5 3 2,2
50 - 1,9 3 2,2
1,1 - 120 2 3,5 2,7
120 - 2,5 4 2,7
a5 - 120 23 4 35
120 - 3 5 3,5
2 - 80 3 45 &
80 220 3,5 5 4
220 - 38 6 4
2,1 - 280 4 6,5 4,5
280 - 4,5 7 4,5
2,5 - 100 3,8 6 -
100 280 4,5 6 -
280 - 5 7 -
3 - 280 5 8 5.5
280 - 55 8 5.5
4 - - 6,5 9 6,5
5 - - 8 10 8
6 - - 10 13 10
7,5 - - 12,5 17 12,5
A5 - - 15 19 15
1 - - 18 24 18

akF

CPRCKM NOALWKUNHHAKA
TS M. d,D T1,3 T4
GUJ'IEE BKN. MakKc. Makc.
MM MM MM
0,3 - 40 0,7 1,4
40 - 0,9 1,6
0,5 - 40 11 1,7
40 - 1,2 1,9
0,6 - 40 11 17
40 - 13 2
1 - 50 1,6 2,5
50 - 1,9 3
(185 - 120 2,3 3
120 250 2,8 3,5
250 - 3,5 4
2 - 120 2,8 4
120 250 3,5 4,5
250 - 4 5)
2,5 - 120 3,5 5
120 250 4 55
250 - 4,5 6
3 - 120 4 55
120 250 4,5 6,5
250 400 5 7
400 - 55 75
4 - 120 5 7
120 250 55 7.5
250 400 6 8
400 - 6,5 8,5
5 - 180 6,5 8
180 - 7,5 9
6 - 180 25, 10
180 - 9 11
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Tabnuua 15
JDonycku Ha $acok ana aron KOHMYECKHUX P
BHyTpeHHee Konbuo HapyHoe konbuo
MuHuManeHbIA HoMuHaneHeIH MakcumansHele HoMuHaneHeIH MakcumansHsie
eAMHUYHBIN AMaMeTp OTBEPCTUA  PasMepbl hacok HapyXXHLIW AWAMETp  pasMepsl pacok
pasMep dacku noALWMNHUKa noALWnNHUKa
TS MuH. d 1 2 D 3 LA
fonee Bk Gonee  BKN. MaKc. MaKc. Gonee BKI1. MaKc. Makc.
MM MM MM MM MM
0,6 1,4 - 101,6 1w, + 0,5 Dt 3 - 168,3 3, + 0,6 T, + 1,2
101,6 254 1 wnn, + 0,6 2, 4 L4 168,3 266,7 3, + 0,8 Ty nn, + 1,4
254 - 1w, + 0,9 2, + 2 266,7 355,6 P2, & dk?/ Tywnn, + 1,7
355,6 - 3, + 0,9 T4 wn, + 2
1,4 235} - 101,6 71 wun. + 0,5 2. + 1.3 - 168,3 3w, + 0,6 T4wn, + 1,2
101,6 254 Tq g, + 0,6 2y, o e 168,3 266,7 Bt 0,3 AV e S
254 - T4 wn, + 2 2w + 3 266,7 355,6 oo, & A7 T, + 1,7
355,6 - 3, + 2 Thwn, + 3
235) 4,0 - 101,6 1w, + 0,5 2, + 1,3 - 168,3 3, + 0,6 Ty, + 1,2
101,6 254 T+ 0,6 Toyu +1.8 1683 266,7 3.+ 0,8 Tiwan, + 14
254 400 1 v, + 2 2, + 4 266,7 355,6 3, + 1,7 W g, 3 Ao/
400 - 1w, + 2,5 2y, + 4,5 355,6 400 3, + 2 T, + &
400 - 3w, + 2,5 4w, + 4,5
4,0 5,0 - 101,6 1 wun, + 0,5 (2o Al - 168,3 3, + 0,6 YA A
101,6 254 1 yun, + 0,6 2 . + 1,8 168,3 266,7 3w, + 0,8 T4 wn, + 1.4
254 - 1w, + 2,5 T2, + & 266,7 355,6 Fe)rvrii At/ T, + 147
355,6 - 3. + 2,5 Thwn, + b
5,0 6,0 - 101,6 1w, + 0,5 2 + 1,3 - 168,3 3. + 0,6 T4, + 1,2
101,6 254 1w, + 0,6 2. + 1,8 168,3 266,7 3, + 0,8 Ty, + 1,4
254 = T4y, *+ 3 2, + B 266,7 355,6 3, + 1,7 g, 3 Ao/
355,6 - 3, + 3 T4, + 5
6,0 7,5 - 101,6 1w, + 0,5 2w, + 1,3 - 168,3 3, + 0,6 T, + 1,2
101,6 254 1, + 0,6 2 + 1,8 168,3 266,7 3. + 0,8 Ty, + 1,4
254 - 1w, + 4,5 2w, + 6,5 266,7 355,6 3. + 1,7 T4, + 1,7
355,6 - 3, + 4,5 4w, + 6,5
7,5 9,5 - 101,6 1wy, + 0,5 2.+ 1.3 - 168,3 3, + 0,6 T, + 1.2
101,6 254 1w, + 0,6 2, + 1,8 168,3 266,7 72 s, 4 (O T4, + 1,4
254 - 1w, + 6,5 2. + 9,5 266,7 355,6 3. + 1,7 Ty, + 1,7
355,6 - 2 s, & G4 T, & O3
9,5 12 - 101,6 T1um. + 0,5 2w+ 1,3 - 168,3 3w, + 0,6 o, + 1,2
101,6 254 1w, + 0,6 2, 4 AL 168,3 266,7 3, + 0,8 Ty, + 1,4
254 - T2, + 8 T2, + 11 266,7 3556 3.+ 1,7 Ty, + 1,7
355,6 - 3, + 8 T, + 11
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BHyTpeHHWH 3a30p
NOALIMNHUKOB

BHyTpeHHwi 3a30p B nogLumnHuke (= puc. 3)
onpefenserca kak obLee paccToAHWe, Ha KOTo-
POE MOXET NepemMecTUTLCA 0HO U3 Korewl Noa-
LUMMHWKA OTHOCUTENbLHO OPYroro Kofbla B pa-
AManbHOM HanpasneHuu (paguanbHbIi
BHYTPEHHWI 3230D) UMK B 0CEBOM HanpaBneHnu
(oceBot BHyTpPeHHMI 3a30p).

Heo6x01Mo pasnuyaTh HavasbHbIN BHY-
TPEHHWM 3a30P B NOALLUMIMHWUKE B JOMOHTAXHOM
COCTOAHMM M PaBOYMM BHYTPEHHWUM 3a30p B Noa-
LUMMHKWKe, paboTaroLLieM co cTabunbHOM
TeMneparypomn.

lMpaKTUYecku BCeraa BenmumHa HauyanbHoro
BHYTPEHHEr0 3a30pa B NOALUMMHWKE Bosblue Be-
NW4YKHBI ero pabodero 3asopa. PasHuua Moxet
6bITb CBA3aHA C HEOBXOAMMOCTLHO MOCAAKM C Ha-
TAFOM Ha Bany W/WNu B KOPNyce, a Takxke C Te-
N0BLIM PaCLUMPEHWEM NOALUMIHWKA U conpsi-
YEHHBbIX JeTanen.

Lnsa yoosneteoputenbHOM paboTbl NogLmmn-
HWMKa 0COBYHO BAXXHOCTb NPEACTABASET Hann4ue
onpedenéHHOro BHyTPeHHEro 3a3opa B npouec-
ce akcnnyaTaumu. Kak npasuno, pabouni 3a3op
(Mnn NpeaBapUTENbHBINA HATAT) B LUAPUKONOA-
LUMMHKUKAX JOMKEH BbITb NPAKTUYECKH HYIEBbIM.
B 0TIMYMM OT LIAPMKONOALLIMMHWUKOB, LUIMH-
[pUYecKre, MronbyaTble, Chepuyeckue 1 Topo-
MAanbHbIe PONIMKONOALIMMIHUKM B NpoLecce pa-
60Tbl BCeraa f0SKHbI UMETb HEKOTOPbIN
MMUHUManbHbLIN (pagranbHbIi) 3a30p. ITo Takxke
OTHOCMUTCS K KOHUYECKMM POSIMKOMOALLIMMHUKAM
¥ PaamanbHO-ynopHbIM LWAPHUKONOALMNHUKAM.

Puc. 3

PagnanbHbiv
BHYTPEHHUI 3a30p

}

OceBoW BHYTPEHHUM 3a30p

akF

BHYTpeHHWM 3a30p NOALLIMMNHMKA

B T0 »e BpeMms, NP1 He06X0AUMOCTH BbICOKO
CTEeNeHM KECTKOCTH KOHUYECKMe PONMKONOf-
LUMNHWKM W PaamMansHo-ynopHble Liapukonom-
LUMNHWKM MOTYT YCTaHaBNMBATLCA C ONPefenéH-
HbIM npegHaTaroM (—=> «[IpegHarar
MO[LWMAHMKOB, CTP. 214).
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Jonycku u MaTepuansi

HopMasibHbIM HaYasibHbIA BHYTPEHHWH 3a30p
NoApasyMeBaeT, YTo COOTBETCTBYHOLLMI pabo-
umK 3a30p GydeT obecneyeH NPU MOHTaXe nog-
LUMMHWKA C PEKOMEHAYEeMOoW NOCaaKoM Ha Bany
B KOpnyce 1 npu padoTe B 06bIUHbIX paboumx yc-
noswusix. B Tex cnydasnx, korga ycnosua padoTs 1
MOHTaXKa OT/IMYAOTCA OT HOPMaSibHbIX, HAaNPU-
Mep, MpH yCTaHOBKe 060MX KoMeL C HaTAroM W1
HaSIMYMM 3HAUMTESIbHBIX NEPenagos TeMnepa-
Typ, TPEBYHOTCA NOALUMIHUKM C YBETUYEHHBIMK
WINM YMEHbLUEHHBIMU BHYTPEHHUMM 3a30paMH.

B Takux cnyyasx SKF pekoMeHOyeT npoBepaTh
BEJIMYMHY OCTATOYHOrO (paguansbHoro) 3asopa
NOALLMMHMKA NOCIE ero MoHTaxa.

MoALWMNHWKK, BEIMYMHA BHYTPEHHErO 3a30pa
KOTOPbIX OT/IMYAETCS OT HOPMarbHOro, 0603HayYa-
roTca cypdukcamu ¢ C1 no C5 (—> tabnuua 16).

3Ha4eHus 3a30p0B [/ PA3NIUYHBIX TUMOB
NOALUMMHWUKOB NPUBEOEHbBI B COOTBETCTBYHOLLIMX
rnaeax kaTanora v 4eMCTBUTeNbHbI 4ns nog-
LUMMHWKOB B [JOMOHTAXKHOM COCTOAHMM. [na
cnapeHHbIX (yHUBEpCanbHbIX) OAHOPALHbLIX pa-
[ManbHO-YMNOPHbIX LUAPHUKOMOALLIMMHWUKOB, KO-
HUYECKMX PONMKOMNOALIMIHUKOB, ABYXPAAHbLIX
paaManbHO-yNopHbIX LIAPUKONOALLUMIHWUKOB U
LUAPUKOMNOALUMIMHUKOB C YETHIPEXTOYEYHBIM KOH-
TaKTOM BMeCTO pauarnbHoro 3asopa B Tabnuuax
NpUBEAEHbI BENIMYMHBI OCEBOrO BHYTPEHHErO 3a-
30pa, NOCKOMbKY [/ AaHHbIX TUMOB NOALIMMHU-
KOB 3TOT NapaMeTp ABAETCH HaMbonee BaXHbLIM.

LononHutensHas MHpOpMaLMa 0 3a30pax u
npegHaTare npefcTasneHa B pasgene «Boi6op
BHYTPEHHEro 3a30pa 1 NPeaHATAra.

(= crp. 212).

Tabnuua 16

pil TenbHble 06 BHYTPEHHero 3asopa

Cyddukc BHyTpeHHHH 3a30p

(Gl MeHbLwe C2
c2 MeHbLue HopMansHoro
CN HopMarnbHbIi BHYTPEHHHMI 3a30p Ucnonb3yeTcs

TONMLKO B KOMOMHALMK C ByKBaMM, 0603HaYaOLLUMM
YMEHBLLIEHHOE MNK CMELLEHHOE NONe 3a30pa.

c3 Bonblue HopMansHoro
C4 Bonbuwe C3
G5} Bonblue C4
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MaTepmanbl noawnnHUKOB
KavyeHHna

Pa6oumne xapaKTepUCTUKM U HAAEXHOCTb Noa-
LUMMHWKA B B0NbLLIOM CTENEHU ONpenenarTcs
Martepuarnamu, U3 KoTopbiX M3rOTOBJIEHbI €ro ge-
Tanw. Mpu BoiBope MaTepuana ana konew nog-
LUMMHKKA U TeN Ka4eHU:A 0BbIYHO YUMTbIBAOT UX
TBEpAOCTL, KOTOpas HeobxoaMMa ana obecneve-
HWA 10CTAaTOYHOMW MPy30M0AbEMHOCTH, YCTaNnocT-
HOM NPOYHOCTH 30HbI KOHTAKTa KaYeH s B yCro-
BMAX YUCTOM M 3arpAHEHHON CMa3KK, a Takxke
cTabMnbHOCTY pa3MepoB aeTanen NoALWMIHA-
KkoB. Mpu BbiBOpPE MaTepuasna cenapaTopa y4uu-
TbIBAHOT TPEHHWE, MPOYHOCTb, CHUSTbl UHEPLIMM, A B
HEKOTOPbIX CIyYasnX XMMUYeCcKoe BO3AenCTBHe
CMa304HbIX MaTEPUanos, NPUCcaaoK Ans CMa3oy-
HbIX MaTep1asnos, pacTBOPUTENEN, OXNaxaaro-
LLIMX XKMOKOCTEN v xnagareHTos. OTHOCKMTeNbHas
BaXKHOCTb 3TMX PAKTOPOB MOXET 3aBHUCETH OT
OpYyrvx paboymnx napaMeTpos, BKIHOYas Bax-
HOCTb, NOBbLILLEHHbIE TEMMNEPaTypbl, yAapHble
Harpy3Kku U CoYeTaH1st ITUX U APYTUX YCIOBUM.

BcTpoeHHble KOHTaKTHbIE YNMOTHEHWS Noa-
LUMMHUKOB KaYeHWA TakKe OKa3blBArOT 6onbLIOe
BNMAHME Ha UX PaBoume XapakTePUCTUKMU M Ha-
DEXHOCTb. VX MaTeprans! [OMKHbI BblOepX u-
BaTb OKUCIEHUE (CTapeHue), U3HOC U XUMUYe-
CKOE BO3EMCTBHE B LUMPOKOM TEMMNEPATYPHOM
nuanasoxe. MoALWKWNHUKK, UMErOLLIME BCTPOEH-
Hbl€ YNIOTHEHUS C 06EUX CTOPOH, 06bIYHO CUM-
TaroTCA CMa3aHHbIMK Ha BECb CPOK CNYXKBbI. [o-
NOSHUTENbHAsA MHPOPMALIMA O CMA3bIBAHWM U
CMa304HbIX MaTEPHanax nNpeacTasieHa B pas-
nene «Cmassisanunes (= crp. 239).

OnbIT v MowwHocT SKF no3sonsaroT Ucnonb3o-
BaTb PasfMyHbIE NPOM3BOACTBEHHbIE MPOLECChI
1 paboTarb C LUMPOKUM aCCOPTUMEHTOM MaTep-
anos v nokpbITUi. Nrskenepsl SKF nomoryT Bbl-
6paTb MaTep1ansl NOALLWMNHUKOB, CENapaTopoBs
W YNAOTHEHWM, KOTOPbIE ONTUMAsbHO NOAXOAAT
QN9 CeUrdHUYeckrX YCoBriA paboTsl BalLero
o6opynoBaHua.

akF



MaTepMaJ'Ibl Koneu U Ten KavyeHua
nogwunHUKOB

MopwnnHUKoBbIE CTANK 06bEMHOM 3aKanku

Cpeqw cTanei 06bEMHOM 3aKanku Yallle Bcero
MCNOMb3YHT XPOMOYrNepoaMCTYH CTallb
(100Cr6), comgepsxaluyto okono 1 npoueHTa
yrnepoga 1 1,5 npouerTa xpoma (Takyto kak

ISO 683-17 - 100Cr6). CeroaHa faHHas ctansb
ABNAETCA OAHOM W3 CTapenLLMnX 1 Haubonee n3-
YUYEHHbIX MApOK M3-3a NOCTOSAHHO NOBbILLAMD-
Lmxcs Tpe6oBaHUI K CPOKY CIy>K6bl NOALLIMMHK-
koB. CocTas 3TOM NOALUMMHUKOBOM CTanM
obecnedynBaeT onTUManbHbIM BanaHc Mexay
TEXHONOMMYECKUMH U NOTPEeBUTENBCKUMM XapaK-
TepucTHKamMu M3genui. [laHHas ctans, kak npa-
BWO, NPOXOOMT 3aKanKky Ha MapTEHCUT UK
6eMHuT, B pesynsTaTe yero eé TBEpOoCTb COo-
ctasnset ot 58 no 65 HRC.

PaspaboTaHHble B nocnegHue roasl HoBble
TEXHONOrnyeckue NPoLEeccs NO3BONUKU peanu-
30BaTb Bonee EcTkve TpeBoBaHMA Mo YUCTOTE
CTanu, 4To oka3ano 6osbLIOe BAMSAHWE Ha NO-
CTOSIHCTBO Ka4yecTBa NOALIMMHUKOBOM CTanu
npoussogctea SKF. CHMxeHWe cofepykaHus Knc-
NnopoAa W BpefHbIX HEMETaNIMYecKuX NpUMecen
MO3BOSIMIIO0 3HAYNUTENBHO YNYYLLWNTL XapaKTepH-
CTWKM CTanu, Ucnosnb3yeMown ans NpousBoacTea
noawwunHukos SKF Explorer.

MopwnnHukoBble cTanu MHAyKLlMOHHOﬁ
3aKanku

oBepXHOCTHAA MHAYKLMOHHAA 3aKasika 0aéT
BO3MOXHOCTb BbIBOPOYHOr0 YNPOYHEHWA [0~
POXKM KQUEHUsl, MPK 3TOM OCTarnbHYH 4YacTb fe-
TasiM NpoLecc 3akasku He 3atparusaet. CBon-
CTBa YaCTW [eTanu, He noaBepraeMomn
3aKasiMBaHWIo, ONPeAenArTCA MapKoW CTanu v
npoueccamu eé 06paboTkK 10 3aKaNMBaHMs, YTO
03HaYaeT KOMOUHALIMIO Pa3HbIX CBOWCTB B cOCE-
HMX 30HaX OOHOM U TOW Xe feTanu.

[pUMEpPOM 3TOr0 MOXKET CYXKUTb CTYMUYHbIN
NOALLIMMHKUKOBBIN y3en C bnaHueM, rae Hesaka-
NEHHbIN daHeL BOCMPUHUMAET YCHUIIUS yNpyro-
NMacTUYeCKUX JecdopMaLmni, B TO BpEMS KaK 40-
POXKM KaueHUs 3aKaseHbl 1 061a4aroT BbICOKOM
KOHTAKTHOM BLIHOCITUBOCTBHO.

akF

MaTepMaJ'Ibl noaLWnNHHUKOB Ka4eHUA

LleMEHTMpyEMbIe nogwnnHUKOBbLIE CTanu

XpOMOHMKeNeBble M XpOMOMapraHLesble cTanu B
cooTBeTcTBUM co cTaHaapToM IS0 683-17 c co-
nepxxaHueM yrnepoaa npumepHo 0,15 % vawe
BCEro UCMOMb3yHTCA 419 NPOM3BOACTBA AeTanem
NoALUMMNHUKOB KayeHus SKF 13 LueMeHTUpyeMbIx
cTanem.

B Tex cnyvasx, Korna Mcnosib3yroTcs nocanku
€ 60MILLUMM HATArOM M NPY THKESIX YAAPHbLIX
Harpyskax, SKF pekoMeHgyeT ucnonb3osatb
NOALLUMMHWUKK, UMEOLLIMe KOSbLia W Tena Kaye-
HWA U3 LIEMEHTUPYEMOWN CTanu.

Hep»(aaerou.laa CTanb

HawnBonee pacnpocTpaHEHHbLIM TUNOM HepXKaBe-
FOLLIMX CTafIen, UCNONb3YEeMbIX A9 U3rOTOBSIEHWA
Kosew W Ten KayeHWs NogLLIMNHUKOB, ABNAOTCA
CTasv C BbICOKMM COAEPXKAHWEM XPOMa Mapku
X65Cr13 B COOTBETCTBMM CO CTaHOAPTOM

ISO 683-17 nX105CrMo17 no ctaHgapTty

EN 10088-1.

CnegyeT 0TMETUTb, YTO B HEKOTOPLIX CAly4Yasx
AHTUKOPPO3MOHHbIE NOKPbITUA MOTYT ABAATHCA
OTNMYHOW anbTepHaTUBON HEpXaBeroLLen cTa-
nW. 3a JONONHUTENBHOM MHdOPMaLMen No asb-
TepHATMBHbLIM MOKPLITUAM 0BpaTUTECh B TEXHW-
yeckyro cnyx6y SKF.

BbicokoTeMnepaTypHble NOALIWNHUKOBbLIE
CTanu

B 3aBMCMMOCTM OT TMNA, NOALLMMHWUKM, U3rOTOB-
NeHHble U3 cTanen 06 bEMHOM MW NOBEPXHOCT-
HOM 3aKanku, MoryT paboTaTb Npy MakcuMarb-
HbIX TeMnepaTypax B guManasoHe ot 120 oo

200 °C (o7 250 5o 390 °F). MakcMmanbsHas pa-
6oyan TeMnepaTypa HenocpenCcTBEHHO 3aBUCUT
OT npoLiecca TepMooBbpadoTKu.

Lnsa pabouunx Temnepatyp NOALIMMNHKUKA 00
250 °C (480 °F) Mo>ceT MCnonb3oBaThCa cneLu-
anbHas TepmooBpaboTka (ctabunmsaumsa). Oa-
HAKO HY>KHO MOMHMTb, YTO AaHHbIWA NPOLIECC CHU-
YaeT rpy30noabEMHOCTb NOALLIMMHMKA.

Lnsa o6opynosaHua, NoCToAHHO padoTaroLle-
IO C NOBbLILIEHHbIMW TEMMNepaTypamu, rae Tpedy-
€TCA BbICOKasA TBEPLOCTb MATEPHASIOB NOALLMM-
HWKa, MOTYT NOCTaBAATLCSH NOALUMIHUKM U3
BbICOKONIErMPOBaHHbIX CTANEMN.

3a 40N0NHUTENBHON UHDOPMALIMEN N0 Kapo-
MPOYHbBIM NOALIMMHUKOBbIM CTaNAM 06paLLan-
Techb B TeXHWUYeckyro cnyx6y SKF.
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Kepamuka

“ale Bcero Ans U3roToBeHUsA KepaMUYeCcKmx
Konew W Ten KaveHus noawmnHukos SKF npu-
MEHAETCA HATPUI KPEMHWA B cOoTBETCTBMM C ISO
26602. OH COCTOMUT M3 TOHKMX NPOAONIOBaThLIX
YacTHL HATPMOA 6eTa-KPeMHUs, PacronoXeH-
HbIX B KpUCTaNNMYeckon ¢pasoson MaTpuue. Ta-
Kas CTpyKTypa obecneunsaeT 6naronpuaTHoe
coyeTaHue ciefyHoLL{MX CBOMCTB NOALUMMNHUKOB:

BbICOKasA TBEPAOCTb

BbICOKWM MOAYMb YNPYrocTu

Manast NI0THOCTb

Manbli KO3dPULMEHT TENNIOBOTO
pacLumpenus

BbICOKOE 3MeKTPUYECKOe CONPOTUBIIEHHE
® Manas Au3neKkTpryeckas NpoHULAEMOCTb
® HeyyBCTBMTENIbHOCTb K MArHWUTHLIM NONAM

LononHutensHas MHPOPMaLMA 0 CBOMCTBAX Ma-
Tep1anos npencrasneHa B Tabnuue 17.

Martepuans! cenapaTopos
LLitaMnoBaHHbIE MeTannMyeckue cenapaTtopbl

LLitTaMnoBaHHbIe cTanbHbIe cenapaTops!

BOonNbLIMHCTBO LITAaMNOBAHHLIX CTafbHbIX cena-
paToOpOB U3roTaBNMBAETCA U3 ManNoyriepoau-
CTOW ropsiyekaTaHHOW NMCTOBOM CTasM COrNacHo
EN 10111. 371 nérkve cenapaTtopsl UMeHOT OT-
HOCUTESIbHO BbICOKYH) MPOYHOCTb U MOTYT UMETh
NOBEPXHOCTHYHO 06paboTKy Ana fanbHeuLero
YMEHbLLIEHWA TPEHWUS W U3HOCA.

LLITaMnoBaHHble cenapaTops! AN NOALIMIHA-
KOB M3 HEPXaBeroLL|eM cTanr 06bIUHO U3roTaB-
NUBAOTCA W3 HEPXKaBeHOLLIEN CTanu MapKu
X5CrNi18-10 cornacto EN 10088-1.

LLITaMnoBaHHble NaTyHHbIE cenapaTopbl

LLITaMnoBaHHble cenapaTtopsl U3 NMCTOBOM NaTy-
HW UCNONb3YHOTCA 45 HEKOTOPbIX Mano- 1
cpeaHerabap1THbLIX NOALWKMNHUKOB. JlaTyHb, UC-
nonb3yemas Ans U3roToBfeHWA 3TUX cenapaTo-
poB, cooTeeTcTyeT cTaHaapTy EN 1652. B Takux
MeXaHW3MaXx, Kak KOMNPeccopbl XONoAMbHbIX
YCTaHOBOK, e UCMOMb3yeTcs aMMUaK, B IMCTO-
BOM NaTyHW MOTyYT BO3HWKATb TPELLMHbI, NO3TOMY
B TaKMX CMyyasx cneayeT UCNonb30BaTh MexaHu-
yeckn 06paboTaHHbIEe CTambHbIE UMW NaTyHHbIE
cenaparopbil.

Tabnuua 17
C CBOMCTB # ctanu 100Cré u no, 0 HUTpUAa
CsoncTBa MaTepuanos Mogwwunuxukosas ctans  Mog ¥ HUTPUA Kp
MexaHWueckue cBoiCTBa
MnoTHocTs [r/cM3] 7.9 3,2
TeépaocTs 700 HV10 1600 HV10
Moayns ynpyroct [kH/Mum?2] 210 310
Tennosoe pactumpenue [1076/K] 12 3
3NeKTPOM30NAUNOHHBIE CBOMCTBA
(npn 1 MIy)
JnekTpuyeckoe conpotuenenme [Om-M] 0,4 x 1076 1012
(MposoaHuk) (M3onsTop)
[LuanekTpryeckas NPoYHOCTb [kB/MM] - 15
OTHOCHTeNbHARA AU3NeKTPUYeCKasn - 8
NoCTOAHHan
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MexaHuueckn obpaboTaHHble MeTannuyeckue
cenaparopsl

MexaHuueckn obpaboTaHHble CTanbHble cenapaTtopsbl

MexaHnueckn 06paboTaHHbIe CTafbHble cenapa-
TOPbI, KaK NPaBMIIo, M3roTaBIMBAKOTCS M3 yrne-
POAMCTOMN KOHCTPYKLIMOHHOW CTaniu MapKku
S355GT (ctanb 52) B COOTBETCTBMM CO CTaHOaAP-
Tom EN 10 025:1990 + A:1993. [Ina ynyywenus
AHTUDPUKLIMOHHBIX CBOMCTB U M3HOCOCTOMKOCTH
HEKOTOpble MexaHW4Yeckn 06paboTaHHble cena-
paTopbl UMEHOT NOBEPXHOCTHYHD 0BPaBOTKY.

MexaHnueckn 06paboTaHHbIe CTanbHble cena-
paTopbl UCMOMbL3YHOTCA ANS KPYNHOraBaprUTHBIX
NOALUMNHWUKOB UMK B CNyYasix, Korga cyLlecTsyeT
0MacHOCTb BO3HMKHOBEHMWS B NATYHHOM cenapa-
TOpe TPeLUWH BCNeACTBUE XMMUYECKOM peakLmK.
CranbHble cenapaTopsl MOrYT MCNOMNb30BaTLCS
npu paboyer Temnepatype go 300 °C (570 °F).
OHM He NofBEePXKeHbI Pa3pPyLLEHUIO OT BO3OeM-
CTBUSI MUHEPANbHbIX MMM CUHTETUYECKMX CMa-
30YHbIX MAaTEpPHasoB, KOTOPbIE 0BLIYHO UCMOSb-
3yHOTCA AN CMa3biBaHWS NOALLIMMHUKOB
KayeHwWs, UK OpraHuyeckux pacTBopuTenen,
UCNOSb3yeMbIX A8 X OUUCTKM.

MaTepMaJ'Ibl noaLWnNHHUKOB Ka4eHUA

MexaHuueckn obpaboTaHHble naTyHHbIE
cenapartopsl

BoMbLUMHCTBO MexaHUYecku oBpadoTaHHbIX Na-
TYHHbIX CENapaTopoB U3roTaBNMBAETCS U3 NIUTOM
nnu kataHow natyHu mapku CW612N cornacHo
EN 1652. OHuM He noaBepsKeHbl BO34ENCTBUIO
60SbLUMHCTBA NOALIMMHAKOBLIX CMA304HbIX Ma-
Tepuanos, BKHOYAA CUHTETUYECKKE Macna 1
NNAaCTUYHbLIE CMA3KK, U ANs UX OYUCTKU MOTYT
MCMONb30BaThCs 06bIYHbLIE OpraHUyeckue pac-
TBOpUTENH. JTaTyHHble cenapaTopsl MOryT UC-
nonb3oBaTbCs Npy TeMnepaTypax go 250 °C
(480 °F).

MonuMepHble cenapaTopbl

Monuamug 66

[ns 6onbLUMHCTBA CENapaTopoB, U3roTOBMEH-
HbIX METOLOM NIMTbA NOJ JaBNEHUEM, UCNONb3y-
eTca nonnamua 66 (PA66). Monnammug 66 (PA66)
MO>KET TakXe UMEeTb apMUpOBaHKe CTeKNO0BO-
nokHoM. [laHHbIM MaTepuan oTnryaeTcs 6naro-
NPUATHBIM COYEeTaHWeM NPOYHOCTH W YNPYroCTH.
Takue MexaHUYeckue CBOMCTBA NOSIMMEPHbIX Ma-
Tepuanos, Kak NPOYHOCTb M YNPYroCTh, 3aBUCAT
OT TeMnepaTypbl ¥ NOABEPXKeHbI NOCTOAHHOMY
M3MEHEHWH0, Ha3biBAaEMOMY CTapeHueM. Bax-
HEMLIMMM paKTOpaMM, BAMAFOLLIMMM Ha NpoLiecc
CTapeHus, ABNAHOTCA TemnepaTypa, Bpems 1 cpe-

[Munarpamma 1

MNp TeNbHOCTb CTap cenaparopa M3 T 0 na 66
mmm  CMa304HbIE MATEPUANbI CPeAHeN
CTeneHu arpeccuBHOCTH
e CM30Y4HbIE MATEPUATTbI BbICOKOM
[MpoaomKNTENLHOCTL CTapeHHs cenapatopa [4] S AT AT,
100 000
10 000 A
1 000
100 T T 1
50 100 150 200
(220) (210) (300) (390)
Temnepartypa nogimntuka [°C (°F)]
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Jonycku u MaTepuansi

na (cMa3oyHbINA MaTepuan), Bo3AenCTBUI0 KOTO-
pbIX NOABEPraeTcs NofMMepHbIN MaTepHann.
JHAwnarpamma 1 nokasbiBaeT B3aMM03aBUCUMOCTb
3TUX HaKTOPOB ANs CTEKNOHANOMNHEHHOr0 No-
nuamuaa PA66. Ha nuarpamme BUAHO, YTO CPOK
cny>Bbl cenapaTopa yMeHbLUIAEeTCs No Mepe no-
BbILLEHWA TeMnepaTypbl U arpecCUBHOCTU CMa-
304HOro MaTepuana.

TakuM 06pa3oM, NPUrogHOCTL CENapaTopos M3
nonuamuaa Ans KOHKPEeTHOro CryYas npuMeHe-
HUSA 33BMUCUT OT PaBOYMX YCIIOBUM W TPEOOBAHMH,
npeabABAAEMbIX K CPOKY CRy>0bl cenapaTopa.
B tabnu1ue npusegeHa knaccudmKaLms cMazoy-
HbIX MAaTEPMAsIoB MO CTENEHW arpeccMBHOCTH B
3aBMCMMOCTH OT AOMNYCTUMOK paboyen Temnepa-
Typbl AN CENApPaTOPOB, U3rOTOBMEHHbIX U3 CTe-
KIioHanonHeHHoro nonuamuaa PA66
(= Tabnuua 18). [onyctumas paboyas Temne-
paTypa, np1BeaéHHas B Tabnuue 18, onpege-
neHa Kak TeMnepaTypa, Npy KoTOpoM Npogosn-
YKUTENbHOCTb CTapeHUs cenapaTopa cocTaBnseT
He MeHee 10 000 paboumx yacos.

CywectsytoT eLé Gonee arpeccuBHbIe cpedbl,
yeM ykasaHHble B Tabnuue 18. TunuuHbIM NpK-
MEpPOM TakoM cpefbl ABNAETCA aMMUaK, UCNOoMb-
3yeMbll B Ka4YecTBe xnafgareHTa B KoMnpeccopax
XOMOAUNbHbIX YCTAHOBOK. B nogo6HbIx cryyasx
pab6oyan TemnepaTypa ans cenapaTopos U3 cTe-
KnoHanonHeHHoro nonnammMaa PA66 He JomkHa
npesbiwats 70 °C (160 °F).

Monuamug TakxKe UMeeT HAKHWM TeMnepaTyp-
HbIV Npegen, Tak Kak Npy HU3KKX TeMnepaTypax
OH TepsieT ynpyrocTb, YTO MOXKET MPUBECTU K NO-
BPEXEeHWHo cenaparopa. Takum obpasom, cena-
paTopsbl U3 CTEKNIOHANOTHEHHOMO NonNMaMuaa
PA66 He [OMKHBI UCNONb30BATLCA NPU NOCTOAH-
How paBoyer TemnepaTtype Huxe —40 °C (=40 °F).

B Tex cnyyasx, Koraa Bbicokas yaapHas npoy-
HOCTb SBMAETCH KPMTHUYHLIM PaBounM napame-
TPOM, HanpUMEP, B XeNe3HOL0POXHbIX ByKcax,
MCNONb3yeTcs CBEPXNPOYHAst PAa3HOBMOHOCTL NO-
nuamuga PA66. 3a ononHUTENbHOM MHpOPMa-
uMen obpatLLjanTecs B TexHuyeckyro cnyx0y SKF.

Tabnuua 18

JDonycTumble paboune TemMnepaTtypbl Ans CeNapaTopos U3 nonuamMuaa PA66 Npu MCNonb3oBaHUK PasNHUHbIX CMA304HbIX MAaTEPHANoB

CMa3ouHbI MaTepuan

JDonycruman %aﬁouan

TeMneparypa
- °C °F
MuHepanbHble Macna
Macna 6e3 aHTM3aaMpHbIX NPUCAO0K, HANPUMED, MALLMHHOE UMW FMaPaBNUYeckoe Macno 120 250
Macna ¢ aHTM3aaMpHLIMKA NPUCaAKaMK, HAaNPUMEP, NPOMbILLIEHHbIE U aBTOMOBUNbHbIE 110 230
TPAHCMUCCHUOHHbIE Macna
Macna ¢ aHTU3aAMPHbLIMK NPUCAAKaMM, HaNPUMEP, aBTOMOBUbHLIE TPAHCMUCCHOHHBIE 100 210
Macna Ans 3a4Hero MocTa v AudpepeHLrana, runonaHsle Macna
CuHTeTUYECKME Macna
Monurnukonu, nonuanbgpaoneduts 120 250
J13acbupbl, CUNUKOHBI 110 230
DbocoatHble 3dupbl 80 175
MnacTuuHble cMasku
MnacTuyHble cMasku Ha OCHOBE JIUTUEBOrO Mbina 120 250
TMNacTUyHbIe CMasku C 3aryCTUTENEM Ha OCHOBE NONMMOYEBMHbI, GEHTOHWTA, 120 250

KanbuneBsoro KomMnnekca

Jins cMa3ok Ha OCHOBE HATPMEBOTO M KasbLMEBOr0 Mbifa, @ TAKKe A1 APYTHX CMA30K C
MakcuMansHok padoden Temnepatypor Huke 120 °C (250 °F), MakcuManbHas padodas Temneparypa
QN9 CenapaTopoB 13 NoNMaMm1Aa PaBHa MakcUMarnbHoM paboyer Temnepartype AN cMasku.

) [Honycruman paBoyas TeMnepaTypa H3MEPAETCA Ha BHELLHER NOBEPXHOCTM HapYXHOro KonbLia. OnpeaenseTcs kak TeMnepatypa, npu
KOTOPOM NPOAOMKXUTENLHOCTb CTapeHMUs cenapatopa coctasnset He Meqee 10 000 paboumx Yacos.
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Monuamug 46

CreknoHanonHeHHbIN nonnamua 46 (PA46) as-
NSeTCa CTaHAapTHbIM MaTepuanoM cenapaTopos
[NA cpedHe- U KpynHorabapWTHbLIX Topoudans-
HbIX ponukonogwmnuukos CARB. Ero gonyctu-
Mas pa6oyas Temnepatypa Ha 15 °C (25 °F) npe-
BbILLAET NoKasaTenb Ans CTeKNOHAN0NHEHHOr0
nonuamuaa PA66.

MonnacdupapupkeToH

MonuacdupadpupketoH (PEEK), apMupoBaHHbIi
CTEKMNOBONOKHOM, BOCTPEOOBAH B YCMNOBHSIX C
BbICOKMMM TpeBoBaHUAMM K paboTe NoaLLIMIHKU-
KOB MpK BOMbLLIMX YaCTOTax BpaLLUEHUs, NP Bbl-
COKMX Temneparypax, nMbo B criyyae Heobxoau-
MOCTH 06ecreyeHns XMMUYeCcKom CTONKOCTH.
McknrounTensbHble ceorcTea Matepuana PEEK
BbIPAXKAOTCS B OTIMYHOM COYETAHUM TaKMX Ka-
YecTB, Kak MPOYHOCTb U YNPYrocTb, NPUMEHU-
MOCTb 15 LUMPOKOrO A1ana3oHa paboumnx Tem-
nepaTyp, BbICOKasA CTOMKOCTb K XMMUYECKOMY
BO3[EMCTBUIO U M3HOCY, @ TaKXKe BbICOKAsA TEXHO-
noruMyHocTe. bnarogaps oTAMYHOMY CoYeTaHUo
HeoBxoaMMbIx kayecTs cenapaTtopamu PEEK oc-
HALLLAFOTCSA HEKOTOPbIE CTaHAapTHble FTMOpPUaHbIE
W NPEeLM3UOHHbIE LLIAPHUKO- Y PONTMKOMNOALLIMM-
HUKW. MakcManbHas Temnepartypa ans padotsl
Ha BbICOKMX YaCTOTax BpaLLeHWUs COCTaBNAeT
150 °C (300 °F), Tak kak 370 TeMnepaTypa pas-
MArYeHWs AaHHOro NonuMepa. ToT MaTepyan
He NOKa3bIBAET NPU3HAKOB CTAPEHWS NPU TeMne-
patype go 200 °C (390 °F) v Hanuumu arpec-
CHBHbIX MPMCAAOK B CMA3kKe.

Lpyrve Mmatepuans cenapatopos

[MoMMMO BbiLLIEYKa3aHHbIX MAaTEPHUANOB, Nof-
wwunHukn SKF cneynanbHOro HasHaYeHus MoryT
0CHaLLaTbCA cenapaTopamu, U3roToBEeHHbIMK
13 OpYrux NoTMMEPHbIX MaTepPUanos, TEKCTONKU-
Ta, NErKMX CNNaBoB UMK CNeLManbHoro YyryHa.
LlononHutensHyr MHPOPMaLMIO 0 ApYrvX Ba-
pvaHTax MaTepManos cenapaTtopoB MOXHO No-
NYYUTb B TeXHUYeckow cnyxbe SKF.

Matepuans! ynnoTHeHUH

BcTpoeHHble ynnoTHeHWs NogLWLMNHUKOB, Kak npa-
BWNO, M3rOTABNMBAFOTCA M3 31ACTOMEPHbBIX MaTe-
pHanoB, apMMPOBaHHbIX MMCTOBOM CTanbH. THN
MaTep1asna MOXeT 3aBMCeTb OT CepuM W pasMepa
NOALIMNHKUKA, a TaKXKE OT NPeabABNAEMbIX K HEMY
Tpe6osaHui. YnnotHenus SKF 8 0cHOBHOM 13ro-
TaBMBAKOTCA U3 MaTepUanos, OMUCAHHbIX HUXE.

akF

MaTepMaJ'Ibl noaLWnNHHUKOB Ka4eHUA

ByTapreHakpUnOHUTPUNBLHBIN Kayuyk
ByTagueHakpUnoHWUTPUIbHBIN Kaydyk (NBR) as-
NSeTCs yHWBepCcanbHbIM MaTepyuanom ans usro-
TOBMEHMWS YNNOTHEHWH. 3TOT CONONMUMep akpu-
NOHUTPMANA v ByTaaueHa obnagaeT xopoLuen
YCTOMYMBOCTbHO K BO3LEMCTBUIO CNefyHoLLIMX
cpen:

* BOMbLIMHCTBO MHWHEepalbHbIX Macen n nna-
CTUYHbIX CMA30K Ha MMHEDaanOﬁ OCHoBe

° 6EH3MH, OusenbHoe TonNnMBO U MasyT

® >XMBOTHbIE U paCTHUTENbHbIE MacCiia U XXUPbl

® ropsa4yan sofda

Luana3oH 40NyCTUMbIX paboumnx TemMnepatyp
HaxoguTca B npegenax ot —40 no +100 °C

(o7 -40 go +210 °F). Takke fonyckaetca kpa-
TKOBpeMeHHas paboTa KpOMKM YNNOTHEHUA B
peXKMMe Cyxoro TpPeHUA B 3TOM AManasoHe TeM-
nepatyp. KpaTkoBpeMeHHO [0MycKaroTca Temne-
patypsl go 120 °C (250 °F). Mpw 6onee BbICOKMX
TemnepaTypax NpoMCXoauT 3aTBepaeBaHue faH-
HOro MaTepuana.
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MAap1poBaHHbIK ByTagUeHaKPUAOHUTPHIb-
HbIW KayuyK
MMOPHUPOBaHHbIM ByTafMeHaKPUNOHUTPUbHBIN
kayuyk (HNBR) umeeT 3HaumTensHo Bonee Bbi-
COKYHO M3HOCOCTOMKOCTb, YeM NBR, noatomy
YNNOTHEHUS, U3rOTOBNEHHbIE M3 3TOr0 MaTepua-
na, cnyxart gonsiue. HNBR take obnagaer
BonbLUel YCTONYMBOCTLIO K BO3LENCTBUIO TEn-
na, CTapeHUo Y OTBEPXKAEHWHIO B ropsyem Macne
1 030HeE.

BepxHuii npegen paboyen TeMnepatypbl co-
crasnset 150 °C (300 °F), 4To 3HauUTENLHO
BbILLE, YEM Y 00bIYHOMO KayuyKa.

dTopKayuyk

dTopkayuykm (FKM) oTnnyaroTcs Bbicokom
YCTOMYMBOCTBHO K TEMMOBOMY U XMMUYECKOMY
BO30eNCTBUI. YNNOTHEHWA U3 JaHHOr0 MaTepu-
ana yCcToMUMBbI K CTAPEHHHO W BO30EUCTBUIO
030Ha W OT/IMYAKOTCA 0YEHb MarnoW ra3onpoHu-
uaeMocTbro. OHU MUMEHOT UCKITHYUTESNBHO BbICO-
KWEe XapaKTEPUCTUKK M3HOCOCTOMKOCTU AaXe B
HeBNaroNPUATHLIX YCNOBMSX OKPY)atoLLen cpe-
bl M CNOCOBHbI BbILEPXKMUBATL TEMMNEPATYPY A0
200 °C (390 °F). Takue ynnoTHeHUA JonycKaroT
KpaTKOBPEMEHHOE TPEHWE KPOMKM BCYXYH) NpH
Takux TeMnepartypax.

$TOpKayUyKH YCTONUYMBLI K BO3AENCTBUH Ma-
Cen v TMaPaBIMYECKUX KUOKOCTEN, TONNMUBA U
CMa304HbIX MATEPUAN0B, MUHEPASIbHBIX KUCIIOT,
anndaTMYeckmUx K apoMaTUYeCcKuX yrinesogopo-
[10B, KOTOPbIE BbI3bIBAFOT NOBPEXAEHHME YNOoT-
HEHWM, U3rOTOBMEHHbIX U3 APYTMX MAaTepHasos.
OHM He [OMKHbI MCMOSb30BaTLCA B B YCIOBUSAX
BO30EMCTBUA CIIOXKHbIX M NPOCTbIX 3GUPOB, Ke-
TOHOB, HEKOTOPbLIX AMUHOB, @ TAKXKE rOPAYMX
6e380[HbIX GTOPOBOJOPOI0B.

BosgencTeue Ha pTOpKayYyKU OTKPLITOrO
OFHS UIK UX UCMOMNb30BaHKE NPU TeMnepaTypax
cabiwe 300 °C (570 °F) co3naét onacHocTb Ans
3[10pOBbLA U OKpyXKatoLLer cpeabl! [aHHbIM Ma-
Tep1an oCTaéTcs onacHbIM ANs UCNOoMb30BaHMUs
[axKe Nocne ero oxnaxmaeHus. BHuMatenbHo
npoyYnTamnTe U cobnroaanTe yKasaHHbIe HUKe
Mepbl NPeLOCTOPOXHOCTH
(= NPEOYNPEXOEHMUE).
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NPEOYNPEXIOEHUE: TOKCUYHBLIE
NCNAPEHUA

MepbI NpegocToposKHOCTH Npu paboTe ¢
$pTOPKay4yKOM U NONUTETPADTOP3ITUNEHOM
FKM 1 PTFE sBnsatoTcs BbICOKOCTaBUMbHbI-
MW 1 6e3BpefHbIMW MaTepranamm B 00bl4-
HbIX PaBo4MX YCNIOBUAX NPKY TeMmnepaType
0o 200 °C (390 °F). OgHako npv TeMnepa-
Typax cabiwe 300 °C (570 °F), Hanpumep,
MPY BO3OEMCTBUM OTKPLITOrO OTHS MW Nna-
MEHW ra3oBOro pesaka, ynnotHeHus uz FKM
1 PTFE BblaenstoT TOKCMYHbIE UCNAPEHMUs.
ITH McnapeHns MoryT BbiTb ONacHbI NMpU
BAbIXaHWK, a TAKXKe NoMaaaHuu B rnasa.
Kpome Toro, nocne HarpeeaHus 4o Takmx
Temneparyp 3Tv YNAOTHEHUS ONACHbI faxe
nocne ux oxnaxgaenus. Moatomy cnegyet
usberaTb UX CONPUKOCHOBEHMS C KOXeEW.
IMpu paboTe ¢ NoALIMNHUKAMM, YNNOTHE-
HUS KOTOPLIX MOABEPranuch BO3AENCTBUID
BbICOKMX TEMMNepaTyp, Hanp1uMep, Npu de-
MOHTaX<e NofLLMMHKKa, creayet cobnogats
cnegyroLLne Mepbl NPeA0CTOPOXHOCTH:

o PafoTa [oMKHa BLINOMHATLCA B 3aLLWT-
HbIX NepyaTkax, 3aLMTHBIX O4KaX U C UC-
Nonb30BaHWEM NOAXOAALLErO AbIXaTeslb-
Horo annapara

o Mcnonb3oBaHHOE yNNOTHEHWE [OMKHO
BbITb MOMELLIEHO B FePMETUYHBIN KOHTeM-
Hep, MapKMPOBaHHbIN HAAMMUCLH «AN0-
BMTbIE MaTepHansI»

o [MomkHbl coBNroaaTbCA Mepbl NPefocTo-
DOXHOCTH, yKa3aHHbIe B COOTBETCTBYHO-
Liem nacnopte 6esonacHocti (MSDS).

IMpU KOHTaKTE C YNIOTHEHWUAMH, HEOBX0aW-
MO BbIMbITb PYKM MbISIOM C 60TbLUMM KOSW-
yecTBOM Bofbl. B cnyyae nonaganvs B rnasa
HE06X0AMMO NPOMbITh rMasa BoMbLUMM KO-
NAYECTBOM BOfibI M HeMedneHHO 06paTUThLCa
K Bpayy. [pu BAbIXaHWM NApoB cnegyeT He-
Me[SIeHHO 0BpaTUTLCA K Bpayy.
Monb3oBaTenb HECET OTBETCTBEHHOCTL 3a
NpaBunbHOE UCMNOMNb30BaHWE U3AEenus B Te-
YeHWe BCEero cpoka Cnyx0bl M ero Hagnexa-
wyro ytunuzaumto. SKF He HeceT oTBeT-
CTBEHHOCTM 3a HenpasubHoe o6paLleHue ¢
ynnoTHeHusamu M3 FKM 1 PTFE, a Takske 3a
KakoM 6bl TO HX 6bIN0 yLLEep6 300POBbLID,

L CBA3AHHbIN C MX UCNOMb30BAHKUEM. )
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MonuypetaH

MonuypetaH (PUR) — M3HOCOCTOMKMI OpraHu-
YeckuM MaTepuan, UMeroLLIMIM XopoLUKe ynpyrue
csoucra. OH BblgepxuBaeT paboune Temnepa-
Typbl 0T =20 go +80 °C (o7 =5 go +175 °F). On
o6rafaeT BbICOKOM YCTOMYMBOCTbLHO K MNACTHY-
HbIM CMa3KaM Ha OCHOBE MMHepasbHOro Macna c
HU3KUM COEepPXKaHWEM UMK OTCYTCTBUEM aHTH3a-
aupHbIx npucanok (EP), sodbl Unu BogHo-He-
$TAHbIX cCMecew. MNoaBepykeH BO3AeNCTBUH KUC-
NOT, LLIeNoYen U NONSPHLIX PacTBOpUTENEN.

CMasouHble MaTepuanbl

YNnoTHEHHbIE NOALLMMTHUKK, KaK NpaBmno, 3a-
MOMHATCA NANACTUYHOM CMa3KoW. CMa3oyHbIN
MaTepuan ABAAETCA HEOTbEMSIEMbIM KOMMOHEH-
TOM NOALIMMHUKOBOrO y3na. [ononHuTensHas
WHdOPMaLMA NpeacTaB/ieHa B COOTBETCTBYH-
LLIen rnase Kartasnora.

MokpbiTHA

MoKpbITME — XOPOLLIO 3apeKOMeH/40BaBLLWM
ceba cnocob ynyyLeH1s XxapakTepucTMK MaTe-
pYanoB v NpUAaHWs NOALLIMNHKMKAM JONONHU-
TenbHbIX NPEUMYLLIECTB A5 paboTskl B cneuundmr-
yeckux ycnosusx. SKF paspabortana gsa suga
NOKPLITUM, aNPOBMPOBAHHBIX M C YCNIEXOM MC-
NOSb3yeMbIX B Pa3fMuHbIX 06nacTsx.

NoWear — 370 M3HOCOCTOVKOE yrnepoaHoe
NOKPbITUE C HU3KMM KO3PDULMEHTOM TPEHMUS,
HaHOCKHMOE Ha NOBEPXHOCTH JOPOXKEK KAYeHMs!
BHYTPEHHEr0 KOMbLA /UMK Ten KayeH s nog-
LWwunHKUKa. OHO MOXKET BbIOEPXKMBATL ONWUTENb-
Hble Neprofbl PaboTbl B YCIOBUAX MPAHUYHOIO
cMasblBaHusa. [ononHUTeNnbHaa MHPOpMaLma
npeacTasneHa B pasgene «/1ogLMMHUKK C no-
kpbituem NoWears (= ctp. 1241).

MopwwmnHukn INSOCOAT asnatoTcs ctaHgapT-
HbIMW NOALUMMHUKAMM, BHELLHWE NOBEPXHOCTH
BHYTPEHHEr0 UK HapY>HOM0 KOMbLIa KOTOPbIX
MMEHOT NOKPbITUE U3 OKCMIA aNHOMUHUSA, HaHe-
CEHHOe MeTO10M NNasMeHHOro HanblneHus. OHo
ofecneynBaeT yCTOMYMBOCTb K NOBPEXKAEHUAM,
KOTOpbIE MOTYT BO3HUKHYTL NPH MPOXOXKOEHUH
yepes NOALLIMNHUK NapasuTHbIX TOKOB. LononHu-
TenbHas MHdOpMaLus NpeacTaBneHa B pasgene
«MogwmnHuxy INSOCOAT» (= ctp. 1205).

Lpyrve nokpbITHs, HANPUMEP, NOKPLITHS K13
XpoMaTa UMHKa, SBASHTCS ansTepHaTUBOM nod-
LUMMNHKWKAM U3 HEPXKaBEHOLLIEM CTaNM ANs 3KC-
nnyaTtauuy B KOPPO3MOHHO-aKTUBHOM cpeqe,

akF

MaTepMaJ'Ibl noaLWnNHHUKOB Ka4eHUA

ocobeHHo ANA roToBbIX K MOHTaXXY NOALLIMNHN-
KOBbIX y3/10B.
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I'IpumeHeHue noagwnnHUKOB

MNogwurnHUKoBble Yy3nbl

MoAWMNHUKOBBIM y3e, 06bIYHO UCMOMb3yeMblH
B Ka4yecTee OMOpbI BpaLlaroLlerocs sana, kak
NPaBMIO COCTOMT U3 BYX NOALLMMHUKOBLIX OMOP
— N0 0JHOM Ha KaxkablW KoHel Bana. B 3aBucu-
MOCTH OT Tpe6oBaHUK, HaNPUMEP, K SKECTKOCTH
WNKW HanpaBfeHWH Harpy3ku, NOALIMNHUKOBAA
ornopa MOXeT COCTOATb M3 OAHOMO UMW HECKOSTb-
KWX NOALWMNHKMKOB. OBbIYHO NOALLMIHUKOBIN
Y3€n CRYXWT 45 0Nopbl U dUKCcaLMK Bana B pa-
ManbHOM M 0CEBOM HaNpaBnNeHUAX OTHOCK-
TeNbHO HENOABUXKHbIX KOMMOHEHTOB, HANpHUMep,
OTHOCKTENbHO Kopnyca. B 3aBUCMMOCTH OT Ha-
3HaYeHUs, Harpy3ok, TpebyeMbix reoMeTpuye-
CKMX IOMYCKOB M 3KOHOMUYECKMX CO0BPAKEHNH,
pasnuyHble NOALKMNHKUKOBLIE Y37kl MOTYT UMETb
cnefyroLLiMe KOHCTPYKLMK:

® dUKCHMpyHOLLIME M NnaBaroLlne NoaLMnHUKO-
Bble y3/bl

® perynupyemMble NOALLMNHUKOBbIE Y3Nbl

® MnaBaroulimMe nogLwnnHUKOBbIE y3nbl

MoALWMNHUKOBbIE Y3Mbl, COCTOSLLME M3 OLHOr0
NOALUMMHMKA, KOTOPbIN CNOCOGEH BOCMPUHUMATL
pafuanbHble, 0CEBbIE M MOMEHTHbIE Harpy3ku,
HanpuMep, AN WapHUPHOT0 COBAMHEHUS, B Ha-
CTosLLEM KaTanore He paccMaTpuearoTcs. MH-
¢$OpMaLMI0 0 AaHHbIX NOALUMMHUKOBbIX Y3M1ax
MOXXHO NONYYMTb B TeXHUYECKoM cnysbe SKF.

¢ukcupymmue U nnaeawowue
nogwunHUKoOBbLIE y31bl

Y3en, coCTOALLMM 13 GUKCUPYHOLLIETO W NNaBako-
LLIero NOALIMMHKUKOB, 06bIYHO NPUMEHAETCH B
NPOMBILLMEHHBIX KOHCTPYKLUMAX 45 KOMMeHca-
LIMM TeN0BOro pacLlUMpeHus K okaTus Banos. B
[IaHHOM NOALLUMMHUKOBOM y31e dbUKCUpYHOLLAas
onopa Ha 0IHOM KOHLe Basia ofecnedunsaer oce-
BYHO dKcauMto Bana. MNofgmnHukosas onopa
Ha NPOTUBOMOMOXHOM CTOPOHE Bana ABnsAeTcs
nnasaroLLen 1 06ecneynBaeT BOIMOXKHOCTb Oce-
BOMO CMeLLieHWs Bana BCeacTeve TemnepaTtyp-
HOTO PacLUMPeHUst BO M36exaHne BO3HUKHOBE-
HUSl BHYTPEHHWX HAarpy30K B NOALUMMNHUKAX.

B kauecTBe pUKCHPYHOLLMX UCMNOSMb3YHOTCA pa-
OMarnbHble NOALUMIHWUKK, CNOCOGHbIE KOMMEHCH-
poBaTh KOMBUHWPOBaHHbIE (paguanbHbIe 1 oce-
Bble) Harpy3k1. K HUM 0THOCATCH pafManbHble
LUAPUKONOALLMMNHUKK, ABYXPAAHbIE UMW CNApeH-
Hble 0HOPAOHbIE PaAMaNbHO-YNOPHbIE LAPH-
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KOMNOALLIMMHWKKM, CaMOYyCTaHaBNMBatOLLMeCS La-
PUKONOALLUMMHUKK, ChepUyeckue
POSIMKONOALLMMHUKM, CNapEHHbIE KOHUYecKue
POSAIMKONOALLMMHUKM, LMAUHOPUYECKHUE PONIU-
konogwmunHuku Tna NUP nnu NJ ¢ dacoHHbIM
KonbLom HJ.

B kauecTse ansTepHaTHBLI dUKCUPYHOLLas
NOALIMNHAKOBAA ONOPa MOXKET COCTOATh U3 KOM-
B1HaLMM NOLLLIMMNHUKOB:

o [1nq BOCNPUATUS PaaManbHOM Harpy3kM MOXKeT
MCNONb30BaTLCA PAAHANbHbLIM NOALIMMIHUK,
CMOCOBHbIN BbIAEPXKMBATbL TOMBLKO PaauasibHyH
Harpysky, Hanpumep, UMAUHAPUYECKUI PONK-
KonoaLwmMnHUK 6e3 6opToB Ha OJHOM W3 Korel.

Puc. 1

Puc. 2

akF



e [1na obecneyeHuns 0ceBon dUKCaLMU MOXKET
6bITb MCMOSb30BaH PaauarnbHbIv LLAPUKONom-
LUMMHUK, LUAPUKOMOALIMMNHKK C YETbIPEXTO-
YEYHbIM KOHTAKTOM MK [BOMHOM YNOPHbLIN
NOALLMMHKK.

Yr106b1 06eCneunTs, 4To NOALLUMMIHUK HE BOCMPH-
HWUMaeT paauarnbHyHo Harpy3sKky, ero Hapy>Hoe
KOSIbLIO JOMKHO MOHTUPOBATLCA C paduanbHbIM
1 0CeBbIM 3a30P0OM B KOpMyce.

Mcnonb3yroTca asa cnocoba KoMmneHcauum
CMeLLleHWa Bana 1U3-3a TemnepaTypHOro pacium-
peHua B nnasaroLen onope. Mepsbii cnocob —
MCNONb30BaHWe NOALLMMNHUKA, BOCNPUHUMAO-
LLIEro TONbKO paaranbHble Harpysku 1 obecnedu-
BatOLLIero KOMMeHcaLuH 0CeBOro CMeLLieHHs
Basia B NOALLUMMHMKE. 3TO MOrYT BbITb TOPOU-
nanbHble ponukonogwmnuukm CARB, nronsua-
Thle PONUKONOALLMMIHUKU U LIMAIMHAPHUYECKUE
PONUKONOALLMMHMKM 6e3 BOPTOB Ha OHOM U3
koneu. [pyrov MeToq Npeanonaraer UCNosb3o-
BaHWe paaranbHOro NoALLIMMHMKA, YCTAaHOBMNEH-
HOro co cB060JHOM NOCaAKOM B KOPNyce, KOTO-
pas o6ecneunsaeT cBoBogHOe nepeMeLLeHure
Hapy»HOr0 KOMbLia B 0CEBOM HanpaBneHuu.

Hanbonee pacnpocTpaHéHHbIe BO3MOXHbIE
BapWaHTbl NOALLMNHUKOBLIX Y3M0B, B KOTOPbIX
0[QHa onopa ABNAeTC dUKCUpYHoLLEeH, a Apyras
— nnaBsaroLLen, NpeacTaBneHbl HUKe.

Lns skECTKUX NOALLIMMHMUKOBLIX Y3108, Tpeby-
FOLLIMX OCEBOr0 CMeLLIeHUs Bana «6e3 TpeHna
BHYTPHW NOALLUMNHKKA, CNeayeT PaccMOTPETh
cnefyroLe KOMBMHALMH:

® pafuanbHbIM LLIAPUKONOALLMIHUK / LIMIIUH-
QpUYecKui ponukonoawunHuk (= puc. 1)

® [BYXPAOHbIM paaranbHO-yMNopHbIN LAPHUKO-

NOALUMNHKK / UMAUHAPUYECKWIA PONIUKONOA-

wnnHuk Tvna NU uan N (= puc. 2)

cnapeHHble 0[JHOPALHbIE KOHUYECKUE POSu-

KOMOALLMMHUKK / UMIIMHOPUYECKUH POSTUKO-

noawunHuk Tvna NU unmn N (= puc. 3)

® LMIMHOPUYECKUM POSTMKOMOALIMHWK TUNa
NUP / UMnuHapUYeCcKUiA PONMKONOLLLMIHUK
tuna NU (= puc. 4)

® LMIMHOPUYECKMM POSNIMKOMOALIMIHUK TUNa
NU v laprKonoaLMnHKK C YeTbIpEXToYeY -
HbIM KOHTaKTOM / LIMIIMHOPHUYECKHH POSTUKO-
nogwmnnuk Tvna NU (= puc. 5)

akF

ﬂOJ]LLIMI'IHMKOBbIe y3nbl

S—

Puc. 3

Puc. 4

Puc. 5
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I'Ipumeueuue nogwunHUKoOB

[LIns ykasaHHbIX NOALLIMAHUKOBLIX Y3M0B BENKU- Ry

YMHa yrnoBoro nepexkoca sasna no OTHOLEHUH K

Kopnycy AomKHa BbiTb CBEAEHA K MUHUMYMY.
Ecnu 310 HeBo3MoxHo, SKF pekomengyeT mc-
Nonb30BaTh CAMOYCTaHABNMBAOLLYHOCS N0~
LLMMHWUKOBYH CUCTEMY, COCTOSLLYHO U3 Crefyro-
LLIMX KOMBUHALMIA NOALLMIHUKOB:
o cchepuyeckuit ponMKonoaLMIHWK / Topou-
nanbHbIM ponukonogwnnuuk CARB
(= puc. 6)
® CaMOYCTaHaBMIMBAOLLMMCS LUAPUKONOALLIMM-
HWK / TopouaanbHbIv ponukonoawmnHmuk CARB
Cnoco6HOCTb AaHHOr0 NOALWMIHWKOBOrO y3Na

KOMMNeHCHpPOoBaTh YrfI0BOM Nepekoc Basa no oT-
HOLLIEHMIO K KOPMYCY M CNOCOBHOCTb NOALIMMHU-
ko CARB o6ecneunsath oceBoe cMeLLeHre
Bana BHYTpW NOALUMNHUKA NPeaoTBpaLLatoT
BO3HWMKHOBEHWE BHYTPEHHWX OCEBbLIX HArpy30K B
NOALLIMMHUKAX.

B nogLumMnHUKoBbIX y3nax € BpaLLatroLLemcs
HarpysKkow Ha BHyTPeHHEM KonbLlie, rae U3MeHe-
HUS ONWHbBI Bana OOMKHbI KOMMNEHCMPOBATLCS
Mexy NOALUMNHUKOM M ero NocafgoyHbIM Me-
CTOM, 0CEBOE CMeLLieHWe A0MHO NPOUCX0AUTh
MeXaYy HapYXKHbIM KOMbLIOM NOALLMMHMKA U KOp-
nycoM. Hanbonee pacnpocTpaHéHHbIMK coyeTa-

Puc. 8

HUAMU ABNAKOTCA:

=

Puc. 6 Puc. 9
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® paauanbHbIA WapUKoNoaWKUNHKK / paauans-
HbIM LIAPMKONOAWMIHKUK (= puc. 7)

 CaMOyCTaHaBMBAFOLLMICA LIAPMKONOALLIMMA-
HWK UMW ChEPUYECKUI PONTUKONOALIMMHUK /
CaMoyCTaHaBNMBAFOLLMMCA LIAPUKONOALLIMMA-
HWK MW ChePUYECKUI POTMKOMOALIMIHUK
(= pwuc. 8)

e CnapeHHble 0HOPAHbIE PaAMaNbHO-yNop-
Hble LIAPUKONOALMNHWKN / paauanbHbIi Wwa-
pyKonoaWwunHUK (= puc. 9)

PerynupyeMbie NogLWMUNHUKOBbIE Y3Abl

B perynvpyeMbix NoALWMNHUKOBbIX y3Max ocesas
dUKcaLMs Bana B 0AHOM HaNpaBeHWK ocy-
LLIeCTBNAETCS 0HOM NOALLMNHUKOBOM ONOPOW, a
B NPOTMBOMOMOXHOM HaNpaBeHn — ApYyrow.
Takas cxeMma Ha3blBAeTCH «MNepekpECTHON K-
calmemn» U, Kak NPaBm1IIo, UCNOSb3yeTca Ans Ko-
poTkux Banos. Hanbonee noaxoasLmMMm nog-
LUMMNHUKAMM ABAFOTCA:

® pafuanbHO-YNOPHbIe LIaPUKONOLLUMIHUKH
(= puc. 10)
® KOHWYECKWe PONMKONOALLMAHUKK (= puc. 11)

B HekoTopbIx Cryyanx, Korga ans y3nos ¢ nepe-
KPECTHOM dbUKCaLuMen UCNonb3yroTC 0AHOPAL -
Hble paananbHO-YNOpPHbIE LAPUKONOALLMITHUKK
UMW KOHWYECKHUE PONMKONOALLMITHWUKKI, NP MOH=-
Taxke 0nop MoXeT NoTpe6oBaThca NpegHaTar
NOALWMWNHWUKOB (=> «[TpegHarar NoQLWHMITHUKOB,
cTp. 214).

akF

nO,ElLLIVII'IHVIKOBbIE y3nbl

Puc. 10

Puc. 11
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anMEHEHME noagwnnHUKOB

Mnasarowmne NogLIMNHUKOBLIE y3nbl

B nnasatoLLeM NoALLIMNHWMKOBOM y3ne Ban UMeeT
NEepeKpECTHYH (pUKCaLIMID, HO MOXKET NepeMe-
LLIATbCS B OCEBOM HANpPaBneHWH Ha HEKOTOpoe

paccTosHue Mexxay KpaﬁHMMM NoNoXKeHNAMK (T. e.

«nnasaTtb»). B JaHHOM y3ne Ban Takke MoxeT
MMETb 0CEBYH) DUKCALMIO C MOMOLLIbHO APYTUX
KOMMOHEHTOB Ha Barny (Hanp1mep, ¢ NOMOLLbH
LLIeBPOHHOW 3y6yaToi nepegayun). Mogxogatmmm
NOALMNHUKAMM ANS AaHHbIX Y3M0B SBNAOTCS:

o pafuanbHble LapHUKONoALLUMIHUKH
(= puc. 12)

® CaMoyCTaHaBNMBarOLLMECH
LIAPMKOMOLLUMMHUKH

o Cchepuyeckue PorMKONOALLMIHUKK

B naHHOM NOALLUMNHUKOBOM y3ne BaykHa BO3-
MOMHOCTb NepeMeLLieHrs B 0CEBOM Hanpaene-
HWUW OQHOTO M3 KOMew KaXK4oro NoALwmrnHuKa
(npeanoyTUTENBLHO HapyXKHOTO). MNaBaroLLMi
NOALIMMHUKOBBIM Y3€1 MOXHO TaKXe Nony4YnTh
U3 OBYX LMITMHOPHUYECKMX POSTMKONOOLLMMNHUKOB
T1na NJ B 3epkanbHOM PacnonoX)eHWn o cme-

LLUEHHBIMW BHYTPEHHUMM KonbLamu (—> puc. 13).

nDM MCNONb30BaHUU UMNTUHOPHUYECKUX POSTUKO-
noawnnNHKUKOB oCeBoe nepemMelLieHne Ha noca-
A04YHOM MeCTe B Kopnyce He TpeﬁyeTca, TaK Kak B
3TOM Cny4Yae oceBoe CMeLLleHne MOXXeT Npounc-
X0OUTb BHYTPKU NOOLLMNHUKOB.

Puc. 12
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PaguanbHasa dukcaums
NoALMUNHUKOB

Lns nonHoM peanusalmu rpy3onogbEMHOCTH
NOALIMMHMKA ero KofbLa JOMKHbI UMETb KOH-
TaKT C N0CaA04HbLIMU NOBEPXHOCTAMM MO BCEW
OKPY>HOCTH M N0 BCEW LLIMPUHE JOPOXKH Kaue-
Hua. Takas onopa gomkHa GbiTb XECTKOW U MO-
eT BbITb 06ecneyeHa UMIUHOPUYECKON UNK
KOHWYECKOM NOCaA0YHOM NOBEPXHOCTLH UK, B
Cnyvae Konew ynopHoro NoaLMNHMUKa, NNoCcKon
(poBHOM) ONOPHOM NOBEPXHOCTLID. ITO 03HAYAET,
YTO NOCaA0YHbIE MecTa Ans NOALWMNHUKOB
LIOSIKHbI GbITh M3rOTOBMNEHbI C COOTBETCTBYHOLLIM-
MM Knaccamu TOYHOCTH, @ UX NOBEPXHOCTb He
[I0MKHa NPepbIBaTLCA KaHABKaMM, 0TBEPCTUAMM
W T. ., 33 UCKNHOYEHWEM cryyaes, Korda noca-
[I0YHOE MeCTo NOArOTOBIEHO s MOHTaXKa Me-
TofloM ruapopacnopa. KpoMe Toro, Konbua nofg-
LUMMHWKA OOMKHbI BbITh HAOEXHO 3adUKCUPO-
BaHbl BO M30exKaHWe NpoBOpOTa Nof Harpy3kom
Ha CBOMX NOCAA0YHbIX MECTaX.

B uenom, foctatoyHas paguansHas dukcaums
1 HeoBX0AMMan BENMYMHA OMNOPHOW NOBEPXHOCTH
MOFYT BbITb JOCTUTHYTbI IULLIL B TOM Clydae, ecriu
KOrbLia yCTaHaBMNMBAOTCA C TpEeOYeMoW cTeneHbHo
Hatara (= «3asop noglmnHukas, cTp. 213 u
«[pegHarar nogLumnHmka, cTp. 214). Henocta-
TOYHO NPOYHAA UMK HeNpaBubHas duKcaUms
Koneu, Kak NpaBu1so, NPUBOAMT K NOBPEXKAEHWHO
NOALIMMHUKOB M CONPSIXKEHHBIX AeTanen. OgHako,
NP1 Heo6X0AMMOCTH KOMMNEHCALMM 0CEBOr0 CMe-
LieHus (B cnyyae nnasaroLLero NofALLIMnHUKa)
WM NPOCTOro MOHTaXa W IEMOHTaXa, UCNofb-
30BaHWe NOCafKM C HATAroM He Bcerga ABNaeTcs
BO3MOMHbIM. B cnyyasx, korga ctaHaapTHO Npu-
MEHAETCA NOCafKa C HaTArOM, HO B KOHKPETHOM
cnyyae Heobxoarma cBo6oaHas nocaaka, JOoNK-
Hbl MPUHUMATLCS CreuranbHble Mepbl 4ns orpa-
HUYEHMA U3HOCA, KOTOPbIM HEU3BEXKHO BOHUKHET
M3-3a NPOCKasb3blBaHMs KOMbLA NOALUMMHMKA Ha
CBOEM nocafo4yHoM MecTe. Hanpumep, 370 ocy-
LLIeCTBNIAETCS NOBEPXHOCTHOM 3aKasikow Nocagoy-
HbIX MECT W 0MNOp NOALUMMHWUKOB, CMa3blBaHWEM
CONPSKEHHbIX NOBEPXHOCTEN Yepes cneuuanbHble
KaHaBKM MK MCNOMNb30BaHWEM Na30B B TOPLIEBbIX
NOBEPXHOCTAX KoNeL NoA WNOHKW, UK nocpea-
CTBOM NPUMEHEHHS APYTUX PUKCUPYHOLLIMX
ycTponcts (= puc. 12, ctp. 499).

akF

Pa,umaanaﬂ duKcauma noaLLIMNHUKOB

Bui6op nocaaku

lMpv BbIGOPE NOCAAKM CredyeT UCMob30BaTh
npeacTaBfeHHyHo B JaHHOM pasaesne UHbopMa-
LMo, a Takke obLLMe pekoMeHgaLmm B nocne-
fyroLLMX pasaenax.

1. YcnoBusa BpalueHus

YcnoBms BpaLLieHns OTHOCATCA K KOMbLY Nof-
LLUIMMHMKA WU paccMaTPHUBArOTCA NPUMEHUTENBHO K
HanpaBneHWHo AeNCTBYIOLLEN Harpy3KK

(= Tabnuua 1, ctp. 166). CyuiecTyroT TpU
Pa3fMYHbIX YCNOBUS:

® Bpallarouwlaaca Harpyska
® HenoaBM>XXHaA Harpyska
® Harpyska B Npouv3BOJSIbHOM HanpasnieHnuu

Harpyska cuutaeTcs BpaLLaroLLiencs, ecnu
KOMbLO NOALUMIMHWKA BPALLAETCs NPy Henog-
BWXKHOW HarpysKke Ui KombLo HenoasmKHO Npu
BpaLLaroLlencs Harpyske. TaKEnble Harpysku,
KOTOpble He BPALLAOTCA, HO NOCTOAHHO MEHSHOT
HanpasneHue, HanpyUMep Harpy3kK Ha NogLLIMMN-
HUKM LLIATYHOB W LUTOKOB, KaK NpaBMIIo, cuMTa-
FOTCS BpaLLAOLLMMKUCA Harpyskamu. Mpu cavw-
KOM CBOOOAHOM NOCAfKe KOMbLO NOALIMMNHUKA,
Ha KOTOpOE BO3AEMCTBYeT BpaLlaroLLascs Ha-
rpy3Ka, MPOBOPAYMBAETCA Ha NOCALOYHOM Me-
CTe, YTO NPUBOMT K U3HOCY W/MNU PPETTUHT -
KOpPO3uM nosepxHocTen. [ns npegoTepalleHus
3TOr0 BPALLAOLLIEEeCs KOMbLO CrefyeT ycTaHo-
BWTb Ha NOCAL04HOM MECTE C COOTBETCTBYHOLLIMM
Hatsrom. CTeneHb HaTAra 3aBMCHT OT YCIIOBUK F
3KCnnyaTaunn (= NYHKTbI 2 U & HUxe).

Harpyska cumtaeTcs HenoaBUXXHOM, ecin
KOMbLIO MOALIMMHUKA U HAarpy3ka ABNSOTCA He-
NOABUXKHBIMM UMW KOMbLIO M Harpy3ka Bpatla-
FOTCS C 0IMHAKOBOM CKOPOCTbHO. B Takux ycno-
BMAX KOMbLA NOALUMIMHWKA, KaK NPaBuo, He
NPOBOPAYMBAOTCSA HA CBOMX NOCALOYHbIX Me-
cTax. CoOTBETCTBEHHO, OHM He HYXOArOTCS B No-
Cafike C HaTAroM, ecriv 3Toro He Tpebyerca no
OPYrvM NPUYUHaM.

HarpyskeHWe B Npov3BoNbHOM HanpaseHuu
COOTBETCTBYET NEPEMEHHbIM BHELLHWM Harpys-
KaM, yiapHbIM Harpyskam, Buépaumam 1 aucba-
NaHCHbIM Kone6aHUAM, BO3HUKAFOLLMM B BbICO-
KOCKOPOCTHOM 060pyoBaHuK. Takue ycnosus
paboThl BbI3bIBAOT U3MEHEHMWS HANPaBIeHUa Ha-
rpy3Ku, He NoAaroLLMecs TOYHOMY onpedene-
HUH0. MpU HEBO3MOXKHOCTHM ONpeaeseHus Ha-
NpaBieHna Harpysku 1, 0COBEHHO, B YCNOBUAX
THKENOro HarpyeHus, SKF pekoMmeHayeT, 4To6b

165



ﬂpumeneuue noagwnnHUKOB

ofa KoNbLA MMeNW Nocaaky ¢ HataroM. Ona sHy-
TPEHHEro KosibLia 06bIYHO UCMOMb3YEeTCs BENIUYM-
Ha HaTara, pekoMeHayeMast Npy Bo3AencTBIUM
BpaLLaroLLerica Harpysku. OgHaKo, eciv HapyX-
HOE KOMbLO JOJIKHO MMETL CBOBOAHOE 0CeBoe
nepeMeLLieHVe B KOPMYyce NPy OencTBYHoLLEN He-
BbICOKOW Harpyske, MOXHO MCNOMb30BaTh YyTh
6onee cBOOOAHYHO NOCALKY, YEM Ta, YTO PEKOMEH-
LyeTcs ANS BPaLLaroLLencs Harpysku.

YcnoBus BpaLLeHNs U HarpyeHus

2. BenuunHa Harpysku

CreneHb Nocafku BHYTPEHHero Konbua ¢ HaTa-
rOM Ha NOCa04YHOM MECTe Ha Bany A0SMKHA
onpenensaTbCs Ha OCHOBAHWK BENUYMHbBI HArpy3-
KW, AencTByoLLen Ha nogwmnHuk. Kak npasuno,
BHYTPEHHee KoMbLOo NOALLUWMHUKA fedOpPMUPY-
eTCs NPONOPLMOHANLHO AENCTBYHOLLIEN Harpy3-
Kke. [ledbopmaLmst MOXKET 0ClabuTb HATAr Mexay
BHYTPEHHMM KONbLOM W BanOM, Bbl3biBas NPOBO-
payMBaHMe KosbLia Ha Nocafo4HoM MecTe. Yem
BbILLE YPOBEHb Harpy3ku, Tem BonbLuas cTeneHb

Tabnuua 1

Paboune CxemaTuyeckoe Ycnoeus Harpyxenus Mpumep PekoMengyemble

ycnosus u3obpaxenue nocagku

Bpawaroweecs Bpawarowascs Harpyska Banbl ¢ peMeHHbIM Mocanka c HaTarom
BHYTPEHHee KoNbLio Ha BHYTPEHHee KoMbLO  MPUBOAOM BHYTPEHHEero KonbLa
HenoggmxHoe HenoggxHasn Harpyska Bo3aMosxHa csobogHas
Hapy>KHOe KoMbLO Ha Hapy>XHOe KOMbLo nocafka Hapy>KHoro KonbLa
Harpyska ¢ nocTosHHbIM

HanpaBneH1em

HenoggmxHoe HenoggikHas Harpyska — Ponuku KoHBeliepos BosmosHa cBobogHas
BHYTPEHHee KoNbLio Ha BHYTPeHHee KonbLo nocajka BHYTpPEHHero KonbLia
BpatuaroLeecs Bpatuarowasics Harpyska CTynuuHble Mocagka ¢ HaTArom
Hapy>KHOE KoMbLo Ha Hapy>XHOe KOMbLo NOALUMMHAKOBbIE Y37bl  HAPYXKHOTO KOMbLA

Harpyska ¢ nocTosHHbIM

HanpaBneH1eM

Bpatuiarouleecs HenoggwxHas Harpyska  MMoawwnnHuky ans Mocagka ¢ HaTAroM
BHYTPEHHee KosnbLio Ha BHYTPEHHEE KOMbLo  BUOPOMALLIMH HapY>XHOr 0 KofbLia
HenopnsuxHoe Bpatuarowancs Harpyska Bu6paumnoHHble rpoxota BosmoxHa ceoboaHas
Hapy>KHOE KoMbLo Ha Hapy>XHOe KoMbLio WnK fBuraTent nocafka BHYTPEHHero KonbLa
Harpyska Bpatuaercs ¢

BHYTPEHHWM KOJ1bLIOM

HenogsuxHoe
BHYTPEHHEE KOMbLIO

Bpawatoueecs
Hapy>xHoe KonbLOo

Harpyska spaLuaercs ¢
HapyXXHbIM KOMbLIOM
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Bpawarowancs Harpyska KoHycHas apo6unka
Ha BHYTPEHHEE KOMbLiO

HenoasuxHas Harpyska
Ha Hapy>XHOe KoMbLio

I'Iocauka C HaTarom
BHYTPEHHero kKonbua

Bo3amosxHa cBoBogHas
nocafKa Hapy>HOro Konbua

MpuBogs! kapycenein

akF
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HaTara TpeByetcs (= puc. 14). Mocaaka c Ha- Gl

TArOM BNUAET Ha 3a30p UMK NpeaHaTAr noALwmn-
HUKa (=> «3a3op nogLwMnHmuKas, cTp. 213 n
«[pegHatar nogwunHMka», crp. 214). B ycno-
BMAX PaBOTLI NPY BUOPALMK W yAAPHbIX HAarpy3-
Kax credyet otgaTh npegnoyteHune Gonee nnot-
HOM nocagke.

BenuuunHa Harpysky Ha NnofLWMNHKUK onpege-
nseTca cnenyrLLUMKU COOTHOLLEHHUAMU:

® férkas Harpyska: P<0,05C
® HopMasnbHas Harpyska: 0,05C<P<01C
® TAXENas Harpyska: 0,1C<P<0,15C

® oueHb TAXENaa Harpyska: P >0,15C

3. BHYTpeHHU# 3a30p NogLWMNHUKA

Mocanka NoaLwMNHKKA Ha Ban MK B KOpNYC C
HaTArOM 03HAYaEeT, YTo KOMbLo NofBepraeTcs
ynpyron necdopMaumu (pacTaruBaeTcs Unm Oku-
MaeTcs), NPW 3TOM BHYTPEHHWI 3a30p NOALLMN-
HMKa yMeHbLiaeTcs. 0gHako, HeoBxo4nMo nog-

Puc. 15

flepXKunBaTh onpenenéHHbIN MUHUManbHbINA 3asops 3asops
JAOMOHTAXXHOM CMOHTHMPOBAHHOM
3a30p (= «3asop nogmnHukas, ctp. 213). EETEIT T

MocagKa ¢ HaTAroM MOXeT BbITb HACTONbKO i
NNOTHOM, YTO AN NPENOTBPALLEHHA Hexena-

TENLHOro NPeHaTAra MoXeT BO3HUKHYTb HE0B-
XO[MMOCTb UCMOMb30BAHWSA NOALLIMMHUKOB C Ha-
YanbHbIM 3a30pOM 60fbLLIE HOPMATLHOMO

(= puc. 15).

i

Mocanka

i

4. PasHnua teMnepartyp

Bo MHOrMX 06nacTsx NpUMeHeHUs BHYTPEHHee
KOMbLO MMeeT Bonee BbICOKYH TeMnepaTtypy,
YeM Hapy>KHOe KOJbL0. ITO MOXeT NPUBECTU K
yMeHbLLIEHUHO BHYTPeHHero 3asopa (—> puc. 16
u «3a30p NOQLWHMIHMKAE>», €TP. 213) unu ysenu-
unTb NpeaHaTar (> «/IpegHarar NoALMITHUKA,
cTp. 214).

B npouecce akcnnyataumu Konbua nogwumn- Xonog
HUKa 00bIYHO HarpeBaroTcs A0 6onee BLICOKOM
TeMneparypsbl, YeM AeTanu, Ha KOTOPbIX OHW
YCTaHOBIEHbI. ITO MOXET BbI3BaTb OcfabneHue
NocaaKy BHYTPEHHEro KofbLia Ha ero nocagoy-
HOM MecTe W, B CBOHO 04epefb, PacLlUMpeHue Ha- —
PY>XHOMO KOMbLA MOXET NpensTCTBOBaTb €ro WeHHbIH
TpebyeMoMy 0CeBOMY NepeMeLLieHu o B Kopryce. 3asop
BbIcTpble 3anycku Takxe MoryT oclabuTb nocaa-

Ky BHYTPEHHEro Konbua, ecfiv BblAensemMoe npu
TPEHWM TENNO B NOALIMMNHUKE HEAOCTATOYHO
BbICTPO paccenBaeTcs. B HekoTopbIX Clydanx
TpeHWe YNNOTHEHWH NOALLIMMHUKA MOXET Bbl3bi-
BaTb TeNnoBbIgeNeHWe, JOCTaToOYHoe NS ocna-
61eHua Nocaaku BHYTPEHHEro KonbLia.

Puc. 16

Cxatve

Paclumpenve
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B cBA3m € 3TUM, HeoBxoaMMo oBpatLLaTs ocoboe
BHWUMaHWe Ha pasHWLLy TeMNepaTyp W Ha rpagreHT
TennoBoro NoToka B NOALUMMIHUKOBOM y3fe.

5. To4yHOCTb BpaLleHus

[na obopynosaHus, B KOTOPOM TpeByeTcs BbICO-
Kasl CTeneHb TOYHOCTH BpaLLeHus, peKoMeHayeT-
¢ nocagka c HatsaroMm. CBoBofgHas nocagka Mo-
YET CHU3UTb XECTKOCTb M MOBLICUTL BUOPaLMHO.
MocafoyHble MecTa NoALLIMMHUKOB AOSIXHbI CO-
OTBETCTBOBATH KAk MUHUMYM KBafIMTETY TOYHO-
ctv IT5 onq Bana u IT6 ans kopnyca. Takxe
LIOSKHbI MPUMEHATLCSA XECTKME [oMNYycKu 06LLero
6uenna (= Tabnuua 11, ctp. 202).

6. KoHCTpyKuuMa U MaTepuan Bana v Kopnyca

Mocaaka Kofbla NoALwMNHUKa Ha ero Nocagoy-
HOEe MeCTOo He 4oMKHA NPUBOAMTL K fedopMa-
UMK (HekpyrnocTh) konbLa. 3T0 MOXKET BbITb Bbi-
3BaHO, HANpMUMep, HapyLLeHWeM CNIOLIHOCTU
nocafo4HoM NoBepXHOCTK. 1o 3TOM NprUKHe
SKF He pekoMeHOyeT UCNoMb30BaTb Pa3bEMHbIE
Kopnyca Ans Tex cflyyaes, Koraa HapyHble
KOMbLA JOSKHbI MMETb BOSIbLLYHD CTENEHb Ha-
TAra— M7 unu Gonee.

Bbi6paHHbiv ans pasbEMHOro Kopryca Aomnyck
Ha 00pabOTKy OTBEPCTMA He [OMKEH NPEBbILLATL
HaTAr nocagku, obecneynsaeMom nonem gony-
ckos H (unu camoe 6onbLuee K).

Lnsa obecneyenns LOCTaTOYHOM OMopsI Konew
NOALIMNHMKA, YCTAHOBMEHHbIX B TOHKOCTEHHBIX
Kopnycax, Kopnycax M3 NErkux cnnasos WM Ha
NonbIX Banax, AOMKHbI UCNONb30BaTLCSA [OMYCKH
Ha pa3Mepbl, 06ecneyunsatroLLme Bornee NoTHbIe
NocafkH, Yem Te, YTO 06bIYHO PEKOMEHIYHOTCS
LIN5 TONCTOCTEHHBIX CTanbHbIX MW YYTYyHHbIX KOP-
NyCOB UMM CNNOLLHLIX Banos (= «/Tocagku ans
nonbix BasoB», cTp. 176). MHoraa takke moryTt
Tpeb6oBaTbCa Gonee Nerkue nNocagxku 4 MaTepu-
anoB Banos, UMErOLLIMX K03 PHLMEHT TENNOBOr0
paclmMpeHns Bbile, YeM 0Bbl4yHan cTasb.

7. MNpocToTa MOHTaXa U AeMOHTaXKa

MofALWMNHUKKU, MMEerOLLIMe NOCaKy C 3330POM,
KaK npaswmsio, Bonee NpocTsl B MOHTae W fe-
MOHTaXe, 4eM NOALIMMHUKK, UMeroLLMe NOCaKy
c HaTaroM. Ecin pabouue ycnosus TpebyroT no-
CafKM1 C HAaTAroM Y OTHOCUTENbHOM NPOCTOTHI
MOHTaXa / IeMoHTaxXa, CredyeT paccMoTpeThb
BO3MOXHOCTb NPUMEHEHWUA Pa3BOPHbIX NOALLMN-
HUKOB MW NOALLMMHWUKOB C KOHUYECKUM OTBEP-
ctueM (—=> «[o[LMITHUKM C KOHUYECKMM OTBEp-
ctem»s). MoALWMUMHUKK C KOHUYECKUM OTBEpPCT-
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WEM MOTYT yCTaHaBNMBATLCA Ha MMaAKWX UK CTy-
NeHyYaTbIX Baflax C NOMOLLIbHO 3aKPenUTembHbIX 1
CTSKHBIX BTYSIOK MM HENOCPECTBEHHO Ha KOHW-
yeckue LLierkun Banos (= puc. 25 - 27, ctp. 207).

8. 06ecneyenune cMeLLLeHWA NOALIMNHUKOB B
NNaBsakoLLMUX onopax

Ecnn noaWwmnHMKK B nnasaroLLer onope He Mo-
ryT KOMMNEeHCUPOBATh OCEBOE CMELLIEHWUE BHYTPU
nofLMNHKUKA, Heo6xoauMo obecneymTs ceobog-
HOe nepeMeLLieHne B 0CeBOM HanpaBSieHWK Ha-
PY>KHOIO KOJbLIA Ha NOCAA04YHOM MecTe. 3T Mo-
et BbITb 06ecneyeHo 3a cHET cBOBOAHOM
nocafKM KonbLa, Ha KOTOPOe BO3eNCTBYET He-
nofBmxHaa Harpyska (—> puc. 20, ctp. 205). B
HEKOTOPbIX CNYYanX, KOraa HapyXXHOe KOMbLo Ha-
FPY>KEHO HemnoaBUKHOM Harpy3Kom, a NogLwmnn-
HUK 419 KOMMNEHCaLWUKU CMeLLIeHUs NOSIKEeH UMeTb
BO3MOXHOCTb OCEBOr0 NepeMeLLIeHus B kopnyce,
MO>HO YCTAHOBMTb 3aKanéHHyH BTYSIKY B OTBep-
CTWe Kopnyca, KoTopast NpefoTBPaTHT NMoBpeX-
JeHune NoALMNHUKOM CBOEro NocafouHoro Me-
cta. JTro6oe nospexjeHue nocagoyHoro Mecta B
KOpnyce MOXeT OrpaHUuYmnTL 0CeBoe nepeMeLLie-
HWE UMK O NPUBECTH K TOMY, YTO OCEBOE CMeLLe-
HWe CTaHeT HeBO3MOXHBIM. 3TO 0COBEHHO BaXHO,
€CNK KOPMYC U3roTOBSIEH U3 NErKOro cnnaska.

py UCNONb30BaHUM UrONBYATLIX PONTUKONOA-
LUMMNHUKOB, TOPOUAASbHBIX POSTMKOMOALLMAHN-
koB CARB vnu uMnuHapuyeckmx ponvkonog-
LUMNHKUKOB Be3 BOpTOB Ha OAHOM KonbLie, 06a
KonbLa NOALIMMHUKA MOTYT YCTaHABNMBATLCA C
HaTArOM, NOCKOSbKY 0CeBOe CMeLL|eH1e NPourc-
XOAWT BHYTPW NOALLMIHMKA.
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MoAWKNNHUKK C KOHUYECKUM oTsepcTuemMm

MofALMNHUKK C KOHUYECKMM OTBEPCTUEM MOTYT
MOHTMPOBATLCA KaK HEMOCPEACTBEHHO Ha KOHU-
yeckoe NocafoYyHoe MecTo Ha Bany, Tak W 3akpe-
NUTENbHBIE AW CTAXHBIE BTYNKK (—> pUc. 25

- 28, ctp. 207). BTynku, ycTaHaBnusaeMble Ha
LUMNMHAPUYECKMX LLEMKAX BANOB, UMEHOT Ha-
PY>KHYHO KOHYCHYHO NOBEPXHOCTL. HesaBrcuMO
0T TOro0, YCTaHABNMBAETCS MK NOALLUMMHUK Ha
BTY/IKY UMW HENOCPeACTBEHHO Ha Basl, Nocaaka
BHYTPEHHETr0 KofbLa NOALIMMHMKA He onpeae-
NAETCA KOHPUrypaLmen NocagoyHoro MecTa, Kak
B CNy4ae C NOALMMHUKAMM C UMMUHOPHUYECKUM
oTBepcTveM. BMecTo aToro, nocagka noawwmn-
HUKa C KOHWYECKMM OTBEPCTHEM ONpenenseTcs
paccTosHWeM, Ha KOTOPOE KObLO CMeLLaeTcs Ha
KOHMYECKOM NOCaf04YHOM MecTe Ha Bany WM
BTysnKe. [1pu 3ToM HeobxoaMMo cobnroaats cne-
LManbHble Mepbl NPeAOCTOPOXHOCTHU N0 NPeaoT-
BPALLIEHWH YMEHbLUEHWS BHYTPEHHEro 3a30pa,
yKa3aHHble B pasgenax «3a30p nogLmMnHUKoB»
(= crp. 213), «CamoycraHasnusaroLymecs Lia-
pukonogiwmnnHukky (= crp. 537), «Cpepuye-
ckue ponrkonogLmnHukms (= ctp. 879) n
«TopougansHsie ponukonogiumnHmku CARB»
(= cTp. 957).

[Mpw ycTaHOBKE NOALIMMNHWKOB NPU NOMOLLM 3a-
KpenuTenbHbIX UK CTAXHBIX BTYNOK A0MYCKAeTCs
yBefiMyeHue JoNycKoB Ha AWAMETP Nocafo4Horo
MecTa Basa, py 3TOM JoMnycku o6LLero paguass-
HOro BKeHUA NoMKHbI BbITh cTPOXe (= «Pasmep-
Hble M reoMeTpHYeCKHe JOMYCKM NOCARO0YHbLIX MeCT
M 0rop nogLMIHKKoB, cTp. 200).

PEKOMEHAyEMble nocagku

Lonyckv auameTpa 0TBepCTUS U HApPYXKHOTO Ou-
ameTpa NoALIMMHWUKOB KauyeHUs COOTBETCTBYHT
MexyHapodHbIM cTangapTam (= «onyckus,
ctp. 132).

Yr106bI 06ecneunTs TpebyeMbli HaTAr Unv 3a-
30p NPM NocaaKe METPUYECKHUX NOALLMMHUKOB C
LUMNWHAPUYECKMM OTBEPCTUEM W LIMNIMHAPHUYE-
CKOW Hapy»<HOW NOBEPXHOCTLIO, CiedyeT Bbl-
6paTh COOTBETCTBYHOLLIEE NOJIE AONYCKA Cornac-
HO cucTeMe gonyckos M nocagok ISO ons noca-
LIOYHbIX MECT Ha Bany W B 0TBEPCTWM Kopnyca. [ns
NOCaA0YHbIX MECT NOALLMMHUKOB Ka4YeHUs Ha Bany
W B KOPNYCe UCMNONb3yeTcs OrpaHUYEHHOE KONK-
yecTso nonen gonyckos ISO. PacnonoxeHue Ham-
6oree Y4acTo UCMoMb3yeMblx Nonemn 4oMycKoB no
OTHOLLIEHWHO K [0NYCKaM Ha JUaMeTp 0TBepCTHs
W Hapy’KHbIM OMaMeTp NOALLMMHKMKA NOKa3aHo Ha

akF
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puc. 17, ctp. 170 (geicTBUTensHO ANd NOALMA-
HWUKOB, M3rOTOBSIEHHbIX C HOPMasbHbLIM KNaccom
TOYHOCTH).

Kaxnoe none nonyckos ISO nMeeT BykseHHO-
uMdbposoe o6o3HaveHue. Byksa — cTpoyHas
N9 AMaMeTpoB Bana v NponucHas ans oTeep-
CTWM Kopnyca — onpegenser 30Hy fonycka no
OTHOLLIEHWIO K HOMWHaNbHOMY pa3mepy. Yucno
YKa3blBAET HA BEMWYMHY JMana3oHa nons gony-
cKa. YeM BblLLIe YMCNO, TEM LUMPE 30Ha Jonycka.

PekoMeHnaaummn ana nocagok nogLLIMNHUKOB
Ha CMNOLLHbIX CTaflbHbIX Banax Np1MeedeHs! B
cneyroLnx Tabnuuax:

o paguanbHble NOALIMAHUKKM C LMAMHAPHUYe-
ckuM oTBepcTHeM (= Tabnuua 2, cTp. 172)

® yrnopHble NofLMnHKUKK (> Tabnuua 3,
crp. 174)

PexkoMeHayeMble nocafkv NOALUMNHUKOB ANS
YYTYHHBIX M CTasbHbIX KOPMYCOB MOTYT BbITh
HaWdeHbl B CrieayroLLmx Tabnuuax:

e paauanbHble NoaWWNHWKK (—> Tabnuua 4,
cTp. 175)

© yNOpHbIe NOALIMNHKUKK (—> Tabnnua 5,
cTp. 174)

LlaHHble pekoMeHOaLMK 0CHOBaHbI Ha yKa3aH-
HbIX BblLLe 0BLLIMX PeKoMeHdaLuax no ssiGopy,
KOTOPbIE YYMUTLIBAOT YCOBEPLLUEHCTBOBAHME Ma-
TepManos NoALLUMMHUKOB U KOPMYCOB, KOHCTPYK-
LMK U TexHOMNoruu usrotosneHns. CoBpemMeHHble F
NOALIMMHUKMA 1 KOPNyca MOryT BOCNPHUHUMATb
CyLLIeCTBEHHO Bonee THKENbIe Harpy3ku, Yem
npexge. PekomeHgauuu, npueedéxHble B 4aH-
HOM KaTasiore, 0TPaXatoT faHHbIE YCOBEPLLIEHCT-
BOBaHMS.

Bce knaccbl ToyHocTH ISO gencTBuTEnbHbI C
TpeboBaHUAMK K rabapuUTHbIM pasMepaM (Ha-
npumep, H7(E) 8 cooTBeTcTBMM ¢ ISO 14405-1.
M3 npakTHyecknx cooBpaskeHni 3To He yKasaHo
8 Tabnumuax.

B ctanpapte IS0 14405-1 npenycMoTpeHsi
pacLUMpPeHHbIe BO3MOXHOCTH BbiBopa Nocafku.
3a [10NoNHUTENbHOW MHdOopMaLWen obpaLlan-
Tech B TexHWU4eckyro cnyx6y SKF.
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MoAWKNHUKK MNK BaNbl U3 HEPXKABEHOLLLEH CTanu

ILnA NOALIMMNHAKOB U3 HEPXKaBEOLLIeH CTanu
MOrYT MCNOMb30BaTLCA NOCAAKM, PEKOMEH[10-
BaHHble B Tabnuuax 2 - 6 (= crp. 172 -175).
OgHako cHocka 3 B Tabnuue 2 (= ctp. 172)
HenpUMeHUMa, NOCKONbKY HepKaBeroLLas CTanb
MMeeT 3HauYMTeNbHO Boree BbICOKMI KO3 dHLIU-
eHT TEeNnsI0BOro paclUMpeHna No CPaBHEHMH C
06b14HOM cTansbro. Ecnv TpebyroTca 6onee noT-
Hble NOCa/KK, YeM NpUBeaéHHble B Tabnuue 2
(= cTp. 172), o6paTuTech B TEXHUYECKYHD
cny»6y SKF. Takke MoXeT BO3HUKHYTb HeoBx0-
QMMOCTb PacyéTa Ha4anbHOro BHYTPEHHEro 3a-
30pa B NOALLMMHKKe, HanpUMep, B ClyyasX, Uc-
NoNb30BaHWsA BaNoB U3 HEPXaBeroLLIeN CTanu
NP NOBbILLEHHbIX TeMnepaTypax (—> «BHyTpeH-
HMH 3a30p NOGLIMIHMKG, cTP. 149).

Puc. 17

Cso6oaHas nocagka
INepexoaHan nocagka
[Mocaaka ¢ HaTsroM

s79

r7 671
p7 16 I
pb

6 fé g6 g5 h8 hé h5 Mocaaka ¢ HaTAroM
- MepexogHas nocaaka
Cso6oaHas nocagka

7, t1T7/2
2) 56ymin + IT6/2
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,uOl'lyCKH U NocaaKku Ana sanos U
Kopnycos

3HayeHus, ykasaHHbIe AN8 A0MyCKOB Bana
(= Tabnuua 7, ctp. 178) v kopnyca

(= Tabnuua 8, cp. 190), nossonstot
onpenenuTh xapakTep NOCafKu:

® BEPXHUE U HUXKHKE NpefienbHble OTKNOHEHUA
AMaMeTpa 0TBePCTHA UM HAPYXKHOro Auame-
Tpa NOALIMMHUKOB HOPManbHOro Knacca
TOYHOCTU

o BEPXHUE U HWUXKHWE NpefenbHble OTKNOHEHUA
AMaMeTpa Bana Unu oTBEPCTUA Kopnyca co-
rnacHo ctangapty IS0 286-2

* HauMeHbLUWe U HanBombLLWe BEIMYMHbBI Teo-
peTuyeckoro HaTara (—) unu 3asopa (+) B
nocagxe

® HaWMeHbLUWe W HaMBOSbLLIKE BEMIMYWHBI BE-
poaTtHoro HaTtsra (=) unu 3asopa (+) B nocaake

COOTBETCTByI-OLLlVIe BeJIM4YMHbI [ONYCKOB Nnoca-
OO4YHbIX MECT NOALLUMNHUKOB Ka4eHKA Ha Banax
npueeneHbl B cnefyroLinx Taénwuax:

f5, f6, g5, g6, h5 (= Tabnuua 7a, ctp. 178)
hé, h8, h9, j5, j6 (= Tabnunua 7b, ctp. 180)
jsk, js5, js6,js7, k& (= Tabnuua 7¢, ctp. 182)
k5, k6, m5, mé, n5 (= Tabnuua 7d, cTp. 184)
né,p6,p7,r6,r7 (- Tabnuua 7e, ctp. 186)
S6min £ 1T6/2, 57 min £ IT7/2 (> Tabnuua 7f,
cTp. 188)

CooTBeTCTBYHOLLME BENIMYMHBI AOMYCKOB A5 No-
Ca/I04HbIX MECT NOALLMMNHUKOB B KOPNycax npu-
BefleHbl B cneyroLLux Tabnuuax:

e F7,G6,G7,H5, H6 (= Ttabnuua 8a,
ctp. 190)

e H7,H8, H9,H10,J6 (= Tabnuua 8b,
ctp. 192)

e J7,J55,J56,]57, K5 (= Tabnuua 8c,
cTp. 194)

e K6, K7, M5, M6, M7 (= Tabnuua 8d,
cTp. 196)

e N6,N7,P6, P7 (= tabnuua 8e, cTp. 198)

TLlonycku HopManbHoro Knacca TOYHOCTH Ha au-
aMeTp 0TBEPCTUS U HAPYXKHbIM AUaMeTp Nof-
LUMMHUKOB, NS KOTOPbIX BbINM PACCUYUTaHbI
npeaenbHble BeNMUYKHbI, 0eMCTBUTENbHbI ANS
BCEX METPHUYECKMX NOALLMMHUKOB KayeHus, 3a
MCKNHOYEHWEM METPUYECKHUX KOHUYECKUX PONK-
KonoALKMnHWKoB ¢ pasmepamu d < 30 MM 1Unu

akF
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D <150 MM U ynopHbIX NOALLUMMHUKOB C AUaMe-
TpoM D <150 mm. [Jonycku auameTpoB ans atux
NOALIMNHAKOB OTIMYAKOTCS OT [OMNYCKOB HOP-
MafbHOro Knacca TOYHOCTH AN Apyryx nogd-
LUMNHWKOB KaveHns (= Tabauubl 3 - 10,
cTp. 137 - 144).

BenuumHbl BeposITHOro HaTAra U1 cBoBogHoM
nocafkv oxaatbiaroT 99 % Bcex KOMBUHALMIA.

MoawmnHUkK ¢ onee XECTKUMK pasMepHbLIMU
[ONycKaMu, YeM JonyCckW HopManbHoro Kknacca,
uMeroT Gonee XECTKME JoMyCKK AMameTpa oT-
BEPCTUS M Hapy>HOro uaMeTpa. B caA3u ¢ 3TuM,
HEo6X0OMMO CKOPPEKTUPOBATL BEMMUYMHBI [0-
MyCKOB Ha pasMepbl Bana U 0TBEPCTHA B KOpnyce
Ana obecnedyeHmrs NocanoK C HATArOM Ui C 3a-
30poM. MHdopMaumto o Gonee To4HOM pacyéTe
npeaenbHbIX 3HAYEHWH NOCAA0K NOALLMMHUKOB
MOXKHO MONYYUTb B TeXHUUecKon cnyxkbe SKF.

MpvBenEHHbIE B HACTOALLIEM KaTasore 060-
3HayeHWs BeSIMUYMH 3a30pa M HaTsara cooTBeT-
cteyroT ISO 286-1. 3a3op 0603Ha4aETCA 3HAKOM
«+5, @ HATAT — 3HAKOM «—.

171




anMeHEHMe noagwnnHUKOB

I'Iocanku ANA CNNOLWHBIX CTaNbHbIX BaNos
Paﬂ”aﬂb"ble NOALWKNMNHUKK C LUITUHAPUYECKHUM o‘rnepcmemi)

Ycnosus Mpumepsbl

Bpau.\arou.taacn Harpyska Ha BHyTPpeHHee KONbL0 WK Harpyska B NPOU3BOIbHOM HanpaBneHuHu

Térkwe u nepemeHHble Harpysku (P < 0,05 C) MofLIMNHUKN KOHBEMEPOB W NIErKOHArPY>KEHHbIX PEAYKTOPOB

Harpysku oT HopManbHbix 4o TKenbIx (P > 0,05 C) CraHgapTHble 061acT NPUMEHeHUs NOSLIMMHUKOB,
3NeKTPOABUraTenH, TYPOUHbI, HACOCHI, PEAYKTOPbI,
nepesooBpabatbiBatoLee 06opyaosaHue

Taxenble, 04eHb THKENbIE U YAAPHbIE HArPY3KU B CNIOXHBIX ByKcbl 4015 6oMbLUErpy3HOro Kene3HO[0POXKHOr0 TPAHCMopTa,
ycnosusix skennyarayuu (P> 0,1 C TArOBbIE ABUraTENM, NPOKATHbIE CTaHbI, BETPAHbIE TYPOUHSI
Boicokune Tpg%osawﬂ K TOYHOCTM BpaLLIEHUs!, NErKMe Harpysku CraHoyHoe 06opyaoBaHHe (knacc NpeuUrsmoHHbIX NOALIMIHAKOB)
(P<0,05C)

Henonam«uaa Harpyska Ha BHyTpeHHee Konbuo

YKenatenbHo o6ecneunTts nNérkoe ocesoe nepeMeLleHue Konéca Ha HenoABWXHbIX 0CAX
BHYTPEHHEero Konbua Ha Bany

Jérkoe ocesoe nepemMeLleH1e BHyTpeHHero Konbua He HatsixHble PONKKH, LLIKKBbI ANA KAHATOB
ABNAETCH 06A3aTeNbHbIM

Tonbko oceBble Harpysku

Bce obnactu npUMeHeHua NoALLIUNHUKOB

) Jns uronb4atbix pONMKONOALIMNHUKOB —> «[Jonycku 4 Banos 1 kopnycos», cTp. 716. [ns nogumnuukos tvnaY = «Jonycku 4ns
BasoB», cTp. 450.

2) Bce knacchl TOYHOCTH IS0 eHCTBATENbHBI C TPEBOBAHUSIMHU K raBapHTHbIM pasmepaM (Hanpumep, H7(®) B cootsetctamu ¢ ISO 14405-1.

3) [ WapuKonoALWMNHKKOB, PABOTarOLLIMX MPH HOPMANbHLIX W TAXENbIX Harpy3kax (P > 0,05 C), 3a4acTyro TpebyeTcs panuansHoli BHY-
TPEHHMI 3a30p GorbLUE, YeM HOPManbHbIN, ECAIM MCMOMb3YHOTCS KNACChI TOYHOCTH ANs BaNa, NEPEYHCTEHHBIE Brie. Ecnin paguanbHbii
3a30p NPEBbILIAET HOPMANbHBIM, HO PaBOYUKe YCNOBMS TaKOBbI, YTO ANs NPEAOTBPALLEHMS NPOCKamb3blBAHWA BHYTPEHHEr0 KOMbLA TPe-
6yeTca Gonee NNOTHas N0CAAKA, CIEAYET UCMOMb30BAThL CAEAYHOLLME KNACChl TOYHOCTH:
* k&(® ans Banos auametpom o1 10 go 17 MM ¢ n6E) ana sanos guametpom > 140 go 300 MM
* k5@ ans Banos auametpoM > 17 go 25 Mm ¢ p6® ans sanos guametpom > 300 go 500 MM
o m5(E) nnq Banos auameTpoM > 25 10 140 MM

3a [ON0NHUTENbHOM MHpOPMaLMeN oBpallanTeck B TexHuyeckyro cnyxBy SKF.

He 1cnonb3ayiite 6onee NAOTHYO NOCAAKY ANA NOALIMIHUKOB 13 HEPXKABEHOLLEN CTanu.

4) Knacc TOYHOCTH, yKa3aHHbIM B CKOBKAX, OTHOCUTCS K NOALIMMHMKAM M3 HEPXKABEFOLLEH CTaM.

5) [1n% NOAWMNHMKOB M3 HepXKaBetoLLel CTanu auameTpom ot 17 o 30 MM npuMensieTcs knacc TouHocTH j5E).
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Tabnuua 2
Duametp sana [mMm] Knacc Tounoctu?
LLlapvkonoaLwmnHukm LinnuHapryeckve KoHunyeckue Moawmnuunku CARB u
ponukonogwnnHUKKU ponukonoaWwnNHUKK cq)epmqeu(we
PONUKONOALLMMHUKA

<17 - - - js5 (hS?“)
>17 no 100 <25 <25 - 6 (j5)%
>100 a0 140 > 25 po 60 >25 10 60 - ké
- > 60 go 140 > 60 0o 140 - mé
<10 - = = js5
>100017 = = = i5 955)")
>17 n0 100 - - <25 k5°)
- <30 <40 - ké
>100 go 140 > 300050 - ot 25 no 40 m5
> 140 go 200 - > 40 no 65 - mé
= >50 0 65 - > 40 o 60 n5¢)
> 200 go 500 > 65 00100 > 65 no 200 > 6000100 n6®)
= >100 go 280 >200 o 360 >100 o 200 p67)
>500 - - - p7®
= > 280 go 500 > 360 a0 500 > 200 go 500 160
= >500 >500 > 500 r7¢)
- >50 10 65 - >50 0 70 n5é)
- > 65 1085 >50 80110 - n6s)
- >85 o 140 >110 go 200 >70 o 140 p6®)
- > 140 go 300 > 200 no 500 > 140 no 280 6%
- > 300 go 500 - > 280 go 400 Sbymin * 1T6/28)
- >500 > 500 > 400 ST min £ 1T7/28)
ot 8 no 240 - - - jsk
- ot 25 o 40 o7 25 10 40 - jsk (15)10)
- > 40 po 140 >40 o140 - ké (k5)10)
= > 140 go 200 > 140 no 200 - m5
= > 200 go 500 > 200 o 500 - n5

9612'

hé6
<250 - <250 <250 j6
>250 - > 250 >250 js6

) MoseT noTpe6oBaThCs HCMOMb30BAHME NOALIMIHUKOR C PAAMaNbHLIM BHYTDEHHMM 3330POM B0fbLLIE HOPMATLHOTO.
7 Ons d <150 MM pekoMeHayHTCA NOALIMMHWKM C PafuasbHbIM BHYTPEHHWM 3a30poM GonbLue HopManbHoro. Ona d > 150 MM MoryT
noTpe6oBaTbCA NOALUMMHUKA C PAGHUaNbHBIM BHYTPEHHUM 3330POM GOfbLLIE HOPMANBHOTO.

8)  PeKoMmeH1yoTCH NOALWMMHUKMA C Paa1anbHbIM BHYTPEHHUM 3a30poM B0MbLLE HOPMANbHOTO.

9 MoseT noTpe6oBaThCH UCMONb30BAHHME NOALIMMHUKOB C PAAMaNbHLIM BHYTPEHHUM 3330POM B0MbLLIE HOPMAbHOMO. [nA UMAHHAPHYe-
CKWX PONMKONOALIMMHUKOB PEKOMEHAYETCA PaAmanbHbIi BHYTPEHHMI 3a30p 60MbLLIE HOPMANLHOIO.

10) Knacc TOUHOCTH B CKOBKaX OTHOCUTCA K KOHMHECKMM POAMKOMOALIMIMHMKAM. L1 KOHMHYECKMX PONMKONOALIMIHMKOB, PABOTAFOLLIMX C
Marnow Harpy3koK, KOTOpble PErynMpyrTCA 3a CYET NepeMeLLieH1s BHYTPEHHEero KonbLia, cneayeT UCroNb30BaTh [OMYCK Ha M3roToBne-
Hue Bana js5® vnu js6 .

11) N1 BICOKOY TOYHOCTH BPALLIEHNS TPEBYHOTCA NOALIMMHMKH C 6ONEe BLICOKOM TOHHOCTBHO, YeM TOYHOCTL HOPMANBHOTO Knacca. Lo~
NYCKKW Ha pasMepbl OTBEDCTMﬁ W Hapy>XHOro AnameTpa nogLwKnnHUKOB ABNAKOTCA Gonee )KéCTKMMM, 4TO BNMAET Ha NpeanonaraeMyro
BENWYKHY nocagkn. COOTBETCTBYHOLLME 3HAYEHWA MOXKHO Y3HATh B TexHUYeckor cnyx6e SKF.

128 Eﬂﬂx 06neryeHus 0CeBoro nepemeLLeHns, 4ns KpynHorabapuTHbIX NOALIMMHUKOB MOXKHO NPUMEHATb OMYCK HA M3rOTOBNEHKME Bana
f6®.

akF 173



anMeHEHMe noagwnnHUKOB

Tabnuua 3
Mocanku ANA CNNOWHBIX CTanbHbIX Banos (Ans ynopHeix nogwmnHukos)?)

Ycnosus JDuametp sana [Mm] Knacc Tounoctn?

TonbKo oceBble Harpysku
YnopHble LWaprKonoaLIMNHAKK - hé

KDMGMHMDDBEHHHE PaguanbHbie U 0CeBble HAarpysku
Ha ynopHble cpepryecKue pPoNMKoNoAWNNHUKK

HenoasuyHas Harpy3ka Ha Tyroe Konbuo <250 j6
> 250 js6

Bpawyarowascs Harpy3ska Ha Tyroe KosibLo 1iu <200 ké

Harpy3ka B NpoW3BOMIbHOM HaMpasneHun >200 go 400 mé
> né

) Jns ynopHbIX LMNUHAPUYECKUX PONIMKONOALLMNHUKOB —> «YM0opHbIe UMITMHAPUYECKUE PONMKONOALLMIHUKK, cTp. 1037.
JInf ynopHbIX Uronbyathix ponrKonoAWMNHUKOB —=> «/Jonycku 415 Bamnos v koprycos», cTp. 1068.
2) Bce knaccbi TouHoCTH ISO feiicTeuTENbHbI C TPEGOBAHMAMM K rabapuTHbIM pasmepaM (Hanpumep, h7(®) 8 cooTseTcTamm ¢ IS0 14405-1.

Tabnuua 5
Mocagku ANA YYryHHBIX W CTanbHbLIX KOPNYCOB (ANA yNopHeIx nogwmnhukos) 1)

Ycnosus Knacc MNpuMeyanus
TounocTH?)

TonbKo oceBble Harpy3ku

YNopHble LapUKONOoALLMMHIUKA H8 Lns MeHee TOYHbIX KOHCTPYKLMH NOALLMMHUKOBbIX Y3108

[onyckaeTcs paguanbHbii 3asop go 0,001 D

yI'IODHble cdepuyeckue ponmukonofLIMNHUKHK, rae -
paauanbHas duKcaLma 0CyLLeCTBAAETCA OTALNbHbIMA
NOALWKWNHUKAMK

KoM6HHWpoBaHHble paananbHbIe W 0CeBble Harpy3kn
Ha ynopHbIe cepuyeckue PONUKONOALWMNHUKA

HenogasmkHas Harpyska Ha co60aHoe KoNbLo H7

Bpatuarolascs Harpyska Ha cso6ogHoe KombLo M7

CB0B0AHOE KOMbLIO SOMKHO YCTAHABAMBATBLCSA C
[0CTaTOYHbIM PafMUanbHbIM 3a30pOM, YTOGbI UCKIHUYUTL
feicTBIE PaAnanbHON HArpy3ky Ha ynopHsle
NOALIMMHAKM

JonontutensHas MHpopMaLms NpeacTasneHa B
paspene «KoHCTpYKLMA NOALUMMHHKOBbIX 31085
(= crp. 1085)

1 JIns ynopHbIX UMNMHAPUYECKUX PONUKONOALWMNHAKOB —> «Y10pHbIe LUITUHAPHYECKHE PONTMKOMOALMIHMKK», €TP. 1037. [Ins ynopHbIx
WUrosib4aTbiX POSIMKONOALLMMTHUKOB =2 ,uﬂﬂ UronbyaTbiX POSIMKONOALLUMMHUKOB CO LUTAMNOBAHHLIM HAPYXHbIM KO/bLIOM, CAMOYCTAaHaB-
NIMBAIOLLIUXCS M KOMBMHWUPOBAHHbIX UrOMbYaThIX PONMKONOALIMMHWKOB —> «LJonycku 471s Barios 1 Kopnycos, cTp. 716.

2) Bee knaccsl TOYHOCTH ISO e cTBUTENbHBI C TpeBoBaHMAMM K rabapuTHbIM pasMepaM (Hanpumep, H7(E) B cooTsetcTeum ¢ IS0 14405-1.
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Mocanku ANA YYryHHLIX M CTanbHBLIX KOPAYCOB (ANS pagnanbHbIX NogwmUnHUkos))

Ycnosus Mpumepsl

Knacc
TouHocTh2)3)

Tabnuua &

Cmewenue
HapYXKHOTO Konbua

HenogasuHan Harpy3ka Ha HapyXKHoe KoNbLo
(8N pasbEMHBIX MW HEPA3BEMHBIX KOPMYCOB)

Bce tnbl Harpysok OsLLlEE MalUMHOCTPOEeHHe,
enesHogopoXHble 6yKCI>I

Nérkue unu cpeanue Harpysku (P < 0,1 C) npu  OBLiiee MalLMHOCTpOEHHE

HOPMarbHbIX PABOUKX YCTIOBUAX

Tennosoe pacwupeHue Bana

H74)

H8

CywunbHble UMAMHAPSI, KpYNHOrabapuTHble 67%

3M1EKTPUYECKHE MALLIMHBI CO ChepUyeckuMu

noAwnnHUKaMn

Bpaluarowanca Harpyska Ha HapyXXHoe KonbLo
(TonbKo ANA Hepa3bEMHBIX KOPMYCOB)

Taxénble Harpysku Ha NOAWKWNHWUKK B

CTynuYHbIe PONMKONOALUMMIHAKOBbIE Y3ribl P7

TOHKOCTEHHbIX Kopnycax, TAXKENbIE yAapHble ABTOMOGMIIbHBIX KOJ'IéC, MOALWKWNHUKK HKHEN

Harpysku (P > 0,1 C) rONOBKM LLUATYHA

CpeaHue u Taxénbie Harpy3ku (P > 0,05 C) CTynuyHbIe LWap1KONOALWMNHAKOBbIE Y3Mbl N7
aBTOMOGUINbHbIX KONEC, NOALIMMHUAKA HXKHEHR
TOMOBKM LLIATYHA, KOMEC CAMOXOfHbIX KPAHOB

Térkue v nepemenHble Harpysku (P < 0,05 C)  KoHsenepHble ponukM, KaHaTHbIE LKMBbI, M7

HATSHKUTENN PEMHEN

Mpon3sonbHOE HaNpaBneHWe Harpysku

Tskénble yaapHbie Harpysku
(Tonbko ANA Hepa3bEMHbIX KOPMYCOB)

Tsarosble 3MeKTpoaBuUraTenu

M7

Cpeanue 1 Txénslie Harpysku (P 2 0,05 C), JnekTpogBMraTesnu, Hacochl, NOALIMMHAKM K7

0CeBO€ CMeLLleHWe Hapy>KHOro Konbua KOneH4aTbIX Basios

Heo6s3aTenbHO (ToNbKO ANA HEPasbEMHbIX
Kopnycos)

TMérkue nnu cpeanme Harpysku (P < 0,1 C), CpeaHerabapu1THble 3neKTpoaBMraTent 1 J7

»enaTenbHo 0CeBOE CMeLLieH e HapYXKHOro reHepaTopbl, HACOCbl, NOALUMMHUKM
KOMbUA (815 Pa3bEMHbIX MW HEPA3bEMHBIX  KOMEHYaTbIX Banos

KOpNycoB)

JTonyckaetcs
[Lonyckaetcs

JTonyckaetcs

He nonyckaetcs
He gonyckaetca

He gonyckaetca

He ponyckaetca

B GonbLumHcTBE Cy4aes
CMeLLieHue He
[nonyckaercs

B BonbLuMHCTBE CyYaes
cMelleHne gonyckaeTcs,

HO BO3MOXHO F
BO3HWUKHOBEHME OCEBbIX

Harpysok

1 ,ﬂﬂﬂ WUronbyaTbiX POSIMKONOLALLMMHWKOB CO LUTAMNOBAHHBIM HAPY>XXHbIM KOMbLIOM, CAMOYCTaHaBIMBAROLLIMXCA U KOMﬁMHMDOBaHHBIX

MroNbYaThIX PONUKOMOALMNHUKOB —> «LJonycku Anis Basos 1 Kopnycos, cTp. 716

2) Bce knaccsl TOYHOCTH ISO GeicTBUTENbHBI C TpeboBaHMAMM K rabapuTHbIM pasmepaM (Hanpumep, H7(®) 8 cooteeTcTamm ¢ IS0 14405-1.
3) na wapukonogwmntmkos ¢ D < 100 MM 3a4acTyro NPeANOYTUTENEH KBANUTET [ONYCkoB IT6, KOTOPbIM 06bIYHO PeKOMeHIyeTcs Ans
NOALIMMHWAKOB C TOHKOCTEHHbIMU KOMbLAMH, HAaNPUMEP, C CEPUAMMU AUaMeTpoB 7, 8 nnu 9. [1ns 3T1X cepuil Takke PeKoMeHAYHTCs

[nonycku Ha obLiee paguansHoe 6uenue [T4.

Ina kpynHorabapuTHbIx noAWKNHKKOB (D > 250 MM) MK NPK pasHULIE TEMNEPATYP MEXMY HAPYXXHbIM KONbLOM 1 KoprycoM > 10 °C

(18 °F), cneayert ucnonb3osats knacc Touroctn G7®) smecto H7@).

5) Ina kpynHora6apuTHbIx noawMnHKKos (D > 500 MM) AW NpU pasHMLEe TEMNEpaTyp MexMy HapyXHbIM KONbLOM 1 kopnycoM > 10 °C

(18 °F), cneayeT ucnons3osats knacc Tounocti F7E) emecto G7@).

akF

175



ﬂpumeneuue noagwnnHUKOB

Mocapku gna nonbix Banos

Ecnv noawmnHMKK ycTaHaBAMBAKOTCA C HATATOM
Ha Nonom sany, ANs AOCTUXKEHWS TaKOro e No
BeSIMUMHE KOHTAKTHOro AaBfeHns Ha Nocadoy-
HOM NOBEPXHOCTU BHYTPEHHEro Kofbla nod-
LUMMHWKA 0BbIYHO JOSKHA MCMOMb30BaThCs 60-
nee NMoTHas NOCaaKa, YeM Ans CNAOLLIHbIX
Basnos. [pu BbIGope nocafgky HEOBX0AMMO Yuu-
TbIBaTb CNeAyHoLLMe COOTHOLIEHWS AMaMeTPOB:

CooTHoLueHus anameTpos ci < 0,5 He okasblBa-
FOT OLLLyTMMOTO BMIUAHWUA HA MNOCAAKY.

Ecnu ycpeaHEHHbIN Hapy KHbIV AUaMeTp BHY-
TPEHHero Konbua, To eCTb CPefHWUM auameTp
MeXay HapyXXHbIM JUAMETPOM 3anneymKa U Mu-
HWUManbHbIM AMAMETPOM JOPOXKKM KauyeHHs
(= nmnarpamma 1), HeussecTeH, OTHOLLIEHWE
[IMaMeTPOB C, MOXHO PaccyMTaTh C 4OCTATOYHOM
TOYHOCTLO N0 CeayroLler dopmyne

4
k(D-d)+d

Ce =

C; = COOTHOLLEHWEe AMaMeTpOB NoMoro Bana
Co = COOTHOLLIEHWE AWAMETPOB BHYTPEHHEr0
Konbua

Hapy>HbIV AUameTp Nonoro Bana, AMaMeTp
0TBEPCTMA NOALLMMHMKA [MM]

Hapy>KHbIM AMaMeTp NoALWMIHWKA [MM)

i = BHYTPEHHWW OUaMeTp 0TBEpPCTUS NONoro
Bana [Mm]

YCPEAHEHHBIN HapyXKHbIV AUaMeTp
BHYTPEHHero KofbLa [Mm] (= anMarpamma 1)
K03 DULMEHT, B 3aBUCMMOCTH OT TMNA
noALWMNHKKa

= 0,25 onsa caMoycTaHaBNMBaOLLIMXCA
LLApUKONOALLMMNHUKOB cepun 22 1 23

= 0,25 ang uMNUHOPHUYECKUX
PONUKONOALLMNHWUKOB

=0,3 ans Bcex 0CTanbHbIX NOALLIMNHUKOB

o
n

2 O
n

o
)
n

=
n

ILlns onpeaeneHus BeNWYMHLI HaTara Npu ycTa-
HOBKe MOALLUMMHMKA Ha NOSIOM Bany MOXHO UC-
Nonb30BaTh BEMWYMHY CPEAHEro BePOATHOIO
HaTAra, paccyUTaHHyH ANS YCTaHOBKW AaHHOMO
NOALLUMMHMKA Ha CMIOLLHOM Bany, npeHebperas
nnacTuyeckoi gecdopMaumen (cMatuem) conps-
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KBHHbIX NOBEPXHOCTEM, BO3HWUKAKOLLIEM NPU MOH-
Tace. BennunHa cpeHero BeposTHOro HaTara
QNS NOALIMMHMKA Ha CNMoLLHOM Bany, Ag, ABna-
eTCA CPedHUM 3HaYeHUeM HaUMeHbLLIEN W Hau-
6onblUel BENMYMH BEPOATHOMO HaTAra, yKasaH-
Hbix B Tabnuue 7 (= ctp. 178). Ounarpamma 1
NOKa3bIBaEeT 3aBUCHMOCTb COOTHOLLIEHWI MeXy
CPeaHWM BEPOATHBIM HAaTArOM BHYTPEHHEr0
KONbLA NOALLUMMHKKA Ha NOMoM Bany, Ay, W Ha
CNAOLIHOM Bany, Ag, OT OTHOLLIEHWI AUaMeTpoB
GV Ce.

Mpumep
PaguanbHbif wapukonogwmnHuk 6208 ¢
d =40 MM 1 D = 80 MM ycTaHaBnMBaeTCs Ha no-
NbIW Bas, UMEHOLLIMK COOTHOLLEHWE AWAaMETPOB
¢; = 0,8. Kakosa TpebyeMasn BenuumuHa HaTara 1
KaKoB Heo6X0uMbIN JOMYCK Ha AuameTp Bana?
[Mpu ycTaHoBKE NOALUMMHKMKA Ha CMIOLIHOM
Bany ANf yCrnoBWM HOpMasbHbIX 0EMCTBYHOLLMX
Harpy3oK peKoMeHyeTcs NPUMeHsTb JoNyCK
k5@. Mo Tabnuue 7d (= ctp. 184) ans Bana
nuameTtpoM 40 MM cpefiHAs BEPOATHAA BEUYU-
Ha HaTara coctasnaeT Ag = (22 +5)/ 2
=13,5mk™. dnsaci=0,8m

40

o= =077
0,3 (80— 40) + 40

no3ToMy U3 gMarpamMmbl 1 cooTHoLeHWe

Ay / Ag =1,7. Taknum obpa3zoMm, TpebyeMmbii HaTar
ans nonoro Bana Ay =1,7 x 13,5 = 23 MkM.
CnepnosatensHo, 4519 N0MOro Bafa crefdyeT Bbi-
6patb gonyck mé(E), Tak kak npu HéM ByaeT fo-
CTUTHYT TaKoM Xe HaTar, Kak 1 npu aonycke k5©®)
L0191 CNNOLWHOro Bana.

akF



Pa,umaanaﬂ duKcauma noaLLIMNHUKOB

[Muarpamma 1

[0}, Harara Ay, Heob.

0 ANA NONOro CtanbHOro sana, K U3BECTHOMY HaTAry AS ANA CNNOLWHOro CTanbHoOro sana F

Ay /s

AWAMETP NOPOXKHM KaveHns - d,
[AvaMeTp 3anneymka dq G
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anMeHEHMe noagwnnHUKOB

Tabnuua 7a
Jlonycku Banos v pesynsTUpYHLLWE NOCAAKH
+
0 w
pt - = ] ]
Ban Mo, O AuameTpa Bana, pesynbTUpyroLUe NOCAAKU
HomuHanbHbIn [Honyck avametpa  Oonycku
nvameTp oTBEPCTHS
d tadmp 5@ f6® 95@® g6® h5®
OTknoHenus (amMameTp Bana)
TeopeTuyeckas BennunHa Hatsra (-) / 3asopa (+)
Gonee  BKN. HWKH.  BEpX. BeposTHan BenuumHa Hatsira (=) / 3asopa (+)
MM MKM MKM
- 3 -8 0 ) -10 ) -12 -2 ) -2 -8 0 —4
-2 +10 -2 +12 -6 +6 -6 +8 -8 +4
-1 +9 0 +10 -5 +5 4 +6 -7 +3
3 6 -8 0 -10 -15 -10 -18 —4 -9 —4 -12 0 -5
+2 +15 +2 +18 4 +9 4 +12 -8 +5
+3 +14 +4 +16 -3 +8 -2 +10 -7 +4
6 10 -8 0 -13 -19 -13 -22 -5 -11 -5 -14 0 -6
+5 +19 +5 +22 -3 +11 -3 +14 -8 +6
+7 +17 +7 +20 -1 +9 -1 +12 -6 +4
10 18 -8 0 -16 —24 -16 =27 ) -14 ) -17 0 -8
+8 +24 +8 +27 -2 +14 -2 +17 -8 +8
+10 +22 +10 +25 0 +12 0 +15 -6 +6
18 30 -10 0 -20 -29 -20 -33 -7 -16 -7 -20 0 -9
+10 +29 +10 +33 -3 +16 -3 +20 -10 +9
+12 +27 +13 +30 -1 +14 0 +17 -8 +7
30 50 -12 0 -25 -36 -25 -41 -9 -20 -9 -25 0 -11
+13 +36 +13 +41 -3 +20 -3 +25 -12 +11
+16 +33 +17 +37 0 +17 +1 +21 =9 +8
50 80 -15 0 -30 -43 -30 -49 -10 -23 -10 -29 0 -13
+15 +43 +15 +49 -5 +23 -5 +29 -15 +13
+19 +39 +19 +45 -1 +19 -1 +25 -11 +9
80 120 -20 0 -36 -51 -36 -58 -12 =27 -12 34 0 -15
+16 +51 +16 +58 -8 +27 -8 +34 -20 +15
+21 +46 +22 +52 -3 +22 -2 +28 -15 +10
120 180 -25 0 -43 -61 -43 -68 -14 -32 14 -39 0 -18
+18 +61 +18 +68 -11 +32 -11 +39 -25 +18
+24 +55 +25 +61 =5 +26 —4 +32 -19 +12
180 250 -30 0 -50 -70 -50 -79 -15 -35 -15 —44 0 -20
+20 +70 +20 +79 -15 +35 -15 +4b -30 +20
+26 +64 +28 +71 -9 +29 -7 +36 24 +14
250 315 -35 0 -56 -79 -56 -88 -17 -40 -17 -49 0 -23
+21 +79 +21 +88 -18 +40 -18 +49 -35 +23
+29 +71 +30 +79 -10 +32 -9 +40 =27 +15
315 400 -40 0 -62 -87 -62 -98 -18 -43 -18 -54 0 -25
+22 +87 +22 +98 -22 +43 -22 +54 -40 +25
+30 +79 +33 +87 -14 +35 -11 +43 =32 +17
400 500 45 0 —68 -95 —68 -108 -20 -47 -20 -60 0 -27
+23 +95 +23 +108  -25 +47 -25 +60 —45 +27
+32 +86 +35 +96 -16 +38 -13 +48 -36 +18

3HaueHus ﬂeﬁCTBMTEﬂthI ana 6onbLlUMHCTBA noawnnHKKOB, HDDM3BEJJéHHbIX C HOPMAJbHbIM KNAaccoM TOYHOCTH. Wckntoyenus

npuBedeHs! B pasgene «onycku 1 nocagky 8aos 1 kopnycos» (—> crp. 171).

178

akF



Pa,umaanaﬂ duKcauma noaLLIMNHUKOB

Tabnuua 7a
Jlonycku Banos 1 pesynsTUpytoLLMe Nocaaku
+
0 w
= - " u u
Ban Mo, O AuameTpa Bana, pesynbTUpyroLUe NOCaaKu
HomuHanbHbIn [Honyck anametpa  Oonycku
nuametp 0TBEPCTUA
d tadmp 5@ f6® 95@® g6® h5®
OTknoHenus (amMametp Bana)
TeopeTuyeckas BennunHa Hatsra (-) / 3asopa (+)
Gonee  BKN. HWXH.  BEpX. BeposTHan Ben1umHa Hatsira (-) / 3asopa (+)
MM MKM MKM
500 630 -50 0 -76 -104  -76 -120 22 -50 -22 -66 0 -28
+26 +104 +26 +120 -28 +50 -28 +66 -50 +28
+36 +94 +39 +107 -18 +40 -15 +53 -40 +18
630 800 =75 0 -80 -112  -80 -130 -24 -56 24 ~74 0 -32
+5 +112 45 +130 51 +56 -51 +74 -75 +32
+17 +100  +22 +113 -39 +hb -34 +57 -63 +20
800 1000 -100 O -86 -122  -86 -142 =26 -62 -26 -82 0 -36
-14 +122 14 +142 =74 +62 74 +82 -100 +36
0 +108  +6 +122  -60 +48 54 +62 -86 +22
1000 1250 -125 O -98 -140  -98 -164  -28 -70 -28 -94 0 42
-27 +140 =27 +164 97 +70 =97 +94 -125  +42
-10 +123 -3 +140 80 +53 =73 +70 -108  +25
1250 1600 -160 O -110 -160 -110 -188 -30 -80 -30 -108 0 -50
-50 +160  -50 +188 -130 +80 -130 +108 -160  +50
-29 +139  -20 +158 109  +59 -100 +78 -139  +29
1600 2000 -200 O -120 -180 -120 -212 -32 -92 -32 -124 0 -60

-80 +180  -80 +212 168  +92 -168  +124 200  +60
=55 +155  -45 +177 =143 +67 -133  +89 =175  +35

3HayeHus [eHCTBUTENbHBI 418 GOMBLUMHCTBA NOALUMMIHUKOB, NPOWU3BEAEHHBIX C HOPMAsbHbBIM KNACCOM TOYHOCTH. MckntoyeHus
npuBedeHs! B pasgene «onycku 1 nocagky 8aos u koprycos» (—> crp. 171).
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anMeHEHMe noagwnnHUKOB

Tabnuua 7b
Jlonycku Banos W pesynsTUpytoLLMe Nocaaku
+
0 — I I L L

Ban Mo, O AuameTpa Bana, pesynbTUpyroLUe NOCAAKU

HomuHanbHbIn [Honyck avametpa  Oonycku

nuametp 0TBEPCTUA

d tadmp he® h8® h9® 5® 6®
OTknoHenus (amMameTp Bana)
TeopeTuyeckas BennunHa Hatsra (-) / 3asopa (+)

Gonee  BKN. HWXH.  BEpX. BeposTHan BenuumHa Hatsira (=) / 3asopa (+)

MM MKM MKM

- 3 -8 0 0 -6 0 -14 0 -25 +2 -2 +4 -2
-8 +6 -8 +14 -8 +25 -10 +2 -12 +2
-6 +4 -6 +12 -5 +22 -9 +1 -10 0

3 6 -8 0 0 -8 0 -18 0 -30 +3 -2 +6 -2
-8 +8 -8 +18 -8 +30 -11 +2 14 +2
-6 +6 -5 +15 -5 +27 -10 +1 -12 0

6 10 -8 0 0 -9 0 -22 0 -36 +4 -2 +7 -2
-8 +9 -8 +22 -8 +36 12 +2 15 +2
-6 +7 =5 +19 =5 +33 -10 0 =13 0

10 18 -8 0 0 -11 0 -27 0 43 +5 -3 +8 -3
-8 +11 -8 +27 -8 +43 -13 +3 -16 +3
-6 +9 -5 +24 -5 +40 -11 +1 14 +1

18 30 -10 0 0 -13 0 -33 0 -52 +5 —4 +9 —4
-10 +13 -10 +33 -10 +52 -15 +4 -19 +4
-7 +10 -6 +29 -6 +48 -13 +2 -16 +1

30 50 =12 0 0 -16 0 -39 0 -62 +6 -5 +11 -5
12 +16 12 +39 12 +62 -18 +5 —23 +5
-8 +12 -7 +34 =7 +57 =15 +2 -19 +1

50 80 -15 0 0 -19 0 —-46 0 74 +6 -7 +12 -7
-15 +19 -15 +46 -15 +74 =21 +7 =27 +7
-11 +15 -9 +40 -9 +68 -17 +3 -23 +3

80 120 -20 0 0 -22 0 -54 0 -87 +6 -9 +13 -9
-20 +22 -20 +54 -20 +87 -26 +9 -33 +9
-14 +16 -12 +46 -12 +79 -21 +4 =27 +3

120 180 =25 0 0 -25 0 -63 0 -100  +7 -11 +14 -11
—25 +25 —25 +63 —25 +100 -32 +11 =39 +11
-18 +18 =15 +53 =15 +90 -26 +5 =32 +4

180 250 -30 0 0 -29 0 -72 0 -115  +7 -13 +16 -13
-30 +29 -30 +72 -30 +115 =37 +13 —46 +13
-22 +21 -18 +60 -17 +102 -31 +7 -38 +5

250 315 -35 0 0 -32 0 -81 0 -130  +7 -16 +16 -16
-35 +32 -35 +81 -35 +130 42 +16 -51 +16
-26 +23 -22 +68 -20 +115 -34 +8 42 +7

315 400 -40 0 0 -36 0 -89 0 -140  +7 -18 +18 -18
-40 +36 -40 +89 -40 +140 47 +18 -58 +18
-29 +25 =25 +74 =23 +123001=39: +10 =47 +7

400 500 —45 0 0 -40 0 -97 0 -155  +7 -20 +20 -20

—45 +40 —45 +97 —45 +155 52 +20 -65 +20
-33 +28 -28 +80 26 +136 43 +11 =3} +8

3HayeHust [eHCTBUTENbHBI 418 GOMbLUMHCTBA NOALUMMIHUKOB, NPOHU3BEAEHHBIX C HOPMAsbHbBIM KNACCOM TOYHOCTH. MckntoyeHus
npuBedeHs! B pasgene «onycku 1 nocagky 8aos 1 kopnycos» (—> crp. 171).
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Pa,umaanaﬂ duKcauma noaLLIMNHUKOB

Tabnuua 7b
Jlonycku Banos 1 pesynsTUpytoLLMe Nocaaku
+
0 — I I L L
Ban Mo, O AuameTpa Bana, pesynbTUpyroLUe NOCaaKku
HomuHanbHbIn [Honyck anametpa  Oonycku
nuametp 0TBEPCTUA
d tadmp he® h8® h9® 5® 6®
OTknoHenus (amMametp Bana)
TeopeTuyeckas BennunHa Hatsra (-) / 3asopa (+)
Gonee  BKN. HWXH.  BEpX. BeposTHan Ben1umHa Hatsira (-) / 3asopa (+)
MM MKM MKM
500 630 -50 0 0 —4b 0 -110 0 -175 - - +22 -22
-50 +hb -50 +110 50 +175 - - -72 +22
=37 +31 -31 +91 -29 +154 - - -59 +9
630 800 =75 0 0 -50 0 -125 0 -200 - - +25 -25
-75 +50 -75 +125 -75 +200 - - -100 +25
-58 +33 48 +98 45 +170 - - -83 +8
800 1000 -100 O 0 -56 0 -140 0 -230 - - +28 -28
-100  +56 -100  +140 -100 +230 - - -128  +28
-80 +36 —67 +107  -61 +191 - - -108 +8
1000 1250 -125 O 0 -66 0 -165 0 -260 - - +33 -33
-125  +66 -125 +165 125 +260 - - -158  +33
-101  +42 -84 +124 =77 +212 - - -134  +9
1250 1600 -160 O 0 -78 0 -195 0 -310 - - +39 -39
-160  +78 -160  +195 -160 +310 - - -199  +39
-130  +48 -109  +144 100 +250 - - -169 +9
1600 2000 -200 O 0 -92 0 -230 0 -370 - - +46 -46
-200  +92 -200 +230 -200 +370 - - 246 +46
=16501+57 -138  +168 126  +296 - = -211 +11

3HayeHus [eHCTBUTENbHBI 418 GOMBLUMHCTBA NOALUMMIHUKOB, NPOWU3BEAEHHBIX C HOPMAsbHbBIM KNACCOM TOYHOCTH. MckntoyeHus
npuBedeHs! B pasgene «onycku 1 nocagky 8aos u koprycos» (—> crp. 171).

akF 181



anMeHEHMe noagwnnHUKOB

Tabnuua 7c¢
Jlonycku Banos W pesynsTUpytoLLMe Nocaaku
+
0 - i i =

Ban Mo, O AuameTpa Bana, pesynbTUpyroLUe NOCAAKU

HomuHanbHbIn [Honyck avametpa  Oonycku

nuametp 0TBEPCTUA

d i js4® js5@® js6® js7® k4®
OTknoHenus (amametp Bana)
TeopeTuyeckas BennunHa Hatsra (-) / 3asopa (+)

Gonee  BKN. HWXH.  BEpX. BeposTHan Ben1umHa Hatara (=) / 3asopa (+)

MM MKM MKM

- 3 -8 0 +1,5 -1,5 +2 -2 +3 -3 +5 -5 +3 0
-9.5 +1,5 -10 +2 -11 +3 -13 +5 -11 0
-85 +0,5 -9 +1 -9 +1 -11 +3 -10 -1

3 6 -8 0 +2 -2 +2,5 -2,5 +4 —4 +6 -6 +5 +1
-10 +2 -10,5 +25 -12 +4 -14 +6 -13 -1
-9 +1 -9 +1 -10 +2 -12 +4 -12 -2

6 10 -8 0 +2 -2 +3 -3 +4,5 -4,5 +7,5 -7.5 +5 +1
-10 +2 11 +3 -12,5 +4,5 -15,5 +7,5 13 -1
=9 +1 -9 +1 -11 +3 =13 +5 -12 -2

10 18 -8 0 +2,5 -2,5 +4 —4 +5,5 -5,5 +9 -9 +6 +1
-10,5 +25 -12 +4 -13,5 455 -17 +9 -14 -1
-9.5 +1,5 -10 +2 -11 +3 -14 +6 -13 -2

18 30 -10 0 +3 -3 +4,5 —4,5 +6,5 -6,5 +10,5 -10,5 +8 +2
-13 +3 145 +45 -16,5 +6,5 -20,5 +105 -18 -2
-10,5 +15 -12 +2 -14 +4 -17 +7 -16 —4

30 50 -12 0 +3,5 -3,5 +5,5 -5,5 +8 -8 +125 -125 49 +2
-15,5 43,5 -175 45,5 -20 +8 =245 +125 -21 -2
=135 +1,5 =15 +3 -16 +4 -20 +8 -19 —4

50 80 -15 0 +4 —4 +6,5 -6,5 +9,5 -9,5 +15 -15 +10 +2
-19 +4 -215 +6,5 245 +9,5 -30 +15 -25 -2
-155 +15 -18 +3 -20 +5 -25 +10 -22 -5

80 120 -20 0 +5 -5 +7,5 -7,5 +11 -11 +175 17,5 +13 +3
-25 +5 =275 +7,5 -31 +11 -37,5 +175 -33 -3
-22 +2 -23 +3 25 +5 -31 +11 -30 -6

120 180 =25 0 +6 -6 +9 -9 +12,5 -12,5 +20 -20 +15 +3
=31 +6 -34 +9 =37,5 +125 -45 +20 -40 -3
=27 +2 -28 +3 =31 +6 =31l +12 -36 =7

180 250 -30 0 +7 -7 +10 -10 +145 145  +23 -23 +18 +4
-37 +7 -40 +10 -44,5 +145 -53 +23 —-48 —4
-32 +2 -34 +4 -36 +6 = +13 -43 -9

250 315 -35 0 +8 -8 +115 -11,5 +16 -16 +26 -26 +20 +4
—4 +8 -46,5 +115 -51 +16 -61 +26 —55 —4
-37 +2 -39 +4 42 +7 49 +14 49 -10

315 400 -40 0 +9 -9 +12,5 -125 +18 -18 +285 -285 +22 +4
-49 +9 52,5 +125 -58 +18 -68,5 +285 62 4
=42 +2 4k +4 =50 +7 =55, +15 =55 -11

400 500 —45 0 +10 -10 +135 -13,5 +20 -20 +315 -315 +25 +5
-55 +10 -58,5 +135 -65 +20 -76,5 +315 -70 -5
48 +3 -49 +4 =2 +8 -62 +17 -63 -12

3HayeHust [eHCTBUTENbHBI 418 GOMbLUMHCTBA NOALUMMIHUKOB, NPOHU3BEAEHHBIX C HOPMAsbHbBIM KNACCOM TOYHOCTH. MckntoyeHus
npuBedeHs! B pasgene «onycku 1 nocagky 8aos 1 kopnycos» (—> crp. 171).
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Pa,umaanaﬂ duKcauma noaLLIMNHUKOB

Tabnuua 7c¢

Jlonycku Banos v pesynsTUpYHLLWE NOCAAKH

+
0 = & i =

Ban Mo, O AuameTpa Bana, pesynbTUpyroLUe NOCaaKu

HomuHanbHbIn [Honyck anametpa  Oonycku

nuametp 0TBEPCTUA

d tadmp js4® js5® js6® is7® k4®
OTknoHenus (amMametp Bana)
TeopeTuyeckas BennunHa Hatsra (-) / 3asopa (+)

Gonee  BKN. HWXH.  BEpX. BeposTHan Ben1umHa Hatsira (-) / 3asopa (+)

MM MKM MKM

500 630 -50 0 - - +14 -14 +22 -22 +35 -35 - -
- - —b4 +14 =72 +22 -85 +35 - -
- - 54 +4 -59 +9 -69 +19 - -

630 800 =75 0 - - +16 -16 +25 -25 +40 -40 - -
- - -91 +16 -100 +25 -115  +40 = =
- - =79 +4 =2 +8 = +18 - -

800 1000 -100 O - - +18 -18 +28 -28 +45 -45 - -
- - -118  +18 -128  +28 —145  +45 = =
- - -104  +4 -108  +8 -118  +18 = =

1000 1250 -125 O - - +21 -21 +33 -33 +52 -52 - -
- - -146  +21 -158  +33 -177  +52 = =
- - -129  +4 -134  +9 -145  +20 - -

1250 1600 -160 O - - +25 -25 +39 -39 +62 -62 - -
- - -185  +25 -199  +39 -222  +62 - -
- - -164  +4 -169 +9 -182  +22 - -

1600 2000 -200 O - - +30 -30 +46 -46 +75 -75 - -
- - -230  +30 246 +46 =275  +75 - -
- - =2050001+5 -211 +11 =225 +25 = =

3HayeHus [eHCTBUTENbHBI 418 GOMBLUMHCTBA NOALUMMIHUKOB, NPOWU3BEAEHHBIX C HOPMAsbHbBIM KNACCOM TOYHOCTH. MckntoyeHus
npuBedeHs! B pasgene «onycku 1 nocagky 8aos u koprycos» (—> crp. 171).
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anMeHEHMe noagwnnHUKOB

Tabnuua 7d
Jlonycku Banos W pesynsTUpytoLLMe Nocaaku
o
6 _  m [ u | |

Ban Mo, O AuameTpa Bana, pesynbTUpyroLUe NOCAAKU

HomuHanbHbIn [Honyck avametpa  Oonycku

nuametp 0TBEPCTUA

d i k5® k6® m5® mé6® n5®
OTknoHenus (amMameTp Bana)
TeopeTuyeckas BennymHa Hatara (=)

Gonee  BKN. HWXH.  BEpX. BeposTHan BenuymHa Hatara ()

MM MKM MKM

- 3 -8 0 +4 0 +6 0 +6 +2 +8 +2 +8 +4
-12 0 -14 0 -14 -2 -16 -2 -16 —4
-11 -1 -12 -2 -13 -3 -14 —4 -15 -5

3 6 -8 0 +6 +1 +9 +1 +9 +4 +12 +4 +13 +8
-14 -1 -17 -1 -17 —4 -20 —4 -21 -8
-13 -2 -15 -3 -16 -5 -18 -6 -20 -9

6 10 -8 0 +7 +1 +10 +1 +12 +6 +15 +6 +16 +10
15 -1 -18 -1 -20 -6 —23 -6 —24 -10
=13 -3 -16 -3 -18 -8 -21 -8 =22 -12

10 18 -8 0 +9 +1 +12 +1 +15 +7 +18 +7 +20 +12
-17 -1 -20 -1 -23 -7 -26 -7 -28 -12
-15 -3 -18 -3 -21 -9 —24 -9 -26 -14

18 30 -10 0 +11 +2 +15 +2 +17 +8 +21 +8 +24 +15
-21 -2 -25 -2 -27 -8 -31 -8 -34 -15
-19 —4 -22 -5 25 -10 -28 -11 -32 -17

30 50 -12 0 +13 +2 +18 +2 +20 +9 +25 +9 +28 +17
—25 -2 -30 -2 —32 -9 =37 -9 -40 17
-22 -5 -26 -6 -29 -12 -33 -13 =37 -20

50 80 -15 0 +15 +2 +21 +2 +24 +11 +30 +11 +33 +20
-30 -2 -36 -2 -39 -11 —45 -11 —-48 -20
-26 -6 -32 -6 =35 -15 -41 -15 4t —24

80 120 -20 0 +18 +3 +25 +3 +28 +13 +35 +13 +38 +23
-38 -3 —45 -3 48 -13 —55 -13 -58 -23
-33 -8 -39 -9 43 -18 49 -19 53 -28

120 180 =25 0 +21 +3 +28 +3 +33 +15 +40 +15 +45 +27
-46 -3 —53 -3 -58 —15 -65 —15 =70 =27
-40 =9 -46 -10 =52 -21 -58 -22 —64 -33

180 250 -30 0 +24 +4 +33 +4 +37 +17 +46 +17 +51 +31
54 —4 -63 —4 -67 -17 -76 -17 -81 -31
48 -10 -55 -12 -61 -23 -68 =25 =75 =37

250 315 -35 0 +27 +4 +36 +4 +43 +20 +52 +20 +57 +34
-62 —4 -71 —4 -78 -20 -87 -20 -92 -34
54 -12 -62 -13 =70 -28 =78 -29 -84 42

315 400 -40 0 +29 +4 +40 +4 +46 +21 +57 +21 +62 +37
-69 4 -80 4 -86 -21 97 -21 -102 37
-61 -12 -69 15 -78 -29 -86 =32 94 —45

400 500 45 0 +32 +5 +45 +5 +50 +23 +63 +23 +67 +40

77 =5 -90 =5 -95 -23 -108 -23 -112 40
68 14 -78 -17 -86 -32 96 =35 -103 49

3HayeHust [eHCTBUTENbHBI 418 GOMbLUMHCTBA NOALUMMIHUKOB, NPOHU3BEAEHHBIX C HOPMAsbHbBIM KNACCOM TOYHOCTH. MckntoyeHus
npuBedeHs! B pasgene «onycku 1 nocagky 8aos 1 kopnycos» (—> crp. 171).

184 akF



Pa,umaanaﬂ duKcauma noaLLIMNHUKOB

Tabnuua 7d
Jlonycku Banos 1 pesynsTUpytoLLMe Nocaaku
o
6 _  m [ u | |
Ban Mo, O AuameTpa Bana, pesynbTUpyroLUe NOCaaKku
HomuHanbHbIn [Honyck anametpa  Oonycku
nuametp 0TBEPCTUA
tadmp k5® k6® m5® m6® n5®
OTknoHenus (amMametp Bana)
TeopeTnyeckas BennymHa Hatara (=)
Gonee  BKN. HWXH.  BEpX. BeposTHan BenuymHa Hatara ()
MM MKM MKM
500 630 -50 0 +29 0 +h4b 0 +55 +26 +70 +26 +73 +h4b
-78 0 -94 0 -105  -26 -120 -26 -122  -44
-68 -10 -81 -13 94 -36 -107 -39 -112 54
630 800 =75 0 +32 0 +50 0 +62 +30 +80 +30 +82 +50
-107 0 -125 0 -137 30 -155 30 -157 50
=95 -12 -108 17 -125 42 -138 47 -145  -62
800 1000 -100 O +36 0 +56 0 +70 +34 +90 +34 +92 +56
-136 0 -156 0 -170 =34 -190 -34 192 -56
=122 14 -136 -20 -156  -48 -170 54 =178I=70
1000 1250 -125 O +42 0 +66 0 +82 +40 +106  +40 +108  +66
-167 0 -191 O -207  -40 -231  -40 -233 66
-150 17 -167 24 -190 57 -207 64 -216  -83
1250 1600 -160 O +50 0 +78 0 +98 +48 +126  +48 +128  +78
-210 O -238 0 -258 48 -286 48 -288 -78
-189 -21 -208 30 -237 69 -256  -78 267 99
1600 2000 -200 O +60 0 +92 +118  +58 +150  +58 +152 492

0
-260 O -292 0 -318 58 -350 -58 =352 -92
=255 | = =257 | =33 -293  -83 =3150I=93 =32700 =117

3HayeHus [eHCTBUTENbHBI 418 GOMBLUMHCTBA NOALUMMIHUKOB, NPOWU3BEAEHHBIX C HOPMAsbHbBIM KNACCOM TOYHOCTH. MckntoyeHus
npuBedeHs! B pasgene «onycku 1 nocagky 8aos u koprycos» (—> crp. 171).

akF 185



anMeHEHMe noagwnnHUKOB

Tabnuua 7e
Jlonycku Banos v pesynsTUpYHLLWE NOCAAKH
e - [ | |
0

Ban Mo, O AnaMeTpa Bana, pesynbTUpyroLue nocaaku

HoMuHanbHbIM JHonyck auametpa  [onycku

nvameTp oTBEPCTHS

d fiainm n6® p6® p7® r6® r7®
OTknoHeHus (amametp Bana)
TeopeTnyeckas BennymHa Hatara (=)

Gonee  BKN. HWKH.  BEpX. BeposTHan BenuymHa HaTara ()

MM MKM MKM

50 80 =15 0 +39 +20 +51 +32 +62 +32 - - - -
54 -20 -66 -32 =77 -32 - - - -
-50 24 -62 -36 -72 -38 - - - -

80 100 -20 0 +45 +23 +59 +37 +72 +37 +73 +51 +86 +51
-65 -23 -79 -37 -92 -37 -93 -51 -106  -51
-59 -29 =73 —43 -85 —4b -87 -57 -99 -58

100 120 -20 0 +45 +23 +59 +37 +72 +37 +76 +54 +89 +54
-65 -23 -79 -37 -92 -37 -96 54 -109 54
-59 -29 =73 -43 -85 4k -90 -60 -102  -61

120 140 =25 0 +52 +27 +68 +43 +83 +43 +88 +63 +103  +63
=77 27 -93 43 -108 43 -113 -63 -128 -63
-70 =34 -86 -50 -100 -51 -106 -70 -120 -71

140 160 -25 0 +52 +27 +68 +43 +83 +43 +90 +65 +105  +65
=77 -27 -93 —43 -108  -43 -115  -65 -130  -65
-70 34 -86 -50 -100 -51 -108 -72 -122  -73

160 180 -25 0 +52 +27 +68 +43 +83 +43 +93 +68 +108  +68
=77 -27 -93 —43 -108  -43 -118 68 -133 68
-70 -34 -86 -50 -100 -51 -111 75 -125 -76

180 200 -30 0 +60 +31 +79 +50 +96 +50 +106  +77 +123  +77
-90 -31 -109 50 -126  -50 -136  -77 -153 =77
-82 -39 -101 -58 -116 -60 -128 -85 -143 -87

200 225 -30 0 +60 +31 +79 +50 +96 +50 +109  +80 +126  +80
-90 -31 -109  -50 -126  -50 -139  -80 -156  -80
-82 -39 -101 58 -116  -60 -131  -88 -146 =90

225 250 -30 0 +60 +31 +79 +50 +96 +50 +113  +84 +130  +84
-90 -31 -109 50 -126  -50 -143 -84 -160 -84
-82 -39 -101  -58 -116  -60 -135  -92 -150 94

250 280 =35 0 +66 +34 +88 +56 +108  +56 +126  +94 +146  +94
-101 =34 -123 56 -143 56 -161 94 -181 94
-92 43 -114 -65 -131 -68 -152 -103 -169 -106

280 315 -35 0 +66 +34 +88 +56 +108  +56 +130  +98 +150  +98
-101 34 -123 56 -143 56 -165 -98 -185 98
-92 —43 -114  -65 -131 -68 -156  -107 173 -110

315 355 -40 0 +73 +37 +98 +62 +119  +62 +144  +108  +165  +108
-113 37 -138 62 -159  -62 -184  -108 -205 -108
-102  -48 -127 -73 -146 =75 -173 119 -192 121

855} 400 -40 0 +73 +37 +98 +62 +119 +62 +150 +114 +171 +114
-113 =37 -138 -62 -159 -62 -190 -114 -211 -114
-102 -48 -127 =73 =146 =75 -179 -125 -198 -127

400 450 —45 0 +80 +40 +108  +68 +131  +68 +166  +126  +189  +126

-125 40 -153 68 -176 68 -211 126 234 126
=ilils) =52 -141  -80 -161 83 -199 138 219 141

3HayeHust [eHCTBUTENbHBI 418 GOMbLUMHCTBA NOALUMMIHUKOB, NPOHU3BEAEHHBIX C HOPMAsbHbBIM KNACCOM TOYHOCTH. MckntoyeHus
npuBedeHs! B pasgene «onycku 1 nocagky 8aos 1 kopnycos» (—> crp. 171).
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Pa,umaanaﬂ duKcauma noaLLIMNHUKOB

Tabnuua 7e
Jlonycku Banos 1 pesynsTUpytoLLMe Nocaaku
+ N u 1 u u
0

Ban Mo, O AnaMeTpa Bana, pesynbTUpyroLue nocaaku

HoMuHanbHbIM JHonyck auametpa  [onycku

nuametp 0TBEpCTUA

d tadmp n6® p6® p7® r6® r7®
OTknoHenus (amametp Bana)
TeopeTnyeckas BennymHa Hatara (=)

Gonee  BKN. HWXH.  BEpX. BeposTHan BenuymHa HaTara ()

MM MKM MKM

450 500 —45 0 +80 +40 +108  +68 +131  +68 +172  +132  +195 4132
-125  -40 =1530 68 -176  -68 -217 132 240 -132
-113 52 -141  -80 -161  -83 -205 144 =225 147

500 560 -50 0 +88 +4b +122 +78 +148  +78 +194  +150 +220  +150
-138  -44 -172 -78 -198 -78 -244 150 -270 150
-125 57 -159 -91 -182 94 -231 163 254 166

560 630 -50 0 +88 +hb +122  +78 +148  +78 +199  +155  +225 4155
-138 44 172 78 -198 -78 —249 155 275 155
=125 =57 =159  -91 -182  -94 =236 =168 =259 171

630 710 —75 0 +100  +50 +138  +88 +168  +88 +225  +175  +255 4175
=158 =50 -213  -88 -243  -88 =300 =1758 =330 =175
-158 67 -196 -105 -2214 -110 -283 -192 -308 -197

710 800 =75 0 +100  +50 +138  +88 +168  +88 +235 +185 +265 +185
-175 50 -213  -88 -243 88 -310 -185 -340 185
-158 67 -196 105 -2214 110 -293 -202 -318 -207

800 900 -100 0 +112  +56 +156  +100 +190 +100 +266  +210 +300 +210
-212 56 -256 100 -290 -100 -366 -210 -400 -210
=192 =76 =236 =120 =263 127 346 -230 =373 =237

900 1000 -100 O +112  +56 +156  +100  +190 +100 +276  +220 +310 +220
-212 56 -256 -100 -290 -100 -376 -220 -410 -220
-192  -76 -236 120 -263 127 356 -240 -383  -247

1000 1120 -125 O +132  +66 +186  +120  +225 4120 +316  +250 +355  +250 F
-257 66 -311 120 -350 120 441 -250 -480 -250
-233 -90 -287 144 317 153 417 274 447 283

1120 1250 -125 O +132  +66 +186  +120  +225 +120 +326  +260  +365  +260
-257 66 -311 120 -350 120 -451 260 -490 -260
=233 =90 -287 144 =317 153  -427  -284  -457  -293

1250 1400 -160 O +156  +78 +218  +140  +265  +140 +378  +300 +425  +300
-316 -78 -378 140 -425 140 538 -300 -585 -300
-286 108 -348 -170 -385 -180 -508 -330 -545  -340

1400 1600 -160 O +156  +78 +218  +140  +265  +140  +408  +330  +455  +330
-316 -78 -378 140 -425 140 568 330 -615 -330
-286 -108 -348 170 -385 -180 538 -360 -575 -370

1600 1800 -200 O +184  +92 +262  +170  +320 +170  +462  +370 +520  +370
-384 92 -462 170 -520 -170 662 -370 -720 -370
-349 127 -427 =205 470 -220 -627 -405 670  -420

1800 2000 -200 O +184  +92 +262  +170  +320 +170  +492  +400  +550  +400

-384 =92 -462 -170 -520 -170 -692 -400 -750  -400
-349 127 427 205 470 220 657 435 700  -450

3HayeHus [eHCTBUTENbHBI 418 GOMBLUMHCTBA NOALUMMIHUKOB, NPOWU3BEAEHHBIX C HOPMAsbHbBIM KNACCOM TOYHOCTH. MckntoyeHus
npuBedeHs! B pasgene «onycku 1 nocagky 8aos u koprycos» (—> crp. 171).
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ﬂpumeneuue noagwnnHUKOB

Tabnuua 7f

Jlonycku Banos v pesynsTUpYHLLWE NOCAAKH

u |
+
0
Ban Mo Or AnameTpa Bana, pesynsTUpyoLue Nocaaku
HomuHanbHbIn [Honyck avametpa  Oonycku
nuametp 0TBEPCTUA
d tadmp 6@min t1T6/2  sT®min £ 1T7/2
OTknoHenus (amMameTp Bana)
TeopeTuyeckas BennymHa Hatara (=)
Gonee  BKN. HWXH.  BEpX. BeposTHan BenuymHa Hatara ()
MM MKM MKM
200 225 -30 0 +144  +115  +153 4107
-174 115 -183 107
-166 123 173 117
225 250 -30 0 +154  +125  +163 4117
-184 125 193 117
-176 133 183 127
250 280 =35 0 +174  +142  +184 4132
-209 142 219 132
-200 151 -207 144
280 315 -35 0 +186  +154  +196  +144
-221 154 231 144
-212 163 -219 156
315 355 -40 0 +208  +172  +218  +161
-248 172 -258 161
—237 183 245 174
355 400 -40 0 +226  +190  +236  +179
-266 -190 -276 179
=255111[=201711=2631111=192
400 450 —45 0 +252  +212  +263  +200
-297 212 -308 -200
-285 224 -293 -215
450 500 —45 0 +272  +232  +283  +220
-317 -232 -328 -220
-305 244 313 -235
500 560 -50 0 +302  +258  +315 4245
-352 -258 365 -245
=339 =274 =349 111=261
560 630 -50 0 +332 +288  +345 4275
-382 -288 395 -275
-369 301 -379 -291
630 710 =75 0 +365 +315  +380  +300
-440 315 -455  -300
-423 332 433 322
710 800 =75 0 +405  +355  +420  +340
-480 -355 495  -340
-463 =372 -473 =362
800 900 -100 0 +458  +402  +475  +385

3HayeHust [eHCTBUTENbHBI 418 GOMbLUMHCTBA NOALUMMIHUKOB, NPOHU3BEAEHHBIX C HOPMAsbHbBIM KNACCOM TOYHOCTH. MckntoyeHus
npuBedeHs! B pasgene «onycku 1 nocagky 8aos 1 kopnycos» (—> crp. 171).
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Pa,umaanaﬂ duKcauma noaLLIMNHUKOB

Tabnuua 7f
Jlonycku Banos 1 pesynsTUpytoLLMe Nocaaku
u |
+
0
Ban Mo, O AuameTpa Bana, pesynbTUpyroLUe NOCaaKu
HomuHanbHbIn [Honyck anametpa  Oonycku
nuametp 0TBEPCTUA
tadmp 6@min t1T6/2  s7T®min £ 1T7/2
OTknoHenus (amMametp Bana)
TeopeTnyeckas BennymHa Hatara (=)
Gonee  BKN. HWXH.  BEpX. BeposTHan BenuymHa Hatara ()
MM MKM MKM
900 1000 -100 O +498  +442 4515  +425
-598  -442 615 425
-578  -462 588  -452
1000 1120 -125 O +5563  +487  +572  +467
-678 487 697  -467
-654 511 664  -500
1120 1250 -125 O +613  +547  +632  +527
—738 547 757 527
-714  -571 724  -560
1250 1400 -160 O +679  +601  +702  +577
-839 601 -862 577
-809 631 -822 -617
1400 1600 -160 O +759  +681  +782  +657
-919 681 942 657
-889 -711 902 697
1600 1800 -200 O +866  +774  +895 4745
-1066 -774  -1095 -745
-1031 -809 -1045 -795
1800 2000 -200 O +966  +874 4995  +845
-1166 -874 -1195 -845 F
-1131 -909 -1145 -895

3HayeHus [eHCTBUTENbHBI 418 GOMBLUMHCTBA NOALUMMIHUKOB, NPOWU3BEAEHHBIX C HOPMAsbHbBIM KNACCOM TOYHOCTH. MckntoyeHus
npuBedeHs! B pasgene «onycku 1 nocagky 8aos u koprycos» (—> crp. 171).
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anMeHEHMeﬂOAWMﬂHMKOB

Tabnuua 8a
Jlonycku KOPNYCOB WU pesynLTUPYHOLLME NOCaAKHU
|
; L | = n
Kopnyc Mo, 0Tk AMaMeTpa 0TBEPCTUA B KOPNYCe, Pe3ynbTUPYHLLME NOCAAKH
HoMuHanbHbIn [Honyck HapyxxHoro  Lonycku
[fMaMmeTp 0TBEpCTUS AuameTpa
D tADmp F7® c6® 67® H5® H6®
OTKNOHEHHS (aMameTp 0TBEPCTUS Kopnyca)
TeopeTyeckas BenuumHa 3azopa (+)
Gonee BKI. BEPX.  HWKH. BeposTHas BennumHa 3asopa (+)
MM MKM MKM
6 10 0 -8 +13 +28 +5 +14 +5 +20 0 +6 0 +9
+13 +36 +5 +22 +5 +28 0 +14 0 +17
+16 +33 +7 +20 +8 +25 +2 +12 +2 +15
10 18 0 -8 +16 +34 +6 +17 +6 +24 0 +8 0 +11
+16 +42 +6 +25 +6 +32 0 +16 0 +19
+19 +39 +8 +23 +9 +29 +2 +14 +2 +17
18 30 0 -9 +20 +41 +7 +20 +7 +28 0 +9 +0 +13
+20 +50 +7 +29 +7 +37 0 +18 0 +22
+23 +47 +10 +26 +10 +34 +2 +16 +3 +19
30 50 0 -11 +25 +50 +9 +25 +9 +34 0 +11 0 +16
+25 +61 +9 +36 +9 +45 0 +22 0 +27
+29 +57 +12 +33 +13 +41 +3 +19 +3 +24
50 80 0 -13 +30 +60 +10 +29 +10 +40 0 +13 0 +19
+30 +73 +10 +42 +10 +53 0 +26 0 +32
+35 +68 +14 +38 +15 +48 +3 +23 +4 +28
80 120 0 -15 +36 +71 +12 +34 +12 +47 0 +15 0 +22
+36 +86 +12 +49 +12 +62 0 +30 0 +37
+41 +81 +17 +ht +17 +57 +4 +26 +5 +32
120 150 0 -18 +43 +83 +14 +39 +14 +54 0 +18 0 +25
+43 +101  +14 +57 +14 +72 0 +36 0 +43
+50 +94 +20 +51 +21 +65 +5 +31 +6 +37
150 180 0 -25 +43 +83 +14 +39 +14 +54 0 +18 0 +25
+43 +108  +14 +64 +14 +79 0 +43 0 +50
+51 +100 +21 +57 +22 +71 +6 +37 +7 +43
180 250 0 -30 +50 +96 +15 +ht +15 +61 0 +20 0 +29
+50 +126  +15 +74 +15 +91 0 +50 0 +59
+60 +116  +23 +66 +25 +81 +6 +44 +8 +51
250 315 0 -35 +56 +108  +17 +49 +17 +69 0 +23 0 +32
+56 +143  +17 +84 +17 +104 O +58 0 +67
+68 +131  +26 +75 +29 +92 +8 +50 +9 +58
315 400 0 -40 +62 +119  +18 +54 +18 +75 0 +25 0 +36
+62 +159  +18 +94 +18 +115 0 +65 0 +76
+75 +146  +29 +83 +31 +102  +8 +57 +11 +65
400 500 0 -45 +68 +131  +20 +60 +20 +83 0 +27 0 +40
+68 +176  +20 +105  +20 +128 0 +72 0 +85
+83 +161  +32 +93 +35 +113 +9 +63 +12 +73
500 630 0 -50 +76 +146  +22 +66 +22 +92 0 +28 0 +44
+76 +196  +22 +116  +22 +142 0 +78 0 +94

+92 +180  +35 +103  +38 +126  +10 +68 +13 +81

3HayeHust [eHCTBUTENbHBI 417 GOMBLUIMHCTBA NOALUMMIHUKOB, NPOWU3BEAEHHBIX C HOPMAsbHbBIM KNACCOM TOYHOCTH. Mckntoyenus
npuBedeHs! B pasgene «onycku 1 nocagky 8aos 1 kopnycos» (—> crp. 171).
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Pa,umaanaﬂ duKcauma noaLLIMNHUKOB

Jlonycku KOPNYCOB W pesynLTUPYHOLLME NOCAAKHU

Kopnyc

HoMuHanbHbIM
[fWaMeTp 0TBEpCTUS AuameTpa
D

Mo

JLonyck HapyxHoro

tADrnp

Tabnuua 8a
|
L | = n
OT AMaMeTpa 0TBEPCTUA B KOPNYCe, Pe3ynbTUPYHOLME NOCAAKHU
Honycku
F7® G6® 67® H5® H6®

OTKNOHEHHS (aMaMeTp 0TBEPCTHA Kopryca)
TeopeTuyeckas Benuym1Ha 3asopa (+)

Gonee BKI. BEPX. HWXH. BeposTHas BenuymHa 3azopa (+)

MM MKM MKM

630 800 0 =75 +80 +160  +24 +74 +24 +104 O +32 0 +50
+80 +235  +24 +149  +24 +179 0 +107 0 +125
+102 +213  +41 +132  +46 +157  +12 +95 +17 +108

800 1000 0 -100 +86 +176  +26 +82 +26 +116 0 +36 0 +56
+86 +276  +26 +182  +26 +216 0 +136 0 +156
+113  +249  +46 +162  +53 +189  +14 +122  +20 +136

1000 1250 0 -125 +98 +203  +28 +94 +28 +133 0 +42 0 +66
+98 +328  +28 +219  +28 +258 0 +167 0 +191
+131 4295  +52 +195  +61 +225 417 +150  +24 +167

1250 1600 0 -160 +110 +235  +30 +108  +30 +155 0 +50 0 +78
+110  +395  +30 +268  +30 +315 0 +210 0 +238
+150  +355  +60 +238 +70 +275  +21 +189  +30 +208

1600 2000 0 -200 +120  +270  +32 +124 432 +182 0 +60 0 +92
+120  +470  +32 +324  +32 +382 0 +260 0 +292
+170  +420  +67 +289  +82 +332  +25 +235  +35 +257

2000 2500 0 -250 +130  +305  +34 +144  +34 +209 0 +70 0 +110
+130  +555  +34 +394  +34 +459 0 +320 0 +360

+189  +496  +77 +351  +93 +400  +30 +290  +43 +317

3HayeHus [eHCTBUTENbHBI 418 GOMBLUMHCTBA NOALUMMIHUKOB, NPOWU3BEAEHHBIX C HOPMAsbHbBIM KNACCOM TOYHOCTH. MckntoyeHus
npuBedeHs! B pasgene «onycku 1 nocagky 8aos u koprycos» (—> crp. 171).
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anMeHEHMe noagwnnHUKOB

Tabnuua 8b
Jlonycku KOPNYCoB WU pesynLTUpPYHoLLME NOCaAKHU
| i I .
Kopnyc Mo, OT AMaMeTpa 0TBEPCTMA B KOPNYCe, Pe3ynbTUPYHOLME NOCAAKHU
HomuHanbHbIn Jonyck HapyxxHoro  Jonycku
[fWaMeTp 0TBEpCTUS AuameTpa
D tADmp H7® H8® HO® H10® J6®
OTKNOHEHHS (aMaMeTp 0TBEPCTUA Kopryca)
Teopetuyeckas BennynHa Hatsra () / 3asopa (+)
Gonee BKN. BEPX. HWXKH. BeposTHas Ben1umHa Hatsira (-) / 3asopa (+)
MM MKM MKM
6 10 0 -8 0 +15 0 +22 0 +36 0 +58 —4 +5
0 +23 0 +30 0 +44 0 +66 —4 +13
+3 +20 +3 +27 +3 +41 +3 +63 -2 +11
10 18 0 -8 0 +18 0 +27 0 +43 0 +70 -5 +6
0 +26 0 +35 0 +51 0 +78 -5 +14
+3 +23 +3 +32 +3 +48 +3 +75 -3 +12
18 30 0 -9 0 +21 0 +33 0 +52 0 +84 -5 +8
0 +30 0 +42 0 +61 0 +93 -5 +17
+3 +27 +3 +39 +4 +57 +4 +89 -2 +14
30 50 0 -11 0 +25 0 +39 0 +62 0 +100 -6 +10
0 +36 0 +50 0 +73 0 +111 -6 +21
+4 +32 +4 +46 +5 +68 +5 +106 -3 +18
50 80 0 -13 0 +30 0 +46 0 +74 0 +120 -6 +13
0 +43 0 +59 0 +87 0 +133 -6 +26
+5 +38 +5 +54 +5 +82 +6 +127 -2 +22
80 120 0 -15 0 +35 0 +54 0 +87 0 +140 -6 +16
0 +50 0 +69 0 +102 0 +155 -6 +31
+5 +45 +6 +63 +6 +96 +7 +148 -1 +26
120 150 0 -18 0 +40 0 +63 0 +100 O +160 -7 +18
0 +58 0 +81 0 +118 0 +178 -7 +36
+7 +51 +7 +74 +8 +110 +8 +170 -1 +30
150 180 0 -25 0 +40 0 +63 0 +100 O +160 -7 +18
0 +65 0 +88 0 +125 0 +185 -7 +43
+8 +57 +10 +78 +10 +115  +11 +174 0 +36
180 250 0 -30 0 +46 0 +72 0 +115 0 +185 -7 +22
0 +76 0 +102 0 +145 0 +215 -7 +52
+10 +66 +12 +90 +13 +132  +13 +202 +1 +hb
250 315 0 =35 0 +52 0 +81 0 +130 0 +210 -7 +25
0 +87 0 +116 0 +165 0 +245 -7 +60
+12 +75 +13 +103  +15 +150  +16 +229  +2 +51
315 400 0 -40 0 +57 0 +89 0 +140 0 +230 -7 +29
0 +97 0 +129 0 +180 0 +270 -7 +69
+13 +84 +15 +114  +17 +163  +18 +252  +4 +58
400 500 0 -45 0 +63 0 +97 0 +155 0 +250 -7 +33
0 +108 0 +142 0 +200 O +295 -7 +78
+15 +93 +17 +125  +19 +181  +20 +275  +5 +66
500 630 0 -50 0 +70 0 +110 O +175 0 +280 - -

0 +120 0 +160 0 +225 0 +330 - =
+16 +104  +19 +141  +21 +204 422 +308 - =

3HayeHust [eHCTBUTENbHBI 418 GOMbLUMHCTBA NOALUMMIHUKOB, NPOHU3BEAEHHBIX C HOPMAsbHbBIM KNACCOM TOYHOCTH. MckntoyeHus
npuBedeHs! B pasgene «onycku 1 nocagky 8aos 1 kopnycos» (—> crp. 171).
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Pa,umaanaﬂ duKcauma noaLLIMNHUKOB

Tabnuua 8b
Jlonycku KOpnycos W pe3ynsTUPYHOLMeE NOCAAKH
g | i I .
Kopnyc Mo, 07K [AWaMeTpa 0TBEPCTHSA B KOPNYCe, PesyNbTUPYHOLLIMe NOCaAKH
HomuHanbHbIn Jonyck HapyxxHoro  onycku
AvaMeTp 0TBEPCTUS  AMameTpa
D - H7® H8E® HI® H10® 16®
OTKNOHEHHs (aMameTp oTBEPCTUS Kopnyca)
TeopeTuyeckas BenuumHa Hatara (-) / 3asopa (+)
6onee  BKI. BEPX. HWKH. BeposiTHas BenuumHa Hatara (=) / 3asopa (+)
MM MKM MKM
630 800 0 =75 0 +80 0 +125 0 +200 O +320 - -
0 +155 0 +200 O +275 0 +395 - =
+22 +133  +27 +173  +30 +245 433 +362 - -
800 1000 0 -100 0 +90 0 +140 0O +230 O +360 - -
0 +190 O +240 0 +330 O +460 - =
+27 +163  +33 +207  +39 +291  +43 +417 - =
1000 1250 0 -125 0 +105 O +165 0O +260 O +420 - -
0 +230 O +290 O +385 O +545 - =
+33 +197  +41 +249  +48 +337  +53 +492 - -
1250 1600 0 -160 0 +125 0 +195 0 +310 O +500 - -
0 +285 0 +355 0 +470 0 +660 - -
+40 +245  +51 +304  +60 +410  +67 +593 - -
1600 2000 0 -200 0 +150 O +230 O +370 O +600 - -
0 +350 O +430 O +570 0 +800 - =
+50 +300 +62 +368  +74 +496  +83 +717 - =
2000 2500 0 -250 0 +175 0 +280 O +440 0 +700 - -

0 +425 0 +530 0 +690 0 +950 - =
+59 +366  +77 +453 491 +599  +103  +847 - =

3HayeHus [eHCTBUTENbHBI 418 GOMBLUMHCTBA NOALUMMIHUKOB, NPOWU3BEAEHHBIX C HOPMAsbHbBIM KNACCOM TOYHOCTH. MckntoyeHus
npuBedeHs! B pasgene «onycku 1 nocagky 8aos u koprycos» (—> crp. 171).
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anMeHEHMe noagwnnHUKOB

Tabnuua 8c
Jlonycku KOpnycos W pesynbsTUPYHOLLME NOCAAKH
+
o—1Mil = ] i w
Kopnyc Mo, Otk [AMameTpa 0TBEPCTUA B KOpNyce, Pe3ynsTUpYHoLMe Nocaak1
HomuHanbHbIn JHonyck HapyxxHoro  [onycku
[AvaMeTp 0TBEPCTUA AvaMeTpa
D - 7® 155@ 156® 157® K5®
OTKNOHEHHs (aMaMeTp 0TBEPCTUA KopMyca)
TeopeTuyeckas BenuunHa Hatara (-) / 3a3opa (+)
Gonee BKn. BEPX. HWKH. BeposiTHas BennunHa Hatsra (=) / 3asopa (+)
MM MKM MKM
6 10 0 -8 -7 +8 -3 +3 -4,5 +4,5 -7,5 +7,5 -5 +1
-7 +16 -3 +11 -4,5 +125 -7,5 +155 -5 +9
—4 +13 -1 +9 -3 +11 -5 +13 -3 +7
10 18 0 -8 -8 +10 —4 +4 -5,5 +5,5 -9 +9 -6 +2
-8 +18 —4 +12 5,5 +135 -9 +17 -6 +10
-5 +15 -2 +10 -3 +11 -6 +14 4 +8
18 30 0 -9 -9 +12 -4,5 +4,5 -6,5 +6,5 -10,5 +10,5 -8 +1
-9 +21 -4,5 +135 -6,5 +155 -10,5 +195 -8 +10
-6 +18 =2 +11 -4 +13 =7 +16 -6 +8
30 50 0 -11 -11 +14 -5,5 +5,5 -8 +8 -12,5 +125 -9 +2
-11 +25 -5,5 +16,5 -8 +19 12,5 +235 -9 +13
-7 +21 -3 +14 -5 +16 -9 +20 -6 +10
50 80 0 -13 -12 +18 -6,5 +6,5 -9,5 +9,5 -15 +15 -10 +3
-12 +31 -6,5 +19,5 -9,5 +22,5 -15 +28 -10 +16
-7 +26 -3 +16 -6 +19 -10 +23 -7 +13
80 120 0 -15 -13 +22 -7,5 +7,5 -11 +11 -17,5 +175 -13 +2
-13 +37 7,5 +225 -11 +26 -175 +325 -13 +17
-8 +32 -4 +19 -6 +21 -12 +27 =9 +13
120 150 0 -18 -14 +26 -9 +9 -12,5 +12,5 -20 +20 -15 +3
-14 +44 -9 +27 -12,5 +30,5 -20 +38 -15 +21
-7 +37 —4 +22 -7 +25 -13 +31 -10 +16
150 180 0 -25 14 +26 -9 +9 -12,5 +12,5 -20 +20 -15 +3
-14 +51 -9 +34 -125 +375 -20 +45 -15 +28
-6 +43 -3 +28 -6 +31 -12 +37 -9 +22
180 250 0 -30 -16 +30 -10 +10 -145 +145 -23 +23 -18 +2
-16 +60 -10 +40 -145 +445 -23 +53 -18 +32
-6 +50 —4 +34 -6 +36 -13 +43 -12 +26
250 315 0 =35 -16 +36 -11,5 +115 -16 +16 -26 +26 -20 +3
-16 +71 -11,5 +46,5 -16 -51 26 +61 -20 +38
4459 4 439 7 42 Ak +49 12 +30
315 400 0 -40 18 +39 125 +12,5 -18  +18  -285 +285 -22  +3
18 +79 125 +525 18  +58  -285 +685 -22  +43
-5 w66 4 S = +47  -15 #5514 435
400 500 0 -45 20 +43 135 +135 -20  +20  -315 +31,5 -25  +2
20  +88  -135 +585 -20  +65  -315 +765 -25  +47
=5 +73 4 +49 -8 +53 =17 +62 -16 +38
500 630 0 -5 - - A4 +14 22 422 35 435 - -

= - -14 +64 =22 +72 -35 +85 - =
_ — —4 +54 -9 +59 -19 +69 - =

3HayeHust [eHCTBUTENbHBI 417 GOMBLUIMHCTBA NOALUMMIHUKOB, NPOWU3BEAEHHBIX C HOPMAsbHbBIM KNACCOM TOYHOCTH. Mckntoyenus
npuBedeHs! B pasgene «onycku 1 nocagky 8aos 1 kopnycos» (—> crp. 171).
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Tabnuua 8c
Jlonycku Kopnycos 1 pesynsTUpYoLLMe Nocagku
+
o—1Mil = ] i w
Kopnyc Mo Or AWaMeTpa 0TBEPCTUA B KOPNyce, pe3ynsTUpYyHoLLWe NocaaKu
HomuHanbHbI [Honyck HapyxxHoro  Lonycku
[MaMeTp 0TBEPCTUA AMameTpa
D taDmp J7® JS5® 156® 1S7® K5®
OTKNOHEHHS (aMaMeTp 0TBEPCTUA Kopnyca)
Teopetuyeckas BennynHa Hatsra () / 3asopa (+)
Gonee  BKN. BEPX. HWXH. BeposTHas Ben1umHa Hataira (-) / 3asopa (+)
MM MKM MKM
630 800 0 =75 - - -16 +16 -25 +25 -40 +40 - -
- - -16 +91 -25 +100 -40 +115 - -
- - —4 +79 -8 +83 -18 +93 = =
800 1000 0 -100 - - -18 +18 -28 +28 —45 +45 - -
- - -18 +118 -28 +128  -45 +145 - =
- = 4 +104 -8 +108 -18 +118 - =
1000 1250 0 =125 - - -21 +21 -33 +33 -52 +52 - -
- - -21 +146 33 +158 -52 +177 - =
= = 4 +129°1=9 +134 =20 +145 - =
1250 1600 0 -160 - - -25 +25 -39 +39 -62 +62 - -
- - -25 +185 -39 +199  -62 +222 - =
- - —4 +164 -9 +169  -22 +182 - =
1600 2000 0 -200 - - -30 +30 -46 +46 -75 +75 - -
- - -30 +230  -46 +246 75 +275 - =
- - -5 +205 11 +211 25 +225 - =
2000 2500 0 -250 - - -35 +35 -55 +55 -87 +87 -

= = =315 +285 -55 +305 -87 ek = =
= = =5 +255 1| =12 +262  -28 +278 - =

3HayeHus [erCTBUTENbHBI 417 GOMbLUIMHCTBA NOALUMMIHUKOB, NPOHU3BEAEHHBIX C HOPMAsIbHbBIM KNACCOM TOYHOCTH. Mckntoyenus
npuBedeHs! B pasgene «onycku 1 nocagky 8aos 1 kopnycos» (—> crp. 171).
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Tabnuua 8d
Jlonycku KOpnycos W pesynbsTUPYHOLLME NOCAAKH
+
0 | | [ ] | |
Kopnyc n Ot [AHaMeTpa 0TBEPCTHA B KOPNYCe, PesynsTUPYHoLLWe NoCaaKH
HomuHanbHbIM JHonyck HapyxxHoro  Lonycku
[vaMeTp 0TBEPCTUA AMaMeTpa
D - K6® K7® M5@® M6® M7®
OTKNOHEHHS (aMaMeTp 0TBEPCTUS Kopnyca)
TeopeTuyeckas BenuunHa HaTara (—) / 3asopa (+)
6onee  BKN. BEPX. HIKH. BeposTHas BenuumHa Hatsra (<) / 3asopa (+)
MM MKM MKM
6 10 0 -8 -7 +2 -10 +5 -10 —4 -12 -3 -15 0
-7 +10 -10 +13 -10 +4 -12 +5 -15 +8
-5 +8 -7 +10 -8 +2 -10 +3 -12 +5
10 18 0 -8 -9 +2 -12 +6 -12 —4 -15 —4 -18 0
-9 +10 -12 +14 -12 +4 -15 +4 -18 +8
-7 +8 -9 +11 -10 +2 -13 +2 -15 +5
18 30 0 -9 -11 +2 -15 +6 -14 —4 -17 —4 -21 0
-11 +11 -15 +15 -14 +4 -17 +5 -21 +9
-8 +8 =12 +12 -12 +2 =14 +2 -18 +6
30 50 0 -11 -13 +3 -18 +7 -16 -5 -20 —4 -25 0
-13 +14 -18 +18 -16 +6 -20 +7 -25 +11
-10 +11 14 +14 -13 +3 -17 +4 -21 +7
50 80 0 -13 -15 +4 -21 +9 -19 -6 24 -5 -30 0
-15 +17 =21 +22 -19 +7 24 +8 -30 +13
-11 +13 -16 +17 -16 +4 -20 +4 -25 +8
80 120 0 -15 -18 +4 -25 +10 -23 -8 -28 -6 -35 0
-18 +19 -25 +25 -23 +7 -28 +9 -35 +15
-13 +14 -20 +20 -19 +3 -23 +4 -30 +10
120 150 0 -18 -21 +4 -28 +12 =27 -9 -33 -8 -40 0
=21 +22 -28 +30 =27 +9 -33 +10 -40 +18
-15 +16 =21 +23 -22 +4 =27 +4 -33 +11
150 180 0 -25 -21 +4 -28 +12 =27 -9 -33 -8 -40 0
=21 +29 -28 +37 =27 +16 -33 +17 -40 +25
-14 +22 -20 +29 =21 +10 -26 +10 -32 +17
180 250 0 -30 24 +5 -33 +13 -31 -11 -37 -8 -46 0
24 +35 -33 +43 -31 +19 -37 +22 -46 +30
-16 +27 -23 +33 =25 +13 -29 +14 -36 +20
250 315 0 -35 =27 +5 -36 +16 -36 -13 -41 -9 -52 0
=27 +40 -36 +51 -36 +22 -41 +26 -52 +35
-18 +31 24 +39 -28 +14 -32 +17 -40 +23
315 400 0 -40 -29 +7 -40 +17 -39 14 -46 -10 -57 0
-29 +47 -40 +57 -39 +26 -46 +30 -57 +40
-18 +36 =27 +4t -31 +18 -35 +19 44 +27
400 500 0 45 -32 +8 -45 +18 -43 -16 -50 -10 -63 0
-32 +53 -45 +63 -43 +29 -50 +35 -63 +45
-20 +41 -30 +48 -34 +20 -38 +23 -48 +30
500 630 0 -50 —44 0 -70 0 - - -70 -26 -96 -26
b4 +50 -70 +50 - - -70 +24 -96 +24
-31 +37 54 +34 - - -57 +11 -80 +8

3HayeHust [eHCTBUTENbHBI 417 GOMBLUIMHCTBA NOALUMMIHUKOB, NPOWU3BEAEHHBIX C HOPMAsbHbBIM KNACCOM TOYHOCTH. Mckntoyenus
npuBedeHs! B pasgene «onycku 1 nocagky 8aos 1 kopnycos» (—> crp. 171).
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Tabnuua 8d
Jlonycku KOpNycos W pe3ynLTUPYHOLLMeE NOCAAKH
+
== i = ] |
Kopnyc Mo, 0Tk [AMameTpa 0TBEPCTUA B KOPNYCe, Pe3ynsTUPYHoLMe NocaaK1
HomuHanbHbIn [Honyck HapyxxHoro  [onycku
[AvaMeTp 0TBEPCTUA  AMameTpa
D - K6® K7® M5@ M6® M7®
OTKNOHEHHS (aMaMeTp 0TBEPCTHA KopMyca)
TeopeTuyeckas BenuunHa Hatara (-) / 3a3opa (+)
6onee  BKI. BEPX. HWKH. BeposiTHas BennunHa Hatsra (=) / 3asopa (+)
MM MKM MKM
630 800 0 =75 -50 0 -80 0 - - -80 -30 -110 -30
-50 +75 -80 +75 - - -80 +45 -110  +45
-33 +58 -58 +53 - - -63 +28 -88 +23
800 1000 0 -100 -56 0 -90 0 - - -90 -34 -124 =34
-56 +100 -90 +100 - - -90 +66 -124  +66
-36 +80 -63 +73 - - -70 +46 -97 +39
1000 1250 0 -125 -66 0 -105 0 - - -106  -40 -145  -40
-66 +125 -105 +125 - - -106  +85 -145  +85
-42 +101  -72 +92 - - -82 +61 -112 +52
1250 1600 0 -160 -78 0 -125 0 - - -126  -48 -173  -48
-78 +160 -125 +160 - - -126 +112 173  +112
-48 +130 -85 +120 - - -96 +82 -133 +72
1600 2000 0 -200 -92 0 -150 0 - - -158  -58 -208 -58
-92 +200 -150 +200 - - -150 +142 -208 +142
-57 +165 -100 +150 - - -115 +107 -158 +92
2000 2500 0 -250 -110 O -175 0 - - -178  -68 -243  -68
-110 +250 -175 +250 - - -178  +182 -243  +182
-67 +207 116  +191 - - -135 +139 184 +123

3HayeHus [erCTBUTENbHBI 417 GOMbLUIMHCTBA NOALUMMIHUKOB, NPOHU3BEAEHHBIX C HOPMAsIbHbBIM KNACCOM TOYHOCTH. Mckntoyenus
npuBedeHs! B pasgene «onycku 1 nocagky 8aos 1 kopnycos» (—> crp. 171).
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Tabnuua 8e

Jlonycku KOPNYCoB WU pesynLTUpPYHoLLME NOCaAKHU

+
0
- n | | |

Kopnyc n 0Tk [AWaMeTpa 0TBEPCTHSA B KOPNYCe, PesyNbTUPYHOLLMe NOCaAKH

HomuHanbHbIn Jonyck HapyxkHoro  Jonycku

[vaMeTp 0TBEPCTUA AMaMeTpa

D tabmp Né@ N7® P6® P7®
OTKNOHEeHHs (aMaMeTp 0TBEPCTHA KOpMyca)
Teopetuyeckas senuumHa Hatara (—) / 3asopa (+)

Gonee BKN. BEPX. HWKH. BeposiTHas BennunHa Hatsra (=) / 3asopa (+)

MM MKM MKM

6 10 0 -8 -16 -7 -19 —4 -21 -12 24 -9
-16 +1 -19 +4 -21 —4 24 -1
-14 -1 -16 +1 -19 -6 =21 —4

10 18 0 -8 -20 -9 -23 -5 -26 -15 -29 -11
-20 -1 -23 +3 -26 -7 -29 -3
-18 -3 -20 0 24 -9 -26 -6

18 30 0 -9 24 -11 -28 -7 -31 -18 -35 -14
24 -2 -28 +2 -31 -9 -35 -5
=21 -5 =25 -1 -28 =12 =32 -8

30 50 0 -11 -28 -12 -33 -8 -37 -21 -42 -17
-28 -1 -33 +3 -37 -10 —42 -6
-25 4 -29 -1 =34 -13 -38 -10

50 80 0 -13 -33 -14 -39 -9 —45 -26 -51 -21
-33 -1 -39 +4 -45 -13 -51 -8
-29 -5 -34 -1 41 -17 46 -13

80 120 0 -15 -38 -16 -45 -10 -52 -30 -59 -24
-38 -1 -45 +5 -52 -15 -59 -9
=33 -6 -40 0 47 -20 54 -14

120 150 0 -18 —-45 -20 -52 -12 -61 -36 -68 -28
-45 -2 -52 +6 -61 -18 —68 -10
-39 -8 -45 -1 -55 24 -61 -17

150 180 0 =25 -45 -20 -52 -12 -61 -36 -68 -28
-45 +5 -52 +13 -61 -11 —68 -3
38 -2 -4k +5 54 18 60 -1

180 250 0 -30 -51 -22 -60 -14 -70 -41 -79 -33
-51 +8 -60 +16 -70 -11 -79 -3
-43 0 =50 +6 —62 -19 —69 =13

250 315 0 =35 -57 -25 -66 -14 -79 47 -88 -36
-57 +10 —66 +21 -79 -12 -88 -1
-48 +1 54 +9 -70 =21 -76 -13

315 400 0 —-40 -62 -26 -73 -16 -87 -51 -98 -41
-62 +14 -73 +24 -87 -11 -98 -1
-51 +3 -60 +11 -76 =22 -85 -14

400 500 0 45 -67 =27 -80 -17 -95 -55 -108  -45
-67 +18 -80 +28 -95 -10 -108 O
=55 +6 =65 +13 -83 =22 =93 =15

500 630 0 -50 -88 —44 -114  -44 -122  -78 -148  -78
-88 +6 -114  +6 -122 -28 -148 -28
-75 -7 -98 -10 -109 41 -132 44

3HayeHust [eHCTBUTENbHBI 417 GOMBLUIMHCTBA NOALUMMIHUKOB, NPOWU3BEAEHHBIX C HOPMAsbHbBIM KNACCOM TOYHOCTH. Mckntoyenus
npuBedeHs! B pasgene «onycku 1 nocagky 8aos 1 kopnycos» (—> crp. 171).
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Jlonycku KOPNYCoB W pesynLTUpPYHOLLME NOCaAKHU

Tabnuua 8e

+
0
- n | | |

Kopnyc Mo Or AMamMeTpa 0TBEPCTUA B KOPNyce, pe3ynbTUpYyHoLLHUe NOCaaKH

HomuHanbHbIn Jonyck HapyxxHoro [onycku

[MaMeTp 0TBEPCTUA AMameTpa

D taDmp N6® N7® P6® P7®
OTKNOHEHHs (arameTp 0TBEPCTHA Kopnyca)
TeopeTuyeckas BennunHa Hatsira (=) / 3asopa (+)

Gonee  BKN. BEPX. HWXH. BeposTHan BenuumHa Hatsira (=) / 3asopa (+)

MM MKM MKM

630 800 0 =75 -100 50 -130 50 -138  -88 -168  -88
-100 +25 -130 +25 -138 13 -168 13
-83 +8 -108 +3 -1212 30 -146 =35

800 1000 0 -100 -112  -56 -146  -56 -156 100 -190 -100
-112  +44 -146  +44 -156 0 -190 O
-92 +24 -119  +17 -136 -20 -163  -27

1000 1250 0 =125 -132  -66 -171  -66 -186 -120 -225 -120
-132  +59 -171  +59 -186  +5 -225 45
-108  +35 -138  +26 =162 -19 -192 -28

1250 1600 0 -160 -156  -78 -203  -78 -218 140 -265 -140
-156  +82 -203  +82 -218 +20 -265  +20
-126  +52 -163  +42 -188 -10 -225 -20

1600 2000 0 -200 -184  -92 -242  -92 -262 -170 -320 -170
-184  +108 -242 +108 -262 +30 -320 +30
-149  +73 -192  +58 =227 -5 -270 =20

2000 2500 0 -250 -220 -110 -285 -110 -305 195 -370 -195
-220 +140 -285 +140 -305 +55 -370  +55
=177 +97 -226  +81 -262  +12 =311 -4

3HayeHus [erCTBUTENbHBI 417 GOMbLUIMHCTBA NOALUMMIHUKOB, NPOHU3BEAEHHBIX C HOPMAsIbHbBIM KNACCOM TOYHOCTH. Mckntoyenus
npuBedeHs! B pasgene «onycku 1 nocagky 8aos 1 kopnycos» (—> crp. 171).
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Pasmepnble U reometTpuyeckue aonycku
NocafoYHbIX MECT M ONOp NOALUIMNHUKOB

,Elonycm ona uMnuHgpruyecknx nocagoyHbIxX
MeCT Ha BafiaX 1 B KOpnycax, a TakXe Ana noca-
O04YHbIX MeCcT nog Tyrue v CBOéO,ﬂHbIe Konbua
YNOPHbIX NOALLMNHUKOB KU UX ONOPHbLIX NOBEPX-
HoCTen (Ol'lopbl nogLwnnHUKoB, obecnedyvBaeMble
3anfie4nkamu Ha Bany, B Kopnyce U T. ,El.) DOoJK-
Hbl COOTBETCTBOBATbL KJ1laCCy TOYHOCTU UCNONb3Y-
eMbIX NOALLMNHNKOB. PEKOMEH,ElaLlMM no senn-
YHMHAM pa3MepHbIX U reoMeTprUyecKnx 0onyckos
npueeneHbl ganee.

Lonycku Ha pasMepsl

Llns nogLWwMnHUKOB, NPOU3BEAEHHbIX C HOP-
MasibHbIM KNAcCoM TOYHOCTH, [JONYCKU Ppa3MepoB
LUMNMHAPUYECKMUX MOCAA0YHBIX MECT Ha Banax
LOMKHbI COOTBETCTBOBATH, NO KPanHewn Mepe,
kBanutety |T6, a B kopnycax — ksanutety |T7.
[Mpu MCNONb30BaHWM 3aKPENUTENBHBIX UMK
CTAKHBIX BTY/OK [OMYCKAaeTCcs MCrnonb30BaTh 6o-
nee LUMPOKKE A0MYCKK Ha ArMameTp (ksanureT
IT9) nocanouHbix MecT Ha Bany (—> Tabnuua 9).
Yucnosble 3HaYeHMs kanuteTos IT B cooTBeT-
ceuum ¢ IS0 286-1 ykasaHbl B Tabnuue 10. [Ons
NOALLIMMHKKOB C 6onee XECTKUMK Pa3MepHbIMU
[I0MNYCKaMW [OSKHbI MPUMEHSITLCS, COOTBET-
CTBEHHO, 601ee BbICOKME KBANWUTETbI C yMEHb-
LLIEHHOW BENUYMHOM NoNs AoNycKa.

Donycku o6iero paguansHoro 6uenus

B 3aBMCMMOCTH OT NpeabaBnsieMbix TpebosaHWm
[onycku o6LLero paguansHoro 6ueHus, perna-
MeHTMpOoBaHHble cTaHgapTom ISO 1101, nonxHsl
ObITb HA OWMH-[BA KBAJIUTETA BbILLE 334aHHbIX
nonyckos Ha pasmepsl. CornacHo 1SO 1101 go-
nyck o6LLero paguansHoro 6MeHus onpenens-
eTCs Kak pasHuLa PaanycoB ABYX COOCHBIX L
NUHOPOB. HanpuMep, ecniu KOHCTPYKLUKMA
npeaycMaTpyrBaEeT NOCaA04YHOE MECTO C KNaccoM
nonycka mé6E), obLee paguansHoe BueHne
[OSXHO COOTBETCTBOBATL KBanuTeTy IT5 unu
IT4. 3HaueHne gonycka obLLero pagrasnsHoro
6ueHus t3 nony4aroT Ang NpeanonaraeMoro au-
ametpa Bana 150 Mm n3 t3 = IT5/2=18/2 =
9 MkM (pa3Huua paauycos). PekoMeHyemble
3HaueHua Jonyckos o6Lero paguanbHoro Gue-
HUA NpuBefdeHsl B Tabnuue 11 (= crp. 202).
Ecnuv noawmnHMKK ycTaHaBNMBaroOTCA Ha 3a-
KPEnWTENbHYH UK CTAXKHYHD BTYIKY, oBLiee pa-
OuansHoe 6MeHre Nocago4Horo Mecra BTySKv
L0MKHO cooTBeTcTBOBaTh IT5/2 Ans knacca Toy-
Hoctn h9®) (= Tabnuua 9).

200

Lonycku o6uwero ocesoro 6uenns

Lonycku o6Liero oceBoro 6MeHWs onopHbIX No-
BEPXHOCTEM N5 Konew NOALMNHWKOB COrNacHo
crangapty 1S0 11071 gomkHbl 6bITb, N0 KpanHer
Mepe, Ha OAWH KBAMMTET BbILLE N0 CPABHEHWHO C
[onycKamu Ans AMameTpa AaHHOro UMnuHapuye-
cKoro nocagoyHoro Mecta. Jonycku obuiero
0CceBoro B1eHusa NocagoyHbIX MecT nogd csoboa-
Hble KOMbLa YNOPHbIX NOALIMMHWUKOB He JOMKHbI
npeBbILLATh BENUYMHLI kBanuTeTa IT5. PekoMeH-
Qyemble 3Ha4YeHUa JoMnycKoB 06LLEero 0CeBoro
6uenns npuseneHsl B Tabnuue 11 (= crp. 202).
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Tabnuua 9

Jlonycku AMaMeTpa Bana U reoMeTpUYECKHUE AONYCKW ANA MOHTAXa Ha BTYNKe
JDuametp sana JDonyck auamertpa O6wee paguansHoe BueHne
d ho® IT5/2
HoMuHanbHbIM OtknoHeHus
Gonee BKI. BEpX. HUKH. MaKc.
MM MKM MKM
10 18 0 -43 4
18 30 0 -52 5
30 50 0 -62 6
50 80 0 74 7
80 120 0 -87 8
120 180 0 -100 9
180 250 0 -115 10
250 315 0 -130 12
315 400 0 -140 13
400 500 0 -155 14
500 630 0 -175 16
630 800 0 -200 18
800 1000 0 -230 20
1000 1250 0 -260 24

Tabnuua 10
3HaueHuA KBanuTeToB TouHocTH ISO
HomuHaneHble Keanutetsl TouHoCTH
pasmepsb! Im1 IT2 IT3 IT4 IT5 ITé IT7 IT8 IT9 IT10 IT11 IT12
Gonee BKI. MaKc.
MM MKM
1 3 0,8 1,2 2 3 4 6 10 14 25 40 60 100
3 6 1 1,5 2,5 4 5 8 12 18 30 48 75 120 F
6 10 1 1,5 2,5 4 6 9 15 22 36 58 90 150
10 18 1,2 2 3 5 8 11 18 27 43 70 110 180
18 30 15 2,5 4 6 9 13 21 33 52 84 130 210
30 50 15 2,5 4 7 11 16 25 39 62 100 160 250
50 80 2 3 5 8 13 19 30 46 74 120 190 300
80 120 2,5 4 6 10 15 22 35 54 87 140 220 350
120 180 3,5 5) 12 18 25 40 63 100 160 250 400
180 250 4,5 7 10 14 20 29 46 72 115 185 290 460
250 315 6 8 12 16 23 32 52 81 130 210 320 520
315 400 7 9 13 18 25 36 57 89 140 230 360 570
400 500 8 10 15 20 27 40 63 97 155 250 400 630
500 630 - - - - 32 Lh 70 110 175 280 440 700
630 800 - - - - 36 50 80 125 200 320 500 800
800 1000 - - - - 40 56 90 140 230 360 560 900
1000 1250 - - - - 47 66 105 165 260 420 660 1050
1250 1600 - - - - 55 78 125 195 310 500 780 1250
1600 2000 - - - - 65 92 150 230 370 600 920 1500
2000 2500 - - - - 78 110 175 280 440 700 1100 1750

akF 201



ﬂpumeneuue noagwnnHUKOB

J:lonycxu KOHHUYECKMUX NO0CAA0YHbIX MECT Ha Bany

[Mpu MOHTae NOALLMMHMKA HENOCPeACTBEHHO Ha
KOHWYeCKoe NocafoyHoe MecTo Ha Basy, 40NyCKu
[uMameTpa nocago4Horo MecTa MoryT BbiTb LIKpE,
YeM y UMNMHAPUYECKUX NOCad0YHbIX MecT. Ha
puc. 18 nokasaHsl JOMNYCKK Ha AMAMeTp KBanu-
TeTa IT9, Npy 3TOM yKa3aHHble FreOMeTpUYeckue
[IOMYCKM OCTAFOTCA TAKUMM e, Kak v ANs LUn-
NWHOPMYecKoro nocagoyHoro Mecta. [ns nog-
LUMMHKWKOB Ka4YeHWs, yCTAHOBMNEHHbIX HA KOHWYe-
CKMX NocafloyHblx MecTax, SKF pekomeHayer:

o [lonycTMMoe OTKNOHEHMWE Yrna KOHyCca oMK~
HO cocTaBNATL * gonyck cornacko IT7/2, ¢
YUYETOM LLMPMHBI NodLIMnHKUKa (—> puc. 18).
M3 KOHCTPYKTUBHBIX COOBPaXKEHUI BeIuMHa
[l0NycKa BbIpaXkaeTcs B rpagycax. Benuyuuy
LONYyCKa MOXHO ONpeaenuTs no ¢opMyne

T7/2
b= —5—

Tabnuua 11

reDMETpM‘IECKHE AONYCKK ANA NOCaA04HbIX MECT NOALWMNHUKOB Ha Banax U B Kopnycax

A8

o]

Da Dg

MNosepxHocTb

XapakTtepucTuka Cumeon
TeOMeTPUYECKOW  30Ha
XapaKTepUCTUKK  Jomnycka

JonycTuMble OTKNOHEHHs
Knacc TouHocTv nogwmnkmkos?)
Hopmanehbin, CLN - Pé P5

~ ~ ~
~ ~ ~
~ ~ ~
~ ~ ~
-~ -~ -~

uMHMHApHHECKOE nocago4yHoe MecTto

Obuiee paguansHoe 6uenue L/ t3
MNnockas onopa

O6buyee ocesoe bueHre L/ ty
MoscHeHne

J“\
~
~
~
-~

Ins o6biuHbix — [ns cneynansHbIx Tpe6osaHum K
TpebosaHuit TOYHOCTH BPALLEHHS UK
PaBHOMEPHOCTH OMOPbI

IT5/2 IT4/2 IT3/2 IT2/2

1) YncopMaums 0 NOALIMNHMKAX C B0Nee BLICOKMMM KNTACCAMM TOUHOCTH, YeM HOPManbHbIM, (knace P4 1 T. A.) npueedexa 8 pasnene

«[TpeumsmoHHsie nogLumnHukm» (= skf.ru).
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ﬂOI‘IyCTMMOE OTKMIOHEeHHWe yrna KoHyca MOXHO
onpeaenunTb ¢ NOMOLLbH OPMYnbI

Vk=1/ki %

roe
A, = nonycTMMoe OTKNOHEHMWE yrna KoHyca
V| = monyck yrna KoHyca
B = wupwuHa nogwmnH1ka [MMm)
IT7 = BeNMuYMHa KBaNWTETa TOYHOCTU Ha
0CHOBAHWM LUMPUHbI NOALLMMHKMKA [MM]
kK = KO3 PULMEHT KOHYCHOCTH
12 nns koHycHoctv 1:12
30 ans koHycHoctv 1:30

o [lonyckv NpsSMONMHENHOCTM AOMKHbI COOT-
BeTCTBOBaTH kBanuTeTy IT5/2 € yuétom gua-
MeTpa d ¥ Nnognaaath nog onpedenexue:

«B KaxaoM 0ceBoM ceyeHWH Yepes KoHWYe-
CKYH NOBEPXHOCTb Basa 4onycK NPAMONUHeN -
HOCTW OrpaHUYMBaETCA AByMs NapannensHbl-
MU IMHAAMM, HAX0OALLMMMCA Ha

paccTosHuu ,t“ apyr oT opyra».

1/k+(IT7/2)/ B

Pa,umaanaﬂ duKcauma noaLLIMNHUKOB

e [onyck kpyrnoctu no keanutety IT5/2 8 3a-
BWCMMOCTM OT BeNWYMHBI AMameTpa d onpene-
NAETCH KaK PACcCTOAHME «t» B KAXKLOM paau-
anbHOM CeYEHWUM MeXy ABYMsl KOHLEHTPUYECK-
UMK OKPY>XXHOCTAMM BLOSb KOHAYECKOM No-
BepxHoCcTH Bana. Ecnu Heobxoauma Gonee
BbICOKas CTEMNEeHb TOYHOCTH, ciedyeT Ucnosb-
30BaTh KBanuTeT IT4/2.

Ha puc. 18 nokasaHbl TONbKO pa3sMepHble U reo-
MeTpUYecKHe Aonycku KoHyca. [1nqa onpegene-
HUWsl MeCTa PacnosnoXeHWs KoHyca B 0CEBOM Ha-
npaBieHnK HeobXoauMbI ToKanbHble Tpebosa-
HU$l, 3aBUCALLIME OT KOHCTPYKLMK.

ILlns npoBepkM HaxoxaeHUs KOHyca Bana B npe-
[lenax pekoMeHaoBaHHbIX gonyckos SKF peko-
MeHOYyeT NPOBOAMTL U3MEPEHMUS NPU NOMOLLM
cneurasnbHoOro KOHYCHOro kanuépa ¢ Asyma ono-
pamu. Bonee NpakTUYHbINM, HO MEHEE TOYHbIN
€noco6 CoCTOMUT B UCMOMb30BAHUM KOSbLIEBbIX
KanuopOB, KOHYCHbIX KANMOPOB UK CUHYCHOM
nuHerku. Onsa nonyyeHns nHdopmaumm 06 us-
MepuTenbHbIX nprubopax SKF, Takmx kak konbLe-
Bble kannbpsl cepuii RKM, 9205, GRA 30 1 ko-
HycHble kanu6pbl DMB, obpaluantecs B
TexHuueckyro cnyx0y SKF.

Puc. 18

1
IT5/2
!

akF
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ﬂpumeneuue noagwnnHUKOB

Tabnuua 12

LWep TOCTb
NOALIMNHWKOB

TH Noca, Mmect

[Mwnametp nocagouHoro Pekomenayemoe 3HaveHue Ra ana

Mecrta ¢ noca, MecT
d (D) [onyck Ha anameTp

6onee BKJ. IT7 IT6 IT5

MM MKM

= 80 1,6 0,8 0,4

80 500 1,6 1,6 0,8

500 1250 3,22 1,6 1,6

1) Nns anametpos > 1 250 MM 0BpaLLaiiTech 3a KOHCYNbTALMEN
8 TexHuyeckyro cnyxoy SKF.

2) Eciv npu MOHTaXe Conb3yeTcst MeTos rapopacnopa,
3HayeHue Ra He fomKHO npeBbiwaTh 1,6 MKM.

LLlepOXOBaTOCTb NOBEPXHOCTH
NocagoYHbIX MeCT NoALWNUNHUKOB

LLlepoxoBaTtoCcTb NOBEPXHOCTH NOCAH0YHBIX MECT
HE 0Ka3blBAET CTOMb BAXKHOO BAMAHWA Ha pabo-
ymne XapakTePUCTHUKK NOALLMIHWKOB, KaK COBMto-
[leHue 3a1aHHbIX JOMyCcKOB pa3Mepos, hbopMbl 1
B3aMMHOro pacnonoxeHus. OQHaKO YeM MeHbLLe
OyOeT LLepOX0BATOCTb CONPAXKEHHbIX NOBEPX-
HOCTEM, TeM ToyHee BygeT Tpebyemasn BennumnHa
HaTara npv nocaake. [na MeHee KpUTUYHBIX
NOALLUMMHUKOBbIX Y3108 JOMNYCKAETCS CPaBHU-
TenbHo 6onbLUAs LLIEPOXOBATOCTL
NoBepXHOCTEN.

PekoMeHgyemble 3HaYEHUA CPEAHEN LLIEPOXO-
BAaTOCTM NOBEPXHOCTM Ra npuBeaeHs! B
Tabnuue 12 019 pasnMyHbIX KBANUTETOB TOY-
HOCTM NOCaLOYHbLIX MECT NOALUMMHWKOB. [JaHHbIe
peKoMeHaaUmMmu NPUMEHUMbI MO OTHOLLEHUIO K
LUNMOBAHHBIM NOCALOYHBIM MECTAM, YTO 006blIY-
HO NOAPa3yMeBaeTcs, Koraa peyb MOeT o noca-
[OYHbIX MECTax Ha Banax.

204

OceBas ¢pukcauus
NOALMMNHUKOB

Kak npaBuno, 0iHOM NocafKku C HaTAroM Hedo-
CTaTOYHO ANA dUKCALUMK KonbLa NOALLUMMNHKUKA
Ha UMNMHOPUYEcKOM nocagoyHoM MecTe. MNog
Harpy3Kow KofbLo NOALIMMHMKA MOXET NPOBO-
payMBaThCA Ha CBOEM NocagoyHoM mecTe. MNo-
3TOMy TpeByroTCS JONONHUTENbHbIE KOHCTPYK-
THBHbIE PELLeHUs 4N 0CeBOM dUKCaLMK
NoALMNHMKA.

06a KonbLa dUKCUMPYHOLLIErO NOALLMMHMKA
LOMKHbI UMETb [1BYXCTOPOHHHOH 0CEBYHD
$HKCaUMIO.

[na Hepa36bopHbIX NOALUMMHUKOB, YCTaHAB-
NMBAEMbIX B NMaBaroLLen onope, KonbLo C No-
CafKoM C HaTAroM, 06bIYHO BHYTPEHHEE, [OMKHO
MMeTb ABYXCTOPOHHHOHO 0CEBYH) hUKCALMIO.
Lpyroe konbLo Ha CBOEM NOCAA0YHOM MECTe
DOMKHO BbITb CBOOOAHO B 0CEBOM HaNPaBieHWH,
4TOBbI KOMMEHCMPOBATL OCEBOE CMELLIEHHE.

TopouganbHbie ponukonogwunHuku CARB,
UMIMHAPHUYECKME U UrONbYaTbIE PONMKONOA-
LUIMMNHKUKK, UCNONb3YeMble B NNaBaroLLMX onopax,
ABNALOTCA UCKIHOYEHWEM. HapyskHble v BHYTpeH-
HWe KoNbLa Takux NOALMMHWUKOB OOMKHbI UMETb
0CeBYH bUKCALMIO B 000MX HanNpaBneHuUsX.

OceBas duKcaums Konew NOALMMIHUKOB B y3-
nax C «NepeKpeCcTHON drKcaLMen ocyLLecT-
BNAETCA TOMNLKO C OJHOW CTOPOHBI.

akF



OceBas dUKcauna NogLHNHUKOB

CnocoBbl duKkcauuu Puc. 20

MoAWKUNHUKK C ULUNUHAPUYECKUM OTBEPCTHEM

Mpu nocagxe Konew NoAWMUNHUKOB C HATAMOM
OHM 0BbIYHO MOHTUMPYHOTCS TaKUM 0BPa3oM, YTo-
bl 0IHO KOSbLIO YNMPANOoCh B 3anfeyu1K Bana
(—=> puc. 19) unu kopnyca. C NpOTUBONONOXHOM
CTOPOHbI BHYTPEHHUE KOMbLA 06bIYHO DUKCUPY-
FOTCA CTONOPHOM rarkor Tvna KM co ctonopHow
Wwarn6orn MB, yctaHoBneHHow Ha Topue Bana
(= puc. 19), unu Topuesor NnacTMHoM

(= puc. 20). HapyxHble konbLa, kak Npasuro,
DUKCUPYHOTCA KPbILLKOW Kopryca (—> puc. 21)
UK pe3bBoBbIM KombLIOM (= puc. 22).

Puc. 21

Puc. 19 Puc. 22
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anMeHeHME noagwnnHUKOB

BMecTo LenbHbIX 3anne4nKoB Ha Bany U1 B
Kopnyce 3a4acTyro yaobHee UCMoNb30BaTh pac-
NOPHBbIe BTYNKK WK KOMbLiA, yCTaHaBAMBaeMble
MeXy KofbLaMW NOALIMIHUKOB UK MeXy
KOMbLIOM NOALLMMHUKA U CONPSKEHHOM AeTanbHo,
TaKow kak 3y6uartas nepegada (—> puc. 23).

Mcnonb3oBaHue CTONOPHBIX MPYXKUHHbIX KO-
new N9 0CeBoM hUKCaLMMU NOALLMIHUKOB Kaye-
HUA NO3BONSIET CIKOHOMUTL MecTo, obneryaet
MOHTaX M [IEMOHTaX, a TakKe yNpoLLaeT Mexa-
HUYeckyo 06paboTKy Banos U OTBEPCTHIA KOPMY-
coB. Ecnu oxkugaeTcs Bo3AeMCTBUE OCeBbIX Ha-
rPY30K CpeAHeM Unu 60NbLLIOK BENIUYMHBI,
MeXy KOMbLOM NOALLMMHUKA U CTONOPHbIM
NPY>XXMHHbLIM KOMbLIOM CreflyeT yCTaHoBUTb
YNOPHOE KOMbLO BO U3bexaHue gedopMaLiu
NPY>KMHHOO KONbLA NOf AeNCTBUEM CITULLIKOM
60NbLIMX U3rMBarOLLIMX MOMEHTOB (—> puc. 24).
[Mp1 HeoBX0AMMOCTH, BENIMYMHA OCEBOrO 3a30pa
MeKy CTOMOPHbIM NPYXKUHHbLIM KOMbLIOM W ero
KaHaBKOM MOXeT BbITb YMEHbLLIEHA NYTEM Bbl-
60pa COOTBETCTBYHOLLIMX [OMYCKOB [/11 YNOPHOro
KOMbLia, MMB0 NYTEM YCTAHOBKU PErynmMpoBoY-
HbIX NPOKMAM0K.

Lpyrum cnocoboM 0ceBoi buKcaLmnm nog-
LLIMMHMKA, LUMPOKO MCMOofb3yeMbiM Ha 060pyno-
BaHWM C NPELM3MOHHBIMW NOALLMMNHAKAMK, AB-
NAETCS UCMOMb30BaHUe CTYNEHYATOM BTYSKH C
Tyrow nocafKok Ha sany. [JononHuTebHasa uH-
cbopMaums npefcTasneHa 8 pasaene «/Tpeymsm-
OHHble NOALWHAHUKK (=> skf.ru).

Puc. 23 Puc. 24
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MoAWKUNHUKK C KOHUYECKUM OTBEPCTHEM

MoALWMNHUKM C KOHUYECKUM OTBEPCTUEM, yCTa-
HaB/IMBAEMbIE HEMOCPEACTBEHHO Ha KOHUYECKOM
LuevKe Bana, 00bIYHO YAEPXKUBArOTCA Ha Bany
NPY NOMOLLIM CTOMOPHOM rakku (= puc. 25).

MpH UCNONb30BaHUM 3aKPENUTENLHOM BTYKKU
Ha CTYNeHYaToM Basly Mexay 3anfieynkoM Bana
W BHYTPEHHWUM KOJbLIOM NOALLMMHUKA C OAHOM
CTOPOHbI BCTasnseTcs L-o6pasHoe pacnopHoe
KOnbL0, He BXogdaLlee B komnnekT noctasku SKF.
C Opyrov CTOpOHbI CTONOPHAA ramnka dpuKcupyeT
MNOSIOXKEHWE NOALIMMHMKA OTHOCHUTENbHO BTYSIKM
(= puc. 26). Mpu Mcnonb3oBaHUK FNAfAKMX Ba-
0B, HE UMEHOLLIMX LIENbHbIX 3aMeYnKoB
(= puc. 27), ocesas rpy3onogbEMHOCTb Nof-
LUMMHUKA ONPEedensaeTcs CUNon TPEeHUS, CO3aAaH-
HOW Mex[y BasioM v BTynkok (= «Camoycra-
HABIMBAFOLLMECS LLIAPHKOMOALLMITHUKM,
ctp. 537 u «Cpepryeckne porMkonogLIMIHN-
Kku», cTp. 879).

Ecnu nogwmnHuK ycTaHaBnMBaeTcs Ha CTaK-
HOW BTYJIKe, BHYTPEHHEE KOMbLO A0/HKHO MMETb
0MopY, B KAYeCTBe KOTOPOW MOXET UCMOSb30-
BaTbCsl, HANpPKUMep, PacropHoe KosbLo, Hepeako
06 beAMHEHHOE C NABUPUHTHBIM KonbLoM. Oce-
Bast UKCALMA CTAXRHOM BTYIKM OCYLLIECTBNAETCS
NP1 NOMOLLIM TOPLEBOW NACTUHBI MW CTOMNOP-
HOM rarku (= puc. 28).

Puc. 25

akF

OceBas duKcauma noaLLIMNHUKOB
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Puc. 26

Puc. 27

Puc. 28
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anMeHeHME noagwnnHUKOB

PasMepbl onop v rantenen Tabnuua 13

Pa3Mepr neTaneﬁ, COI'IpFI)KéHHbIX cnoawnnHn- PasMepsl npoToyek
KoM (HanpuMep, 3anneyrku Bana v Kopnyca,
pacnopHble BTYNKK), AOMXHbLI 0becneynsats no-
CTaTOYHYH ONOPY AN Kofew NOALUIMAHUKOB.
BarkHo 06ecneymnTb 0TCYTCTBME KOHTaKTa MeXay
BpaLLaroOLLIMMMCA 3fIeMeHTaMM NOALLMMHMKE 1 h
HEeNoOBUXHLIMU CONPSAXEHHLIMK feTanamu. Pe-
KOMeHAyeMble pa3Mepbl 3aneunkos U nepexoq- —
HbIX FranTenem npusegeHs! B Tabnuuax nogLwm-
MHUKOB.

lNepexo MeXay N0CafoYHLIM MECTOM NOALLIMM- ha| e |1
HUKaA M 3aN1eYMKOM Bana UMK KOpMyca MoXeT s
6bITh BLINONHEH B BUAE ranTeny B COOTBETCTBUM _L
C pa3Mepamu T, U rp, NPUBEAEHHBIMU B TaBnuLax
NOJLLMMHUKOB, UNK NpoToukK (—> Tabnuua 13).
Yewm GorbLie pafnyc rantenu, Tem fydiue pac-
npefeneHye HanpsXXeHWH B 30He yBENMUYeHUs R L0 O
auameTpa Ha Bany. B cBf3u ¢ 3TuM, Ha Tkeno- Pacok

NoAWKUNHUKOB

Harpy>eHHbIX Banax, kak NpaB1no, TpedyroLLmx E
6onbLuero paguyca rantenu, 4 co3gaH1s 4o-
CTaTOYHOM OMOPHOM NOBEPXHOCTM CedyeT ycTa-
HaBNMBATb PacNOPHOE KOMbLIO MeX .y BHYTPEH-
HUM KONbLIOM NOALUMMHMKA W 3aNfeYnUKOM Bana.
PacnonoxeHune Topua AaHHOro KonbLa, ynupa-
FOLLIerocs B 3ansieymnk Bana, 4OMKHO MCKHYaTb
KOHTAKT C rantenso (= puc. 29).
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Puc. 29
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TopoupansHble ponukonogwunHuku CARB

TopoupanbHble ponukonoawmnHuku CARB mo-
ryT KOMMNEeHCMPOBAaTL 0CEBOE CMELLIeHWe Bana
BHYTPM NofLMmnHMKa. YTobbl obecneunTs Bo3-
MOYKHOCTb TaKOr0 0CEBOro CMELLieHUs Basfa oT-
HOCUTENbHO Kopnyca, He0BX0AMMO NpedycMo-
TpeTb JocTato4Hoe cBo6oaHoe npocTpaHcTso Cy
¢ 06eunx CTOpoH nogLumnHuka (= puc. 30).

LononHutensHas MHGOPMaLMA NpeacTasne-
Ha B pasfene « TopomugasbHbIe POSTMKOMOALLM-
Huku CARB> (= ctp. 957).

akF

OceBas duKcauma noaLLIMNHUKOB

Puc. 30
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anMeHeHMeﬂOﬂmMHHMKOB

KoHCTpyKUMa conpsaXKeHHbIX
netanew

JL10poXKK KaueH1a Ha Banax W B Kopnycax

Lns peanusauuny NonHOM rpy3onogbEMHOCTH
LUMAMHAPUYECKUX U UTOMbYaTLIX PONMKONOd-
LUMMNHKWKOB C 0[JHWUM KOMbLIOM M BCEro NoaLIMn-
HWUKOBOTO y3Ma, AOPOXKK KaYeHWs Ha CONPSXKEH-
HbIX JeTansax fOMKHbI UMeTb TBEPAOCTb

58-64 HRC. LLIepoxoBaTocTb NOBEPXHOCTH
nomkHa BbiTb Ra < 0,2 MkM unn R, < 1 Mkm. Tpu
MeHee XECTKMX TPeOOBAHMAX K NOALLIMIHUKOBbIM
y311aMm, NOBEPXHOCTU MOrYT UMETb MEHbLLYH
TBEPAOCTL M Boree BbICOKYH) LLIEPOX0BATOCTL
MOBEepPXHOCTEN.

Kpyrnocts gonxHa 6biTk B npegenax 25 %, a
[onyck o6LLero pagManbHoro 6ueHus — B npe-
nenax 50 % dakTUyeckoro gonycka Ha guameTp
LOPOXKM KaueHus.

LonycTiMble BETMYMHBI 0CEBOMO BUEHUs 10~
POXEK KaYeHWs Ha Banax 1 B Kopnycax Ans KoM-
NMeKTOB YNOPHbIX POSIMKOB C Cenapatopamu
aHanorMYHbl 3TUM XKe BeNUYUHAM ANA TYruX v
CBOOOAHBIX KOMew YNopHbIX NOALUMIHUKOB
(= Tabnuua 10, cTp. 144).

Lns M3roToBReHUs 0OPOXKEK Ka4eHHs 00bIYHO
BbIOMPAIOT CTanNM CKBO3HOM NPOKANIMBAEMOCTH,
Hanpwumep, ctans Mapku 100Cré no ctaHgapty
IS0 683-17, ueMeHTMpyeMble CTanu, Takue Kak
20Cr3 unn 17MnCr5 cornacho IS0 683-17, a
TaKkxKe CTanu Ans MHAYKUMOHHOM NOBEPXHOCTHOM
3aKasku.

Pekomer/yemas rny6uHa 3akanéHHoro cos
LIOPOXKEK KAYEHWS, BbINOTHAEMbIX HA COMPSAYKEH-
HbIX [eTansx, 3aBUCHT OT PasfIMUHbIX haKTOPOB,
BK/HOYas COOTHOLLEHWE Harpy3ku, IMHaMuye-
CKOM W cTaTMyeckor rpysonoabemHocTu (P/Cu
Po/Co cooTBeTCTBEHHO), a TakKe TBEPAOCTH
cepiueBuHbl feTanew. [aHHbIM acnekT npoek-
TUPOBAHMA He UMeeT 0JHO3HAYHbIX PeKOMEeHaa-

Puc. 31

unn. Hanpumep, Npy TBEPAOCTU CEPALIEBUHBI
350 HV, pekomengyemasn rny61Ha 3akanéHHoro
cnos coctasnset nopagka 0,1 oT auameTpa Ten
KayeHws, B Clyyae, Korna BO3MOXKHbIe cTaTude-
CKME Harpysku MeHbLLEe UMK PaBHbl YKa3aHHOMW B
Tabnuuax CTaTMYecKomn rpy3onoabEMHOCTH Noa-
LwunHu1ka. Mpu paboTe NOALUMMHUKA B YCIIOBUAX
IMHAMWUYECKMX Harpy30K JOMNYCKaeTcs MeHbLuas
rny6uHa 3akanéHHoro cos. 3a 4onoNHUTENb-
HOW UHOPMaLMen oBpallanTech B TeXHUYe-
ckyro cnyxdy SKF.

IneMeHTbI KOHCTPYKUUU ONA MOHTaXa U
AEeMOHTaxa

IMpy MCNONb30BaHUM KPYNHOraBapUTHLIX Nog -
wmrnHukos SKF pekoMerayeT npenycMoTpeTb
31EMEHTbI KOHCTPYKLIMM 19 YNPOLLeHWs MOHTa-
a W IeMOHTaXa NoALwKUnHKKoB. Hanpumep,
nasbl UMK BLITOYKM B 3anfieynkax sana u/mnu
KOpMyca No3BOMAHT MCMOMb30BaTh PEKOMeH ye-
MbIM EMOHTaXHbIM UHCTPYMEHT (= puc. 31).
Pe3b60Bble 0TBEPCTMA B 3anfe4MKax kopnyca
Takxe No3BoNAT UCNONb30BaTh 6ONTLI ANS
CMeLLIeHUA NOLLMMHWKA C ero NocafgoyHoro Me-
cta (= puc. 32).

Ecnu B npoliecce MoHTaXa WM fIeMoHTaxa
NOJLUMMNHAKOB Ha KOHWYECKWe NOCafoYHbIe Me-
cTa U AEMOHTaXa C UMAMHOPUYECKUX NOCaf0Y -
HbIX MECT NpeanonaraeTcs UCnosb308aTh METOS
ruapopacnopa, Heo6xoamMMo 06ecneynTb Hanu-
uMe KaHanoB W kaHaBoK Ha Bany (= puc. 33).
PekoMeH/jyeMble pasMepbl COOTBETCTBYHOLLIUX
KaHaBOK, KAHaNoB W Pe3bBOoBbIX OTBEPCTHI AN
nofcoeMHeH s NofaroLLIMX MacronpoBooB
npusegeHsl B Tabnuuax 14 1 15.

Puc. 32
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KoHCTpyWpoBaHWe conpskEHHbIX AeTanen

Puc. 33
i
It i
=&
Tabnuua 14 Tabnuua 15
P MacnonoABoAALULMX KaHaNoB U Tunwup pe3sbb oTBEpPCTUH ANA
paci noac Mac P
VAN |
Na * —\1 \ Ga Na Ga
P l
G, ‘
N
— N~ g
— TunA Tun B
HOuametp Pasmepsb! Pesbba Tun Pasmepbl
nocajoyHoro Mecta
b, ha i N G, Gp Gl N,
Gonee  BKN. MaKc.
MM MM - - MM
- 100 3 0,5 2,5 2,5 M6 A 10 8 3
100 150 4 0,8 3 3
150 200 4 0,8 3 3 G1/8 A 12 10 3
200 250 5 1 4 4 G1/4 A 15 12 5
250 300 5 1 4 4
300 400 6 1,25 4,5 5 G3/8 B 15 12 8
400 500 7 1,5 5 5 61/2 B 18 14 8
500 650 8 1,5 6 6
650 800 10 2 7 7 G3/4 B 20 16 8
800 1000 12 2,5 8 8
L = WwupuHa nocago4Horo Mecta NoaLLMnHAKA 1) 3¢ppekTUBHAA ANMHA Pe3b6OBOI YaCTH
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ﬂpumeneuue noagwnnHUKOB

Bbi6op BHYTpeHHEro 3asopa
WNu NpeaHaTara

[uana3sox paboyero BHyTpeHHero 3asopa/npea-
HaTAra B NOALUMNHKUKe ONpeaensaeTcs cnedyro-
LIMMK paKTOpaMM:

e onpeaenéHHbIN KNacc BHyTpeHHero 3a3opa/
npeaHaTara noaLwMnHUKa

o aKTUYeCKWe NoCadKM UMK PACcCTOsHKUE CMe-
LLIEHMS NOALLUMMHUKA N0 YCUITMEM Ha KOHW-
YeCKOM NocagoyYyHoM MecTe

® Hanuyue 0edeKToB GopMbl

* nonyyeHHbIV 3a30p/NpegHaTar nocne perynu-
POBKM NOALLUMMNHUKOB OTHOCUTENbHO ApYr
apyra

® W3MeHeHWe pa3Mepos 13-3a TennoBbIgeNneHus
npw paboTe (Npu 3anycke, BIMAHUE NOrOOHbIX
YCIOBUM MNM creldryeckme yCNoBKs
paboTbl)

Kpome Toro, BO3MOXHO paccMoTpeH1e gedop-
MaLuK Bana U 0CeBOr0 CMELLIEHUS Mexay BHY-
TPEHHWUM W HapY>KHbIM KOSIbLIAMK, Hanpumep,
0N TopouaansHeix ponukonoawunumkos CARB.
BenununHa paboyero BHyTpEHHEr0 3a30pa UK
npegHaTara B NoALLIMNHUKE BNUAET Ha YPOBEHb
CWN TPEHWS, Pa3Mep 30HbI HArPYXKeHWA 1 ycTa-
NOCTHLIM pecypc. [Auarpamma 2 nokassisaet
B3aMM03aBMCUMOCTb BHYTPEHHero 3a3opa/npes-
HaTAra v 0CHOBHbIX pabounx napametpos. Oua-
rpamma asnseTcs 0606LLEHHON U OCHOBAHA Ha
[aHHbIX NOALMMNHUKOB, paboTatoLLMX B HOP-

[Munarpamma 2

3aBucUMOCTb paﬁoqero 3a3opa Unu NnpeaHaTAra ot 0CHOBHbIX paﬁo-mx ycnosuﬁ

Pa6oTocnocoGHocTs
2,07 .

1,81

1,6

1,4

1,2

1)

1,0

0,84

0,6 U

0244

MomeHT TPEeHUA KayeHusa

Pecypc noAWKnNHKKA

U
0,4 'I Weum

0 T
-2 -1 0
MpepHatar

3asop

1) CooTHoLueHWe 1 03Havaer, YTo Bce Tena kayeHus Harpy>eHb!

2 nDEDhIBMCTaH JIMHWA yKa3blBaeT Ha HecTabunbHble paéowme ycnosus
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MaSTbHbIX YCMOBMAX M HArPY>KEHHbIX UCKITHOUM-
TenNbHO pafranbHON HarpysKou.

HenocrtosHcTBO HaTara, Bbl3BaHHOE N0OCaAKOM,
a TakxKe pasHuua paboUrx TemMneparyp BAUSHOT
Ha paboymm 3a30p UM NPegHATAr, YTO AOKHO
YUMTBIBATLCA NPU BbIBOpE NOAX0AsALLEro Knacca
BHYTPEHHEro 3a30pa WnuW npeaHaTara. B craH-
[APTHbIX YCNOBMAX NOALLUMIHWKM JOMKHbI pado-
TaTb C BHYTPEHHWM 3330POM.

BHYTpeHHWH 3a30p WU NpegHaTAr

B 60MbLUMHCTBE Cly4aeB NPUMEHeHUA NOALLIMN-
HWMKK PaBoTarOT C HEKOTOPHIM OCTATOYHBIM 3a-
30poM. Kak npaBuno, ontuManksHbIM SBRSeTCA
Marnbli paboymii 3a30p YyTb BoMbLLE HYNEBOro
(= aunarpamma 2).

Heckonbko 60nbLLKM 3230p MOXET MCMOMb30-
BaTbCS NPU:

® BbICOKMX 4aCTOTax BpaLleHna Oona ymeHbLie-
HUA TeNNOBblIOENEeHNA U3-3a TPEHUA

® nedekrtax ¢opmMbl NOCAA0YHOIr0 MecTa Ha
Bany Unu kopnyce, TaknMx Kak 0BaJibHOCTb

BenunynHa HayanbHOMo BHYTPEHHEro 3a30pa B
LIOMOHTaXHOM COCTOSIHWM W [ONYCTUMas BENU-
UMHa ero yMeHbLUEeHWs 3aBUCHT OT TUNa W pas-
Mepa NoJLUMNHKKA. YMeHbLUeHWe 3a30pa, Bbl-
3bIBAEMOE NOCAAKOW C HATATOM, MOXET noTpe6o-
BaTb HAYanbHOro BHyTPEHHero 3a3opa GofnbLue
HOPMasbHOr0, BO M36eXaHWe BO3HUKHOBEHWA
BO3MOXHOMO NpefHaTAra NoALMNHUKA

(= puc. 15, cTp. 167).

Mcnonb3osaHue npegHatara (oTpuuaTenbHbIN
pabounii 3a30p) UMEET CBOM NPEUMYLLIECTBA, HO
TaKKe MOXeT UMeTb HegocTaTku. [ns obecne-
YEHMs BbICOKOM CTEMNEHM XKECTKOCTH LieN1ecoo-
6pa3Ho MCMonb30BaTh HeBOMbLLIOKW NpeaHaTar
(= «[pegHarar nogwnnH1KoB, cTp. 214).

J1érkuit npegHaTar MoxeT Takke noTpedo-
BaTbCA B YCIIOBUSIX OTCYTCTBMS HArpy3ku Unn
KpawHe NErkoro Harpy>XxeHus NogLUMNHWKA BO
Bpems paboTbl.

B 10 e Bpems, cnuLKoM 6onbLLIOK npegHaTar
MOMET Bbl3BaTb Neperpes NoALLMMHMKA C nocne-
LYHOLLMM YBENMYEHUEM NpedHaTara, TReHUS v
TennoBblAeneHNs, YTO MOXKET MPUBECTH K 3aKNU-
HWUBAHWIO NOALLMMNHMKA.

Bonpoc Heo6xo0aMMoCTH NpeaHaTsra MoXeT
ObITb [OCTATOYHO CMOPHbIM, ECITU NOALLMMHUK pa-
6oTaet ¢ nerkum npeaHaTaromM (= guarpamma 2,
30Ha Mexay O 1 —1). B gaHHOM cfyyae BO3MOXHO

akF

Bbi6op BHyTpeHHero 3a3opa MK npegHartara

BO3pacTaHWe CUN TPEHUS W, Kak pesynbTarT, no-
BblLLEHWE TeNNOBbLIAENEHMS.

HecMoTps Ha T0, 4TO NOALLUMMHWKK BCEX TUMOB
MoryT paboTaTh ¢ HekoTopbIM npegHaTarom, SKF
pekoMeHayeT 06ecneymnTb BHYTPEHHMI 3a30p
npu ux pa6ote. Hannuue BHyTpeHHero 3asopa
0C06EeHHO BAXKHO /19 POSIMKOMNOALLIMMHWUKOB, Ta-
KMX KaK UMMUHOPUYECKHe, UronbyaThle, Chepu-
Yeckue ponUKONoALMNHKUKA U TOpoMaanbHble
ponukonogwwmnumku CARB.

BHYTpeHHWH 3a30p NOALUIMNHMKA

Boi6op knacca 3asopa

BenuuuHbl BHyTpeHHero 3a3opa, Np1MBeaEHHbIE B
COOTBETCTBYHOLLIMX pa3aenax katanora, geq-
CTBUTENbHbI ANS NOALWWNHWUKOB B JOMOHTAXHOM
coctoaHuu. [ns sbibopa nogLMnHMUKa C ONTH-
MaSibHbIM BHYTPEHHWUM 3a30pOM HEOBX0AMMO B
nepBsyro o4Yepenb onpenenuTts TpebyeMbii pabo-
UM 3a30p B NoALLMNHKKE (C y4ETOM BCex napa-
MeTpoB).

BBuOy MHOXeCTBa ¢hakTOpoB, BAMAHOLLMX Ha
BHYTPEHHMM 3a30p B NOALUMMHUKE NPH 3KCNya-
TalMK, [aHHbIe PACYETLI 3P PEKTUBHEE BbIMNOS-
HATb C NOMOLLIbHO COBPEMEHHbIX KOMMbHOTEPHbIX
nporpamm. SKF pekomeHayeT ncnonb3osath
0[QHY U3 KOMMbHOTEPHbIX MPOrPaMM, AOCTYMHbIX B
TexHuyeckom cnyx6e SKF. 3Tn nporpammsl yum-
TbIBAFOT AONYCKW HA U3rOTOBNIEHUE COMPSAXKEH-
HbIX AeTanen, Nocafkv 1 NoBbILLEeHWe TeMnepa-
Typbl AeTanen 4ns sblYncieHus Tpedyemoro F
HayanbHOro BHYTPEHHEr 0 3a30pa.

Heo6x041MbIM HavasbHbIM BHYTPEHHWI 3a30p
NOALIMMHMKA B JOMOHTAXXHOM COCTOSHMM onpe-
fensieTcs no dbopmyne

T=Top + Ar + Alemp

roe

r = TpeByeMbli HavasbHbIM BHYTPEHHWH
3a30p B NOALLUMMHUKE B JOMOHTAXHOM
COCTOAHUM [MM]

Yop = Tpebyembiit pabounii 3a3op [Mm]

Arg; = yMeHblLeHWe 3a30pa, Bbi3blBaeMoe
nocaaxon [Mm]

Artemp = YMEHbLUEHWE 3a30pa, BbI3bIBAEMOE
pasHu1Led Temnepatyp [MM]
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ﬂpumeneuue noagwnnHUKOB

YMeHbLIeHWe 3a30pa, Bbi3biBa@MOE NOCAAKOM C
HaTArom

YMeHbLLUEeHWe paBHO BeMUYKMHE NOCAAKM C HATA-
TOM, YMHOXEHHOW Ha NOHMXaOLLIMK KO3bdULM-
€HT no bopmyne

Arﬁt = Al f1 + Az f2
rae

Ari = yMeHbLUEeHHWe 3a30pa, Bbi3blBaeMoe
nocaaxom [Mm]

f1 = NOHMXAIOLLUMK KO3 DULMEHT AN
BHYTPEHHEro KofbLa
fo = NOHWXAIOLLUMK KO3 DULMEHT AN

Hapy>HOro KonbLa
N = 3ddeKTUBHARA NOCaaKa C HAaTArOM MeXay
BHYTPEHHWM KOfbLIOM U BanoM [Mm]

D, = 3ddexTUBHanA N0CaaKa C HaTArOM MeXay

Hapy>KHbIM KOMbLIOM W KOPMYCoM [MM]

BenuuunHa noHukaroLlero koadduumeHTa Mo-
eT BbITb ONpeaeneHa no guarpamme 3 8 3a-
BMCMMOCTM OT OTHOLLIEHWUS AMaMeTpa 0TBEPCTUS
nofwmnHuka d Kk Hapy>kHoMy guameTpy D. [aH-
Hble Ha Avarpamme cnpasegnuBbl 4N CNoLW-
HbIX CTasTbHbIX BA0B W YYrYHHOr0 UMK CTasbHO-
ro kopnyca. [ns nonyyeHus 3pbekTUBHOM
NOCafKM C HAaTArOM MOXET MCMOMb30BaTLHCA
cpeaHee 3HaYeHUe HaUMEHbLLIEW U HanBonbLLIeN
BeSIMUYMH BEPOSTHOrO HATAra, YKa3aHHbIX B
Tabnuue 7 (= ctp. 178) u Tabnuue 8

(= crp. 190).

YMeHbLUeHMe BHYTPEHHEro 3a30pa, Bbi3blBaeMoe
pasHULen TeMnepaTyp Konewy nogLwnnHUKa

Ecnu BHyTpeHHee KonbLo UMeeT Bonee BbICOKYH
TeMnepaTypy, YeM Hapy>KHoe, BHYTPEHHWH 3a30p
NOALMNHMKA yMeHbLIaeTcs. Pacyér ymeHbLue-
HUWsl BHYTPEHHEero 3a30pa BbINOMHAETCS NO
dopmyne

Ariemp = a.dy AT
roe

Artemp = YMeHblUeHWe 3a30pa, Bbi3biBaeMoe
pasHuueli TemnepaTyp [Mm]

dm = CpemHui guaMeTp NoALMnHKUKa [Mm]
=0,5(d +D)
o = K03 PULMEHT TeNNOBOrO

paclumpenus [°C1
ans cranv =12 x 1076

AT = pasHuua TemnepaTtyp Bana v
kopnyca [°C]
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[HAwnarpamma 3

Koaddpuumnentsl f4 u f, Ana yMeHbLIEHHWA BHYTPEHHEro
3a30pa, BbI3bIBAEMOr0 NOCAAKOH C HATATOM

HapysHoe
KOMbLO

0,8 BHyTpeHHee konbLo

0,74 T T T T 1
0,4 0,5 0,6 0,7 0,8 0,9

d/D

[Munarpamma 4

PasH1ua Temnepatyp npu nycke

Temnepatypa

TemnepaTypa oKpyyKaroLLen cpeasl

Bpewms

Pa3sHuua TemnepaTyp Mexay AeTansMu1 B nepu-
0[] Nycka MOXeT BbITb HAMHOFO BhILLE, YEM B
yCTaHOBMBLLIEMCA pexxnMe (—> auarpamma 4),
4TO MOXET BbI3BaTh HeXenaTeNbHbIM NpegHaTar.
OueHb BaXKHO NPefOTBPATUTL JaHHbLIN NpegHa-
TAr BO BpeMs nycka 060pya0BaHKUa, NOCKOMLKY
NaXe KOPOTKW# nepuof paboTkl C NpeHaTAroM
MOET 3HAUMTENbHO CHU3UTL NOCenyHoLLMI
cpok cnyx06bl noawmnHuka. OgHUM M3 cnocobos
npefoTBpaLLeH1s Ype3MepHOro Harpesa 1 no-
crefytoLLero npegHaTara ABnaeTca nyck 06o-
PyA0BaHMA Ha Manol CKOPOCTH M NOCTeNeHHoe
yBeNMyYeH1e 4acToThl BpaLLieHus.
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MpepgHaTtar nogWwMNHUKa

B 3aBMCHMOCTH OT chepbl NpUMEHEHUS NogLLMN-
HUKOBBIX Y310B MOYXKET BO3HWKHYTb Heo6xoam-
MOCTb B NpefBapuTeNlbHOM HaTsAre NoALLIMMHU-
KOB, TO €CTb MOSyYEeHUs OTPULIATENBHOrO
pabBoyero 3a3opa B NOALLMIHHUKE.

B HekoTOpbIX y3nax, HanpuMep, B LUNUHAENAX
CTaHKOB, aBTOMOBMbHBIX AUdbdepeHLmranax,
3MeKTpoaBUraTensx, rae NpeaHaTar nosbIaeT
YECTKOCTb MMM TOYHOCTb BPALLIEHMS, NP OTCYT-
CTBMM BO3MOXKHOCTH MUCMOMNb30BaHWSA PErynupo-
BouHbIX raek SKF pekomeHayeT obecneynsats
NpeaHaTsr ¢ NOMOLLbH NPYXKH. [Tpy>KKHbI Takke
LOMKHbI MUCMONbL30BATLCA NPU NEMKMX HArpy3Kax
WIM NIPU MX OTCYTCTBUM N5 00eCNeYeHn MUHKU-
MarbHOr0 Harpy>KeHUa NoALWMNHUKOB (= « Tpe-
6yemas MUHUMAsIbLHASA HArpY3Ka», cTp. 86).

MpenHaTsar MoXeT ObiTb 0603HaYeH B BUaE
CHIbI UMW BENUYMHBI NEPEMELLIEHUS KOMbLa, HO
06bIYHO B TEXHWUYECKUX TPEBOBaHMSAX YKa3blBaOT
HeobxoaMMoe ycunue.

B 3aBMCMMOCTH OT cnocoBa perynupoBku
npeaBapuTenbHbIM HAaTAT KOCBEHHO BIIMSIET Ha
MOMEHT TPEHWS B MOALUMMNHUKE.

3MNUpUYECKUEe BENUYMHbI NPEABAPUTENBHOMO
HaTAra MOXHO NOJTYYMTb U3 PE3YNbTATOB KOH-
TPOJbHbIX 3aMepOB anpo6MPOBaAHHBIX KOHCTPYK-
UMM, HA TEXHUYECKUE XapaKTEPUCTUKU KOTOPbIX
MOXHO nonaraTbcs Npy paspadoTke NoAo6HbIX
KOHCTPYKUMK. Lns HoBbIX KOHCTPYKUMM SKF pe-
KOMeH[yeT NpOM3BOOMTL PacyET CHMbl NpegHa-
TSra v 3aTeM NpoBepsiTb TOYHOCTb TEOpPeTHYe-
CKMX NapaMeTpoB NYTEM TECTOBbIX UCMbITAHWM
obopyaoBaHus. B LenoM, Ha cTaguu NpoeKTUpo-
BaHWsA ONpeaenuTb BCe BNUsIoLLME Ha paboTy
$aKTOpbl HEBO3MOXKHO, NMO3TOMY MOXET NoTpe-
60BaTLCA PerynMpoBKa a1s KOPPEKTUPOBKH YCH-
NS NpegHaTara. TOYHOCTb PACYETOB 3aBUCHT OT
TOr0, HACKOMbKO TOYHO MPOrHO3UPYEMbIH TeMne-
paTypHbIN pexuM paboTsl U ynpyrie qedopma-
LMK CONPAMKEHHBIX AeTanei, 0cobeHHo kopnyca,
COOTBETCTBYHOT peasibHbIM YCIOBUAM
3KcnyaTaumu.

06wue ceegeHmns o npegHaTare

B 3aBMCMMOCTM OT TWNA NOALLMMHWKA NpeaHaTAr
MO>KET ObITb paauasbHbIM UK ocesbiM. Hanpu-
Mep, UMMHOPUYECKHE POSTUKOMOALLMIHAKM B
CUNY CBOEH KOHCTPYKLMU MOTYT MMETb TONbKO
paauarnbHbli NPeaHaTsr, B TO BPEMA KaK yNopHble
LUAPUKOMOALLMMHWKM U YNOPHbIE LUMIMHAPUYE-
CKUE PONMKONOALIMMHUKW — TOMBKO OCEBOM
npeaHartar. OgHopsaaHbIE PaaranbHo-yNopHbIe

akF

Bbléop BHYTpPEHHEero 3a3opa Unu npegHatara

Puc. 34

O-o6pasHas cxema

X-o06pasHas cxema

LLIAPMUKOMOALLIMIMHWKMA U KOHUYECKME POSIUKONOd-
LMNHKKK (= puc. 34), KoTopble 06bIYHO Noa-
BEpraroTCs 0CEBOMY NpeaHaTary, Kak npasuno
MOHTHPYHOTCS COBMECTHO CO BTOPbIM NOALLMMHM-
KOM TOr0 e Tuna v pasmepa no 0-o6pasHoM unu
X-06pasHon cxeme. K paguasnbHbIM LLAPUKONOL -
LUMMHUKAM TaKKe MOXKET NMPUMEHSTHLCS 0CEBOM
npegHatar. [ns 3Toro paguanbHbiv BHYTPEHHWH
3a30p 3TUX NOALLUMMHWUKOB JOIKEH NPEBbILLIATH
HOPMasbHbIM pagranbHbIi BHYTPEHHWUH 3a30p
(Hanpumep, C3), 4To6bl, Kak 1 B Clyyae paauarb-
HO-YMOPHbIX LLIAPUKOMOALLUMMHWKOB, YO KOH-
TakTa Bkl GonbLue Hyna.
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anMeHeHME noagwnnHUKOB

NS KOHMYECKMX PONIMKONOLLLMAHWKOB W pa-
QManbHO-YNOPHbIX LUAPMKONOALIMAHUKOB pac-
cToaHue L Mexay LieHTpaMu AaBnenus Byget
6onblie B Clyyae, eCiiv 3TM NOALWMIHUKM ycTa-
HosneHsl no 0-oBpasHok cxeme (= puc. 35), no
CpaBHEHUIO C UX YCTaHOBKOM Mo X-06pa3sHoi
cxeMe (= puc. 36). 3T0 03HaYaET, YTO NOALLIMM-
HWKM, ycTaHoBMeHHble no O-o6pasHoii cxeme,
CNocoBHbI KOMMNEHCMPOBaTL G0NbLLME ONPOKM-
AbIBAFOLLIME MOMEHTBI jaxe B TOM Crlyyae, Koraa
paccTofHWe Mexy LIeHTpaM1 NOALLMMHWUKOB
CpaBHWUTENLHO HeBenuko. PaguansHsle Harpys-
K1 1 fecopMaLmMa NOALLMMHMKA Nof BO3Aew-
CTBMEM ONPOKMAbIBAOLLIEr0 MOMeHTa By ayT
MeHbLLIe NP1 PacnooXeHUK NOALIMMHUKOB MO
0-06pa3Hoi cxeMe, 4eM B CIlydae pacrnonoxe-
HWs no X-06pa3Hoi cxeMme.

Puc. 35

0-o6pasHas cxeMa
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Ecnu B npouecce paboTsl Ban Harpeerca 4o
Goree BbICOKOW TEMMepaTypbl, Y4eM KOpMyc, TO
BefiMYMHa NpegHaTara, kotopas Bbina oTpery-
NMPOBaHa B NPOLECCe MOHTaKa NpH 00bIYHOM
TemnepaTtype OKpy»<atoLLlen cpeabl, yBeNUUUTCS.
Takoe yBenuueHWe 6yaet BonbLue Npu pacnono-
eHWu noaLmMnHukos no O-o6pa3sHoi cxeMe,
ueM no X-o6pasHoii cxeMe. MNpu ycTaHoBKe nof-
LUMNHKKOB No Nto6oK cxeme TennoBoe paciuu-
peHWe BHYTPEHHEro KombLa B PAAUanbHOM Ha-
NpaBneHnu SBNSETCS NPUYUHON YMEHbLLEHUS
BHYTPEHHEr0 3a30pa UK YBENMYEHUS NpeaHa-
Tara. CnepyeT UMeTb BBUAY, YTO B Clyyae ycTa-
HOBKM nofLumnHWKos no 0-oBpasHoi cxeme
MPOMCXOOMUT 3HAUMTENBHOE YBESTMYEHWE NpeS-
HaTAra Npy TeNNOBOM PACLUMPEHWH KoreL B
0CEBOM HanpaBfieHWH, HO AAHHbIN 3 PeKT

Puc. 36

X-o6pasHan cxema
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YMEHbLLAETCA NPU UX PACTONOXKEHUH MO
X-o06pasHoi cxeme.

TonbKo 4N NOALIMMNHAKOB C YCTaHOBKOM Mo
0-o6pa3Hoi cxeme: B 3aBUCMMOCTH OT PaccTos-
HUSA MeXOY NOALLMNHUKAMM, NPU PaBHbIX KO3h-
dULMEHTaX TENOBOro paclUMPeHWs NOLLMI-
HUKOB M CONPAXKEHHDBIX eTarnem, MoXKeT oka3a-
TbCA, YTO TEMMOBbIE PACLUMPEHUSA B OCEBOM W pa-
ManbHOM HanpaBieHUAX KOMMNEHCHPYHOT Apyr
Ipyra v BeNvyuHa npegHartara ocraHeTcs
HEWU3MEHHOMW.

b PeKT npegHaTAra NOALWMNHUKOB

K 0cHOBHbIM npenmMyulecTsaM npegHatara
OTHOCATCA:

NOBbILLIEHWE ECTKOCTH y3na

NOHWXEHWE YPOBHSA LyMa

NoBbILLIEHWE TOYHOCTHW BpaLLIEHHs Bana
KOMMeHcaLUmWs U3Hoca 1 NprupaboTku
yBenuyeH1e cpoka Cny>6sl NoALMAHUKA
(B onpenenéHHbIX ycnosuax)

MoBblWweHWe KECTKOCTH y3na

YKEcTKoCTb NoALIMNHKMKA ONpeaenaeTcs Kak oT-
HOLLEHWE CHMbl, DEMCTBYHOLLIEM HA MOALUMMHUK,
K BENIMYMHE yNpyrom gedbopMaumny B NnogLumn-
HUKe. BenuuuHa ynpyrvx gedopMaumi nog Bo3-
LeMCTBUEM HArpy3ku y NOALUMMHKKA C NpedHa-
TAroM OyOeT MeHbLLE, YeM Y NOALLIMMHWUKOB, He
MMELOLLIMX NpegHaTara.

MoHWXeHHbIW ypoBeHb LWyMa

C ymeHbLUeHWeM paboyero 3a3opa B NOALLMIHK-
Ke NOBbILLAETCS TOYHOCTL OBUXKEHUS TN Kade-
HUA B HEHArPY)XXeHHOW 30He, YTO crocobeTeyeT
NOHUKEHWIO YPOBHA LLUyMa Npu paboTe
NoALWMNHMKA.

MoBbIWeHWe TOYHOCTH BpaLLLEHMA Bana

MofLIMNHUKK, YCTAHOBIEHHbIE C NPEAHATArOM,
obecneynsaroT 6onee BbICOKYH TOYHOCTb Bpa-
LLIEHWS BaNa, Tak Kak NpeaHaTsar nosbiwaeT
YECTKOCTb, OrpaHnyMBas TEM CaMbIM OTKIOHe-
HUWs Bana noa AencTBMeM Harpysku. Hanpumep,
npeaHaTar Konbua U NOALKMNHWKOB BeAYLLMX
LecTepeH B gAMb depeHLMane NoBbILLAET XKECT-
KOCTb BCEro y3na, o6ecneynsas TOYHOE W NOCTO-
AHHOE 3auennieHune 3y6bes. 3T0 MUHUMHU3UPYET
IMHAMHUYECKME CHUbI U CHUXKAET YPOBEHb LLYMA,
4TO CNOCOBCTBYET YBENUYEHUIO pecypca
LUECTEPEH.

akF

Bbi6op BHyTpeHHero 3a3opa MK npegHartara

KoMneHcauusa usHoca v npupaboTku

M3Hoc anpadoTKa B NOOLWKMNHHUKOBOM y3ne
yBennM4nBaroT 3a30p B Npouecce akcnnyaTtaynu.
YBsenuyenve 3a30pa B npouecce paGOTbI MOX>XHO
KOMMEeHCHUpOoBaTb NpeaHaTArom.

YBenuYeHHbI pecypc NoALWUNHUKA

B onpefnenéHHbIX yCnoBmax onTUMasnbHbIv npef-
HaTar (= «Bbi6op npas1aLHOro NPeaHaTaras,
€Tp. 225) MOXET NOBbLICUTb HAOEKHOCTb PaboThl,
obecneynTb Hagnexallee pacnpegeneHye Ha-
TPY3KM MEX[Y TeNaMu KaueHus B NOALUMMNHKKE W
YBEMWYMTL pecypc NogLLIMNHUKA.
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I'IpumeHeHue noagwnnHUKOB

MpeaHaTar 8B NOAWMWNHUKOBBIX Y31ax C
PaguanbHO-ynNnopHbIMU WWapUkonoaWMUNHUKaAMHU
WU KOHUYEeCKUMHU ponukonoaWwWUNHUKAMHU

lMpu onpedeneHuy NpeaBapUTenbLHONO HaTara
npexe Bcero Heo6xoAMMO paccumuTaTh CUny
npegHatara, Tpebyemyto ans obecneyeHus on-
TUManbHOMO COMETaHWSA XKECTKOCTH, pecypca v
3KCNNyaTaUMOHHOW HaOEXHOCTM NOALLMMHUKA.
3aTeM paccyWTaHHas cMna npegHatsara ucnonb-
3yeTcs B MpoLecce MOHTaxXa nofALmnHuka. B
npouecce MOHTaXKa NOALUMMHWUKW AOMKHbLI UMETb
TeMnepaTypy oKpy>atoLen cpefbl. Ha Hux He
[IOSKHA BO3[ENCTBOBATL Kakasi-NM6o Harpyska.

Benuunna Tpebyemoro npegHaTara npu Hop-
MasibHOW paboyer TeMnepaTtype 3aBUCUT OT Ha-
rpy30K, AeNCTBYHOLLMX Ha MOALIMNHKK. Pagun-
anbHO-YNOpPHbIe LWAPUKONOALWKMIHWUKK UK
KOHUYECK1Ee POIMKONOALLIMMNHUKM MOTYT BOCMPU-
HUMaTb KOMOMHWUPOBaHHbIE pPauanbHble U oce-
Bble Harpysku. [oa Bo3gencTereM paguansHom
Harpyskv B TakoM NOALLMNHKUKE BO3HUKAET BHY-
TPEeHHAS 0CeBas Harpyska, KoTopas A0MKHa BOC-
NPUHUMATLCS BTOPbIM, «3epKabHO>» pacnonoxe-
HHbIM NOALIMNHKKOM. [TpY pagnansHoM cMelLe-
HWUW 0[IHOT O KOMbLIA NOALIMMHMUKA OTHOCUTENbHO
LIpyroro TofbKo MosIoBMHA TeN KaYeHWs Haxo-
uMTCa nof HarpyskoK. Monyyaemas ocesas Ha-
rpy3Ka Ha NOALLUMMHMK MOXET BbITb onpegeneHa
cnenyroLmum o6pasom:

® s OQHOPSAHbIX PaAUanbHO-YNOPHBIX LA-
pukonodwmnHunkos F; = R F,

® N5 OQHOPAAHbIX KOHUYECKMX POSIMKONOA-
wunHukos F;=0,5 F./Y

roe

m‘ﬁ
n

daKTMyeckas ocesas Harpyska Ha
nofLIMNHKK (= puc. 37)

F. = dakTMyeckas paguansHas Harpyska Ha
nofLIMNHKK (= puc. 37)

nepemeHHas, y4uTblBaroLLlas ycnosus
KOHTaKTa Tefl KauyeHust C NOBEPXHOCTbH
NOpOXeK KaueHus (—> «PacqéT ocesos
Harpysku 451 0GUHOYHbIX M CIAPEHHBIX 10
cxeme , TaHAeM “ NOALLMIHMKOB, CTP. 495)
Y = pacyéTHbIM KO3 PULMEHT

(= Tabnuubl noaWHUNHUKOB)

)
n

Ecnu Ha paccMaTpuBaeMbiv NOALLIMMNHKUK Aer-
CTBYeT paauansHas Harpyska F,, To ans nonHow
peanusauuu rpy3onoabLEMHOCTH 3TOr0 nogd-
LUMMHKKA K HEMY [OMKHA ObITb AOMONHUTENLHO
NPUNOoXeHa BHeLWHss oceBas cuna F, Takon xe
BeMUYMHLL. ECnn npunoxxeHHas BHELLHAS ocesas
cuna ByneT MeHbLUe paarasibHOW, KONIMYecTBo
Tes KayeHus, BOCMPUHUMAOLLIMX paauansHyo
Harpysky, 6yneT MeHbLuUe, ¥ rpy30Mnoa4bEMHOCTL
NOALIMNHMKA YMEHbLUMTCA.

B nogLmMNHUKOBOM y3ne, COCTOALLEM U3 ABYX
OAHOPAOHBIX PafManbHO-YNOPHbIX LLApUKonod-
LUMMNHWKOB UMK BYX KOHUYECKMUX PONMKONOL-
LUMMHWKOB, YCTaHOBNEHHbIX N0 0-06pasHon uu
X-06pasHom cxeMe, Kaabliv NOALWMMIHKUK [0S~
»KEH BOCNPUHWMATbL OCEBYH) CMMY B OOHOM Ha-
npasneHuu. Ecnv naHHble NoALWKMNHUKOBbIE
y3Nbl OTPErynMpoBaHbl Ha NPaKTUYECKK HYNeBOM
3a30p, pagManbHas Harpyska paBHOMEepHO pac-
npeaenseTcs Ha 4Ba NOALIMNHMKA, NPY 3TOM No-
NOBMHA TN KauyeHUs KaxkOoro NoALMnHUKa

Harpy>eHa.

Puc. 37
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B opyrux cnyvasx, npy Bo3O0eNCcTBUM BHELL -
HEeW 0CeBOM Harpy3KW MOXKET BO3HUKHYTb HeoB-
X0OMMOCTb NpeaHaTara NoALLIMIHUKOB ONA KOM-
MeHcaLuu 3a30pa, BO3HUKAOLLIEro B pesysibtaTe
yNpyrov aedopMaumu noglumnHuka. MpegHarar
Takke obecneunsaet 6onee BnaronpuaTHoe
pacnpefeneHue Harpysku B Apyrom nogLMnHU-
Ke, KOTOPbIV He HECET 0CEBYHO Harpys3Ky.

Kpome Toro, npegHaTar yBesiMumBaeT ecT-
KOCTb MOALLMIMHWKOBOrO y3na. TeM He MeHee,
cnefyeT NOMHWTb, YTO Ha XECTKOCTb NOALUMMHU=-
KOBOIO0 y31a TaKXe BWAET ynNpyrocTb Bana v
KOpnyca, TUM WX NOCafKu, a Takxe ynpyras ge-
$opMaLMs Bcex aetasnen, ConPAXKEHHbIX € Mo -
LUMMHUKAMM, BKIFOYas onopbl. Kaxabii 13 3Tux
$aKTOPOB 0Ka3blBAET BIUSHWE Ha 06LLYH ynpy-
roCTb BCEro noALwMnH1WKosoro ysna. Ocesas v
paauvansHas ynpyroctb NOALMMHMWKA 3aBUCUT OT
€r0 BHYTPEHHEeW KOHCTPYKLIMH, BENUYWHBI yrna U
YCNOBUI KOHTaKTa (TOYEYHOr0 UMW IMHENHOrO),
KonuyecTsa v pasMmepa Tes kauenus. Hem 6onb-
LLIE YrOf KOHTaKTa, TEM BbILLIE CTENEHb 0CEBOM
WECTKOCTM MOLLMMNHKKA.

Ecniv B nepBoM NprBMsKeHUU NPeanoiokuTL
MPAMO NPONOPLMOHANBHYH 3aBUCUMOCTb YNpY-
FOCTW OT Harpy3ku, T. €. NOCTOAHHbIN KO3PDULIU-
©HT )KECTKOCTM MOALLMIHWKA, TO CPaBHEHWE No-
Ka3blBaeT, YTO MPU OJHOM M TOM XKe BEeNUUnHe
BHELLUHeW 0ceBOM cunbl K, oceBoe cMeLLieHuWe B

Ocesoe c| 8 noA y3nax npu

BrewwHss oceBas c1na K,

G
Ko=Fo(l+ o5

Bbi6op BHYTpeHHero 3a3opa MK npegHarsara

NOALLMMHWKOBOM y31e, UMeroLLIeM NpeHaTAr,
BymeT MeHbLLe, YeM B NOALIMMHUKOBOM y3fie, He
uMetoLLieM npeaHaTara (—> auarpamma 5). Kox-
CTPYKLUMA NOALLUMMHUKOBOTO y3na BeayLlel Lue-
ctepHu (= puc. 39 n 40, cTp. 222), kak NpaBu1-
N0, COCTOMT U3 [BYX KOHUYECKMX POSIMKONOALLIMM-
HWKoB A 1 B pa3Horo pasmepa, MMeroLLIMX KOH-
CTaHTbI )KBCTKOCTH Ca M Cg. Ha 06a nogwmnHmka
nencTyeT cuna npeaHaTtara Fo. Ecnvn ocesas
cuna K, fercTByeT Ha nogwmrnHuK A, noawmn-
HWK B By et HeHarpyXeH 1 JoNoNHUTeNbHAS
Harpyska, AeiCcTBYFOLLIAA Ha NOALUMAHUK A, 1
oceBoe cMeLLieHWe da ByayT MeHbLLUe, YeM B
aHanorMyHoM NoALMMHUKOBOM y3fle, He UMero-
wiem npegHatara. OgHaKo Ha NOALMAHKK ONOPbI
B oceBafq cuna npegHaTara He JeNCTBYeT, U oce-
BOE CMeLLieHue BCeCcTBME AONOMHUTENbHOM
Harpy3Kk1 COOTBETCTBYET CMELLIeHHUHO B MOALLIMM-
HWKOBOM y3ne 6e3 npeaHaTara, a, crefoBaTenb-
HO, ONpenenseTcs UCKIHYUTENbHO KOHCTaHTOM
YECTKOCTM Cp, €CIIU BHELLIHAA 0CeBas Harpyska
NpeBbILLAET BEIUYMUHY

- Y
Ka—F0(1+CB)

Lns npenoTepalleHns pasrpyskv NogLUMNHUKA
B npw Bo3aencTBMM Ha NoALMNHUK A oceBom

[Hwnarpamma 5

W OTCYTCTBMM NpegHaTara

C npenHatarom Fg

Bes npegHatara

akF

Ocesoe cMeLLeHHe 3,
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ﬂpumeneuue noagwnnHUKOB

CHUnbl Ka TpeﬁyeTca cnefyroulasa cMna
npegHaTdara

_ B
FO_Ka(CA+CB)

XapakTep B3aMMOCBA3M Harpy30K W yNpyrux
nepeMeLLieH1i, BO3HWKAFOLLIMX B NOALUMMHUKO-
BOM y311e, KOTOPbIM YCTaHOBMEH C NpegHaTAroM,
a Takxke BUAHWE U3MEHEHUS BENIMUYMHBI Npef-
HaTAra NpoLLe BCero onpeaenuTs No guarpaMme
«cuna npeaHaTtara / oceBoe cMeLLieHnes
(= nmnarpamma 6). ITa guarpamma CoCTOMT U3
HemMWHENMHbIX XapaKTePUCTUK XKECTKOCTH feTa-
neM, NofBepraroLLMXCa NpeaHaTAry 0THOCK-
TenbHO ApYr Apyra, ¥ N03BONAET BLIACHUTL
cnepytoLLee:

® OTHOLLIEHWE MeXay CMNOM NpeaHaTsara v oce-
BbIM CMeLLleHWeM B npegenax noaLLMUIHUKO-
BOTO y3/1a, UMEHOLLIero npeaHaTar

® OTHOLLIEHWE MeXAY BHELLIHEeW 0CEeBOM CHUMOoM
K, W Harpy3Kkoi Ha NoALIMMNHMK 419 NoALwun-
HUKOBOTO Yy3/1a, UMEHOLLIEro NpeaHaTHr, a Tak-
e ynpyron ge¢opmallven, Bbi3biBaeMow BO3-
[ENCTBMEM BHELLIHEN CUSIbI.

Ha pnarpamme 6 Bce netanu, HarpysKeHHble
BHELUHWMM Harpyskamu npu pabote, npeacras-
NeHbl KPUBbLIMM, BOCXOAALLIMMM CreBa Hanpaso, a
BCE HEHarpy»eHHble AeTanu — KpUBbIMM, BOC-
X0[sLLMMU cnpaBsa Haneso. Kpueble 1,2 1 3 —
Ana pasHbix cun npearatara (Foq, Fop < Fop v
Foz = 0). TyHKTUPHbIE NMHUKM OTOBPaXaroT COOT-
HOLLEHWA AN 0TAeNbHbIX NOALWWNHWUKOB, a
CNNOLLHbIE — BECb NOALUMMNHUKOBLIW y3en
(noawmnHmk(K) v conpsXkéHHble getanu) ans
Pa3nNMyYHbIX CHN NpeaHaTara.

Juarpamma 6 Takxe No3BoNsAeT NOHATL 3a-
BUCMMOCTb MeXay AeTansMu, HanpyuMep, B KOH-
CTPYKLMH NOALLMMNHUKOBOIO y3na BedyLLen Le-
cTepHu (= puc. 39, cTp. 222), roe NoALWMUMHUK
A pacnonoxeH psaoM C LLECTEPHEN, a perynu-
pOBKa BEIMYMHBI NPeJHaTAra 0CyLLecTBfeTcs
CMeLLieH1eM 0THOCUTENbHO NoALIMNHKKa B.
BrelwHas ocesas cuna K, (ocesas coctasnaro-
LLjas CMN Ha 3yBbax nepeaayu) HaknaabisaeTca
Ha cuny npeaHatara Foq (kpueas 1) Takum 06-
pasoM, YyTo NoALMNHUK A noasepraeTca gen-
CTBMHO [ONONHUTENBHOM Harpy3kK1 B TO BpeMs,
KaK noJLwunHuK B pasrpyseH. Harpyska Ha
nogwunHuk A o6osHauvaetcs Fua, @ Ha nogLumn-
HUK B — Fp. MNog Bo3aencTerMeM 0ceBor cunsbl
K, Ban BefyLLeN LeCTePHM CMELLIAeTCsl B 0CEBOM
HanpasneHu1 Ha BEMUYMHY Og1.

[Munarpamma 6

BnuAHWe npesHaTAra U 0CEBOH Harpy3k1 Ha 0CEBOE C 31 y3nax
Ocesas Harpyska Fs,
cna npegratara Fo MmO
4
/ MonoxeHue nogwmnHuka A
Monosekue nofwnniiuka B [10AWMNHMK B (o6uee)
(obuee) /
\ /7
(4
N\
; /
e 7~ X\ |«
7/ i\\
2 / | \ Faa
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OceBoe cMmeLLeHve d,
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MeHbLuas no BenuumnHe cuna npegHarara Fo,
(kpvBas 2) BbibpaHa TakMM 06pasoM, YTo nof-
LUMNHUK B nonHoCTbHO pasrpysaeTcs oceBow cu-
non Ky, To ectb Fyg = 0 1 Fop = K,. B 3ToM cnyuae
Bas BefyLlew LeCcTepHU CMEeLLAeTcs Ha BeNWUYM-
HY Oa2 > Oa1.

Ecrnv y3en He uMeeT npeaHarsara (kpusas 3),
TO BENWYMHA OCEBOrO CMELLeHWs Bana BedyLLlen
wectepHu Byaet HauBonbluen (3,3 > d52).

MeToauka perynupoeku

Perynuposka — 370 ycTaHoBKa onpenenéHHowm
BESIMYMHBI BHYTPEHHEr0 3a30pa NoALLMMHKUKA
(= «MonTax», cTp. 275) unu npegHaTtara nog-
LLUMNHUKOBOIO y3na.

PaguanbHbIv npegHaTar, KOTopbIA 00bIYHO
NPUMeHSEeTCa B UMUHOPHUYECKMX PONTMKONOoa-
LUMNHKKAX, ABYXPAAHbLIX PaAranbHO-yNopHbIX
LUAPMKONOLLMMHUKAX M MHOMOA B PaAManbHbIX
LUApMKONOLLIMMHKUKAX, A0CTUraeTcs, HanpuMep,
NyTEM CO3AaHUs AOCTATOYHOW CTeneHK Nocadku
C HaTArOM OHOIO MMM 06OMX Komew NoALIMMHW-
Ka. BenuunHa nocagku [onHa Bbi3BaTb YMEHb-
LUEHWe 0CTAaTOYHOO 3a30pa [0 Hy”Ns, Tak, 4Tobbl
B npouecce paboTbl NOSBAANCA NpeaHaTar.

MofALMNHUKKM C KOHWUYECKMM OTBEPCTUEM 0CO-
6eHHO NOAX04AT AN CO3AaHWS PaauanbHoro
npeaHaTara, Tak Kak NyTém nepeMeLleHns nog-
LUMMHMKA BLOMb OCK €r0 KOHWMYECKOM Nocagoy-
HOM NOBEPXHOCTU BENMYMHA NPeaHATAra MOXET
GbITb YCTAHOBIIEHA C BbICOKOW CTEMEHbH) TOYHO-
CTH.

OceBoV NpegHaTAr NOALUMNHWKOBOrO y3na C
OAHOPAAHLIMKY PaaHasnbHO-YNOPHbIMK LLAPHUKO-
NOALMNHUKAMM, KOHUYECKUMU POSTMKOMOALLIMN-
HWUKaMK ¥ pauanbHbIMK LIAPUKONOALIMMHUKA -
MW CO34aeTcst NyTEM 0CEBOMO CMELLEHWS OAHOM0
U3 Konevw NoALIMNHKMKA OTHOCKUTENBHO APYroro
Ha HEKOTOPOE PacCTosiHWE ANA NoNyYeHUs Tpe-
6yemMoi cunbl npeaHaTara. [na perynuposku
npefHaTAra CyLLecTByeT Ba OCHOBHbIX cnocoba:
WHOMBWAOYaNbHas perynvpoBKa v rpynnosas
perynvpoBka.

MHpauBMAayanbHas perynupoeka

Mpv MHAWMBKMAYANLHOM PErynMpoBKe KaXkabIn
NOALIMNHWKOBLIM y3€N PerynupyeTcs oTaenbHO
MpY NOMOLLM raek, perynmMpoBOYHbIX NPOKNAA0K,
PacnopHbIX BTYNOK, A OPMUPYEMBIX BTYSIOK U

T. . MeToaAnKK U3MEPEHWS 1 KOHTPONS LOMKHbI
06ecneynBaTh BbICOKYH) TOYHOCTb JOCTHUXKEHNS
33[aHHOr0 HOMWHANBLHOIO NPeLHATATA C HaU-

akF

Bbi6op BHyTpeHHero 3a3opa MK npegHartara

MEHbLUMMMW BO3MOXHbLIMKW OTKNOHEHUSIMU. CyLLe-
CTBYHOT PasfinuHble Cnocobbl nonyyeHns Tpedye-
MO0 NpegHaTAra:

® METO[ OCEBOr0 CMeLLeHMs Ha 3aflaHHoe
paccTosHue

® METOA PeryfMpoBKW NpeaHaTara no MOMeHTy
TpeHUs

® MEeT04 U3MEPEHWS MPAMONO YCUIIUS
npeaHaTara

Bri6op MeToaa obecneyeHuns npeaHaTara 3aBm-
CWT, CPpeaun NpoYero, 0T KOHCTPYKLMKM 060pya0-
BaHWA U KONIMYECTBA YCTaHABMNWBAEMbIX N0~
LUMMHUKOB. [1peUMyLLIECTBO MHAMBHOYANbHOM
PerynupoBKK COCTOWT B TOM, YTO OTAEMbHbIE Ae-
Tanu ysana MoryT U3roTaBnmMBeaThCA N0 HOPMasb-
HbIM [JoMyCcKaM, NPy 3TOM BeNW4MHa TpebyeMoro
npeaHaTara MoXeT BbITh yCTAHOBNEHa C focTa-
TOYHOM CTENEHbH TOYHOCTH.
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MNpuMeHeHWe NoAWNNHUKOB

Puc. 38

Puc. 39

Puc. 40
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MeToa oceBoro cMeLeHu1s

MeTop 0ceBoro cMeLLeH1a 0CHOBaH Ha 3aBUCH-
MOCTM CWIIbl NPedHaTAra oT ynpyrux gedopma-
LIMK BHYTPYM NOALLMMIHUKOBOrO y3na. TpebyeMbii
npenHaTar MOXHO ONpefenuTh No auarpa-

MMe «CWna npeaHatsara / oceBoe CMeLLeHnes
(= amnarpamma 7).

ITOT MeTo[, PerysiMpoBKM 4acTo UCMofb3yeTcs
B TEX C/IyYanx, Koraa fetanu nogLmnnHUKoBoOro
y3na npeasapuTensHo cobpaHbl. TpebyeMbin
npeaHaTar, BbipaskaeMbli B BU4E NUHENHOW BENW-
UMHbI, TpeByeT u3MepeHus uMetoLLierocs obLlero
0CeBoro cMelLieHus (nrodTa) Bana no oTHOLLIEHUHD
K HEMomBMKHOM NoBepXHOCTH. [ns 3Toro 06bI4HO
MCMOSb3yeTca UHOMKATOP YacoBOro TUNa.

Lna nony4yeHns TpebyeMoro 3HaYeH s 0CeBo-
O CMeLLleHUs MOTYT UCMOMb30BaTLCSA PerynmMpo-
BOYHbIE MPOKSIAAKH, MPOMEXYTOYHbIE USIW NPO-
cTaBOYHbIE KoMbLA. HanpuMep, npegHatar
NOALLMMNHUKOBOrO y3na BedyLLen LWecTepHU Mo-
eT BbITb CO3aH Pa3HbIMK crocoBamu:

® YCTaHOBKa NPOMEXYTOYHbIX Koney Mexxay

BHYTPEHHWUMU U HaPY>KHBIMK KOMbLIAMM [1BYX
nofLMnHKMKos (= puc. 38)

B3aumocBa3b cunbl npeaHaTara 1 ocesoro Cl B

Bbi6op BHyTpeHHero 3a3opa MK npegHartara

® pasMelleHWne perynmMpoBoYHbIX NPOKIanoK

MeX [y 3anneynKoM KOpnyca U HapyXHbIM
KONbLIOM NOALLIMMHMKA UM MEXAY KapTp1a-
%eM 1 kopnycom (= puc. 39), roe kapTpua-
XEeM CIY>XKWT dpnaHLIeBbIN CTakaH

yCTaHOBKa MPOCTaBOYHOO KOfbLia MeX Iy 3a-
NNEeYMKOM Bana ¥ BHYTPEHHMM KOMbLIOM 0~
HOrO W3 NOALIMMHUKOB (= puc. 40) unu
MeXfy BHYTPEHHUMM KOMbLiaMK 060mx
NOALIMMHMUKOB

LLInprHa perynrMpoBoYHbIX NPOKNagoK, NpoMe-
YKYTOYHBIX MM MPOCTABOYHbIX KOnel
onpegensercs:

paccTosHWeM Mexay 3anneyrkamu Bana 1
Kopnyca

o6LLel LUMpUHOM 060MX NOALIMNHWUKOB
0CEeBbIM CMeLLieHWeM 1 NonyyeHns Tpebye-
MOV CMAbI NpegHaTara

W3MEHEeHWeM BENMUYMHBI 0CEBOr0 CMELLIEHMS C
YYETOM MOMNPaBOYHOr0 KO3 pULIMeHTa, Npeq-
yCcMaTpMBaroLLIEro TeNM0BOe pacluMpeHue B
npouecce paboThl

NPOU3BOACTBEHHBIMM [OMYCKAaMK, YCTaHaBW-
BaeMbIMW NyTEM 3aMepa BCex feTanen B 4o-
MOHTaXXHOM COCTOSHMM

[Hwnarpamma 7

NOALIMNHUKOBOIO Y3na BeAYLLEN LIECTEPHU
Cuna npepHatsra Fo

S02 —|

o

akF

0 y3na, HanpUMep, B KOHCTPYKUWK F

Fo' Cwna npegHatara Ha Bany sefy-
Ler wecTepHi (NoaLwmMnHMKo-
BbIN y3en)

dp1 OceBoe cMeLLieHWe Ans BEPXHEro

NOALUMNHMKA BeayLLEeN LwecTep-

HW W CONPSXXEHHBIX feTanen

2

OceBoe cMeLLieHWe A8 NOALIMN-
HWKA Ha PAHLEBOM CTOPOHE W
CONPSHKEHHBIX AeTanen

o

dg

dg OBLyee ocesoe cMeLLieHWe ans
NOALIMMHAKOBOrO y3Na BeAyLLen
LIecTepHM

Ocesoe cMeLLieHne O
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anMeHeHME noagwnnHUKOB

L4 HeDéXOﬂMMOCTbI'O Y4UTbIBATb OI'IDe,IJEJ'IéHHy}-O
noTepro NpegHaTara BcnefcTsmve nedpopma-
UMK U U3HOCa

MeTog perynnposk1 NpeaHaTara No MOMEHTY TpeHHs
IT0T MeTo NoNynspeH B CEPUAHOM NPOU3BOA-
CTBE, Tak KaK 0TNM4YaeTcs GbICTPOTOM M BOMOMXK-
HOCTbHO aBTOMaTH3aL MK, BBuay Hanuuus 3asu-
CMMOCTM Mexay NpeaHaTsaroM U MOMEHTOM
TPEHUS B NOALUMMHUKAX, MPU NOCTOSHHOM KOH-
Tpose BeNWYMHbI MOMEHTA TPEHMS CyLLiecTByeT
BO3MOMHOCTb OCTAHOBWTbL MPOLIECC PEryNMPOBKU
B TOT MOMEHT, KOrla MOMEHT TPEHUs NpM BpaLLe-
HUM NOALUMMNHMKA ByOeT COOTBETCTBOBATL Tpe-
6yeMoM cTenenu npeaHatara. [na 3toro Heo6-
XOAWM NOCTOSIHHbLIN KOHTPOSIb MOMEHTa TPEHUS
npu perynupoeke npegHatara. OgHako pasHsle
NOALIMNHWUKM MOTYT MMETb PasHbIA MOMEHT Tpe-
HUSl, KOTOPbIM TAKXKe 3aBUCHUT OT YCIIOBMH XpaHe-
HUS, CMa3bIBAHWSA W UCMOMb3YEMbIX YNIOTHEHWHM.

MeToa M3sMepeHus NpAMOro ycHnWsa npeaHatara
MocKkonbKy Lienbro perynupoBKu NoALMNHUKOB
ABNAETCA NosyyeHue onpeaenéHHomn cTeneHn
npeaHaTara, OrMYHO UCMOMb30BaTb TaKoM Me-
Tof, KOTOPLIM Bbl CO3AaBan NPAMOE ycunue
npeaHaTAra MW No3eosan HenocpeacTBEHHO
u3MepsATb Takoe ycunue. OgHaKo Ha NpakTUKe
NpeanoyuTaroT MCNoMb30BaTh KOCBEHHbLIE METO-
[bl PETYNTIMPOBKM NpeaHaTara nyTéM UaMepeHus
0CEBOro CMELLIEHWS UMK N0 MOMEHTY TPEeHUS, TaK
KaK OHW MpoLLie ¥ 3KOHOMUYHee.

224

Mpynnosas perynuposka

LaHHbIN METO[ TaKKE MOXKHO Ha3BaTb «CpeaHe-
CTaTUCTUYECKOM perynnposkou». OH npegno-
naraer, 4To NOALUMIHWKK, Ban, KOPMyC v Apyrue
[eTanu U3roTaBMBaoTCA C HOPMAsbHbLIM KNac-
COM TOYHOCTW. [pK 3TOM NONHOCTLHO B3aMMO3a-
MEHSIEMbIE KOMMOHEHTLI COBMpParoTCs Npw Chy-
yanHoM BbIBOPKe U3 NapTUK feTanen. B ciyuae
KOHWYECKMX PONMKOMOLLMITHUKOB Takas B3au-
M03aMeHSEMOCTb TaKKe PacnpoCTpaHaeTcs Ha
Y371bl HAPY>KHOTO W BHYTPeHHero konew. Bo 13-
6exaHue BoNbLIKMX 3aTPaT Ha MeXaHWYecKyH
06paboTKy NOCafOUHbIX NTOBEPXHOCTEN Conps-
YEHHbIX AeTanen v 3aKynky nNpeursMoHHbIX Nog-
LUMMHWKOB fenaeTcs AonyLieHue, YTo 4eTasim ¢
npedenbHbIMA 3HaYeHWUsIMU Nonen 4onyCcKoB
peako nonadaroT B cocTas 04HOro yana. 0gHaxo,
€C/NM TOYHAs BEfIMYMHA NpeaHaTara 4omKHa
MMETb KakK MOXHO MeHbLLIMKM pa3bpoc, JOMKHbI
6bITb YMEHbLLEHbI BEMMYMHBI NONEH 0MYyCKoB
U3roTaBnuBaeMbix getanen. Mpeumylyecrso
rPynNMnoBOK PeryfmMpoBKK 3aKNH4aeTCs B TOM,
4TO B NPOLLECCE MOHTAXKa NOALIMMHUKOB He Tpe-
6yeTca BbIMNOMHEHUE KOHTPOSS W [JONONHWTENb-
Hoe o6opynoBaHue.

MpegHaTar npu NOMOLLU NPYKHUH

CosfgaHuWe npeaHaTara noALIMMHAKOB Manora-
6apUTHbIX 3NeKTpoaBMraTenet (c BbICOTOM ocu
BpALLieHWs 0T NI0CKOCTH KpenneHns 0o 132 mMum
BKITFOUYMTENLHO) MM aHANOMMYHbIX N0 Pa3MepaM
MaLLWH N03BOMSAET YMEHbLUUTL paboyni ypo-
BEHb LLIyMa NoALIMNHUKOB. B Takux cuctemax
NOALLMMHWUKOBBIM Y3€M COCTOWT M3 [BYX OfHO-
PAOHLIX PaAManbHbIX LLIAPUKOMOALLMIHUKOB,

Puc. 41
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YCTaHOBMEHHBIX Ha KaXAoM KoHLe Bana. Mpo-
CTerLWwKM cnocoBom co3aaHus npegHaTara ABNA-
eTCs NPUMEHEHKe NPYXXUH MW «NaKeToB> Npy-
wuH (= puc. 41). MpyxuHa Bo3gencTBYeT Ha
Hapy>HOe KOMbLI0 OAHOM0 W3 ABYX NOALUMAHU-
KOB. 3TO Hapy»HOE KOMbLIO AOSKHO AONYCKaTh
oceBoe cMeLieHWe. Cna npegHaTara ocTaéTcs
NPaKTUYeCKU NOCTORHHOM AaX<e NP1 0CeBOM
CMeLLieHWW NOALLMMHWKA B pe3yfbTaTe TeNnoBo-
ro pacLumMpeHus. TpebyeMmyro BEfIMUMHY CHb
npeaHaTAra MoOXKHO OPUEHTUPOBOYHO PacCyu-
TaTh N0 popMyne

F=kd

roe
F = cuna npegHartara [kH]

d = ouameTp oTBEPCTMA NoALIMAHMKA [MM]
K = KO3pPULMEHT =>, CM. NYHKT HIKE

B 3aBMCHMOCTM OT KOHCTPYKLIMM 3N1eKTPoABMra-
Tens BefiMuynHa KoadpuLMeHTa k npuHUMaeTcs
pasHown ot 0,005 go 0,01. Ecnu npegHatar 1c-
NosMb3yeTcs, rMaBHbIM 06pa3oM, 45 3aLLWThI
NOALLMIMHWKA OT BO30ENCTBUA BUOpaLIMK B He-
NOABUXHOM COCTOSIHWM, BeTMYMHA NpedHaTara
nomkHa BbiTb 6onblie — k = 0,02.

MeToq HarpysKeHWs NMPY>KUHAMK TakxKe LIMPO-
KO MCNonb3yeTca Ans co3haHWa npeaHaTara pa-
[ManbHO-YNOPHbIX NOALMNHUKOB LUNUHAOENb-
HbIX Y3/10B BbICOKOCKOPOCTHbIX UMW OBASbHbIX
ctaHkoBs. OaHaKo 3TOT METO[ HenpuroaeH ans
Tex cnyvaes, KOraa oT NOALLIMMNHWUKOBLIX Y3108
TpebyeTca BbICOKAA CTeNeHb XECTKOCTH, Koraa
MEHSAETCA HanpasfieHne Harpysku UIn MoryT
BO3HMKATb CllyYyalHble yOapHble Harpy3ku.

Bbi6op npaeunbLHOro npegHaTara

Mpu BeIBOpE NpeaHaTAra NOALLMNHUKOBOrO y3na
HY>KHO MOMHWTb, YTO 3@ CYET NPEBbILLIEHWS ONTH-
MarnbHOM BeMIMYMHbI NPeAHaTAra MOXKHO [JOOUTL-
€S NMLLIb MMHUMAEHOMO YBENMYEHUS XECTKOCTU.
YBenuyeHue TPeHWs W, CiefoBaTeNbHo, TensoBbI-
NleneHus, BCeacTBMe NPeBbILLIEHNUs ONTUMasbHO-
[0 3HaYeHUs NpedHaTAra, MoryT 3HaYUTeNLHO CO-
KpaTWUTb Pecypc NOLLUMMHWKA M CBECTU K HYFHO BCe
ero npenmyLlectsa (= guarpamMma 2, cTp. 212).
YpesmepHoe yBenuyeHue npegHaTara CBA3aHo C
PUMCKOM CHUXEHUS 3KCMyaTaLMOHHOM Haaex-

HOCTV NOALLMIHWKOBOMO y3na. B casian ¢ Tem, 4o onpepene-
HWe HeoBX0AMMOro NpegHaTAra, kak Npasmno,

CBA3aHO CO CIOXHbLIMU pacyéTaMmu, N0 3TUM BO-

akF

Bbi6op BHyTpeHHero 3a3opa MK npegHartara

npocam pekoMeHayeTcs 06pallaThca B TeXHUYe-
ckyro cnyxBy SKF.

lMpu perynupoBske NpeaHaTara NOALLMNHUKO-
BOrO y3na Takxke BaXHO, 4T0Bbl yCTaHOBMEHHas!
BeNWYMHa NpeaHaTara, kotopas Obina onpege-
neHa nyTéM pacyéToB WAKU M3 NpefblayLLero
0nbITa, UMENa Kak MOXHO MeHbLLIW# pa3bpoc.
L1na 3T0ro B NpoLecce MoHTaXxa, Hanp1Mmep, Ko-
HUYECKMUX POSIMKOMNOLLMIMHWKOB, CregdyeT no
BO3MOXHOCTM HECKOSbKO Pa3 NPOBEpHYTh Bas
QNA NpefoTBpaLLeHUa nepekoca poiuKoB nog-
LLUMMNHWKOB, U ANS TOr0, YTOBbI TOPLbI POSIMKOB
BOLLIIM B MPaBMIbHbIM KOHTAKT C HANPaBNAro-
LM BOPTOM BHYTPEHHEro KonbLa. [Tposopaym-
BaHMWe Bana Takxe obecneynBaeT NOMHbIA KOH-
TaKT PONMKOB C HAPYXKHBIM KOMbLIOM BO M36exa-
HWE NOKafbHOr0 NOBPEXAEHUA [JOPOXEK Kaye-
HWA. ECNM PONKKKM HE NONHOCTLHO YCTaHOBUIUCh
B paboyeM NoNoKeHUHU, MOXKeET BbITb OTPerynu-
POBaH HAMHOrO MEHbLUMIM NPeAHaTAr, YeM ONTU-
ManbHaa Tpebyemast BeNiMumMHa npeaHaTara.

MoawunnHukK ans y3noB Cc npeaHaTAromM

SKF nocTaBnseT 0jMHOUYHbIE UK CNAPEHHbIE
NOALIMMHWUKK, KOTOPbIE CNeLuasnbHo ananTupo-
BaHbl 415 NPOCTON WU HAAEXHOW PerynupoBKu
WK COrMacoBaHbl B NPOL|ecce NPou3BoACTBa Ta-
KM 06pasoM, yToBbl 06ecneynTs 3aaHHbIN
npegHaTar nocne MoHTaxka. OHW BKIHOYAOT:

® KOHWYECKMe POSIMKONOALLMMNHUKK, COOTBET-
cTBytowme cneundpukaumam CL7C, ans nosbl-
LLEHHOM TOYHOCTH BpaLLieHWs, Hanpumep, B
nuddepeHumanax asToMobunei (= «KoHu-
yeckme poIMKONoALUMIHUKM, €TP. 797)

® 0QHOPAOHbIE PaauanbHO-YNOPHbIE LAPUKO-
NOALMNHKUKK AN YHUBEPCANbHOr0 MOHTaXa
(= «PaguansHo-ynopHbie LWaprKonoaLLM-
HUKU>», cTp. 475)

® CnapeHHble 0AHOPALHbIE KOHUYECKUE PONIU-
KONOALLMNHUKK (—> «KoHMYeckue pornko-
noALWMIHMKM», €Tp. 797)

® CnapeHHble 0AHOPAOHbIE PaAUanbHbIe WapK-
KonoALWMNHUKK (=> «PaguarnsHsie WaprKo-
NOALWMAHNMKM, €TP. 295)
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ﬂpumeneuue noagwnnHUKOB

YnnoTHUTENbHbIE peweHunA

Bce noawmMnHmKoBble Y3kl BKHOYAHOT B ceba
caM Barf, NOALMMHWKK, kopnyc(a), cMa30uHbIN
MaTepuarn, ynioTHEHWUS U CONPAKEHHbIE JeTanu.
YNIoTHEHUA UrPatoT OYeHb BaXKHYHD POSib B 06e-
CneYyeHWM YUCTOTLI CMA304YHOMo MaTeprana v
LOCTMXKEeHWW PacYETHOMo pecypca
NOALIMMNHKKOB.

Cpeau ynnoTHeHWM Ans NoALWKNHWUKOB Kaye-
HUsl Pa3NUYaoT BCTPOEHHbIE YNIOTHEHWS, KOTO-
pble yCTaHaBNMBAKOTCA MPU U3rOTOBNEHUW NOA-
LUMMNHKKA, U YNNOTHEHWS, KOTOPbIE YCTaHaBNW-
BArOTCA OTAENbHO OT NoALMNHUKA. MogLWmnnHU-
KM, OCHALLIEHHbIE YNMOTHEHUAMU UMW 3aLLUMTHbI-
M Lan6amu, Kak NpaBm1IIo, UCMOSb3YHTCA B
NOALIMNHMUKOBBIX y3Max, rae NPUMEHeHWe BHeLL -
HUX YMNOTHEHWH ABNSETCA HeLenecoo6pasHbIM
BBWAY OrPaHUYEHHOMO NPOCTPAHCTBA MK N0
3KOHOMUYECKMUM COOBPAKEHUSAM, MW KOrga Ta-
KWe yNIoTHEHWS ABNAHOTCA 3P DEKTUBHBIM pe-
LUEHWEM NS CYLeCTBYHOLLMX PaBoUmnX YCIOBHM.

TWnbl yNNOTHEHWH

HasHaueHue ynnoTHeHUA COCTOMT B TOM, YTOObI
YAEPXKMUBaTb CMa3Ky M MPenaTCTBOBATb NPOHUK-
HOBEHMHO 3arpA3HSIFOLLIMX BELLIECTB B KOHTPONU-
pyemyto cpeay. I peKTUBHOE YNNOTHEHUE
LIOMKHO UMETb CrefdyHoLLiMe OCHOBHbIE
XapaKTepPUCTHKH:

[oCTaToyHas NofaTnMBOCTb ANs KOMMeHca-
LMW HEPOBHOCTEM NOBEPXHOCTH

[0CTaToYHas NPOYHOCTb, YTOBbI BbiAEPXKMUBaTh
paboyee fasnexu1e

® BO3MOXHOCTb PaboThl B LUMPOKOM AManasoHe
Temneparyp

YCTOMYMUBOCTL K XMMHUUECKOMY BO3eHCTBHI
pabouein cpeqbl

e pa6oTa c MaKCMManbHO HU3KUM TPEHWEM, Te-
N0BbIAENIEHUEM W U3HOCOM

PasnnyaroTca Heckonbko B1MOOB ynnomer-mﬁ:

CTaTnU4eckne ynnoTHeHna

AWHaMU4eckne ynnoTHeHUA
GeCKOHTaKTHbIE YNNOTHEHUA
CUNbPOHHbIE U MEMépaHHbIe YNNoTHEeHUA

YNNoTHEeHUSs, KOHTAaKTUPYHOLLIME C HEMOABMKHbI-
MW NOBEPXHOCTAMM, HA3bIBAFOTCA CTAaTUYECKUMHU
YNOTHEHWAMU. IDDEKTUBHOCTL PabOThI AaH-
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Puc. 42

HbIX YNAOTHEHW 3aBUCHT OT MX CNOCOBHOCTH K
pafmMansHoM MNK 0ceBok aedopMaLuu Npu
MOHTaXe. TUMMYHBIMW MPUMEPAMM CTAaTUYECKHX
YNNOTHEHWIA ABNAKOTCA NPOKNaaku (= puc. 42)
1 0-o6pasHble Konbla (= puc. 43).

YNNOTHEHUS, KOHTAKTUPYHOLLIME C MOBEPXHO-
CTAMM CKOMNbYXKEHMS, Ha3bIBAMOTCA AMHAMUYECKU-
MM YMAOTHEHUAMM U UCMONb3YHOTCA ANA YNAOT-
HEeHWs 3a30p0B Mexy AeTanaMW MalliuH, KoTop-
ble COBEPLLAFOT fIMHENHbIE UMK BpaLLaTeNbHble
NIBUXXEHWS OTHOCUTENbHO Apyr Apyra. JuHamu-
yeckue ynnoTHEeHWUA JOMKHbI yaepK1BaTh cMa-
304HbIM MaTep1an, UCKNKYaTh NonagaHue 3a-
rPA3HAOLLIMX BELLECTB, Pa3fensTh pasfyHble
cpefibl W BblepXu1BaTh nepenafbl JaBneHus.
CyLLIeCTBYHOT Pa3NMyHbIE TUMbI AMHAMUYECKUX
YNAOTHEHWH, BKIHOYas CaflbHUKOBbIE YNOTHEe-
HWUA UKW NOPLUHEBbIE KOMbLA, NPeHa3HaYeHHbIe
ONA NUHENHbIX UMK KoneBaTenbHbIX ABUKEHWH.
OnHako Haunbonee pacnpoCTPaHEHHbIM TUMOM
YNNOTHEHWs ABNAETCA PaguasibHoe MaHXEeTHoe
ynnoTHeHWe Bana (—> puc. 44), KoTopoe KoH-
TaKTUPYeT Kak C HeMOABMKHBIMM, TaK U C Bpa-
LLIAFOLLIMMMCA [eTansaMu.

BecKoHTaKTHbIE MaHKeTHbIe YNNOTHEHU: Ba-
NoB 06eCneYnBaroT Y3KWit 3a30p MeXay Hernof-
BUXHOM YNOTHAOLLIEN KDOMKOM W BpaLLato-
Lievca neTanbr. 3TOT 3a30p MOXKET ObITh
pacnonoeH B 0CEBOM, PAAUalbHOM UK KOM-
6MHMPOBAHHOM HanpasneHWsx. BeckoHTakTHble
YNIIOTHEHMS!, OT NPOCTLIX YNIOTHEHW LLIeNIeBoro
THMNa [0 MHOTOCTYNEeHYaTbIX NaBUPUHTOB
(= puc. 45), npakTyecku He UMeroT TPeHUs 1
He NoABEPXKEHbI U3HOCY.
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Puc. 43

Puc. 44

Puc. 45
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YnnoTHUTENbHbIE pewleHna

CunbdOHHbIE ¥ MEMBPaHHbIE YNNOTHEHWS UC-
NOnNb3yHTCA AN1S YNNOTHEHWA feTanen, UMero-
LLIMX OrpaHMUyeHHyro cBo6ofy nepeMeLLieHms oT-
HOCWTEfIbHO ApYr Apyra.

MpuBEAEHHAA HUXKE MHPOPMALMA B OCHOBHOM
OXBATLIBAET PA3NIMYHbIE TUMbI M BAPUAHTLI UCMON-
HEHWS KOHTAKTHBIX M BECKOHTAKTHBIX PaAManbHbIX
yYNAOTHEHUH [NS BArIOB, Tak Kak UMEHHO OHM
Hau6onee acddekTUBHO obecneynsaroT paboTo-
CNocoBHOCTb NOALIMMHUKOBLIX Y3MO0B.

Bbi6op TMNA yNnnoTHEHHUA

YNNOTHEHUA NOALLIMMHUKOBbIX Y3108 JOMKHbI
oBecneynBaTh MakcMManbHyH CTeneHb 3aLluTl
C MUHWUMaSbHLIMM NOKa3aTeNAMMU TPEHWA U 13-
HOCa, laXe B CaMbIX TAKEMbIX YCIIOBUAX PaBoThl.
3 peKTUBHOCTb M HACTOTA CMA30YHOrO MaTepH-
ana, BNuaroLLmMe Ha paBoymne XxapakTepUCTHUKM 1
pecypc paboThl NOALIMAHUKOB, ONpenenstoT
KIMHOYEBYHO POflb YNAOTHEHUM B NOALLIMIHUKOBOM
y3ne. JononHuTenbHasa MHpOPMaLMS 0 BIUAHWK
3arpA3HeHnit Ha paboTy NOALWMNHKMKA NPeacTaB-
neHa B pasgene «Bei6op pasmepa nogLMAHU-
ka» (—> cTp. 61).

Mpw BeIBOpe Hanbonee nogxoALLero TMna
YNNOTHEHWS ANA KOHKPETHON KOHCTPYKLMM Noa-
LUMMHWKOBOrO y31a He0BX0MMO YU TLIBAT Lie-
nbivi pag dakTopos. Cpeau HUX:

e TpebyeMmbli TUMN CMA30YHOIO MaTepHana:
Macno, NNacTMyHas cMaska Unu npoyee

® OKpY>KHasi CKOPOCTb CONPSIXKEHHBIX
NOBEPXHOCTEM YNNIOTHEHMS

® DACnonoXeHWe Bana: ropU3oHTanNbLHoE UK
BEpPTUKanbHoe

® BO3MOXHOCTb Nepekoca vnu aedopMaumu
Bana

o OMeHue U KOHLEHTPHUYHOCTb

Hanuuue cBo6OHOro NPOCTPaHCTBa

TPEeHWeE YNNOTHEHUS O CONPSXKEHHYHD MOBEPX-

HOCTb W Pe3ynbTUPYHOLLIEE MOBbILLEHUE

TeMmneparypbl

BIIUSIHUE OKPY>KaroLLIEM cpeabl

CTOMMOCTb

HDM HaNMM4YHK NONHbBIX TEXHUYECKNX CBe,EleHI/II;I 0
KOHCTPYKUMK NOALLMNHMKOBOIO y3r1a MOXHO
BOCMNONb30BaATHCA cne,uyrou.teﬁ I/IHCPOpMaLlMel;IZ

* YN7I0THeHHA AN NPOMBILLIEHHbIX TDAHCMUC-
cui (= skf.ru)
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e [lononHutenbHas uHdopMaLmWs npeacrasne-
Ha Ha cawnTe skf.ru

SKF 3aHMMaeT nuaupyoLme no3uumu B obna-
CTV NPOM3BOACTBA YNIOTHEHWM M MOXKET OKa3aTb
cofencTare nNpu Boibope yniioTHEHWM NS KOH-
KPETHOro NOALLMMNHUKOBOrO y3Ma. 3a A0MN0NHU-
TenbHoW UHdOPMaLWen obpallanTech B TeXHU-
yeckyro cnyx6y SKF.

BecKkoHTaKTHbIE yNNOoTHEHUA

IppeKTUBHOCTL BECKOHTAKTHBIX YNNOTHEHWM 3a-
BMCMT OT YNOTHAFOLLIEr0 AeMCTBMA Y3KOro 3a30pa
MeXfy BanoM W KOpMycoM. 3TOT 3a30p MOXET
6bITh PAaCNONOXEH B PafManbHOM, 0CEBOM M1
KOMBUHUPOBAHHOM HanpasneHnH (—> puc. 46).
Takue ynnoTHeHWs MOTYT UMeTb NPOCTYHO Lijene-
BYHO KOHCTPYKLIMFO PafiManbHOro ynnoTHeHus
Bana unu 6onee CAOXHYH KOHCTPYKLMIO naéu-
PMHTHOrO TMNa. Bo BCeX nepeuncnerHbIX Cyyasnx
KOHTaKT B YNIIOTHEHWAX OTCYTCTBYET, NO3TOMY OHM
NpaKTUYECKM He CO30atoT TPeHWE W He NofABep-
eHbl U3HOCY. BeCKOHTaKTHbIE YNIOTHEHNS He
noaBep>KeHbl BO3AEMCTBIUH TBEPbIX HaCTHL| 3a-
rPA3HAOLLMX BELLIECTB M 0COBEHHO PeKOMeH Y-
FOTCA ANA MCNONb30BaHUA NPU BLICOKMX OKPYXK-
HbIX CKOPOCTSX M B YCIIOBMAX BbICOKMX
Temnepatyp.

KoHTaKTHbIE yNnnoTHeHWUA

KoHTaKTHble ynnoTHeHus (= puc. 47) oTnuua-
FOTCA BbICOKOM HAAEXHOCTbH. OHAKO UX 3~
EKTUBHOCTb 3aBUCHT OT pagda paKTopos, cpeau
KOTOpBbIX:

Puc. 46
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KOHCTPYKLMA YNNOTHEHHA
Martepuan ynioTHeHus

KOHTaKTHOe faBneHue

06paboTka ConpsAXXEHHOM NOBEPXHOCTH
COCTOAHUE YNIIOTHAOLLIEN KPOMKK
HasM4YMe CMa304HOro MaTepuana Mexay
YNOTHAROLLIEN KPOMKOM W CONPSAYKEHHOM
NOBEPXHOCTLHO

KoHTakTHOe faBneHu1e (—> pUc. 47) MOXET BO3-
HUKaTb N0J BAMSAHWEM TakuMX dbaKTOPOB, Kak:

° yYNpyrocTb yNNOTHEHWS, 3aBMCALLAA OT
CBOMCTB MaTepuana, U3 KOTOPOro OHO U3r0-
ToBneHo (a)

® KOHCTPYKTMBHbIM HaTAM MeX/1y NOBEPXHOCTLH
YNMOTHEHWS M CONPSXKEHHOM NOBEPXHOCTIO (b)

° yCWnMe, co3aaBaeMoe CTArMBaroLLIeN NpYXKu-
HOM ynnoTHeHus (c)

TpeHue Mexay YNNoTHAROLLIeH KPOMKOW W CO-
NPSYKEHHON NOBEPXHOCTLHO 00YCaBIMBAET 3Ha-
uuTenbHoe TennoebliaeneHue. MoaTomy KoH-
TaKTHbIE YNNOTHEHUS UMEHOT OrPaHUYeHKs No
BESIMUYMHE OKPY>KHOM CKOPOCTU. KOHTaKTHbIE
YNNOTHEHUS TaKKe NOABEPXKEHbI MEXAHUYECKUM
NOBPEXAEHWAM B pesynbTaTe HenpasUnbHOMO
MOHTaXa M BO3LEMCTBHA TBEPAbIX 3arpA3HSHO-
LLUMX YyacTrU. [Inq 3aLmThl KOHTAKTHOrO yNoT-
HEHMs OT NOBPEXAEHWS TBEPLAbIMKA YaCTULAMM
nepel HUM BO3MOXHa YCTaHOBKA BECKOHTAKTHO-
O YNAOTHEHUS.

Puc. 47
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BCTpOEHHbIe YNNOTHEeHWA nogWwKrnHUKOB

HekoTopble Tvnbl nogwmnHukos SKF ocHala-
FOTCA 3ALLMTHBIMM LIAMBaMM UM KOHTAKTHBIMK
YNIOTHEHUAMM C OHOM MM 06enX CTOPOH noga-
LLIMMHKKA. ITO 3KOHOMUYHOE U KOMNaKTHOe pe-
LweHWe npo6neMb! yNnoTHEHUs NOALUMMNHKUKA.
MoALWWNHUKK, YNIIOTHEHHbIE ¢ 0BEWX CTOPOH,
MOCTABAAHOTCA YIKe 3an0fHEHHbIMU NACTUYHOM
CMa3Kow W, Kak NpaBmno, He TpeByHOT TeXHUYe-
ckoro o6cnyxusanma. KoOHCTpYKLMK UCnonb3ye-
MbIX YNSIOTHEHWIM NOAPOBHO ONMCaHbI B COOTBET-
CTBYHOLLIMX pasfenax.

Puc. 48
a b
a b C

akF

YnnoTHUTENbHbIE pewleHna

MoAWKNNHUKKM C 3aLUTHBIMU wanbamm

MoAWMNHWKM, OCHALLEHHbIE 3ALLMTHBIMK LLak-
6amu (= puc. 48), UCNONB3YHOTCA B CYXMX M OT-
HOCUTEMbHO YMCTBIX PABOUMX YCNOBUAX. 3aLLUMT-
Hble LIaMBbI TakKe MCMONb3YHITCA B TeX CnyJasX,
KOra BaXKHO CHU3UTb TPEHME MO CKOPOCTHBIM
MK TeMnepaTypHbIM CO0BPAKEHUAM.

3alumMTHan wanba, o6pasyroLlas MUHUMarb-
HbIM 3230P C 3aMMeYHUKOM BHYTPEHHEro KonbLa
(a), Mnn addexTnBHOE NABUPUHTHOE YNAOTHE-
HWe B KOMBMHALIMM C BLITOUKON BHYTPEHHEro
konbua (b).

MoAWKNNHNUKN C KOHTAKTHBIMK YNNOTHEHUAMKU

MOOLUMIHUKM C KOHTAKTHLIMK YIIIIOTHEHUAMM,
MMeHYeMbIMKU 115 KPaTKOCTH «YMAOTHEHMUSY,
NpeanoYTUTENbHbI NS Y3108, KOTopble padoTa-
HOT B YCIOBUAX CPeHEN 3arpASHEHHOCTH, rae
HESb35 UCKNHOYUTL BEPOSTHOCTb NPUCYTCTBUS
BNarvt MK BoAsAHbIX BpbI3r, Unu TpebyeTcs Npo-
LIOSKUTESbHBINA CPOK CIYXKObI 683 TEXHUYECKOro
06cny>KUBaHKS.

Komnanwven SKF paspa6oTtaH Lenbiv psa
ynnoTHeHui (= puc. 49). B 3aBucMocTy oT
TWNA MNK pa3Mepa NoALUMNHWUKA NTPUMEHAROTCS
CnenyroLLMe BUabl KOHTAKTHBIX YNIOTHEHUH,
KPOMKHM KOTOPbIX COMPSIXKEHbI:

® CNOBEepXHOCTbHO BHYTPEHHEro Konbla 1N 3a-
nneymka BHyTPeHHero konbLa (a, e)

® CNOBEpPXHOCTbH BbITOYKHK B 3annevymnke BHy-
TpeHHero konbua (b, ¢)

® CNOBEpPXHOCTbHO qDaCKM Ha BHYTpeHHeM KoJib-
ue (d)

® C MOBEPXHOCTLIO Ha Hapy>KHOM kosbLie (f)

Puc. 49
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Ilns pagranbHbix WwWapukonogwmnHukos SKF
paspaboTaHsl CeayHoLLmMe AONOSHUTEbHbIE
THMbI yNnoTHeHWH (—> puc. 50):

BeckoHTakTHoe ynnoTHeHne SKF (a) oBpasyet
0Y€eHb Y3KWM 3a30p C 3aNNe4YnKoM BHyTpeHHe-
ro Konbla.

YnnotHenue SKF Huskoro Tpenus (b, c) sena-
eTCA NPaKTUYEeCKU 6ECKOHTAKTHBLIM 1 COBMe-
LLIAeT NoBbILLEHHbIE TPEOOBAHMA K yNIoTHe-
HUIO NPK HU3KOM TPEHUMU.

o YnnotHeHne SKF WAVE (d), MaHxeTHoe
YNNOTHEHWE BaNa CO CTATMBAIOLLIEN MPYXKN-
HOM, KOTOpOe NpefdHasHaYeHo AN y3nos,
CMa3blBaeMbIX Mac/ioM, yCTaHaBIMBAETCS C
0[IHOM CTOPOHbI NofLMnHKKa (= «[TogLumn-
Hukosble y3nbl [COS ¢ MaQHXKeTHbIM YoTHeHU -
em», cTp. 304)

Kak npaBuno, noALWwWnHUKOBbIE YNIOTHEHWS
SKF u3rotasnvearoTCcs U3 cneumansHo paspabo-
TaHHOr0 3N1aCTOMEPHOr0 MaTepUana 1 3akpe-
NASHTCS HA XECTKOM apMUPYHOLLIEM KOMbLE U3
NMCTOBOW CTaNu METOLOM ByNKaHMU3aumu. B 3a-
BMCHMMOCTM OT CEpWM, pasmepa v Npeabsense-
MbIX TPE6OBaHMI, CTaHAAPTHLIMKU MaTepUanami
LLNS1 U3rOTOBMIEHWA YNIOTHEHWM SBASHOTCS:

o ByTagueHaKkpUNOHUTPUALHbLIN kayuyk (NBR)

® [WMOPUPOBaHHbIN ByTafgUeHAKPUNOHUTPHUb-
HbI kayuyk (HNBR)

o ¢ropkayuyk (FKM)

nonuypetaH (PUR)
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BbI6op cOOTBETCTBYHOLLIEr0 MaTeprana ynmoT-
HEeHWs 3aBMCUT OT NpeanonaraeMoi paéoyen
TeMnepaTypbl ¥ UCMOMb3yeMOro CMa30YHOro Ma-
Tepuana. JonycTumele paboure TeMnepaTypei
yKa3aHbl B pasgene «Marepuasnsi ynnoTHeHui»
(= crp. 155).

Puc. 50
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YnnoTHUTENbHbIE pewleHna

BHewHHe ynnoTHeHUA Puc. 51

Ilna Tex cnydaes, korga 3ddekTUBHOE ynnoT-
HeHWe NOALLMMHMUKOBOrO y3na BaXKHee, Yem Co-
0BpaXkeHWs 3KOHOMUM NPOCTPAHCTBA U CTOUMO-
CTW, CyLLIECTBYET BbIGOP M3 HECKOMbKMUX BO3MOXKH-
bIX BAPMAHTOB.

Lns ynnoTHeHwWH, He noctaBnseMbix SKF,
npeacTaBfeHHas B JaHHOM pasfene UHdpopma-
LMA 0OMKHA PacCMaTpUBaTLCS TOMLKO B Kaye-
CTBE 03HaKOMUTESNbHOW. MNepen BbiBOpoM ynnoT-
HEHWUA ONst KOHKPETHOM 06NaCTH NPUMEHEHUS
y6edmnTech, 4To yUTeHbI BCe 3Ha4YMMble paboune
dakTopbl. SKF He HECET 0TBETCTBEHHOCTH 3a pa-
60ume XapakTePUCTUKK NPOOYKLMH APYTrUX
npovsBoauTeNen.

BeckoHTakTHbIe yNNoTHeHUA

CaMbIM NPOCTLIM BHELUHWM YNNOTHEHWUEM ABNA-
eTCA LWenesoe ynnoTHeHWe, KoTopoe o6pasyert
HeBOMbLLOM 3330p MeX [y NOBEPXHOCTLHO Bana
oTBepcTHeM kopnyca (= puc. 51). Takoe ynnoT-
HEeHWe 40CTaTO4HO 4519 NOALUMMHWUKOB, CMasbl-
BaeMbIX M1ACTUYHON CMA3KOM M PaboTaroLLMX B
YCIIOBMAX CYXOM M He3arpasHEHHOM cpefbl. Id-
HEKTUBHOCTb 3TOr0 YNOTHEHWS! MOYXKHO MOBbI-
CHTb, ECIIW B OTBEPCTUM KOPMYCa BbITOYUTL OOHY
MMM HECKOSBKO KOHLIEHTPHUYECKUX KaHaBOK
(= puc. 52). MnactuyHas cMaska, NPOHWKaro-
LL{af CO CTOPOHbI NOALUMIMHMKA B 3330p, 3aMN0SHA-
€T KaHaBKK1 ¥ MOMOraeT NpefoTBPaTUTbL NPOHUK-
HOBEHWE 3arpsi3HeHUM B NOALUMMHUKOBLIM y3en.
Ecnu npuMeHseTcs cMasbiBaHWe Macnom, 1
BaJl PacrosnoXeH ropu30HTanbHo, TO Ha Basny F
WK B OTBEPCTHM KOPMYCa MOXXHO MPOTOYMUTL
CNUPasbHbIE KAHABKK NPABOro WK NIEBOM0 Ha-
NpaBfeHns, B 3aBUCMMOCTH OT HaNpaBneHns
BpaLlieHus sana (—> puc. 53). [laHHble kaHaBKK
Cny»<aT Ans BO3BpaTa BbiTEKaroLLero Macna s
MonocTb NOALMMHUKA. [103TOMY BaXKHO, YTOGbI
BaJl BPaLLAsNCA TOMbKO B OAHOM HanpasfieHuu.

Puc. 52

Puc. 53
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OnHO- MAK MHOrOCTYNeHYaTble NaBUPUHTHbIE Gy

YNAOTHEHUS, Kak NPaBK0, UCMOMb3yeMble Npu
CMa3blBaHWM NOALLMNHUKOBOrO Y31a NAACcTUYHOM
CMa3KOK, 3HaYMTENbHO 3 beKTUBHEE, YeM Npo-
CTblE LL|eneBble YNNOTHEHWS, U NO3TOMY OPOXKeE.
I PeKTUBHOCTL TaKMUX YNIOTHEHUI MOXKHO NO-
BbICUTb NYTEM perynapHow Nofayu BnarocTon-
KOM NNaCcTUYHOM CMa3KM, HanpyUMep, Ha NUTHe-
BO-KanbL1eBor ocHose. CMa3ka nofaetcs yepes
KaHan, BefyLLIMK k npoxoaam naéupunta. Mpo-
X00bl (KaHanbl) NaBUPUHTHOrO YNNOTHEHUA MO-
ryT BbITb PAcnonoXeHbl BAOML oc (= puc. 54)
unu no paauycy (= puc. 55), B 3aBUCUMOCTH OT
BMfa Kopnyca (Hepa3beMHOro UK pasbEeMHOro),
npoLeaypbl MOHTaXa, AOCTYMNHOro NPOCTPaHCTBA
1 T. 0. MpK BO3HMKHOBEHWM B NpoLiecce padoTh
0CEeBOro CMeLLIeHHA Bana LLUMPHUHA 0CEBbIX KaHa-
nos nabupunta (—> puc. 54) octaérca HemsmeH-
HOW, 1 MO3TOMY KaHarbl MOTYT BbITh JOCTATOYHO
y3kuMu. Ecnv npenonaraeTtcs BO3HUKHOBEHHe
YrnoBoro nepexkoca Bana 0THOCUTESbHO Kopry-
ca, Cneayet UCnonb30BaTh NABUPUHTHBIE YNOT-
HEHWA C HAKNOHHbLIMK KaHanamu (= puc. 56).

JbbeKTHBHbIE M HeAOPOrHe NaBUPUHTHbIE
YNIOTHEHUA MOTYT BbITb M3rOTOBMEHbI U3 CTaH-
[IAPTHBIX KOMMIEKTYHOLLIMX, UIMEHOLLIMXCA B NPO-
[aXKe, TakuX KaK ynnoTHUTenbHble wanbsl SKF
(= puc. 57). 3 deKTUBHOCTL YNNOTHEHWS BO3-
pactaeT no Mepe yBenru4YeHUa Ynca KOMNIeKTOB
LLIANG M MOXKET BbITb 3HAYMTESNLHO YBEMMYEeHa
NPW YCTaHOBKE LLIAMB C BOPCOBbIM MOKPLITUEM.
LononHuTensHas MHbOPMaLMA O AaHHBIX
YNNOTHUTEMbHbIX LaiBax npeacTasneHa B pas-
nene «YnioTHeHs 4719 NPOMbILLITeHHbIX TPAHC-
muccuii» (= skf.ru).

Llna yry4weHus ynioTHAOLLEro AerHcTBuUA
3aLLMTHBIX LAKM6 Ha Ban HEpeKo ycTaHaBMBa-
+OT BpaLLaroLLMecs aucku (= puc. 58). Mpu
CMa3blBaHUM MacIOM M5 3TOM Xe LeNu UCrofb-
3YHOT OTpaXkaTenbHbIe KOfblLia, KaHaBKK UK An-
ckW. Macno, 3aepxxu1BaemMoe MacnooTpaxa-
TenbHbIM KOMbLIOM, COBMPAETCS B KaHane Kopn-
yca v BO3BpaLLaeTcs B MacnocBopHUK Kopnyca
yepes COOTBETCTBYHOLLIME MAC/IOOTBOAALLIME Ka-
Hansl (= puc. 59).

Puc. 55

Puc. 56
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Puc. 58

Puc. 59
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KoHTaKTHbIE YNNOTHEHUA

CyulecTsyeT YeTbipe TMNa Hanbonee pacnpo-
CTPAHEHHbIX KOHTAKTHbIX YNMOTHEHWH:

MaHKeTHble ynnoTHeHus (—> puc. 60 v 61)
V-06pasHble ynnoTHeHWs (= puc. 62)
oceBble YNNOTHeHUs ¢ XoMyToM (= puc. 63)
MexaHUyeckue ynnoTHeHus (= puc. 64,
cTp. 236)

Kak npasuno, BbI60p TMNA YNNOTHEHWS 0119 KOH-
KPeTHOM 06NacTy NPUMEHEHUs 3aBUCUT OT ero
OCHOBHOTO Ha3HayueHws (yaepxaHue cMa3o4uHoro
MaTepuana Unu 3alimTa oT NPOHUKHOBEHUS 3a-
rPA3HEHWI), TUNa cMa304Horo MaTepuana (Mac-
N0, NNACcTUYHAs cMa3ka M T. 11.) U paboumx ycno-
BMWit (YacTOTa BpaLLleHKsa, TeMnepaTypa, yposeHb
3arpA3HEHHOCTH).

MaHxeTHble yNnnoTHeHUs

MaHxeTHble ynnoTHeHua (—> puc. 60 1 61)
NpeacTaBnatoT cOB0M KOHTAKTHbIE YNNOTHEHMS,
B OCHOBHOM WMCMOSIb3yeMbIe B YCMOBHAX CMasbl-
BaHMs Mac/IoM. [OTOBbIE K MOHTaXy MaHXeTHble
YNNOTHEHWs! 06bIYHO UMEHOT BHYTPEHHEE apMu-
poBaHWe MeTanoM UK MeTanMYeckui Kopnyc,
KOpMYyC M YNNOTHSAOLLLYH KPOMKY U3 CUHTETHYe-
CKOr0 Kay4yKa, a TakKe CHaOXeHbI CTArMBaro-
LLIEN NPY>KMHOW. KpOMKM YNNOTHEHWS NPUXUMa-
FOTCA K NOBEPXHOCTH Bana npy NoOMOLLM
CTArMBaroLLer Npy>xuHsol. B 3aBMcmocTy 0T Ma-
Tepuana ynnoTHeHUa 1 TMNa yaepxusaeMon u/
WNK OTPaXKaeMow Cpefibl MaHXeTHbIe YNoTHe-
HUA MOryT paboTaTb Npu TemnepaTypax ot —60
0o +190 °C (o7 -75 go 375 °F).

[oBepXHOCTb, CONPSAXKEHHASA C YNIOTHEHHUEM,
— 3T0 YacTb Bana, KOHTAKTUPYHOLLLAsA C YNNOTHA-
FOLLIEM KPOMKOM, KOTOPas UMEET UCKMHUUTENb-
HYH BaXKHOCTb AN 3 DEKTUBHOCTU YNNOTHE-
HUs. TBEPAOCTb CONPSYKEHHOW NOBEPXHOCTH
nomkHa 6biTb He MeHee 55 HRC Ha rnyfuHe 3a-
KaneéHHoro cnos He meHee 0,3 mM. LLlepoxoBa-
TOCTb NOBEPXHOCTH AOMKHA COOTBETCTBOBATL
Tpebosanuam I1SO 4288 u HaxoauTLCA B Npene-
nax Ra =0t10,2 go 0,8 MkM. B ycnosusx HeBblco-
KOW 4acToTbl BpaLLeHKs, XOPOLLEro cMasblBaH1s
Y MMHUManbHOI0 YPOBHS 3arpsi3HEHHOCTU 10~
NyCKaeTCs MeHblLLas TBEPAOCTb CONPYKEHHOM
noBepXHOCTU. [1ns ycTpaHeHWs HAaCcoCHOro 3d-
$EeKTa, BbI3bIBAEMOr0 BUHTOBLIMU ClieAaMu OT
wnueosanna, SKF pekoMeHayeT BbINOMHATL 06-
paboTKy NOBEPXHOCTM BPE3HbIM LLMdOBAHUEM.
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Puc. 60

Puc. 61

Ecnu rnaBHbIM NpefHasHaYeHneM MaHKEeTHO-
ro yNNOTHEHWA Bana ABNALTCA yaepxaH1e cMa-
304HOr0 MaTepuana, KPoMKa ynnoTHEHUA [OMK-
Ha BbITb 06paliieHa BHyTpb (= puc. 60). Ecnu
rNaBHOM LienbH ABAAETCSA 3aLLMTa OT NPOHUKHO-
BEHMA 3arPA3HANOLLIMX BELLLeCTB, KPOMKa YNoT-
HeHWA [oMmkHa BbITh o6pallieHa Hapyxy oT Nof-
LMnHuka (= puc. 61).
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V-o6pasHble ynnoTHeHUs

V-06pasHble ynnoTHeHus (= puc. 62) moryt
MCMOMb30BaTLCS KaK MPW CMasbliBaHWK MaCoM,
TaK M NNacTMYHOM cMaskoi. MMbkoe pesnHosoe
KonbLo V-06pasHoro ynioTHEHUs 0XBaTLIBAET U
BpALLAeTCsl BMECTE C BASIOM, NPH 3TOM KPOMKa
YNOTHEHMWsl OKa3blBaeT NErKoe 0CeBoe fasne-
HUWE Ha HEMOABMXHYH KOPMYCHYHo AeTanb. B 3a-
BMCMMOCTH OT MaTepu1arna, U3 KOTOPOro OHU H3-
rotosneHsl, V-o6pasHble yNnoTHEHWs MOTYT
3KCMNyaTMPOBaTLCA NPU Temnepartypax ot —40
00 +150 °C (o7 —40 go +300 °F). OHu npocTbl B
YCTAHOBKE W [OMYCKatOT CPABHUTENLHO 60Sb-
LLME YrNoBbIe NepeKoCkl Bana npu Masbix 4acTo-
Tax BpaLLeHus.

LLlepoxoBaTocTb CONPSKEHHOM NOBEPXHOCTH
Ra MoxxeT BbITh B npeaenax ot 2 4o 3 MkM. [pu
OKPY>XHbIX CKOPOCTSX, NPEeBbILLAOLLIMX 8 M/C,
KOPMYC YNOTHEHUS AOMKEH UMETb 0CEBYH) Me-
XaHWYECKYH dpuKcaumto Ha Bany. [pu okpyXXHbIX
cKOpoCTaX Bbilwe 12 M/c kopryc fomxkeH BbiTb
3aLLUMLLEH OT PagManbHoro oTaeNeHus oT Bana
nof AeMCTBUEM LieHTPOBEXHbIX cvil. [na 3Toro
MOXET MCMOJIb30BaThCA CTaSIbHOE LUTAMMNOBaH-
HOE yaepXKuBatoLLee KonbLo. Ecnu okpykHas
CKOpOCTb npesbIlwaet 15 M/c, ynnoTHUTeNbHa
KPOMKa OTPbIBAETCS OT YNSIOTHAEMOW NOBEPXHO-
CTHW, U KOHTAKTHOE YN/OTHEHWE NPEeBpPaLLAETCa B
LL|eNIeBoe YNOoTHEHHE.

I dekTUBHOCTL V-06pasHbIX YNAOTHEHUI
06 bACHSETCA TEM, YTO KOPNYC YNIOTHEHWS Bbl-
NOSTHAET POJib MAC/IOOTPANKATENBHOr0 KOSbLa,
NpefoTBPALLAroLLEro nonagaaHue rpsisy v kua-
KocTen. [Mo3ToMy Npu CMasbiBaHUM NIACTUYHOM
CMa3KOoM [aHHbIe YNoTHeHWs 06bIYHO pacnona-
raroTCs BHE KOpnyca NoALWMNHKUKA, a NPY CMasbl-
BaHWM MAC/IOM OHMW YCTaHABIMBAOT BHYTPU KOP-
fyca C HanpaBeHHOW B CTOPOHY OT NOALLMMHMKA
KpoMKoW. [pKr MCMonb30BaHWK B Ka4eCTBe BTO-
pHYHOro ynnoTHeHus V-o6pasHble Kofbua 3a-
LUMLLAOT NEePBUYHOE YNNIOTHEHUE OT MPOHWUKHO-
BEHWA YPE3MEPHOTO KONMYECTBA 3arpA3HAOLLIMX
BELLEeCTB W BNarw.

OceBble yNNOTHEHUA C XOMYTOM

Ocesble ynoTHEHKs C XOMyToM (—> puc. 63) uc-
NOMb3YHTCA B KAYECTBE BTOPUYHBIX YNIOTHEHWUM
0019 Banos 60NbLUIMX AUAMETPOB B TEX CIy4asnx,
Korga TpeGyeTcs 3aLuMTa NepBrUYHOro ynnoTHe-
HUA. OHW PUKCUPYHOTCS HA HeNOLBWXKHOW AeTa-
A NPY NOMOLLIM XOMYyTa M 06ecneynBaroT ocesoe
YNOTHEHWE BPALLAOLLENCS CONPAXKEHHOM No-
BEepXHOCTU. [1ns 3Toro TMNa ynnoTHeHWH gocta-

akF
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Puc. 62

Puc. 63

TOYHO, ECIM CONPAKEHHAA NOBEPXHOCTL By et
WMETb LLIepoXxoBaToCcTb Ra = 2,5 MkM.
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MexaHuueckne ynnoTHeHus Puc. 64

MexaHHueckue ynnoTHeHWs (—> puc. 64) uc-
NoMb3yTCA AN YNNOTHEHUA NOALIMMNHUKOB,
CMa3blBaeMbIX NNACTUYHOM CMa3KOM MW MacnoM
1 paboTaroLLMX C OTHOCUTENBHO HEBOMbLLMMM
4acToTaMM BPaLLIEHWS W B TIXKENbIX YCNIOBUAX.
OHM COCTOAT U3 [BYX CKONb3ALLMX CTaNbHbIX KO-
neL ¢ BbICOKOKaYeCcTBeHHO 06paboTaHHbIMM
YNMOTHAFOLLIMMK NOBEPXHOCTAMM W ABYX NNacTu-
KOBbIX TApPeNbYaThIX NPYXKUH, KOTOpble obecne-
YMBAIOT BUMKCALIMIO CKOMNb3ALLMX Kofel| B Kopny-
Ce W C030aroT HeoBXOAMMYHO CHITy NpeaHaTara
yNnoTHARWMX nosepxHocTei. Ocobble Tpebosa-
HWs K 06paBoTke CONPAXKEHHBIX NOBEPXHOCTEN B
0TBEPCTHM KOpMYyCa OTCYTCTBYHOT.

[Apyrve ynnotHeHus

BoinoyHble ynnotHeHus (—> puc. 65) 06bi4Ho
NPUMEHSFOTCA NPU CMa3blBAHWKM NAACTUYHOM
CMa3KoW. ITW yNNOTHEHUA NPOCTbI M IKOHOMUY -
Hbl, ¥ MOTYT MCMOMb30BATLCA NPH OKPYXKHbIX CKO-
pocTax [o 4 m/c 1 paboumx TemnepaTtypax 1o
100 °C (205 °F). YnnoTHseMas NOBEPXHOCTb
NOMKHA BbITh OTLIAMGOBAHA [0 LLIEPOXOBATOCTH
Ra < 3,2 MKM. b EeKTUBHOCTbL BOMMOYHbIX
YNAOTHEHWI MOXHO 3HAUYMTENbHO NOBbLICUTS,
ecf1 YCTaHOBUTbL NPOCTOe NaBUpUHTHOE ynnoT-
HeHWe B KaYecTBe BTOPUYHOIO ynioTHeHus. Me-
pefl TeM Kak BCTaBUTb YNIIOTHEHWe B KaHaBKy
KOpMyca, OHO OMKHO BbITh NPOMNMTAHO MAC/IOM
npu Temnepatype okono 80 °C (175 °F).

MeTannuueckue ynnotTHeHus (= puc. 66)
ABNAFOTCA NPOCTbIMK, 3KOHOMUYHBIMU U KOM-
NaKTHbIMK YNNOTHEHUAMM 1119 NOALIMMIHWKOB,
CMa3blBaeMbIX NIACTUYHON CMa3KOM, 0COBEHHO
119 paauanbHbIX LLIAPUKONOALLMMHAKOB. YNoT-
HEHWS GUKCUPYHOTCA 3@ CYET NPUXKATMA K KOpMy-
CY Hapy>KHbIM KOMbLIOM WK K Bany BHYTPEHHWUM
KOMbLIOM W OKa3blBarOT yNPyroe 0ceBoe fasfe-
HUe Ha apyroe KornbLo. Mocne onpeaenéHHoro
nepvoga npupaboTku 3TW YNIIOTHEHWs Npespa-
LjaroTca B 6eCKOHTaKTHbIE 33 CHET 06pa3oBaHHs
0YeHb Y3KOro LLIefeBoro 3asopa.

Puc. 65

Puc. 66

LlononHWTenbHas MHpopMaumra 06 ynioTHeHHsX
SKF npusefieHa B pasfene «YnnotHenus ans
[POMBILLTEHHbIX TPaHcMUccuin» (= skf.ru).
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CmasbiBaHHe

OcHoBHble 3aga4m
CMa3blBaHMA

NOoOWKMNHK KK KAYEHKHS TPEOYHOT CMa3biBaHUA,
KoTopoe o6ecneynBaeT 4OCTUKEHWE PACYETHOMO
pecypca, NpenaTcTByeT HenocpeacTBEHHOMY
KOHTaKTY NOBEPXHOCTEN TeN KaYeHWs C 4OPOXK-
KaMM KayeHus, cenapaTopamuy U ApyruMu KoM-
NOHEHTaMW CUCTEMbI NOALLMMHWUKOBOrO y3na.
CMa30oy4HbIM MaTep1an NpensTcTByeT U3HOCY U
3aLMLLAEeT NOBEPXHOCTM NOALLMNHMKA OT KOp-
po3uu. OnTUManbHbIM BbIBOP CMa3o4HOro MaTe-
prana u cnocoba cMasbiBaHWSA 49 onpeaenéH-
HbIX PaBOYMX YCIOBUI HE MEHEE BAXKEH, YEM
cobnrogeHre npouedyp NPaBuUbHOro TeXHUYe-
CKOro 06CY>KMBaHMS.

Ilns cMa3sbiBaHWA NOALIMMHUKOB KaueHus
npeanaraeTcs LWMPOKKUM BbIBOP NacTUYHbIX
CMa3okK, Maces 1 ApYryMx CMasoyHbIX MaTepua-
OB, HaNpUMep, BELLIeCTB Ha OCHOBE rpaduTa.
Bbi6op cMa304HOro MaTepuana v cnocoba cma-
3blBaHWs 3aBUCKUT rMaBHbIM 00pa3oM 0T paboymx
YCOBMI M Takux NnokasaTenen kak Tpebyemast
yacToTa BpaLleHWs 1 gonycTuman pabodas Tem-
nepatypa. Ha Bbibop cMa3o4Horo Matepuana
TakxKe BIMAHT U Apyrve hakTopbl, Takme Kak
B1OpPaLMS U Harpy3KK.

Kak npasuno, HanBonee 6naronpusTHsIe TeM-
nepaTtypHble pabouue ycnoBua SOCTUraroTCs,
Koraa ans HageéXXHoro cMasblBaHWS MOALIMMNHM-
Ka MCMofb3yeTcss MUHUMASbHO He0BX0aMMOoe KO-
NMYecTBO CMa3oyHoro Matepuana. OgHako, Kor-
[la CMa30YHbIW MaTepuan BbINOMHAET AONONHWUTE-
NbHble GYHKLMK, TAKKUE KaK YNNOTHEHUE UMK OT-
BOJ TENMa, MoXeT NoTpe6oBaThCs ero 4ononHU-
TeNbHOE KOMMYecTBo.

CBoWcTBa CMa304yHOM0 MaTepHasna nocTeneHHo
yXyOLIarTCs U3-3a COBEPLLAEMOM MexaH1ye-
CKOW paboThl, CTapeHUsa CMa304HOro MaTepuana
U ero 3arpasHenus. No3ToMy Heo6xoauMo pery-
NAPHO NONONHATL UMK 3aMEHATb NNACTUYHYHO
CMas3ky, a TakKe dUbTPOBaTh M 3aMeHsTb CMa-
304HOE Macro.

MHdbopMauus M pekoMeHJalLmK, NpeacTas-
NeHHble B JaHHOM pa3sgene, 0THOCATCA K nofd-
LUMMHUKaM 6e3 BCTPOEHHbIX YNIOTHEHUI UMK 3a-
LUMTHBIX LWan6. MoaWwMnHUKM U NOGLLMIHUKO-
Bble y3nbl SKF co BCTpOEHHLIMK YNOTHEHUAMU
W/MNM 3aLLUMTHBIMKY LWai6aMK NOCTaBNATCA C
NNAcTUYHOWM CMA3KOM, 3aMOXKEHHOM Ha BECb CPOK
cnyx0Bsl nogwMnHuka. MHdopmaums 06 Ucnosnb-
3yeMbix SKF cTaHaapTHbIX NNACTUYHbIX CMa3Kax C
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KPaTKMM OMMCAHUEM WX XapaKTePUCTHK NpuBe-
[leHa B COOTBETCTBYHOLLMX pa3fenax katanora.

B HopMarbHbIX paBoumx YCrnoBH1siX CPOK CIIyX-
bl NNACTMYHON CMA3KM B YNIOTHEHHBIX N0 -
LUMMHWKaX NPeBbILIAET CPOK CIY>KObI Camoro
NOALIMMNHKKA, NO3TOMY, 33 HEKOTOPbIM UCKNHOYe-
HWEM, NOBTOPHOE CMa3blBAHWE TakKWX NOALLIMN-
HUKOB He TpebyeTca.

[na paccMoTpeHust paboThl NOALLMMHAKOB
noJ HOpMarnbHbIMK paboYrMK YCIOBUAMM Noa-
pasymeBaeTcs cnefyroLee:

® Harpysku NOCTOAHHbI N0 BEIUYMHE U
HanpaeneHu+o

® Harpysku PaBHbI MM NPEBLILLAIOT PEKOMEH-
LYEMYH MUHWMaSTbHYHO HarpysKy, 4To COCTaB-
NSeT KaK MUHUMYM:
— 0,01 C onsa wapuKonogLLUIMNHUKOB
- 0,02 C gna ponykonoALWMUNHUKOB

® [0CTOAHHAs YaCcTOTa BPALLEHMS, He NPeBbl-
LwaroLas aonycTuMyro

Cenapatopsb! C LEHTPUPOBAHHUEM NO

0 HOMY M3 Konevy,

MoALWMNHWKKM C cenapaTopamu, LieHTpupye-
MbIMM M0 0JHOMY M3 KOJeL, Kak NpaBuno
cMasbiBatoTca MacnoM. CMasbiBaHWe nna-
CTUYHOM CMA3KOW MOXET MCMOJIb30BaThCS
npu pa6oTe Co cpegHUMM YacToTaMu Bpa-
LwieHns. Heobxoammyro MHdOPMaLMO 0
KOHCTPYKLMAX CENapaToOpoB Y TEXHUYECKUX
Tpe6oBaHUsAX MOXKHO HAMTU B COOTBETCTBY-
FOLLIMX pa3aenax katanora.

XapakTepuCcTUKU CMa304HbIX MaTep1Uanos
CMa304Hble CBOMCTBA Ha NepBbIv B3rnag
WIOEHTUYHbIX CMA304YHbIX MAaTEPHANOoB, B
0C06EeHHOCTM MNACTUYHbIX CMA30K, U3rOTOB-
JIEHHBIX Ha Pa3NMUYHbIX 3aBOaX-U3rOTOBU-
TENAX, MOTYT B 3HAYMTESIbHOM CTENeHW pas-
nnyaTbes. B cBasm ¢ aTum SKF He MoxkeT
B3ATb Ha ceBs OTBETCTBEHHOCTb 3a Ka4eCTBO
1 CBOWCTBA NIFOBbIX CMA30YHbIX MAaTEPHASIOB.
No3ToMy pekoMeHayeTcsa noapo6Ho chop-
MynMpoBaTh TpeBOBaHUSA K CMA304YHOMY Ma-
Tepuany v BbibpaTb Hanbonee NoaxoOALLMM
CMa304HbIM MaTepUan Ons KOHKPETHOM 06-
NacT¥ NPUMEHEHHA.
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® COOTBETCTBYHOLLMI paBounii 3a30p
® [N CMa3blBaHWA NAACTUYHOW CMA3KOM:

— paboTa ToMbKO B YCTAHOBMBLLEMCS PEXKMUME
(nocne Heckonbkwux yacos paboThl)

— NnacTM4YHas cMaska C 3arycTUTeneM Ha oc-
HOBE NIUTMEBOr0 MbiNa C MUHEPAnbHbLIM
MacnoM

— 3anosiHeHue cBo6OAHOMO NPOCTPaHCTBA
BHYTPM NOALLMMHWUKA NPUONU3UTENBHO Ha
30%

— MWHMManbHas TeMnepaTypa OKpyxaroLLen
cpenbl 20 °C (70 °F)

® N1 CMa3blBaHWA MACNOM:

— CMa3blBaHWe MacNsHOW BaHHOM, BNPbICKOM
Macna vnu MacioBo3ayLLIHOe CMa3biBaHWe

— IManasoH Bs3kocTv oT 2 go 500 MM2/c

K03 dHLHMEHT BA3KOCTH K

3HayeHu1e BA3KOCTM Macna ans o6pa3oBaHua rv-
pOMHaMUYECKON NNEHKHM, Pa3OenstoLLen KoH-
TaKTHbIE NOBEPXHOCTH NOALLMMHMKA, paccMa-
TpuBaeTcs B pasfene «Yc/1081sa CMA3bIBAHUA —
K03 pHLMeEHT BA3kocTH K» (—> cTp. 71). 3Ta uH-
¢dbopMaLMs B paBHOW CTeNeHU OTHOCUTCA K BA3-
KOCTW 6a30B0ro Macna niacTUYHbIX CMa30K 1
CMa30YHbIX Macen.

CocTofHWe CMa30YHOro MaTepuana onucsIBa-
eTCs K03 DULMEHTOM BA3KOCTH K, KOTOPbIN AB-
NAETCS OTHOLLEHWEM daKTUYECKOM BA3KOCTU V K
HOMWHAbHOM BA3KOCTH v, TpeByemon ana no-
CTaTOYHOro cMa3sbiBaHua. Mpu 3ToM obe 3TW Be-
NWYMHBI PACCMaTPHUBAFOTCA MPHU HOPMAnbHOM
paboyek TeMnepaType CMa304HOro MaTepuana.

roe

K = KO3 dULMEHT BA3KOCTH

V = dbaKTMyecKas BA3KOCTb CMa304HOro
Matepuana [Mm2/c]

V1 = HOMWHaNbHas BA3KOCTb CMA304HOM0
MaTepuana B 3aBMCHMOCTH OT CPefIHero
[avaMeTpa NoALLMAHMKA W 4acToTbl
BpaLLieHus [Mm2/c]

Lns pazgeneHus KOHTaKTHbLIX MOBEPXHOCTEM
NoALIMMHWKA TpeByeTCs KO3 PULMEHT BA3KOCTH
k =1.Mpwu K > 4 nocTuraroTcsa ycnosms 06paszo-
BaHWA NOMHOLEHHON MMAPOAMHAMUYECKOW NNEH-
KM NS NPaBMIbLHOro CMasbiBaHUsA. TeM He MeHee,
SKF pekomeHayeT orpaHnynTb KO3bPULMEHT K

akF

OcHOBHblE cBefleHMnA 0 CMa3blBaHWUK

BEeSIMYUHOM 4, B NPOTUBHOM Cly4ae Tennosblae-
NEHWe WU3-3a TPEHMWS! CHWU3WUT PaBoyyHo BA3KOCTb.

Mpu k < 1 dopMHUPOBaHME AOCTATOYHOMN MU=
OpOAMHAMUYECKoW NNEHKU HEBO3MOXHO, BCea-
CTBME YEero MOXKET BO3HUKHYTb KOHTAKT MeTas-
NMYeECKUX NoBepxHocTen. Mcnonb3osaHue
CMa30Y4HbIX MaTep1anos, CoOAEpXaLlMX aHTHU3a-
QMPHbIE M AHTUM3HOCHbIE NpUcaaku (= «lpyso-
N0 BLEMHOCTL, CTP. 248), MOXET YBENUYUTL
CPOK CIy>KObI NOALIMMHMKA.

B ycnoBuax cMasbiBaHUs € KO3PPULMEHTOM
BA3KOCTH K < 0,4 He06X0AMMO MCMOSb30BaTh
Macna c aHTu3aaupHeiMu (EP) npucagkamu.

Mpu k <1 cnepyeT paccMoOTPETb BO3MOXKHOCTb
MCMOMb30BaHWS TMOPUOHBIX NOALUMITHUKOB
(= «u6puaHbie nogwmnHmukm», ctp. 1205).
Jlaxe B ycnoBusx HeNpaBMbLHOr0 CMasbiBaHKS
PWCK NOSIBNEHWSA 330MPOB Ha CTaNbHbIX AOPOXKKAX
KayeHWs BCNeACTBME KOHTAKTA C TeNlaMu KayeHuns
U3 HATPMIA KPEMHMWS 0YeHb Man.
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CmasbiBaHHe

CMa3sblBaHWe NNacTUYHOM
CMa3KoW

BONbLIMHCTBO NOALUMMHMUKOB KaYeH1s CMa3blBa-
eTcs NNacTUYHOM cMa3koM. 10 cpaBHEHMIO C
MacsioM 3Ha4UTeNbHbIM NPEUMYLLIECTBOM Nna-
CTMYHOM CMa3KK ABNAETCA TO, YTO OHa flyyLue
yOepunBaeTcs B NOALWMMNHUKOBOM y3fe, 0cobeH-
HO B CllyYae MOHTaXa Ha HakKNOHHbIX UK BepTH-
KanbHbIX Banax. [1nacTMyHan cMaska Takke Mo-
ET cnoco6CcTBOBaTH 3aLLMTe NOALLMIHUKOBOMO
y311a 0T NPOHWUKHOBEHWA TBEPAbIX M XKMUOKMX 3a-
FPA3HAFOLLIMX BELLIECTB, a Take NpefoxpaHaeT
OT KOHEHCMPOBaHKUA BAArU.

LaHHble no auanasoHaM 4acToT BpaLLleHuns,
MHTepBanaMm Temneparyp, a Tak e N0 ypoBHAM
paboymnx Harpy3oK MOryT OTAMYATLCA OT JaHHbIX
QN9 NOALWMMHMUKOB. TUMMYHbIE 3HAYeHWUA ONs
NOALLMMHUKOB, KOTOPbIe 06bI4HO paBoTaroT ¢
NNACTUYHOW CMa3KoM, NPUBEOEHbI B CIefyHOLLMX
Tabnuuax:

e Tabnuua 1: AnanasoHbl YacTOT BPaLLEHKS
L5 pafuanbHbIX NOALMIHUKOB, CMasbiBae-
MbIX NACTUYHON CMa3KOM

e Tabnuua 2: Temnepatypa NnacTM4YHOM CMasku

e Tabnuua 3: AManasoHbl Harpy3oK Ana nna-
CTUYHBIX CMA30K

KonmruyecTso Mcnonb3yeMon NacTMYHOM cMasku
3aBUCUT OT ycrioBuMi paboTsl. HegoctaTtouHoe
KONMUYECTBO CMa3KK MPUBOMAMT K BOSHUKHOBEHUHD
KOHTaKTa MeTasifiMyeckmnx NoBepxHOCTen 1 npe-
IEBPEMEeHHOMY BbIX0Y NOALLMIMHWUKA U3 CTPOS.
M36bITO4HOE KONMYECTBO NNACTUYHOM CMa3KK
BbI3bIBAET ObICTPOE NOBbILLEHWe paboyel TeM-
nepaTtypbl NOALWMMNHKWKA, 0COBEHHO NPy 6onb-
LUKWX yacToTax Bpatlenua. MoawwmnHmkm SKF ¢
YNAOTHEHWSMU WU 3aLLMTHBIMK LIaH6amMu
(ynnoTHEHHbIE NOLUMMNHUKM) NPU U3rOTOBMEHWM
3aMoMHAKOTCA NIACTUYHOM CMa3KoW B 06bEMe,
KOTOPbIV 06ecneynsaeT NpoaoIKUTENbHbIN
CPOK CNY>KObI NOALLMMHUKA.

B 3aBMcKMMOCTM OT iMana3oHa YyacToT Bpatiie-
Hua (= Tabnuua 1), SKF pekomengyeT cneny-
toLL|ee MPOLIeHTHOE 3anonHeHWe NoALLMIHUKA
NNacTUYHOM CMA3KOM:

e 100 % ans HU3KKX YACTOT BpaLLiEHUs

e 30-50 % ans cpeqHUX v BbICOKMX YacToT
BpaLLeHuns
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CBo60ogHOE NPOCTPAHCTBO B KOPMYCE MOALLIMN-
HWKOBOrO y3na HeoOX0AMMO YaCTUYHO 3anof-
HWTb NNACTUYHOM cMa3koM. [eped HaYanoM akc-
nnyatauny NoALIMMHMKA Ha NOMHOM CKOPOCTH
HEo6X01MO aTb BOIMOXHOCTb M3MMLLIKAM
CMa3ku 0CeCTb MK BbITEYb M3 NOLLLUMMNHUKA B
npouecce NpupaboTkuW. B KoHuUe nepuogda npu-
paboTku paboyas TeMnepaTtypa 3HauYMTeNbHO
CHWXKAeTCs, yKasblBas Ha TO, Y4TO NNACTUYHas
cMaska pacnpefenvnach B nofocTv NoALLMNHU-
KOBOrO y3na.

B Tex ciydanx, Korga nogLumMnHmuk pabotaer ¢
0YeHb Masion YacToTOM BpaLLeHus U TpedyeTcs
HaAEXHas 3aLLMTa OT 3arpsisHEHWUM Y KOPPO3UH,
SKF pekoMeHAyeT 3anonHaTb NO0CTb Kopnyca
nnacTuyHon cMaskor fo 90 %.
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,Eluanasuu bl YacToT

no,

CMa3blBaHWe NNacTUYHONM CMa3KoM

[nanasoH yacToT BpalweHus

Aans pa

Mapametp 6bICTPOXOAHOCTH

Tabnuua 1

NNacTUYHOM CMa3KoW

LLlaprkonoawnnHKKK Wroneyarele, chepuyeckie, LinnnHapuyeckre
KOHMYECKIE POSTMKOMOALIMAHUKA POSTMKONOALLIMNHKA
1 TOPOMAANbEHBIE PONIMKONOA -
A=nd, wunuuku CARB
- MM-06/MUH
VL OueHb HU3KMe - <30000 <30000
L Huskue <100 000 < 75000 < 75000
M Cpegtue < 300000 <210000 <270000
H Beicokne <500 000 > 210000 > 270000
VH OueHb BbICOKME < 700000 = =

EH SkcTpemanbHo Beicokve > 700 000

yactoTa BpaLLeHus [06/MuH)

n =
dm = CPeanuit anameTp noawnnHuKa [Mu)

=05

(d+D)

CDOK Cﬂy)KﬁbI NNACTUYHOM CMa3KKU MOXKHO PpaccymTaTh TONbKO C y‘{éTOM A1anNa3oHOB YacTOT BpaLLeHUs, NepeyncsieHHbIX B TaéJ’MLlE.

Tabnuua 2

TeMﬂepaTyprle AnWanasoHbl ANfA NNACTUYHbIX CMa3okK

[MwnanasoH Temnepatyp JIELEELT

- oC oF
L Huzkune <50 <120
M Cpeanue or5000100 0712040210
H Beicokue 01100 o 150 o7210 40 300
VH OueHb BbICOKWE >150 >300

akF

Tabnuua 3

JJ,Manaaom,l Harpysok Anf NNacTUYHbIX CMa3okK

Jnanason Harpysku

CooTHOLWEHWe Harpy3ku
/i

L Huskune

M Cpennue

H Bbicokue

VH OueHb BbiCOKWe

>15
>8
<4
<2
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CmasbiBaHHe

[nacTMyHbIe cMa3KK

MnacTUyHble CMa3KK COCTOAT M3 MUHEPasbHOro
WM CUHTETUYECKOrO Macna u 3aryctutens. B
Ka4ecTse 3arycTuTens 06bIYHO UCMonb3yeTcs
meTannuyeckoe Mbino. OgHako Ans onpedenéx-
HbIX YCNOBWUM paBoTbl, HAMPUMED, BbICOKMUX TEM-
nepatyp, B Ka4ecTse 3arycturenew MoryT Uc-
Nonb30BaTLCsA APYru1e BELLecTBa, Takue Kak
nonumoyesuHa. KpoMe Toro, B cocTas nnacTmy-
HOM CMa3KK BKNHOYAHOTCA pasfiMyHbIe NPUCAaKH,
ynyyLaroLLMe XapakTepPUCTUKK cMasku. KoHcu-
CTEHUMS NNACTUYHOM CMa3KK BO MHOTOM 3aBUCUT
OT TMNA W KOHLEHTPaLMK UCMONb3yeMoro 3ary-
CTMTEnNs W paboyen TeMnepaTtypbl NOALLIMMIHAKO-
BOro y3na. Mpu BbiGope NNacTUYHOM CMa3ku He-
06X0MMO YUMTbIBATH CiedyHoLLMe dbaKTopbI:

[OManasoH pabouux Temnepartyp
KOHCUCTEHUMS

BA3KOCTb 6a30BOro Macna
aHTMKOPPO3MIMHAA 3aLLMTa

HecyLas CrnocobHOCTb MACSIHOM MEHKM
CMEeLUMBAEMOCTb C PYrMMK Macnamu 1
YKUIOKOCTAMU
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JuranasoH TemMnepatyp — NpUHLMN
ceetogopa SKF

[uana3soH Temnepartyp, B KOTOPOM MOXeT pado-
TaTb NNacTMyHas cMaska, B OCHOBHOM 3aBUCHT OT
Tna 6a30B0ro Macna v 3arycTuTensa, a Takxe
npvcagok. CooTBeTCTBYHOLLIME AWANA30HbI TEM-
nepaTyp CXeMaTMYHO NoKa3aHbl Ha
Aunarpamme 1 B B1ae «ABYyX CBETODOPOB.
«CBeTodopbI» NOKa3bIBAFOT MPaHMLbl AMa-
nasoHa TeMnepaTtyp — HUKHWUM 1 BEPXHUH
npeaensi.

o HukHuit TemnepatypHbii npeaen (LTL), To
eCTb caMasi H13Kas TeMnepaTypa, Npy KOTOPOK
NnacTMyHas cMaska No3sonseT NOALIMIHUKY
BpaLLaTbCcs 6e3 3aTpyaHEeHWs, BO MHOTOM
onpegenserca TMnNoM 6a3oBoro Macna v ero
BA3KOCTbHO.

o BepxHuit TeMnepatypHeiv npeaen (HTL)
onpenenseTcs TUNOM 3arycTMTens 1 Temnepa-
Typov KannenageHus. Touka kannenageHus
o6o3Ha4aeT Temnepartypy, Npy KOTOPOK nna-
CTUYHAA CMA3ka TEPAET CBOH) KOHCUCTEHLMHO
W NpeBpaLLAEeTCs B XMOKOCTb.

SKF He pekoMeHyeT UCrnonb30BaTh CMa3kK 4N
NOALLMMNHUKOB NPU TEMNEpPaTypaXx HUXKE HUKHEro
TeMnepaTypHoro npeaena v Bbillie BEPXHEro
TemnepaTypHoro npegena (KpacHble 30Hb! Ha
anarpamme 1). HecmoTps Ha To, 4To B cneuudun-
KaLMAX NPOU3BOAMUTENIU MNACTUYHBIX CMA30K YKa-
3bIBAFOT KOHKPETHBIE 3HAYEHWUS HKHETO 1 BEPX-
HEero npezesios TeMnepaTyp, HaubosbLLyH
BaXKHOCTb 15 HAOEXHOW paboThl NOALLMMHUKA
MMEHoT CneflyroLLMe TeMnepaTypHble NapaMeTpsbi:

* HWXHUIK Npeden pabounx Temnepatyp (LTPL)
e BepxHWK Npegen pabounx Temnepatyp (HTPL)

B 31vx aByx npedenax, T. e. B 3eN1EHOM 30He Ha
anarpamme 1, obecneuynsaercs HanéxHana pa-
60Ta NNACTUYHON CMa3KK W BO3MOXKHOCTb TOUHO-
ro onpefAesieHys MHTepBana noBTOPHOro CMasbl-
BaHUA UMK CPOKa CIyXObl cMasku. Mockonbky
onpefeneHye BepXHero npegesna padoymx Tem-
neparyp 4519 CMa3oK He perfiaMeHTUPOBaHO B
MeXOyHapOdHbIX CTaHAapTax, HeoBX04MMO Npo-
ABNSATL OCTOPOXKHOCTb NPU MHTEPNPETALMM pe-
KOMEHOALMM, NPUBOLMMbIX NOCTABLLUMKAMM CMa-
30YHbIX MaTepPHasoB.

Mpv TeMnepaTypax, NpesbILLAFOLLMX BEPXHUI
npenen pabounx temnepatyp (HTPL), yxyawe-
HWE CBOWCTB NIACTUYHOM CMA3KK MPOUCXOLMT C
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MpuHuun ceetodpopa SKF

Mcnonb3osats 3anpewlaeTca

MnacTuyHble cMasku

[Munarpamma 1

HeHanéxHas paboTa (Tonbko KpaTKoBpeMeHHO)

HanéxHas paboTa, T. e. NPOrHO3MPYeMbIH CPOK CIYKBbI

NNacTUYHOWU CMa3ku

Temnepatypa

LTL LTPL

HTPL HTL

LTL  HwkHuit TeMnepaTypHbIv npegen

LTPL  HwxHu# npegen pabounx Temnepatyp

HTPL BepxHui npegen pabouunx Temnepatyp

HTL  BepxHui TemnepatypHbIiv npeaen

BO3pacTaroLLen BbICTPOTON, a NoBoYHbIE NPO-
LlyKTbl OKMCMIEHWS OKa3blBarOT paspyLuatoLLee
BO3JeNCTBME Ha cMa3Ky. [103ToMy akcnnyaTaums
NOALMNHWKOB NPU TeMnepaTypax B XENTOM
30HE MeXQy BEPXHWM npenesioM paboumx Tem-
nepatyp (HTPL) v BepxH1M TeMnepaTypHbIM
npegenom (HTL) gonyckaertca Tonbko Ha go-
BOJbHO KOPOTKOE Bpems — He Gonee HecKosb-
KMX Yacos.

TakKe CyLLeCcTBYeT KENTanA 30Ha AN HU3KUX
TeMmnepartyp. o Mepe NOHMXKEHWS TeMnepaTypsbl
KOHCUCTEeHUMSA NNACcTMYHOW CMa3kv BO3pacTaeT, a
TeHAEHLMA K MACN00TAeNEeHUIO CHAXKAETCA. ITO
NPUBOAMT K HEJOCTAaTOYHOM Nodaye CMa30YHOro
MaTepuana Ha KOHTaKTHbIE MOBEPXHOCTH TeN v
IIOpOXeK KayeHus. Ha guarpamme 1 3toT Tem-
nepaTtypHbIv Npeaen 0603HaYeH Kak HUXKHUI
npenen pabounx Temnepatyp (LTPL). 3Hauexus
HWKHEro npegena paboyen Temnepatypsl Ans
PONMKO- W LUAPUKONOALLMIMHWUKOB Pa3NMyHbI.
MockonbKy LAPUKONOALLMMHUKK NTerye cMasbi-
BaTb, YEM PONTUKOMOALLMNHWKH, LS HUX 3HaYe-
Hue LTPL nmeeT MeHbLUee 3HaveHre. B Toxe
Bpems, NocTosHHas paboTa pofMKONOALLMMHA-
KOB B YC/TOBUSAX TEMNEpaTyp HUxXe 3Toro npefde-
na MOXeT MPUBECTU K UX CEPbE3HOMY NoBpexae-
Huto. KopoTkue nepuosl paboTsl B 3TOM 30He,
HanpuMep, B NpoLiecce XoNoAHOMo 3anycka, 4o-
NyCTUMbI, Tak Kak Tenso, BblgensemMoe npu Tpe-
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HWM, NOBbLILLAET TEMNEPaTypy NOALIMMHMKA, U
OHa BbICTPO ycTaHaBNMBaETCA B Npeaenax 3ené-
HOW 30HbI.
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TemnepaTypHble AManasoHsbl

TeMnepaTypHble 41anasoHsl 45 PasnuyHbIX
CMa30K pasnuyaroTca Mexay cobon v onpegens-
FOTCH TONLKO NYTEM MCMbITaHWK Npu paboTe
NOALUMMHKUKOB.

CTaHpapTHble TeMnepaTypHbIe 30Hbl AN WK-
POKO PacnpOCTPAHEHHBIX NACTUYHBIX CMA30K
knacca KoHcucteHunm NLGI 2 6e3 aHTU3aamMpHbIX
npUcanoK, 06bI4HO UCMONb3yeMbIX 4519 CMa3blBa-
HUS NOALLUMMNHMKOB KayeHHs, NoKasaHbl Ha
aunarpamme 2. [NocKonbKy XapakTePUCTUKH,
npyBedEHHbIE AN KAXA0r0 TMNa NNacTUYHOW
CMa3ku, IBNAHTCS CyMMApHbLIMM JaHHbIMK CMa-
30K Bonee 1M MeHee aHanorMyHoOro CocTasa,
rpaHWUbl LIBETOB Ha fMarpamMMax MeHsHTCA He
pesKo, a NP1 NOMOLLIM NNaBHbLIX Nepexoaos oa-
HOro LUBETa B APYrow.

TeMmnepaTypHble 30HbI AN NAACTUYHBIX CMA30K
SKF nokasaHbl Ha guarpamme 3. [1aHHble 30HbI
onpefeneHsl B pe3ynbraTe NpoaoNHKUTENbHbIX
UCNbITaHWK, NpoBeéHHbIX B nabopaTtopuax SKF.

3HaueHus, yKasaHHble Ha AuarpaMmax 2 v 3,
OTHOCATCSA K U3MEPEHUAM TeMNEPATYPbl HA KOSb-
Lie, KOTOpOe ABNAETCS HEMOABMXKHBLIM B NpoLecce
paboTbl.

KoHcucTeHuua

CornacHo knaccudukaumu HaumoHansHoro UH-
cTuTYyTa nnactnuHbix cMasok (NLGI) cywiectsyer
HECKONbKO KNAcCoB KOHCUCTEHLIMW MANACTUYHbBIX
cMa3oK. KOHCHCTeHUMA NNACTUYHOM CMa3Ku He
[IOSKHA Pe3Ko U3MeHATLCA Npuy paboTe B Npene-
nax yCTaHOBMEeHHOro MHTepBasna Temneparyp.
[1acTUYHbIe CMa3KK, KOTOpbIE pa3MAryaroTcs
NP NOBbILLEHHbIX TeMNepaTypax, MoryT BbiTe-
KaTb 13 NOSIOCTU NOALLMMNHUKOBOrO y3na. CMasku,
KOTOPbIE 3aTBEPAEBAOT NPU HU3KMUX TEMNEpaTy-
pax, MOryT 3aTpyAHATL BpaLleHue NoaLLMNHUKA
WK OrpaHUYMBaTL MACooTAeNneHue.,
[1nacTuyHble CMasKkK C 3arycTuTeneM us Me-
TaNNoCcoAepsKaLLlero Mbifa ¢ Knaccamm KOHCU-
crerummn 1, 2 unu 3 no wkane NLGI 06b14Ho
NPUIrofHbI 418 UCNOMNb30BAHMA C NOALLMMNHUKA-
MU kauenus. Hanbonee pacnpocTpaHeHHble
NNACTUYHbIE CMA3KKM UMEHOT KNACC KOHCUCTEHLIMK
NLGI 2. MnacTruHble cMasku, MMeroLLme Gonee
YMOKYH KOHCUCTEHLMIO, NPeanoYTUTENbHbI B
YCNOBUAX HWU3KMX TEeMNepaTyp Unu B Tex Crydasx,
Korga TpebyeTca noBbILEHHasA MPOKaYUBAEMOCTb
cMa3ku. MnacTmyHble CMas3ku Knacca KOHCUCTEH-
UMK 3 PEKOMEHYHOTCS 418 NOALLIMMHUKOBLIX Y3-
noB, paboTaroLLMX Ha BEPTUKANbHbIX Banax, roe
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oTpaXkaTenbHas NNacTMHa ANA yaepKaHus cMas-
K1 BHYTPHW NOALLIMMHWKA PacionoxeHa nog
NOALIMMHUKOM.

Korpna noaLwmnHuk paboTaet B yCnosuax BuU-
6paumm, NnacTMyHas cMaska NnoaBepraeTcs UH-
TEHCHMBHOM BbIPaBOTKe, Tak Kak NoJ BO3OeHCTBU-
eM BUOpaLIK OHa NOCTOAHHO 0TOpackIBaeTca B
NonocTb NOALIMNHKKA. B faHHOM cnydae uene-
c006pa3Ho NPUMEHSATb NNACTUYHbIE CMA3KH,
KOHCHUCTEHLIMA KOTOPbIX He M3MEHAETCA B Npo-
Lecce paboTsl.

MRacTMyHbIe CMa3KM C 3arycTUTeNeM U3 Nonu-
MOYEBMHbI MOFYT Pa3MAryaThCs Unu 3aTeepae-
BaThb B 3aBUCMMOCTM OT CKOPOCTH CAIBUra CNoeB
CMa3Ku B KOHKPETHbIX YCrOBWAX paboTl. [103T0-
My NpW BEPTUKANbHOM PACMONOXeHUU Bana B 0T-
NenbHbIX CNy4Yanx CyLLecTBYyeT ONacHOCTb BbiTe-
KaHWs CMa30K Ha OCHOBE NOSIMMOYEBUHbI BHE
3aBMCMMOCTM OT paboyei Temnepartypbl.

BsaskocTb 6asoBoro Macna

BsaskocTb 6a3080ro Macna NnacTMYHbIX CMasok,
KOTOpble 0BbIYHO UCMOSBb3YHOTCA 419 CMa3blBa-
HUS NOALLUMMNHUKOB KaYeHWs, HaXoauTCs B Npe-
nenax ot 15 go 500 Mm2/c npu 40 °C (105 °F).
OTneneHve Macna B NAacTMYHbLIX CMaskax ¢ 6a-
30BbIM MaCOM BS3KOCTbHO cBbille 500 MM2/c npu
40 °C (105 °F) npoMcxoamT HAaCTONLKO MefeH-
HO, YTO afieKBaTHOEe CMa3blBaHWe NOALIMMHUKA
He obecnednsaetcs. MNo3ToMy Heo6x0auMo Npo-
ABNATL 0COOYH OCTOPOXHOCTL B Clyyasx, Koraa
TpebyeTcs BazkocTb 6onee 500 Mm2/c npu 40 °C
(105 °F) Bcnenctsue Manbix 4acToT BpaLLeHus, a
TaKKe paboTbl NOALUMMHAKOB B YCIOBUAX IKC-
TpeMasbHO BbICOKMX MK HU3KKX TeMnepaTyp. B
Takux Cllydanx cnefyert o6paTuTbCs B TeXHUYe-
ckyro cnyxkBy SKF 3a koHcynbTaumen.

Ot BA3KOCTH 6A30BOr0 Mac/a TakKe 3aBUCUT
MaKcHMMarnbHas pekoMeHayemas yacToTa Bpalie-
HUs nofLwMnHKKa. KpoMe Toro, gonyctumas ya-
CTOTa BPALLEHHMS ANs NNACTUYHON CMA3KW 3aBU-
CWT OT CONPOTHBNIEHUS CMA3KK CABUIY, KOTOpOe
onpegenseTcs 3aryctuteneM. [1nq BoipaxkeHns
CKOPOCTHbIX XapaKTEPHUCTHK NNACTUYHbBIX CMA30K
WX MPOM3BOOMTENIU HEPEOKO UCMOMbL3YHOT Napa-
MeTp BbICTPOXOQHOCTH, KOTOPbIM PacCHUTLIBAET-
s no popmyne

A=ndp
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MpuHuun ceetodpopa SKF — ctanpapTHbIe NNACTUYHbIE CMA3KK

Twun 3aryctutens

basosoe Macno

JDunanason Temnepatyp

MnacTuyHble cMasku

Junarpamma 2

-50 0 100 150 200 250 °C
Jntnesoe Mbino MuHepanbHoe . -— N N T
Nutnesoe Mbino LuadpupHoe [ N N T
JuTueBbIf KoMnekc MuHepansHoe . — | I R -
JInTHeBbIM KoMnneke MonuansdaoneduHosoe  mmmm | — — =1
Kanbumesbiii koMnnekc  MuHepanbHoe - — S I E— -
AntoMUHWEBbIM KOMNeke  MuHepansHoe - SN -
MonumoyesnHa MunepansHoe . — S E— .
-60 30 120 20 300 30 480 °F
[Munarpamma 3
MpuHuun ceetodpopa SKF — nnactuunble cMasku SKF
MNnactnyHble cMasku SKF [MunanasoH Temnepatyp
0603HayeHKe
-50 0 50 100 150 200 250 °C
LGMT 2 . —_— A I S I
LGMT 3 - — S— — M E—
LGEP 2 - — B — P E—
LGWA 2 - — A E— —
LGFP 2 - — E— -
LGGB 2 | I A
LGBB 2 | A S —
LGLT 2 - P — P E—
LGWM 1 - — S E— P E—
LGWM 2 - S —
LGEM 2 - — | I — S E—
LGEV 2 I — S — S E—
LGHB 2 - — T — —
LGHP 2 - I I -
-60 30 120 210 300 300 480 °F

Mpy paBoumx Temnepatypax, npesbilwaromx > 150 °C (300 °F), SKF pekomeHayeT Mcnonb3osaTh NRacTUuHyto cMasky SKF LGET 2.

akF
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CmasbiBaHHe

rne

A = napameTp 6bICTPOXOAHOCTH [MM-06/MUH]

dp = CpemHui AuaMeTp NofLUMMHKUKa [MMm]
=0,5(d + D)

n = yactoTa BpatleHus [06/MuH]

Ecnu napameTp 6bICTPOX04HOCTW A NpeBbilIaeT
70 % BENWYMHBI pEKOMEHL0BAHHOr0 Npedena
(= Tabnuua 5, cTp. 257), cnedyert onpeaenuTb
B/IMAHME BbIGPAHHOr0 CMa304HOro MaTepuana
Ha NpefenbHble YacToTbl BPaLLeHUs, YKasaHHble
B pasgene «Yacrorsl Bpaiyeqma» (= crp. 117),
W yOeauTbCs B COOTBETCTBMM YaCTOThI BpaLLEHUs
MMEIOLLIMMCA PEKOMEHJALMAM.

Mpw HeobxoarMMoCTH BbIGOpa CMasku ans
NOALLIMMHWKOB, PAaboTaroLLMX NPU 04EHb BONb-
LLIOM YacToTe BpaLLeHus, 06paLlanTec B TeXHU-
yeckyro cnyx06y SKF.

BpalueHne Hapy)KHOro Konbua

[pu BpaLLeHUM HAPYXKHOTO KOSbLia PAacyET na-
pameTpa BbICTPOXOAHOCTH A NPOM3BOOMUTCA UHA-
ye. B 3ToM cnyyvae BMecTo d,,, Ucnonb3yeTcs Ha-
PY>KHbIM auameTp nogwunHuka D. Ytobbl
n3bexkarb yTeUKM CMa3ku, HeoBX0anMo UCnonb-
30BaTb KaYecTBeHHbIE YNIOTHEHMS.

B ycnosuax paboTbl NPU BLICOKMX YacTOTax
BpaLLleHns HapyxxHoro konbua (T. e. > 40 % Ho-
MWHaNbHOM YacTOTbl BPALLEHWS, YKa3aHHOW B
Tabnuuax NnoALWM1NHUKOB) crnedyeT BbiIBUpaTh
NNACTUYHbIE CMA3KKU, UMEIOLLIME MOHUMKEHHYHD
TeHAEHUMIO K MACcNooTaeNeHuH.

Lns cdepryeckrx ynopHbIX pofiMkonogLumn-
HUKOB C BPALLAOLLMMCA CBOBOAHBIM KOMbLOM
pekoMeHayeTcs UCNONb30BaTh CMasbiBaHUe
Macmnom.

3awmra oT Koppo3uu

MnacTMyHas cMaska Takxke 4oMKHa 3almLLaTh
NOALIMMHWK OT KOPPO3UK U He [OMKHA BbIMbI-
BaTbCA M3 MNONOCTH NOALLMINHMKA B CyYae nona-
flaHus BoAabl. Tun 3arycTuTens onpegenser cno-
COBHOCTb NIACTUYHOM CMa3KK NPOTMBOCTOATL
BbIMbIBaHWHO BOAOW. Hanbonee ycTOMYMBLIMU K
BbIMbIBaHWHO BOLIOM ABMAOTCA NNACTUYHbIE CMa3-
KM Ha OCHOBE TaKuX 3arycTuTenen, Kak NnMT1essIn
W KanbLWeBbIM KOMNMEKChI, @ TakKe Nonumoye-
BUHA. AHTHKOPPO3WMHbIE CBOMCTBA NNACTUYHBIX
CMa30K onpegens+oTc XapakTepUCTUKaM1 1c-
MOJb3YEMOro B HUX MHTMBUTOPA KOPPO3WH.

B ycnosuax paboTbl NPy HU3KKMX YacToTax
BPALLIEHWS ONs 33K Tbl OT KOPPO3WK W NPeaoT-

248

BPALLIEHWA NPOHUKHOBEHWA BObl PEKOMEHJyeT-
sl 3aMoNHEeHKe NosIoCTH Kopnyca NNacTUYHOM
cmaskom go 90 %.

Mpy3onogbEMHOCTL

Ecnu TonwmHa ruapoaMHaMMyeckon cMa3oyHoM
NNEHKM HeQOCTaTOYHA ANs NpefoTBpaLleHns
KOHTaKTa MeTannMyeckmnx NoBepxHOCTeN, CPOK
Cny>kBbl NOALLMMHUKA MOXKET ObITb 3HAUMTENBHO
yBefM4yeH NyTEM UCMNONb30BaHUs aHTU3aAMPHBIX
(EP) unu aHTUmM3HoCHbIX (AW) nprcagok.

SKF, kak npaBuno, He peKkoMeHayeT UCNosb-
30BaTb aHTWU3aAMPHbIE UMK AHTUU3HOCHbIE NPU-
cafik1, eciu Ko3cbdUUMeHT K > 1 (= «Koappu-
LIMeHT BA3KOCTH K», cTp. 241). OgHako, B
HEKOTOPLIX CNydYasx NPUMEHeHWe Takux npuca-
[IOK MOKET 0Ka3aTbCs NONe3HbIM, HaNpUMep, Npu
Ype3MepHOM NPOCKasb3blBaHWU MeXOy Tenamu u
[I0POXKKaMM KaueHus.

AHTU3aaMPHbIE NPUCAAKU

Mcnonb3oBaHue aHTU3aaMPHbIX NPUCAN0K ABNA-
eTCA 0fHWM M3 CNOCOBOB yaaneHna HepoBHOCTEN
Ha CTarbHbIX KOHTAKTHbIX NOBEPXHOCTSX. [10BbI-
LUEHHbIE TEMNEepaTypbl, BO3HUKAIOLLIME B MECTaX
NOBbILLIEHHbBIX KOHTAKTHbIX HANPSXKEHWM Ha He-
POBHOCTAX, aKTUBUPYHOT 3TW NPUCAOKK, B pe-
3yneTaTe Yyero ofecnevnBaeTcs yMepeHHbIM U3-
HOC MOBEPXHOCTH B TOUKAX KOHTaKTa. TakuM
06pasoM, aHTM3aaMpHbIe NPUCAAKK CrMaX1BaroT
NOBEPXHOCTH, YMEHbLLIAKOT NOKaSbHOE yBenYe-
HUE KOHTAKTHbIX HAMNPSXXEHUN W1 YBENUYMBAROT
pecypc NoaWwmrnHmUKa.

HekoTopble COBPEMEHHbIE aHTU3aAUPHbIE
np1canKku NPoM3BoOATCA Ha OCHOBE Cepbl 1 hoC-
$opa, KOTOPble MOrYT CTaTb XMMUYECKU aKTUB-
HbIMKW Jake 6e3 KOHTaKTa HepoBHOCTeN. B Takux
CryJasx BbICOKMe paboure TemMnepaTypbl /Unu
KOHTaKTHbIE HANPAYKEHUS BbICTYNArOT B PONK Ka-
Tanusatopa. BosHukatoLLas B pesynsrare XuMu-
YecKasn aKTMBHOCTb MOXET He OrpaHUYMBaTLCS
30HaMW KOHTaKTa HEPOBHOCTEM, TaKXKe OKa3blBast
HeraTMBHOE BO3AEMCTBME Ha NPOYHOCTL Nof-
LUMMHMKOBOM CTanM. 3T0 MOXKET aKTUBM3UMPOBaThb
MexaHW3Mbl KOPPO3MMU/ AU dY3MM B 30HAX KOH-
TaKTa W YCKOPWUTb BbIXOA NOALLMIMHMKA M3 CTPOS,
KOTOPbIM 06bIYHO HAYMHAETCA C TOYEYHOTO
BbIKPaLLMBAHMS.

Moatomy, SKF pekoMeHyeT UCnonb3oBaTh
aHTM3aaMpHbIe NPUCAOKH, KOTOPbIE HAUMEHEE
aKTUBHbI Npy pabounx Temnepatypax ot 80 °C
(175 °F) no 100 °C (210 °F). Ons ycuneHus aH-
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TU3aAMPHOro 3ddeKTa Ha 04YeHb MasbiX YacTo-
Tax BpaLLeHWs MOXHO MCMosMb30BaTh TBEPAbIE
CMa304Hble 006aBKK, TakWe Kak rpaduT 1 auc-
ynbdua Monubaera (MoS,). Takue npucagkm
LIOMKHbI UMETb BbICOKYH) XMMUYECKYHD YUCTOTY U
0YeHb MefKWe YacTuubl. B npoTMBHOM cnyvae
BO3MOXHO COKpaLLieHWe CpoKa Cryx0bl nogLLMN-
HUKa 13-3a AedeKToB, 06pasyeMblX B pesyrbrarte
[laBfeHWs TBEPAbIX YacTUL, NPUCYTCTBYHOLLIUX B
cMaske.

Bornee nogpo6Hy+o MHdOpMaLMto 06 aHTH3a-
LMPHBIX NPUCAAKAX MOXHO MOMYYMTb B TEXHUYE-
ckon cnyxbe SKF.

AHTUU3HOCHbIE npUcagku

AHuTum3HOCHbIe (AW) nprcaaku, Tak e Kak 1 aH-
TU3aMpHbIe, NPefoTBpaLLaroT KOHTaKT MeTan-
nuYeckux nosepxHocter. OaHaKo, OHWU UMeroT
pasHble MexaHW3Mbl fenctara. OCHoBHOE OTNK-
Yue COCTOMT B TOM, YTO aHTUM3HOCHBIE NPUCAAKK
CO30at0T 3aLLWTHbIN CNIOW, KOTOPbIM NPUAKUNAaeT K
NOBEPXHOCTU. ITO oBecneynsaeT NPOCcKasb3bl-
BaHWe HepoBHOCTEN Apyr no Apyry 6e3 koHTakTa
ctans/ctans. Mpu 3TOM MUKPOHEPOBHOCTH He
YCTPaHAKTCA NYTEM M3HOCA, KaK B Clyyae C aH-
TU3aMPHLIMK NPUCAAKaMK. AHANOMMYHO aHTKU-
33/IMPHbLIM NPUCaAKaM aHTUM3HOCHbIE NPUCAaKK
MOTYT COQIeP3KaTh 3M1eMEHTbI, CNOCOBHbIE 0cna-
B1Tb CTPYKTYPY NOBEPXHOCTHOMO C/IOA MOALLIMM-
HWUKOBOW CTanM.

HekoTopsle 3aryctutenu (HanpuMep, KoMm-
nneKc cynbdgoHaTa kanbLus) Takke obnagarot
AHTU33AMPHBLIM MK AHTUM3HOCHBIM 3P DEKTOM,
HE 0Ka3blBas NPU 3TOM XMMUYECKOro BO3Aen-
CTBWSA, KOTOPOE MOXET NPUBECTH K YCTANOCTHOMY
paspyLUeHWto NoALLMNHUKA. TemnepaTypHble
[IManasoHbl AaHHbIX 3arycTUTENEen COOTBETCTBY -
toT paboumM pexxkimam BoMbLUMHCTBA NAACTUY-
HbIX CMA30K W Macerl.

Bornee noapo6Hy+o MHdOPMaLMI 06 aHTUK3-
HocHbIX (AW) nprcagKax MOXHO NOMYYMTb B Tex-
HUyeckown cnyxbe SKF.

CmewmnBaeMocTb

Mpwu HeobxoAMMOCTH Nepexoda oT 0HOro TUNa
NNACTMYHOM CMa3KK K ApYroMy crieqyeT NpUHSATL
BO BHMMaHWe BO3MOXHOCTb CMeLLMBaHUA Nna-
CTUYHBIX CMa30K 6e3 HeraTMBHbIX NOCEACTBUM.
Mpu cMeLMBaHUM HECOBMECTUMBIX MlacTUye-
CKMX CMa30K MX COBMECTHAN KOHCUCTEHLMS MO-
YET TaK CUMNbHO M3MEHUTLCS, YTO 3TO NPUBEAET K

akF

Mnactuunble cMaskm SKF

-
BHUMAHUE
Bosgerictame Ha PTFE 0TKpbITOro orHa Mm
€ro UCMnonb3oBaHWe Npu TeMnepartypax
csbiwe 300 °C (570 °F) co3naét onacHoCTb
ONs 300P0BbA W OKpyxKaroLen cpedbl! [aH-
HbIM MaTepMan 0CTaéTca onacHbIM AN Uc-
NONb30BaHMA Aake MOC/e ero oXnaxaeHus.

BHuMaTenbHo npouunTaTe 1 cobnrogan-

Te Mepbl NPeAOCTOPOXHOCTH, ONMCaHHbIE B
pasgene «Marepuasne! ynnoTHeHUH>
(= cTp. 155).

BbIXOY MOALUMMHKKA U3 CTPOSA, HanpuMep, B pe-
3ynbTaTe YTeuKH CMasku.

MNacTUYHbIE CMa3Ku, UMEFOLLIME OfIMH W TOT XKe
3arycTuTesNb U 0[jHO W TO ke 6a30B0e Macsio, Kak
NpaBuno, MOryT CMeLLMBaTLCs 6e3 Kakux-nuéo
3HaYMTENbHbLIX NOCNeacTBUIA. Hanpumep, nna-
CTMYHYHO CMa3Ky Ha OCHOBE NUTUEBOro Mbina /
MWHEPanbHOro Macna 06bI4HO MOXKHO CMEeLLn-
BaTb C JpYrov NNacTM4HOM CMa3KoM Ha 0CHOBE
NWTHEBOro Mbina / MMHEpansHoro Macna. Takxe
MOTYT CMELLIMBATLCA APYr C APYroM HEKOTOPbIE
MNAaCTUYHbIE CMA3KW HA OCHOBE Pa3HbIX 3aryCTu-
Tenew, HanpuMep, NNacTUYHbIE CMa3KW Ha OCHO-
BE KanbLMEBOro 1 JIMTUEBOrO KOMMIIEKCOB.

B tex cnyyasx, korga cMeHa niacTUyHom
CMa3Ku MOXKET MPUBECTU K CHKEHUIO €€ KOHCH-
CTEHLIMM W YTEeYKE M3 NOALLMITHWKOBOrO y3na,
pekoMeHayeTcs NpeBapuTeSibHO O4UCTUTHL Mo-
NOCTb NOLLMMHUKOBOIO Y3/1a U CMA30YHble Ka-
Hanbl OT OCTATKOB CTAPOM NMNACTUYHOM CMa3KK
(= «losTOpHOE CMasbiBaHHe, cTp. 252).

KoHcepBaLMOHHBIM COCTaB, UCMNOMb3yeMbIM
ana noawunHmukos SKF, coBMeCTUM ¢ B0bLLIMH-
CTBOM TWMOB NNACTUYHBIX CMA30K, 38 BO3MOXKHbIM
MCKMHOYEHWEM MMAaCTUYHbIX CMA30K Ha OCHOBE
NOMMMOYEBHHBI. MNacTUYHbIE CMa3KK Ha OCHOBE
PTFE, Hanpumep, SKF LGET 2, He coBMecTUMbI
CO CTAHAAPTHbIMK KOHCEPBAHTaMK U nepef ux
MCMONb30BaHWEM KOHCEPBAHT NOMKeH BbiTh
yAaneH.

3a 0NoNIHUTENBHOW HdOpMaLMelt obpa-
LL|aMTeCh B TeXHUYeckyro cny»By SKF.
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CmasbiBaHHe

Mnactuunble cMasku SKF — TexHuueckue cneynprKaunmu U XapakTepucTUKu

O6o3Ha-  Onwucanue Temne- Yactota Harpyska Knacc TemnepatypHbin BsaskocTb 6a3oBo-
yeHue paTypa BpalieHus NLGI Anana3zoHl) ro Macna npu
LTL HTPL 40°C 100°C
(105 °F) (210 °F)

- - - - - - °C/°F MM2/c

LGMT 2 MHorouenesas npoMbiluneHHas U M M L-M 2 -30 120 110 11
aBTOMOGHNbHAs -20 250

LGMT 3 MHorouenesas npoMbiwneHHas U M M L-M 3 -30 120 120 12
aBTOMOGHANbHAS -20 250

LGEP 2 AHTU3aAMPHASA, ANS TAKENBIX M L-M H 2 -20 110 200 16
Harpysok -5 230

LGWA2  [inf wWpokoro g1anasoHa M-H L-M L-H 2 -30 140 185 15
Temnepartyp3), aHTu3aaupHas -20 285

LGFP 2 CoBMecTMas ¢ MULLIEBbIMU M M L-M 2 -20 110 130 7,3
npoayKTamu -5 230

LGGB 2 Buvopasnaraemas, Hu3kas L-M L-M M-H 2 -40 902) 110 13
TOKCMYHOCTb. 40 195

LGBB 2 [Ins nogLwmnHukos nonacten L-M VL M-H 2 -40 120 68 10
BMHTOB M NOBOPOTHbLIX
MEeXaHW3MOB BETPSAHbIX TYPBUH -40 250

LGLT 2 HuskotemnepatypHas, ans ovess L-M M-EH L 2 -50 110 18 4,5
BbICOKMX 4aCTOT BpaLLeH!s -60 230

LGWM 1  HuskoremnepatypHas L-M L-M H 1 -30 110 200 16
aHTM3aa1pHas
nnacTMyHas cMaska -20 230

LGWM 2  [Ins TAXENbIX HArpy3oK, L-M L-M M-H 2 -40 110 80 8,6
LUMPOKMI AManasoH Temneparyp -40 230

LGEM 2  Bbicokossskas M VL H-VH 2 -20 120 500 32
C TBEPAbIMU CMA30Y4HBIMU
nobaekamu -5 250

LGEV 2 0Oco60 BbicoKoBA3Kas M VL H-VH 2 -10 120 1020 58
C TBEPALIMU CMa30Y4HBIMU
nobaskammn -15 250

LGHB 2 AHTU3aAMPHasA, BbICOKOBS3Kas, M-H VL-M L-VH 2 -20 150 400 26,5
BbICOKOTEMNepaTypHas) -5 300

LGHP 2 Bbicoko3ddpekTuBHas, Ha M-H M-H L-M 2 -40 150 96 10,5
0CHOBE NONMMOYEBUHbI —40 300

LGET 2 Ina skcTpeManbHbix Temnepatyp VH L-M H-VH 2 -40 260 400 38

-40 500
D LTL: HiHmit TeMnepaTypHbIi npeaen HTPL: BepxHui npeaen padoyux TeMneparyp

2) LGGB 2 MoeT BblAepkWBATb TEMNEPATYPy C NMKOBBIM 3HadeHneM 120 °C (250 °F)
3) LGWA 2 mosket BblEPXHWBATL TeMnepatypy ¢ N1koBbiM 3HadeHrem 220 °C (430 °F)
4) LGHB 2 MOXeT Bbiepxu1BaTh TeMnepatypy ¢ NkosbIM 3Hauekrem 200 °C (390 °F)

250 akF



Mnactuunble cMaskm SKF

Tabnuua 4

O6o3Ha- Ycranoska bBeictpoe Konebatens- Cu Ynap Huskuit  Huskoe  AHTUKOpPPO3WHHbIE
ueHue Ha BepTU- Hble 6p Harpyska Mnu YypoBeHb TPEHWe  CBOMCTBA
KanbHbIX  HapPYKHOro yacTble NyckW Wyma
Banax Konbua
LGMT 2 (@) - - + - - (e) +
LGMT 3 + O - + - - (¢) O
LGEP 2 o = (¢) + + - o +
LGWA 2 O (@) (@) (@) + = (@) +
LGFP 2 o - - = - - o +
LGGB 2 (@) - + + + - - O
LGBB 2 - - + + + - - +
LGLT 2 o - - - O + + O
L6WM 1 - - + . + - - :
LGWM 2 o O + + + - - +
LGEM 2 (@) - + + + - - +
LGEV 2 (@) - + + + - - +
LGHB 2 (@) + + + + - - +
LGHP 2 + - - o O + o + G
LGET 2 (e} + + (@] O - - O

OBo3Hauenus: + PekomeHpyetca
O [Jonyctma
— He noaxogut
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CmasbiBaHHe

MnactryHblie cMa3ku SKF

AccopTUMeHT nnacTu4HbIX cMasok SKF ana noa-
LLIMMHWUKOB KaYeHWA 0XBaThIBAET NPAKTUYECKM
BCe 061acTi NPUMeHeH s NoaLWKUNHUKoB. [aH-
Hble NAaCcTUYHbIE cMa3ku Bbinu paspaboTaHbl Ha
0CHOBE NOCNefHWUX AOCTUXEHWH B 06n1acTh noa-
LLIMMHUKOBBIX CMa304HbIX MaTepuanos. Komna-
Husa SKF KoHTpONMpyeT KayecTBo CBOMX Nna-
CTMYHbIX CMA30K, Nepef TeM Kak BbiNyCcKaTb UX B
npofdaxy Wnu faBaTh paspeLleHne Ha UCMomb30-
BaHue.

Hanbonee BaxkHble TEXHUYECKME XapaKTepU-
CTUKM NNacTUYHbIX cMasok SKF, a Takxe pyko-
BO/CTBO MO WX BbIBOPY NPeAcTaBfeHb! B
Tabnuue 4 (= crp. 250). [luanasoHsl Temne-
patyp, B Npefenax KoTopbIX MOTYT 3KCNyaTUpo-
BaTbCA NNacTUYHble cMasku SKF, cxeMaTMyHO
nokasaHbl Ha guarpamme 3 (= ctp. 247) no
npuHumMny ceetocdopa SKF.

LononHuTensbHyr MHOPMaLMIO 0 MAaCcTUY-
HbIx cMaskax SKF MOXHO HaWTK B KaTanore «M3-
nenusa SKF ans TexHu4yeckoro 06cysKMBaHMA U
CMA30YHbIE MATEPHAsbI» UNW Ha canTe skf.ru.

Bonee getanbHbIM BbIGOP NAACTUYHOM CMa3Ku
[N KOHKPETHOrO TMNa NOALLMMHWUKA U KOHKPeT-
HOrO Cflyyas ero NPUMEHeHUs MOXHO caenath ¢
UCMosib30BaHWUEM MHCTPYMEHTa s Bbibopa
nnactuyHon cmasku SKF LubeSelect, noctynHo-
ro Ha cTpaHuue skf.ru/lubrication.

HOBTODHOE CMa3biBaHHE

Ecnu CpoK CJ'Iy)KﬁbI NMacTMYHOM CMa3KuU MeHbLUe
paC‘-IéTHOI'O pecypca nogwnnHUKa, nogwmnnHHUKKU
Ka4yeHWa OO0J/HKHbI NOBTOPHO CMa3blBaTbCA. Mo-
BTOpHOE CMasbiBaHWe HEOéXO,D,MMO BbINOJTHATb
A0 yxyaweHua CBOMCTB MCNoNb3yeMoro cMasouy-
HOro MaTtepuana.

rlepVIO,EI,W-IHOCTb CMasblBaHMA 3aBUCHT OT Le-
10ro paaa B3aMMoCBA3aHHbIX paKTOpOoB. OHu
BKNMHOYaHT:

TMN W pasmep NoALLIMNHUKA
yacToTa BpaLleHus

pabouas Temnepartypa

TMN NNACTUYHON CMa3KK
NPOCTPAHCTBO BOKPYr NOALIMMNHMKA
paboyas cpefa NoALMMNHMKA

Bo3MoxkHble pekoMeHdaunn MoryTt 6bITb OCHOBA-
Hbl IMLLb Ha CTAaTUCTHUKE. MHTeDBaJ‘I CMasblBaHKA
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SKF onpenenseTcs kak nepyo[] BpeMeHHU, Mo uc-
TeyeHuu kotoporo ana 99 % nogLwMNHUKOB BCE
eLé obecneynBaeTcs NPaBUIbHOE CMasblBaHHe.
OH BbIpaxaetcs BenuunHoM L4, koTopast 060-
3HAYaeT CPoK CNyXBbl NAACTUYHON CMa3KM.

Hapsagy c ykasaHHbIMW PacYETHLIMU MHTEpBa-
namu cMmasslBaHus, SKF pekoMeHgyeT ncnons3o-
BaTb OMbITHbIE faHHbIE, OCHOBAHHbIE HA Pe3ysb-
TaTax peanibHOM 3KCNNyaTauny U UCNbITaHWM.

Bo MHOrMx 06nacTax NpUMeHeHUs CyLLecTByeT
npeaen NpUMEHeHUs NNACTUYHONM CMa3skK, Korda
TeMmnepaTypa Harpesa KofbLia NoALWMNHUKA Npe-
bitaeT 100 °C (210 °F). B tak1x TeMnepaTypHbIx
YCNOBMSAX JOMKHbI UCNONb30BaTLCS CNeuranbHble
NAacTMyYHbIe cMaskW. KpoMe Toro fomkHb! BbiTs
yuTeHbl NpeaenbHble padodre TemMnepaTypbl nog-
LUMMHMKA W CONPMXKEHHBIX AeTanek o6opynosa-
HUS, TaKWX KaK BHELLHWE YNIOTHEHUS.

3a A0N0NHUTENLHON MHOPMALIMEN MO 3KC-
nnyaTauuu NoALWKNHUKOB B BbICOKOTEMMEPA-
TYPHbIX YCIOBUAX CrieayeT 06paLlaThcsl B TeXHW-
yeckyro cnyx06y SKF.

I'Iepuo.anHocn: 3aMeHbl CMa3Kkn

MHTepsanbl NOBTOPHOro cMa3sbiBaHus te nog-
LLIMMHKUKOB C BPALLAFOLLIMMCA BHYTPEHHUM KOfb-
LIOM, YCTaHOBIEHHbIX Ha FOPU30HTaNbHbIX Bafax
1 paboTaroLLMX B HOPMarnbHbIX pabounx yCnoBr-
AX M B YACTOM Cpefie, MOXHO OnNpeaenvTs No
anarpamme 4 (= ctp. 256) 8 Buge cnegyro-
LLIEN DYHKLMM:

* napaMeTp BbICTPOXOAHOCTH A, YMHOMEHHbIM
Ha COOTBETCTBYHOLLIMK KO3 DHULMEHT pecypca
NoALUMNHKKA by,

roe
A =nd, [MM-06/MUH]
bf = KO3 PULMEHT pecypca NOALLMMNHUKA,
3aBMCALLMI OT €ro TMna v ycrnosuu
HarpyeHua (= Tabnuua 5, ctp. 257)
dp, = CpeaHWit AMamMeTp NoALIMHKKA
= 0,5(d+D)
n = yacToTa BpaLeHns [06/MWH]
e OTHOLLeHWe Harpy3ku C/P

MHTepsan NoBTOPHOro cMasblBaHus ti— 3T0 pac-
YETHas BEMYMHA, PaBHas KonM4ecTsy paboumx
4acos, B TeYEHWE KOTOPbIX BbICOKOKAYeCTBeHHas
NNacTMyHas cMaska Ha OCHOBE NIMTUEBOrO 3ary-
CTUTENSs MU MMHEpasbHOro Macna obecneynsaert
HanéxHyro paboty npu Temnepatype 70 °C
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(160 °F). Mpw Opyrvx pabouunx ycrnosuax Bemn-
YMHbI MHTEPBAMNOB NOBTOPHOIO CMa3bIBaHMs

(= mmnarpamma 4, ctp. 256) 00nxHbI ObITh
CKOPPEKTUPOBaHbI (= «M3MeHeHue HTepBasos
MOBTOPHOI0 CMA3bIBAHMS B 3ABUCHMOCTH OT pa-
60YMX yCII0BUI M TUNA MOALUMIHHKA).

Ecnv napameTp GbICTpoXxoaHOCTH A npeBbilla-
eT 70 % BeNuYMHbI pekoMeHA0BaHHOMO Npeaesna
(= Tabnuua 5, cTp. 257), cnedyert onpegenuTs
BNIMAHME BbIGPAHHOr0 CMa304HOro MaTepuana
Ha NpefenbHble YacToTbl BPALLEHUS, YKasaHHble
B pasgene «Yacrotel Bpawyerns» (= crp. 117),
U yOeOuTbCs B COOTBETCTBMM YaCTOThI BpaLLEHUs
MMELOLLIMMCA PEKOMEHJALMAM.

IMpu MCNONb30BaHWM BbICOKOKAYECTBEHHbIX
NNACTUYHbIX CMA30K MHTEPBANbl CMa3biBaHUS U
3aMeHbl NNACTUYHOM CMa3Kku MOTyT BbiTb
YBENWYEHbI.

Cpok cny»Bbl NNACcTUYHOM CMa3kW Ans ynmoT-
HEHHBIX NOALLUMMNHMKOB YKa3aH B COOTBETCTBYH-
LUMX pa3aenax katanora.

3a JonoNHUTENbHOW MHdOPMaLMei obpa-
LanTeCh B TexHUueckyro cny>By SKF.

U3meHeHHne WUHTEepBanoB CMa3blBaHUA B
3aBUCHUMOCTH OT paﬁoqux ycnosuvu U TMna
nogwunNHUKa

Pa6ouas TemnepaTtypa
Lns KOPPEeKTUPOBKW MHTEPBASIOB CMa3blBaHWSA C
YYETOM YCKOPEHHOr0 CTApPeHWs NNacTUYHoM
CMa3ku No Mepe noBsbiLleHus TemnepaTypsl SKF
pekomeHAayeT BABOE YMeHbLUIATL BEMMYMHY NO-
nyyeHHoro uHTepeana (—=> aMarpamma 4,
cTp. 256) Ha kaxable 15 °C (27 °F) nosbiLueHus
paboyei Temnepatypsl cebiwe 70 °C (160 °F).
Mpu 3TOM BEPXHUIA Npeden paboyrx TeMneparyp
(HTPL) nnactmuHok cmasku (= auarpamma 1,
cTp. 245) He gomkeH BbITh NpeBbILLEeH.

MHTepBan NoBTOPHOI0 CMasbiBaHUs ty MOXET
BbITb yBENKUYEH Npu Temnepatype Huxe 70 °C
(160 °F), ecnn 3Ta TeMnepaTypa He Npubauxka-
eTCa K HUXKHEMY npeaeny paboynx TeMneparyp
LTPL (= anarpamma 1, ctp. 245). SKF He pe-
KOMeH[yeT yBenu4MBaTh MHTepBan NoBTOPHOMO
cMa3blBaHMA te GonbLue, Yem B ABa pasa.

Lna 6eccenapaTopHbIX NOALIMMHAKOB UMK
YNOPHbIX POSIMKOMNOALLIMMHUKOB MHTepBan tg
(= auarpamma 4, ctp. 256) He ONXeH NpeBbi-
warbcs. KpoMe Toro, He pekoMeHayeTcsl, 4To6bl
MHTepBan cMasbiBaHua npessiwan 30 000 vacos.

akF

HOBTODHOE CMasblBaHKe

BepTuKanbHble Basbl
N8 NOALIMMHUKOB, YyCTAHOBMEHHbIX HA BEPTU-
KafbHbIX Banax, MHTEpBan cMasblBaHMs, NONY-
YeHHbIN U3 guarpammel &4 (= cTp. 256), non-
»eH BbITb yMeHbLLIEH B [1Ba pa3a.
Mcnonb3oBaHWe ka4yecTBEHHOM0 YNOTHEHNS,
3aLLMTHBIX LIANG UMK yaepXMBatoLLero KofbLia
aBnAeTca 0Ba3aTeNbHbLIM YCI0BMEM NPeoTBpa-
LLIEHUA YTEYKM NAACTUYHOM CMa3KK1 M3 MONOCTH
NOALWMMHMKOBONO y3Na.

Bubpauus

YMepeHHan BuBpaums He 0KasblBaeT HeraTMBHO-
o BNIMAHUA HA CPOK CIY>KObI NNACTUYHOM CMa3-
k1. OnHaKo, CHnbHan BUOPAUMS W yaapHbIe Ha-
rPy3KH, KOTOPbIM NOABEPratoTCA MOALLMMHUKH,
paboTatoLme, HanpyuMep, B BUOPOCUTAX, OKa3bl-
BArOT NOBbILUEHHOE MEXaHWYeCKoe BO3OeNCTBUE
Ha cMasky. B TakMx cnyyasx MHTepBasbl Mexay
MOBTOPHbLIM CMa3blBaHWEM [JOMKHbI ObITb COKpa-
LLieHbI. B cnyvae cnMLWKOM cHnbHOMO pasMmarye-
HWA NNIACTUYHOW CMa3KK B Npouecce padoTsl
CnenyeT UCMosb30BaTh NACTUYHYHO CMa3Ky, 06-
nagaroLLyro 6osee BbICOKOW MEXaHUYECKOM CTa-
B1NLHOCTLHO, HanpuMep, cMasky SKF LGHB 2
Unn Bonee BA3KYH NAACTUYHYH CMA3KY C KOHCH-
cTeHuuen knacca NLGI 3.

3arpAasHeHHOCTb

IMpU BLICOKOW BEPOATHOCTM NONafaHWs TBEPObIX
3arpsa3HAOLLIMX YacTuL Tpebyetcs Bonee YacToe
NoBTOPHOe cMasbiBaHWe. Bonee yacTble UHTEp-
Barbl CMa3blBaHWUA NO3BONSAFOT CHU3WTL YPOBEHb
3arps3HeHW U CNOCOBCTBYET YMEHbLLIEHUIO KO-
NMYeCTBA NOBPEXAEHUH, Bbi3bIBAEMbIX Nepeka-
ThIBaHWEM MOCTOPOHHMX YacTuLl. Hannuune xua-
KUX 3arpA3HAROLLMX BellecTs B pabouei cpeae,
TakMX Kak Bofa U/Unn TeXHOMOrMYecKHe KUIKo-
CTH, TaKXKe NpeanonaraeT coKpallieHWe UHTep-
Bana rnoBTOPHOro cMasblBaHua. B criyyae cunb-
HOW 3arpA3HEHHOCTM CriedyeT paccMOoTpPeTh
BO3MOXHOCTb MCMOMb30BaHUA PEXKUMa Herpe-
PbIBHOMO CMa3blBaHMs.
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CmasbiBaHHe

OyeHb HU3KWEe 4acToTbl BpaLieHuna

MpaBunbHbLIM BLIBOP TMNA NNACTUYHOM CMA3KK U
CTeneHb 3anofiHeHMs NoALWMNHUKOBOTO y3na
UMeroT 6onbLUIOE 3HaYeHUE A1 NOLALLMIMTHUKOB,
pabBoTaroLmx Npu Masion 4acToTe BpaLLeHus.
Lna noaWwmMnHMKoB, paboTaroLLMX C 04EHb HU3-
KOWM 4aCTOTOM BpaLLeHWs B YCNOBUAX NIEMKOW Ha-
rpy3Kku, TPEBYHOTCA NNACTUYHbIE CMA3KK HU3KOM
KOHCUCTeHUMM. MoawmnnHrkK, padoTaroLume ¢
HW3KOM YaCTOTOM BPALLEHHMS B YCITOBUSAX TAXKE-
NOW Harpysku, Tpeby+oT UCMonNb30BaHKUA Nna-
CTUYHbBIX CMa30K BbICOKOM BA3KOCTM C aHTH3a-
OUPHBIMK NPUCAAKAMM.

Teépable 0o6aBKK, Takue Kak rpaduT 1 auc-
ynbdug Monubaera (MoS,), MoryT ucnonb3o-
BaTbCs B TEX CNyYanx, Korga napameTp GbIcTpo-
xogHocTh A < 20 000 MM-06/MUH.

Bbicokue yacToThbl BpaLeHus

MHTepBanbl cMa3biBaHWA NOALUMMHUKOB B YCNO-
BMAX Y4aCTOT BPaLLLEHMS, NPEeBbILIAFOLLIMX PeKo-
MeH[j0BaHHbIe 3Ha4YeHWs napaMeTpa BbICTPOXof -
Hoctu A (—> Tabnuua 5, ctp. 257), nercraute-
NbHbI UL B CAlyYae UCNOMb30BaHWA CneLm-
anbHbIX NNACTUYHBIX CMA30K MM NOALIMIHUKOB
0c0BbIX MCNOMHEHUH, HAaNPUMED, TMBPUOHBIX
NOALIMMHMKOB. B 3TMX cryyasx BMECTO cMa3bl-
BaHMA NNACTUYHOM CMa3KoM 3 eKTUBHEE Npu-
MEHSTb METOfbl HENPEPLIBHOIO CMa3biBaHKA
MacrioM, HanpUMep, LIMPKYIALMOHHOE UK Mac-
NOBO3AYLLHOE CMa3blBaHHe.

TaENble U 04eHb TAKENbIE HArpy3KH

Lnsa nogwm1nH1Kos, paboTaroLLmMxX NPy napame-
Tpe BbicTpoxoaHocT A > 20 000 MM-06/MUH 1
KoadpduumenTe Harpysku C/P < 4, TpebyeTca
3HayWTEeNbHOE COKpaLLeHWe MHTePBasnoB NOBTO-
pHoro cMasbiBaHus. B atom cnyuyae SKF peko-
MeHOyeT NPUMEHATL HEeNPEpPbIBHOE CMasblBaHWe
NNacTMYHOW CMA3KOM UMK CMasblBaHWE Macna-
HOM BaHHOM.

lMpw nokasaTensax napameTpa ObICTPOXOLHO-
¢t A < 20 000 MM-06/MUH U KO3 dULIMEHTa Ha-
rpy3ku C/P = o7 1 no 2 obpatuTteck K MHpopMa-
umu nogpasgena «0yeHb HM3KHE YacToTbl
BPALLEHNS.

B ycnoBuax TAXENbIX HArpy30K K BbICOKMX Ya-
cToT BpaLeHus SKF pekoMeHayeT NpUMeHsTh
CUCTEMY LMPKYNALUMOHHOTO CMa3blBaHMS C 40-
NOMHUTENbHbLIM OXNAXKAEHUEM.
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OueHb Manble Harpysku

B ycnosusax nérkux Harpy3ok (C/P = ot 30 go 50)
MHTEPBasbl NOBTOPHOrO CMa3blBaHMs, BO MHOMUX
Ccnyyasx, MOryT BbITb yBennyeHsl. YTobel fo-
BWUTbCA YAOBNETBOPUTENEHOMN PaBOThl NOALLIMMA-
HWKOB, Ha HMX [OMKHA JeMCTBOBATE MUHUMANb-
Haf Harpy3ka, Kak yka3aHo B COOTBETCTBYHOLLIMX
rnasax katanora.

MNepekoc

CTaTMyeckri nepekoc, BeNMYMHa KOTOPOro Ha-
X0AMTCS B AONYCTUMbIX NPefenax, He BNUsSeT Ha
CPOK CNy’>K6bI NIACTUYHON CMa3KK, UCNONb3ye-
MOW B ChEPUYECKMX POSTMKOMOALLMMHKUKAX, Ca-
MOYCTaHaBIIMBAFOLLIMXCS LUAPUKOMOALLMMHUKAX
WNW TOpOMAANbHbIX posiMkonoawmnHukax CARB.

KpynHorabapnTHble NogwWnnHUKK

IMpy UCMNONb30BaHWM B TEXHONOTMYECKOM 060-
PYOBaHWW KpyNHOraBapuTHLIX POIMKOMOA-
LUKMNHKKOB ¢ AnameTpom d > 300 MM TpebyeTcs
MCMOb30BaHWE NPOAKTUBHOIO TEX0BCyXM1Ba-
Hua. [ns kpynHorabapuTHbIX NOALWMWMIHWUKOB
SKF pekoMeHayeT cTporo cobntoaath 06bEMbI
NOMOSHEHUS CMA3KKW NPK COKPALLIEHHbIX UHTEP-
Baslax NOBTOPHOMO CMa3bIBaHMA.

Nepeq TeM Kak NPUCTYNUTL K NOBTOPHOMY
CMas3bIBaHWIO CriedyeT NPOBEPHTL NAACTUYHYH
CMasKy Ha HafMuue Kak TBEpAbIX, TaK U XKUOKUX
3arpA3HAOLLIMX BKIHOYEHUI. Takke Heo6X0aMMo
NPOM3BECTH NOSHYHD NPOBEPKY YNNOTHEHWH Ha
OTCYTCTBHE M3HOCA, NOBPEXAEHUN 1 NPOTEYEK.
Ecnv no npoLuecTsum HEKOTOPOro BpEMeHH pa-
60TbI NOALLMNHUKOBONO Y311a COCTOAHME Nna-
CTMYHOW CMa3KKU M CONPAXKEHHBIX fdeTanen Bynet
NPU3HAHO YA0BNETBOPUTESNLHBIM, UHTEPBASIbI
MNOBTOPHOrO CMa3blBaHWsA MOrYT BbITb NOCTENEH-
HO yBEfMYeHbI.

SKF pekoMeHayeT NpUMEHSTb aHaNorMYHbIN
MeTo ANs YNOPHbIX ChepUyeckux ponukonos-
LUMMNHWKOB, OMbITHLIX 06pa3LoB 060pyn0BaHKA H
MaLLIMH C MOBbILLIEHHOM MOLLIHOCTbHO, @ TaKXKe B
cnyvasx HefoCTaTOYHOro OnbITa 3KCMNyaTaLnu
060pya0BaHHs.

LUunuugpuueckue ponmnKonoawnnHUKKU
MHTepBanbl NOBTOPHOr0 CMasblBaHWs

(= aunarpamma 4, ctp. 256) nencTBUTENbHBI
4N UMNUHOPUYECKMX PONTUKONOALLMMHWUKOB,
OCHALLIEHHbIX CNeayHOLLIMMK KOMMNOHEHTaMMU:
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® Cenapartop W3 CTEeKIOHaNoHEHHOro Nonua-
muga PA66, LeHTpUpPYEMbIN MO POnnUKaM,
cyddukc o6o3HaueHus P

® MexaHWyeckn 06paboTaHHbIM NaTyHHbIM cena-
paTop, LeHTPMPYEMbIM N0 PONKKAM, CydPUKC
o6o3HaveHna M

N8 UMAMHAPHUYECKMX PONMKONOALLIMIHUKOB,
KOTOPbIe OCHALLIeHbI yKa3aHHbIMW HUXe KOMMO-
HeHTaMMU, Nofy4YeHHbIe MHTepBasibl NOBTOPHOMO
cMasbiBaHua (= auarpamma &, ctp. 256)
DOKHBI BbITh YMeHbLLEHb! BABOE, a TakkKe Tpe-
ByeTcs MCNOMb30BaHWE MNACTUYHOM CMa3KK C
XOPOLLUWM MacnooTaeneHneM. 3T1 KOMAOHEHTbI
BKNFOYALOT:

® L1ITAaMMOBaHHbIM CTaMNbHOW Cenapartop, LUeH-
TPMUPYEMbI N0 ponukam, 6e3 cycddmkca 06o-
3HaYeHWs Unu ¢ cycddrkcom J

® MexaHMYecky 00paboTaHHbLIM NaTyHHbIM cena-
paTop, LEHTPHUPYEMbIN MO HAPYXKHOMY MITU
BHYTPEHHEMY KOSbLLy, CypdUKChl 0603Haue-
Hua MA, MB, MH, ML unu MP

® LUTAMMNOBaHHbIM CTaNbHOM cenapaTop, LeH-
TPUPYEMBIV N0 HAPYXKHOMY WU BHYTPEHHEMY
KonbLly, cydduke o6o3Hayvenna JAunu JB

Pekomengauuu

Ecnun B xoae ucnbiTaHWa BbIno BbISIBMEHO, YTO
onpenenéxHbIM MHTepBan CMasbiBaHUs t ABNA-
eTCA CIULLKOM KOPOTKUM [N KOHKPETHbIX YCNo-
8ur, SKF pekoMeHayeT BbINOMHWUTL CreayroLiue
[encTBuma:

¢ [lposepbTe paboyyto TemnepaTypy
NOALUMIHMKA.

o [lpoBepbTe NNaCcTUYHYHO CMasKy Ha Hanuuue
TBEPbIX UITH XKMAKUX 3arpAa3HArOLLIMX
BKIFOYEHUHN.

¢ [lposepbTe paboyue ycrnosmsa 3KcnnyaTaumu,
TaKWe KakK HarpyxxeHue wnu Hanuume
nepekoca.

e PaccMmoTpuTe Liesn1ecooBpasHocTb MCMonNb30-
BaHWA Bonee NoaxodsaLLEN CMa3KK.

akF

HOBTOpHOE CMasblBaHKe
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CmasbiBaHHe

[Munarpamma 4

WHTepBans NOBTOPHOTO Ci npu pabouen T Type 70 °C (160 °F)

t¢ [paBoune yacsl]

50 000 -
10 000 -
5000 +
1 000 A
500 -
C/P>15
C/P=8
C/P=4
100 T T T T T T T 1
0 200 000 400 000 600 000 800 000

A by [MM-06/MuH]
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HOBTODHOE CMasblBaHKe

Tabnuua 5
Ko3agppuumentsi no, up nyeMmble Ans napameTpa BbIcTpoxogHOCTH A
Tun nogwurnHukal Koadpuumnent PekomeHgyeMble guanasoHsl Ana napamertpa
NOAWMNNHUKA  BbICTPOXOAHOCTH A ANA HArpy3Ku
b C/P215 C/P=8 C/P=4

- - MM-06/MUH
PaguanbHble WapUKONOALWWNHUKKA 1 500 000 400000 300 000
MoawunHuku Tuna Y 1 500 000 400000 300 000
Pagua. y 1 500 000 400000 300000
CamoycT A Wwap 1 500 000 400 000 300000
Liununapuyeckue ponuKonoaLIMnHUKY
— MNaBaoLLUMK NOALLMMHUK 1,5 450000 300000 150 000
— UKCHPYHOLLIMI MOALLIMNHMK, 6€3 BHELLHEro 0cesoro

Harpy>KEHWA UMK C NEFKUMM, HO NepeMeHHbIMW 0CeBbIMK

Harpyskamu 2 300000 200000 100 000
— UKCUPYHOLLMM NOALIMMHMK C NOCTOSIHHbBIM NETKUM 0CeBbIM 4 200000 120000 60000

HarpyxeHuem
— BeccenapaTtopHble2) 4 Henpumennmo3) Henpumenumo3) 20 000
Wronbyatele ponMKONoAWNNHUKA
— CcenapaTopom 3 350000 200000 100 000
— BeccenapaTtopHble O6pawyaiTecs B TexHUueckyro cryx0y SKF.
Konunyeckue ponukonofwmnnHUk1 2 350000 300 000 200000
Coepuyeckue ponuKonoAWMNHAKK
— npy ko3 drLmMenTe Harpysku Fo/F- < e ndp, < 800 mm

cepun 213, 222, 238, 239 2 350000 200000 100 000

cepun 223, 230, 231, 232, 240, 248, 249 2 250000 150 000 80000

cepus 241 2 150000 80000 50 000
— npy KoagdHumrenTe Harpyskn F,/F < e n dy, > 800 Mm

cepun 238, 239 2 230000 130000 65000

cepun 230, 231, 232, 240, 248, 249 2 170000 100 000 50 000

cepus 241 2 100 000 50000 30000
— NpU KO3 pULMeHTe Harpy3sku Fo/F, > e

BCE Cepumn 6 150 000 50000 30000
TopouaansHble ponukonogwuniuku CARB
— Ccenapatopom 2 350000 200000 100 000
— BeccenapaTopHble2) 4 Henpumennmo3) Henpumenumo3) 20 000
Ynop p 2 200000 150 000 100 000
YnopHbie uMNUHAPUYECKUE PONUKONOALIMNHUKN 10 100 000 60000 30000
YnopHbie uronbyatble pONUKONOALMNHUKN 10 100 000 60000 30000
YnopHble cpepuyeckue ponMKONoALIMAHUKK G
— BpaLLatoLLeecs Tyroe KofbLo 4 200000 120000 60000
Mo p p ObpatuanTecs B TexHuueckyro cnyxGy SKF.

1) 3HaueHus KO3 PHUMEHTOB NOALLIMMHUKOB W PeKOMEHYeMbIX MPefenos s NapamMeTpa 6bICTPOXOAHOCTH A OTHOCATCA K NOALWMIHM-
KaM €O CTaHAAPTHOM BHYTPEHHEN reOMETPUEN M CTaHAAPTHBIM MCMIONIHEHWEM cenapaTopos. MH¢pOopMaLKto 0 BapuaHTax BHYTPEHHewH
KOHCTPYKLMW NOALUMMHWKOB W CNeLManbHbIX TUNax CenapaTopos MOXKHO y3HaTh B TexHM4eckon cyxGe SKF.

2) 3Hauenue t;, NONyYEHHOE U3 AMArPaMMBI 4, HyXHO yMeHbLIMTL B 10 pas.

3) HenpuMeHUMO, MOCKOMbKY N5 AaHHbIX BENWUMH C/P peKoMeHyeTcs MCMob308aTh NOAWHMHMKH C CENapaTopoM.
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CmasbiBaHHe

Mpoueaypbl NOBTOPHOro
CMa3blBaHUs

06bluHO BbIBOP METOA NOBTOPHOMO CMa3blBaHMS
3aBMCUT OT KOHKPETHOM Cdepbl NPUMEHEHHS
NOALLMMNHMKA W BbIOPAHHOTO MHTepBara cMasbl-
BaHuA tr. SKF pekoMeHayeT NpUMeEHATb 0fHY W3
cnefyroLLMX npoueayp:

¢ [lononHeHue cMasku — yA06HbIM M 4acTo
NPUMEHSEMbIA METO, €CNIU MHTEPBAr CMasbl-
BaHWA COCTaBNseT MeHee LecTu Mecaues. OH
o6ecneynBaeT HenpepbIBHOCTL paboTkl U 6o-
nee HW3KYH TemnepaTtypy NoALWMHWKa B
YCTAHOBMBLLIEMCS PEXKMME MO CPABHEHMHO C
PEXXMMOM HenpepbIBHOMO CMasblBaHMs.

e 3aMeHy NNacTMYHOM CMa3KM MOXHO PEKOMEH-
[10BaTb B TEX Cly4anx, KOrga MHTepsas cMa-
3blBaHWs NPEBLILIAET LWecTb Mecsues. JaHHas
npoueaypa 4acTo BKNHYAEeTCA B CMUCOK pe-
rNaMeHTHbIX PaboT Mo TexHUYecKoMy obcny-
YKMBAHWIO MOALLIMMHUKOB.

e HenpepbiBHOE NOMNOIHEHWE CMA3KW UCMOSb3Y-
eTCA B Tex Cflydasix, Koraa nosBTopHOe CMasbl-
BaHWe JO/HKHO NPOM3BOAMTLCS YacTo BCred-
CTBME HEraTMBHOMO BO34ENCTBMA 3arpsi3He-
HUK, @ TaKXKe eCIM UCMOoMb30BaHWe ApYruX
METO[10B HeLenecoodpasHo no NpUYMHe 3a-
TPYOHEHHOMO [OCTYNA K NoALMNHKKY. SKF He
PeKoMeHAYeT UCMoMb30BaTh PEXUM Herpe-
PLIBHOMO MOMOSHEHUA CMa3KK NpK paboTe
NOALLMMHMKA Ha BbICOKMX 4aCcTOTax BpaLle-
HWS, NOCKOSbKY 3TO NPUBOLMT K NOBbILLIEHUID
paboumx TeMnepaTyp 1 paspyLLEHHUH CTPYK-
TYPbI NIACTUYHON CMA3KH.

IMpKr MCNOMb30BaHMM Pa3HbIX TUMOB NOALLMMHU-
KOB B OJHOM W TOM XK€ MOALLMMHWUKOBOM y3ne,
MPUMEHSAOT HAMMEHbLLIMM PACYETHbLIV MHTEpBan
NOBTOPHOr0 CMa3blBaHWA 419 BCEX NOALIMMNHUKOB
y3na. Huxke npreeaeHbl pekoMeHaaLmm no uc-
NOJIb30BaHMIO TPEX Pa3HbLIX METO40B MOBTOPHOMO
CMa3bIBaHWSA U NOMNOMHEHWS NNACTUYHOW CMA3KM.

MononHeHWe NNACTUYHOW CMA3KK

Kak YKas3aHo BO BCTyI'IMTEJ'IbHOﬂ CTaTbe K pasfe-
ny «CMmasbiBaHme, NpWX MOHTa>e NosioCTb nog-
LUMMNHKMKA 3aM0MHAeTCs NNAacTUYHON CMaskom
NONHOCTLH), B TO BpeMA Kak CBOﬁO,ElHOE npo-
CTPaHCTBO B NONOCTKU KOpNyca — 4YaCTHUYHO. B

3aBUCHUMOCTH OT UCNOSTb3yeMOro cnoco6a nonon-

HeHus SKF pekoMeHayeT cneayroLee NpoLeHT-
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HOe 3anofiHeHne CBOéOJIlHOFO NPOCTPaHCTBa
Kopnyca:

o 40 %, Korga nononHeHWe ocyLLecTBASETCS CO
CTOPOHbI BOKOBOW NNOCKOCTW NOALLMMTHUKA
(= puc. 1).

e 20 %, Korga nNononHeHWe ocyLLecTBnaeTcs Ye-
pes3 cMaso4Hble OTBEPCTHA B HAPYXKHOM WUNK
BHYTPEHHEM KofbLie NoALWUNHUKA (—> puc. 2).

TpedyeMoe KONMYECTBO NNACTUYHOM CMa3Ku npu
NonNoNHeHW Co CTOPOHbLI 60KOBOM NNOCKOCTH
noALUMMNHMKA MOXHO onpefennTb No ¢gopmyne:

G,=0,005D8B

Puc. 1

Puc. 2

akF



a NpX NONONTHEHWUU Yepe3 Hapy>XHOe UMK BHY -
TPeHHee KomnbLo NoALLMNHMKa No popmyne:

G,=0,002D8B
roe
Gp = KONMYECTBO NOMONHAEMOM NNACTUYHOM

P
cMasku [r]

B = obuias umpuHa noglumnumka [mm] (ans
KOHUYECKUX POAIMKONOALLMMHAKOB
ucnonb3yetca T, 419 YNOPHbIX
NOALLMMHUKOB MCNONb3yeTcs BbicoTa H)

D = Hapy>XHbIM AMaMeTp NoALIMMHMKA [MM]

ILnq nogaym NNacTMYHOM CMa3sku C NOMOLLIbH
LINprUa HeoBxoaMMo NpedycMOTPETh B Kopryce
NOJLLMNHKUKA Npecc-MacnéHky. Mpu ucnonb3o-
BaHWW KOHTAKTHbIX YNIOTHEHWI B KOPYCe Takxe
DOMKHO BbITh NPEYCMOTPEHO APEHAXHOe 0T-
BepCcTUe ANs YAaNeHWs U3MMLLIKOB NAacTUYHOM
CMa3KH, KOTOpPble MOrYT CKanMBaThbCs B NONOCTH
Kopnyca noawunHuka (= puc. 1 v 2). B npo-
TMBHOM CJly4ae MOryT BO3HUKHYTb YCIIOBMWS NO-
CTOAAHHOrO Neperpesa NoALWM1nHKKa. Ha 3To
QPEHaXKHOE O0TBEPCTUE [0MKHA YCTaHaBMBATb-
€A 3arnyLuKa, Kora 04MCTKa Kopnyca nogLumn-
HWUKa NPOMU3BOAMTCA CTPYEN BOLbI.

CkonneHWe M3fMLLIKOB CMa3KK B MOOCTH KOp-
nyca NofALLIMNHKUKA BbI3bIBAET CHUIbHbINA HAarpes
NOJLLMMHMAKA U MOXET OKa3blBaTb HeraTUBHOe
BO30EMCTBME KaK Ha NIACTUUYHYHD CMa3Ky, Tak W
Ha cam nogLwmnHuk. OnacHocTb Neperpesa ot
CKOMMEHUA U3NULLIKOB CMa3ku Haubornee SBHO
BbIpaXKeHa Npw1 paboTe NofLUMMHUKOB Ha BbICO-
KWX YacToTax BpaLleHus. B Takux cnyyasax SKF
peKoMeHayeT UCMoSb30BaTh MAC/00TpaXaTe lb-
HOE KOMbLO B COYETaHWM C BbiNYCKHbIM OTBEp-
cTMeM. ITO NO3BOMNMT U36aBUTLCS OT U3NULLIHEN
CMa3Ku v NPOM3BOAMTL CMa3blBaHKe B Npouecce
paboTbl 06opyaoBaHus. MacnooTpaskaTenibHoe
KOJbLIO COCTOWT W3 IMCKa, KOTOPbIM BpaLlaeTca
BMECTe C BarfioM 1 06pasyert y3Kkyto LLienb C no-
BEPXHOCTbH TOPLIEBOM KPbILLIKK Kopryca
(= puc. 3). U36biTounan 1 oTpaboTaHHas cMas-
Ka BbITA/IKUBAETCA B KOJbLIEBYHD NONOCTb U Bbl-
XOMT U3 KOPMyCa Yepe3 OTBEPCTUE B HKHEN
4aCTW TOPLIEBOM KPbILLIKH.

L1na nonyyeH1s 0ONONHUTENbHOW MHbOPMa-
UMM 0 KOHCTPYKLIMM 1 pa3Mepax MacnooTpaxa-
TenbHbIx konel, SKF o6patuTecs B TeXHUYECKyH
cnyxBy SKF.

Y1060l BbITb YBEPEHHBIM B TOM, YTO CBEXAs
nnacTMyHas cMaska [elCTBMTENbHO nonaaaer B

akF
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Puc. 3

4
U

Puc. 4

Puc. 5
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NOOLLKIHKK K 3aMeHsAeT 0TpaboTaBLLyH, Haxo-
[ALLYHOCS B CMA30YHOM KaHase Kopnyca cMasky,
HeoB6XoaMMO NofJaBaTh cMasky Ha 60KoBYyH No-
BEPXHOCTb HapYXHOro Kombla (= puc. 1 n 4)
WK, 4TO NPeanoYTUTENLHO, B CaMy NONOCTb
noawunHyka. [na cMasbiBaHUs NOOLLMMNHUKOB
HEKOTOPbIX TUMOB, HANPUMEp, CPepPUYECKUX Po-
NUKONOALLMMHWUKOB, B HAPY>KHOM UMK BHYTPEH-
HEM KofblLiax NpeaycMoTpeHa KofbLeBas cMa-
304Has KaHaBka W/WMMK Kak MUHUMYM OJHO
cMa3ouHoe oteepcTue (= puc. 21 5).

Lnsa sdbdeKkTUBHOM 3aMeHbl 0TpaboTaHHOM
CMa3Ku BaXXHO NPOU3BOAMTL €€ NONOSTHEHWE B
npouecce pa6oTbl. Mpu HepaboTaroLer MalLuHe
Heo6X04MMO NPOKPYUYMUBATL NOALLMIHUK B NPO-
Lecce nononHexus. MNpu HenocpeacTBEHHOM 3a-
NOMHEHWU Yepes OTBEPCTHE BO BHYTPEHHEM WS
HapPY>KHOM KOMbLie CBEXas CMaska NodaeTcs Ha-
NPAMYHO B NOMOCTb NOALUMMHKKA. TakuM 06pa-
30M, KONMYECTBO NOAABAEMOM CMA3KK MEeHbLLUE,
YeM Npw 3anosHeHUK ¢ 6OKOBOM CTOPOHBI No4-
LwunHuKa. Mpennonaraercs, YTo CMa3oyHble Ka-
Hanbl y>Ke 3anofHeHbl NNACTUYHON CMa3Kow B
npouecce MoHTaka. B npoTMBHOM cnyyae ons
nepBsoro nononHexus notpebyetcs Bonbluee Ko-
NMYECTBO CMa3KK, NOCKONbKY YacTb e€ yMOET Ha
3anonHeHWe CMa30YHbIX KaHasoB.

[Mpu MCNONb30BAHWM ANMHHBIX CMA30YHbIX Ka-
HanoB He06X0aMMO y6eauThLCS B TOM, YTO NPH Cy-
LLIECTBYHOLLIEN TEMMEpATYpe OKpY>KatoLLEen cpefbl
3aKaumnBaeTCs 40CTaTO4HOE KONMYECTBO CMasKu.

CumTaeTcs, 4To NNACTUYHAA CMa3ka 3aMeHeHa
NOSIHOCTbHO, €CNM 3aM0NHEHO NpUMepHo 75 %
nonocTu kopnyca. Ecnv cMasbiBaHue NpousBo-
[MTCA C TOpua NOALUMMHMKA, M HaYanbHoe 3a-
nosiHeHue kopnyca coctasnseT 40 %, ans non-
HOM 3aMeHbl NNAaCTUYHOM CMasku noTpedyeTcs
NPUMEPHO NATb NEPUOAMYECKHX NOMONHEHWH
cMasku. Benegcreue Gonee HU3KOW HavasbHOM
HanNoNHAEMOCTH NOMOCTH KOPMyca U MeHbLUEro
pacxoaa nnacTMYHOM CMasku NpU CMasbiBaHWK
NOALIMNHMKA HEeNOCPeaCTBEHHO Yepes BHYTPeH-
HEE MW HapY>KHOEe KOMbLO, MOfHas 3aMeHa
NAAacTUYHON CMa3KK TPeBYeTCa NULLb B UCKITHO-
UMTENbHBIX CNyYasnX.
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3aMeHa NNacTUYHOW CMa3KK

Mpu 3aMeHe NNacTUYHOM CMa3KK C PaCYETHOM
NepUoAMYHOCTbLHO UMK NOCAe onpeaesiéHHoro
KOnMyecTBa NonosfHeHnH oTpaboTaHHan cMaska
[0/KHa BbITb NONHOCTLIO YAaNeHa U3 Kopnyca u
noawunHuka. OtpadoTaHHas cMa3ka NoanexuT
YTUAK3aLMK C COBNOAEHUEM HOPM MO OXpaHe
OKpY>KatoLLien cpeasl.

3anonHeH1e NonocTy NoALLIMMHMKA U Kopnyca
NNAcTUYHOM CMA3KOM [OMKHO OCYLLIECTBAATLCA B
COOTBETCTBMM C pekoMeHJaLmaMu pasgena «/Jo-
NONHeHHe NacTMyHoM cMaskm» (—> crp. 258).

Llns 3aMeHbl NNACTMYHOM CMa3KK JOKEH
6biTb 06ecneyeH NErkuit OCTyN K KOpnycy nog-
LLIMMHKKA, U €ro KPbILLIKK JOMKHbI N1Eerko 0TKpPbI-
BaTbCA. YT0BbI NOMYYUTL OOCTYN K NOMOCTU KOP-
nyca, 06bIYHO JOCTATOYHO CHATH KPbILLIKY
Pa3bEMHOMO MNK HepasbEMHOro Kopnyca. Mocne
yaaneH1s oTpaboTaHHOM NNACcTUYHON CMa3KK,
npex e Bcero, HeoBXo0AMMO 3aN0XKNTb CMa3Ky B
NPOMEXYTKU MeXay Teflamu kayeHus. Heobxo-
IMMO NPUHATL MEePbI N0 NPefoTBPALLEHNUID NPO-
HWUKHOBEHWSA 3arpsi3HeHUI B NONOCTb NOALLMNHA-
Ka, B KOPMYC UMK B KOHTEMHEP ANA cMa3ku. Bo
n3bexaHne BO3HUKHOBEHUS aniepruyeckmx
KOXHbIX peakLiin SKF pekoMeHayeT Ucnonb3o-
BaTb 3aLL{MTHbIE MACIOCTOMKME NepyaTku.

Ecnu goctyn k Kopnycam nogLIMNHUKOB 3a-
TPYAHEH, HO OHW 060PYA0BaHbI NPecc-
MacNEHKaMu M APEHaXHbIMKU OTBEPCTUAMM,
MOYKHO MPOKU3BECTU NOSHYH 3aMeHyY NNacTUYHOM
CMa3KKW NYTEM HECKOMNbKUX NOBTOPHbIX 3aKayek
CMa3Ku [0 NOCTYNNeHUs CBEXEN CMA3KU U3 KOp-
nyca. Takas npoueaypa TpebyeT 6onbLiero pac-
X012 NNaCTUYHOM CMa3ku, YeM eé pyyHas 3aMeHa
npv pas6opke y3na. Kpome Toro, gaHHbIv MeToq
WMEeT orpaHWyYeHus no yactote BpatieHus. Mpu
BPALLEHMK C BLICOKOM YaCTOTOM MOXET NMPOMU30m-
TW NOBbILLEHWE TeMNEepaTypbl No NPUYKHE BCre-
HWBAHMA CMa3KW.
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Henpepblaﬂoe CMa3sblBaHHe

PeMM HenpepbIBHOro CMasbiBaHWs UCNONb3y-
eTcs, Koraa pacyéTHas NeproamnyHOCTb CMasbl-
BaHMWs 04YeHb KOPOTKA, HanpuMep, BCneacTeve
HeraTMBHOMO BIIMAAHWUA 3arPA3HEHMH, @ TaKxKe
€CNM UCMOoNb30BaHWe ApYrvx MeTOLOB Helere-
co06pasHo No NpUYMHE 3aTPYAHEHHOMO JOCTyna
K NOALIMNHKKY. BBUOY upesMepHOro nepeMeLun-
BaHMs NNACTUYHOM CMa3KK, KOTOPOE MOXKET NpH-
BECTM K NOBbILLEHWH TeMNepaTypbl NOALMMHU-
Ka, PeXXMM HenpepbIBHOMO CMasbiBaHUA MOXHO
pekoMeHA0BaTh NULLb 715 OTHOCUTENbHO HEBbl-
COKMX YaCTOT BpaLLEHUs, T. €. KOraa napameTp
6bICTPOXOAHOCTH UMEET CIIeayHOLLYHO BENTUYMHY:

e A< 150000 mm-06/MuH ang
LLIAPUKOMOALIMIHUKOB

e A< 75000 MM-06/MHH ans
PONMKONOALMIHUKOB

B Takux cnyvasx nepeoHayansHoe 3anosiHeHue
nonocTu kopnyca MoxeT coctaBnate 90 %, a Tpe-
6yeMoe KOMMYeCTBO CMa3Ku 3a euHULY BPEMEHK
onpenenseTcs no popmynam ana Gy, (= «/onosn-
HeHWe NAAcTMYHON CMA3kM», cTp. 258) nyTém
pacnpefeneHu1s COOTBETCTBYHOLLIEr0 KONWYecTea
N0 MHTEpBanaM NOBTOPHOr0 CMa3blBaHMA.

[Mpu Mcnonb3oBaHWK pPeXXMMa HeNpepLIBHOMO
CMa3blBaHWUA HEOOXOAMMO CNeauTh 3a TeM, YToObI
[10CTAaTOYHOE KOSTMYECTBO MACTUYHOW CMa3Ku
MPOKauMBanoch Yepes CMa3oyHbIe KaHanbl Npu
CYLLIeCTBYHOLLIEH TEMMNEPATYPE OKPYXKaroLLeH
cpegsbl.

Lns HenpepbIBHOMO CMa3biBaHUA MOXHO MC-
Nonb30BaTh 04HOTOYEYHbIE MU MHOTOTOYEYHbIE
asToMaTHyeckue nyépukartopsl, Hanpumep, SKF
SYSTEM 24 unu SKF MultiPoint.

3a [oNnoNH1TENbHOW UHdOopMaLmen obpa-
LLlaNTeCh B TEXHWUYECKYHo cryx0By SKF.

LleHTpanu3oBaHHble CUCTEMBI CMa3bIBaHKS,
Takue kak SKF Monoflex, SKF ProFlex, SKF
Duoflex n SKF Multiflex, MmoryT obecneynsats
LUMPOKMM OMana3oH 3akauynBaeMbix 00 bEMOB
nnacTMyHon cMasku. JononHuTensHas MHbOp-
Mauus o cucTeMax cMasbiBaius SKF npyvsegeHa
Ha cawTe skf.ru.
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CmasbiBaHHe

CMasbiBaHMe MaCnoMm Puc. 6

Kak npasuno, cMasbliBaHWe NOALWKMNHHUKOB Kaye-
HWA MacnoM NpUMEHAETCA B CedyroLKX Cny4danx:

® LCMOMb30BaHKe NNACTUYHONM CMa3Ku Helene-
€006pasHO M3-3a BbICOKMX 4acTOT BpaLLEHHA
UnK paboumx Temnepartyp

e HeobxodMMo obecneynTb 0TBOA Tenna ot
NoALIMNHKKA

o conpskéHHble getanu (3yéuatbie konéca u
T. [1.) CMa3bIBArOTCA MACHOM

Llna ysenuuenus pecypca NofLUMNHUKA Npea-
noYyTUTENbHEE UCNONb30BaTh METOdbl CMa3blBa-
HUsl, NpeaycMaTpuBatoLLMe CNoNb3oBaHKue
oyuueHHoro Macna. OHu BKMIFOYAOT:

® (CMasblBaHuKe LlMpKyJ'IﬂLlMeﬁ Macna
® (CMasblBaHKe BMNPbICKOM Macna
® MacCnoso3agyLlHOe CMa3blBaHKe

[pK Mcnonb3oBaHWK CMasbiBaHWA LIMPKYNsALUen
Macna Wnu MacnoBo3ayLLHOro CMasbiBaHWUA He-
06X0aMMO NpeflycMoTpeTb NoaxofaLlee ceyeHue
MacfI00TBOAALLMX KaHaNoB A8 0TBOAA Macsa 13
NOALIMMNHWKOBOrO y3na.

MeToabl cMa3biBaHWA Macnom

CMasbiBaHWe MacnNAHOM BaHHOW

MpocTenwni cnocod cMasbiBaHUA MacioM —
MCNOMb30BaHKUe MaCNAHOM BaHHbI (= puc. 6).
Macno, yBnexkaeMoe BpaLLatoLLMMUCA AeTanaMu
NOALIMNHKKA, pacnpeaenseTcs BHyTPU nog-
LUMMHKKA, a 3aTeM cTekaeT 06paTHO B Macsoc-
6opHuk Kopnyca. 06bIYHO ypOBEHb Macna 4os-
»KEH [OX0OMTb [10 LIeHTPA CaMoro HUXHero Tena
KayeHWs NOALLMMNHMKA B HENOABMMKHOM COCTOS -
Huun. [na nogaepxaHua HE0BX0AMMOro ypoBHA
macna SKF pekomeHayeT Ucnonb3oBath cneyu-
anbHble yCTporcTBa, HanpumMep, SKF LAHD 500.
Mpw paboTe NoALIMMHMKA C BbICOKOM YacTo-
TOW BpaLLeHWs YpoBEHb Macna MOXEeT 3Hauu-
TeNbHO NOHWU3UTLCS, @ KOPMYC NOALLMMHKMKA OKa-
YETCS NepenosiHeHHbIM MACc/IoM B pesynbTaTe
HEenpasMIbHOM PaBoTbl PErynsTOpa YpoBHS Mac-
na. B Takux cnydasx cnefyet o6pallartbCs B Tex-
HUYeckyro cnyx0y SKF 3a KoHcynbTaumen.
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CmasbiBaHWe € UCNONb30BAHWEM
mMacnonogarouiero Kkonbua

B cnyyasx, korna cMasbiBaHWe Macniom 0bycnos-
NEHO BbICOKMMM 4aCcTOTaMM1 BpaLLeHWs U pabo-
UMMM TemnepaTypamu, a Takxke TpebyeTcs BbICO-
Kas HaOEXHOCTb NofJayu Macna, pekoMeHayeTcs
MCNOsb30BaTh CMasblBaHWE C UCNOMb30BaHUEM
MacnonogatoLliero konsua (= puc. 7). OaxHoe
KOMbLO CBOBOAHO YCTAHOBMNEHO Ha BTYNKE Basfa C
OQHOM CTOPOHbI NOALUMMNHKUKA U NOTPY>KEHO B
Macnoc6opHMK, HAXOAALLMNCA B HUXKHEN YaCTH
kopnyca. KonbLo, NpYBoaMMOe B ABUXKEHWE
BpaLLaoLLMMCA BaIOM, NEPEHOCHT Macso 13
Macroc6opHMKa Ha Bas W Janee B 30Hy CMasbl-
BaHWs. Macno, npovas Yepes NOALIMMNHUK, CTe-
KaeT 06paTHo B MacnocbopHuk. CTaunoHapHble
kopnyca SKF SONL cneuunansHo npegHasHayve-
Hbl 4NS CMa3blBaHMA C MCMNOMb30BaHWEM Macso-
noaaroLLero KonbLa.

3a ononHUTeNbLHOM MHdOPMaLMen obpa-
LLLAaNTeCh B TEXHWUYeCKyHo cnyx0By SKF.

CMasbiBaHWe LMpKynsauMWen Macna

Pa6oTa npw BbICOKMX YacTOTax BpaLLeHUs NoBbI-
LLAET TennoBsblAeneHWe u3-3a TpeHus, pabouyro
TemnepaTtypy W yckopsieT cTapeHye Macna. Yro-
6bl CHU3UTL paboumne TeMnepaTypbl U COKPaTUTL
MHTEPBaSIbl 3aMeHbI Macna, 06bI4HO NPeanoYTU-
TeneH cnocob cMasbiBaHUs LMPKynauuen Macna
(= puc. 8). Unpkynsaumsa Macna o6bi4Ho ocy-
LLIeCTBNAETCA NOCPeACTBOM Hacoca. MNocne npo-
XOXOEHWs Yepe3 NOALIMMHMK Macmo nonagaer B
MacnaHbIM pesepsyap, rae 0Ho GUNLTPYETCA U
OXNaXxaaeTcs nepes BO3BPATOM B MOALLMMHUK.
MpaBunbHas dUILTPALMA NO3BONAET CHU3UTL
YPOBEHb 3arpA3HeHWst Macna v YBennumuTb CPoK
cny><6bl noawunHuKa (= «HomuHanbHeIK pe-
cypc SKF», ctp. 64). OxnaxgeHue Macna Takxe
MOXET 3HaUMTESIbHO CHU3UTL paboymre Temnepa-
TYpPbl NOALLMMHMKA.

LononHuTtensHas MHdOpPMaLMs 0 cucTeme
SKF CircOil v ycTponcTBax MOHUMTOPMHIA Pacxo-
na SKF npvBedeHa B COOTBETCTBYHOLLMX pa3ge-
nax no Npoaykuuu Ha camTe skf.ru.

akF

CMasblBaHWe MacoM
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CmasbiBaHHe

CmasbiBaHWe BNPbLICKOM Macna

Cnoco6 cMa3blBaHWs BPLICKOM Macna (—> puc. 9)
JIONONHAET METOAbI LIUPKYNALMOHHOMO CMa3blBa-
Hua. CTpys Macna noj BLICOKMM [aBeHHUeM Ha-
npasnseTca Ha 6OKOBYH CTOPOHY NOALLMMHMKA.
CKOpoCTb CTPYM Macna AomkHa BbITh 4OCTATOYHO
Bbicokov (> 15 M/c) ons npeoaoneHns Bo3ayLLHbIX
3aBMXPEHUM, BO3HMKAFOLLIMX BOKPYT BpaLlaroLLe-
rocs nogwmMnHuka. CMasbiBaHWe BNPbICKOM Macna
MCNOMb3YeTCs Ha 04eHb BbICOKMX paBoymx CKo-
pOCTAX, KOra B NOALWMAHUK TpeByeTcs Hanpas-
NATb A03MPOBaHHOE KOMMYECTBO Macna, Yokl
usbexkaTb yBenuueHns paboye Temnepartypsl.

Macnoaomywuoe CMasbiBaHHWe

IMpy1 MacnoBo3ayLLIHOM cMa3biBaluu (= puc. 10)
MCNONb3yeTCs OKaTbIM BO3MYX, KOTOPbIM Nepe-
MeLLaeT B BUE Kanesb HebonbLIOe U TOYHO H0-
3MpPOBaHHOE KOIMYECTBO Macna no Tpy6onposo-
[laM K dOpCyHKe, Yepes KOTOpYH OHO NOJAETCs B
NOALIMMHKUK. ITOT METOA CMa3blBaHUS MUHK-
MarnbHbIM KONIMYEeCTBOM Macna obecrieynsaert
paboTy NOALLIMMHWUKOB C OTHOCHUTENTbHO HU3KOM
paboyer TeMnepaTypom Ha 0YEeHb BbICOKMX Ya-
cToTax BpaLleHus. CxkaTbii BO3AyX MCNONb3yeTcs
N8 OXNaXaeHUs NOALUMMHMKA U CO30aHMs 13-
BbITOYHOrO JABMNEHWA B KOPMYCe NOALUMIHUKA,
NpensaTCTBYHOLLEr0 NPOHUKHOBEHUHO 3arpsi3HsLO-
LLIMX BELLIeCTB.

LononHuTensHas MHPOPMALIMA O KOHCTPYK-
LIMM CUCTEM MACI0BO3YLLUHOMO CMa3biBaHUS
npvseneHa Ha camre skf.ru.
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CMasouHble Macna

[na cMa3sbiBaHWs NOALLMNHUKOB KayeHUs, Kak
NpaBMno, fy4lle BCero NOAXoAsT YMCTbIe MUHe-
panbHble Macna. Macna, cofepxatiue aHT13a-
aupHele (EP), antnusHocHble (AW) u apyrue
npUcaaKM, cnyallie gns ynyulleHus cMasoy-
HbIX XapaKTEPUCTHK, MCMOMb3YHTCS TOMBKO B
0coBbix cryyasx. MHdopMaLmsa no ucnonb3osa-
HUH aHTU3a[UPHBIX M AHTUM3HOCHBIX NPUCALOK
B NNACTUYHbIX CMa3Kax, NPUBEAEHHaA B pasgene
(= «Ipy3onogbémHocTb», cTp. 248), Takke oT-
HOCKTCA K UCNONb30BAHWKO 3THX 106aBOK B
Macnax.

CyLLecTBYHOT CUHTETUYECKME BapHAHTbI MHO-
FMX NOMYMSPHbIX KNACCOB CMa30yHbIX Maces. Kak
NpPaB1no, BO3MOXHOCTb MCMONb30BaHWSA CUHTE-
TMYECKWX Maces paccMaTpUBAETCs TOMbKO B UC-
KMHOUMUTENbHBIX CTy4anx, HanpuMep, Npy o4YeHb
HU3KUX UMK OYeHb BbICOKUX paBoumx TeMnepa-
Typax. TepMUH «CUHTETUYECKUE MaCa oXBa-
ThIBAET LLIMPOKMUM CNEKTP pasHbIX 6a30BbIX KOM-
NOHEHTOB. [NaBHbIMU U3 HUX ABAAFOTCA NONMUANb-
daoneduHbl (PAQ), cnoxHble 3¢1pbl U nonuan-
kunenrnukonu (PAG). CBoicTBa 3TUX CUHTETH-
Yeckux Macen oTAMYakoTCH 0T MUHEepanbHbIX Ma-
cen (= Tabnuua 6).

TonumMHa ruapoAMHaMUYECcKoi CMa30YHOM
NNEHKK, NPeoTBpaLLatoLLIen KOHTAKT MeTanIu-
UeCKMX NOBEPXHOCTEH, ABNAETCA KNHOYEBbIM
¢aKTOPOM YCTanoCcTHOro pecypca NofLLMNHUKA.
TornLmMHa rMAPOAUHAMUYECKOM NAEHKM YacTHy-
HO onpenenseTcs UHaekcoM BaskocTH (VI) 1 ko-
3D DULMEHTOM 3aBUCHMOCTH BA3KOCTH OT fjaBne-
HUA. BONbLIMHCTBO CMa30YHbIX Macen Ha
MWHeparnbHOM 0CHOBE UMErT BIM3KKe NO 3HaYe-

CBOMCTBA CMa304HbIX Macen Pa3sNUYHbIX TUNOB

Csoucrea Tun 6asosoro Macna

CMasblBaHWe MacioM

HUIO KO3 DULMEHTbI 3aBUCUMOCTH BA3KOCTH OT
nasneHus. MoXHo Mcnonb3oBaTh 06LUmMe Benu-
UMHbI 3TOr0 KO3 PULMEHTA, YKA3aHHbIE B Crie-
uMansHow nuteparype. OgHaKo B CUHTETHYE-
CKMX Macnax U3MeHeHWe BA3KOCTH BCIeACTBME
NOBbILLEHWUA OABNEHUA ONPEdeNAeTcs XumMuye-
CKOW CTPYKTYPOM UCMOSb3yeMblX 6a30BbIX KOM-
NOHEHTOB. [103TOMY KO3 DULIMEHT 3aBUCUMOCTH
BA3KOCTM OT AaBMIEHUA Y PA3HbIX TUMNOB CUHTETU-
YECKMX MACeS MOXKET M3MEHATLCS B LUMPOKMX
npegenax. Beuay pasHuubl 3HaUYeHUM HaeKca
BA3KOCTH U KO3 PULIMEHTA 3aBUCUMOCTH BA3KO-
CTW OT [aBNEHNUA CrieayeT NOMHWUTb, YTO NPOLEecC
06pa3oBaHWs rMApPOAMHAMUYECKON CMA304HOM
NAEHKK MPU UCNOMNb30BAHWM CUHTETUYECKOrO
Macsia MOXeT OT/IMYaTbCs OT aHanorMyHoro
npouecca npu UCnosnb30BaHUKM MUHEPASTbHOMO
Macsa TOM »e BA3KOCTH. [oNofHUTENbHYH UH-
OPMaLMIO 0 CUHTETUYECKMX MACIaX MOXKHO Mo-
NYYUTb Y NOCTaBLLMKA CMA30YHOIO MaTepuana.
Kpome Toro, B 06pa3oBaHuu ruapoguHaMmye-
CKOW NNEHKW onpeaenéHHyr Ponb MIrparoT Npu-
cafiku. Mockonbky pacTBOPUMOCTb Ba30BbIX KOM-
NOHEHTOB CUHTETUYECKMX U MUHEPaSIbHbIX Macesn
pasnuyHa, cneayert UCnonb30BaTh TOMLKO Te
TWNbI NPUCALOK, KOTOPbIE NPeAHa3HaYeHbl ans
COOTBETCTBYHOLLIErO TUMA Macsa.

Tabnuua 6

MunepansHoe PAO S¢purpHoe PAG
Temnepatypa sactbiBauus [°C] -30..0 -50..-40 -60..-40 npuén. -30
[°F] -20..30 -60..-40 -75..-40 np1én. 20
Ungekc BA3KOCTH HU3KUI cpegHui BbICOKWM BbICOKMM
Koagppuuuent 3asucumoctu BbICOKWM cpeaHuWi HU3KMA—CPeaHHi cpeaHui

BA3KOCTH OT AABNEHUA

akF
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CmasbiBaHHe

Bbl60p CMa3o4yHoro Macna

Bbi6op Macna rnasHbIM 06pa3oM 3aBUCHT OT BA3-
KoCTH, KoTopas TpebyeTtca Ana obecneyeHns fo-
CTaTOYHOW TONLLMHBI TMAPOAMHAMUYECKON
nNéxkM npu paboyer Temnepatype. BaskocTts
Macsia 3aBUCUT OT ero TemnepaTypbl U CHUXaeT-
s N0 Mepe pocTa TeMnepaTypbl. 3aBUCUMOCTb
BA3KOCTW OT TEMMEepaTypbl BbIPAXKALTCA UHIOEK-
com BsizkocTu VI. [Ins cMasbiBaHUs nogwmnHun-
KOB Ka4eHWs PEKOMEHIYETCs MCMoMb30BaTh Mac-
na, UMeroLLIMe MHLEKC BA3KOCTH He MeHee 95.

Lns o6pa3oBaHns 4OCTAaTOYHOM CMA304HOM
NNEHKMU B TOYKE KOHTAKTA TEN KAYeHWA C [JOPOXK-
KaMW Ka4YeHWs Macmo A0SIXHO COXPaHATL MUHU-
MasibHYH BA3KOCTb Npu pabouen Temneparype.
HoMWHanbHYH BA3KOCTb V4 MCMOMb3YeMOro MU-
HepanbHOro Macna, Kotopas Tpebyetca gns
obecneyeHns OCTaTOYHOrO CMa3blBaHWUA NPK
pabouei TeMnepaType, MOXHO onpefenuTb no
auarpamme 5 (= ctp. 268). Ecnu paboyas
TeMneparypa U3BeCTHA UMM €€ MOXKHO U3MEPHUTD,
TO COOTBETCTBYHOLLIYHO BA3KOCTb NPU YCTAHOB-
NEHHOM MexyHapoaHbIMK CTaHOapTaMu 3Ta-
noxHow Temnepartype 40 °C (105 °F), 1. e. knacc
BszkocTu ISO VG, MoXkHO onpenenuTb no
auarpamme 6 (—> ctp. 269), koTopas cocTasne-
Ha Ona MHOeKca BA3KocTH 95.

HekoTopble TMnbl NOALLIMMNHUKOB, HaNpUMep,
cdepuyeckue pofMKoNogLLIMMNHUKK, TOporuaans-
HbI€ POSIUKOMOALLMMHUKM, KOHUYECKUE POSUKO-
NOALUMMHKUKM W YNOPHble Chepryeckne posiuko-
NOALLMMHWKM, KaK NPaBUNo, umeroT Bonee
BbICOKYHO paboyyro TeMnepaTypy no CpaBHeHUH
C paamanbHbIMK LAPUKONOALUMIHUKAMKU U LinM-
NUHAPUYECKMMU POSTMKONOALLMMNHWUKAMU B OW-
HaKoBbIX PaBoYMX YCOBUAX.

lMpu BbIBOpPE Macna HeoBXo0AMMO YUUTHIBATH
cneayroLlee:

e Pecypc noALwMnHUKa MOXHO YBEMYKUTL 3a
cy4éT BbI6Opa Macna, BA3KOCTb V KOTOPOro npw
pabouen TeMnepaType BbiLLe onpefenéHHomn
BA3KOCTU V4 (—> auarpamma 5, cTp. 268). Vc-
NOBME V > V1 MOXET ObITb BLIMOMHEHO 3a CHET
BbIOOpa MMHEpPanbHOro Macna 6onee BbICOKO-
ro knacca ssaskoctu ISO VG unu nyTem npu-
MEHeHMsl Macna ¢ 6oM1ee BbICOKUM MHOEKCOM
BA3KOCTW NPU 0OAMHAKOBOM KO3 dHLMEHTE
3aBMCUMOCTH BAKOCTH OT JasneHus. Mo-
CKOSbKY C YBENUYEHWEM BS3KOCTM MNOBbILLAET-
cq paboyas Temnepatypa nogLUMIHUKA, Cy-
LLIeCTBYET NPaKTUYeCK1H Npeden ynyyeHus
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CMa3blBaHKA, KOTOPOr0 MOXKHO 006UTLCS Ta-

KM cnocoBom.

Ecnu ko3 duLmeHT BaskocTh k < 1 (= «Ko-

IPPULMEHT BAIKOCTH K, €Tp. 241), SKF pe-

KOMEH[yeT MCMob30BaTb MACOo C aHTH3a-

OWPHbIMK Npucaakamu. Ecnu k < 0,4, gomkHo

MCNOMb30BaThC MACO C a