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BBEOEHWUE

B mpouecce mnpou3BOACTBEHHOM JAEATEIBHOCTU NEpe] HHKEHEPOM-
MAaIIMHOCTPOUTENIEM BCTAeT psAJ BOIMPOCOB, CBSA3AHHBIX C OOecreYeHHEM
NPOYHOCTH, HAJIEKHOCTH, 33JaHHOMN JIOJTOBEYHOCTH CTAHKOB MPH UX MUHH-
MaJIbHBIX pa3Mepax U METAJUIOEMKOCTH.

OTU BOMPOCHI CTAHOBATCSA OCOOEHHO aKTyaJlbHBI MpU pa3pabOTKe Mpu-
BOJIOB JIBIDKCHHUSI CTAHKOB, HAMPABIIAIOMIUX U TATOBBIX YCTPOUCTB, MOCKOIb-
Ky UX paboTOCHOCOOHOCTh M rabapuThl B 3HAYUTENBHOU MEpPE BIMSIOT Ha
AKCIUTyaTaI[MOHHBIC OKA3aTeN TEXHOIOTHIECKOTO 000PYIOBAHHMSI B IIETIOM.

B HacTosimiee Bpemst TaHHas TeMa B TEXHHUECKOH JINTEpaType U3NI0KEHa
HejocTaTouHO ToiHO. K TOMy ke cymiecTByeT neuiuT HaydyHBIX TPY/IOB,
CHEIUATBHO MOCBSAUIEHHBIX PACUeTy U MPOECKTHUPOBAHUIO METAIIOPEKYIIUX
CTaHKOB.

Llens Hamieil paGoThl — BOCIOJHUTH B HEKOTOPOW Mepe MH(MOpMAaIUOH-
HBI TIPOOEN B TEXHUYECKOW JuTeparype. Y4eOHoe mocodue mpeaHazHaueHO
OKa3aTh MOMOIIb CTYJIEHTaM B OCBOEHHMHM OCHOB pacyeTa M MpPOEKTHUPOBAHUS
METAJUIOPEXKYIINX CTaHKOB. [locoOMe COCTOUT U3 MIECTH IJ1aB U MPUIIOKEHUSI.

B miepBoii riaBe M310’K€HBI OCHOBBI KHHEMATUYECKOTO pacyeTa MpHBO-
JI0B, TPUMEHSIEMbIE B COBPEMEHHOM CTaHKOCTPOCHHH.

Bo BTOpOii 111aBe mopoOHO paccMaTpUBAETCS METOJIMKA KHHEMaThde-
CKOTO pacueTa MpHBOJA TJABHOTO [BIDKEHUS Ha TMpUMEpe TOKapHO-
BUHTOPE3HOTO CTaHKA.

TpeTesi TmaBa TOCBSIIEHA BOMPOCAM KOHCTPYKTUBHOTO OQOPMIICHHS
AeTanel, y3JI0B 1 KOPOOOK CKOPOCTEH METAIIOPEKYITNX CTAHKOB B IICJIOM.

YerBepTast riaBa COJEPKUT BOIMPOCHI, CBA3aHHBIE C PACUETOM M KOHCT-
PYMPOBAHUEM IITTUHCIBHBIX Y3JI0B METAJUIOPEKYIIIUX CTAHKOB.

[IaTas rmaBa MOCBSIIEHA PacUYeTy M MPOCKTUPOBAHHUIO HAMPABIISIONINX
CTaHKOB.

B miecroii riaBe npuBeieHa METOIMKA pacueTa caMbIX paclpoCTpaHEH-
HBIX B CTAHKOCTPOCHHHU TITOBBIX YCTPONCTB IS TIEpEeMEIeHUs] pabodyux op-
raHOB CTaHKOB — BUHT-TalKa CKOJBKEHHUS, BUHT-Tallka KaueHUsI.

B nmpunoxennn npruBeeHBI MapamMeTpbl MPUBOIHBIX SJICKTPOIBUTATEIICH.



1. KKHEMATUYECKUWA PACYET NPUBOJA
FMABHOIO ABUXEHUA METANNOPEXYLLUUX CTAHKOB

[Tox npuBOOM MOHUMAKOT COBOKYMHOCTh UCTOYHUKA JIBUKECHUS U MeE-
XaHU3MOB, TNEPENAOIIMX JBM)KEHUE MCIOIHUTEIBHBIM OpraHaM CTaHKa
(mUHAESIM, CyIIopTam, CToJIaM U JIp.).

[{enbr0 KMHEMATUYECKOTO pacyeTra SIBISIETCS ONPEICICHUE ONTUMallb-
HOTO BapuaHTa MOCIE0BATEIBHOCTU MEPEKIIOUEHUs OJIOKOB mepenay U Orl-
TUMAaJIbHBIX 3HAYECHUH NIEPEIaTOUYHBIX OTHOLICHUM:

a) YaCTHBIX — MEXIY OT/AEIbHBIMU NTapaMu 3y0UaThIX KOJIEC;

0) TpyNmoOBBIX — MEXKIY MMapaMu 3y04aThIX KOJIEC B TPYIINE Mepeaay;

B) 0oOmUX — Mo BCeW KMHEMATHYECKOMW IEeTmH I KaKIOW CTYNEeHH psla
4acTOT BPALIEHUS.

[IpuBogaMu €O CTYyNEHYATBIM PETYJIUPOBAHUEM YACTOTHI BpaILCHUS
WIMAHAEAS OCHAIIAIOT aBTOMATU3UPOBAHHBIE, PEAKO MEPEHAIAKNUBACMBbIE
CTaHKH, paboTarolye B MAaCCOBOM MPOU3BOJICTBE, U HEABTOMATU3UPOBAHHBIC
CTaHKA C PYYHBIM YIpPaBJICHHEM. Takue MPHUBOALI KOMMAKTHBI, IPOCTHI,
nmeroT Beicokuit KII/I, nonroeunsl. OJIHAKO OHU HEMPUTOAHBI JIJI1 CTAHKOB
c UITY, tak kak He oOecrneunBarOT TpeOyeMyr0 4acTOTy BpalleHus (peryiiu-
pOBaHUE YACTOTHI CTYNEHYATOE) M HE IMO3BOJISIOT OPraHMW30BaTh ONTHUMAaJlb-
HOE PETyJIMpPOBaHUE CKOPOCTEW pe3aHusl B MPOIIECCE BHIMIOJIHEHMS 1IUKIIa 00-
pabotku. Jns atux nenert B crankax ¢ UITY mmpoko nmpumensercs KoMou-
HUPOBAHHOE (CTYNEHYATO-0€CCTYIIEHYaTOE) PEryIMpOBaHuUE.

1.1. OCHOBHbIE 3aKOHOMEepPHOCTU KUHeMaTU4eCKOoro pac4yeTta

YacToTbl BpallleHUs MOTYT paclojiaraThbCsi 1o YEThIPEM U3BECTHBIM 3aKOHAM.

ITo 3akonam apudmernyeckoro, JorapupMHUIECKOro, TapMOHUIECKOTO
Y T€OMETPUYECKOTO PSJIOB.

AxkanemukoMm A.B. I'agomasmM B 1876 1. OblIa ToKa3aHa 11e7IeCO00Pa3HOCTh
M3MEHEHUS YacTOT BPAILEHUS IMHUHJIENEeH B METAUIOPEXKYIIHUX CTaHKaX IO 3aKO-
HY T€OMETPUYECKON MPOTPECCUU, KOTOPBIN HMEET CIIETYOLIUMN BU/L;

n

11
n, =N,
2
N, =N, =N,
_ _ z-1
nz - nz—1¢ - n1¢ .
3HaMeHaTelb (P TeOMETPUUECKOT0 psija onpenaensercsa u3 ypapHenus (1.1)
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¢ = z—,i/& , WA @ = z—,y Mo : (1.2)
nl r'|min

wZZ* Rn ’ (1'3)

501041

rae N; — HauMEHbIIas 4YacToTa BpaIIeHHs psijaa; N, — HAauOOoIbIIas 4acToTa
BpalleHus psnaa; Z — 4ucio cryneHen (ckopocreit) psana; R, — auana3on pe-
TYJIUPOBAHUS YaCTOT BPAIICHUS.

Yucnno cryneHel 4acToT BpalleHUs IIIMUHICIS

z='gi+1. (1.4)
lg o

N3 mpuBeneHHBIX 3aBUCUMOCTEH CIIEAYET, YTO T'E€OMETPUYECKHU PsiA
YacTOT BpAIICHHS MIMUHACIS MOXET OBITh MOCTPOEH, KOTJa W3BECTHHI HC-
xomubie ganubie: 1) Ny, ¢, Z; 2) Ny, Nz, Z; 3) ny, Z, Ry 4) ny, ¢, R

CranmapTHbIC 3HAMEHATENN TeoMeTpudeckoro psiaa: ¢ = 1,06 — umeer
BCIIOMOTaTeNIbHOE 3HAUEHHUE, MPHU MPOCKTUPOBAHUU CTAHKOB MPHUMEHSETCS
peako; ¢ = 1,12 — npu NpoeKTUPOBAHUM TSHKENBIX CTAHKOB, aBTOMATOB, KO-
raa TpebyeTcs TouHas HACTPOWKa Ha 3a/IaHHBIA PEeKUM pe3aHus; ¢ = 1,26 u
@ = 1,41 — npu MPOEKTUPOBAHUU YHUBEPCATHHBIX TOKAPHBIX, CBEPIIUIIHHBIX,
(bpe3epHBIX U IpyTuX cTaHkoB; @ = 1,58 u ¢ = 1,78 — mpu npoexkTupoBaHUHU
CTaHKOB, 00pabOTKa Ha KOTOPBIX HE TPeOyeT TOUHOW HACTPOMKH Ha PEXKUM
pe3aHus u3-3a OOJBIIOr0 BCIIOMOTAaTEILHOTO BPEMEHH;, ¢ = 2 — UMEET BCIIO-
MoraTelbHOEe 3HaUCHHUE.

Crannpaptasriii psix (TOCT 8032-56):

1-1,06-1,12-118-125-132-14-15-16-17-18-19-20-
212224 -236-25-265-28-30-315-335- 355375 -
40-425-45-475-5-53-56-60-63-67-71-75-80-
85-9-95-10-106...

B pesymnbTaTe TOTO, 4YTO 3HAMEHATENH Psifa BHIOpAHBI HE MPOU3BOJIHHO,
a B OIIPENICTICHHOM CBSI3H APYT C IPYroM u ¢ uciiom 10 u 2, Heo6X0oauMo uc-
MOJIb30BaTh yncia psaaa kpatuele 10 u 2. Hanpumep: 2,8; 28; 280; 2800; 2; 4;
8; 16 u 1. 1. CraHmapTHBIA psiA MOXKET OBbITh 3aJ€MCTBOBAH JIJIsl HOCTPOCHUS
PSAIOB YAaCTOT BPALIEHUs C PA3JIMYHBIMHA 3HAMEHATEISIMHU.
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Mg p=1,12 = 1,062 U3 psifia BBIUCHIBACTCS KaXIbIN 2-11 YJICH.

Hanpumep: 10-11,2-125—- 14 uT. 1.

Hnsa ¢ =1,26 = 1,06* u3 psAla BBITUCHIBACTCS KKIBIM 4-1 YJieH.

Hanpumep: 10 -125-16-20 u 1. 1.

Hnsa p=1,41 = 1,066 U3 psijia BBHIMKMCHIBACTCS KaXbIN 6-11 4ieH.

Hanpumep: 10 —14 — 20 - 28 u T. 1.

s =158 = 1,068 U3 psifia BBIMMCHIBACTCS KaXbIi 8-11 WieH.

Hanpumep: 10 —16 —25—-40 u 1. 1.

HauGonbmas oTHOocUTENnbHAs TOTEPS CKOPOCTH pe3anust AV Mexmy
JBYMSI COCETHUMH YrCiIaMu 000pOTOB Ny M Ny OTIPESIAETCS U3 BRIPAKCHUS

AV :uzl—izl_&: p-1

V, V, n, %
WM B TIPOIICHTAX
_1). 0
Av = (#=1)-100 % (1.5)
@
Hanpumep, nna ¢ = 1,41:
AV =L1_1-100%z30 %.

tl

[Ipu npoekTrpoBaHUU MPUBOAA HAMOOIBIIAS TOMYyCTUMAs TOTPEIIHOCTh
4acTOT BpalleHUs MIMUHAENS BBIYUCIIIEeTCs o (hopmyJie

AN <+10(p —1) %. (1.6)

Hanpumep: ¢ = 1,26; A = 12,6 %.

CynHoCTh KHHEMATUYECKOTO pacuera Mpolle U HarjsiiHee paccMaTpu-
BaTh Ha MPUMEpPE KaKOU-THMO0 MHOKUTEIbHON CTPYKTYPBHI.

MHOXUTENBbHONW CTPYKTYPOH HAa3bIBAC€TCS CTPYKTYpa, COCTOSINAS W3
AJIEMEHTAPHBIX JIBYXBAJIOBBIX MEXaHU3MOB, MOCIEAOBATEILHO COEAUHEHHBIX
MEXTy COOOM B OJTHY MJIM HECKOJIbKO KHHEMATHYSCKHX IIETICH.

Ha puc. 1.1 wu3oOpakeHa KWHEMAaTH4YeCKas CXeMa MHOXHUTEIbHOU
CTPYKTYPBL, COCTOSILIIEN U3 TPEX 3JIEMEHTAPHBIX JBYXBalIOBbIX nepenad: |-I1,
H=I11, TH-1V. Mexnay coceqHuMH BajlaMH pacriojiaraetcsl rpymnma rnepesad.
I'pynna MoeT comepkaTh OT OAHOM 0 YEThIPEX Mepeaay.



Z Z13 — ﬂ
[ — 1 < =

v | ] #10 _
— - X Iil — @

Puc. 1.1. Kunemamuueckasn cxema MHONCUMENbHOU CIMPYKINYPbl

Ha puc. 1.2 mokazaHo ympoIIeHHOE H300paKEHHE MHOKHUTEIbHOU
CTPYKTYpbl. MHOXHUTEIIbHAS CTPYKTYpa COCTOUT M3 TpeX Tpymir: «, b, C, npu

5TOM TIPyIINa @ COCTOMT M3 Tpex nepenau (Z1—2Zy, Lz3—Z4 v Ls—Lg), rpynna
b — u3 nByx nepenau (Z;—Zg u Zg—2Z10) v rpynma € u3 aByx nepenad (Zy1—Zio u
Z15—Z14)

I = 444 —

m — oo

IV = -

Puc. 1.2. Ynpowennas xunemamuueckas cxema MHONCUMENLHOU CIMPYKMYPbl

O6o03HauuM 4uCyo nepenaay B rpynmne 0ykBo P, torna P, = 3, Pb=2 u
P.= 2. Uucno cryneHeid BpalleHust MIMAHACI Z ONpeaesseTcs Kak Mpoun3Be-



JIEHHWE YuCla rnepeaady Kaxa0u IpyIbl, TOCIEA0BATEIIbHO PACIIOI0KEHHBIX B
MHOXKHUTEIBHOU CTPYKTYPE:

Z =Py Py Pe=32:2=12. (1.7)

OTa yciaoBHas 3alUCh, ONPENEIAOAas YACIO TPyN nepeaad U 4uciio
nepenady B KaKJIOW TpyIIe, Ha3bIBAE€TCS CTPYKTYPHOH (DOpMyJol MHOXKH-
TEJIBHOW CTPYKTYpbl. llocnenoBaTenbHBIM MOPSANOK PACIIOIOKEHUS TPy
repesady B MHOKHMTEIBHOW CTPYKTYpE OIpENenseT €€ KOHCTPYKTHBHBIM Ba-
PHaHT.

Uucno KOHCTPYKTMBHBIX BapUaHTOB I KaXJOW CTPYKTYpPhl PaBHO
YHCIIy IEPECTAHOBOK «M» TPYII Mepeay:

m!
KOHCTD. q | !

(1.8)

rae M —4ucio nepeaay,  — Yrucio rpyIil ¢ OAMHAKOBBIM YHCIIOM IIepeaay.

3 1.2.3

KOHCTp.:E!_ 1.2 3.

Jlns Hamero ciydast: K

1.Z =P, PyPe=32:2.
2.7 =PyP,P.=232.
3.Z =P PyP.=223.

PanuanbHble pazMepbl KaXI0M IpyNIbl 3aBUCAT OT BapUaHTa MEPEKII0-
YeHUs NpPU PEryJIMpPOBAHUM YacTOT BpamleHus wmmnuuaens. [Ipumem, 4to
rpynna P, OyaeT nepekitovyaTbcs nepBoil, rpynna P, — Bropoit u rpymnmna P, —
TpeThei. O003HaUUM YaCTHBIE MEPEJATOUHbBIE OTHOIICHUS B KaXKI0U rpyre:

. Z . Z . Y4
_4 _4 _ 4
I, =—<l, ,=— <l =— (rpynna P,),
ZZ 4 Z6
. Z . Z
g =—TL<lg 0=—2 (rpymma Py),
Z8 ZlO
_ le H _ =3 P
by = <l = (rpymma P).



[Tycth yacTora BpareHus Baia [ Oyner Ny, Toraa, mocieaoBaTeabLHo nepe-
KJItouasi Tpymiy P,, Ipy MUHUMAIBHBIX YACTHBIX MEPEAaTOYHBIX OTHOILIEHUSX B
rpynmne Py u P, monyyaem Ha mmuHAeNe CIIEIYIOIINE YaCTOThI BPAIICHUS

N =Ny-h g by

N, =Nyl 4l g by 45,

Ny =Ny-ls 51761495

Jis osTy4eHus CIeAyIOIUX YacTOT BpalleHUss HEOOXOAUMO B COOTBET-
CTBUU C MPUHATHIM BapUAHTOM IE€PEKIIIOUEHHUS B IpyIie Py, BKIIOYUTH Mapy
C IIEpEIaTOYHBIM OTHOIIEHUEM ig_;,, OCTABMB IPynny P: B HEM3MEHHOM IIO-

JIO’KEHUHU, U, CHOBA Mepekitovas rpynmy Py, moixyyaem:

Ny =Ny b5 lg 40 hy4p:

Ng =Ny -l3 4 lg g0 -1

0 11127

Ng =Ny ls g lg 0 hygp-

Crnenyromue 6 4acTOT BpPALLEHUS MOIYYArOTCS AHAJOTUYHO, TOJIBKO B
rpynne P He00X0IMMO BKIIFOUUTE Iapy € NEPESATOYHBIM OTHOIIEHUEM i3 4

N, =Ny-b ol g bz,
Ng=Ny-l3 4176 h3 14
Ng =Ny -ls g1 g k34,

N =Ny b5 lg 40 b3 g

Ny =Ny b3 41y 40 k3 s

N, =Ny ls 6130 “h3ga-

OnpenenuM OTHOLLIEHUE NEPEAATOYHBIX OTHOUIEHUH B Ipynnax.
Jlist rpynnsl P,
se_M_M_Ns_Ne My

3-4 nl n2 n4 n5 nll

ﬁ"_.
~

_

T

N
—



Jlns rpynmsl Py

b N Bl e (1.10)
I, s n n, n Ny
s rpynmel P
LESVRLL LN S - (1.11)
5 n n, ng N,
WIH
1 .1 . — . . 2 X _
JUTs TpynIbl Py L,k s=10:0p p° x=1,
S . 3 X
JUISL TpyTIb Py b g lg 40 = 7 @ X=3,
; i _1...6 < B
JUTSL TpyTIIBI P by iy =100 @ X=3-2.

Taxum 00pa3oM, OTHOIICHHE YaCTHBIX MEPEIATOYHBIX OTHOIICHUH B Ka-
’KJIOM TPYIIIE COCTABIISET TEOMETPUYECKYIO IPOTPECCUIO CO 3HAMEHATETIEM (7 .

[Toka3aTenp cTeNeHH P (P Ha3bIBAECTCS XapaKTEPUCTUKOU rpynisbl. s
rpynnsl Pox = 1. Ota rpynna Ha3biBaeTcs OCHOBHOW. OHa mepexiItovaeTcs
NepBOM M TOCTOSHHA TPH W3MEHEHWW YacTOT BpamieHus. s rpymnmsl
Ppx = 3, misa rpynmsl Pox = 6. ['pynma Py, HazpiBaeTcst mepBoii mepebopHOH,
rpynma P, — BTopoii nepebopHoii. 3HaUeHHE XapaKTEPUCTUKH TPYIIIHI CBS3a-
HO C MPUHSATHIM BapUaHTOM NepekiatodeHus. B Hamem cioyuae x, = 1, xp = 3;
Xc= PaPp=3-2=06, T. e. XapakTepucTuka nepeOOpPHBIX TPYII ONPEACIISIeTC
KaK MPOM3BEJCHUE YHMCIA TMepeiay B TPYMNax, KHWHEMATHUYECKHU IMPealIecT-
BYIOIINX paccMaTpuBaemMoi rpymme. B obmiem ciydae:

Xm = PaPp...-Prm . (1.12)

XapakTepucTuka Tpynnbl B CTPYKTYPHBIX (PopMyliax 3amuchiBacTCs B
BUJIC UHJEKCA K 0003HAYCHUIO TPy Iepeiay:

Z=P_-P,-P_-..-P, (1.13)

B namewm cirywae: Z =3, -2, - 2;.

JUIsi TpUHATOr0 KOHCTPYKTMBHOIO BapUaHTa MOXET ObITh HECKOJBKO
KMHEMAaTHYECKUX BAPUAHTOB:

K g =M1, (1.14)

KHH.
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K. =1.2-3=6;

1.2=3-2,-2,. 4.2=3,-2,-2,.
2.72=3-2,-2,. 5.2=3,-2,-2,.
3.2=3,-2,-2,. 6.2=3,-2,-2,.

OO6111ee YncI0 BapuaHTOB JJIs 000 MHOKUTEIBEHON CTPYKTYPHI:

K = KKI/IH. ) KKOHCTp.' (115)

st paccmarpuBaemoro npumepa K =6-3=18.
[lpy KMHEMATHYECKUX pacdyeTax HCIONIB3YIOT BEIMYMHY, HAa3bIBAEMYIO

JIMAMa30HOM PEryJIMPOBaHUs MEPEAATOUYHBIX OTHOLIEHUM rpynmbl R. 910 O0THO-
LIEHUE MAKCUMAJIBHOTO NIEPEATOYHOIO OTHOLLEHUS B IPYIIIE K MUHUMAJIbHOMY:

(1.16)

Jj1st ocHOBHOM rpynmnbl Py

Jlyist BTOpO# mepebopHoit rpynmsl P

I
13-14 _ .6
P /2
I11—2
B o6miem ciyyae auana3zoH peryJiIupoOBaHUs, ONPEIESIOMUNA pagruaib-
HbI€ pa3Mepbl TPYMIIbl, PACCUUTHIBAIOT 1O (HOpMyJie

(R-DP.RR.. _ ¢(F’.*l)xi ’ (1.17)

R=¢

rae P — ducno mepenay B paccMarpuBaeMoi rpymre; Xj — XapakTepUCTHKA

paccMaTpUBaEMOU TPYMIIHL.
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B YCTBCPTOM KHHCMATHYCCKOM BAapHAHTC BCIMYKMHA 'max B PAa3HbBIX

Lrnin

rpynmnax nepeiad MMeeT CJIeIyNIMe 3HaYeHUS:

«  ocHoHad rpynna R =% =¢';
«  nepsas nepedopuas rpynma R =% = p*;
«  Bropas nepebopHas rpynna R = @@ %% =p°,

[IpakTHKO# MPOEKTHUPOBAHUS CTAHKOB YCTAHOBJIEHO, YTO KOPOOKH CKO-
pocTell yauHO KOMIIOHYIOTCS (KOHCTPYHPYIOTCS), €CJIM YAaCTOTHBIE Iepeaa-
TOYHBIE OTHOILIEHHUS B IPyINNax Nepeaad yIOBIECTBOPSIOT HUKEYKa3aHHBIM
IIPEAETbHBIM 3HAYCHUSAM:

TSl KOpOOOK MPUBO/IA TJIABHOTO JIBUKEHUS:

<2 qo»t oy ] (2.1 g
4 ) 14
11 KOPOOOK MPUBOA MOJaY:
i <28 i >l oy (] (281 4y
5 min max 1 5

VYuuTsiBasi, 4T0 HauOOJIbIIME radapUThl BCEr/1a UMEET MOCIEIHss epe-
OopHasi rpynmna, KoTopas JUMUTUPYET KOHCTPYHPYEMOCTh KOPOOOK CKOPO-
CTeM W Mojauy B LEJIOM, MPOBEPKY Ha KOHCTPYUPYEMOCTH ILEJIECOOOPA3HO
MPOBOJIUTH TOJIBKO JIJIsl 3TOW TpyNIbI 110 (hopmyJie

R =M | <o <K, (1.18)

rae K < 8 wium 14.
ITycts B Hamem npumepe ¢ = 1,41, Toraa:
* B IIEpPBOM BapuaHTe nepekmodenus R =M% =141 =8,
e BoBrOpoM— R__ =¢°=8,
e BTpemeM— R =¢°=8,
- BuerBeptoM — R =¢° =8,

. BIsIToOM — R__ = (/)(3_1)'2'2 = (/)8 =1,41® =16 >8,

max

« Bmectom— R__ =% =¢"=141°=16>8.
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Takum 00pazoM, BapuaHTHI TSATh M MIECTh HE YAOBICTBOPSIOT YCIOBHIO
CBEPTBHIBAEMOCTH, TaK KaK TMOCIEIHUE TTepeOOPHBIC TPYIIIBI UMEIOT Ype3Mep-
HO Oonpimme rabaputhl. Bo n3bexxkaHue Takux ciaydaeB B MOCIETHEH mepe-
OOpHOH TpyIe HE peKOMEHAYETCsl UMETh 0oJiee IBYX mepeaad.

Jlns BBIOpaHHOTO BapuaHTa NepekirodeHus mno gopmyse (1.18) moxHO
OTIPEICTUTD 3HAYCHUE (Pax, IPU KOTOPOM ITOT BApUAHT BO3ZMOIKEH:

o </K. (1.19)
Ilpumep. Ilyctb nana cTpykrypHas hopmyiia KOpOOKH CKOPOCTEH
Z,=4,-2,-2,=16.

OnpenenuTh @Pmax, C KOTOPHIM MOXET OBITH CKOHCTPYHPOBaHAa KOpOOKa
CKOpOCTEH MPH 33/IaHHOM BapUAHTE MEPEKIIOUYEHUS:

(Dmax = (271).4.\2/5 = §/§ = 1’ 29 b

[TpuHumaem Omkaiiiee cTaHgapTHOE 3HaueHue @ = 1,26.
N3 KOHCTPYKTUBHBIX COOOpaXEHUI MHOI/IA OTCTYIAIOT OT YCTAHOBJICH-
HBIX TIPEACIBHBIX YaCTOTHBIX TMEpPeAaTOYHBIX OTHOIICHWU. Tak, B MPUBOJE

KYJIMCHOTO MCXAaHHU3Ma IMOIICPCUHO-CTPOTraJIbHOT'O CTAHKA imin < g +7 , B IIpH-

BOJIC ITAHIIAWObI KapyCeIbHOTO CTaHKa 1, < — .
20

Jis1 onipesiesieHns nepeaTOYHbIX OTHOIIEHUH MHOYKUTENLHOU CTPYKTYPhI

UCMOJB3yeTCs rpaoaHaATUTHUECKUI METOJI, B OCHOBE KOTOPOTO JIEKHT TOCIe-

AOBATCJIbHOC ITIOCTPOCHUC CTPYKTYPHBIX CCTOK U I‘pa(i)I/IKOB 9aCTOT BpalllCHM:A.

1.2. locTpoeHne CTPYKTYPHbIX CETOK

JIJIst IOCTPOCHMSI CTPYKTYPHOU CETKH IMPEXKAC BCETO M300pakaeTCs HC-
XOJTHAsI CeTKa, KOTOpask HMEET:
1) CTOABKO TOPU3OHTAIBHBIX JIMHUM, CKOJHKO BallOB BO MHOXKHUTCIBHOMN
CTPYKTYPE;
2) CTOJBKO BEPTUKAIBHBIX JIMHUM, CKOJBKO YaCTOT BpAIICHHS HMECT
IIITMH/ICTh CTAHKA.
['opu3oHTaNbHBIC TMHUU CETKU PACIIONAraloTCs Ha PAaBHOM PaCCTOSHUU
(6e3 macmTaba, Ha MPOCTOM 1IKaje) U 0003HAYAIOTCA TEMU K€ 3HAKAMH, YTO
U BaJbl HA KUHEMATHYECKOW CXEME MHOKUTEIHLHOW CTPYKTYpHI (KOpOOKH
CKOpOCTEH).

13



BepTukanbHble IMHUM CETKH, 0003HAYAIOIINE YACTOThl BPAICHHS, TaK-
K€ pacrnoJiaraloTcs Ha paBHBIX PACCTOSAHMSIX, HO MO JIOrapu(PMUUECcKOil 1IKa-
ae. JIyis HArJSIMHOCTH Ha IIKAJIe YacTOT BpallleHHs 3aluchiBarOTCS He Inn, a
a0COIOTHBIE 3HaYeHUs N.

[TocTpoeHue CTPYKTYpHOUM CETKH pacCMOTPUM Ha MpUMeEpe:

Z:3] ‘23 '26:12-

JUist 00sierdyeHusl MOCTPOEHUS CIpaBa OT UCXOJHOM CETKH, B MPOCTPAH-
CTBE MEX]y BaJlaMH, IIPOCTABJISIEM KOJIMYECTBO INEPENAY COOTBETCTBYIOIIECH

rpynnsl P; ¢ xapakTepucTukoil 1anHo# rpynnsl X (puc. 1.3).

0 1go

.. 21N »

III 4 4 B R R

1 2 3 4 56 7

oo &
@(J
|_\
|_\
|_\
N

0
Puc. 1.3. Cmpykmypuasa cemka

Ban II mmeer 3 4acTOTBI BpamieHus, MOITOMY W3 IOJYYEHHOW TOYKH
MIPOBOJUM 3 JIyya CAMMETPUYHO TaK, YTOOBI PACCTOSHHE MEXy UX KOHI[AMU
OBLJIO paBHO JIOTapu(PMy XapaKTEPUCTUKHU TPYIIIbI, PACTIOIOKEHHON MEXIy
Basiamu | u II. Kaxaeiii myd o603Ha4aeT KOHKPETHYIO Iepenady. 3aTeM U3
KaxJ10i Touku Bana |l mpoBoaum 1o 2 jiyya Tak, 4TOObl KOHIBI UX OTCTOSIU
npyr ot apyra Ha Baiy Il Ha paccrosuuu pasaom 3199, Tak kak xapakrepu-
cTvka AaHHoM rpynnsl x = 3. Ha Bany |l momyuum 6 yacrot Bpamenus. [la-
paJiiesibHbIe Tydyr 0003HAYAIOT OJHU U TE K€ NepeauH.

[Tocnennsst nepedopHast rpyIina CTPOUTCS aHATOTHYHO MPEABLIY M.

CtpyKTypHas ceTka mo3BOJIAET rpauuecKuM ImyTeM HalTH HaWTy4dlInii
BApUAHT NEPEKIOYEHUS NIEpPeIad, COOTBETCTBYIOIINNA UX MUHUMAJIbHBIM ra-

14



OapuTam, a TaKXKe SBISETCS BCIIOMOTATeNbHBIM HWHCTPYMEHTOM Ui TIO-
cTpoenwus Tpaduka yactot BpamieHus. Ha puc. 1.4 n3obpaxkeHa CTpyKTypHas
CEeTKa JUI1 MHOXKHUTEIbHOU CTPYKTYpbl Z =3, -2, - 2.

B npencraBieHHO# CTpyKType U3MEHEH MOPSAIOK NEPEKIIOUEHUs TPYII
nepezaau.

OTO 0OCTOSATENBCTBO CKA3aJI0Ch HA U3MEHEHWH OTHOUIEHUH MepeaaToy-
HBIX OTHOILIEHUH, MPUYEM B CTOPOHY UX YXY/IICHHUS.

I Fany

TN 3,
] - \\

JINT AN

Il /

vV

-

C} Ay a Y a Y a Ay a a¥ a O
A4 A4 A\ O A4 J A4 A4 O O

1 2 3 4 5 6 7 8 9 10 11 12

Puc. 1.4. Cmpyxmypnasa cemka

Mexny | u |l Banamu Teneps pacrnoyiaraeTcsi rpynmna ¢ OTHOILIEHUEM Tie-

. [
pE€AaTOYHBIX OTHOIICHUH Im;“x :gpg, B NPEABIAYIIEM BapuUaHTE MEpe-

min max

i .
KIFOYEHUsS ™ = p®, T'aGapuThl 3TOM TPyl CYIECTBEHHO YBEIUYMIHUCH.
[

Peanuzanusi paccMaTpyBaeMoro BapuaHTa TMEPEKIIOYEHUsT TpuBena Obl K
CO3/IJaHUI0 KOPOOKHU CKOPOCTEH HempHueMJIeMbIX pa3MepoB. biaronpustHbeiM
BAPUAHTOM TMEPEKIIOUEHUsI C TOYKH 3pEHUsi rabapuToB Mepenay cieayer
CUMTATh TOT, UTO MPEACTABIIEH HA puc. 1.3.
ITo CTpYKTYypHOU CETKE MOKHO ONPEACIINTD:
1.  Ywucno yacToT BpallleHHs] Ha KaXJIOM Bally MHOXXUTEIHHOU CTPYKTYpPHI
(KOpoOKHU CKOPOCTEM).
2. Yucno rpynm mepenad B CTPYKTYpe U MOPSIAOK UX KOHCTPYKTHBHOTO
PaCIIOI0KEHUSL.
3. Ywucno mepenad B KaKI0W TpyIIIIE.

min

15



XapakTepUCTUKU TPYIII Iepeaay.
Jlnamnas3oH peryiaupoBaHuUs MEPEIaTOYHBIX OTHOIIEHUN B Ka)XIOW Irpym-
Ie epenad.

Hanpumep, B ocnoBHo# rpymne (puc. 1.3) IgR=2Ilg¢, umu R=¢%; B

o B

nepBoii nepeboproii rpynne IgR =319, nmu R =¢’; Bo Bropoii nepe6op-
Hoii rpynmne IgR=61g¢, umu R=¢°.
Jlnama3oH peryJMpoBaHMs YaCcTOT BPAIICHUS MIMTHHACIS OMPEACIsIeTCs

KaK pacCTOSHHE MEXITy KpaWHMMH TOYKAMH Ha IOCJICAHEM Bay KOPOOKH
CKOPOCTEH.

Jlns mamero ciydas IgR =11-1g¢p, wm R, =¢™.

1.3. MocTpoeHue rpadmka 4acToT BpaLLeHUs

['paduk gacToT BpalieHus CIyKUT JJIsl ONPEACICHUS YaCTHBIX U OOIINX
nepeaTOYHbIX OTHOIICHUH. JIJ1s1 €ro MOCTPOCHUS JOJIKHBI OBITh U3BECTHBI:
1) 3HaMeHaTeNIb FCOMETPHUECKOIO PsIIa YaCTOT BPAICHHS ()

2) 4acCTOTHI BpaIeHHs MIIUHAESA OT N = Npin 0 Nz = Nmax;

3) uacroTa BpaIlCHUs PUBOJIHOTO JIEKTPOABUTATENS Ny,
4) KHHEMaTHYeCKas cXeMa KOPOOKU CKOPOCTEH, BKIIFOUAs OJUHOYHBIC TIe-
penauu (3yO4arble, peMEHHbIE MTEpeaayn).
B kadectBe mpumepa sl MOCTpOeHUs Tpaduka YacTOTHI BpalleHUS
BO3bMEM BapHaHT (puc. 1.3) Z=1-3,-2;5-2,, 100aBUB r'MOKyI0 CBA3b (pe-

MEHHYIO TIepeAiavy) MeKy 3JIEKTPOABUTATEEM U BaioM |.
[Topsimok mocTpoenust rpadka 4acTOT BPAIICHUS

1. CTposAT UCXOIHYIO CETKY TpaduKa Tak e, KaKk U UCXOTHYIO CETKY JJIs
CTPYKTYPHOM CETKH, OJTHAKO KOJUYCCTBO BEPTHKATHHBIX JIMHUH MOXKET
OBITH OOJIBIIIE YMCIIAa YACTOT BpAIICHUS IIMUHJEIA. DTO HEOOXOAUMO,
yTOOBI YaCcTOTA BpallleHUs 3JEKTPOJBUTATENS pacloiarajach B mpeje-
JaxX UCXOAHOMU ceTku (puc. 1.5).

[Tepen BasoMm | nzo6paxkarot «O» Ball AJEKTPOIBUTATEIIS.

2. HaHocsT 3Ha4YeHHUs 4acTOT BpAIICHUS HA TOCJICIHHUM Bajl (HA IIMUHJC-
ne) kopobku ckopocteit, BeiOpanHbie o ['OCT 8032-56 «IIpeamouru-
TeNbHBIC PSAJBI YAacTOT BpallleHus». [JomycTum, B mNpuMepe 3a7aHo:
Nmin = N1 = 14 MuH Y Nipay = N12 = 630 Mus ; @ = 1,41; N, = 750 mux

3. Ha nuHuio Basia 3JIEKTPOJBUTATENS] HAHOCSAT 3HAYEHUS YAaCcTOT Bpallle-
HUS IPUBOHOTO DJICKTPOIBUTATEIIS.
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Puc. 1.5. I'pagpux vacmom spawerus

4. PemenHo# (BO (pe3epHbBIX, CBEPIMIBHBIX U JIp. CTAaHKaX — 3y04arToi)
nepeaaveid «BIHUCHIBAIOTY YACTOTY BPAIEHUS SJEKTPOJABUTATENS B PSJI
94acTOT BpallleHUs MMNUHACHA. B HameM ciydae 3TOo TOYKa B Tepecede-
Hiw Bana | 1 gactorsr N = 630 MuH .

5.  OmnpenensitoT o0liee MUHUMAIIBHOE TEPEAaTOYHOE OTHOIIIEHUE KOPOOKHU
CKOPOCTEH Jpmin, BRIPA3UB €T0 Yepe3 3HAMEHATEh TEOMETPUICCKOM TIPO-

TPECCHH ('

6. OO0miee MUHUMaIBHOE TEPEAATOYHOE OTHOIICHHE Jpi, pPa30MBarOT Ha

YaCTHBIC MHHHUMAJBHBIC OTHOIICHHA |min Ka}KIIOﬁ I'pyHaiibl 1mmepeaad,
, 1
IIOMHA IIPHU 3TOM, YTO [, ZZ, a TAaKXKC, 4TO 4aCTHBIC MHWHHMAJIbHBIC

MnepeaaToOYHbIC OTHOIICHHUS OT Bajlad | x MNOCJIACAHEMY Bally JOJIKHBI
YMCHBLIIATHCA:

Ha rpaduke gacTor BpaleHus 4acTHbIC MUHHMAJIbHBIC IEpeIaTOYHBIC
OTHOIIEHUSI N300paXKaroTCsl B BUJIE JIyUeH, MPOXOASIINX Yepe3 3 u 4 KICTKU
BJICBO (ITOHMKAIONINE TIEPEAATOUHbBIC OTHOIIICHUS).
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/. B cooTBEeTCTBUU CO CTPYKTYypHOU ceTkou (puc. 1.3) mpou3BOJsAT OKOH-
YyaTesIbHOE OCTPOEHUE TpadKa 4acTOT BpallleHHUS.
8. Ilo rpaduky (puc. 1.5) onpenensror Bce nepeaaTroyHble OTHOIICHHUS:

P 750

B OCHOBHOU rpymre P, :

z_ 1 _1 5z 1 1 1 2z 1_1_5.
z, ¢ 141 282 14" z, "¢° 141 2' z, ¢ 141 T’
B [IepBOM NiepeOopHOM rpymie Py:

_t_ 1 1z 1_1_5

z, ¢ 141" 4 z, ¢ 141 T’

BO BTOpOM niepebopHoii rpyrre Pe:

z, 1 1 1z, ¢ 147
1

2, o' L4 4 7,

Bapuant noctpoeHHoro rpaguka 4acTOT BpalllEHUs] HE ABJISETCS €IUH-
CTBEHHBIM C TOYKHU 3pEHUS PaIUAIbHBIX pa3MepoB KOpoOKH ckopocTel. XoTs
Ha CTaJMM KMHEMAaTHYECKOr0 pacyeTa HEBO3MOKHO HANTH HAWIy4YIIUN KH-
HEMAaTUYECKU U KOHCTPYKTHBHBIM BapUaHT, HO OTKA3aThCsA OT OOJBIIMHCTBA
KaK HENPUTOAHBIX MOXXHO, €CIM PYKOBOACTBOBATHCS CIEAYIOIIMMH PEKO-
MEHIALUSMH:

1. Pa3mepsl 3y0uaThix Kojiec U MPUBOJA B LEJIOM OyIyT MUHUMAIbHBIMH,
€CJIM pa3HHIla B 4YHclie 3yObeB KoJieC B rpymnmax OyJIeT HauMEHbIIEH.
OtomMy TpeOOBaHUIO yIOBIETBOPSIET OCHOBHAS IPyIa, B KOTOPOM uunc-
110 3yObeB B Tape KoJec OTIHuaeTcs B ¢ pas. [103ToMy menecoobpasHo
BBIOMPATh KOHCTPYKTUBHBI BAPUAHT, B KOTOPOM OBl OCHOBHAs IpyIia
uMesa HauboJbIIee YUCIIO Mepeaay, T. €.

Pa >Pb> Pc...

2. OpnHako B ciaydae yCTAaHOBKM Ha MEPBOM Bally KOPOOKH CKOPOCTEH J0-
MOJITHATEIFHBIX MEXaHU3MOB B BHAC MYy(PT peBepca WA TOPMO3HBIX
YCTPOMCTB Ha HEM HE CIEeAyeT pacrosarath 0osee IByX 3yO04aThIX KO-
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JIeC, TaK KakK IMPHU 3TOM CYIIECTBEHHO BO3pPAcTalOT OCEBBIE pa3Mephl KO-
poOKu (HanpuMep, BMECTO Z =3, - 25 - 2,HaJ0 NPUHATh Z =2, -3, - 2,).
KoHCTpyKTUBHBIN BapuaHT MPUBOJIA JOJKEH COOTBETCTBOBATh KNHEMa-
TUYECKOMY, T. €. XapaKTEPUCTUKH TPYIII Mepeaad JOHKHBI BO3pacTaTh
OT TIEPBOTO Bajia K MMUAHACIIO (X, < Xp < X < ... < Xp).
MuHHMaNbHbIE YaCTHBIE NIEPEIATOYHbIE OTHOLIEHUS B TPYIIAX JOJKHBI
YMEHBIIATHCS 110 Mepe MPUOIMKEHNS K IIIMUHIENIIO0, JOCTUTAs MPEEIIb-
HOU BEJIMYMHBI B MOCIEHEN TepeOopHOM rpynie:

Iamin > Ibmin > Icmin > Immin 2 ‘Imin"

Beinmonnenue »Toro YCJIOBHA IIO3BOJIAACT IIOOHATH YPOBCHbL MHUHU-

MaJIbHBIX YaCTOT BpAIlIC€HUsI MPOMEKYTOUYHBIX BajlOB B 00JacTh O0Jiee BbI-
COKHMX YacTOT BpallC€HUs, TEM CaMbIM YMEHBIIWUTH BEJIWYMHBI IIepeaaBac-
MBIX KPYTSIIUX MOMEHTOB, 3TO OyJeT CIIOCOOCTBOBATh YMEHBIIICHHUIO Pa-
JTUATBHBIX PAa3MEPOB BAJIIOB M 3y0UaTHIX KOJEC.

UewM BbI1IE yacToTa BpauieHus Baia Nj , TeM MEHbIIE KPYTIIUNA MOMEHT

M, i, nnaMeTp Bajia (M3 YCJIOBHUM MPOYHOCTH) U MOIYJH 3yO4YaThIX KOJIEC,
p.
PAcCIIOJI0KEHHBIX Ha TOM Bally.

5.

Ha mmuHpene craHka He PeKOMEHIyeTCs yCTaHABIMBAaTh Oojiee JBYX
3y04aThIX KOJeC, TaK Kak 3TO MPUBOAUT K W3JHIIHEH aedopmanuu
mmusaens. C 3Tol ke 1enbio 3y0JaTbie Kojieca Ha MIMUHJENEe He00X0-
JMMO yCTaHABIUBATh OJMKE K €To MepeHel omope.

Jlis yMEHBIICHUs] HOMEHKJIATYypbl 3y0UaThIX KOJIEC HEOOXOIUMO CTpe-
MUTBCSI K CHMMETPHUYHOMY PACIOJIOKEHHUIO JIydel Ha rpaduke 4acToT
BpamieHus Xots Obl mnd ofgHoi rpymmsl (i -1 =1). Uem «cummer-
pUYHEe» IpyIla, TEM MEHBIIIE €€ Pa3MephI.
HeobOxonumo u36erath MOBBIIIAIOUIMX Tepenad B Tpymie, Iepenaro-
el BpallleHHe Ha MIMUH/Eb, TaK KaK B 3TOM Clyyae BeJOMOE KOJIECO
HY)KHO MMETh KaK MOXKHO OOJIBIIMX Pa3MepoB HM3-3a OOJBIIOTO IHa-
MeTpa MIMUHAENS, KOTOPBIA pacCYUTHIBACTCS HE M3 YCIOBUS MPOYHO-
CTH, a KeCTKOCTH. Bemyiee Koixeco MOXKET MOJYyUYUThCS HempHhemiie-
MBIX Pa3MepoB.

1.4. MHOXMTENbHbIE CTPYKTYPbI C HaNOXeHWeM YacToT BpaLlleHu A

[Tpu mpoexTupoBaHUU KOPOOOK ckopocTeld Ha Z = 16 u Gonee cTyneHei

B TOCJIEIHEW TmepeOOpHON Trpymme Mnepenad MMOJydaroTCs HEAOMYCTHUMO

i
OompIMe 3HAYCHUS | -M% | | mpuU KOTOPBIX KOpPOOKa HE KOHCTPYHUPYETCS.

min / max

CoBpeMEHHBIE YHUBEPCAIBHBIE CTAHKH JIJIS IIMPOKOT0 IUANa3oHa MCIO0JIb30-
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BaHMS JOJDKHBI UMETh Pa3BUThIE KOPOOKH ckopocteld. Hampumep, TokapHO-
BUHTOpE3HbIN cTaHoK Monenu 16K20 umeer Z = 22.

Jlist Toro 4To0BI MpOEKTHpyeMasi KOpoOKa MOIJIa OCYIIECTBUTh 3a/aH-
Hoe uncio (Z) crymneHeil, IPUMEHSIOT METOJ YJIy4YIIeHHs KHHEMATUKU 32
CYET YACTUYHOIO COBMAJCHUS (HAJIOXKEHMSI) HEKOTOPOM 4acTU 4acToT Bpalle-
HUSI IITTAHACIS.

[TycTh mocTaBieHa 3aj1aua CipoeKTUpoBaTh KOpoOky Ha Z = 3-3:2 =18 ¢
@=1,41. Jaxe nns aydiiero BapuaHTta mnepekimodeHus Z = 3;-33-29 B MO-

caenHel 1mepebOpHOM rpyrme oo | ¢’ =1,41°=22,4>8, 4ro 3HAYH-
min max

TeNBHO 00JIbIIE AOoMycTHMOTro. OJJHAKO MyTeM HCKYCCTBEHHOTO YMEHBIICHUS

XapaKTepUCTHK TPYII Tepeaad MOXKHO CO3/1aTh KeNaeMylo CTPYKTYpY, eciu

ee pa3paboTaTh Ha YHUCIO CTyrneHeu Z', Oonbiee, yeM Z, Ha HEKOTOPYIO Be-
JMYMHY HaJIO)KEHHBIX CTyIeHel AZ:

Z'=7Z+AZ,utorna Z=7"—A/.

Hanoxenue yacToT BpailieHus: OObIYHO JIETAl0T B MOCIEAHEN nepedop-
HOM T'pyIIIeE.

XapakTepucTrKa IPyIIbl, B KOTOPOHM INPOUCXOAUT HAJOKEHUE YACTOT
BpaIlleHUs1, PaCCYUTHIBAETCS IO (hopMyIie:

X=P R -P..-AZ. (1.20)
Jnana3zoH peryJupoBaHus B 3TOH rpymnre

R=p VRAR-2 <IR| (1.21)

rae P, —uucno nepenay B nocieaHei nepedOpHOi rpymre.
[Ipu pa3zpaboTke KOpOOOK CKOPOCTEN C HAIOKEHUEM YaCTOT BpalCHUS

HEO00XO0IMMO UMETh MUHUMAJIBHOE YKCJIO Mepeiad B MocaeaHeN nepe0opHoit
rpynne (P,=2) u crpeMuTbcsd K MUHUMAJILHOMY YWCIY HAJIO)KEHHBIX 4acTOT
BpaIieHusl.

Jlist Hamero ciydasi XapakTepUCTHUKa MOCIeIHeH mepeOOpHO TPYyMIbI

x=3-2-2—-6=6, a AMana3oH peryJIupoBaHuUs

R — ¢(2—l)~3.2~2—6 — (DG — 1’ 416 — 8 — ‘R‘ .
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PazpaboranHas kopoOka CKOpOCTel Mo rabapuraM yKJIaJabIBaeTcs B J0-
MyCTUMBIE TIPEICIIbI.
CTpyKTypHas ceTka JUIsi CTPYKTYPHOH (hOpMYIIBI

nokasana Ha puc. 1.6.

I
s RN 2

W,
1 NI | %

1 2 34 5 6 78 91011121314 15161718

V

Puc. 1.6. Cmpyxmypnas cemka

['paduix yacToT BpalleHUs CTPOUTCA MO AHAJIOTUU C rpaduKoM OObIY-
HOW MHOKUTEIIbHOU CTPYKTYPBIL.

1.5. YnyuweHue KMHeMaTUKM UCMONbL3OBAHNEM CIOXEHHbIX CTPYKTYp

CoBpeMEHHBIE METALUIOPEKYIIUE CTAHKU HMMEIOT IIMPOKWNM JHana3oH
pEryJIMpoBaHusl 4acTOT BpamieHus mnuHAeasA. C MOBBIIICHUEM YacTOT Bpa-
IIEHUS BCEX 3BEHHEB KMHEMATHUKU HEM30€KHO BO3PACTAIOT IHEPIETUUYECCKUE
MOTEpH HAa TPEeHHUE, BOZHUKAIOT BUOpanuu, pe3ko nagaet KIIJ[ cranka u T. 1.

B mpakTuke cTaHKOCTPOCHUS JJisi YCTPAHCHHS ATUX SBJICHUMN, XOTS OBl
YaCTUYHO, PUMEHSIIOT CJIOKEHHBIE CTPYKTYPHI.

Ci10’)keHHOM Ha3bIBAETCSl CTPYKTypa MHOTOCKOPOCTHOTO IPHBOJA, CO-
CTOSIIAsl U3 JIBYX U 0oJiee KWHEMAaTHUECKUX IIeTNel, Kakaash U3 KOTOPBIX SB-
J€TCSl OOBIYHOM MHOXKHUTEIBHON CTPYKTYPOH.

OnHa W3 ATHUX IeNel NnpeaHa3HadeHa JJIs MOJyYEeHHUS BBICOKMX YacTOT
BpAIllCHUS U ABJISIETCS KOPOTKOM, a BTOpasi, Oosiee JJIMHHAS, — JJIA MOJIyYe-
HUSI HU3KUX YaCTOT BPaILICHUS.
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Cno>XeHHbIE CTPYKTYPbI COCTOSIT OOBIYHO M3 JIByX KUHEMATUUYECKUX LIe-
nei (TOKapHO-BUHTOPE3HbBIN cTaHOK Mojenu 16K20, TokapHO-peBOIbBEPHbBIN
ctaHok Mmognenu 111365, ToxkapHO-kKapycenbHbId CTaHOK Moaenu 1531M wu
ap.). Ob1iee 4nucao CTyneHed Ui CTPYKTYpPBbI, COCTOAIIEH M3 JIByX Lenei,
=271+ 2Zy,(ZyuZy— uncno crynenel nepBoil ¥ BTOPOM KHHEMATHYECKUX
1emnei).

[Ipeanonoxum, 4To0 HEOOXOUMO CO3/IaTh MHOKUTEIBHYIO CTPYKTYPY C
@ = 1,41 1 quama3zoHOM peryiaupoBaHus yacToT Bpamienus R, = 400.

Yucio cTyneHeu 3Toil CTpyKTypsl OyieT
_lgR, 1o lg400

—+1=18,3.

7= =
lgd lgl,41

[Tpuaumaem Z = 18.
DTOMY COOTBETCTBYET MHOKUTENIbHAS cTpyKTypa Z =3-3-2=18.
Ho nasxe nns srydiiero BapuaHTta nepekmodeHus Z =3, -3, -2, Anuana-

30H PETyJIUpPOBaHMs TEPEIaTOYHBIX OTHOIICHUI B IMOCJENHEH mnepeGopHOM
rpynne R =@’ =1,41°, uro 3HauMTENLHO GOMBIIE AOITycTUMOTO |R|.

MOHO BOCIIOJIB30BaThCs CTPYKTYPOU C HAIOKEHUEM YAaCTOT BPAILICHUS
Z=3,-25-2¢-2¢ —6=18, KOTOpas MO3BOJIAET PEWIUTH 3Ty 3a7a4y, HO IPU-
BOJUT K IMOJYYECHHIO JUIMHHOM KMHEMAaTUYECKOW LENH C MOBBIIIEHHON MOTE-
pell MOITHOCTHU Ha BBICOKHMX YaCTOTaX BpaIICHUSI.

B kauecTBe mpumepa mocTpoeHusi CTPYKTYpHOUM ceTkH u rpaduka vac-
TOT BPAILLCHUS I CJIIOKEHHBIX CTPYKTYpP MPUMEM OJIMH U3 BapUAHTOB MHO-
KUTEJIBHOU CTPYKTYPHI CO CTPYKTYpHOU popmyIioi

Z=3-2,-1+3-2,-1.2, -1=18.

VYrpornieHHas KHHEMaTH4ecKasi cxema JJisl 3TOM CTPYKTYphI TOKa3aHa Ha
puc. 1.7.

CrpykrypHas (opMyna pachucaHa MO OTAEIbHbIM KHHEMAaTHUUYE€CKUM
y3JlaM JJi9 OOJIErYeHHs] TOCTPOCHUSI CTPYKTYPHOU ceTku. J[TMHHAs KUHEeMa-
TUYECKas LETb C XapaKTEPUCTUKAMU TPYIII Mepeiad B Hel

22:31 '23 '1‘26‘1:12

Tak kak ganHas 1iens obecrneunBaet 12 cryneHei, To sl Hee BhIIETsEM
Ha CTPYKTYpHOU ceTKe 12 BEepTUKAJIbHBIX JIMHUI (OTCYET MPOU3BOIUTCS, Ha-
YyHas C MEpPBOW CTYNEHU) U B OOBIYHOM TMOPSIAKE MPOBOJUM IOCTPOCHHE
BCEX JIy4eU Ipyni nepeaad 3TOU CTPyKTYPHI.
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1

VI

— =D

Puc. 1.7. Ynpowennas xunemamuyeckas cxema

| I
(
P
®
|
|
)
‘ <
|

L(

Jns GBICTPOXOIHOM KOPOTKOM KMHeMaTHdeckoh nermm Z, =3, -2,-1=6

BBIJICIISIEM OCTaBIIHECS 6 BEPTUKAIBHBIX JIMHHWU. [ pymnmbl, pacmooKeHHbBIE
Mexay | u |1l Banamu, apnstorcs oomumu. Ot oO1eld 4acTu JBUKEHHE C Ba-
na Il mepenaercst Ha Ban VI, munys Basiel [V u V.

; \ Y ; ; \ 2 3
I I I p. N p.
2 | < I |
I v | o r. &5 h h
B

d d 4 y 4 y b b b b b b h b b | b b h

& A 4 € a4 A4 4 A4 A 4 A 4 A 4 4 4 4 4 4 4 P
.v I Y rS & N & & & PN "N r. rY rN rN & rY & & &

& £ £F £ 3 > € € £ €

T 2 3 4 5 7 8 9 10 11 12 13 14 15 16 1718

Puc. 1.8. Cmpyxmypnas cemka
CtpykTypHas ceTKa JJIs HAIlIeTO BApUAHTA CIIOKEHHON CTPYKTYpPbI IIPHU-

BeJieHa Ha puc. 1.8. A oauH U3 BapuaHTOB IpaUKOB YACTOT BPAILECHUS IS
JaHHOM CTPYKTYpPHOM CETKU n300pakeH Ha puc. 1.9.
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Puc. 1.9. I'pagpux uacmom spawerust

1.6. MHOXWUTeNbHbIE CTPYKTYPbI C TOMaHbIM (HepaBHOMEPHbIM)
reoMeTpMyYeCcKUm paaom

OO6cnenoBaHre OOIIMPHOrO KOJMUECTBA YHUBEPCAIBHBIX CTAHKOB MOKa-
3aJ10, YTO OOJIBIIYI0 YacThb pabOYero BPEMEHH OHU 3KCIUIyaTHPYIOTCS Ha
CPEIHUX YacTOTax BpalleHus ImuHaens. Mcxons U3 3KOHOMUYECKOU 1ielie-
COOOPAa3HOCTH MCHOJIb30BAaHUSI CTAHOYHOIO0 O0OpYAOBaHUS B KOPOOKaxX CKO-
poCTeil cTaM MPUMEHSATH JIOMaHble T€OMETPUUYECKHE PANIbI YacTOT Bpallle-
HUS, 33JICUCTBYS B CpeHEH YacTH JMarazoHa peryiMpoBanus R, Maigoe 3Have-
HHME 3HaMEHaTeNs psja ¢, a 1o KpasM — OoJblioe 3HaueHue ¢p. [Ipu stom
00s13aTeNTLHO TOJDKHO OBITh BBIMTOJHEHO YCIOBHUE: ¢, = ¢ .

Oco0EHHOCTH KHMHEMAaTHYECKOr0 pacuera MOJAOOHBIX CTPYKTYp MOKa-
’KEM Ha KOHKPETHOM IpHUMeEpE.

[lycts 3amano: Z=P,-B -P.=12; ¢ =1,58 u ¢,=1,26; nnanason

peryJIupoBaHMs 4acTOT BparieHus mmuHaens R, = 80.

OmnpenenseM YHCIO CTYNEHEH KOPOOKH CKOPOCTEH TpPH MEHBIIEM
9, =126

_lgR,
g,

_ 1g80

7 =
11,26

+1 +1=20.
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Yucio cTynenei co 3HaMeHarenem psaga ¢, =1,58:

_2lg|R| 1 21g8

7 = =
Yo lgo, lg1,58

1=8,

rze |R| - JOITyCKAaeMbli THAMA30H PETYIMPOBAHUS MEPEIATOYHBIX OTHOLIE-
HUH B rpynmax. XapakTepuCcTUKa nociaeaHeil nepeOopHoi rpynmnsl P,

X, Z+1_ 8+1:4,5.
2 2
CrpykTypHyI0 (hOpMYITy MOKHO 3allCaTh B TAKOM BUJIE:

[TocTpoeHue CTPYKTYPHBIX CETOK M T'paMKOB YacCTOT BpaIlCHUS BEAYT
IpU MEHBIIMX 3HAYEHUAX ¢, a, yuuThiBasd, 4yTo Ig¢ =21g¢p,, okoHuaTenbHO

CTpyKTypHas ¢popmyna OyaeT BBINIIETh Tak: Z =3, -2, -2, =12 (puc. 1.10).

| N

A 3,
! AN
AT D] D} N 2
A T <IN TN °
11 R
P eV e Yo e S N 29
v AT LA LT < DR < L T T

1 3 ) 7 9 1011 12 14 16 18 20

Puc. 1.10. Cmpyxmypuas cemka

Tak, 1 paccMaTpuBaeMoro Ciay4as ¢ JOMaHbIM PSIOM IAANa30H pery-
z-1 201 19 v
aupoBaHus Oymer R =@, =@, =@, , a i1 paBHOMEPHOW CTPYKTYpPbI

1_ 121 11
JIMANIa30H PEryIupoBanus 061 061 R =@, =@," =@,

CTpyKTypBI C JIOMaHbIM PSOM MO3BOJIAIOT IIPH TOM K€ YUCIIE BAJIOB U
nepefay CyLeCTBEHHO paclIMpUTh AUAIa30H PEryJUpOBaHMs 4acTOT Bpa-
LEHUs, YTO SIBIISECTCS BAXXHBIM U1l YHUBEPCAIbHBIX CTAHKOB.
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1.7. MHOXMTeNbHbIE CTPYKTYPbI C perynupyemMbiMu
aneKTpoABUraTeNnsMu NnepeMeHHOro Toka

Jlsist yMeHbllleHHus rabapuToB KOPOOOK CKOPOCTEH C COXpaHEHHEM JHa-
[1a30Ha PETYJIMPOBAHUS YACTOT BPALIECHUS B CTAHKOCTPOCHUU HAXOAAT MPU-
MEHEHHUE JBYX- M PEXKE TPEXCKOPOCTHBIE AJIEKTPOJBUIATEIN NEPEMEHHOIO
ToKa. [Ipr 3TOM HENpephIBHBIN T'E€OMETPUYECKUN PSAJI YaCTOT BPALICHHS
mnuHaens OyaeT o0ecneunBaThCsl TOJIBKO TOT/IAa, KOTJIa YaCTOThI BpallCHUS
BaJia AJICKTPOJABUTATENS MPH MEPEKIIOYECHUN TIap MOJIIOCOB OYAYT U3MEHSTh-

cs B 1Ba pasa (N, = 750/1500, 1500/3000, 750/1500/3000 MI/IH_l).
Mexannueckast 9acTh KOPOOKH CKOPOCTEH CYIIIECTBEHHO YIIPOIIAETCs, TaK
KaK PeryJIMpyeMbIi JIEKTPOIBUTATENTh MPUHUMAET Ha ce0s pOJTh OJHON MEXaHU-
YeCKOU rpynmnsl nepenad. [Ipy knHeEMaTHUECKUX pacdyeTax PeEryJnpyeMblid JIEK-
TPOJBUTaTENlb MPUHUMAETCSI B KAYECTBE MIEPBOIl MIepeOOPHOM TPYIIbL, a B Kaue-
CTBE OCHOBHOW — MEXAHMYECKAs TPYMIA C YUCIOM Mepeaay, 3aBUCAIIMX OT 3Ha-
YeHUs 3HameHarens psana @. [Ipu nepexinoYeHnn 4acToT BpPAIEHUSI OCHOBHAS
rpymIia NoAroTaB/IMBAET YABOEHUE YaCTOT BPAILICHUS, & YJIBOCHUE OCYILIECTBIISIET
AIIEKTPOJIBUTATEIH MIEPEKITIOYCHHUEM Ha BTOPYIO, 00JIee BEICOKYIO, CKOPOCTb.
Hanpumep, npoextupyercs kKopoOka ckopocteit ¢ ¢ = 1,41, yaBoeHue
psina OyJeT MOArOTOBIICHO B TOM cllydae, €Cclid BHavyajie Oy/1eM MepeKiirodyaTh
rpynny mnepenad ¢ AByMs IepeaadaMHd Ha OJJHOM 4acTOTE BpAICHUs Baja
AJIEKTPOJIBUTATENS, MIPU 3TOM HA WIMHUHAEIE MOJy4uM Np, Ny, HacToTy Bpa-
eHUs N3= 2N; TOIYYUM TNEPEKIIOUCHUEM DJISKTPOJIBUTATeNsI Ha 00Jiee BbI-
COKYIO0 CKOPOCTh, B TO BpeMsl KaKk OCHOBHasl TpyIllla BEPHETCS B MCXOJHOE
noJsiokeHue. Jlanee, mepekiroyasi OCHOBHYIO TPYNITY, MOTy4aeM Ny, Ns U T. 1.
CrtpykTypHas GopMyia st 3TOro ciaydas 0y/1eT UMeTh BH/I:

Z:Pa'Pan.:21'22:4'

XapakTepucTuKa 1nepe0OpHbIX TPy Nepenad OnpeaenserTcs, Kak U B
OOBIYHON MHOXKMTEIBHOU CTPYKTYPE.

[Tpu ucnonp3oBaHuu B KOpoOKax ckopocteil ¢ = 1,26 ynBoeHue 3Haue-
HUS Yi€Ha Psi/ia 4acTOT BpallEHUs] HACTYaeT Ha YETBEPTOM UJIEHE, CIIEI0BA-
TETbHO, B KAYECTBE OCHOBHOW TPYIIBI HEOOXOAMMO MpUHATH P, = 3.
U cTpykTypHas popmysia OyeT UMeTh TaKOW BU/I:

Z='%'P3n.=31'23=6-

Henocrarok MHOKHUTENIBHBIX CTPYKTYP € PETYIUPYEMBIMU JIEKTPOIBU-
raTessiMU 3aKJIF0YaeTCs B TOM, YTO OHM 3aJIal0T KECTKUN CTPYKTYPHBIN U KU-
HEMaTUYECKUI BapUaHT, 4acTO HELeJeCO0Opa3HbIil C TOUKH 3peHus radapu-
TOB IIepeay.
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Hanpumep, TpebyeTcs CIIPOEKTHPOBAThL KOPOOKy ckopocreit (Z = 18;
@ =1,26) ¢ IByXCKOPOCTHBIM 3JIEKTPOIBUTATEIIEM.
CrpykrypHas popmyma JIsl 3TOTO CIydas:

Z=3-2,-3,=18.

Jlnana3zoH peryJIMpOBaHUs MEPENATOYHBIX OTHOIIEHUN B TTOCIEHEN T1e-
pe6opHoii rpymme R =p®V%? =1,26"% =16, uTo GobIIE JOMYCTUMOTO.

Ha puc. 1.11 npencraBnena ynpolieHHass KWHEMaTHYECKass CXema H
CTPYKTYpHasi C€TKa I MHOKHUTEJIBHOW CTPYKTYPBI C PEryJIMPYEMBIM JJIEK-
TPOJIBUraTeIeM EPEMEHHOTO TOKA CO CTPYKTYpHOU (popmyIioit:

Z=3-2 -2 =12.

19X,

(M= = T 1 |
3,

= — 11 1II ;
1] NN 26

= ={ ) e SN N NN
12 3 4 5 6 7 8 9 10 11 12
111

Puc. 1.11. Ynpowennasa kunemamuueckas cxema u CMmpyKmypHas cemkda

Ha puc.1.12 mnokazaHa ympolieHHas KUHEMaTH4yecKas cxema Juis
CJIO’KEHHOM CTPYKTYPBI C PETYIUPYEMBIM AJIEKTPOJIBUTATENIEM ITEPEMEHHOTO TOKA

Z=3-2 -1+3-2 -1-2,-1=18.
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D
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b
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1l
q
e
q
Il

Puc. 1.12. Ynpowennas kunemamuuecxkas cxema
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Ha puc. 1.13 uzo0pakeHa CTpyKTypHas ceTKa JJisl 3TOU CTPYKTYPHI.

1 5
| | 3
II p
1
111 |
26
! 1
74 a4 1+ 5

1L 2 34 5 6 7 & 9 10 1112 1314 15 16 17 18

Puc. 1.13. Cmpyxmypuas cemka

Kak crnenyer u3 pucyHKOB, IPUMEHEHUE PETYIUPYEMBIX JIEKTPOABUTA-
TeJIel MepeMEHHOTO TOKa MOKET MPUBECTH K YNPOIICHUIO KHHEMATUKU TIPH-
BOJia TIJIaBHOTO JBWXeHUsd (cpaBHuTe puc. 1.3 u pwuc. 1.11, puc. 1.7 un
puc. 1.12) u yMeHbIIICHHIO TA0APUTOB KOPOOKU CKOPOCTEH.

1.8. MHOXMTENbHbIE CTPYKTYPbI
C perynupyemMbIiMu1 3f1eKTpOABUraTeNnsAM1M NOCTOAHHOrO TOKa

B crankax ¢ UIIY 1 MHOrOOIepanuoHHbIX CTaHKaxX HaIIM IPUMEHEHUE
pEryJupyeMble 3JIEKTPOABUTATENIN MOCTOSHHOIO TOKAa ¢ MEXaHMYEeCKON Ko-
poOKoii ckopocTelt Ha 2, 3, 4 ctynenn. OOuuit Auana3oH peryjiupoBaHus Ta-
KHX CTPYKTYp OyIeT

Rn = Ran. ) Rmex ' (122)

[Ipeamnonoxxum, 9TO B CTPYKTypax HMeEeTCs KOpoOKa CKOpOCTEeH Ha
Z CTyNeHEeH ¢ COOTBETCTBYIOIIUM YHCIOM OOIIUX TMEPEAaTOYHBIX OTHOIIIC-
aui: 3,,3,,35...3,. Toraa mocpeacrsom I, MOKHO IOJyYUTh Ha INIITHHJCIE

HETPEPBIBHBIN psii YaCTOT BpallleHHs OT Ny 10 N1R,; 3a cueT peryanpoBaHus
CKOPOCTH dJIeKTpoaBUrarens. Ha neperaTrouHoM OTHOLIEHUU J, IMOJIy4acTCs

. 2 :
HETPEPBIBHBIN P/ 4aCTOT BpalieHus ot NiR,; mo NR] wnu B obiieM Buje:
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n, = nR

971, !

2

oI !

(X

nR, =>nR

3

)

nR2 - nR

X

z-1 z
nl Ran. - nl Ran. '

N

Otcrona

R =T MRy o (1.23)
n._ n '

min

Yucno MeXaHMYEeCKUX CTyNIeHEeH KOPOOKH CKOPOCTEH

C_IoR, (1.24)
IgR,,
Yucno 2neKTpUYECKUX CTYIIEHEN JBUTaTEIs
lgr
z =9" 1, (1.25)
lge
/e I — IUana3oH PeryJIupoBaHus dJICKTPOIBUTATEIS.
1g32
Ilpumep. 3anano R,=32ur=2.Torga Z,, = Ig—z =4.
g

KopoOka Ha yeTbIpe CTyleH! MOKET COCTOATh U3 ABYX I'PyIIL:
Z,=F-P=2-2=4.

Oco0eHHOCTh JanbHEHIIEro KUHEMAaTHUYECKOTO pacyeTa 3aKJIIvaeTcs B
TOM, UTO psAJl OECCTyNeHuYaThli, u s Hero @ = 1. Ha cTpyKTypHBIX ceTkax
paccTosiHUEe MKy BepTUKaIbHBIMU JTHHHSIMHE Oy et Igep = 1g1 = 0.

JlJist BBIXOZA U3 3TOTO MOJO0KEHHUS 332 IMM IIPOU3BOJIBHOE CTaHIaPTHOE

3HaueHUe @, Harpumep @ = 1,26, U MOCTPOUM CTPYKTYPHYIO CETKY IIJISl CTY-
MIEHYaTOro peryJupoBaHMUs.

OmpenenuM 4YUCIIO 3JICKTPUYCCKUX CTYMEHe# nBuratens no (opmy-
ae (1.25):

R :Ig_2+1:&01+1z4'
l91,26 0,1
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O611ee yucio cTyneHei NpuBoia CTaHKa
L=-72,=7-B-P=4-2-2=16.

Ha puc. 1.14 uzo6pakena ynporieHHas KHHEMaTH4YecKasi cxema Kopoo-
KU cKopocTell Ha Z = 16 cTyneHel ¢ peryJupyeMbIM JIBUTaTeNeM [TOCTOSIHHO-
ro TOKa M CTPYKTYpHas CETKa. OJIEKTPOABUIATENIb NPU KUHEMaTHYECKHX
pacyerax INPUHUMAETCS B Ka4€CTBE OCHOBHOMW IPYIIIBI C XapaKTEPUCTUKOU
x=1

IMEeKTPOBAT
! | 1[\ anexTpodaok 4
ngr /| \ Dos
|= =11 /Y
/| //1\“\ "
— 1 — ]:[ ]:[
../':f::i’/ §§¢* H‘x\“‘:\:x

= ":CD]I[ 4 1 J
I

123456 7 8910111213141516

Puc. 1.14. Ynpowennasa kunemamuyeckas cxema u CmpyKkmypHas cemka

[Toctpoenue rpaduka HaYMHAIOT C OTMETKON Ha Basly | Toukamu 3Haue-
HUS 4YaCTOT BpalleHUst Ng;—Ngg, CO3AABAEMBIX JABUTATENIEM. A Janiee MmocTpoe-
HUE MPOJOHKAIOT TAKUM K€ METOJIOM, KaK U MPH CTYNEHYaTOM pEeryInpoBa-
HUM.

Kpome BasioB xopoOku ckopocreit (I, I, 111), na puc. 1.14 no6asnen yc-
JIOBHBIM «3JIEKTPOBA», TMEPEHAIOIINNA YETHIPEXCTYNEHUYAThIM <«AJIEKTPOOII0-
KOM» BpallleHHue MepBOMYy Baly KOpoOku (Noy o4). JloOaBOUHOE MOCTpoeHUE K
CTPYKTYPHOH CEeTKe MO3BOJIIET O0Jiee HATIISAHO TPEACTaBUTh OOIIYIO B3aMO-
CBsI3b BCEeX 0€3 UCKIIIOUEHHUS TPy Mepeiay, BXOASIMIUX B COCTaB MPUBOJIA.
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2. MPUMEP PACYETA NPUBOMOA INMABHOIO ABUXEHUA
METAJINTOPEXYLLEITO CTAHKA

B kauectBe mpuMmepa MmociaeqoBaTENbHOCTH pacyeTa MPUBOJIA IIIaBHOIO
JBIKEHUS BBIOpaH pacyeT MPUBOJa YHUBEPCATILHOTO TOKAPHO-BUHTOPE3HOTO
CTaHKa.

HcxomHpIMU TaHHBIMU JIJ1s1 TIPOSKTUPOBAHKS COTJIACHO 33JaAHUIO SIBJISTFOTCS:
®  TWI CTAaHKA — YHUBEPCAJIbHBIN TOKAPHO-BUHTOPE3HBIN;
®  CTpPyKTypHas ¢opMyJa MpUBOa TTIABHOTO JBUKEHUS

Z:Pan(l+PcPd):30;

e  HauOoNbIIMK nuamerp oOpadaThiBaeMbIX aetayiel Umax = 320 MM Hax
CTAaHHUHOM,
e  nuamnasoH peryiaupoBanus R, = 400;
° 3HaMEHAaTEeJIb TeOMETPHUUYECKOT0 psijia 4acToT Bpaienus ¢ = 1,26;
®  JIONOJIHUTEIbHBIE JAHHBIEC, B KOTOPBIX YKa3bIBAECTCS HAJIMYUE PEryJIu-
PYEMOro 3JEKTPOJBUIATENsI MEPEMEHHOTO TOKA WIIM, HalpuUMeEp, THII
(hpe3epHoii rOJIOBKU MPOAOJIbHO-(DpE3EPHBIX CTAHKOB.
Jlist mpuMepa BO3bMEM JIBYXCKOPOCTHOM 3JEKTPOJIBUraTelb MEPEMEH-
HOT'O TOKA.
Pacuer mpuBOJa CO CIOXEHHOH CTPYKTYypOH HpPOBOAMM MOCIEAOBA-
TEJIBbHO B HECKOJIBKO 3TaIOB.

2.1. KuHemaTnyeckni pacyet npusoga

CrpyktypHas dhopmysia npeaycMaTpuBaeT HaAIMUYUE KOPOTKOM OBICTpO-
XOJHOW KuHeMaTtuueckol uenu Z;=P,P, W JJIWHHOW THUXOXOIHOH —
Z,= P,P,P Py, nprueM rpymsl nepenad P,Py asisiorcs ooummu. I'pynmna Py
KOHCTPYKTHBHO SIBJISIETCS DJICKTPOJBUTATEIEM, U YUCIIO €€ Tepead JOJKHO
PaBHATHCS YUCITY CKOPOCTEH 3iekTpojasurarend, T. €. P, = 2. Kunemaruue-
cku Py siBnsieTcs mepBoi nepebopHo rpynmoii. CiaeaoBarenbHo, Ui TOTO,
9TOOBI pa3BEePHYTh KHHEMATUYECKHUI PSAJl YaCTOT BpamieHus ¢ ¢ = 1,26, oc-
HOBHas rpymmna P, 1o/mkHa UMETh Yrcio nepenad, paBHoe 3 (P, = 3). D10 He-
00X0IMMO, TaK KakK gos = 1,263 = 2, T. €. OCHOBHas TpYIINa MOAr0TaBINBACT
MEPEKIIOUYCHUE AJIEKTPOJIBUTATENI HA YacTOThl BPAIICHUSA, OTINYAIOIIUECS
IpyT OT apyra B 2 pa3za. Torna ctpykrypHas opMyia IpUMET BU/I:

2=3,-2,(+R-R).
XapakTeprcTrKa BTOpoid niepedopHoi rpyribl P, onpenensercs u3 GopMyIibi

X,=PP,=32=6.
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Jlist onpenienieHust XapakKTepUCTUKH MocieIHel epeOopHol rpynnsl Py
MpeXJie BCEro HalJeM peajbHOE YMCIIO YacTOT BpalleHus Z', KOTopoe orpa-
HUYEHO 33/IaHHBIM JTUana30HOM perynupoBanus R, = 400:

_lgR, 1o lg400 N

Z'= =
lgo lg1,26

1=27.

CrnenoBarenbHO, B JUIMHHOW KHHeMaTuueckod wenu Z,= PP PPy
JOJIKHBI OBITh 3 HaJIOJKEHHBIC YacTOTHI Bpamienust AZ =7 —7Z'=30-27=3.
A 1I03TOMY X,q OyJET paBHA B 3TOM CIIy4Yae:

Xog = Py PP, —AL=3-2-2-3=9,

TOrJa CTpyKTypHasi popmyJsia IpUMET BUA
Z2=3-2,-(1+2,-2,).

[Ipu Takoil cTpyKType HpHUBOJA IIMHUHIAETL OyIeT UMETh pa3HOEe Ha-
MpaBJIeHUE BPAILEHUS TIPU MEPEKITIOYEHUN C KOPOTKOM KMHEMAaTHYECKOM 1ie-
nu Z; = P,Py Ha yuHHy0 Z; = PoPP Py, Tak KaK B MIEPBOM citydae OyaeT Kak
MUHHUMYM JIBE€ TPYIIIBI TIepesad, BO BTOpoM — Tpu. UToOkI n30exarh 3TOro,
MOXHO B MEXaHH3ME MEPEKIIOYEHUS C OJHOM KMHEMAaTHYeCKOW LEeNU Ha
APYTYIO IPEIyCMOTPETh YCTPOUCTBO JUIsl U3BMEHEHUS BPALCHUS JIEKTPOBHU-
ratelns myTeM nepekitoueHus ero ga3. OObIYHO Tak HE JENAI0T, a T00ABIISIOT
OJIHY TIOCTOSIHHYIO Iapy IIECTEPEH U BaJI B JUIMHHYKO KUHEMATHYECKYIO 1IETb.
[IpyueM NOCTOSIHHAsI JOINOJIHUTENbHAs Mapa IIECTEPEH YCTAHABIMBAECTCS
MEXAy NPEAIINUHACIBHBIM BajJOM M INMHUHJEIEM. JTO JIydlle JIeJaTh Kak
MOJKHO OJIIKE K ONOpe MOCIETHETO [Tl YBEIMUEHUS KECTKOCTH IITTHHIES.
C y4eToM CKa3aHHOTO, CTPYKTypHasi (popMyJia MPUMET BH/I:

Z=3-2,1+2,-2,-1).

s obnerdeHusi MOCTPOCHUs CTPYKTYPHOM CeTKH pa3paboTaeM YIpo-
HICHHYI0O KMHEMAaTU4YecKyro cxemy mpuBoja (puc. 2.1). Ilpu s3toM kaxuas
rpynna rnepejad noka3aHa BEpTUKAIBHBIMU JIMHUAMHA MEXAY CMEXKHBIMH Ba-
naMy. YMCI0 BEPTUKAJIBHBIX JIMHUM PABHO YUCIY Iepead B KaXXA0U IpymIIe.

CTpyKTypHYIO CETKYy HAYMHAIOT CTPOUTH C IPOBEIACHUS TOPU30HTAIIb-
HBIX JINHWUM, YHACIO KOTOPHIX PABHO YHCIy BaJOB B YIPOILIEHHOW KUHEMATH-
YECKOW CXEME, U BEPTUKAJIBHBIX JIMHUM, YUCIO KOTOPBIX PABHO YHCIYy PEalb-
HBIX YaCTOT BpallEHUs INUHAENS. [ OpU30HTAIbHBIE JIMHUU PACIIONAratoT Ha
PAaBHOM yJAQJIEHUHU JAPYTr OT apyra. PaccTtosiHue mMexnay BEepTUKaIbHBIMU JIW-
HusiMu paBHO 1g@. TlpakTiuecku ke OepyT MPOM3BOJIBHOE PACCTOSHHE, HO
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TaK, YTOOBI MEXKIy BCEMHU CMEKHBIMH YaCTOTAMH BPAIEHUS OHO OBLIO O/H-
HaKOBBIM (puc. 2.2).

I P SN .Y .. S,
b A A d b 4 T
. . . - F.N F. - 8 I .\/
A S~ ~ L 4 - A

= : —={Pv

Puc. 2.1. Ynpowennas xunemamuueckas cxema

4\ |
| o |
21

VN \Q
! LR il
LT ay ‘
g2z SN 2
II |

|
2 X [
1 2 345 67 8 910 111213141516 17 18192021 22 23 24 25 26 27

Puc. 2.2. Cmpyxmypnas cemka

Tak xak 1o JUIMHHON KMHEMAaTU4eCKOU Lenu Z; =3-2-2-2-3=21 no-

Ty4aroT 21 4acToTy BpalleHMs INUHAEIS, 17 21 BepTUKaIbHOW JTUHUU Ha-
XOJISAT ¥ MPOBOJISAT BEPTUKAIbHYIO OCh CHMMETPHUU U Ha | Baly OTHOCHUTENIbHO
OCH CUMMETPUHU OTMEYAIOT 2 TOYKM HA PACCTOSHHUM, PABHOM XapaKTEPUCTHU-
K€ X,p DJIEKTPOJBUIATENA. 3aTEM 4€pe3 DT TOYKH IPOBOJSAT HOBBIE BEPTH-
KaJIbHbIE OCH CUMMETPHHM U OTHOCUTEIBHO 3TUX ocell Mexay | u |l Bamamu
IPOBOJASAT TPU JIyya, O3HAYAIOIIME YUCIO Iepenay B rpymnme P, Tak, yToObI
MEeXAy MX KoHUamu Ha |l Bamy ObUIO paccTOsIHUE, PaBHOE XapaKTEPHCTHKE
(Xpa = 1) maHHOI TPyMIIBL

Yepes mosydeHHbIE IIECTh TOYeK Ha |l Bally BHOBb NMPOBOAST BEPTH-
KaJIbHBIE OCU CUMMETPUU M OTHOCHUTEIIBHO 3TUX OCEHl MPOBOJAT CUMMETPHY-
HO BEEpOM JIBa JIyya rpymIbl P; HAa pacCTOSAHHH, PAaBHOM XapaKTEPHCTHKE
ATOM TPYIMIbI, U TaK jaanee. Eciu Mexay CMEXHBbIMU BajlaMU YCTAHOBJICHA
rpynna nepejad ¢ OAHOW mepenavei, To OHa Ha CTPYKTYPHOM CeTKe MOKa3bIBa-
€TCsl BEpTUKAIIBHBIM OTPE3KOM.
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JIst mocTpoeHus OCTaBIIEHCS] YacTW 4YacToT BpamleHus Z; = PPy mo-
ctynator a"anoruyHo. Ha Il Bany nns nenu Z; = P,P, yKa3bIBalOT JIMIIb
6 Toyek W U3 HUX MPOBOJST BEPTUKAJIbHbBIC JIUHUU Cpa3y Ha Bad V IINMUHJE-
JIs, KaK ¥ B JIGUCTBUTEILHOCTH TepelaeTCsl IBUKEHNUE B KOPOOKE CKOPOCTEH.

Jlns mocTtpoenus Tpaduka 4acTOT BpalleHUsT HEOoOXOAMMO BBIOPATH
MaKCUMAIIBHYIO (Nmax) 1 MUHUMAJIBHYIO (Nmin) YaCTOTHI BpaIeHUS MPOSKTH-
pyeMOro mpuBOja, MOJIb3YACh CIPaBOYHOW JuTeparypoi. HyXHO MCXOIUTh
U3 Npax BBIITYCKAEMbBIX MPOMBIIIJIEHHOCTBIO TOKAPHBIX CTAHKOB C TAKUM JKE€
MaKCHMaJIbHBIM JHAMETPOM 00paObOTKH (Umax = 320 Mm). B Tabm. 2.1 ykaza-
HBbI MOJICJIA CTAaHKOB, MaKCHMaJIbHBIC JHaMETPhl 00pabaThIBaCMbBIX JICTAJICH
HaJl CTaHWUHOM, Nmax U Nmin YKA3aHHOM MOJENM CTaHKa, YHCIO CTYIEHEN

WnUHAES Z ¥ MOIIHOCTE >eKTpoasurarens N.

Tabmuma 2.1
Monens Omax HaZ CTAaHUHOM, Nimin — Nmaxs 7 N,
CTaHKa MM MUH kBT
1A616 320 18-1800 21 4
1615M 320 44-1000 8 2,8
1616 320 44-1980 12 45
11161 320 50-2500 18 4,5
1A61611 320 11,2-2240 21 4,5

OpueHTHpysAch Ha Nmax = 2500 MUH CYIIECTBYIOIIUX CTAHKOB, OIpe-

neisieM Npjp IPOEKTUPYEMOTO MPUBOJA: /1 . = Mmax _ 2509 =6,25 MUH .

min 7 p 400

[Tonb3ysCh HOPMATBHBIM PSJIOM YUCET B CTAHKOCTPOCHUH, BBITTUCHIBAEM PsiJT
gacToT Bpamenus: 6,3-8-10-12,5-16-20-25-31,5-40-50-63-80-100-125—
160-200-250-315-400-500-630-800—-1000-1250-1600-2000-2500. Haps-
Iy C BBIOOPOM MpEJEeIbHOM YacTOTHI BpaIICHUS HEOOXOIUMO OMNPEIETUTh
MOIITHOCTh  3JeKkTpoaBurarens. Jlas storo crpoum rpaduk (puc. 2.3)
N=f(d,,) 211 piala THUIO-pa3MEPOB TOKAPHBIX CTAaHKOB B 00JacTH

dmax=200...500 MM ¥ TIPOBOJAMM YCPEIHECHHYIO JIMHHUIO, IO KOTOPOW IS
dmax = 320 mm Haxomum N = 4,5 kBt. 3arem mo tabn. 7.4 BeIOMpaeM ABYX-
CKOPOCTHOM AJICKTPOABUTATEIh TAKUM 00pa3oM, YTOOBI UCKOMasi MOIIHOCTh
pacrionarajiach BHyTpH psia MomHocTe N; 1 N, BEIOpaHHOTO AIEKTPOABH-
rarens. B Halem ciydyae UM SIBIISICTCS SJeKTpoaBUraresb Tuna A02-42-4/2 ¢
N, = 5,5 kBT, N; = 4,7 xBTt, n,= 2860 MUH n, = 1460 MUH - (cm. Ilpuio-
KEHHE).

IIpu mocTpoeHnu rpaduka 4acTOT BpAIICHHS HCXOIWM W3 TOTO, YTO
MOYTH BCE YHUBEPCAITbHBIE TOKAPHO-BUHTOPE3HBIC CTAHKA HOPMAIBHOM TOY-
HOCTHU UMEIOT JIBUTATENb, PACIIOJIOKEHHBIN B JIEBOM TyMO€ CTaHKa, C Tiepesa-
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4yeil IBUKEHUSA Ha KOPOOKY CKOpPOCTE T'MOKOM CBsI3bI0. DTO MPUBOJUT K IMO-
SBJICHUIO JIOIIOJIHUTEIBHOTO Baja «O» — Bajia 3J€KTPOABUTaTEIs.

N,
Jng / o - MoJ. 165044
10 - s - Moa. 166054

x- Moj. 166164
g s Mo, 16K2003
0 o- mog. 16K250
4 X
2 //@

dITlBX

200 300 400 500 nr

Puc. 2.3. I'pagpux 3asucumocmu mowHocmu
OM MaAKCUManbHo20 ouamempa oopabamvieaemout 3a2omosku N = f(dpax)

31ech HEOOXOAUMO PEIIUTh BOMPOC O PEBEPCUPOBAHUU BpaICHUS
mnuHaens. M3 ananm3a KWHEMaTUYeCKUX CXEM TOKapHO-BUHTOPE3HBIX CTaH-
KOB [22] BUOHO, YTO B CTAHKAaX MAJIbIX Pa3MEPOB PEBEPC HIMUHJEIS OCYIIIe-
CTBJISICTCSI WJIM PEBEPCOM BpAIICHUS AJEKTPOJBUTATENs, WK BBEICHUEM B
MIPUBO/ TJIaBHOTO JBMKCHHS MEXaHHMYECKOI'O peBepca B BHUJIE IUJIUHIpUYE-
CKHX IIECTEPEH, YTO MPUBOJUT OOBIYHO K MOSIBJICHUIO €I1€ OJHOTO JIOMOJIHH-
TeapHOro Basia. Ha aToM e Baiy OOBIYHO yCTaHaBIMBAIOTCS (PPUKIIMOHHBIC
My ThI BKIIIOUEHHS peBepca. B cTaHkax cpeIHHX pa3MepoB peBEpCUPOBAHUE
B IPUBOJE TVIABHOTO JBUKEHUA, KaK MPABUIIO, OCYIIECTBISAETCS UUIUHIPH-
yeckuM peBepcoM. Ha puc. 2.4 mokazaHa MojHas KUHEMaTH4yecKash cxema
MIPUBO/IA TJIABHOTO JBHKEHUS TPOCKTUPYEMOI'O CTAHKA.

B pa3paboTaHHON KMHEMAaTHYECKOW CXEME JTOTIOJHUTEIBHBIN Ball, BbI-
3BaHHBI HAJIMYKMEM pEBEpca, OTCYTCTBYET, TaKk Kak My(Ta peBepca yCTaHOB-
JIEHA HEeTIOCPEICTBEHHO Ha BEIyIIEM Bally TpyMIibl P, 9TO IPUBOAUT K TOMY,
YTO YHUCJIO OOpaTHBIX CTymneHed BpamieHus OyneTr B 3 paza MEHbIIE, YyeM
npsiMbIX. C 3KCIUTyaTallMOHHON TOYKHU 3PEHUS 3TO 0OCTOSITEIBLCTBO HE YXY/I-
ITUT SKOHOMHYHOCTh pabOThI CTaHKa, TaK Kak oOpaTHOE BpallleHHe OOBIYHO
UCIIOJIb3YeTCs ISl BO3BpAIEHUsI pe3b0000pa3yromero HHCTPYMEHTa B HC-
XOJTHOE MOJI0KEHHUE.

[Ipu noctpoenuu rpaduka 4acToT BpalieHUs: HEOOXOAUMO CTPEMUTHCS
K TOMY, YTOObIl MUHUMAJIbHBIC YAaCTHBIE MEPEAATOYHBIC OTHOIICHHS B T'PYII-
Max yMEHBIIAIKUCH OT AJIEKTPOJBUTATENS K IIMUHICIIO, HO HEe ObUTH MEHBIIE
JOMYCTUMOTO  MHUHUMAQJIBHOTO YaCTHOTO IMEpPEJaTOYHOTO  OTHOLICHUS
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) 1
‘lmin ‘ 2—

1 4TO IS 3aJaHHOrO0 3HaMeHarens psga ¢ = 1,26 cocraBiser

) 1 1 1

bpin = —5 = —>—. OTkyna a< 6, rje a — YuCJIo KJIETOK Ha rpajuke yac-
¢’ 126° 4

TOT BpAIICHUS MEKIy HA4ajJoM M KOHIIOM Jjy4a, 0003HAYaloIIero Kakyro-

au0o mepenadyy ¢ MHUHHMAaJbHBIM IIEPEJaTOYHBIM OTHOIICHHEM B JII00Oi

rpynne. C Y‘IGTOM CKa3aHHOTO, 0611166 HGpGI[&TOLIHOG MHUHUMAJIBHOC OTHO-
n_. 6,3

nieHue J . = —min — =
min n 1450 ¢23,8

JIBUT.

MOXXHO p336I/ITI> Ha 494aCTHBIC MHWHHMAJIb-

HBIC NIEPCAATOUYHBIC OTHOLICHUA CICAYIOIIUM 06pa30M:

N ... 11111
~Shin = F =lahlkly = F(o_gw_ﬁ
Z5 Z3 — %=
Zy
HHHl=
=
Zggggzaz I Z,
A
n 7 | L
! ||
} Zy 1] =
!
| z,
L sz
@‘r' =11 = =

Puc. 2.4. Kunemamuueckas cxema npueooa 21a6H020 08UINCEHUs.

['paduix wacToT BpamieHus Ass 3TOro ciiydasi moka3aH Ha puc. 2.5.
Ha puc. 2.5. ncnonp30BaHbl cieayomme 0003Ha4eHuUs:

A S N L Y
ZZ Z4 26 Z8 Z10

rae ip,n. — MepeIaTOYHOE OTHOIIEHUE PEMEHHOU Mepeayn.
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Puc. 2.5. I'pagpux yacmom epawenus

I'paduk yacToT BpalieHus: CTPOSIT CICIYIOMMUM 00pa30M.

ChHavana Ha HYJIEBOM Bally HAHOCAT TOYKH YACTOTHI BPAILCHUS DJICK-
TPOJABUTATENS; MPOBOJAT MOCJIEAOBATEIBHO BCE JYy4YHM, COOTBETCTBYIOIIUE
MHHUMAJIBHBIM YaCTHBIM NEPEIaTOYHBIM OTHOIIEHUSM B KaXKJI0M TPYIIIE Ie-
penad, COrjiacHO MPHUBEIACHHON BBIIIE PA30MBKE Jmin. 3aTEM JUIS KaKIOH
rpynnbl Nepegad npoBOASAT CTOIBKO JTyYEH U3 OJTHOW TOYKHM BEIYUIIErO Baja,
CKOJIBKO ME€penad B paccMarpuBaeMoll rpymme. KoHupl nyden aus paccmar-
pUBaEMOM TPyIIbI Nepeiad IOKHBI pacloyiaratbCa APYr OT pyra Ha pac-
CTOSTHUU, PAaBHOM XapaKTEPUCTHUKE JAHHOW rpynmbl. TakuMm oOpazoM, mojy-
gaeM Kak Obl aCHMMETPUYHYIO KAPTUHY CTPYKTYPHOU CETKHU.

B pesynbTaTe mocTpoeHUs] CXeMbl YAaCTOT BpalllCeHUs JJIsSl JJIMHHOM KHU-
HemaTuueckon nenu Z,= P,P,P.Py Ha MNUHJAEIE MOJy4yaeM YacTOThI Bpa-

meHus ot Ny = 6,3 MHH * 110 Ny; = 630 muH *. TTocie 3Toro Mepexo/IuM K T0-
CTPOCHHMIO TpaduKa YacTOT BpaIICHHS KOPOTKOM KHHEMATHYECKOW IIeMH
Z; = P,Py, IoMHs Tipu 3TOM, uTO aABMkeHue co Il Bana cpa3y mepenaercs Ha
IITTUH/IEb, MUHYS IPOMEKYTOYHBIC BAJIBI.

Jlnst mosryueHusi HEMPEPHIBHOTO FeOMETPHUYECKOr0 psija 4acTOT Bparlle-
HUS IIMAHACTS HEOOXOIUMO COEIUHUTH JIYYOM TOUYKY, COOTBETCTBYIOIIYIO
MHHHMAaJIbHON YacToTe BpamieHus Bama Il, n, = 400 MUH °, ¢ TOYKOM, COOT-

BETCTBYIOLICH CIICIyIOMeil YacTOTe BPALICHAS MIMHHET: Ny = 800 MuH .
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ITocne »Toro aHaJIOrU4HO COCAMHSAEM BCE OCTABIIMECS TOYKU Il Basma ¢ coot-

BETCTBYIOILIMMHM YaCTOTaMHU BPAILECHUS IIMHAHIAEIA, MOJy4yas Ha MOCIEIHEM
BECH PsIJl YaCTOT BPAILICHHUS.

Kak BuaHO M3 rpaduka 4acTOT BpAllleHHs, BEJIMYMHA NEPEIATOYHOIO

L 3_ 3_
OTHOWIEHUs lg= ¢"=1,26"=2 nomy4mnace aBTOMaTHYECKH, IIPUYEM B JO-
IIyCTUMBIX INpeZeiax, TaK KaK ‘imax‘ =2. Ecnu Obl BenmuuHA Iy MOMYYIHIACH

0oJIbIIIe | Imax | , YTO HEIOIYCTHMO, CJIEIOBAIIO OBl CHOBA CaeaaTh Pa3OMBKY

Smin TaK, YTOOBI YIOBJIETBOPSIIOCH HEPABEHCTBO Ig < | Imax |
KoHCTpyKTHBHON OCOOEHHOCTHIO TOKAPHO-BUHTOPE3HBIX CTAHKOB SIBJIS-
€TCsl HAJTMYKe 3B€HA YBEJIIMYCHHUS 111ara Jijisi Hape3aHUsl MHOT03aX0AHbIX pe3b0,
KOTJIa IIar Hape3aeMou pe3n0bl OOJIbIIIe mara Xo0Boro BUHTA: P > Py puura-
[Ipu BKJIIOYEHHM 3BEHA YBEIUYCHMS IIara pe3pObl JIBUKCHHE Ha XOJ0BOU
BUHT CHUMAETCS HE CO IIMUHJCISA, a 4yepe3 mepedop, Urparolifil posib 3BeHa
yBenuyeHus mara. [Ipu 3ToM nepenaTouHble OTHOIICHHS 3B€HA YBEJIMYCHUS
mara JTOJDKHBI OBITh KPAaTHBI BYM. B MpoeKTUpyeMOM TIPUBO/IE TIPU BKITFOYE-
HUY 3B€HA YBEJIMUEHUS I11ara JIBU>KCHHUE Ha XOJI0BOM BUHT OyJIET CHUMATHCS C
Baza |l vereippMs yTamu (cM. puc.2.5):
1 ig-ig-i,. 3. g -1 -1y,
2. ig - ig - is. 4. ig -1, -ls.
B cBsi3u ¢ 3TuM, Ha rpaduke 4acTOT BpallleHUs] YUTEHO, YTOOBI Tiepea-
TOYHBIC OTHOWIECHHUSA iy4,i¢,i7,ig OBUIN KPATHBI MM PABHBI IBYM. Y Ka3aHHBIE

NepeaTOYHbIe OTHOIIEHUS (pUC.2.5) paBHBI:

) 1 1 . 0 ) 1 1

| =—=—, . = :1’ 1 =—=—,
3 1 1 1

i=¢*=2, === ==

=@ 9% 1,26° 4

Torna nepenaToyHble OTHOIIECHHS, 3B€HA YBEINUEHHS I1ara Pe3bOsbl Iy
OyAyT paBHBI:

; 111 1
BYMT4 4 4 64
_1 1 1_1
123.y.1u_Z'Z' _E,
1 1 1
l33.y.m:Z'2'Z:§,
1 1
l43.y.m:Z'2'1:5'

w
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OTU mepenaTOuyHble OTHOIICHHS 3BE€HA YBEIMYEHMS LIara pe3bObl yuu-
TBIBAIOTCS MPHU PacyeTe BHYTPEHHEN KMHEMATHYECKOM CBSI3M MEXIY IINUH-
JIEJEM Y XOJIOBBIM BUHTOM JJIsI HACTPOWKHU TMTaphl JCJIEHUS.

PaccuntaeM octanbHbIE YaCTHBIE NIEPEIATOYHBIE OTHOLLIEHUS 110 rpadu-
Ky 4acTOT BpallleHUs, BBIPA3UB MIE€PEIaTOUYHbIE OTHOLIEHUS 3yOuYaThIX Iepe-
Ja4d B BUJE MPOCTHIX APOOEii:

. _1000_ 1 1 1 2 11 1
P 1450 1,45° Yoot 1,26 5’ 2 ¢ 1,26° 2°
_1_ 17
P p® 1,26° 11
_1_ 11 1.1 _1_ 11
Yot 126° 4’ e 1 ° ¢ 1,26° 4’
¢ 1,26° .1 1 1 ¢ 1,26°
|7:—: :2’ |8=_6= 6=_’ |9:—: :2
1 1 o 126° 4 1 1

JIJ1s oTy9eHust pOCTHIX APoOeit MOKHO HCIIONIL30BaTh JaHHBIE Ta0. 2.2.

Tabmnuma 2.2

. a . a . a

| — | — | —

b b b

o 4 1 5 il 7

1,26 5 1,41 7 1,58 11

1 7 1 1 1 2

2 aa 2 o 2 -

1,26 11 1,41 2 1,58 5

1 1 1 19 1 1

1,26° 2 1,41° 53 1,58° 4

1 2 1

1,26" 5 1,41 4 B -
1 7
1,26 22
1 1
1,26° 4

39



2.2. OnpepeneHue pacyeTHbIX KPYTALWMX MOMEHTOB
Ha Banax Kopobku ckopocTeu

[Ipy MpOEKTUPOBaHNM YHUBEPCAILHBIX CTAHKOB JIJIsl YMEHBIIIEHUs rabapu-
TOB TIPUBOJIA PEKOMEH/IYETCsl OPAHUYMBATH TIEpeIaBaeMyt0 MOIITHOCTh Ha I H-
Zelie KpUTUYECKOM 4acTOTOM BpaIleHHs Ny, KOTOpasi Ul TOKAPHBIX CTAHKOB IIPU-
Humaetcst 1o [17] paBHOM yacToTe BpallleHHsl BEpXHEH CTYNEHU HWKHEW TPETU
JUana3oHa PeryIupoBaHus, T. €. UL HAIETo cirydast N, = Ny, i N, = 40 MHH .

Takum oOpazoM, B oO0jacTd dYacTOT BpalleHUss ¢ N; =6,3 10
Ny = 40 MHH = MOIIHOCTh NPHUBOJA OTPAHMYCHA BEIHUHHON KPYTSIIErO MO-

MeHTa M, KOTOPBIH ONIPENENAETCA U3 BBIPAKCHUA

Ne
M, =9760-—<, H-m, (2.1)

nP

rae Ne — s pexTrBHAsS MOIIIHOCTD HA MINHUHEINE, KBT.

N, = N7 (2.2)

mp !
rae N — MomHOCTh dneKkTponaBurarens, KBT; 77, — yCIOBHBII pac4eTHBIN
KIIJI mpuBOJa, KOTOPBII MOKET ObITh NPUHST AJIi CTAHKOB C BpalllaTeIbHbIM
IJIaBHBIM JBMKEHHEM, 77, = 0,88...0,90.

Tak kak 3JIEKTpOJIBUTaTENlb Pa3BUBAET pa3Hyto MOITHOCTb N; 1 Ny, TOo B
pacyeT OepeM CPEeaHIOI MOIITHOCTh

_ N, +N, 4,7+5,5
P 2 2

[Ipu 5TOM Ha OAHOM YACTOTE BpaIICHUS AJIEKTPOJIBUraTeIh OyneT pabo-
TaTh C HEJIOTPY3KOM, HA BTOPOU — C HEKOTOPOM NEPErpy3KOMu:

M;/ =9760- %89 =1120 H-m.

N =95,1 kBrT.

IIpu onpenenenuu M, Ha TPOMEXYTOYHBIX BaJlaX UCXOIAT U3 TOIO, YTO
M, Oyner npu nepegade MOJHOM MOITHOCTH Ha MMHMMAJIbHOM 4acTOTE Bpa-
-1
menus storo Bana. [lootomy Ha IV Bany M, onpenenurcsa npu N = 160 mun
JTOTO BaJia:
MY i
v _ p 8
M =——-m,
Niv-v
rae nv-v — pacuerHslid KI1/] mexny cmexxupivu Banamu 1V u V, Birodaro-
it Tabnmmanbiit KT 3y6uatoii nepenayn u KI1J] ogHO#M mapsl mOAMIUATHA-
KOB Kau€HMsl; onpeensiercs no popmyie:
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Mv-v = M Momn = 0,99 - 0,995 = 0,985;

vV 1120

p ST = 284 H-m.
4.0,985

ITpn onpenenennn M, na Il Bary HaxoamuM, 4To moyiHas MOIIHOCTE N,
OyeT mepenaBaThest Py Npin = 100 mMus * 11l Bama mo crrexyromeii KinHeMa-

SR -1
Ay -1, -1 -1y =50 MuH .

THYeCKOH tenu: N, -1,

_ 1
Ho npu 3TOM 3amedaem, 4To 3Ta ke vactorta BpameHus (Ny = 50 muH )
Ha WINUHJIEIE MOXET IOJy4darbCs M MO JAPYrod KUHEMATUYECKOW LIEMH:

n,,i; . isigly =n, =50 MHH © Tipu yactote Bpamenus 111 Bama — 800MuE © u,
CJIE0OBATENIbHO, NPU MEHBIIEM KPYTSIEM MOMEHTE. 3HAYUT, HA IUIHUHJEIE
Ny =50 MuH * TydIle TOTyYaTh 0 BTOPOil KKHEMATHYECKOM LEITH, a TIEPBYIO
LeNb 3a0JIOKUPOBATH OpraHaMH IIEPEKIIOUECHHUS.

Crnenyromass MmuHuManbHas dacrtota Bpamenus Il Bama, npu koropoit
MOKET TIepEeIaBaThCs MOJHASI MOIIHOCTh, paBHa 125 mue . Ho ecin npocJe-
IUTh KMHEMATUYECKUE LIENH I MOJyYEHUsI Ha IIIUHAEIE YaCcTOThl Bpalle-

-1 - - e
HUsL 63 MUH ~, TO CHOBA IIPHIEM K BBIBOAY, 4TO Henb N1 11,11 Heodxoaumo

omoxupoBath. Torma cienyromeid MUHUMAaILHOW YacToTol Bpamenus 111 Ba-
J1a, Ha KOTOPO#l IIepesaeTcs MOMHAs MOIIHOCTD, Oyaer 200 MHH |, s TIOTy-
YeHMs YacTOTHI BpallleHHs Ha mrmHaesne Ny = 100 mun . Mcxoms u3 3Toro
pacueTHBIN KPYyTSIIMA MOMEHT Ha TPETheM Baily OyAeT paBeH

M;” _ M55 i ’
hv—v  Thiciv
re M1‘30:9760-L0’9:447 Hw; M) = ML 2 530 B,
4-0985 0,985

Ha Il Banmy mosjHas MOIIHOCTh Ha IIMHUHICIH MEpenaeTcsl Mpu ero Mu-
o -1 v
HUMaJIbHOW 4YacTtoTe BpamieHus — 400 MuH ~ mo cieayrome KuHemaTude-
CKOM LIeNHU:

- e s _ -1
N1 bk lg =n=200 mum .

Torna
V - - -
Mzoo's . 7 Is

NMv-v M= -

I
M) =
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51-0,9

rae M, =9760- =224 H-wm;
o224 2 1 igHa
P 4.0,985 0,985 0,985
Mlli .
M'=—21= 118-2 =46,5 H-m.

" p., 5-0,985

2.3. PacyeT aMameTpoB Banos

OpHUEHTUPOBOYHO JAMAMETPHI BCEX MPOMEKYTOUYHBIX BAJIOB MOXKHO OII-
peaenuTh 1o Gpopmysie

di =3 i max M (23)

_ 6
rae [7] = 30-10° ITa — nomycTrMOe HaNpsKEHHUE HA KPydeHHe, TPUHUMACTCS
3aHIKEHHBIM, TaK KaK HEU3BECTHO €IIIe IMPOCTPAHCTBEHHOE MOJIOKEHHE BaJIOB.

Orcropa:
d, = 3/% ~0,02m (mpuaumaem 20 Mm);
d, = 3,%(?106 ~0,027m (mpuaumaem 27 MM);
d, = 3,% ~0,034m (mpunumaem 35 mm);
d,=3 AG ~0,0362M (mpuHEMaeMm 36 MM);
0,2-30-10
d; =3 LOG ~0,0575m.
0,2-30-10

JluaMeTp mOCJEeNHero, MATOro, Baja (LIMUHAENS) OKOHYATEIbHO YTOY-
HSETCS U3 pacyera ero Ha )KECTKOCTb.
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2.4. Pacyet mopaynen 3ybyatbIx nepeaay

OpHUEeHTHPOBOYHO MOJYJb 3y0uaToil mepegadyd M MOKHO OIPEAETUThH
UCXOMS M3 OKPYXHOTO YCHJIMS HAa MHUHUMAJbHOW MO pa3Mepy ILIECTEpHE B
rpynne nepenay u ycuius, A0IyCKaeMoro Mpo4YHOCThIO 3y0a Ha u3ruo [3]:

2M K
m= P —mr (2.4)
wyrylo,,. ] K

rae M, — pacueTHBIN KpyTAIIUII MOMEHT, II€peJaBaeMblii pPacCMaTPUBAEMOM
rpynmnoit nepenay, H-m; m — monynb, M; Z — yucio 3yObeB camoil mayioin
IIECTEPHU B ATOM ke rpynme mnepenad, Y — kodddunmeHt (opmbl 3yoa,
W — OTHOCUTEIIbHAS IIMPHUHA BEHI[A 3y04aToro Kojeca; [0y, | — Jomyckaemoe

HarnpspkeHue Ha u3rub. be3 0obioi morpenHocTH MOXHO TpUHSITh Z = 20,
y = 0,1 [24]; v = 8 (1 MOABMXHBIX MICCTEPSH MPHUBOJIA TTABHOTO JIBHYKE-
HUA); [0y ] = 370-400 MIla [3], Ky = K5 = 1 (a1 nerupoBaHHBIX cTanei).
Torna

M K]
m=3—= , MM. (2.5)
10
Jlns rpynimbl Py m=17 Mmm (mpuHUMaeM 2 MM).
Jlns rpymsl P m = 2,27 MM (mpunuMaem 2,5 Mm).
Jlns rpyniel Py m = 2,82 MM (mpuHUMaeM 3 MMm).

Jlist mocrossHHBIX Tiepenad i = 10-15, u torma mpu iy = 14

m= 3—= , MM. 2.6
18 (2.6)
. 284 _
Jlnist rpynisl g m=3 18 2,56 Mmm (npuHuMaeM 3 MM).
Jliist rpymnmsl lg m = 1,87 MM (mpyuHUMaeM 2 MM).
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2.5. Pacyet yncna 3yobeB 3yb6yaTtbIx nepepay

JIst Toro 4toObl MOMYYUTh TPYMIIBI NEpeiad MUHUMAIIBHOTO PaAUabHOTO
pa3Mepa, HeOOXOMMO HANTU B KKJOM IPYMIIE MECTEPHIO C MUHUMAIBHBIM YK C-
JIOM 3yObEB, a 3aTEM YK€, OPUEHTHUPYSCh Ha 3TO YHCIIO 3yObEB, MOYKHO 1OJI00paTh
YHCIIO 3yOBbEB ISl BCEX OCTANIbHBIX IIECTEPEH MO MEPEIATOUHBIM OTHOLICHUSIM.

Tak kak mz_. >d+7m+2,5m, (2.7)

min —

min —

TO z >E+9,5, (2.8)
m

rae d ¥ m — guaMeTp Baja U MOAYJIb IOCAXKEHHOM Ha HETO IECTEPHHU, MM.
. 20
Hns rpymmer | —i, —i,  Z.. 2 E) +9,56=19,5.
[TpuarMaeM Znyi, = 20.

Jlst rpynmer i, —ig  Z >%+9,5=20,3.

min —
1

[TpuauMaeM Zp, = 21.

Jist rpymoet Iy —1,  Z.. > 3—35 +9,5=212.

[TpuanMaeM Zp,in, = 22.

Jnst mepepavu g 2. > 3—36 +9,5=212.

[TpuaMaeM Zyi, = 22.

Hns nepenaun iy Z, 2 2—27 +9,5=23.

[TpuaumaeM Zpi, = 23.

[Tocne 3TOro MOKHO MPUCTYMHUTH K pacdyeTy 4ucia 3yObeB BCeX IIecTe-
PEH IPHUBOJIA, TOJIB3YSICh METOJOM HAaUMEHBIIETO KPaTHOIO ISl MOJYYEHUS
HAaWMMEHBIIUX paguajbHbIX PA3MEPOB MPUBOA.

JId Benymmx mecTepex

a+b (29)
JJIs1 BEAOMBIX HICCTCpeH
Z= b -S, (2.10)
a+b °



rae Szi_ HaMMCHbBIIIee KpaTHOe @; + Dj JuId KaaoH Tpynmbl IMepeaad;

a;, bj— 1eJpIe yKciIa, BRIpaXKAOIIKE EPEIATOYHBIE OTHOIIEHHS.
.z 2
Hampumep, ms i, = L = ' a=2,b=5.
z
2

Jns rpynmsl nepenad i, —i, —li,:

ilzizg, a+h=2+5=7;
Z, 5
izzﬁzé, a+b=1+2=3;
Z4
=5l a+p=7+11=18; S. =7-18=126;
z, 11 l
21=§-126:36, 23=%-126:42, z5=%-126=49,
7,=2.126=90, 7,-2.126-84, 7 =L 126-77.
7 3 18

Tak KaK Zmjn A1 JAaHHOW TPYIIIEI Tiepeaad paBHo 20 U, TOMHS, 4TO pas-
HUIIA B COCETHHUX YHMCIax 3yObeB TPOMHOTrO OJI0OKa JOJHKHA OBITh HE MCHEE
4-5 nns GecHpensITCTBEHHOrO MEepPeKIIoUeHHs OJoKa IecTtepeH, oepeM 00-
mui nenurens 1,7, Torna:

Z, =211, Z3 =247, Zs = 28,8;
7,=53: 7, = 49 4: 7¢ = 45.

Yucna 3yObeB HEKOTOPBIX IIECTEPEH MONYYIHIUCH TPOOHBIMH, TIOITOMY
JUIE YMEHBIIICHHS TTOTPENTHOCTH TEPEIaTOYHOrO0 OTHOIICHUSI OTOpachiBaeM
JIpOOHYIO YacTh U MOTy4YaeM:

Z1 = 21, I3 = 25, Is = 29,
Z, =53, Z,=49, Zg = 45, s, = 14.

Jlns 3yOuathix nap Zs — Zg HEOOXOAUMO CIETIaTh BHICOTHYIO KOPPEKIIUIO
Ui TOrO, 4TOOBI MEXIEHTPOBOE PACCTOSHUE PaBHSIOCH MEKLEHTPOBOMY
pPacCTOSHUIO 3y0UaThIX map.
JUia rpynmnsl nepenay i, —is
j-Z2-1 a+b=1+4=5
z, 4
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Ly =

Tak Kak Zmin = 21, T0, MpUuHUMas 00N MHOXKUTEH 11, nMeeMm:

Z7 = 22,

Jns nepenaum iy == =

Jns nepenaun iy =1 =

lg = 88,
Z 1
2, 4
Z g ,
z, 1

5= 23,

Z15= 23,

Zg = 55,

Zip= 55.
g = 92.
Z17 = 46.

[Tocne moxbopa yucia 3yObeB BCEX MIECTEPEH MPOBEPSEM OTKIOHECHUE
pacueTHBIX YaCTOT BpAICHHS IIMMUHJEIS OT TeopeTHdecKuX. J{is aToro moc-
TATOYHO, YTOOBI OTHOCUTEIIbHAS BEJIMYWHA OOIIETO IMepeaTOYHOTO OTHOIIIE-
HUSl KHHEMATUYeCKOW TSI MPUBOJIa HE BBIXOIMJIA 32 MPEICITbI

AI=Al, +Al, +...+ Al =10 (¢—1)% =12,6%.

(2.11)

Tak kak nepenaTouHOe OTHOILICHHUE I, PEMEHHOM Nepeaayn MOXKHO I10-
n00paTh TOYHO, TO cuuTaeM Juist Hee Al,, = 0.
PacueT OTHOCHTENIBHBIX MOTPENTHOCTEH YAaCTHBIX MEPEAaTOYHBIX OTHO-
[IEHUI CBOIUM B Tadi. 2.3.

Tabmauma 2.3
ITepenatounoe Tabmioe Pacuerioe OTHOCI/ITCJIBHa;)SI
OTHOUICHHE NOTPEIIHOCTb, %o
[ 0,690 0,690 0
Iy 0,398 0,400 +0,50
i 0,510 0,500 —2,0
I3 0,644 0,638 -1.2
Iy 0,250 0,250 0
I5 1,000 1,000 0
Ig 0,250 0,250 0
iz 2,000 2,000 0
I 0,250 0,250 0
10 2,000 2,000 0
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OO01ast OTHOCHUTEINbHAS MOTPEUIHOCTh MEPEAATOYHOTO OTHOIICHMS ISt
Ka)XJI0M YaCTOThI BPAIllCHUS [IITAH/IEIIA:
AJ;=0+0+0+0,50=+0,50 < 12,6;

AJ,=0+0+0-2,0=-2,0<1£2,6;
AJ;=0+0+0-12=-12<%£2,6;
A3, =0+0+0+0,50=+0,50 < =£2,6;
AJ;=0+0+0-2,0=-2,0<+2,6;
AJ5=0+0+0-1,20=-1,20 <£2,6;
AJ;=0+0+0+0,50=+0,50<+2,6;
AJ3=0+0+0-2,0=-2,0<12,6;
AJ9g=0+0+0-1,2=-1,2<=£2,6;
AJ,p=0+0+0+0,50=+0,50 < +2,6;
AJ;;=0+0+0-2,0=-2,0<12,6;
A3, =0+0+0-12=-1,2<12,6;
AJ;3=0+0+0+0,50=+0,50<+2,6;
A3, =0+0+0-2,0=-2,0<=£2,6;
AJ;5=0+0+0-1,2=-1,2<£2,6;
AJ16=0+0+0+0,50=+0,50<+2,6;
AJ;7=0+0+0-2,0=-2,0<=£2,6;
AJ3=0+0+0-1,2=-1,2<£2,6;
AJ19=0+0+0+0,50=+0,50<+2,6;
AT, =0+0+0-2,0=-2,0<1£2,6;
AT, =0+0+0+0,50=+0,50< +2,6;
AT, =0+0+0-2,0=-2,0<12,6;
AJ,;=0+0+0-1,2=-1,2<1£2,6;
AJ,,=0+0+0+0,50=+0,50<£2,6;
AJ,5=0+0+0-2,0=-2,0<%2,6;
A3, =0+0+0-12=-1,2<%£2,6;
A3, =-1,24+0=-1,2<£2,6.

Kak cienyer u3 npoBeIeHHBIX pacueToOB, YHUCIIO 3yObeB KoJiec moao0pa-

HBI NMPAaBWJIBHO, TaK KakK ()aKTUYECKUE YACTOThI BPAILICHUS IIMUH/CIS HE BbI-
XOJAT 3a MPEAEIbI JOMYCTUMBIX.
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3. KOHCTPYKTUBHOE O®OPMIJIEHUE KOPOBOK
CKOPOCTEW METANNOPEXYLLUUX CTAHKOB

3.1. OnpeaeneHve auameTpoB BanoB U 3ybYaTbIX Konec

OmnpeneneHreM OPUEHTHPOBOYHBIX TUAMETPOB BaJIOB, YUCIIA 3yObeB
BCEX 3yOUaThIX KoOJieC MPUBOJA, @ TAKXKE MOJYJIEH BCeX IPyI Mepenad 3a-
KAHYMBAETCS] KHHEMAaTUYECKHUI pacyeT NpHUBO/JIa TJIABHOTO JIBH)KEHHUS. Tenepb
MOKHO MPHUCTYIUTh K KOHCTPYKTUBHOMY O(OPMIIEHHIO KOPOOKH CKOPOCTEH,
pa3pabaThiBaeMoOil B MPOEKTE MOAENH cTaHka. [Ipu 3ToM Hag0 UMETH B BULY,
YTO MPU OPUEHTHUPOBOYHOM pacyeTe JAMAMETPOB BAJIOB OMPENESAETCS BHYT-
PEHHUH AUaMeTp, €CIu Baj IUIMLEBON, U JUAMETP OKPYKHOCTH KacaTeJIbHOU
K [MOBEPXHOCTH HIMOHOYHOIO Ma3a, €Cau BaJl MMeEeT IMOHOYHBbINA mna3. Ha-
PYXKHBI JMaMeTp BaJIOB CO IIMOHOYHBIMM Ma3aMHM OMNPEAENAIOT 110
[2, c. 520], a mumneBsIx BajgoB — 1o [2, ¢. 533-534]. OObIYHO Ball AEIarOT
IUIALIEBBIM, €CJIA BAOJb [0 HEMY OyayT nepeMeniaTbesi OJ0KU 3y0UaThiX KO-
nec. HenmoasukHble 3yOuaThie KoJjieca YCTAHABIMBAIOT HA IIJIULEBHIE Bajbl
WJIM BaJIbl CO IITTOHOYHBIM Ma30M.

PesynbraTtel pacuera nenutenbHbIX (d) ¥ HapykHbIX (0e) AMaMeTpoB
3y04aThIX KOJIEC PEKOMEH]IYEeTCsl MIPEACTaBUTh B BHUJI€ TAOIMIIBI U3 YETHIPEX
BEPTUKAIBHBIX Tpad ¢ ykazanuem M, d, d. ast Kakaoro Koseca:

d=m-z, (3.1)
rac m— MOOYJIb 3y6anOFO KOJI€Ca, MM, Z — 4HCJI0 3y6L€B KOJIeca,
d,=d+2m. (3.2)
MC)KI_IGHTPOBOG PaCCTOAHUC MCIKAY CMC)KHBIMH BaJIaMH:

A =@ (3.3)

rae » z; — CyMMapHOE 4HCIO 3y0beB MEKIy CMEKHBIMH BalaMH KakOii—
100 Nepeaaur rpymnisbl.
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3.2. KomnoHoBKa KOPOOOK CKopocTeu

YepTerx KOpoOKH CKOPOCTEN MPEACTABISAIOT B BUAE JIBYX U300paKeHUI:
pa3BepTKH U cBepTkU. Ha pasBepTke (IIpoJ0JIbHBINA pa3pe3 KOPOOKH CKOPO-
CTeil) Bce Balibl M300pa)karoTcst B OAHOM IockocTd. Ha cBepTke (momepeu-
HBI pa3pe3 KOpOOKH CKOPOCTEH) IMOKa3bIBAIOT JIEWCTBUTEILHOE B3aMMHOE
pacrnoJioKeHUe BaJIOB B MPOCTPAHCTBE. B 3aBUCUMOCTH OT MPOCTPAHCTBEH-
HOT'O PACHOJIOKEHHSI OCH IIIMUHJENS HAa CTAaHKE HAa pa3BEpPTKE Balibl M300pa-
KAIOTCAd TOPU30HTAIBHO WIIM BepTHKaIbHO. Hampumep, Baibl KOpOOOK CKO-
pocTell TOKapHO-BUHTOPE3HOI'O, TOPU30HTAIbHO-()PE3EPHOIO CTAHKOB pac-
II0JIOKEHBI TOPU30HTAIBHO, BEPTUKAIBHO- U PaAUAIbHO-CBEPIIMIIBHBIX CTaH-
KOB — BEPTHUKAJIBHO.

He nmes onbiTa, HEBO3MOXHO B OKOHYATEILHOM BHJIE Cpa3y HAUepPTUTh
pa3BepTKy M CBEPTKY, JIydllle MX MPEKJE BBINOJIHUTh Ha MUILIUMETPOBKE
¢dopmara Al. Eciu MoniHocTh aBuratens npuBoja menee 10 kBT, deprex
BBITIOJIHAIOT B MacmTade 1:1, mpu momuoctu 10 kBT 1 Bblllle — B MaciiTa-
oe 1:2.

B COOTBETCTBMU CO 3HAYEHUSIMH MEKILEHTPOBBIX PACCTOSHHUUA M300pa-
JKaK0T BCE BaJibl, Kpome mmuHaess. O0 onpeaeneHny 1MaMeTpoB HIMUHAEIEN
OyIeT cKa3aHO HIKE.

Janee HEOOXOAUMO PENINTh, C TOMOUIBIO KAKUX 3JIEMEHTOB OyneT Ie-
peaaBaThCs BpalIEHUE OT 3JIEKTPOJBUraTeNsl K MEPBOMY Bally KOPOOKH CKO-
pocteil. 3aech HEOOXOUMO OOpPATUTHCA K CYHIECTBYIOLIUM KOHCTPYKIUSM
MOJ00HBIX CTAHKOB U B pa3paldaThIBA€MOIl KOHCTPYKIIMU MPUHSATH TOT K€ Ba-
puanT. Hanpumep, B TOKapHO-BUHTOPE3HBIX, TOKAPHO-KAPYCEIbHBIX, TOKAP-
HO-PEBOJILBEPHBIX CTAHKAaX BpAIlEHWE OT JIBUraTellsd Ha KOPOOKY CKOpOCTeH
nepenaeTcsi TMOKON CBsA3bIO (KJIMHOpEMEHHas Iepenada). B BepTukaibHO-
CBEPJMJIbHBIX, TOPU30HTAIBHO- U BEPTUKAIbHO-(PE3EPHBIX, PaAUAIBHO-
CBEPJIJIBHBIX CTaHKaX BpaIlEHUWE Ha MEPBBIM BaJl NEPENAETCS C MOMOILBIO
3yOuaToii nepeaauu. B nmocnennem ciydae ¢ 1efbl0 YMEHBIICHHs TUHAMUYe-
CKHUX BO3JICHCTBUN Ha 3yOUaThie KoJieca KOPOOKH CKOPOCTEH Mpu MyCKe, pe-
Bepce IIMUHJIES MEXIy BaJOM JBUTATEN U MEPBBIM BaJIOM KOPOOKU HEOO-
XOJIMMO YCTaHOBHUTb COEIMHUTEIBHYI0 My(Ty C YIPYIMM 3JIEMEHTOM: YIIpY-
I'YIO BTYJIOUHO-TIAIBIIEBYIO My(Ty, YIIPYTyi0 My(Ty cO 3BE3I0YKOM | T. II. [2, C.
189-197], [18, c. 109-143], [14, c. 83-137], [11, c. 303-312]. Pa3mepnI
MYy(QT OIpeseNsoT 0 NepeaBaeMOMy KPYTALIEMY MOMEHTY.

B craHkax, Ha KOTOpBIX OCYIIECTBIISIETCA Hape3aHUEe pPe3bObl pe3liaMu,
METYMKaMHM, IUIalIKaMH, HEOO0XOJUMO MpPENyCMOTPETh PEBEPCUPOBAHUE
mmuHaens. PeBepc MokeT ObITh 3IEKTPUUECKUM UM MEXaHWYeCKUi. Dlek-
TPUUECKOE PEBEPCUPOBAHUE OCYIIECTBIISIETCS DIEKTPOJBUTATENIEM U UCIIOJIb-
3yeTCsS B CTAHKax C MaJOW WHEPLUHOHHONM MACCOM BPAIIAOIMIMXCS YacTeu
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IJIABHOTO TIPHWBOJIA, KOTJa MOIIHOCTH JJEKTPOJBHUTATENS HE IPEBBIMIACT
4,5 xkBT. B ocTanpHBIX Clly4asx MPUMEHSIIOT MEXaHUYCCKUU PEeBEpC B BHUE
MUJTMHIpUYECKUX 3yOuaThix kosec [13, c. 223-225]. Jlnsa BKIOUCHHUS Mexa-
HUYECKOTO pPeBepca MPUMEHSIOT JBYXCTOPOHHHUE (PPUKITMOHHBIE MY THI, KO-
TOpPBIE MOTYT OBITh CyXMMH M MacisHbIMU. Cyxue My(pThl MOTYT paboTaTth
TOJIBKO B y3J1aX, U30JUPOBAHHBIX OT Macia, U TPeOYIOT 3HAYUTEIIBHO MCHb-
IITUX OCEBBIX YCWJIMHA JJIs BKITIOUEHUS, yeM Maciisable. OHAKO B KOpPOOKax
CKOpPOCTEeH W T0JIad B YCIOBHUSAX IEHTPATM30BAHHON CMa3K{d MPUMEHSIIOT
Macisinble ppukimonnsle MyQThl. X pacder mpuseneH B [2, ¢. 213-214], a
pacueT KOHCTpyKImu — B [15 ¢. 54; 31, c. 115; 13, ¢. 201-207; 11, c. 315].
Ywucno muckoB My THI ISl BKIIOYEHUST pa00dero Xo/1a OnpeesieTcs 1Mo Ie-
penaBaeMoMy KPYyTSIIEMY MOMEHTY, JIi MYy(TBI XOJOCTOTO XOJa YHCJIO
JYMCKOB MOHO NpUHATH B 1,5 paza meHpire. MakTUYECKOE YUCIO JUCKOB
My(dT XOJOCTOTO XOJa OMPEACNISIOT MO MNPHUBEISHHOMY MOMEHTY K Bajy
My(dTBI BCEX HHEPIIMOHHBIX MAacC KOPOOKH CKOPOCTEH, BKIIFOYAs IITTUH/ICIb C
3arOTOBKOM.

[Ipy M3BEeCTHOM 4YHCJIE JAUCKOB JIBYXCTOPOHHEH (PUKIIMOHHON MY(QTHI
OTIpENICNIICTCS €€ OCEBOM pa3Mep, YTO HEOOXOJMMO ISl BBIYEPUMBAHUS
Pa3BEPTKH.

B npomecce nepBoii KOMIIOHOBKH CTPEMSTCS Pa3MECTUTH ITOJIBHYKHBIC
0510k 3yOuaThIX KOJIEC W HEMOJBIKHBIX IIECTEPEH TaK, YTOOBI MOITYYUTh
HAaWMEHBIIINE OCEBBIC pa3MEPHI.

Hanpumep, 1 KOpoOKM CKOPOCTEM CO CTpYKTypHOU (opMyroit
Z =3-2 (puc. 3.1) HauMeHbIIast oceBas JIMHA cocTasisieT oomnee 11b (b —
IIMPHUHA BEHIla 3y0UaToro Koyueca).

Z5
Z3

I= T =
__L Zy 7., Z;
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Puc. 3.1. Kunemamuueckas cxema kopooxu ckopocmeti
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Ecnu rpynmy nepenad ¢ IBOMHBIM OJIOKOM Pa3MECTUTh TakK, KaK IMOKa-
3aHO Ha puc. 3.2, TO OCEBOW pa3Mep MpuBOAa yMeHbIIHTCA 10 9D. Takas
KOMITOHOBKA HECKOJIbKO YBEIMYUT JIJIMHY TEpeMeIleHus] TpPOMHOTO OsioKa U
BO3MO>KHA TOJIBKO B CclIy4ae, Koraa Z, < Z,. KomnonoBka, n3o0paxeHHas Ha

puc. 3.1, peanusyercsa B TOM Cllydae, KOrja pasHoCTb Zs — Z5 >5, B IPOTHUB-

HOM CJy4yae MepeMelIeHne TPOWHOro OJIOKa BIPaBO HEBO3MOXKHO, TaK Kak
mecTepHs Z3 CBOMMU 3yObSIMH 3aJICHET 3a IIECTEPHIO Zg.

Zs
Z1 £3
] = —
|| Zg
L Z
22 EZ7 4
T =x x| x| x}—
| Zs | [
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Zg| L
-0l Zj10
>9b .

Puc. 3.2. Kunemamuueckas cxema kopooxu ckopocmeti

KoHncTpykTuBHOE OopMiIeHHE LIECTEPEH M OJOKOB MOKHO HalWTH B
[11, c.189; 9, c. 38—-48; 24, c. 248; 25, c. 124-132].

[Ipu BeIuepUMBaHUY 3yOUaTHIX KOJIEC MOXKET OKa3aThCs, YTO HEKOTOPHIE
U3 HUX 33/IeBalOT coceHue Baibl. Hampumep, mectepHs Zg HaxoauT Ha Bail |
(puc. 3.1) Ha xakyto-To BenuunHy C. B MOgoOHBIX Ciydasx peKOMEHIYyeTCs
noctynath Tak. K Bemmuune C no6aButh 2 + 3 MM HEOOXOAMMOTO 3a30pa
MEXIy MIECTepHEH W BAJIOM M ONPEACIUTH HOBOE MEXKIICHTPOBOE PacCTOs-
Hue. OHO OyzieT paBHO paHee OMpPeIeIEHHOMY MEKXIIECHTPOBOMY PACCTOSTHHUIO
¢ mobasienueM BenmuuuHbl C + (2...3 mMm). Ilo dopmynae MeKIICHTPOBOTO
paccTosHUSL HalTM HOBOE CyMMapHO€ YHUCJIO 3yObeB M MEePecYUTaTh YHCIIO
BCeX 3yObeB /ISl TPYIIIBI Mepeiad MEXIAY BajlaMH, COXPAHUB MEpeIaTOUHbIE
OTHOILICHUSI OTJENbHBIX Nepenad Hen3MeHHbIMU. [10100HOe 00CTOATEIHCTBO
BO3HHUKAET, Korja Ha | Ban pasMenaroT GpukioHHyo Mydry. B atom ciy-
yae miecTepHu | Bajma yCTaHABIMBAIOTCS Ha MOIIWIHUKAX Ka4deHHs, YTO
OPUBOIUT K 3HAYMTEIHFHOMY YBEIMUEHHUIO IHaMETpa M YHcia 3yObeB BEIy-
HIMX IIECTEPEH STOTO Baja.
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[Ipu OTCYTCTBHM OCEBBIX YCHUJIMI Ha BaJiaX MPUMEHSIOT IIAPUKOBBIC pa-
TVaTbHBIC TTOAMIUITHUKY M YCTaHABIMBAIOT UX MO CXEME. MOAIIUITHUK B OJI-
HOU Oormope Ha BajJy W B KOPITyCe KPEMAT HEMOABWKHO, B IPYTON — ITO/IIINII-
HUK 3aKpEIISIOT TOJIbKO Ha Baly (Tak Ha3bIBacMasi «ILIaBarolas ormnopa).

[ITlapukoBbIE paJHabHO-YIIOPHBIC WM KOHHYECKHE POJIMKOBBIC II0JI-
IIUITHAKA TPUMCHSIOT TIPH OCEBBIX Harpy3kax Ha Bajiax. IIpu mcronb3oBa-
HUU 3TUX MOIIIMITHUKOB HEOOXOJIMMO MPEAYCMOTPETh X PETYIUPOBKY JIJIS
BBIOOpA PAMAIFHOTO 3a30pa W CO3JaHUS B HUX IIPEABAPUTEILHOIO HATSATA.
KoHCTpyKIuu yCTpOWCTB AJII PETYJUPOBKH TOMITUITHUKOB TPHUBEIACHBI B
[11, c. 286—-290; 9, c. 92—-105; 24, c. 520-521]. Knacc TOYHOCTH MOAIIHITHH-
KOB BBIOMpArOT corjacHo pekoMenmarusm [11, c¢. 88—89]. Takke MOXKHO
MPOYECTh 00 YCTAHOBKE U 3aKPETUICHUH MOIINITHIKOB Ha BajlaX M B KOPITYCe
B[11, c. 286-290; 24, c. 530-533; 25, c. 163-180; 20, c. 274-322].

OkoHYaTENBHBIA pa3Mep MOAMMUITHUKA PACCUYUTHIBACTCS ITOCIIC BBITIOJ-
HEHUs TOIMEePEYHOr0 pa3pe3a KOPOOKU CKOPOCTEH, KOTJIa CTaHEeT M3BECTHO
MPOCTPAHCTBEHHOE ITOJIOKEHNWE BaJIOB M (DaKTHUYECCKHUE HArpy3Kd Ha HHUX.
[IpenBapuTenbHO €ro MOKHO BBIOpATh TaKWM, YTOOBI MOCATOYHBIM JTHAMETP
BHYTPEHHETO KOJIbIIA TMOJIIUIHUKA OBbIT Ha 6—8 MM MeEHbIIIe Hapy>KHOTO
JTMaMeTpa COOTBETCTBYIOIIETO Bajia Y €ro KOHIIOB.

3.3. OnpepeneHue pa3mepos WNUHAENA

[Tocne OpUEHTHUPOBOUYHOTO OIpPEJEICHUS OCEBOM JJTUHBI KOPOOKH IO
pa3BEpTKE MOXKHO HAaWTH auameTrp mmuHiaens. [Ipu 3ToM ucXoaat u3 Toro,
YTO KECTKOCTh JIBYXOITOPHOTO IIMUHJIENS Y CTAHKOB HOPMaJIbHOM TOYHOCTH
noipkHa ObITh He MeHee 250 H/MkM. XKecTKOoCTh MITTUH eI OPUEHTUPOBOYHO
MOKET OBITh OIpeesieHa 1Mo GopMyIie

4 4
j=530D|—3OI H/vion, (3.4)
rae D — cpeanuii quamMeTp MINUHAEAS B IMPOJETe MEXAY omopamu, MM; d —
CpeIHHUI TuaMeTp OTBEPCTHS HIMUHACIA, MM; | — paccTosHIe MEXKIY CpeaHu-
MU CEYCHUSIMU MOAMIUITHUKOB ITTUHICIIS, MM.

N3 3T0i hopmMyIibl MOKHO orpeneauTs D.

B nepenneri onope, BOCOPUHUMAIOIIEH OCHOBHBIE HArpy3KH, Iocagod-
HBIM raMeTp mmenku mmuaaens oyaet 6omsiie D. Ero onpenensitor koHCT-
PYKTUBHO, OPUEHTHUPYSICh HA CYILIECTBYIOIIUE Pa3MeEPHI MIMUHCICH CTAHKOB
MoI00HOTO TUTIA-pa3Mepa. Benmnuuny auameTpa MIMUHACTSA B IEPEAHEH O10-
pe MOXHO TIpUHUMATh U3 Tabia. 3.1 B 3aBUCUMOCTH OT MOIITHOCTH TPHBOJIA
CTaHKa.
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Taomuna 3.1

Juamemp winunoens 6 nepeoHem NOOWUNHUKE, MM

Crranki MorHoCTh pUBOAA CTaHKa, KBT
15.25(25.35|35.55| 55.7 | 75.11 | 11..145 | 145...18|18,5...22
TokapHble 60..80 | 70..90 | 70...105| 95...130 | 110...145| 140...165 | 150...190| 220
®pesepusie | 50...90 | 60...90 | 60..85 | 75...100 | 90...105 | 100...120 - 140

Huwxe B Tabn. 3.2-3.8 mpuBejieHbl OCHOBHBIE XapaKTEPUCTUKHU COBpE-
MEHHBIX CTaHKOB.

Tabnuua 3.2
Xapaxmepucmuku 6epmuxanibHo- U paouaibHO-C8EPAUTbHBIX CHAHKOE
y(iHOB- Beuer Konye YacroTsl Bpa- | Momnocts | Jluamerp
Monens | HBI qua- IITTAHACTIS
IITTHH]IES, IICHUS IINUH-| [PUBOAA, | IIMUHJE-
CTaHKa |METp CBEp- (Ne konyca -1
MM Jelis, MUH kBT 75, MM
JICHUsI, MM Mopsze)
2M112 12 180 26 450...4500 0,6
2H118 18 200 2 180...2800 15 30
2H125 25 250 3 45...2000 2,2 45
2H135 35 300 4 31,5...1400 4,0 90
2H150 50 350 S 31,5...1400 7 105
21175 75 400 6 22...1000 10 110
2M353 35 350...1200 4 45...2000 2,8 35/70
2MS55 50 410...1600 5 18...2000 55 45/80
2M57 70 500...2000 6 31,5...1400 7,0 60/105
2M58 100 500...3000 6 10...1250 13 70/121,8
Ta0muna 3.3
Xapaxmepucmuku MOKAPHO-6UHMOPE3HBLIX CMMAHKOB
Pazmepsr 06pabatei- . YacroTsl MomHoCTb
Yucno crynene
Mojenb | BaeMOro M3JeHs, MM BpallleHusT | TMPHBOA TJIaB-
BpAICHHS [IITHAH-
CTaHKa HaJ CTa- | Hax Cyl- IIMUAHACTS, | HOTO JIBUXKE-
. ACIIAA -1
HUHOM OPTOM MUH Hus, KBT
1660411 200 120 OeccTyneHdaroe 35...3500 1,1
16BOS5I1 250 125 OeccTyneHuaroe 30...3000 1,5
1661111 250 125 21 25...2500 2,7/4,4
1661611 320 160 21 20...2000 4,1/6,6
1662)I1 400 220 21 16...1600 5,5/8,5
1662511 500 290 21 12,5...1250 7/10,5
1663011 630 350 24 5...1000 13
16640 800 450 24 4...800 17
16650 1000 600 24 2,5...600 22
16660 1250 800 24 1,5..315 30
1A670 2000 1600 — 1..125 100
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Tabnuua 3.4
Xapaxmepucmuku moKkapHO-pesoib8ePHbIX CMAHKOB

Makc. nna- Yucio YacTOoTEI Mour-
MO- dmax dOTB‘ o
MeTp I/I3,Z[CJII/IH, CTyHeHeI/I BpaH_[eHI/IH HOCTb
JCJIb prTKa, HIMUHAC-
oOpabat. Hax | BpalleHHs | IIMUHICNS, | MPUBO-
CTaHKa MM JIs1, MM o -1
CTaHI/IHOI/I, MM HIMMHAOCIIA MUH ,Z[a, KBT
1H316 | 18 31 250 14 100..1400 | 2.6/3
10325 | 25 40 320 14 80..3150 | 2.6/3
1341 40 62 400 12 60...2000 7
111365 | 65 85 500 12 34..1500 13
1371 | 100 130 630 12 20...893 22
Tabnuua 3.5
Xapakmepucmuku KOHCOJIbHbIX 20pu30HmaJle0-
U BEPMUKATILHO-(DPE3EPHBIX CMAHKOS
. 58, = Q2 = o g
55 |o 8 & S == = | B =2 = = 2 S 2 =
g | B |EEE88d| s8|ptE|EEa (2254
B = oXxd |EEEE 8358 Tz |5 S| & SEZ|IES B
Pl a5 |[cEgH 82| SE E’quass g & =
SO | £2E |85 cCeCRE|XE|EEE|FEEF|S822¢E
AN-EEL 0 1 IRET SN £
680211 Mop3ze
cloor | 1007400 _ a0 |VOP 40 | 450..5000 | 0,4/0.,6
6H803T" Mop3ze
s | 1257500 | 154 45 o 45 | 315..4000 | 0,75/1.0
6H804T" Mop3ze
o4 | 160%630 | 212 60 | "\ors 60 | 71...3150 15
6H&0 Mop3e 70 50...2400 3,0
1o | 200800 | 250 60 |"noa | 60 |250.4200 | 24
OH81 1 5001000 | 280 60 | 724 | 75 | 65..1800 5.5
6H11
6MS81 | 250x1000 _ _ 724 | 80 | 40..2000 55
OP82 | 350x1250 | 350 70 | 724 | 90 | 25..1250 75
6P12
6C12 | 320x1250 | 400 80 | 724 | 90 |335.1600| 55
6P83 _
epy | 400x1600 | 450 85 724 | 100 |315..1600 10
6TS1 _
eT1] | 2501000 | 345 60 | 724 | 65 | 20..2000 55
6T62 _ 16...1600
o1y | 3201250 | 395 80 | 724 | 100 | 50"eno 75
6TS3 _ 16...1600
cT13 | 400x1600 | 475 80 | 724 | 100 | oo 10
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Tabnuua 3.6
Xapaxmepucmuxu 6€CKOHCONbHO-(DPe3epHbIX CMAHKO8

A S5E2 |oa¢g o E 2 -
2o 528 |2222 528 1 of 2%sEE5|EiE.
X I o X < migxnoggémm S)So S%§§m§[sm
cS| ©eaxs | 9o EE|Q T E S| =% 5| 8 < H o B '~
So| £2¢ |565§58|855 |¥E|S2E|FEE”|88X
£5 8527|185z S| E5E|PRE S5
A~ O F S ® W= = %
6520 | 250x630 285 120 7:24 90 31,5...1600 4
6530 | 320x800 350 120 7:24 90 31,5...1600 5,5
6540 | 4001000 430 120 7:24 105 31,5...1600 7,5
6550 | 500x1250 530 120 7:24 105 31,5...1600 10
654 | 630x1600 640 100 7:24 120 25...1250 13
6A56 | 800x2000 800 150 7:24 140 25...1250 22
Tabnuma 3.7
Xapaxkmepucmuxu npooobHO-Dpe3epHbiX CMAHKOS
Monenb [ln- | Jduametrp nme- | Jwmamerp | Yacrora Bpa- MoutHocTh
CTaHKa pUHA | peaHew meil- | TWiIb3bl, | IIEHUA WMUH- | MPUBOJA TJIAB-
CTOJa, | KU IIMUHIe- MM JeIs, MHH HOTO JIBHXE-
MM JISI, MM HuUs, KBT
6603, 6303 320 80 160 25...1250 4,5
6604, 6304 400 80 160 40...2000 4,5
6605, 6305 500 100 200 20...630 7
6606, 6306 630 100 200 40...1250 10
6608, 6308 800 120 230 25...800 14
6610, 6310 1000 120 230 25...800 14
69612, 69313 | 1250 140 260 25...1250 20
64616, 64316 | 1600 140 260 25...1250 20
6620, 6320 2000 160 300 20...1000 28
Tabnuma 3.8
XapaxmepucmuKku moxkapHo-KapyCceabHblX CMAaHKO8
Mopens | Haubonwsmmit | Yucno crynenei | YactoTsl Bpame- | MOITHOCTH MpH-
CTaHKa | JIuametp oop. BpalleHus HUS TUTAHIIANOBI, BOJIa TJIABHOTO
3aroTOBKH, MM IUIAHITAHOBI MUH JIBIDKCHHS, KBT
1508 800 18 10...500 22
1510 1000 18 8...400 22
1512 1250 18 5...250 30
1516 1600 18 4...200 30
1525 2500 18 1,5...80 40
1532 3200 18 1,25...63 95
1565 5000 beccrynenuaroe 0,4...20 70
peryJupoBaHue
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VY CBEpIMIIBHBIX CTAHKOB MOCIEAHUIN BaJl KOPOOKH CKOPOCTEN SIBISETCS
MOJIBIM U B HIJKHEH 4acTW, MPUMEPHO Ha JIJIMHE TPEX AHAMETPOB, WUMEET
LUIMIBI 10 BHYTPEHHEMY AuaMeTpy. JnameTp muiuueBoil yacTy Baja B mep-
BOM MNPUOJMKEHUU MPUHUMAETCS PAaBHBIM HaWOOJBIIEMY YCIOBHOMY JHa-
MeTpy cBepienus [14, c. 44]. HapyHblil 1uaMeTp NOCIEAHEro Bajga KOpoO-
KM CKOPOCTEH OmpeaessieTcsi KOHCTPYKTUBHO, UCXOMS W3 HaWJEHHOTO BHYT-
pPEHHEro AuameTpa.

Jlns mmuHaened CTaHKOB HOPMAJIbHOM TOYHOCTH, YCTaHABIMBAEMbBIX B
ornopax KadyeHHs, pacCTOSIHUE MEXKIY OMOpaMH MPUHUMAIOT TaKUM, YTOObI
OHO TPHUOJIM3ZUTENBHO PaBHSJIOCH 4—5 NuaMeTrpaM MIMUHACNS B TNepeaHein
orope. JImMHa KOHCOTBHOM YacTH MIMUHIENS JOJKHA ObITh MUHUMAIHHOU U
He npeBblath 1-1,5 AnaMerpa mmuHENs B IEpEIHEN onope.

JUts KperieHus MPUCTIOCOOJIEHUST WM MHCTPYMEHTA Ha MEPEIHEM KOHIIE
IIMUH/IETS U3TOTOBIISIIOT CHEIUANIbHBIE (PIIaHIbI, HAPYKHBIC WM BHYTPECHHHE
KOHYCBI. Pa3Mephl 3TUX 3JIEMEHTOB JIJIsl BCEX CTAHKOB CTaHAAPTU30BaHBI U MPU-
BenieHbl B [1, ¢. 408—412]. lInunaenu BceX CTaHKOB PACCUMTHIBAIOTCS HA Ke-
ctkocth [10, c. 87-91]. KoHcTpykinio onop MIMUHACICH U pa3MeIleHUE MMO/-
IIMITHAKOB B OINOPaX BBIOMPAIOT COTJIacHO pekoMeHnarwmsm [10, c. 229-242],
HarnpuMep, MOKHO BBIOpaTh KOHCTPYKIIMIO OTMOP MO CTaHKY MOAOOHOTO THIMa-
pa3Mepa.

3.4. OcobeHHOCTH BbLINOMTHEHUSA YepTexen nonepeyvHoro paspesa
(cBepTKM) KOPOOOK CKOPOCTEN CTAHKOB Pa3fUYHbLIX TUMOB

Ha momepeyHoM pa3pese (CBepTKe) MOKa3bIBAETCS MPOCTPAHCTBEHHOE
pacmosoXeHNe BAIOB KOPOOKH CKOPOCTEH, a TaK)Ke MEXaHU3MBI yIIPaBICHHUS,
TOPMO>KEHHUS, CMa3KH, PacIloJIOKCHHbIE B MIMHHIEIbHON 6abke. YacTo omHO-
ro TMOMEPEeYyHOro pa3pe3a ObIBaeT HEJOCTATOYHO, YTOOBI IMOKa3aTh paboTy
MEXaHHU3MOB YIIPaBJICHUS KOPOOKOM CKOpOCTEH, MOITOMY PEKOMEHIYyeTcs
JeNIaTh JOMOJHUTENbHBIE pa3pe3bl U CEUCHMUS.

Eciu mo ycnoBuio 3afaHusi HEOOXOAMMO pa3paldoTaTh pa3eiCHHbIN
MPUBO/I, UCTIOJIB3YEMBI B TOKAPHO-BUHTOPE3HBIX CTAHKAX MOBBIIIEHHOTO H
BBICOKOTO KJIACCOB TOYHOCTH, TO HEOOXOIWMO BBHITIOJHUTH OTIEIHHO pas-
BEPTKY M CBEPTKY KOPOOKHU CKOpOCTer (peayKTopa) U IMIMUHASILHON 0a0KH C
nepedopoM.

[IpuBeeM HEKOTOpHIE PEKOMEHIAIMHM TI0 MPOCKTHPOBAHUIO CBEPTKH
KOPOOOK CKOpOCTEN Pa3IMYHBIX TPYIIT METAIIOPEKYIIMX CTAHKOB.

3.4.1. TokapHO-BUHTOPE3HbIE N TOKAPHO-PEBOSIbBEPHbIE CTAHKK

HcxoaHbM pa3MepoM JIjisi BEIYEPUMBAHUS CBEPTKH SIBJISIETCS] BHICOTA TICH-
TPOB CTaHKa H, KOTOpasi MPUMEPHO paBHA MOJIOBUHE MAKCUMAIILHOTO JHAMETpPa
3aroTOBKH, 00pabaTbiBaeMOil B MaTpoHE Haja CcTaHWHOW. OT rOpU30HTAIBHOMN
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muaun AA (puc. 3.3), o603HaYaOIIeH MJIOCKOCTh 0a3WpOBaHMS IIUHICIBHON
0a0Ku Ha CTaHMHE, OTKJIAAbIBAIOT TOPU3OHTAIBHYIO JMHUIO Ha BhicoTe H U B
NPOU3BOJIBHOM TOYKE MPOBOAST BEPTUKAIbHYIO mpsimyro. Ilepecedenust 3tux
auHUM OyayT 0603HauaTh och mmuHaesns (Bai |V Ha puc. 3.3).

Ha puc. 3.3 nokazan BUJ Ha HINHUHJIEIBHYIO 0a0Ky CO CTOPOHBI 33JHETO
KOHIIA IIITTHH/IEIS.
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Puc. 3.3. Komnonoska wnunoenvnot 6abKu mokapHo-6UHMOPE3HbIX
U MOKAPHO-PEBOILEEPHBIX CIMAHKOE

BennunHa cpenHEro paccTOSHUS MEXAY HaNpPaBISIOLMMUA CTaHUHBI
CTaHKa OIpPENENIAETCS U3 CIEAYIOIIEro cooOpaxeHus. PacyeTrbl CTaHKOB Ha
KECTKOCTh U BUOpPOYCTOMUMBOCTB, TpoBeaeHHble B OHNUMCe, nokazanu, 4To

B
OHM MaKCUMaJbHbI TIPU OTHOIIICHUU E:O,9 [10, c. 96]. CnenoBateinbHoO,

paccTosiHre Mexay HarnpasisitonMu B = 0,9 H. Ock mmuHzesns 00bIYHO pac-
noJjiaraercsl ocpeAnHe OT Hampabistomux. O crnocobdax yCTAaHOBKH IIITHH-
nenbHOM 0a0KW Ha CTAaHWHBI TOKAPHBIX CTAHKOB HammcaHo B [15, c. 194].

W3 neHTpa MIMUHACTS PaglyCcoM JCIUTCILHOW OKPYKHOCTH OOJIBIIIErO
U3 KOJIEC, CHIAIIMX Ha INMUHJENE, OMUCHIBAIOT OKPYKHOCTh. JTOT PaIHyC
OIpEENSIET BBICOTY KOPOOKHU 0€3 KPBIIIKH:

h=H +—m22max +cC, (3.5)

rae ¢ = (2,5...3)M — paccTosiHuE MEXIY ACTUTEIBHON OKPYKHOCTHIO 0O0JIb-
IIIOTO KOJIeCa U BEPXHEH ITOCKOCTHIO KOPOOKH.

Bce ocranbHble Bajbl pa3meniarorcs BIE€BO OT wmnuHzaens. OCHOBHOE
TpeOOBaHUE K CBEPTKE 3aKJIIOYAETCS B TOM, UTOOBI BaJIbl M 3yOUaThie Kojeca
3aHUMaJid HauMEHbIIlee MpocTpancTBO. HeT HeoOxoauMOCTH MoKa3bIBaTh Ha
yepTexke Bce 3yOuaThle Kojeca, MOCTPOCHHE MPOU3BOAUTCA IO Iepeaadyam,
HaXOJIAIMMCA B 3alleTieHnu. bolbiioe koeco, cusiiee Ha MIMNUHAENIE, CO-
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EAUHSIOT C MaJIbIM, CUSALIMM Ha MPEALINUHICIBHOM Bajly, U HaAXOIAT I10J10-
KEHUE TMpEeIUINUHIeTbHOr0 Baita. Ha 3ToMm Bany BhluepuyuBaeTCs HaUOOJb-
mee 3y04aToe KOJIECO M CIEIUIIETCS ¢ MaJIbIM KOJIECOM CIICYOIIEeTO Balia.
ITocTpoenune mpoAOIDKAKT OO0 TEX MOp, MOKAa HE OIPENEATCS KOOPAWHATHI
OCH BBIXOJIHOTO BaJla KOpoOKHM ckopocreid. Hambosiee Harpy eHHbIE Babl,
a MU OOBIYHO SIBJISIFOTCS MPEAIINUHACIbHBIE BaJibl, CJIEAYET pacroJyiarath
OJIvKe K OCHOBAHUIO KOPOOKH JJISI CHUKCHUS TOJOKEHUS IEHTPA TAKECTH
KOPOOKH M YBETMYEHUSI BUOPOYCTOMUHUBOCTH.

PaszMep B, XapakTepu3yrIUui BEJIMUUHY KOHCOJIBHON 4acTH KOPOOKH,
B COBpPEMEHHBIX cTaHKax He npesbimiaer (0,5...1)B.

3.4.2. BepTUKanbHO-CBEPNUNbHbIE
U BepTUKanbHO-hpe3epHble 6@CKOHCONbHbIE CTaHKM

B mocnennue roapl BEpTUKAIBLHO-CBEPJIUIBHBIC CTAHKHU BBITYCKAIOTCS
MIPOMBIIIUIEHHOCTHIO ¢ KOMITOHOBKOW THUTIA «arperar». CTaHKH ¢ TaKOW KOM-
MMOHOBKOM OCHOBHBIX Y3JIOB 00Ji€€ TEXHOJOTUYHBI U MOOWIJIBHBI C TOUKH 3pe-
HUS CO3/IaHMsI MOJAU(PUKAIINIA 3TUX CTAHKOB, Ye€M CTAaHKHU C KOMIIOHOBKOM TH-
ma «KPOHINTEHH», BBITyCKaeMble paHee. [Ipy KOMIIOHOBKE THIIA «arperar»
[14, c. 28-31] xopobOka ckopocTeli U KopoOKa Ioja4 pacroiaraloTcsi B O/I-
HOM KOpIIyCe.
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Puc. 3.4. Komnonoska kopobxu ckopocmeti epmuKaibHO-C8EPIULbHBIX
U 8ePMUKANbHO-(DpEe3ePHbIX CIMAHKO8

OgHuUM M3 OCHOBHBIX NapaMETPOB CBEPJIMIBHBIX M BEPTUKAJIBHO-
(bpe3epHbIX CTAHKOB SABIISETCS PACCTOSIHME H OT OCH LIMHUHAENS 10 BEpPTH-
KAJIbHBIX HAINpPAaBISIOIIMX CTaHKAa. OJTO PACCTOSHHUE 3aBUCUT OT pa3Mepa
CTaHKa, 3HaYCHMsI MOXKHO B34Th U3 Tabd. 3.2, 3.6. CBepTKHU KOPOOOK CKOPO-
CTEll ATUX CTAaHKOB MOAOOHBI M TMOKa3aHbl Ha puc. 3.4. [Ipu BeIMOIHEHUUN
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CBEPTKU CIIEIyeT CTPEMUTHCA K CUMMETPUYHOCTH KOPOOKH OTHOCHTEIHHO
TuHUU BB M PyKOBOJICTBOBATHCSI TEMH K€ COOOPaKEHUSMH, UTO U TIPH BBI-
MOJIHEHUH CBEPTKU KOPOOKH CKOPOCTEH TOKapHO-BUHTOPE3HBIX CTaHKOB.
JIBurarenp pacnoJiaraeTcsi Ha KOpoOKe, ero Hy>KHO pa3Mmeliarb OJIrxKe K JIn-
HUU AA, HO TaK, 4TOOBI €ro (pJIaHel] U BRICTYMAIOIIME YaCTH HE 3aXOAWIN 3a
Hee. XOTs y BEPTUKAIbLHO-CBEPIUIBHBIX CTAHKOB KOMIIOHOBKM THUIIA «arpe-
rat» (ctanku 6a30BbIx Monenen 2H118, 2H125, 2H135, 2H150) kopmnyc ko-
pPOOOK CKOpOCTEH W 1Mojay OOIIui, Ha YEpTeXe CIAEAyeT MOKa3bIBaTh JIUIIIh
pa3BepTKy U CBEPTKY KOPOOKH CKOPOCTEl.

3.4.3. KoHconbHO-thpe3epHble CTaHKK

B ropuzoHTansHO-(hpe3epHbIX cTaHKaX KOpoOKa CKOpOCTEi pa3memnaeTcs
B CTaHMHE CTaHKa, B CTCHKaX KOTOPOH pacTOYEHBI OTBEPCTHSI 0T OTTOPHI BAJIOB.
Ocu BajioB OOBIYHO pacroiiararoT B OAHY JIMHUIO TI0 BepTUKaIM. B Momemsx
CTaHKOB C pa3JelbHBIM TMPUBOJIOM TJIABHOTO JBMKEHHSI KOPOOKa CKOPOCTEH
BBITTOJTHACTCST OT/EIBHO OT y371a IIMUHACTS ¢ mepedopom. B aTom cirydae mpu
pa3paboTKe CBEPTKU CTPEMSTCS K MUHUMAIILHBIM TIOTIEPEYHBIM pa3Mepam.

VY BepTHKaIbHO-(PPE3EPHBIX CTAHKOB BaJbl KOPOOKH CKOPOCTEH TaKKe
pacroJyiaraloTcs B OJHY JIMHHUIO TI0 BepTUKaiu. [Ipu BRIMOTHEHUN pa3BEepTKU
MIMUHACIBHON TOJIOBKM HEOOXOIUMO BBIIEPKATh PACCTOSHAE OT OCH IITHH-
JeNsl 10 BEPTHKAIBHBIX HAMPABISAIONIMX CTAHWHBI, 0 KOTOPHIM TIEpeMeIna-
€TCS KOHCOJIb. DTO PACCTOSHUE CTAaHJAPTU30BAHO U YKa3aHo B Ta0II. 3.5.

3.4.4. TokapHo-KapycenbHbIe CTaHKU

JI1s1 ynpolleHnsl U3roTOBJIEHUS U COOPKU CTAaHKOB KOPOOKa CKOPOCTEH
BBINIOJIHAETCS. B BUJE OTIEIBHOTO Y3Jia, KOTOPBIA KPEMUTCS K CTONY CTaH-
ka [27]. Ha mocrieqHeM Baly KOpPOOKH YCTaHABIMBACTCS KOHHYECKAs IIEC-
TepHs, KOTopasi Mpu cOOpPKE BBOJUTCA B 3alICTUIEHUE C KOHMYECKOW HIecTep-
Hell MexaHW3Ma NMPHUBOJIA TUTAHINAWOBI. Y CTaHKOB MajbIX U CPEAHUX pa3Me-
POB 3JIEKTPOABUTATEINb MEPEJACT BpallleHHE Bally KOPOOKH CKOPOCTEH C Mo-
MOIIIbIO KIMHOPEMEHHOM Tepeaaun, a B THKENbIX CTaHKaX — C MOMOIIbIO
MyQT C YIPYTUM 3JIEMEHTOM.

B coBpeMEHHBIX CTaHKaxX MaJlbIX U CPEAHUX PA3MEPOB MEPEKIIOUYCHUE
CKOPOCTEH OCYIIECTBISETCS C MIOMOIIBIO JIEKTPOMAarHUTHBIX MY(T, B TKE-
JBIX CTAHKaX — C MOMOIIbIO rujponpuBoaa. OCHOBHBIE XapaKTEPUCTUKU
CTaHKOB MpHUBECHBI B Ta01. 3.8.

3.5. TopMO3HbIe yCTpOMCTBA

JIns1 yMEeHbIIEHUS pa3MePOB TOPMO3HBIX YCTPONCTB UX CTPEMSTCA yC-
TaHABIIMBAaTh Ha OJTHOM W3 IMEPBHIX BAJIOB KOPOOKU CKopocTeil. B mpuBomax
[JIABHOTO JIBUKEHUS UCIIOIB3YIOTCSl CIEIYIONIUE THUIBI TOPMO3HBIX YCT-
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POMCTB: MEXaHUYECKHE, YIPaBISIEMbIE C TOMOIIBIO SJIEKTPOMATHUTHBIX
MydT; dnekTpuueckue. K anekTpuueckuM MeTogaM TOPMOXKEHUSI OTHOCSATCS:
TOPMOXKEHHUE C PEeKyIepalueu, 3MeKTPOJMHAMUIECKOE TOPMOKEHUE, TOPMO-
’KeHHe mpotuBoToKoM u ap. [30, c. 71].

MexaHndeckoe TOPMOKEHUE OCYLIECTBISETCS ¢ MOMOIIbIO (PPUKITUOH-
HBIX MY (]T.

JuckoBbie (PpUKITMOHHBIE MY(ThI, HAPUMEDP, UCTIOIB3YIOTCS B TOKap-
HO-PEBOJIbBEpHOM cTaHke mojenu I[1365, B TokapHO-BUHTOPE3HOM CTaHKE
Mojsienu [A625; KOHMYECKME — B TOKapHO-BUHTOPE3HOM CTaHKE MOjie-
au 1623. Haxomar mnpuMeHEHHEe JICHTOYHbIE  TOPMO3bl  (TOKapHO-
BUHTOpE3HBIN cTaHOK Mojenu 16K20), komogouHbie TOpMO3bl (paguaibHO-
CBEPJIMJIBHBIN CTaHOK Mojenu 2MS55).

B Tex craHkax, rje MnepekroYeHrue 4acToT BpalleHUs IIMUHACIS Mpo-
HUCXOJUT C TIOMOIIBIO 3JIEKTPOMATHUTHBIX MY(PT, TOPMONKEHUE IIIMHHICIIS
OCYILECTBIISIIOT OJHOBPEMEHHBIM BKJIFOUEHUEM JBYX MY(T, ympaBIIsSrOIIMX
nepeadyaMu ¢ pa3IudHBIMU MEepeaTOYHBIMU OTHOIICHUsIMU. [Ipu sTOM KH-
HEMaTHUYeCKasi SHEPTHsI BpaIIAIOIIMXCsl Macc (BaJloB, 3yOUaThIX KOJeC U Mp.)
pacxoJyercs Ha TPEHHE MEXIy BEAOMBIMU U BEAYIIMMHU AUCKaMU MYQT.
Takolt B TOPMOMXKEHUSI UCIIOJIB3YETCS] BO MHOTUX THUITaX CTAHKOB (B TOKap-
HO-BUHTOPE3HBIX cTaHKax mojened IB616, 163; B TokapHO-PEBOIBBEPHBIX
crtankax moaeneit IH318, TH325, 1341).

3.6. Cma3ka Kopobok ckopocTen

ITpu BBIOOpE criocoba cmaszku (Tabi. 3.9) B mepByr odepenb oOpaiaroT
BHUMAaHHE Ha YCIOBUS PAOOTHI IIMUHAETBHBIX MOIIMITHUKOB. BBIOpaHHbIH CI10-
co0 CMa3Ku MPUMEHSIOT [T BCEX Y3JI0B U MEXaHU3MOB KOPOOKH CKOPOCTEH.

CMmaska MIMUHIETBHBIX MOAINIUITHUKOB MOTPYKEHUEM SIBJISIETCS CaMOM
MPOCTOM M MPUTOJIHA JIUIIb JJII TUXOXOJHBIX IIINUHAEIECH. YPOBEHb Macia B
KaMepe MTOJDKEH JTOCTUTaTh ICHTPa HIDKHETO POJIMKA WU IapHuKa IOJIINTI-
HUKA. DTOT BHJI CMa3K{ MIPUMEHSIOT PEIKO.

Tabnuua 3.9
CropocTHO#T mapamerp d-N, MM-MHH Crioco6 cma3ku
55000...80000 HOTPY’KEHUEM
225000...320000 pa30opbI3rUBaHUEM
420000...800000 LUPKYJISLIMOHHBII
280000...400000 IIAHEJIbHBIN
550000...800000 MAacCJISIHBIM TYMaHOM
750000...1000000 BIPBICKUBAaHUEM

Cwma3zka pa3OpbI3ruBaHUEM OCYIIECTBIISCTCS C MTOMOIIBIO BPAIAtOIIeCs
IECTEPHU WM CHENUAIbHON KPbUIbYATKU, JUCKOB U T. M., KOTOPBIE MOJIAI0T
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Macli0 Ha TMOAIIMITHUKHA ImuHAes. i1 HOpMaabHOH pabOThl CHCTEMBI
CMa3K{ YacTOTa BPALICHUS IIMHHJCIS JIO0DKHA OBITh JOCTATOYHO OOJIBIION.
[TockonmbKy MOMIIMITHUK JOJDKEH CMa3bIBaThCs Cpasy IOCIe Hayaia Bpaliie-
HUSI, TO OTBOJ (CJIMB) Maclia OT TMOJALIMITHUKA JOJDKEH ObITh TaKuM, YTOOBI B
HOIIUITHAKE TIOCJIe OCTAHOBKU BPAIICHUS OCTaBaJIOCh HEKOTOPOE KOJIHYECT-
BO Macna. [Tpu cmaske pa3OpbI3ruBaHMEM OT IIECTEPEH MPHUBOAA MAcIO TO-
JaeTcsi B MOAUIMITHUKU JINOO HETOCPEACTBEHHO, JIN0OO Yepe3 CIerraabHbIN
maciocOopHUK. HemocrtaTkom 3TOro crocoda sBIsSE€TCS TO, YTO Macio B
MOJIIIAITHUK TOCTYIIAeT 3arpsS3HEHHBIM MPOAYKTaMu U3HOoca mectepeH. [lo-
ITOMY CMasKa pa30pbhI3TMBaHUEM B OCHOBHOM HCIIOJIB3YETCS B CTaHKAX ISt
YepHOBOW 00PabOTKH.

[{upkynsiUOHHAS cMa3Ka MPUMEHSICTCS JUIS IITUHICITBHBIX y3JI0B, pa-
OOTarIIUX B HANPSHKCHHBIX pekumax. C ee MOMOIIBI0 MOXHO 00ECIeUnTh
HEOOXOIUMBIH 10 YCIOBHUIO TEIUIOOTBOJIA PACXO]] CMa3KU Yepe3 MOIIHUITHHUK.
B HEKOTOpBIX CllydasX yCTaHABIMBAIOT aBTOHOMHYIO CHCTEMY CMAa3Kd st
MOJIIIATTHUKOB IHIMUHACS. DTO YCIOXKHSIET CUCTEMY CMa3KH, HO BMECTE C
TEM TI03BOJISICT MPHMEHATH ONTUMAIIBHBIE JJIS JaHHOTO pPEXHMa PabOTHI
IIMTUHJIIEHOTO y371a CMa3KH. Pa3nienbHble CUCTeMBl IUPKYIISIIMOHHON CMa3-
KA TPUMEHSIOT Ui BBICOKOCKOPOCTHBIX INMUHAEIBHBIX Y3JI0B, Hampumep,
IJIS CMa3KH KOHUYECKHUX POJIUKOMOAIIUITHUKOB, padOTAIOMIUX MIPH CKOPOCT-
HOM TlapameTpe:

d-n > 200000 mm-muH " . (3.6)

B BepTHKanbHBIX IINUHAEIBHBIX Y3JIaX CMa3Ka JIOJDKHA IO0JaBaThCs B
BBICUIYIO TOYKY M NPOTEKATh Yepe3 BCE MOAIIMIHHUKM mmnuHAend. CMmaska
IIPY BBIXOJE M3 HHUKHErO MOJIIMIIHUKA ITOCTYNAET B BaHHY C XOPOIIUM YII-
JIOTHEHUEM, OTKYJa JTMO0 OTCACHIBAETCS MajbIM HACOCOM, JTMOO MOCTYIAET B
MAacCJISIHBIN OaK.

[Ipu xaneapbHON cMa3Ke JO3UPOBKAa 00BEMa MOCTYIAOIIETO B MOIIMI-
HUK Maclla OCYIIECTBISETCA ¢ MOMOILBIO UTONbYATHIX U (PUTHIIBHBIX Maciie-
HOK. B mocnenHue rojpl NOSIBUIMCH THEBMAaTUYECKUE KalleJIbHbIE MACIEHKH,
HacTpauBaeMble Ha nojgady ot 1 go 100 r macna B yac. TOT crnocod npume-
HSIOT JUISI CMA3KU LIMJIMHIPO-POJIUKOBBIX MOAIIMIHUKOB IIMUHACIbHBIX y3-
J0B. Bs3kocTh Macna BBIOMpPAOT W3 YCIOBUM paOOThl MOJILIUITHUKOB.
[Tpu kanenpHOM cMa3Ke clelyeT IpelyCMaTpuBaTh YIUIOTHEHUS MOAIIUITHU-
KOB LIIUHJAENSA U CO CTOPOHBI IPUBOJIA, YTOOBI UCKIIFOUUTH MOMNAlaHue CMa3-
KU U3 KOPOOKU CKOPOCTEHA.

CMa3ky MAacIsHBIM TYMaHOM IPUMEHSIOT ISl BBICOKOCKOPOCTHBIX
HIMUHJENbHBIX Y3JI0B, /U1 HUIH(OBAIbHBIX TOJIOBOK BHYTPHUILIN(OBAIBHBIX
CTaHKOB.
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Cma3zka BNPHICKUBAHUEM HCIOJIL3YETCS JIsl TOMAIIUITHUKOB, paboTaro-
X B 0CO00 TSKEBIX YCIOBUAX (BBICOKME YAaCTOTHI BpallleHUs U TeMIepa-
Typa). Macno mogaeTcss B MOIIUITHUK Yepe3 TPU—UYEThIpe COIula, PacIoJio-
KCHHBIE MO OKPYXKHOCTH IIOJIIMITHUKA, B 3a30p MEXKIy CernapaTopoM Hu
KOJIBIIOM ToAmunHuka noa aasieHuem 0,4 MIla. Macio BOpbICKUBAeTCs
MEPUOIMYECKH, TEMIT TOAAYM MaCJIa YCTAHABIMBAETCS C MIOMOIIBIO JIEKTPO-
MarHUTHBIX JO3aTOPOB.

BsizkocTh Macia i cMa3Ku HIMUHJEIBHBIX Y3JI0B BHIOMPAIOT B 3aBU-
CUMOCTH OT yCJIOBUI pabOThI U CUCTEMBI CMa3ku 1o Tad:. 3.10.

Tabmuma 3.10

Buvibop ésa3xocmu macna ons cmazku WUNUHOEIbHBIX Y3108

CkopocTHoit mapamerp d-n, MM-MUH - Biss-
Tunel cTaHKOB Aot TOMITHIKOB JIJ1st TOAIIUITHUKOB JIETKOM KOCTb,
CBEPXTOYHBIX U ovco6o 1 cpermefi cepH ot
JIETKUX Cepuid
TokapHsbie 80000 55000 17...32
TokapHo- 80000 55000 24...55
pPEBOJILBEPHBIC
dpe3epHbIe 160000 110000 12...23
CBepiuiibHBIC 160000 110000 17...32

Ecnu cucrema cMma3ku MIMTMHIEIBHOTO y371a 0011as ¢ MPUBOJIOM, TO BSI3-
KOCTh MacJja IpUHUMAETCS OOJIbIIEH.

KoHcucrtenTHbIE CMa3Ky MPUMEHSIOT B IIMUHAECIBHBIX Y3J1aX C OTHOCHU-
TEJIbHO HU3KMMH 4YacToTaMM BpaiieHus. KoHCHCTEeHTHBIE CMa3Ku OCOOEHHO
YAOOHBI JIsl aBTOHOMHBIX IIMMAHACIBHBIX y3J10B U IIMMAUHICIBHBIX y3JI0B, pa-
00TalIMUX B BEPTUKAILHOM WM HAKIOHHOM IOJOKCHUH. MOXKHO HE MpHU-
MEHSTh TPOMO3JIKYIO CHUCTEMY T'MOKHUX IIUIAHTOB JUIsl TOJIBOJa W OTBOJAA
CMa3KHU K MEepEeMENIAONIEMYCS] IIMTUHACIBHOMY Y3y, a TAKXXE CYLIECTBEHHO
obyeryaercss mpoOjeMa YIUIOTHEHHS MocleaHero. B HEKOTOphIX ciydasx
KOHCHUCTEHTHBIE CMAa3KH MPUMEHSIOT C 1IEJIbIO 3aIUThI MTOJIIUITHUKOB IITHH-
Nensl OT BJIard W 3arpsA3HeHus. Cpeau OT€UEeCTBEHHBIX KOHCUCTEHTHBIX CMa-
30K JIy4IIUMH JUIS IIIAHACIBbHBIX y350B  siBisiorcs [[UATHM-201,
HUATHM-202, OKb 122-7, BH1N HIT-223.

Heo6xonumoe Koan4uecTBO Macia JJisi CMa3KH OIPEACISICTCS Ha OCHOBE
ypaBHEHUS TEIUIOBOTO OanaHca, MpeIyCcMaTPUBAIONIET0 HOPMAJIbHBIM OTBO
TeIla U 00JIETYCHHE HAJSKHOM CMa3Ku BCeX TpyHIuxcs nmoBepxHocTei. Ko-
JMYECTBO MacJia Py MUPKYJIAIHOHHON cucTeMe cMasku [28] paccuuThiBaet-
cs o hopmyiie:
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NT 3
Q= 35}{—p 1M’ /MUH, (3.7)

M
rae Ny, —cyMMapHas MOIIHOCTb TPEHHUSI, PacXo/yeMas Ha BCe y3JIbl CTaHKa;
t,=45...50 °C — pasHOoCTh TEMIIEpAaTyphbl Macia 0 BXOJa M IIOCIE BBIXOJa
13 30HBI TPYITUXCS TOBEPXHOCTEH.

N,, =N, (1-7), (38)

rae N, — momHOCTh IpHBOJA cTanka, KBT; 7 — KI1J] cranka.

[To BeUMCICHHOMY KOJIMYECTBY Macia Q OmpenesnstoT MPON3BOIUTEb-
HOCTh Hacoca:

Q.. =kQ IM/MHH, (3.9)

rae k= 1,4...1,6 — ko3 uUIMEHT, YUIUTHIBAIONIUI 3amac Macia JUis HOp-
MaJbHOUM pabOThl CMAa30YHOM CUCTEMBI.

[To moxasarento MPOU3BOJIUTEILHOCTH HAcoca BBIOMPAIOT COOTBETCT-
BYIOIIMI HACOC 10 CIPAaBOYHHUKY [3, ¢. 366—370].

O0beM pesepByapa ISl Macia OMPEAeNsoT, UCXO/s U3 3amaca macla,
PaBHOTO YETHIPEX—TIATUMUHYTHOU MPOU3BOAUTEIIBHOCTH HACOCa CMa3KH.

Huametp TpyOompoBoa

d z4,6\/§ MM, (3.10)
V
rme Q — KOIMYECTBO Maciia, MPOTEKAIOMEro dbepe3 TpyOy, IM/MHH;

V =2...4 M/c — cKOpOCTh MPOTEKAHHUS Macia.

3.7. YNNOTHEHMSA WNUHAENbHbIX y350B

VYII0THEHUS! IIMUHIETBHBIX Y37I0B 3alUIIAI0T MOAMUITHUKY IIITHHAEIS
OT IPOHUKHOBEHUS T'PsI3H, BJIATH, a TAK)KE MPENATCTBYIOT BBITEKAHUIO CMa3-
KU U3 MOIINIHUKA. J[7s cTaHKOB, paboTaloUIMX ¢ OOMIBHBIM OXJIAXACHUEM
30HBI p€3aHus, a TAKXKE C BBICOKOM 3albUIEHHOCTBIO 30HbI pE3aHusl, KaueCTBO
YIUIOTHEHHUS ONPENEISET JOJITOBEYHOCTh IIMUHAEIBHOIO y37a.

VY OBICTPOXOAHBIX IIMUHAEIEH MPUMEHSIOT HUCKIIOUUTENBHO OECKOH-
TaKTHBIE YIJIOTHEHMS, MTOCKOJBKY INPUMEHEHHE KOHTAKTHBIX YIUIOTHEHUM
BCEr/la CBSA3aHO CO 3HAYUTENbHBIM TEIUIOBbIAeTeHHEeM. [IpoekTupyst 6eckon-
TaKTHbIE YIUIOTHEHMS, BCErJa CUMUTAIOTCS C HACOCHBIM 3(()EKTOM, BO3HH-
KAaloIMM 1o o0e CTOpOHbI yruioTHeHus. HacocHblil 3 dexT nmpuBoaut K
CHW)KEHUIO JABJICHUS BO3/lyXa B KOPITYCE OMOPBI, YTO BHI3BIBAET 3albLICHUE
MOJAIIMIIHAKA TPU OCTAaHOBKAaxX MIMNUHAENS. VHTEHCUBHOCTh 3ambUIEHUS OT
MPUTOKA BO3yXa MPU OCTAHOBKE LIMUHIEIS YCUIIUBAETCA TEM, YTO BO BPEMs
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paboThl MOAIIMITHUK pa3orpeBaeTcs. B 3TuX ycnoBHsX AOCTaTOYHO 3(Pdek-
TUBHBIMH SIBJISIFOTCSI JTAOMPUHTHBIC YIUIOTHCHHS. YTUIOTHSIONIEE IEHCTBUE
JTaOUPUHTHOTO YCTPOWCTBa OCHOBAHO Ha CO3JaHMH MAjoro 3a30pa CIOKHOM
U3BWIMCTON (POPMBI MEXIy BpalAlOIMMUCA U HEMOJBHKHBIMU JETATSIMU
y3na. Hanexnass paborta jJaOMpPUHTHOTO YIJIOTHEHUS OOECIEYMBAETCS MpPHU
paauaibHOM 3a30pe B yriotHenuu 0,2...0,5 MM 1 TopiieBoM 3a30pe He Ooiiee
1...3 MM [3, c. 187-188]. Obecneuenne Takoro 3a3opa TpeOyeT TIAaTeILHOTO
IIEHTPUPOBAHMSI YIUIOTHCHUSI OTHOCHUTEIHLHO IMOBEPXHOCTH BpamieHus. Eciou
YIUIOTHEHHE KPETUTCS Ha pe3b0e, TO MpeayCMaTpUBAIOT IEHTPUPYIONINE 11~
JUHAPUYECKUE MOSCKH.

B mmuHACTBHBIX y37aX, paboTaomuX B 3arpsA3HCHHBIX YCIOBHSX, Ja-
OMPHUHTHI 3aMOJIHIIOT KOHCUCTEHTHON cmaskoil. [Ipu xkujakol cmaske B yo-
JIOTHEHMSIX pa3MENIaloT MAacIOCOOPHUKH M KaHAJIbI JIJIsl OTBO/IA YTEUEK CMa3-
ku. [IpenMy1iecTBOM JIaOMPUHTHBIX YIUIOTHEHUHN SIBIAETCS MX CIIOCOOHOCTH
paboTaTh MpU HEOTPAHUUYEHHOM TIpe/iesie OKPYKHOM CKOPOCTH Bajia M C OT-
CYTCTBHEM MEXaHHUECKHUX MOTEPbD.

JIisi ipeoTBpaIieHusl YTeUKH KUJIKOH CMa3KH IMUPOKO HCIONB3YIOT
MacJIo0TpakaTeJIbHbIC KOJIbIla U KaHaBKU Ha Bayax [3, ¢. 188-189].

[Ipu 0c000 TSKENMBIX YCIOBHSX SKCIUTyaTalldd MPUMEHSIIOT KOMOWHH-
poBaHHbIC yIUIoTHEHU [3, ¢. 189].

HanexHbIM  yIJIOTHEHHEM, KOTOpOE NPHUMEHSIETCS IMpPHU CKOPOCTIX
CKOJIKeHuUs 10 20 M/c, SIBIIAETCS MaHXKeTHOE yiioTHeHue [3, ¢. 190-192].
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4. WNWHAOENBHBIE Y3J1bl METANNOPEXYLLUUX CTAHKOB

4.1. HazHayeHune WNUHAENbHbIX y3510B U OCHOBHbIE TpGGOBaHMﬂ K HUM

[Inuuaens siBiIsieTcss KOHEYHBIM 3BEHOM MPUBOJA TJIABHOTO JIBWKEHUS U
MIPEeIHA3HAYEH Ui KPEIUIEHUS] MHCTPYMEHTA WK 3arOTOBKH, OKa3bIBasl CyIlle-
CTBEHHOE BJIMSIHME HA TOYHOCTb, MPOU3BOJUTEIBHOCTh U HAJEKHOCTh CTaHKA.
[[InuHaenbHBIA y3€7 CTaHKa COCTOUT M3 IIMUHIAENS, €ro ONop, MPHUBOIHOTO
aneMeHTa. B mmnuHaesne BhIACISIOT NEPEIHUN KOHEL U MEKOIIOPHBIN yYacCTOK.

Ha mmunzaens neCTBYIOT HArpy3Kd, BbI3bIBAEMBIE CHUJIAMH PE3aHUS,
CWJIaMH B MPUBOJIE (PEMEHHOM, 3y0UaToM), a TaKKe IEHTPOOCIKHBIMU CHJIa-
MH, BO3HUKAIOIIUMHU OT HEYPABHOBEIIEHHOCTH BpaIlAIOIIMXCS JAeTayieil ca-
MOTO HIMUHAEIBHOTO y3Ja.

[IpoekTrpoBaHue y371a BKJIIOYAET BLIOOp THIMA MPUBOJIA, OTIOP, YCTPOMCTB
JUISL CMa3bIBAaHUS U 3aIUTHI OT 3arpsi3HEHUI; ONpe/IeICHUEe TuaMeTpa IIMuHIe-
JI51, PACCTOSIHUSL MEXTy OTIOPaMU M pa3pabOTKy KOHCTPYKIMI BCEX 3JIEMEHTOB.

K mmuHaensHbIM y351aM PebsBISIOTCS CISAYIOIINE OCHOBHBIE TpeOo-
BaHUSL:

1. HanexuocTh mepegaud Ha 3aroTOBKY WJIM MHCTPYMEHT PAacCUMTAHHBIX
PEXKUMOB JIJ151 3aJaHHBIX TEXHOJIOTUYECKUX ONEPALUH.

2. TouHocTh BpallleHUs, OmNpenesieMas paguaibHBIMU U OCEBBIMH Oue-
HUSMH TIEPETHETO KOHIIAa mmuHAens. s cTaHKoB 00Iero Ha3HaueHus
TOYHOCTh BpaIllEHHs JOJI)KHA COOTBETCTBOBATh CTAHJAAPTHBIM 3HAUYCHU-
SAM, B 3aBUCHMOCTH OT KJlacca TOYHOCTH CTaHkKa. JlJisi crenuanbHbIX
CTaHKOB OHA 3aBHCHT OT TpeOyeMOil TOYHOCTH 00PaOOTKHU:

A< ﬁ : 4.1)
3
rae A — OueHue mmnuHAeNs; A, — A0MYyCK Ha TUMUTUPYIOIINI pa3mMep roTOBO-
ro U3JENHUs.
3.  XKectkocth (pamuanpHas W OceBas), ompenenseMas aedopmaruei

IITTMHJIETS IO Harpy3KOM Ha MepeiHeM KOHIIe

j = PA, H/MkwMm, (4.2)
rae P — cuia, mpuiiokeHHas Ha TepeHeM KOHIIEe mnuHaens, H; Y — nporuo
MepeHero KOHIA IMIMUHIES, MKM.

Jedopmarust INMUHETBHBIX Y3JI0B B 00IIEM OallaHce YNpYyrux nepeme-
IIEHUM CTAaHKOB J0XOUT 10 50 %, a B HEKOTOphIX TUMax — A0 85 %. Exunbix
HOPM JIJIs HA3HAYEHHUSI JKECTKOCTH IIIMUHJICTBHBIX y3JI0B HE cyliecTByeT. Hc-
X0/l U3 HOPMAJIbHOW paOOThl MOAIIMITHUKOB >KECTKOCTh HA YYAaCTKE MEXIY
ornopamMu orpanuuyuBaerca BenuuuHor 250-500 H/mxm (Gosbliive 3HaUYEHUS
JUTSI CTAHKOB TIOBBIILIEHHON TOYHOCTH ), YTO JIUMUTUPYET JUAMETP IIITUHIETIS:
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d>4005:01 I, (4.3)

rie | — paccTosiHre MEXTy OMIOPaMU IIITHHICTIS.

Kak opueHTUpOBOYHBIE HOPMATUBBI B MPAKTHKE CTAHKOCTPOCHUS MOIY-
YK PACIpPOCTPaHEHHUE CIIENYIONME 3HAYEHUsS HaWOOJBIINX JOMYCTUMBIX
Mporu0OOB U YIJIOB MMOBOPOTA LIMUHJIENSA: TPOrud NepeHero KOHIa MnuHae-
151 Ymax < 0,00021, nomryctumeiii yros mOBOpOTa MIMHHELIS B IEPETHEH OTIOpe
6 = 0,001 paguan; yroj moBOpOTa IIMUHJIEIS MOJ MPUBOIHBIM 3yO0UaTHIM
kojiecoM sonyckaercs ot 0,00008 o 0,0001 paauan, a mporud B ’TOM MeCTe
He JToJokeH npesbimath 0,01m (M — Moaysb 3youaToro kKoseca).

JlommycTuMoe paauaibHOE TEpeMENIeHUe MEepeHero KOHIA IIMUHAEIs
MoJ IEWCTBUEM HArpy3Kd HE JOJDKHO TpEBHIIATh 1/3 pomycka Ha pa3Mep
oOpabaTbIBaeMOM Ha CTaHKE JICTAJIH.

4. BbIcOoKkHe TMHAMHYECKHE KauecTBa (BUOPOYCTONYMBOCTD), OTPEACTISICMbIC
aAMIUTUTYJIOM KOJICOAHWH MEepeIHEro KOHUA IMUHAES U 4acTOTOM coOCT-
BEHHBIX KoJieOanuii. Bubparu, BOZHUKAIOIUE B IIMMUHICILHOM Y3JI€, OT-
PHUIIATENBHO CKa3bIBAIOTCA HAa TOYHOCTU M ILIEPOXOBATOCTH 00OpabOTKH,
CTOMKOCTH WHCTPYMEHTa U TMPOU3BOJUTENBHOCTH cTaHKa. Heobxomumo,
4T0GBI COOCTBEHHAS 4ACTOTA LIMHHACIS ObUTa He Hioke 250...500 ¢ .

5. MuHuManIbHbIE TEIUIOBBIJICTICHUS U TeMIlepaTypHbie AedopMaluu
IITTUHJETBHOTO Y3714, TaK KaK OHU BIIUSIOT KaK HA TOYHOCTh 00pabOTKH,
Tak U Ha pabOTOCIOCOOHOCTH OMop. TeruioBbIeIeHHs PErlaMEHTUPY-
I0TCS JOMYCTUMBIM HarpeBOM MOAIMUIHUKOB. Hopma HarpeBaHus ycra-
HOBJICHA TOJBKO JIJISi CTAHKOB Kjacca H (momycTuMbIil HarpeB Ha TEM-
nepaTypHOM KoJiblie moamunHuka coctaBisier 70 °C), mns CTaHKOB
JIPYTUX KJIACCOB UMEIOTCS JIUIIIH CJICAYIOIINE PEKOMEH AN

* KJIACC TOYHOCTH CTAaHKA 11 B A C

¢ JOIIYCTHMaA TCMIICpaTypa
Hapy>KHOTro Konbua, °C 50...55 40...45 35...40 28...30

6. JlonroBe4yHOCTHh MIMIMHIEIHHBIX Y3JIOB, 3aBHCSIIAs OT JOJITOBEUYHOCTH
OTIOp IIMHUHJETS, KOTOpasi, B CBOIO 0Yepe/ib, 3aBUCUT OT 3(H(PEKTUBHOCTH
CHUCTEMBbI CMa3bIBaHUS, YIUIOTHCHHWH, YacTOTHI BpAIEHUS, BEITHYUHBI
MPEABAPUTEIILHOTO HATATA B MOIIUITHUKAX KadyeHus u T. 1. [[onrosed-
HOCTh IIMHUHACIBHBIX Y3JIOB HE PETIAMEHTHPYETCS, €€ OMPEICISIOT 10
YCTAJIOCTH, W3HOCY JACTalled MOMINIUITHUKA WM IOTEPe CMa30YHBIX
CBOHMCTB Macnia. JlmameTp MEHKH MIIMUHACIS BBIOUPAIOT 1O KPUTEPHIO
KECTKOCTH, 4YTO O0O0ECIeurnBaeT JOJTOBCYHOCTh TOIIITUITHUKOB 10
Ly = (12...20)-10° u. IIpu npuMeHeHHH GECKOHTAKTHBIX OIOp (THAPO-
CTaTHYECKUX, THUIPOAWHAMHUYCCKUX, a3POCTATUICCKUX M MaTrHUTHBIX)
JIOJITOBEYHOCTh TEOPETUIECKHA CUUTACTCSI HEOTPAaHUICHHOM.
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7.  B03MOXHOCTH OBICTPOTO M TOYHOTO 3aKPEIUICHUS WHCTPYMEHTa WU
oOpabaTbIBaeMoOM J1eTally Py aBTOMATU3AIIMHU 3TOU OINEepaIiii.

8. MuHuManIbHBIC 3aTpaThl HAa H3TOTOBJICHHE, COOPKY M JKCILIyaTaIlHio
NpU yIOBJICTBOPSHUH BCEX OCTATBHBIX TPEOOBAHUHA.

4.2. KOHCTPYKUMA U MaTepuanb! WnuHaenen

KoHCTpyKITHs MIMUHISTFHOTO y3J1a 3aBUCUT OT THITA U pa3Mepa CTaHKa,
KJIacca €ro TOYHOCTH, MPEAeNIbHBIX MapaMeTpoB Mpolecca o0paboTku (Mak-

CHUMAaJIbHOW YaCTOTHI BPAIICHUSI IMUHACTS Nmay, 3Q(HEKTHBHON MOIITHOCTH TIPH-
Boza Ne).

[lepenHrie KOHIIBI MITTMH/IETEH A1 OONBIIMHCTBA CTAHKOB CTAHAAPTHU3H-
poBanbl. KoHupl mmubaeneir moryt Obith (nanneBbiMu (I'OCT 12595-85,
['OCT 12593-72) — i TOKapHBIX, PEBOJbBEPHBIX, NUTH(OBATBHBIX CTaH-
koB; pe3pooBeiMu (TOCT 16868—71) — nas TOKAapHBIX, TOKapHO-
BUHTOPE3HBIX U PEBOJIbBEPHBIX CTAHKOB; C KOHYCHOCTBbIO 7:24 M KOHyCOM
Mopsze (I'OCT 2876—80) — mnst (Gpe3epHbIX, CBEPIMIBHBIX M PACTOYHBIX
ctaHkoB; ¢ 3akuMHbIMH 1anramu (I'OCT 6945-84, TOCT 2876—-80) — nus
TOKapHBIX aBTOMATOB U PEBOJILBEPHBIX CTAHKOB.

Kon¢urypanuss BHyTpEeHHUX NOBEPXHOCTEH OINpeAenseTcss HaluuueM
OTBEPCTHS JJIsl IPYTKOBOTO MaTepuaja U KOHCTPYKIMEH 3aKUMHOI0 yCTpPOii-
CTBa, BCTPAaUBAEMOT0 B ILITTUHACIb.

Tun npuBOIHOTO 3JE€MEHTa 3aBUCUT OT YaCTOThI BPAICHUS, BETMUHUHBI
nepesaBaéMoro MOMEHTa, TPeOOBaHHM K MIABHOCTH BpAIllEHUs, a TAaKXKE OT
oOmiell KOMIIOHOBKM MpUBOJA. 3yOuaThle MepeAaadyd HamOojee MpPOCThl U
KOMIIAKTHBI, MEpeNaloT OOJBIINE KPYTSAIIME MOMEHTHI, OJHAKO H3-3a IO-
TPEITHOCTEN M Tepenadr BO3MYIICHH Ha INMUHJCIb WX HE MPUMEHSIOT B
NPENM3HUOHHBIX CTaHKaX. [IpW mpuMeHeHuW peMEeHHOW Tepeaadu CYIIECT-
BEHHO NOBBILIIAETCS IUIABHOCTh BpAIIECHUS, YMEHBUIAIOTCS JUHAMHYECKHE
Harpy3ky B MPUBOJE CTAHKOB C MPEPBIBUCTBIM XapakTEpoM Ipolecca pesa-
Hus. OHaKO IIPU 3TOM CYILIECTBEHHO BO3pacTalOT rabapuThl epesadu, 0co-
OCHHO €CJM IIKMB YCTaHAaBIMBAIOT HAa CAMOCTOSATEIbHBIE OIMOPBI I pas-
Ipy3KH IIITHH]IENS.

[IpuBOHBIE IIECTEPHU U IIKUBBI JOKHBI UMETh MOCAIKH 0€3 3a30pOB
(IpeanoYTUTENPHO HAa KOHWYECKHE MOBEPXHOCTH) U OBITH PACIOIOKEHBI
OJIVKe K OTIOpaM.

Tun onop mmuHAenel BbIOMpaeTcs HA OCHOBAaHUU TPeOOBAaHUI 1O TOY-
HOCTH 00pabOTKHU U OBICTPOXOJIHOCTH, ONPEAEIIEMON XapaKTEPUCTUKON ObI-

crtpoxonnoctu 0N, rae d — quamerp oTBepcTHs MoMMMIHKMKA, MM; N — Hau-
1

OoJbIIAs YaCTOTA BPaLICHUs LINMHIENSA, MHH . DTU 3HAYCHMS IS pasiidd-

HBIX TUIIOB ONOpP NPHUBEACHBI B Ta0M. 4.1.
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Tabnuua 4.1
Tounocmo u 6vicmpoodeticmaue WNUHOETbHBIX V3108 HA PA3HLIX ONOPAX

PannaneHoe n OTKIIOHEHUE OTKPYT- CkopocTHoi
Omnopsr oceBoe OMeHHe | JIOCTH 00pabOTaHHOTO napamerp
IIITAHCIIST, MKM W3JIeNNS, MKM (d-n)-MM-MHH
Kauenus 1,00 1,0 (0...10)-10°
I'maponunamuueckue 0,50 0,50 (1...10)-10°
I'uapocratudeckue 0,05 0,2 (0...15)-10°
AbspocTaTiuueckne 0,10 0,5 (5...40)-10°
MarsuTHbIe 1,0 1,0 (0...30)-10°

VYuuTeiBasi 3T NapaMeTpbl, a TakKe TO, YTO MOMAIIUIHUKA KayCHUS
MPOCTHI B AKCIUTyaTalllu, B HacTodllee Bpems Oosiee 95 % cTaHKOB M3roTaB-
JWBAIOT CO MIMUHCIBHBIMYU y3JIaMU HA MOJIITUITHUKAX KaueHHUS.

Marepuansl mmnuHaeaeH 1 TepMooOpadoTKa. J{s mmuHaene cTaHKOB
HOPMaJbHOM TOYHOCTH MPUMEHSIOT KOHCTPYKUHUOHHBIE cTanu 45, 50, 40X c
MMOBEPXHOCTHOM 3aKajikoi (0ObI4HO 3akajika ¢ HarpeBoM TBY) no tBepaoctu
HRC, 48-56. lllnunnenu cioxHOM (opMbI U3roTaBIUBalOT U3 craieit 50X,
40XT'P u mpumenstoT 06beMHuyt0 3akanky a0 HRC, 56—60. Jlns nperusnon-
HBIX CTAHKOB B YCJIOBHUSIX dUIAKOCTHOM CMa3KH MPUMEHSIIOT HU3KOYTJIEPOIU-
cteie ctan 20X, 18XI'T, 12XH3A ¢ uemeHranuen u 3akajikou 10 TBEPIO-
ctu HRC, 56-60. [Ins cmaGoHarpyXeHHBIX HIMUHICIECH BBICOKOTOYHBIX
CTaHKOB C IEJbI0 YMEHbBIIICHUSI BHYTPEHHUX AePopMaIiii IpUMEHSIOT a30-
tupyembie ctamu 38X2MIOA, 38XB®IOA ¢ 3akankoii 10 tBepaoctu HRC,
63—68. Jyist M3roTOBJIEHUS MOJBIX MIMUHACICH OOJBIIOro JUaMeTpa MHOTIa
MPUMEHSIOT cepbli uyryH CH20.

4.3. linHaenbHbIe y3nbl C ONOpaMu KaveHus

4.3.1. PacueT WNWHAENbLHLIX Yy3110B

B mmmHzgensix cTaHkoB Ui 00ecrieueHus] BBICOKOW TOYHOCTH BPALCHMS,
MOBBILLIEHHOM KECTKOCTU U MUHUMAJIbHBIX BBIJIEJICHUN TEIUIOTHI, KaK MPaBUIo,
MPUMEHSIOT NOJIIUITHUKY Ka4eHHs! CIIeHUaIbHbIX KOHCTPYKUMH. [[1s1 Bocmpu-
ATHS PaAUAIIbHBIX Harpy30K MPUMEHSIOT IBYXpsaHble moamuinHuky 3182100 ¢
UWINHIPUYECKUMH POJIUKaMU. [[1s1 BOCHPUSITHS OCEBBIX CHIJI MPUMEHSIIOT pa-
manbHO-yropHbele nogmmnaukd 36000, 46000. B mocnenHnee Bpemsi mpume-
HSIOT JIBa BHUJA POJIUKOMOJIIMITHUKOB. BO-TIEpPBBIX, POJUKOMOIIIUITHUKHY,
IIPEIHA3HAYEHHBIC JUI BOCIPUATHS PAAUAIIBHOM M OCeBOM Harpy3ku. K Hum
OTHOCSITCS KOHUYECKUe ofHopsanHbie (Tur 67000) u nyxpsiaHbie (Trn 697000)
C YHOpHBIM OypTOM Ha Hapy>KHOM KoJjblLie. BO-BTOPBIX, Cilykallue it BOCHPH-
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SATUS pAAUATBHBIX HATPY30K B 33THUX OMOPaxX. ITO OJHOPSIHBIC POITUKOMOIIINTI-
HUKH CO BCTPOEHHBIMH B IIMPOKOE HAPYKHOE KOJBLO npyxkuHamu (turt 17000).

[Ipy MOBBIIEHHBIX TPEOOBAHUAX K OBICTPOXOJHOCTU B OMOpax IIMHH-
JeJie MPUMEHSAIOT 0c000 OBICTPOXOAHBIE PAAUATIBHO-YIIOPHBIE MAPUKOIOI-
munHuky (tan 36000K). DTi noAmmmauKyd coOMparoT B KOMIUIEKTaxX IO JIBa,
TPH WJIH YETHIPE.

TurnoBble KOMIIOHOBKY HINMUHJEIBHBIX Y3JIOB U TapaMeTPhl MOIIUITHH-
KOB TipuBeieHbI B [12, ¢. 145-168].

To4HOCTh MOJIIUITHUKOB PETJIAMEHTUPYETCS paIMaJIbHBIM WA OCEBBIM
OMEeHHEeM BpAIlalOIIErocsl KOJIbIa U OINpeesieT TOUHOCTh BpPAIlleHHs IIIMHH-
nens. PanquansHoe OMeHHe TIepeHeH Oy W 3aaHel Op OIOP MOXEM HalTH W3
r€OMETPUYECKUX COOTHOIICHUH, aHaM3upys cxemy Ha puc. 4.1. PaananbHoe
OMeHe KOHIA IIITHHIEIIS

5:5A'(1+%J+5B§’ (4.4)

OOBIYHO MPUHUMAIOT O < A/3, re A — f0oMmycK Ha paguaibHOEe OMEeHHE KOHIA
LITTAHIENS.

55\ .
Z \ 5
[ a\r °

Puc. 4.1. Cxema buenus wnunoens na onopax

[IpunsB, uTo 5:%, 5A(1+%j=55

A _ A

S, = (4.5)

[To BemnumHAM Oy M Op BBIOMPAIOT IMOIIIMITHUKA COOTBETCTBYIOIIETO
KJacca TOYHOCTH M3 Ta0i. 4.2.

KecTKoCTh MOAIIMITHUKOB OMPEASIASTCS YIPYTUMH COMMKCHUSMU TeI
KaueHUs C KOJIbIIaMH U KOHTAKTHBIMU Jie(hOpMAITUIMU KOJICII TIOIITUITHUKOB C
COMPSDKCHHBIMU JIeTalIsIMH. JKECTKOCTh 3aBUCHUT TJIaBHBIM 00pa3oM OT THIA
MOJANIUITHUKOB U UX AuameTpa. J{Jisi MOBBIIEHUS KECTKOCTH MOAIIUITHUKOB, a
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TaK)Ke YCTPaHEHUsI 3a30pOB (UTO MOBBIIAET TOYHOCTh BpAIEHUS) B HUX MPU-
MEHSIOT MPEeBAPUTEIBHBIN HATAT, T. €. MPUKIIAILIBAIOT TOCTOSHHYIO Mpe/Ba-
PUTENBHYIO Harpy3Ky. B paauaibHBIX MIAPUKOMOAIIMITHUKAX JUIsI CO3JaHUs
MIPEABAPUTEIIbHBIX HATITOB CMEIIAIOT HAPYKHBIE KOJbLA OTHOCHUTEIBHO
BHYTPEHHUX B OCEBOM HampaBJICHUH, JJIsl YETO JHOO0 CONLTU(POBBIBAIOT TOPIIBI
KoJIell, JU00 MPUMEHSIOT BTYJKU Pa3INYHON IJIUHBI MEXAY HApYXHBIMU U
BHYTPEHHUMH KOJIbIIAMHU, JTMOO YCTaHABJIMBAIOT PACMOpPHBIE MPY>KUHBL. B po-
nukoBoM noamunHuke (tumn 3182100) mpeaBapUTeNbHBINA HATAT CO3/Ial0T OCe-
BBIM CMEIICHUEM BHYTPEHHEIrO KOJIbI[a MOAIIUITHIKA HA KOHUYECKOW IIeUKe
IITAHJIETS, YTO BBI3BIBACT pajHalibHbIC AeopMaliii Kosbla. B mapukoBbix
paanaIbHO-yHIOPHBIX U KOHUYECKUX POJIMKOBBIX moammnHukax (tun 697000)
HaTAT CO3J1aeTCsl MPU COOPKE 3a CYET OCEBOI0 B3aMMHOIO COJIMKEHUS PSIIOB
TEN KauyeHUs, 4TO 00ECIeUnBaETCsl pa3MepaMu COMPSKEHHBIX JeTanel. B ko-
HUYECKUX POJUKOBBIX moamunHukax (tun 17000) Hatar co3gaeTcsi MOCTOSH-
HBIM OCEBBIM CMEILIEHUEM Hapy»HOTO KOJIbIla OTHOCUTEIIBHO BHYTPEHHETO C

MTOMOIITBIO0 BCTPOSHHBIX B HETO TPYKHH.
Tabmura 4.2

Paouanvnoe buenue noowunnukos wapukoswix, poiuKopaouaibHbix
U wapuxosvix paouaivro-ynoptolx no I'OCT 520-89

Knaccel TOUHOCTH MOIIHITHUKOB
D, mm 0 6 5 4 2
A, MKM A, MKM A, MKM A, MKM A, MKM

18...30 — — — — —
30...50 — — — — —
50...80 25 13 8 5 4
80...120 35 18 10 6 5
120...150 40 20 11 7 5
150...180 45 23 13 8 5
180...250 50 25 15 10 6,5

A, MKM — OMICHHE BPAIIAFOIIETOCs KOJIbIA TOAITUITHHKA;
D, MM — ArameTp Bpalllaloierocs: Koyiblia MOITUITHUKA.

Pacuer Ha XECTKOCTb CBOJUTCS K ONpPEACICHUIO MPOruda Ha KOHIIC
HIMAHACIS U yTJia TOBOpPOTa B nepeaHei omnope. IIpu coctaBieHuu pacuer-
HON CXEMBbI IIIUH/IEIb OOBIYHO 3aMEHSIOT OaJIKOM Ha ITApHUPHBIX OMOpax.
Takoe pomyiieHrWe COpaBelIMBO IPU HAIMYUU B ONOpPAaX MO OJHOMY IOA-
WIWITHUKY KayeHHs. HeCKOIpbKO MOAIMITIHUKOB B OJJHOM OMOpE CIEAYET pac-
CMATpUBATh KakK yIpyryw onopy. s ympomeHus pacueToB KECTKOCTBIO
MOAIIUITHUKOB MPEeHEeOperaT U B KAYECTBE PaCUETHON CXEMbl MPUHUMAIOT
OaJiKy, JIeXallylo Ha IIAPHUPHBIX OMOpax, ¢ J0OABJICHUEM PEAKTUBHOTO MO-
MEHTa B ornope. BenuunHa nocnaeaHero KoyiedaeTcs Mo ONbITHBIM JIAaHHBIM B
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npejenax oT HyJs (IpU He3HAYUTEIbHBIX HArpy3Kax, Halpumep, B OTACI0Y-
HbIX cTaHkax) 10 0,3—0,35 oT BHENIHEro MOMEHTa, JICUCTBYIOIIETO B Cpe/l-
HEM CEYEHHM IIUHJICIISI HA OMOpE.
Jlnst pacuetHoi cxembl puc. 4.2. mporud® Ha KOHIIE IIMUHACIS U YToJl
IMOBOPOTA B MEPEAHEN Omope
1

= |R-¢C?-1-05P - 2ab+b? ~—°——M -c a+b |, 46
y 3ES[ w a+b P } (4.6)

G:L[R-c- a+b -0,5-P @ 2.a.b+b? —M, - a+b J (4.7)
3ES " a+b P

4. - |
rjae 3 — cpeaHee 3HaUeHUE MOMEHTA UHEpIHH, cM ; R = PZ2 + Py2 — paBHO-

AeWcTByromas cui pesanus, H; Py, — ycuine Ha NpUBOAHOMN 1iectepHe, H.

Prp= 1,1P .
M, R
0
Y il 1ﬂ

Pop

/

Puc. 4.2. Cxema k pacuemy wnunoens na dcecmkocmy

[Tockonbky BeKTOpHl ¢l R u Py 3aHMMAroT B MPOCTPAHCTBE MPOU3-
BOJILHOE TIOJIOKEHHE, TO MPEXKJIEC BCET0 HEOOXOAMMO HANTH UX MPOCKIIUUA Ha
ocu OX u OY: Ry, Py, Ry, Prpy.

ITo popmynam 4.6 u 4.7 onpenenstoT MPOrud 1 yroj MoBOpoTa Mo OCAM
OX, 0OY: Yy Yy, 6, 8.

CyMMapHbIil mporud 1 yroi nmoBopoTa

y=yYi+Yo, (4.8)

0=[0 +0; . (4.9)

[Tporu6 u yron noBopoTa B APYruX CEUYEHUAX IIMUHIEINS OTPaHUYUBAIOT-
cs1 TpeOOBaHUAMU YIOBJICTBOPUTEIHHON paOOTHI Iepeaay U MOIIIHITHUKOB.

[To uccnenosanusim J[.H. PemeroBa, HopmanbHas pabota 3y04daroil me-
penauu MOXeT ObITh 00ecIedeHa, €CJIM yroJl B3aMMHOIO IIOBOPOTa OCEH KO-
JIEC HE MPEBBIIIACT 3HAYECHUS
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0., < Fony a (4.10)
™ 10%p? pat '
rae P — OKpyxHOe ycuiue, H; b — mmnna 3y6a B Mm; ¢ — koaddunnent,
YUUTBHIBAIOLINA XapakTep pachlpeieicHus Harpy3kd 10 JIMHE 3y0a
(c~5...15).

Pacuer Ha BHOPOYCTOWYHMBOCTH MPOM3BOIAT IS BBICOKOCKOPOCTHBIX
IIMAHAEICH, OCHOBHOW XapaKTEPUCTHKOW IIMUHAEIS OIS OIEHKH BHOPO-
YCTOMYMBOCTH SIBISICTCS YacTOTa COOCTBEHHBIX KoyeOanumii f.. Uem MeHbIie
9Ta BEJIMYMHA, TEM HW)KE BHOPOYCTOWYHMBOCTH, TaK KakK Ui BO30OYKICHUS
KoJicOaHWl Ha HHU3KOM dacToTe TpeOyeTcss MeHblne sHepruu. llnuuaens
CUHTACTCS BUOPOYCTONYMBBIM, CCIIH:

1 o

fc=250 ¢~ — mus cTaHKOB HOPMAJTLHOW TOYHOCTH;
1 o

f.> 500 ¢~ — m1g CTaHKOB IMOBBIIIEHHONH TOYHOCTH.

VYpoBeHb KosieOaHUM MepeHero KOHIA MIMUHACIS ONPEAesioT M0 am-
IMTYAHO-($a3049acTOTHRIM Xapaktepuctukam (ADUX), koTopbie paccuuThI-
BAIOT MO CIEUUATILHBIM IIPOrpaMMaM CPeICTBaMU BBIUUCIUTEIbHON TEXHUKH.

[TpuOIMKeHHBIN pacueT COOCTBEHHOM 4acTOThI ImmuHAes, (puc. 4.1)
MO>KHO MPOBOJUTH MO (hopMyIIe:

ES 3

W , C (411)

f.=y
rae £ — MOIynb yIPYrocTH MaTepualia MIMHHICHS; I — CpeHee 3HAYCHUE
MOMEHTa WHEpIMH; M — Macca mmuHAeNs, kr; A = l/a — oTHOCHTeNnBpHOE pac-
crossHue Mexay omopamu; ¥ = f(1) — kosddunmeHt, KoTopwid s
A=25...3,5, nexur B npeaenax 2,3...2,4.

4.4. LinuuaenbHble y3nbl ¢ TMAPOCTaTUYECKUMU ONOpaMM

['uapocraTuyeckre NOAUIMIHUKY SIBISIIOTCS ONOpPaMHU  KUIKOCTHOTO
TpEeHUsI, B KOTOPBIX JIaBJICHHE B CJI0€ CMa30YHOr0 MaTepuaia, pa3ieistonieM
BaJ U BTYJIKY, CO3/Ia€TCs 32 CUET BHEIIHETO UCTOYHHMKA U HE 3aBUCUT OT CKO-
pocTH BpalleHus Basa. PaananbHas Harpy3ka Ha IIMUHEIb BOCIPUHUMAET-
Csl paJalIbHBIM, @ 0CEBasi — YIIOPHBIM THAPOCTATUYECKUM TOIITUITHUKOM.

Bo BTynke paauanbHOrO MOANIMIHUKA H3TOTABIMBAIOT KapMaHbl 2
(puc. 4.1), B KOTOpBIE Macio OT HAacoca MOABOAMUTCS Yepe3 paguaibHbIE OT-
BepcTHsl. [laiee OHO BRITEKAET Yepe3 MepeMbluKy 1 U uIeT 1o Iieike Baa.

B oGnactu mepeMbIuek U B KapMaHax BO3HHMKAIOT CHMMETPHYHBIC TOJIS IaB-
JICHUH, yJIepKUBAIOIIE HEHArPYKEHHBIH IITHH/IENb B CPEAHEM IOJIOKEHHH.
Ecnu Ha mmuHzenbs AEWCTBYeT BHELIHSS CUiIa, HANpUMEp, HaIpaBiCHHAs
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BEPTHKAIBHO CHJIA pe3aHus P, 0Ch IIMHHJEIS CMEIaeTCs Ha BEIMYUHY dKC-
ICHTPUCHUTETA e¢. Y BEPXHEro KapMaHa 3a30p yBEIUYMBACTCS, a JIABJICHUC
CHIDKACTCS, Y HUYKHET0, HA00OPOT, 3a30p YMEHBIIIAETCs, a JaBJICHUE BO3pac-
TaeT. B pesynprare cuibl JaBiCHWS W BHEIIHSS HArpy3Ka MPUXOISAT B CO-
CTOsIHHE paBHOBecHs. |Jiss 3TOro HEOOXOAMMBI JBa YCIOBHSI: HEOJUHAKOBOE
JaBJICHUE B KapMaHax, MPUOJN3UTEIBHO IMOCTOSTHHBIN pacxoj Macia depes
pa3InYHbIC KapMaHBI.

Puc. 4.3. Cxema paduanvroco euopocmamuuecko2o noOWUNHUKA
hy

h

-
=i

]

7

[

ﬂ

—
D,
D,
D,
Dy

o
e AP

\

Puc. 4.4. Cxema cuopocmamuuecko2o ynopHo2o noOWUNHUKa

[lepBoe ycioBHE BBIMOTHSETCS Ojarojapsi pas3iaelieHUI0 MOBEPXHOCTU
CKOJIb)KCHHSI BTYJIKM Ha KapMaHbl C NIEPEMBIYKaMH, BTOPOE 00€CTIeUNBACTCS
IpOCCENsIMU Ha BXOJI€ B KapMaHbl, NPONYCKAKOIIUMU B HUX MNOCTOSHHBIN
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00beM Macia He 3aBUCMMO OT Harpy3ku. ['mapocTtaTuueckuil ymopHbINA MOJI-
mUNHUK (puc. 4.4) CIy>XUT IJi1 BOCIIPUSATUSI OCEBBIX Harpy3ok. Macio uepes
JPOCCETH TIOJIBOUTCS K KOJIBIICBBIM KaHABKaM Ha OTIOPHBIX IMOBEPXHOCTSIX.
Ha Hux MoryT OBbITh BBIIOJHEHBI U HECKOJIBKO HE3aBUCUMBIX KapMaHOB.

['uppocTatryeckue onopsl 00J1a1al0T BBICOKOM ®KECTKOCThI0. biiaromaps
CJIOI0 CMa304HOI'0 MaTepuaia MOrpelIHOCTH U3TOTOBIICHUS BaJla U OTBEPCTHS
MEHbIIIE BIUSIOT HAa TOYHOCTh BpalleHHs mmnuHAend. JlemndupoBanue B
CJIO€ CMa30YHOTO Marepuaja COCOOCTBYET CHUKEHUIO BUOpPAIMIA IIIMTUH]IC-
nsi. OmHAKO, MPUMEHSSI THAPOCTATHYECKUE TOIIIUITHUKN, TPUXOTUTCS HC-
MOJIB30BATh CJIIOKHBIE CHCTEMBI TUTAHUS WX MACJIOM.

Macio st THAPOCTaTUYECKUX TOAITUITHUKOB BBIOMPAIOT TIO BSI3KOCTH,
OT KOTOPOU 3aBUCAT MOTEPU HA TPCHHUE B MOAIMIAITHUKAX U TTOJABOIAIINAX TPY-
0ax. /[ mmuHACTBHBIX y3JI0B JIETKUX U CPEAHUX MPEIH3NOHHBIX CTAaHKOB
mpy 4actote BpamieHns Menee 300 MuH - 6epyT Macio 7' (Ba3eIMHOBOE)
¢ Bs3kocThio (5,1...7)-107° M%/c mpu 50 °C; mpu n > 3000 MuH © — Macio (Be-
nocut) ¢ Bs3KOCThIO (4,0...5,1)-10 ° M%/c; IS TSOKEIOHArPY/KEHHBIX IIITHH-
nenei — uaaycTpuanbHoe 45. Macno ¢ gaBnenuem p, = 2...2,5 Mlla mocty-
maeT Ha BXOJBI Apoccenieil. MakcuManbHas )KeCTKOCTh MACIISTHBIX CJI0€B JI0C-
TUTAETCs, €CJIU JaBJICHUE B HECYIIUX KapMaHax p, = 0,5P,.

4.4.1. KOHCTPYKTMBHbIE NapameTpbl
FMAPOCTaTUYECKUX paananbHbIX MOAWMNHUKOB

C 1enpro MpeIoTBPAILCHUS TIOPYX TIOBEPXHOCTEH MPH BPAIICHUH IIIITHH-
TS B PSKUME CyXOTO TPSHHS BTYJIKH THIPOCTATHYCCKHUX MOIIHITHUKOB JIe-
Jar0T OUMETaNTMYECKUMU WK U3 aHTU(PPUKITUOHHBIX MAaTEPUATIOB.

[TapameTpsl 1IEpOXOBATOCTU PAOOYUX MOBEPXHOCTEH, HEITOCPEICTBEHHO
BIIMSIONIME HA paaualibHBIA 3a30p, mpuHUMaoT R, = 0,63...0,4 MkM, a s
MPEIM3UOHHBIX ¢cTaHKOB — R, = 0,16...0,1 MkM.

Huametp D metiku mmuaaens (puc. 4.3) BEIOMPAIOT UCXOIs U3 Tpedye-
Mol sxecTkocTu. JlmuHy moammmanka L 6epyt pasuoii (1,0-1,2)D kak obec-
MEYMBAIOIIYI0O MaKCUMAaJbHYIO KeCTKocTh mpu nanHoM D. Ilupuny nepe-
MBIYKH |; B OCEBOM M TaHICHIIMAJIBHOM HAINPABJICHUAX MPUHUMAIOT PaBHON
0,1D, uTo oGecreunBaeT ya0BICTBOPUTEIIBHYIO HECYIIYIO CIIOCOOHOCTh MPH
MUHUMAJIbHBIX yTeYKax. J[nameTrpanbHBIA 3a30p B MOMNIUITHUKE A, OKa3bl-
BAIOIIUI BIIMSIHUE HA €T0 YKECTKOCTh, IEPEHOC HAa 00padaThIBAEMYIO JIE€TAIIb
MOTPENTHOCTEH (OPMBI IIeeK MIMUHEIS, PacX0]l CMa309YHOT0 MaTepuaa Oe-
pyt paeaeiM (0,0006-0,00065)D. VYronm ¢,, OrpaHMYMBAIOIINN KapMaH,
B MOJAIIUITHUKE C YETHIPhMS KapMaHaMU MPUHUMAIOT PaBHBIM 72°.

OOBIYHO JENaroT YeThIpe KapMaHa, TaK KaK UX CHMMETPUYIHOE PACIIO-
JIO’)KCHHUE CHIDKACT OTPHUIIATEIbHOE BIUSHUE OBAJILHOCTH IICEK IIMTUH/ICS Ha
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TOYHOCTh 00paboTaHHOW aeranu. [ IyOMHy KapMaHOB N mpuHHMArOT OoJjiee
50A, 9TO MPEnATCTBYET MOSBJICHUIO B HUX TUIPOAMHAMUYECKUX P (DHEKTOB.
4.4.2. PacuyeT rugpocTaTMyecKnx paauanbHbIX NOAWMNNHUKOB

Jlns  paguanbHBIX THAPOCTATHYCCKUX TMOAIIUITHUKOB (¢ eKTUBHAS
IUIOMIAAb KAPMAHOB

$=0,5D% (4.12)
riae D — muamerp mieiKu MImuH/IeNs;
koahpurmeHT k= isin P ; (4.13)
¢ 2
OTHOCHUTEIBHBINA AKCIIEHTPUCUTET & = % (¢<0,4). (4.14)

XKectkocts noammnHuka (H/MM) mpu HEHTPaIbHOM MOJIOKEHUM LITTHH-
Test:

]=2,88 pHi, (4.15)

a IpU CMELICHUM WIMUHJIEII U3 LEHTPAIBHOTO MOJIOKEHUS O] IEHCTBUEM
BHEITHEN CUJIHI.

. 5,76p,Sk 1—gk)? 1+ gk)?
j=2 20 ( )32+ ( )32. (4.16)
A [1+@1-ek)’]” [L1+@Q+ek)’]
3uayeHus 1 — &k u 1 + &k
& 0 0,05 0,1 0,15 0,2 0,25 0,3
1-&k 1 0,953 0,906 0,859 0,812 0,765 0,718
1+&k 1 1,047 1,094 1,141 1,188 1,235 1,282
Harpy3ounas cnoco6nocts (H) mogmmmanka
F=0,96p,S ! 7~ 1 | (4.17)
1+ (1-ek)® 1+ (1+&k)
[Tomaua maciia B HOAIIUITHUK (CMS/MI/IH), HE0OXouMast I €ro PadboTHI,
3 o
Q:2’11.10—8 pHDA ¢IK(1+C)’ (4.18)
HYy

A€ ¢ — JJWHA OYTU, OTPAHUYMBAIONIECH KapMaH, Tpaj; (4 — JAHAMHAYECKAs
BSI3KOCTh Macia, [1a-c;
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¢ = (o + 1)/(0,5D ). (4.19)

Momnocts (kBT), TpeOyemas ajii NpoKayuBaHUsS Maciia 4yepe3 IOoJ-
HIWITHUK,

N = p1Q/62400. (4.20)

IToTepy MOITHOCTH Ha TPEHUE B NOAIINITHUKE CKIABIBAIOTCS U3 MOTEPD
MOIIIHOCTU B KapMmaHax N, Ha mepeMblukax Mexay kapmanamu N, Ha nepe-
MBIUKaX, OFPaHUYMBAIOIINX KapMaHbl B 0CeBOM HampasiieHuu, No. [Ipu aTtom

5 un°DD%Lz .
D?-D* 360°

N =3,4-10 (4.21)

1. .
rje N — YacToTa BpalleHUs MuHaens, MuH ; D; — quaMerp BHYTpeHHEH
CTEHKH KapMaHa, MM;

213

N, =17-10%£" AD 10 3%0 , (4.22)
213

N, =3,4-10 £~ AD 4 3%0. (4.23)

OO6mue moTepu MOIIHOCTU Ha MPOKAUYUBAHUE Maclia Yepe3 MOIIUITHUK
U TIOTEpY TPEHHS B HEM XapaKTEPU3YIOTCS (OPMYIIOA:

AN =N + N, + N, + No. (4.24)

4.4.3. PacyeT ruapocTaTMyecKmx ynopHbIX NOAWMMNHMKOB

DddexTrBHAs TUTONMIAL KapMaHOB (puc. 4.4)

2 2 2 2
S B Sl W el W (4.25)

8In& 8InR

3 1

rae Dy, Dy, D3, Dy — ntuaMetpel nepeMbIdex, M
OTHOCUTENBHOE CMEIIICHUE IIMUHIEISA U3 HEUTPAIBHOTO TIOJIOKEHUS:

X = ellho, (426)

rae e; — abCONMIOTHOE CMENICHHWE MIMUHJES W3 HEUTPaJbHOTO MOJIOKEHUS
0J1 ICHCTBUEM BHEIIHEH HAarpy3Kku; Ny — HauaIbHBIN 3230 B MOIIMITHUAKE.
Harpy3sounas cnoco6nocts (H) moammnanka:

76



1 1

- =1 (4.27)
1+ (1-x)° 1+(1+X)

F=p,S

rZie py — JaBJICHUE Macia Ha BXOJE APOCCENEH.
7KecTKOoCTh MOAIINITHUKA IIPU CPEAHEM IIOJI0KEHUU Bajla OTHOCUTEIBHO
OTIOPHBIX TOBEPXHOCTEM:

1=15p,F/hy. (4.28)
HpI/I CMCIICHNHN ITMHACIA IO, I[GﬁCTBHGM BHCIIHHUX CHJI

. 3p,S | (@1-x° N (1+x)?
hy |[A-X)+1P [A+x)°+12

(4.29)

4.5. linuHgenbHble y3nbl ¢ raPOAUHAMUYECKUMM ONOPaMm

IM'uapoauHaMuYecKue MOMIIUITHUKN 11EeCO00pa3HO MPUMEHSTh, KOTIa
TpeOyeTcs BBICOKAsl M IMOCTOSTHHAS CKOPOCTh pe3aHusi, HeOObIas Harpys3Ka,
HaIpuMep, JUIs IIUHASICH MTUIH(GOBaTbHBIX CTAHKOB.

JIOCTOMHCTBO  TUIpPOAMHA-
MUYECKUX IIOJIIMIIHUKOB  3a-
KJIFOYAETCSI B BBICOKOW TOYHOCTHU
U JOJITOBEYHOCTH (CMEIIaHHOE
TPEHUE TOJBKO B MOMEHTHI ITyC-
KOB M OCTaHOBOK), HEJJOCTATKH —
B CJI0KHOCTH CHCTEMBI HMUTAHUS
OTNOp MacjoM, B U3MEHEHHUM TIO-
JIOKEHHUS OCH IIMUHACHS TIpU
W3MEHEHUM 4YacTOThl €ro Bpalie-
HUSL.

I'mppoaunamMmuyeckui mon-
IIUITHUK — 3TO OIOpa KUJKOCT-
Horo TpeHus. [lommunuuku ObI-
BAaIOT paJuaIbHbBIMU U YIOPHBI-
MU.

Puc 4.5. Cxema euopoounamuyeckozo

paouanbHo20 NOOUUNHUKA PanuanbHblii  NOAMITHKK

MMEET TPU WIH YEThIPE CErMEHTA

(6ammaka) 1 (puc. 4.5). C mno-

MOIIBI0 HAacoca omopa 3anojHsaercs MaciaoM. [log 1elicTBUEM CUIIbI TSKECTH
HEBpaIaIOUUICS MIMUHACNb 3 OMyCKAEeTCsl HA CETMEHTHI.

[Ipu BpaleHuu MWINHUHAEASA OH CBOCH LIEPOXOBATOM MOBEPXHOCTHIO YB-

JIEKAeT MACJIO B 3a30Pbl MEKy HUM U cerMeHTaMu. CMENIeHHOE MOJI0KEHUE
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OTIOPHI CErMEHTa 2 OTHOCUTEIHHO OCH CHMMETPHUH TO3BOJSET €My MOBOpa-
YUBAThCA MOJ JEHCTBUEM JaBJICHHUS Macia, B Pe3yJibTare 4ero odpasyercs
KJIMHOBOM 3a30p, CYXalolIMWCAd B HAMNpaBJICHUU BpPAILCHUS IIMUHACIIS.
B 3TOM 3a30pe BO3HMKAET TMAPOJMHAMUYECKOE JIaBICHUE [, YAEPKUBAIOIIIECE
LINUHIEIb BO B3BEIICHHOM IOJOKEHUU. EcCiM MNWHIENs BpalaeTcs Ha
MHOTOKJIMHOBBIX MOIIIMITHUKAX C CAMOYCTAHABJIMBAKOUIMMHUCS CETMEHTAMU,
OXBAaTHIBAIOIIMMH €T0 PABHOMEPHO IO OKPYXXHOCTH, HE3HAUUTEIBHOE CMeE-
HICHUE €r0 U3 CPEAHEro MOJIOKEHUSA MOJ JCHMCTBUEM BHEIIHEHM HATPY3KH
MPUBOJNUT K MEPEPACHPEIACICHUI0 PE3YJbTUPYIOLIEH TUAPOJUHAMUYECKON
CWJIbI, YPABHOBEILIMBAIOIIECH BHEIIHIO HATPY3KY.

Jisg TUAPOAMHAMHYECKUX TMOAIIUITHAKOB OOBIYHO MPUMEHSIOT MHHE-
panbHOE Maciio Mapku JI (BemocuT) ¢ KO3 (HUIMEHTOM THHAMHYECKOU BSI3-

koctn g =(4..5)-107° Ia-c mpu temneparype 50 °C. Macno (1...3 1/mun

npu gasienuu 0,1...0,2 MIla) nogaeTcst B MOAMIMITHUK C MTOMOIIBIO THJIPAB-
JUYECKOM CUCTEMBI, BKITIOUAIONIe (PHIIBTP TOHKON OYUCTKHU U XOJIOAWIBHYIO
YCTaHOBKY.

4.5.1. KOHCTPYKTUBHbIE UCMONHEHUA paAnanbHbIX
rmapoAnUHaMUYECKMX NOALLMMHUKOB

CerMeHTHI TOJIIUITHUKOB BO M30€KaHME BO3MOXKHBIX BBICOKHX KPO-
MOYHBIX JaBJICHUHN B OMOPE, COMPOBOXKAAEMBIX MIEPETPEBOM Macjiaa B TOHKOU
TPAaHUYHOU IJICHKE U MOTEPEN €r0 CMAa30YHbIX CBOMCTB, JOJKHBI UMETH BO3-
MOKHOCTh CaMOCTOATENBHO H3MEHATH CBOE MOJIOKEHUE KAK B TIOCKOCTH,
MEPINEHAUKYJISIPHOM K OCH IIMUHAENS, TaK U B IUIOCKOCTH, MPOXOISAIIECH
4epes3 OCh.

B HacTosiiee BpeMsi UMeeTcsl Pl KOHCTPYKIUA TOAIIUITHUKOB, Y KOTO-
PBIX 3a30p MEXKy BaJIOM U CETMEHTaMHU aBTOMAaTHYECKH U3MEHSIETCS B 3aBU-
CUMOCTH OT Harpy3KH M 4aCTOThI BpAlICHUS ILITHH/IEIIS.

Opnna u3 konctpykuuid — JIOH-88, pazpaborannas SHUMC, npencras-
JeHa Ha puc. 4.6.

[ToqmmMnHUK BHITIOJHEH B BUJE OTACIBHOTO 0JIOKA, COCTOSIIETO U3 ABYX
KOJIeI] 2, Tpex cerMeHTOB 1 u mpocTaBodHOTO KoOJiblla 3. CerMeHThl UMEIOT
BO3MOKHOCTh YCTaHABJIMBATHCA BAOJIb OCH IIMUHAECISA U B HAIIPABICHUU €0
BpauieHud. [IpocTaBoyHOE KOJIBIIO CBOMMH BBICTYNIAMHU TMPENSTCTBYET CMeE-
HICHUI0O CErMEHTOB IO OKPYXXHOCTU. I3MeHsAs TONmuMHYy NOpOCTaBOYHOIO
KOJIbIIa, PETYJUPYIOT pabourii 3a30p B MOIIIUITHUKE.

[Mopmmnuuku koHcTpykiuu JIOH-34 ¢ cermentamu 1 camoycranaBiu-
BAIOIIUECS B pe3yJbTaTe MOBOPOTA Ha CPeprUiIeCKUX omopax A M300pakeHBI
Ha puc. 4.7. Onopsl CETMEHTOB BBINOJIHEHBI B BUJIE BUHTOB 2 U 3 U3 3aKa-
JIEHHOW CTaju C MEJKOHN pe3nOoit. IlepemerieHusMu ux B paguaibHOM Ha-
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IIPABJICHUN PETYIMPYIOT PajuaibHBIA 3a30p B ONOPE U IOJIOKEHHE OCH
mNUHAEINA. 3a30pbl B pe3b00BBIX COEAMHEHUSIX OMOPHBIX BUHTOB C KOPITYCOM
BBIOMPAIOT raiikamu 3.

Puc 4.7. I'uopoounamuuecxuii noowunnux JIOH-34

Martepuanbl 11 THAPOAMHAMUYCCKUX TIOIITUITHUKOB JTOJDKHBI YIOBIIC-
TBOPSATH TPEOOBAHUSAM M3HOCOCTOMKOCTH, TaK KaK B MEPHOJIBI ITyCKa U OCTa-
HOBKH IIIHUHACIS UMEIOT MECTO KPAaTKOBPEMEHHBIE PEKUMBI CMEIIaHHOTO
TpeHusi. CETMEHTHl B TOJIIMITHUKAX OOBIYHO JENIAI0T OMMETATHYCCKUMM.
Ha cranpHYy!0 OCHOBY HaHOCHTCS IIEHTPOOEKHBIM CIIOCOOOM C IIEKTPOIYTO-
BbIM nogiorpeBom cioit 6ponssl (bp0d10-0,5, bp0C10-10), uto obecnieunBa-
€T TUIOTHOCTh, OJHOPOJHOCTH CTPYKTYphl. Pa3Mephl CETMEHTOB M OIMOPHBIX
BHUHTOB NpUBe/ICHBI B Ta01. 7.1 u 7.2 [12].
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[Ipumep KOHCTPYKIHMH MIMTAHIASIHRHOTO Y3JIa ¢ THAPOAMHAMUYCCKUMU
ornopaMu NpUBEJICH Ha puc. 4.8. B nepeaHeil u 3aqHei onopax MNUH/IEIbHO-
ro y3jia nuiMdoBaIbHOTO CTaHKA YCTAHOBJICHBI THAPOAMHAMUYCCKHE TIOJI-
munHuky 1 Tuna JIOH-88.

OceBble Harpy3kd BOCHPUHUMAIOTCS JBYCTOPOHHUM YIOPHBIM TIOJI-
HIMITHUKOM, 00pa3oBaHHBIM AuckamMu 2 1 4. C HUMHU KOHTakTHpPyeT OypT 3
mmnuHAens. CMa304HbIi MaTeprai B 3TOT MOIITUITHUK TOJIBOAUTCS Yepe3 OT-
Bepctus b u B. Ilo kanany [' Maciio U3 nonocren yIiOTHEHUN CIIMBAETCS B
KopIryc 6a0Ku.

4.5.2. KOHCTPYKTMBHbIE NapameTpbl FMAPOAUHAMUYECKUX NOALIUMHNKOB

KoHcTpyKTHBHBIE TTapaMeTphl THAPOANHAMUYECKUX TOAITUITHUKOB BhI-
ouparT ucxons u3 auamerpa D meiiku mmuamens. Juamerp D mietiku
IITTUHCIS BBIOUPAIOT U3 YCIOBHM KECTKOCTH.

Jmaa L mogmumnauka 1 nuidoBanbHbX ctankoB — 0,75D, mis mipe-
[IU3MOHHBIX TOKApHBIX M pacTodyHbIX cTaHkoB — (0,85...0,9)D. [Inwna ayru
oxsata cermenra (0,6...0,8)L. JJuamerpansubiii 3a30p A = 0,003 D. O6bIuHO
MPUMEHSIOT MOIIUITHUKY C TPEMsI HJIA YETHIPhMS CETMEHTaMHU.

4.5.3. PacyeT ruapoanHaMMYeCKUX pagnanbHbIX NOALWMUMHUKOB

Pacuyet BBINIOJIHSAETCS C LENbIO ONPEeTIeHHs] Harpy304HON CITIOCOOHOCTH
OIOPBI M €€ XKECTKOCTU MPHU 3aJaHHBIX KOHCTPYKTUBHBIX INapameTpax MOJ-
HIMITHUKA, YACTOThI BPALLEHUS IIMHHJIENs, HAaUOOJbIIeH paaualbHON HArpys3-
KM ¥ TpeOyeMOl paguanbHON )KeCTKOCTH onopkl. Harpy3ounast crmocoOHOCTh
OJIHOTO CErMEHTA MPU HEHTPAIBHOM IOJIOKEHUH IIITUHAEIIS

2
F,=5.10° 425 LNC (4.30)
A
IJie [ — TUHAMHYECKas BA3KOCTh Macia, Ila-c; N — gacTora BpalieHus IIIMHHIC-
11, 00/c; D — quamerp mielku mmuHAeNs, MM; B — Xopaa ayru cermMeHra, Mw;
L — nouHa cermenta, mm; ¢ = 1,25/(1 + BZILZ); A — pacUeTHBIN THaMeTpaIb-
HBIW 3a30p, MM.

[Tox meiicTBHEM pE3yNbTUPYIOMIECH CHIIBI IIMHHACTL CMEIIACTCS W3
HAYaJIbHOTO TIOJIOKCHHS Ha e MIJIJTMMETPOB, M €r0 HOBOE ITOJI0KEHHE XapakK-
TEPHU3YETCs OTHOCUTEIIBHBIM 3KCIeHTpUucuTeToM & =2e/A. Ecnu pe3ynbru-
pyroIas cujia HalpaBJICHa IO OCH OIOPHI CETMEHTA, Harpy304Has CI0co0-

HOCTb TPCXCCTMCHTHOI'O IIOAIIHUITHHUKA PaBHA:

e S
°l 1-¢)®> (1+0,5¢)% |
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a4y YCTBIPCXCECTMCHTHOT'O IMOAIIMITHUKA.

F=F|+ -1 | (4.32)
A-e)° L+e&)

Korpa pesynbrHpylomas cujia HanpaBlIeHa MEXAY BKJIAIblIaMU, Ha-
rpy304Hasi CIOCOOHOCTh TPEXCETMEHTHOTO MOAIIUITHUKA PACCUUTHIBAETCS 110

dbopmye:

FoF| 1 | (4.33)
(1-0,5¢) (L+¢)

JJIs1 Y€TBIPEXCErMCHTHOI'O IMOANIUITHUKA.

1 1
F=F - 4.34
"l @-0,78)> (@+0,7¢) | (4.39)

Harpy3ouHasi cmocoOHOCTh MOIIMITHUKA JOJKHA OBITH OOJBIIE Mak-
CUMaJILHOM paJiaibHON HArPy3KH Ha OTOopY.

XKectkocth J (H/MKM) OMOpBI ¢ THAPOJIMHAMHYCCKUM TOAIIUITHUKOM,
COCTOSIIIIUM M3 CETMEHTOB U OMOPHBIX BUHTOB, 3aBUCUT OT JKECTKOCTU HECY-
IIET0 MAcCIITHOTO CJOS J,, W KOHTAKTHOH KECTKOCTH o C(hepUUeCKHX OTOop-
HBIX MIOBEPXHOCTEW CETMEHTOB U BUHTOB:

i_ 1.1
j jM jO
Orcrona
= ko (4.36)
JM + JO
)KCCTKOCTB HGCYH_IGFO MACIIAHOI'O CJIOA
j=-——fi——. (4.37)
(1000e)
XKectkocThb chepryeckux OnmOpHBIX MOBEPXHOCTEN
62502
Jo = |<’ (4.38)

rae d — quameTp omopHoi moiycdepsl, MM; K — k03D PHIIMEHT KOHTAKTHOM
2
MOJIaTIIMBOCTH, MKM-MM /H.
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4.6. LLinnHpenbHble y3nbl ¢ a3pocTaTUYECKMMU ONopaMm

AnpocTtaTiyeckre TOIIMITHUKN HAlUIM I[HUPOKOE NPUMEHEHUE s
IIMUHJEIEH MPEeIU3UOHHBIX CTAaHKOB C MAaJIbIMU HAarpy3kaMu U OOJIbIIUMU
OKPY>KHBIMH CKOPOCTSIMHU.

[IpuMeHeHne a’pOCTaTUUECKUX MOMAIIUIHUKOB B IIMUHACIBHBIX Y3/1aX
00yCIIOBJIEHO, B MEPBYIO OuYepe/lb, MUHUMAJIbHBIMU MOTEPSIMU Ha TPEHHUE,
YTO OMNpPEJEICHO MaJIOW BSA3KOCTHIO BO3/lyXa. ITO MO3BOJSET JOCTUYDL BHICO-

KOif 4acTOTHI BpamieHus u mokasatenst d-N=5-10° mv-mun . Onops! UMe-
0T MOTEHIMATIBHO BBICOKYIO JIOJTOBEYHOCTh M HE 3arpsI3HAIOT OKPYKAIOLLYIO
cpeny. laBnenue Bo3ayxa B noamunaukax 0,3...0,4 MITa.

['py30n01bEMHOCTD  A3POCTATUYECKUX MOMAIIMIIHUKOB OMNpeaeseTcs
MPUOIMKEHHBIM CIIOCOOOM Ha OCHOBE JOMYILEHWM O JMHEHHOM pacmpee-
JICHUW JaBJIICHUHA BJIOJIb MOAIIMITHMKA M OJHOCTOPOHHEM IOTOKE BO3yXa
TOJIBKO BIOJb 0Opasyrolei nuiusaapa. [lpyu sTux aonymeHusx 3miopa J1aB-
JIEHUM 1O JIJIMHE MOAIIMITHUKA COOTBETCTBYET Tpaneuuu (puc. 4.9), u rpyso-
MOJbEMHOCTD MOANIUITHUKA TPEJICTABIISAETCS B BUJC

P=12p,D(h-1)f(e), (4.39)
r7ie Py — N30BITOUYHOE JaBJeHue NoaayBa Bo3ayxa, Mlla; D — nuametp mieit-
KH IIMUAHZACT, MM; | — paccTostHie OT Kpast MOIIMITHAKA 10 OTBEPCTHUS MO-
IyBa, MM.

Koadduinent f(£) 3aBUCHT OT BEIMYUHBI SKCIICHTPUIHOTO CMEIICHUS

2

£= N [TpubaMKEHHO MPUHUMAIOT

f(g):g (1—52);—1 . (4.40)

Eciu orpannunth mpegenbHOe 3HaueHHE JKcieHTpucuteta & < 0,5,
TO MOYHO HOJyYUTh BEIMUUHY IPy3010/bEMHOCTHU MOIIIMITHUKA

P_=12p,D(L-I). (4.41)
XGCTKOCTB aBpOCTaTI/IquKOFO IIOAIIHUITHUKA HpI/I MaJIbIX BKCHGHTpI/ICI/I-

TC€Tax, T. €. 4JId HIHI/IHI[CJ'Ief/'I MNPCOU3NOHHBIX CTAHKOB COOTBCTCTBYCT BbIpa-
KCHUIO

dP D(L-1)
:—:4 —’
=g 4P

rae A — muaMeTpanbHbIM 3a30P B OAIIUITHUKE.

(4.42)
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Puc. 4.9. Aspocmamuueckuii noowunnux

7, w—
N

722

4.6.1. KoHCTpyKTMBHOE OChopmmneHne
W napameTpbl a3pOCTaTMYECKUX NOALINMHUKOB

B KOHCTpYKIIMAX a’pOCTaTHYECKUX MOAINIUITHUKOB MPETyCMaTPUBAIOT
HCIIOJIb30BaHUE JKECTKOTO yACIBHOTO BKJIabIIa (puc. 4.9) ¢ cucremoit mmo-
BOJIa BO3/IyXa MO JaBJICHUEM MO KOHIAM, a TIPH KOPOTKUX MOAMIUITHUKAX U
B CpPEOHIO dYacTh BTYIKUA. OOBIYHO PYKOBOACTBYIOTCS COOTHOIIICHHUEM
| =0,1L, a qnuMay moAmMIHKUKA BEIOUPAKOT B IIPEIEIax:

L=(1-15)D. (4.43)

Huametp otBepctuii nmoaayBa npuHuMarT 0,2...0,3 MM, a BeIUYHUHY
JIUaMETPAIbHOTO 3a30pa OIPaHUYUBAIOT 3HAYCHUEM

A = (0,0002...0,0004)D, (4.44)

rae D — nuameTp mieky mnuHaesns, MM.
Yucno zZ orBepcTuit moaaysa mo pekomernanusim SHUMC Beiouparor,
YUYUTHIBAsA 3aBUCUMOCTh

7D
71=—,
50
C OKPYIJICHHEM B OOJIBIIYIO CTOPOHY JIO OJIFDKAMIIEro IejIoro Yucia u ¢ yc-
JIOBHMEM, YTO YKCJIO OTBEPCTUM MOJTyBa HE JTOJDKHO OBITh MEHEE TPEX.

OtBepcTHs MOJAYyBa IEJIECO00Pa3HO COCIUHSTH KOJIBIIEBOM MHKpOKa-
HABKOM, 4YTO MOBBIIIAET IPy30MoAbeMHOCTh B 1,5 pa3za. [Ipoduns Mukpoka-

(4.45)
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HaBKHU Moka3zaH Ha puc. 4.9. OObIYHO NMPUMEHSIOT MUKPOKAHABKU TPEYTOJIb-
HOTO MpOouis U MaJod rIyOMHBI. DTO COOTBETCTBYET YCIOBHUIO obecreue-
HUS YCTOMYMBOCTH, KOorJja 00beM BO3AyXa B KaHAaBKE B 4—5 pa3 MeHblIE 00b-
€Ma BO3/yXa B 3a30p€ ONOPBI:

ts,/o,ﬂ_-%. (4.46)

K mypbuwe

L L LA L L L L

I //////////_/////( YL \\

Puc. 4.10. Boicmpoxoonviit winughosanvuviil winunoensb Ha a3poCcmamudecKux
. 1
onopax ¢ npueoodom om 8030yuiHol mypounst (00 300 moeic. mun )
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B kadecTBe mpuMepa KOHCTPYKTHMBHOTO O(OPMIICHHS IIMUHACIS Ha
BO3AYIIHBIX oropax Ha puc. 4.10 mpuBeneHa KOHCTPYKUHUS IIITAHAEIBHOTO
y31na, pazpadoranHoro B DHUMC. 3nech, MOMUMO a’3poCTaTUYECKUX OIOpP,
MPEAYCMOTPEH TaKXe MPUBOJ IIMUHJEIS OT BO3AYIIHONW TypOUHBI C CHUCTE-
MOU JKECTKOW MEXaHMYECKOW XapaKTepUCTUKOW mnpuBoja. Vcmonb3oBaHue
mnuHAeNed MoJ00HOW KOHCTPYKIIMHM TO3BOJISIET pa3BUBATh CKOPOCTh Bpa-
IIeHUs HUTH(OBATBHBIX KPYroB 10 300 ThIC. MUH .

4.7. WnuHaenbHbIe Y3Mbl C MAarHUTHLIMU ONopamMu

B BBICOKOCKOPOCTHBIX INMHHICIBHBIX y3JIaX C IMoKaszareneM dn 1o
3-10° Mm/MuH ' 11e1€c006Pa3HO IPUMEHATH MATHUTHBIE OIOPEL. ITO CBA3AHO
C NMPAKTHYECKUM OTCYTCTBUEM MOTEPHh HA TPEHUE MEXKY BpalaroIUMCs Ba-
JIOM U HEIOJIBUYKHOM BTYJIKOW, BBICOKOW 3KOJIOTMYE€CKON YUCTOTOU OIOp U C
MCITOJIB30BAaHUEM TOJIBKO OJHOTO BUAA SHEPTHU — MIEKTPOIHEPTHH.

[TpyuHUMI AeMCTBUS IINHUHAEISA, YCTAHOBIEHHOTO B 3JIEKTPOMAarHUTHBIX
ornopax, oKa3aH Ha KOHKpEeTHOM IpuMepe (cM. puc. 4.11). BeicokockopocT-
HOM IINWHJENb, YCTAHOBJICHHBIA Ha (PE3epHOM CTAaHKE, MUMEET YacTOTy
Bpamenust 10 30 Toic. MuH . [IImuHAens mpeacTaBIser coboit potop 1, Bpa-
HIAIOIINNACSA BHYTPH CTaTopa 2 B IBYX paHalibHBIX 3JIEKTPOMArHUTHBIX OIO-
pax 3 u 4 u oceBoii onope 5.

st obecnieyenust 6e3omacHoOi pabOTHl NP paguabHBIX Harpyskax,
MPEBBIMIAIONINX JOMYCTUMbIE, WIM MPU OTCYTCTBUU HAIPSKEHUS HA DJIEK-
TPOMAarHUTHBIX ONOpPaxX MPEAYCMOTPEHBI ONIOPBI-IOBUTENH 6 U 7, HA KOTOpBIE
JIOKUATCS pOTOP. B HEKOTOPBIX KOHCTPYKIMSIX IIIUHICIBHBIX Y3JIOB JUIS 3THX
L[€JI€N MCTOJB3YIOTCS IIAPUKOBBIE PAJHAIBHBIE U PaIUaIbHO-YIIOPHBIE TOJ-
IIUNHUKA. )11 COXpaHEHHs MMOCTOSIHHOTO IMOJIOKEHUS OCH POTOpAa MOCTOSH-
HBIM IIpY Pa3JIMYHBIX PAJAAIBHBIX U OCEBBIX HAarpy3Kax OTKJIOHEHHUS pOTOpa
OT LEHTPAIBHOTO TMOJOKEHHSI U3MEPSIOT JaTdukamMu (paauaibHeiMu 8 u 9,
oceBbiMu 10-12). Curnanbl paccorjacoBaHds MPeoOpasyrOTCs YIPaBIISIO-
neilt OBM B Tok B030yxIeHHS B OOMOTKAX, YEM PETyJIUPYETCS] MarHUTO-
JABUXKYINAs CUJIa, KOTOpask ¥ BO3BPAILAET POTOP B UCXOJHOE MOJIOKEHHE.

Bbi0op Tuma MarHMTHOW OMOPBI 3aBUCHUT OT YCJIOBHI 3KCIUTyaTallud
HINUHACIBHOTO y37a U ero ocodeHHocrei. [1o npuHuMy CO3AaHUS MArHUT-
HOTO IIOJII ONOPBI MOXKHO Pa3/eiIUTh HAa ONOPBI C MOCTOSHHBIM MArHUTHBIM
IIOJIEM U 3JIEKTPOMArHUTHBIE OMOPHI C ABTOPETYJINPOBAHUEM (C peryiupye-
MBIM MarHUTHBIM TOJIEM).
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Pa3nryHble KOHCTPYKIIMM MAarHUTHBIX ONOP IMOKa3aHbl HA puc. 4.12. Hau-
OobIIiee pacrpoCTpaHEeHHbIE B MIMUHACTBHBIX Y3J1aX CTAHKOB MOTYYMIH JJEK-
TPOMAarHUTHBIC OTIOPBI ¢ BHEIIIHEH aBTOMaTHUecKoW ctabumnuzanuei. [1o Bumy
BOCIIPUHUMAEMO HArpy3KH OTOPBI JCTST Ha paauaibhbie (puc. 4.12, a, 6), pa-
avanbHO-ynopHsbie (puc. 4.12, 6), ynopusie (puc. 4.12, 2, 0); no dbopme omop-
HON TOBEPXHOCTH — Ha IuiauHapudeckue (puc. 4.12, a, 6), KOHUYECKHE
(puc. 4.12, 6), xosbleBbie (puc. 4.12, 2, 0). A Taxke ONOPbI Pa3InIAOTCS 10
YUCITy TIap MOJTIOCOB.

B panuansHoit anekTpoMarauTHo# onope (puc. 4.12, a, 6) ¢ uuauHIPH-
YECKON OTMOPHON MOBEPXHOCTHIO Maphl MOJIFOCOB 3JIEKTPOMArHUTOB PACIIO-
JOXKEHBI B TUIOCKOCTH, TMEPHEHIMKYJSIPHOM K OCH BpalleHus Bama. Ban
coctouT u3 eppomMaranToB 1 u mmuuaens 4. CTaTop HETOIBUKEH, OXBAThI-
BaeT Bajl, HECET OOMOTKH S 3JIEKTPOMArHUTOB U JTATYMKHU 2 PaTUaIbHOTO T0-
JIOKEHUSI.

2
IO
~| H-- -
AN
0)
3 2 1
/
///4/
2 ! -
Ry
BEi !
8) 0)

Puc. 4.12. Dnexmpomacnummole onopwi:
1 — ¢peppomacnumul; 2 — oamuuku; 3 — cmamop, 4 — wnunoenb, 5 — 0oMOmMKuU

4.7.1. PacyeT xapaKkTepUCTUK 3NEeKTPOMarHUTHbIX onop

PaauanbHbIi 3a30p Ny MEXy BajoM U CTaTOPOM Ha3HAYAIOT B 3aBHCHMO-
cru ot guamerpa D mietiku mmmuaens (mpu D < 100 mm, hy= 0,03...0,6 mMM;
npu D = 100...1000 mmMm, hy= 0,06...1,0 mm). CpaBHUTEIEHO OOJIBINE 3a30-

88



pBI TIO3BOJISIIOT U3TOTOBJISITH Ball U CTATOP C OTHOCUTEIBLHO HU3KUMH Tpebo-
BAHUSIMU K TOUHOCTH.

MakcuMalibHOE 3HaY€HUE HArpy304HOM CIIOCOOHOCTH 3aBUCHUT OT MaTe-
puana WINUHAENS U €ro reoMeTpUYeCKHX pa3MepoB, nuamerpa D Bama u
mHbI L ctaTopa.

[IpenenbHast Harpy3o4Has CriOCOOHOCTh PaIMaIbLHOM OMOPHI

P=pDL, (4.47)

rae P — ynenpHas Harpy3ouHas crnocoOHocTh, MIla, KoTopast 3aBHCHT OT

MapKy MaTepralia, UCIOJIb3yEMOr0 JJIs1 H3rOTOBJICHUS BaJja.
[IpenenpHass Harpy3o4dHas CIIOCOOHOCTh OCEBOM 3JIEKTPOMArHUTHOM
OTIOPBI

I:):7Z-E(IQH _RB)Z’

rae R,,R, — COOTBETCTBEHHO HAPYKHBIM M BHYTPEHHUHN PaJMyChl CTaTOpA.

B 3aBucumocTH oT MaTepualia Onopsl yAeIbHYI0 Harpy304HYyIO CIIOCO0-
HOCTh BBIOUPAIOT B Mpejiesiax

7=0,5..1,0 MITa .

4.8. CpaBHeHMe BaXXHEMLIUX XapaKTepPUCTUK ONOp LWNUHAeNen

[lenecooOpa3HOCTh BEIOOpA THIMA OMOP B KAXKJIOM KOHKPETHOM CiIydae B
3aBHCHUMOCTH OT TpeOoBaHM M (HYHKIMOHAIHLHOTO HA3HAYCHUS IIMHH]IEITb-
HOTO y3JIa OIEHUBAIOT MyTEM CPABHEHMS BAKHEHUIINX XapaKTEPUCTUK OTOP
IIITUHICIICH.

Tounocmov epaujenuss 00eCTIEUHBAIOT OMOPHI BCEX THUIIOB, OJHAKO THJI-
pOCTaTUYECKHE, adpPOCTATHUECKHE U MarHUTHBIC OTOPHI MPH TOM YK€ MCXO/I-
HOI TOYHOCTH, YTO U OMOPHI C T€JIaMU KaueHHUs, CIIOCOOHBI 00ecreyuTh 00-
Jiee BBICOKYIO TOUHOCTb BpAIlleHMs HIMUHJENS 3a cueT 3 deKTa ycpeqHeHUs]
NEePBOHAYAJIbHBIX OTPEIIHOCTEH N3TOTOBJICHHUS.

Haubonbmyto orcecmkocms 1at0T POTUKOBBIE MOJIUIMITHUKU Kau€HUS,
BBICOKOH KECTKOCTU MOKHO JOCTUTHYTHh M C TUAPOCTATUYECKUMU IMOLIUII-
HUKaMU Onarojmapsi BO3MOXKHOCTH CO3JaHHsSI BBICOKHMX JaBIICHMH Macia B
MNOJIITUITHUKAX. A3POCTaTHYECKHE TMOIIIMITHUKY U3-32 MaJIbIX JaBJICHUN BO3-
AyXa WMEIOT >KECTKOCTh Ha TOPSAOK Huke. HemocTaTouHyro KECTKOCTb
UMEIOT MarHWTHBIC TOIIIUITHUKA. B MarHUTHOM MOIIIMITHUKE HEOOXOIUMBI
AIIEKTPUYECKUI TOK 3HAYMTETHLHOW BEIMYMHBI U HECYIAsi MMOBEPXHOCTh IS
TeHepaly CUJIBHOTO MPOTHUBOACHUCTBYIONIETO MOsl. Vcmonb30BaHue CHIT
MAarHUTHOTO TIPUTSDKEHUS ISl yIep)KaHUs pOTOpa MPUBOIUT K BHYTPCHHEH
HEYCTONYMBOCTH, U I €€ YCTpaHEHUs TpeOyeTcsl BeCbMa CIIOKHAsI CUCTEMA
ynpasieHus. YacTo MINUHJENIbHbIE Y3JIbl OCHAIIAIOTCS OJHOBPEMEHHO Mar-
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HUTHBIMH TIOAIMTUITHAKAMH Y TIOAIIUITHUKAMHU KaueHHUSI, KOTOPBIC BBITOTHSIOT
3alUTHYIO (PYHKIIMIO B CITydae OTKa3a MAarHUTHBIX MOIIUITHUKOB.

Oco60 BenuKo demnguposanue B TUAPOCTATUUYECKUX IMOIITUITHUKAX,
YTO MOBBIIIAET BUOPOYCTONUUBOCTD HECYIIEH CUCTEMbI M CHMIKAET IIEPOXO-
BAaTOCTh MOBEPXHOCTH 00pabaThiBaeMoil fetanu. OTCyTCTBYET aeMipupoBa-
HUE B MArHUTHBIX MOJIIMITHUKAX, B a9POCTATUYECKUX MOJAIIUITHUKAX JEMII-
¢bupoBaHUE 3HAYUTEIHLHO HIKE, Y€M B THJIPOCTATHUYECKHUX MOIIUITHUKAX
M3-3a COKUMAEMOCTH BO3/lyXa U MAJIOW €r0 YCIIOBHOM BA3KOCTH.

Bricokyto epyszonodvemnocnms B LIIMPOKOM JUANa30He U3MEHEHUS Harpy-
30K 00€CTIeunBalOT MOAMIMITHUKYA KaueHus. HanMeHbIie Harpy3Ku BbIICPIKH-
BAIOT a’POCTATUUECKUE MOIIMITHUKN M3-32 MAJbIX JaBJICHUN B CHUCTEME IU-
TaHUSL.

Ilomepu Ha mpenue B adpPOCTATHUYECKUX, MAarHUTHBIX MOAIITUITHUKAX,
0COOEHHO MpHU OOJBIINX CKOPOCTSAX, HAMHOT'O MEHbIIIE, YEM B OMOpaX JIPYTUX
tunoB. [ToaToMy OHU ABJISIOTCS Hanbosiee MEPCIeKTUBHBIMU IS IIITTHH IEICH
0Cc000 OBICTPOXOJIHBIX CTAHKOB.
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5. HAMPABNAKOLWWE METANNOPEXYLWX CTAHKOB

5.1. HazHa4yeHue M OCHOBHbIE TUMbI HanpaBnALWUX

Hamnpagnstomue A0mKHB 00€cleunBaTh TOYHOCTh NMEPEMEIICHUS JIBH-
KEHUSI WM MOJI0KEeHUs pabodyero opraHa CTaHka B CTaTUYECKOM COCTOSTHUH,
OBITh JKECTKUMHU, OJTOBEYHBIMH, 00JaJaTh XOPOIIUMH AeMIPUPYIOIIIMU
CBOVCTBAMU.

B crankax mony4msiiv NMPUMEHEHHUE HAIMpPAaBISAIONIME C Pa3IMYHBIM Xa-
pPaKTEpOM TPEHUS: HANPABISAIOIINE CMEIIAHHOTO TPEHMS, )KHJIKOCTHOTO Tpe-
HUS, a9POCTATUYECKNE U HAIIPABJISIIOIIME KAaUYEHUS.

HanpaB.ﬂmoume CMCHIAHHOIO0 TpPEHUSA XAPAKTCPU3IYIOTCS BBICOKHMM H
HEIMOCTOSTHHBIM 110 BeMn4YuHEe TpeHneM. CyleCTBEHHYIO Pa3HHILY IS 3TUX
HaIPaBJIAIONINX COCTAaBJISET 3HAYEHUE CUJIbI TPEHHS IMOKOs (CHIIBI TpOTa-
HUSA) MO CPAaBHEHUIO C TPEHHUEM JBUXKEHHs, KOTOPOE, B CBOIO OYEpeb,
CUJIBHO 3aBUCHUT OT CKOPOCTU CKOJIbKEHHUS.

3HauMUTENbHOE TPEHUE B HANPABJISIONIUX CMEIIAHHOTO TPEHUSI BbI3bIBA-
€T M3HOC U CHIKEHHUE JOJTOBEYHOCTH JeTaneil. ' TaBHble TOCTOMHCTBA Ha-
MPaBJISIONMX CMEIIAHHOTO TPEHUSI — BBICOKAs KOHTAKTHAs JKECTKOCTh U XO-
poime 1eMnpupyonme CBOMCTBA.

HaubGonee uenecooOpa3Has 005acTb NPUMEHEHUS HAMPABIISIONINX
CMELIaHHOT'O TPEHUS — YHUBEPCAIBHBIE CTAHKU C PYYHBIM YIIPaBICHUEM.

HanpasJjsiiomme >KuIKOCTHOTO TPeHHsI HCIOJB3YIOTCS B CTaHKax B OC-
HOBHOM B BHJI€ TUJPOCTATUYECKUX HAMPABIAIONINX, TaK KaK JJIA CO3JAaHUS
THJIPOIUHAMHUYECKOT0 3 (heKTa CKOPpOCTH IBUKEHHS, KaK MMPaBUIIO, HEAOCTa-
TOYHBI. JKHIKOCTHOE TPEHHUE B THJIPOCTATUYECKUX HANPABIISIOIIUX YCTPAHS-
€T MOTEePI0 YCTOMYMBOCTH M BO3MOKHOCTh CKaYKOOOpPA3HOro JBUKEHUS MPU
MaJIbIX CKOpPOCTSIX, OHU 00ECIEYNBAIOT BBICOKYIO UYBCTBUTEIBHOCTD MPU MO-
3ULIMOHUPOBAHUU U OTPAOOTKE MANbIX MEPEMEILICHUN.

B nanpaBisironux >KMIKOCTHOTO TPEHHUS OTCYTCTBYET M3HOC, U JIOJITO-
BEYHOCTh MX MPAKTUYECKH HE OTPaHUYECHA.

Bricokoe aemmndupoBaHue B HANPABISIIONIMX OOECIEYMBAET BBICOKOE
KayeCTBO MMOBEPXHOCTU IIPU OKOHYATEIBHON 00padOTKeE JIeTaleH.

HenocTtatku HampaBislFOIIMX UAKOCTHOTO TPEHHsI CBSA3aHBI ¢ HEOOXO-
JUMOCTBIO MCIOJIBb30BAHUS CJIOKHOW CHCTEMBI LIUPKYJSALUH, cOopa U TIa-
TEJIbHOM OYMCTKH Maciia, a TaKkke C TPYyAHOCTAMHU (PUKCAllUU y3j1a CTaHKa MOo-
ClIe €ro MepecTaHOBKM B 3a/laHHYI0 MO3HLHIO. JKEeCTKOCTh HaIpaBIISIFOIIMX
KHUJIKOCTHOT'O TPEHUS HIKE KECTKOCTH HANPABIIAIOIINX JIPYTUX TUIIOB.

[lenecoobpa3nas 00JacTh MPUMEHEHUSI HAMPABISIONIUX KUIKOCTHOTO
TPEHUSI — CTAHKU C BBICOKUMH TPEOOBAaHUSAMH K TOUHOCTH M IIEPOXOBATOCTU
MOBEpXHOCTEN 00pabaThiBaeMbIX JAeTaJICH.
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AjpocTaTHyecKkne HampaBJsilIHe UMEIOT 3HAUYUTEILHO MEHbIIIEE Tpe-
HUE TIPU JIBUKEHUM MO CPABHEHUIO C HAMPABISIONIMMU KUIKOCTHOTO Tpe-
Hus. [Ipu npexpaleHnu mojayu Bo3ayxa odecreurnBaeTcsl HaJeKHas (Puk-
calnus MOJABUKHOTO y3i1a. A3pOCTaTUYECKUM HAIpPaBIISIONIUM HE TpeOyeTcs
IUPKYJSIHUOHHAS CUCTEMA M0JJauyy BO3ayXa.

K HepoctaTkam a’pOoCTaTUYECKUX HANPaBISAIOMIMX OTHOCUTCS HX
CKJIOHHOCTb K aBTOKOJIE€OAHMSIM, HEOOJIbIIAs TPY30M0IbeMHOCTh, HEBBICOKAS
HaJIEKHOCTb.

[IpuMeHstOTCS a3pOCTATUYECKUE HAIPABISIONIME I TOYHOTO IO3H-
IIMOHUPOBAHMS CJIA00 HATPY>KEHHBIX Y3JIOB CTAHKOB.

HanpasJsiiomue kadyeHust 00J1aJaf0T MaJbIM TPEHUEM M U3HOCOM, a TpU
YCIIOBHH HAJIC)KHOM 3allIUTHI OT 3arpsi3HCHHUN 00ECIEYMBAIOT BBICOKYIO JIOJI-
TOBEYHOCTh, BBICOKYI0 KOHTAaKTHYIO >KECTKOCTb, OCOOEHHO POJIMKOBBIC Ha-
npasisonme. HemoctaTkaMyu HampaBisIOMUX KayeHUsl SBISIOTCS BBICOKAs
YYBCTBUTEJIILHOCTh K 3arpS3HEHUSIM U MOTPEIIHOCTSM H3TOTOBJIEHUSI, BHICO-
Kasi CTOUMOCTb.

Hampapnsitomiue kaueHdus MNPUMEHSIOT B 00pabaThIBAIOIIMX IIEHTpax
CBEPIUILHO-(PE3ePHO-PACTOYHOM Tpymiibl, cTaHkax ¢ UIIY BbIcOKON TOYHO-
CTH MaJIbIX W CPEIHUX Pa3MEPOB, KPYTIONUIM(OBAIBHBIX, OECIIEHTPOBO-
NUTH(QOBAIBHBIX CTAHKAX.

@®opMbI HANPABISIVINHUX PSIMOJIUHEWHOTO ABUKEHHSI B CTaHKaX clie-
OyIoLIMe: TPSMOYTOJIbHBIE (IUIOCKUE), TPEYTOIbHbIE (IPU3MATUYECKUE), Tpa-
MeUUeBUIHbIE (JIACTOUYKUH XBOCT) M UuiauHApudeckue. Kaxnmas w3 3TuX
($hopM MOXKET OBITh B BUJIC OXBATHIBAEMBIX U OXBATHIBAIOIINX HAIIPABJISIONINX
(puc. 5.1). YacTo UCNoNb3yIOT COUYETAaHUSI HAMPABISIOMINX pa3audHON dop-
Mbl. Hampumep, ofHa W3 HAMNpPaBISIONIUX BBIMOJHEHA NPSIMOYTOJILHOM,
a Apyrasi TpeyroJabHON WU B BUJI€ MIOJIOBUHBI TPANEIUEBUIHON (HOPMBI.

[IpsiMoyTOJIbHBIE HAMpPaBIAIOIIUME MPOCTHI MO (OpME, TEXHOJIOTHUHBI
MpU U3rOTOBJIICHUH U cOopke. B oxBaTbiBaeMOM BapHaHTE MCIIOJIHEHHS 3TH
HaIpapJisgIolMe, Kak U BCe APyrue (QOpMbl, MIOXO YAEPKUBAIOT CMAa3Ky,
a B OXBAaThIBAIOIIEM BapUAHTE XOPOLIO YAEPKUBAIOT CMA3Ky, HO HYKAAKOTCS
B HAJIC)KHOM 3aIuTe OT 3arpsA3HeHUi. JJI1 peryaupoBKH 3a30pOB TPEOYOTCS
IJIAHKU WK KIWHbBS. [IpsSMOyTrofbHbIE OXBAaThIBAEMbIE HAIIPABJISAIOMINE TPU-
MEHSIIOTCS ISl IOTIEPEYHH, CTOCK, B MPOTSKHBIX, TSKEIBIX TOKAPHBIX U ar-
peraTHbIX CTaHKaX.

TpeyronbHble HAIPaBISIONMINE B U3TOTOBJICHUU CJIOXKHEE MPSAMOYIOJib-
HbIX, OHU OO0JIaJal0T CBOMCTBOM aBTOMAaTHUYECKOrO BBIOOpa 3a30pOB MO
JeiCTBUEM COOCTBEHHOTO Beca y3ia. O0nacTb NpUMEHEHUS! 0XBaThIBAEMBbIX
HaIpaBJISIIOIIMX — CTaHUHBI TOKAPHBIX, PEBOJIbBEPHBIX, KOOPAMHATHO-
pPacTOYHBIX CTaHKOB. OXBAaTHIBAIOIIIUMHU HAIMPABIISIIONIMMHU CHA0XKAOT CTaHU-
HbI IPOJIOJIbHO-CTPOTaIbHbIX CTAHKOB.
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Puc. 5.1. Ocnosnvie popmul nanpasisiowux:
a — NPAMOY20nbHbIE; O — MPEY2ONbHbIC; 6 — MPANCYUCEUOHbLE,; 2 — YUIUHOPUHECKUE

% Oxsamvieaemble
aj

)

TpamnernueBuHBIC HAMIPABISIIONINE UMEIOT Majible TabapuThl 1O BHICOTE,
PEryJIUPYIOTCS OJHUM KIMHOM M IUJIAHKOW. OTH HAMNpPAaBIISIIONIUE CIIOKHBI
B M3TOTOBJICHUH, IJIOXO PabOTAIOT MPHU OOJIBIIIOM OMPOKHUIBIBAIOIIEM MOMEH-
T€, B HUX BO3HHUKAIOT OOJbIINE CHIIbI TpeHUs. OXBaThIBAEMbIC HAIIPABJISIIOLINE
HCIIOJIB3YIOT B cajla3kaxX CyINIOPTOB TOKAPHBIX CTAHKOB, OXBAThHIBAIOIINE — JIJIS
CTOJIOB (hpE3EPHBIX CTAHKOB, CTAHUH MOMEPEYHO-CTPOTATHHBIX CTAHKOB.

[unuHapruyeckue HaIMpaBIISIONIME OXBAaTHIBAEMOTO THIIA WMEIOT HU3-
KYI0 KECTKOCTb, MX NPHUMEHSIOT B OCHOBHOM MNpH Majol [JIMHE XOJa.
[Ipy 0XBaTHIBAIOIIEM BAPUAHTE y 3TUX HANPABISIOMINX CIOXKHO M3TOTOBUTH
MOJYKPYTJIbIE Ma3bl.

5.2. HanpaBnswwme CMeLaHHOro TPeHNs

5.2.1. MaTepuanbl HanpaBnAKLWKUX

Martepuansl, TpUMEHsSIEMbIE IS HAMpPaBISIONINX CMEIIAHHOTO TPEHUS,
JOJDKHBI  00JIaZiaTh BBICOKOW HM3HOCOCTOMKOCTBIO. KoadduumeHt TpeHus
JBIDKEHUS] HEOOXOAUMO UMETh HU3KUH U Maj03aBHCALINHA OT CKOPOCTH JIBH-
KeHUs1, KOAPOUIIMEHT TPEHUS TTOKOS TaK¥Ke JOJKEH ObITh HUZKUH.

Hanpasinsromye HeMOABMKHON JI€Tall 1eaeco00pa3HO U3TOTOBIATH U3
0oJiee TBEpAOro U U3HOCOCTOMKOIO MaTepuasa Mo CPaBHEHUIO C MaTepHUaIoM
U1 HAIIPABJIAIOIIMX TTOABMYKHOM JI€TalH.

Hanpagsuasiionue ux ceporo 4yyryHa. UyryHHbIE HAIIPaBIISIIOIIUE U3 CEPO-
ro YyryHa, BBIIIOJHEHHBIE 32 OJIHO Le0e ¢ 0a30BOM JeTallbio, HauboJee mpo-
CThl U JICLIEBBI, HO NP UHTEHCUBHOW paboTe He 00ecreuynBalOT HEOOXOIU-
MOM TOJNTOBEYHOCTU. M3HOCOCTOMKOCTh UYTYHHBIX HANpPAaBISIOMIUX TMPEIH-
3MOHHBIX CTAHKOB TMIOBBIMIAIOT JICTUPOBAHWEM MaTepuajga CTaHWH WIH
HAKJIaJHBIX IJIAHOK HHKEJIEeM, XpoMoM, MoiuOaeHoM. C 3TOH XKe IeNbio
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MPOU3BOJIAT MOBEPXHOCTHYIO 3aKaJIKy OJHOW W3 COMPSKEHHBIX MOBEPXHO-
creit 10 48...53 HRC» ¢ HarpeBoM TOKamM# BBICOKOW 4acTOTHI HIIM Ta30Ilia-
MEHHBIM METOJOM, a TaK)Ke MPUMEHSIOT 00bEMHYIO 3aKaJIKy IIJIaHOK W3 Jie-
TUPOBAHHOTO YyT'yHa.

N3HOCOCTOMKOCTh YYTYHHBIX HAINpPaBIISIIOIIMX MOKHO IMOBBICUTH IPHU-
MEHEHHEM CHEIUAIbHBIX MOKPHITUH. XPOMUPOBAHKE HAIPABIISIONIUX (CIIOM
XxpoMma ToamuHou 25...30 MKkM oOecrieyuBaeT TBEPAOCTh HAIPABJISIONIEH 10
62...72 HRC») moBsImaeT M3HOCOCTOMKOCTh B 4—5 pa3 IO CPaBHEHHUIO CO
CTaJIbHBIMU 3aKaJICHHBIMU HAIIPaBJISIONIMMHU.

[Tapy 4yryH-4yryH peKOMEHIYETCSl UCMOIb30BaTh MJIs HAIPaBIISIOIINX
CTAHKOB, BBITIOJHSIIOIIMX JIETKHE PaOOThI, XOPOIIO 3aIUIIECHHBIX OT 3arps3-
HEHUM, C YJIOBJIETBOPUTEIbLHBIM CMa3bIBaHUEM, ISl HEOTBETCTBEHHBIX Ha-
MPaBJISIONIUX.

Hanpasasitomme n3 cramu. HaknagHele HanpapisiiONMe HWMEKOT BHU/
MAaCCHUBHBIX IJIAHOK MPSIMOYTOJIBHOM M TpeyroiabHou (popm. X paboyas mo-
BEPXHOCTH J0JI’KHA 00J1a]1aTh BHICOKOW M3HOCOCTOMKOCTBIO TPH aOpa3uBHOM
W3HaAImMBaHuM. [1o3TOMYy TBEpAOCTh MOBEPXHOCTH JOJDKHA OBITH HE MEHEE
58 HRC». [ns atux neneit pekomenayercs ctanb 18XI'T, ynpounsemas ie-
MEHTAaIMel W Mocleayrome 00beMHON 3akankoi, ctans 8X®d, moaBeprae-
Masl 3aKajke ¢ MHIYKIMOHHBIM HarpeBoMm, ctaib LIIXI15CI ¢ o6bemHOl 3a-
Kajnkou. J[JIsi HanpapJAOMMX CTAHKOB BBICOKOM TOYHOCTH PEKOMEHIYETCS
azotupyemsblie ctai 30X3M® u 38XMIOA.

CranpHble HaNPaBIISIIONINE PEKOMEHYIOTCA JJIs CTAHKOB C YMCJIOBBIM
MPOrpaMMHBIM YIIPABJICHUEM, a TAaKXKe MJIsl JIETKUX U CPEAHUX YHUBEP-
CaJIbHBIX.

Haxnagneie HanpaBisiionyge Kpensar K 6a30BoM JieTaiu 1o BCe ux Jiu-
He. [Ipy MexaHMYecKOM KpEeIyIeHWW BUHTAMHU WM KPEIJIEHUH KJIeeM HeoO-
XOJIUMO TIpeAyCMaTpUBaTh HAACKHYIO (PUKCAIUIO IEHTPUPYIOUIUMH BBICTY-
MaMu B MONEPEYHOM HarpapieHuu. [I[pumMepbl KOHCTPYKIMI HAKJIaAHBIX Ha-
MPaBJISAIONIMX IPUBEACHBI HA puUC. 5.2, a—u.

Hanpapasiiomme u3 HamojaHeHHoro ¢gropomnacra. Hanmomuennsiii ¢ro-
POILIACT — ATO MOJUMEPHBIA MaTepuaj C HANOJHUTENEM U3 OPOH3bI, KOKCa,
rpadura, Tucynbpuaa MOTUOICHA, UTPAIOIINI POJIH CMa309HOTO MaTepHUaa.

Hamonaennwnii  propormmact ®4K15M5-JI-DA B Bujae JICHTBHI TOJIITH-
HOM 1,7 MM ¢ TOMOIIBIO MOKCUIHON CMOJIBI HAKJIICMBAIOT HA HANPABJISIOIINE
CTOJNa, cynmopTa, cana3ok. KoaduimenT TpeHus B HampaBsSIONUX W3 Ha-
MOJIHEHHOTO ()TOpoIiacTa B Mape ¢ YyryHOM WJIM 3aKaJe€HHOU CTalblo CO-
ctaisieT 0,04...0,6 1 B 00J1aCTH HUBKUX CKOPOCTEH CKOJIbKEHUS MaJlo U3Me-
HseTcs. [[s Takux HampaBJsSIOMIUX XapaKTEPHbI Majlasi Crjia TPEHHUsI, BRICOKAs
M3HOCOCTOMKOCTh, JOCTATOYHAs KOHTAKTHAs >KECTKOCThb. Hampamistomue u3
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HaIOJHEHHOTO (hToporuiacTa NpUMEHsIOT B cTankax ¢ UIIY, Tskenbix v BbI-
COKOTOYHBIX.

KoHcTpykius HakIaHON HaNpaBisIoIeld U3 HAITOJIHEHHOro (GTopoIuia-
CTa IpUBEJICHA Ha puc. 5.3.

NN
N
2

5

K) u)

Puc. 5.2. Koncmpykyuu HakiaoHwix Hanpasisiowux

Jlenta 1 momemaerca B yriyoOneHue, oOpabOTaHHOE Ha HaNpPaBIISIOLIEH
cronia 2 (cMm. puc. 5.3, 6). J1st pukcaryu JSHTHI ¥ TIOBBIIICHUS IPOYHOCTH Kpe-
TUIEHUSI €€ KOHIIOB K 000MM TOpIlaM CTOJa OONBIINX Ta0apuTOB MPHUKICHBAIOT
TEKCTOJIMTOBBIC TUIAHKH 3, KOTOPBIC JOTIOJIHUTEIBHO KpersT BuHTamu 4. Ecnu
IUIAHKU HE MPEAYCMOTPEHBI, PACCTOSIHUE OT KOHLIA MTPUKIICEHHONW HAKJIAaJIKU J10
TOpIIA CTOJA JOJDKHO COCTaBIATh 5 MM (puc. 5.3, g). s 3ammTsl GOKOBBIX
KPOMOK HAalpaBJISIOIUX OT CMA304YHOTO0 Macjia U OXJIAXKIAIOUIEH XKUIKOCTH
UCMOJIb3YIOT AaHTU(PPUKIMOHHBIE MAcTOOOpa3HbIE SMOKCHIHBIE KOMIIAyH]IbI
(cMm. puc. 5.3, 2). CMa30uHbIe KaHABKHA HA TOPU3OHTAILHBIX HAIPABIISIOMINX M3
HAMOJIHEHHOro (PTOpOIIacTa BBIMONHAIOT TeX e KOH(UTypauuid, 4To W Ha
YyryHHBIX. YaIle BCero UCmob3yIoT NOMEPEeYHbIE KaHABKH C MOJIBOIOM Macia
B KQXIyI0 U3 HUX (cM. puc. 5.3, a). lllupuHy KaHaBKU 6 BRIOMPAIOT B 3aBUCH-
MOCTH OT IIUPUHBI HATIPABJISIOMICH '

¢, MM 20..30 30...40 40...60 60...100 100...200 200...300
8, MM 4 6 8 10 18 25
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Puc. 5.3. Koncmpykyuu naknaonvix Hanpasisowux u3 HANOIHEHHO20 GmMoponiacma

Ha manpapisironux y3710B, MEPEMENIAONIUXCsl BEPTUKAIBHO, CMa304-
HYI0 KaHaBKY M3TOTaBIMBAIOT S-00pa3Hoi GopMEI (CM. puc. 5.3, 0); C TIENbIO
JTYYIIEeTo yAEpKaHHUs Macja MONepeyHble €€ YYacTKH JeTal0T ¢ HeOOIbIINM
HAKJIOHOM.

5.2.2. PacyeT HanpaBnsALWmX

B pesynbrare pacdera HaXOIAT pa3Mepbl HAMPABIISIONINX, YIOBICTBO-
pAIONINE KPUTEPUSIM M3HOCOCTOMKOCTH M jKecTKOCTH. [1o TpeGoBaHMIO M3HO-
COCTOMKOCTH OTPaHUYMBAIOT JIOMYCTUMBIC IaBJICHUS HAa paOO4YMX TpaHIX Ha-
NPABIIAIOIMINX, a 1O TPEOOBAHHUIO IKECTKOCTH JIMMHUTHUPYIOT KOHTAKTHBIC
nedopmanuu. [laBneHus Ha paOoYMX MOBEPXHOCTSAX HAMPABISIONIMX OIMpe-
JENSIFOT MPUOIMKEHHBIM METOJOM, CIPABEAJIUBBIM JIJIsl T€X CIy4yaeB, KOrja
COOCTBEHHAsI JKECTKOCTh COIPSIKEHHBIX 0a30BbIX JE€Tajeil CyIIECTBEHHO
OOJBITIIe KOHTAKTHOM JKECTKOCTH Harpapistomux. [Ipu aToMm mpeamnonararor,
YTO MO JIJIMHE HAIMPaBISIOMNUX JABJICHUE B KOHTAKTEC M3MEHSETCS JIMHEIHO,
a TI0 MTUPUHE OCTAETCS MTOCTOSTHHBIM.

MeToauky pacdera HAMpaBiSIONIMX Ha W3HOCOCTOMKOCTH PacCMOTPUM
MPUMEHHUTEIBHO K MPSAMOYTOJIBHBIM HampasistonmmM. [[lupuaa ux paboumx
rpaHei Ha puc. 5.4 o0o3HaueHa OyKBaMu da, b, ¢, paccTosiHUE MEXIy cepeu-
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HaMu rpaHeil — OykBoii By, anmuHa crona — L. Hauano koopauHat BeIOpaHo Tak,
yTOOBI OCh Z Jieuiia MomnoJiaM MIMPUHY a HampaBJisitoed u anuny L ctona.
Pacuetnyio cxemy M300pakaroT JjIsl MOJABHXKHOTO y3/1a NpU JCUCTBUM Ha
HEro BCEX CHUJI: COCTABJISIIOIIMX CHJIbI PEe3aHusl, MacChl y3ia, TATOBOW CHUJIbI, pe-
aKIuil Ha pabOYMX IPaHsIX HAMIPABIISIOIIUX U COOTBETCTBYIOIUX CHII TPEHHUSL.

Puc. 5.4. Pacuemnas cxema HanpaesaAiomux CMEWUAHHO20 MperHUs

[lo pacueTHON cxemMe M BBIOPAHHOW CHCTEME KOOPAMHAT COCTABJISIIOT
ypaBHEHHSI PAaBHOBECHS MOJBUKHOTO y3sa (puc. 5.4, a) U nMpUBoja C X0J0-
BBIM BUHTOM (puc. 5.4, 0).

> =0, P+ f(A+B+C)-Q=0;
>.,=0B-P, =0,

> =0, A+C-P,-G=0;

> M, =0; Ry, +Gd -CB, - PH =0; }
>'M, =0; —PH -Px, —Cx, + Ax, —Qz, =0;

(5.1)

> M, =0; Py, +Px, —Qy, — Bx, + fB(BO +%)+ fCB, =0.

B cucreme ypaBHeHHit ceMb Hem3BecTHBIX A, B, C, Xa, Xg, Xc, Q.
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N3 nepBbIX 4YeTHIpEX ypaBHEHUW OMpENENIsIEM PEaKIUM Ha TPAaHSAX Ha-
MPABJISIONIUX U TATOBYIO CHITY:

A:PZ+G—PZyp—+Gd;
BO
B=R;
Py, +Gd (5.2)
B,
Q=P +f PL+R +G |

Peakiiuy Ha rpaHsAx HAIPaBJISIOMIMX MO3BOJISIIOT OMPEACIIUTh BETHYHHY
CpPEHUX JIaBJICHUI:

A A
P =
A al
B
P =—; 5.3
B bL} (5.3)
C
P =
oL

Jlns ompeneneHuss MaKCUMaJIbHBIX 3HAYCHUN JIaBJICHUN HEOOXOJIMMO
MPEABAPUTEIIPHO HAWTH KOOPJAWHATHI PABHOJACUCTBYIOIIEH Xa, Xg, Xc.
JI1s1 3TOro K OCTaBIIMMCS HEHCIIOJIb30BAHHBIMU JIByM IOCJIEIHUM YPaBHECHU-
SAM PABHOBECHSI COCTABJISIOT JONOJHUTEIBHOE YPABHEHUE IEPEMEIICHUM.
[Ipenmonaraem, 4T0O MOMEHT BHEIIHUX CUJI OTHOCHUTEIBHO OCH Y paBeH MO-

MEHTY OT pE€aKIMi B HAITPABJISIOIINX:
P, X, + P -H +Qz, = Ax, +CxX.. (5.4)

A Tax)Xe CUMTAEM, YTO MOMEHT BHELIHUX CHJI PACIPEAEIIAETCS MEXIY ABYMS
HaIIPaBJIIOIMMHU MPOIOPIUOHAIBHO UX KECTKOCTH, T. € IMPONOPLHUOHAIBHO
I PUHE!

Ax, _2, (5.5)
C

CXc
[TonyuenHoe ypaBHeHuUE (5.5) BMecTe ¢ IBYMs ypaBHEHUSIMU PaBHOBE-
CHA IO3BOJIICT OIPEACINTE KOOPAHMHATHI Xa, X, Xc. Ecnu onna u3 HalIpaB-

JSIOIIMX TPEYroyibHasA, TO €€ 3aMEHSIOT B ypaBHEHUH (5.5) TIIOCKOH Mpu3ma-
THUYECKOW HAITPABJISIONIECH C MPUBEACHHON IIIUMPUHOU

d =acos’ « +bcos 3, (5.6)

r7e @, [f— yriibl HakJIoHa pabodnXx TpaHell TPEYroJbHON HAIPABIISIONICH.
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Pmax
p min

L

Puc. 5.5. Pacnpeoenenue oaenernuil
no OnuHe paboyeil NOBEePXHOCMU HANPABISIOUUX

MakcumanbHble aaBiacHus (puc 5.5) Ha pabOYMX TpaHSX HAMPABIISIO-
IIUX OTMPEEIIIOT 10 (hopMyIie, CBA3BIBAIOIICH NaBICHUS C PABHOICHCTBYIO-
e ¥ KOOPJAUHATOMN €€ MPUIIOKECHUS,

A 6X
pmaxA aL |_ ( )
B 6X
=—|1+—8 |; 5.8
pmaxB bL I_ ( )
C 6%,
= |14+ 22¢ |, 5.9
pmaxC CL L ( )

Ecmu B popmyne (5.7) Xa = 0, To pacmpeneneHue JaBiICHUA BIOJb Ha-
y L y
npasisoniei paaomepHoe. [pu 0< X, < 5 HOJTy4aeTcsl Tpanereun1aibHbIi

1

3aKOH pacIpeleIcHHs JABICHUH, a MPU X, :6 JABJICHUS PACIIPEIEISAIOTCS

1 y
1o tpeyronsHuky. Korma X, > 5 paboyasi rpaHb HAIPABJISIIOLIEH HArpyXeHa

HE 110 BCEW JIMHE, a Harpy3Ka JIEUCTBYET HAa HIKHIOIO IUIAHKY.

CunTaercs, 4TO U3HOCOCTOMKOCTh HAMPAaBJISIOUIMX OyAET TOCTATOYHOMH,
KOI'/Ia ITPU MAJIOM CKOPOCTH CKOJIBKEHUSI MaKCHUMAJIbHOE JIaBJICHHUE HE BBILIE
2,5...3 Mlla, npu 6omab110# ckopoctu — He Bbie 1...1,2 MIla. Jlomyctumoe
CpeaHee JABJICHHUE PAaBHO MOJIOBUHE JOIYCTMMOIO MaKCUMAJIBHOTO, I Ha-
MPABIIIONIUX NPELU3HOHHBIX U TsKeNbIX cTaHkoB — 0,1...0,2 MI]a.

Pacuer HampaBiAOIMX Ha JKECTKOCTh BKIIKOYAET OINPEAECIECHUE KOH-
TaKTHBIX Jeopmanuii ux pabouux rpaneit. [Ipeanonaraercs, yto nedopma-
LMY IIPOTIOPLIMOHAIIBHBI TABJIICHUSIM p Ha IPAHSIX:

5=kp, (5.10)
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riae K — ko3 pHUIMeHT KOHTaKTHOW MOAATIUBOCTH, KOTOPBIH YCTaHABIINBAIOT
YKCIIEPUMEHTATBHO WK OPUEHTHPOBOYHO IPpHHUMAOT K = 10 MxM-Mm*/H.

KoHnrtakTHbIe Medopmaluu mpuBOAIT K TOUKE MPHIIOKEHUS CUJT PE3aHuUs
(puc. 5.6) U yYUTBHIBAIOT MO TEM HAIPABJICHUSIM, KOTOpPHIE BIUSAIOT HA TOY-
HOCTh 00paboTku. [lomepeunoe cmereHne HHCTPYMEHTa OTHOCUTENIBHO Jie-
Tanu (B HampaBjeHUU ocH Y) oOpa3yeTcs 3a CUeT MOMEPEYHOTO W YTIIOBOTO
MepEMEIICHUI TOJABUAKHOTO y3Ja.

5=kp, + k% H-MicM, (5.11)

0

0, =0 i

Puc. 5.6. Pacuemnas cxema sorcecmrocmu HanpaesAroumux

VYhpyrue nepemMenieHus Ha HalpaBISIIOIIUX BXOASIT KaK COCTABIISIONIAS
4acTh B OOIee yNpyroe mepeMenieHne BCel HeCyIleil CUCTEMbI U JTUMUTHU-
PYIOT UX TpeOOBaHUS K TOYHOCTH 0OpaOOTKH.

5.3. F'nppoanHamuyeckne HanpaBnaoLwme

Co3znanue )XUIKOCTHOTO TPEHUS, OCHOBAHHOTO HA TUIPOAMHAMUYECKOM
s dekTe, B HANPABISAIOMIMX MPIMOIUHEHHOIO U KPYroBOTO JBUKEHHUN BO3-
MO’KHO TOJBKO NPHU JAOCTATOYHO OOJBIIUX CKOPOCTSIX B MPHUBOJAX TIABHOIO
JBYOKCHUS.

['uapoauHamMuuecKe HapaBisIoNIie UMEIOT KIIMHOBBIE CKOCHI M TIOTIe-
pEeUHbIEC KAaHABKH ISl MX pasfeneHus (cMm. puc. 5.7).
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Puc. 5.7. I'uopoounamuuecxkue nanpasisarowue

Kputnueckoe 3HaueHne CKOPOCTH, HEOOXOAUMOE AJISl CO3/IaHUs THIPO-
nuHaMu4eckoro ddexra,

2
V> 2,4-107% m/c, (5.12)

2

uL°B

rae P — o01mas Harpy3ka Ha HaIlpaBJISIOIIYIO, Ny — MUHAMaJIbHAs TOJIIIMHA
cMazouyHoro cios (mpuaumaroT B npenenax 0,06-0,01 mm); W — nuHammde-
ckuil koadduiment Bszkoctu, Mlla-c; L, B — cooTBeTCTBEHHO JIJTMHA U IITH-
pHHA HAIPAaBJISAIOLIEN, MM.

Ycnosue (5.12), obecrieunBaroiiee KUIKOCTHOS TPCHUE Ha OCHOBE TH/I-
ponuHaMmudeckoro 3(dekra, mpeacTaBiIeHo Ha puc. 5.7 IS ONTUMaIbHBIX
T€OMETPUICCKUX TTApaMETPOB HATIPABJISIONIECH.

CyIecTBEHHBIM HEIOCTATKOM THUAPOJUHAMUYCCKUX HAMPABIISIONIAX
SBJISICTCSI HAPYIIICHNE JKUIKOCTHOTO TPEHHUS B MEPUOABI pa3rOHA U TOPMOKE-
HUS, a TaKXe CIOXHOCTH B IMOA0OpPE MapaMeTpOB T€OMETPUH KIMHOBOTO
CKOca JUTs OOJIBIIIOTO JAMarna3oHa CKOPOCTEH U Harpy3oK.
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5.4. F'nppocraTtmyeckue HanpasnswLme

I'mapocratryeckre HaMpaBIIsIONIUE IUPOKO UCTIONIB3YIOTCSA B CTAHKAX B
CWIy psiia JOCTOMHCTB: BBICOKHE IEeMI(UPYIOIINE CBOWCTBA, paBHOMEp-
HOCTb U BBICOKAasl YyBCTBUTEIBHOCTh TOUHBIX MCIOJHUTEIBHBIX JBHKCHUH,
PEXKUM KUIKOCTHOIO TPEHUSI 00ECIEUMBACTCS MPH JIOOBIX CKOPOCTSIX (M B
CBSI3U C 3TUM TOJIHOCTBIO yCcTpaHseTcs usHoc). K HegocraTtkam rugpoctaTu-
YECKHUX HaIPaBISIONIUX CIEIYET OTHECTH IPOMO3AKOCTh THAPOCUCTEMBI, He-
00XOAMMOCTh XOpoIleld (UIbTpallMd Macia, TIIATeIbHbIN yXO/, TPYAHOCTH
C Ha/Ie)KHOM (hUKcalelt nepeMeniaeMoro y3ma.

['mapocraTnyeckre HaPaBIISIONIUe OBIBAIOT PA30MKHYTHIMU (pHC. 5.8, @)
U 3aMKHYTBhIMH (puc. 5.8, 6).

a) 6)

P
7 p=ni

Dot

% % Buo A Buo b

A\ ) =
L@ @ B 5
2
— | Y
7 =3
=) »///-W "%L B,
1—m - 5
4 3

i

?1

Puc. 5.8. I'uopocmamuueckue nanpasisrowue
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Macio noj AaBieHHEM NOJAETCA 4Yepe3 Apocceib B KapMaHbl HAa Ha-
MPaBJISIOIUX, OTTY/Aa OHO BBITEKAET HAPYKy, IPEO0JIeBasi IPU 3TOM COIPO-
TUBJICHHUE B 3a30pax. B pa3oMKHYTBHIX HampaBisIOLIUX C YBEJIMYCHHEM Ha-
rpy3ku P 3a30p h ymenbInaercs, a 1aBjicHue Macia B HeM Bo3pacraet. B pe-
3yJIbTaTe€ HOBAsl Harpy3Ka ypaBHOBEIIMBAETCS BO3POCIINM JAaBJICHUEM MacJa.
[Tpu 3aMKHYTBIX HaMpaBJISIOIIMX JaBJICHHEM B 3a30pe N; KOMIECHCHPYIOTCS
HarpysKka M JaBlicHHE B 3a30pe h,.

He3zamkHyThIE HampaBISIONINE TPUMEHSIOTCA MPU JOCTATOYHO OO0JIb-
10 HAYaJIbHOUM HArpy3Ke ¥ MPU HE3HAYUTEIHLHOM €€ U3MEHEHUU B MPOLIECCe
paboThl cTaHka (He Oosiee yeM B 2 pasa). B ocranmpHBIX ciydasx ciemyer
MIPUMEHSITH 3aMKHYThIE HAMPABIISIIOLIUE.

['mppocTaTyeckue HampaBIAIOMIME OOBIYHO BBIOJIHSIOTCS MPOCTON U
TEXHOJIOTMYHOMN MPSIMOYTOJIBHON (POPMBI.

Macio k HanpaBJISIOIIMM MMOJABOAUTCS Pa3HbIMU CIIOCOOAMHU: Yepe3 ApOocC-
CeJlv, YCTAaHOBJICHHbIE Mepe/ KaKIbIM KapMaHOM (ITUTaHUE C APOCCENbHBIM pe-
I'YJMPOBAHUEM); OT OTIEJILHBIX HACOCOB ISl KAKIOrO KapMaHa (ITUTaHUE 1O
CXE€Me Hacoc-KapMaH); 4epe3 aBTOMAaTHYeCKHUE PEryJsTopbl nojaud. Jins Ha-
MPABJISIOUINX C CUCTEMOM MUTAHUS 10 CXeMe Hacoc-KapMaH (puc. 5.8, ) wiu ¢
CHCTEMOH, CoJiep KaIliell OJJMH HAcOoC U JICJMTENh ToToKa (puc.5.8, 6), xapak-
TE€pHA TMOBBIIICHHAS KECTKOCTh MACISIHOTO CJOs. TakMMH CUCTEMaMu OCHa-
IIAIOT TSOKENbIe CTaHKHU (KapycelbHbIEe, MPOAO0TIbHO-Ppe3epHbIe). Bhicokyro
KECTKOCTh U TIOCTOSTHHYIO TOJIIMHY MACIISTHOTO CJIOS 00ECTICUHBAET aBTOMa-
TUYECKUN PEryJISITOp JIaBJICHUSI, B Kaue€CTBE KOTOPOTO HCHOJIBb3YIOT MEM-
OpanHbIl perymsaTop (puc. 5.8, 2). 3a3op H mexmy coruioM 4 u MmeMOpaHo# 3
U COMPOTUBJICHUE PETYIIATOPA M3MEHSIOTCS B 3aBUCUMOCTH OT TOJIIUHBI N
MAacCJSHOTO CJIOS B HanpaBsAOmMX. [IpumMeHeHue nofo0HbIX pEryisiTOpoB B
CHUCTEME TMHUTAHUS HE3aMKHYTBIX HAMpPABISIOMIMX TO3BOJISET HW3MEHATH
BHEIIIHIOIO HArpy3Ky 110 S5 pas.

KapmaHnbl Ha HanpaBIAIOMMX TOJABUKHOTO Y3JIa BBITIOJHSIOT B BUIE Ka-
HaBOK. Ha y3koii HampaBisiolieil aeiaroT OAHy KaHaBKy (puc. 5.9, a),
Ha MIUPOKOW — HECKOJIbKO TapayienbHbIx (puc. 5.9, 6, 2). Ilpu I/b > 4 npo-
JIOJIbHBIE KAHABKU COCIMHAIOT morepeyHsiMu (puc. 5.9, ). Pasmeps! kapma-
HOB npuBeeHb! B Ta0n. 11.7 [12]. Yucmo kapMaHOB OKa3bIBacT BIUSHUE HA
paborocniocoOHOCTh Hamnpasistomux. s Hanpasnsromumx 10 200 MM pexo-
MeHayeTcs 2—4 kapMmaHa.
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Puc. 5.9. Kapmanwi cuopocmamuueckux Hanpasisiiowux

5.4.1. PacyeT HanpaBnAKOLWMX

PaccuunThiBas HanpaBIIAIOMIKME, ONPEAEISIIOT HArpy304HYIO CIIOCOOHOCTD
1 KECTKOCTh HAIPaBJISIOIINX.

JI7s He3aMKHYTBIX HaNpaBiSIONIUX TPU MUTAHUM MO CXEME Hacoc-
KapMmaH (cM. puc. 5.8, a) cupaBeIJIMBO BbIpa)KE€HUE HArPY304YHOU Croco0-
HOCTH

P=p.F,, (5.13)

rae p, — AasieHue B kapMane; F, =C.F — sddexTrBHad muomank, y4uTsl-

BaIOIas [1a/ICHNE AABJICHUS B IIEJIEBOM 3a30D€.
Kos(ddunueHT C. OnpenensoT B 3aBUCHMOCTH OT ()OPMBI HAIIPABJIAO-

IMX U KapMaHa.
JIns cHMMETpUYHON TPSAMOYTOJIbHOM HAPAaBIIAOILEH

c. L oBiLB+2b+Lb (5.14)

6LB
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rre L, B — cooTBeTCTBeHHO JUIMHA U IIMPHUHA Hanpasisomei; |, b — cooTet-
CTBEHHO JUIMHA M IIMPUHA KapMaHa.

[TocrosiHHbIN pacxon cMazku Q, mpoTeKarolleil uepes 3a30p, CBS3AH C
JaBJICHUEM B KapMaHE U CONPOTUBIICHUEM Inenu R:

_Pc
Q="%. (5.15)

MMpHUYICM COIIPOTHUBIICHUC LIS MOKCT OBITH MMpCACTAaBJICHO B BUAC

R=L¢ (5.16)

:F q

rae 4 — IUHaMHYeCKUH KOd(QUIEHT BA3KOCTH; N — BEIMUMHA 3a30Da; Cq—
K03 PUIMEHT, 3aBUCAIIUMN OT POPMBI HAMPABIIAIONICH U KapMaHa.
JIns IpsAMOYTOJIBHOTO KapMaHa

(B—b)(L-1I)
(L—)+b(B—b)"

C yuerom BeIpaxkenuit (5.15) u (5.16) Harpy304Hyt0 CIOCOOHOCTH TH]I-
POCTAaTUYECKOW HANPABIISIOIEW MOKHO IPUBECTH K BULY

¢, ~0,5-10° (5.17)

QuFc.c, ¢
Pz—h3F ! :h—g. (5.18)
KectkocTh HGSaMKHyTOﬁ HaHpaBHH}OIHeﬁ C IIOCTOAHHBIM PaCX0J0M
. dP P
=— =-3—, 5.19
1=~ 31 (5.19)

IIPUYEM 3HAK MUHYC O3HAYAET, YTO C YBEJIWYECHHEM HArpy3KH 3a30p YMEHb-
I1AETCH.

JemnupoBaHue B THAPOCTATUYECKUX HAMPABISIONIMX BHIINIE, YeM B
HAIIPaBJIIOIINX BCEX APYTUX TUIIOB, U XapPAKTEPU3YETCs CUIION CONTPOTHUBIIE-
HUS, BO3HUKAIOUIEH MpU COIMKEHUH MOBEPXHOCTENW C HEKOTOPOW MOCTOSH-
HOM CKOpOCTBIO. [l MpsAMOYTOJIBHBIX HAIPAaBIAKOMIMX C KAPMAHOM JIEMII-
dbupyromas cuia

L s s dh
P=—(B°-b")—, 5.20
(8-S (5.20)

rae L, B — cooTBeTCTBEHHO AIMHA M IIMPHHA HAIPaBJISIONICH; D — mupuHa
KapMmaHa (kaHaBKH); N — HadanbHas (CpeaHss) BEIUYMHA 3a30pa.
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5.5. AspocTtaTuyeckue HanpasnsaoLwmue

B aspocrarnuecknx HampaBIsSIOMKUX B KAU€CTBE Pa3ICTUTEIHLHON CPEIbI
MEX/y TTOBEPXHOCTSIMU CKOJIbKEHUSI UCTIOIB3YIOT BO3/YX, BCIEICTBUE YETO
MOSBJISAETCS MHOIO OTJIMYUTENILHBIX ocoOeHHOCTer. OTmamaeT HEOOXOIU-
MOCTh B YIUIOTHEHHUSIX M MarucTtpaisx cOopa pabouero tena (Bo3ayxa);
BCJIEZICTBME MEHbIIEH BS3KOCTU Bo3ayxa (Oonee, yem B 1000 pa3 meHblie
BS3KOCTH Maciia) cujia TPeHHsI HUYTOXKHA Maja; B 3TUX HAIPABIISIFOIINX BO3-
MOXHO TOSIBJICHHE BUOpalMil (TUIa THEBMOMOJIOTKA) M3-3a CX)KUMAaE€MOCTHU
BO3/lyXa; TpeOyeTcsi MpUMEHEHUE BO3yXOCYIIUTENEH, BOAOOTACIUTENEH U
KOPPO3HOCTOMKHUX MATEPHAJIOB; W3-3a HU3KOW BSI3KOCTH BO3]lyXa HEBO3MOXK-
HO CO3/aTh BBICOKHE JaBJICHHUS HA HAIPABJISIONINUX, TOITOMY HECyIlas CIIO-
COOHOCTBH UX BO MHOTO pa3 HUXKE, YeM TUAPOCTATUICCKUX HAMPABIISIONIHX.

KoHcTpykTuBHOE OQoOpMIIEHHE a’pOCTATHYECKUX  HAMPABISIONINX
(puc. 5.10) ocHOBaHO Ha pa3/eICcHUU Bcel paboyeill MOBEPXHOCTH Ha He-
CKOJIbKO KapMaHOB C HE3aBHUCUMBIM TTOJIBOJIOM U paclpeieICHuEM BO3TyXa.

s Kapmansl u pacnpenenu-
| e II J A-A4 TEJIbHBIE KAaHABKU CIIEAYET [e-

Wan f | JaTh HEOOJIBUIMMU 10 00BEMY

Do U3-32 OMAaCHOCTH TOTEpPH ycC-
, )~ TOWYUBOCTU M CaMOBO30YX-
; P, JICHUST WHTCHCUBHBIX KoyeOa-
: Huil. OOBIYHO TPUMEHSIOT
l MUKPOKaHABKHA TPEYTOJIHHOTO
-—--—T-——\-\: npodusis U Mayiol TIIyOWHBI,
a1l T COOTBETCTBYIOLIEH  YCIOBHIO

i oOecrieueHus: yCTOWYMBOCTH,

j Korja o0beM BO3lyXa B Ka-

HaBKe B 4—5 pa3 MeHblIEe 00b-
eMa BO3/yXa B IIEJH

t<./0,7Bh, (5.21)

rjae B — mmpuna onopsr; h — ToIMHA MIEIH.

[Ipu 3HAYNTETHLHON MIMPUHE OMOPHI UCIOJIB3YIOT MUKPOKAHABKU 3aMK-
HYTOU (DOPMBI, KaK B THAPOCTATHYECKUX omopax (cMm. puc. 5.9). Bozmyx ue-
pe3 npoccenupyromiee orsepcrre (d = 0,2...0,8 MM) MOABOIUTCS K ICHTPY
MUKpPOKaHABKH 1OJ] n30bITouHbIM naBieHueM 0,4...0,5 MIla ot maeBmMoceTH,
3a30p B Hamnpasistomux B penenax 0,01...0,025 mwm.

Harpy3ouHasi cmoco0HOCTh A’POCTATUUYCCKUX OIOp OMpEesieTCsS Ha
OCHOBE 3aKOHa pacmpe/IeieHus JaBJICHUHN B 3a30pe. Y CII0BUE HEPA3PBHIBHOCTH
BO3JIYIITHOTO TMOTOKA W JOMYIIEHHWE, YTO HMCTEUYCHUE MPOUCXOJHUT TOIHKO B

h

B

Puc. 5.10. Aspocmamuueckas onopa
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MONEPEYHOM HaIPaBJICHUH, TIO3BOJISIET ONPECTUTh MOBEMHYIO CUITY OMOPHI
C OJTHOM KaHaBKOH

P= Blfp(k), (5.22)
rIe fp(k) — KO2(pPULIUEHT, 3aBUCAIIUN OT XapaKTEPUCTUKH OTIOPHI,

Ih3
Bt*

k=173 (5.23)

Kooddumuent f (k) mpu pacdere marpysounoii cmocoGHOCTH Ha3Ha-

YarOT B 3aBUCUMOCTH OT XapaKTEPUCTHKH K W TIOJBOJMMOIO B KaHABKY JIaB-
nenus Pg (puc. 5.11).

! ITo ycnoBuw ycroiuu-
Je ()
™ BOCTH XapaKTEPUCTUKY OIIO-
=Ll= ] pel K criemyer orpaHMYuBaTH
TT"""-....‘ WHTEPBAJIOM 3HAUCHUI
2 N et
4 39 [T 0,3<k<2.
.""'I-u.-‘:z
| .':?'""-. JKecTkocTh HE3aMKHY-
3 ';2;5 TBIX A3POCTATHYECKUX OIOP
1 ""--...L; J \ U HampaBJIAIOMIUX BbIpaXKa-
t 58 . €TCS TaKXKe 4Yepe3 XapakTe-
=2 24 ™
Pk (53 N pHCTHKY K OmIOpBI.
ancih
™~ . Bl
A J=Ffj(k, Po), (5.24)
00,1 0,5 1 1,52 k
Puc. 5.11. Kosgpgpuyuenm naepyzounou Tae fj(k’ Po) — KoahPuIm-
CNOCOOHOCMU A3POCMAMUYECKOU ONOpPbL CHT JKECTKOCTH, KOTOPBIHA

npubamxeHHo paseH 0,5pg.
JlnameTp npoccenupyromiero oTepctus d Mpu MPOSKTUPOBAHUH M PacyeTe
MOXHO OpaTh paBHBIM TJIyOMHE KaHABKU U OMPEACISIThH o dopmydie (5.21).

B mpoMBIIIIEHHOCTH a’pOCTaTUYECKUE HAMPABISAIONME MPUMEHSIOT
JI0CTaTOYHO peako. O6nacTh UX UCIOJIb30BaHUSI OIpaHUYEHA METPOJIOTHYE-
CKUMH MaIllMHAaMU U TIPUOOpamMu, y3JIaMH METAJUIOPEKYIIUX CTAHKOB, KOTO-
pBI€ BO BpeMs TIEPEMEIIICHUs] HE HArPYKaIOTCS CUJION pe3aHust (HaIrpaBJsiio-
1€ BEPTUKAIBLHO-CBEPIUIBHBIX CTAHKOB, 33THUX 0a0OK TOKapHBIX CTAHKOB,
MOBOPOTHBIE CTOJIBI PACTOYHBIX CTAHKOB U T. I1.). Takue omopbl HE3aMEHUMBI
B BBICOKOTOYHBIX CTaHKax (aJMa3HO-(pe3epHbIX U UM MOAOOHBIX), MTOCKOIb-
Ky TO3BOJISIIOT MOBBICUTH TOYHOCTH OJarofiaps OOJBIIOMY peAyLUPYIOLIEMY
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s dexty (OH MO3BONSAET YMEHBIINUTh BIUSHUE MOTPEIIHOCTEH M3TOTOBJICHUS
JeTajieidl omnopsl Ha TpaekTtopuio nepememeHus B 10-20 pa3), a Takxe cra-
OMJIBHOMY TETUIOBOMY PEKUMY.

Ha puc. 5.12 nokazan ¢parment tpancrnoptHoit cuctemsl ['TIC «Ilpus-
Ma 2» (pupma FRITZ HECKERT, I'epmanus) a1 nepeMenieHus CrnyTHUKa 3
c 3arotoBkamu 2, maccoit 10 1600 kr. CiyTHUKHM YCTaHOBJIEHBI Ha a’3poCTa-
TUYECKUX HaIpapisiomux 1, Bo3ayx B KOTOpbIE MOJAETCS yepe3 coria, Ha-
XOJISIIIMECS B JIAHHBIM MOMEHT IOJ| CIIyTHUKaMU (COIUIa MOAKIIOYAIOTCS B
paboTy caMuM MepeMemarmuMcst CIryTHUKOM). CITyTHUKH TIepeMEIIaroTCs
OT JINHEWHBIX 3JIEKTPOJABUTATENIEH C POTOPOM 4 U CTATOPOM .

2 3 O0s3aTenbHbIM  YCIOBUEM

\ L HOpMaJNbHON paboOThl a’pocra-

1 4 TUYECKUX HAIPaBIIIONIUX SB-

X ,/ JAETCA  HAACKHASA OYMCTKA

@ \ / / %& CKaToro BO3Ayxa OT IIbLIM, BO-

: Ny V" T2 E bl U Macja. 3arpsi3HCHUE BO3-
! A = | IyXa MPUBOJIUT K CUIBHOMY 3a-
e e e SN COpPEHUIO I[pOCCGJIGﬁ, couep-

JKaIrascs B BO3JyXe BOJA CIO-
coOCTBYET KOpPpO3UHU JIeTajeH.
A TIBUTB, BOJA M MAcCJIO CO3/IAI0T
HA  pabouyux  TMOBEPXHOCTAX
TUICHKY, KOTOpasi MPENSTCTBYET
HOPMAJILHOMY TEYCHHUIO BO3MIY-
xa. OOBIYHO TpeTyCMaTPHUBAIOT
MPEBAPUTEILHYIO U TOHKYIO (PMIIBTPAIIAIO BO3yXa Ha CIEIHUAIBHBIX CTaH-
IIUSX TIOJITOTOBKH BO3/yXa.

5
TP T T T T
Puc 5.12. Tpaucnopmnoe ycmpoticmeo
C IUHEUHbIM 2NIeKMmpoogucameinem
OJ151 MPAHCNOPMUPOBAHUS OemaJieli
Ha cmoax-cnymuuKax

5.6. HanpaBnsowme KayeHus

Hanpapnsromupe kadeHus XapakKTEpU3YIOTCS MajlOWl CWIOW TPEHHUs
(10...40 H) u ee HE3aBUCUMOCTBIO OT CKOPOCTH pabouero oprana, omaroaaps
ATOMY 00€CHeuMBAaETCsl PABHOMEPHOCTh MEIJICHHBIX JIBUKEHUN, CHUKEHUE
MOIIIHOCTH MPHUBOJIA MOJIa4 U BBICOKAsi CKOPOCTh MO3UIMOHUPOBAHUS (30HA
HEYYBCTBUTEIHHOCTH HAIPABJISIOMIUX KayeHUsl IO CPABHEHMIO C MAapOM Tpe-
HUS Y9YTYH-4yTyH cHWKaercs B 10—12 paz). Jlng HanmpaBiasioOmMX KadyeHUs
XapaKTepHA BBICOKAs JIOJITOBEYHOCTh, TaK KaK MPHU XOPOILIEH 3allUTe UX U3-
HOC Ha NOPAJOK HWXKE, YEM HM3HOC HANPABIIAIOIIMX CMEUNIAaHHOTO TPEHUS.
K HemocTaTkaM HanpaBISIOMIUX Kauy€HUsT OTHOCSTCS HU3KOE JeMIIpUpoBaHue
B HANpaBJICHUU ABWKEHHS MPHU MaJbIX CKOPOCTSX JIBUKEHUS U CPABHUTEIb-
HO BBICOKAsi CTOUMOCTb.
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Hanpasnsromuye KkadeHus] IPUMEHSIIOT B MHOTOLICTICBBIX CTaHKaX, CTaH-
kax ¢ UITY BbICOKOI TOYHOCTH MaJIBIX U CPEAHUX Pa3MepPOB, KPyTIonuiudgo-
BaJIbHBIX, OECIEHTPOBO-ININ(POBAIBHBIX CTAHKAX.

KoHcTpyknun Hampapisiiomux. B KOHCTPYKIMIO HamnpaBisSIOLIUX BXO-
JST 3aKaJICHHBIE IUIAHKU, IPUKPEIUIIEMbIE K CTOJIy U CTAaHUHE, TeJla KaueHUs
(WIapvKu UM POJIMKM), CEMapaTophl, YCTPOWCTBA JJIS CO3/IaHUs IpPEaBapH-
TEJIBHOI'O HATSTa U 3alIUThl HAPABJISIOLUIUX OT 3arpsi3HEHUH.

Cy1ecTBYIOT HaIpaBIAOIIKE 0€3 HUPKYJIALUN TeT KaUeHUs U C LIUPKY-
asueit Ten kadenus. Hampasisiromue 0e3 MUPKYJISIUK Tell KaueHus puMe-
HSIOTCS Tipu HEOONbIION jymHe xoaa y3na (mo 1 m) (puc. 5.13). Hampas-
JSIOUINE ¢ HUPKYJISALUEH Tell KauyeHHs MPUMEHSIOT TIPpH OOJBIION AJTMHE X0/
[0 CPAaBHEHUIO C JUIMHOW MpHJIEraHus (JIMHON MOJBHYKHOTO Y3lid) U TpH
3HAUUTEIBHBIX HAarpy3Kax (cM. puc. 5.14).

Hanpasnsromye OpIBalOT HE3aMKHYTHIMH U 3aMKHYTHIMU. He3amkHyThIe
HANPaBIAIONIME KAuye€HUS MOTYT OBITh  TOJNBKO TOPU3OHTAIBHBIMH
(puc. 5.13, a, 6). 3amkHyThIe Hanpaistonme (puc. 5.13, 6-¢) cioxHee U 10-
pOXKe HE3aMKHYTBIX, OJHAKO Oyarojapsi CO3/aBaéMOMY HaTAry o0JanaroT
BBICOKOM TOYHOCTBIO M JKE€CTKOCThIO. OHM MOTYT OBITh HE TOJBKO FOPU30H-
TaJbHBIMHU, HO U BEPTUKAJIbHBIMUA U HAKJIOHHBIMH.

KoHCTpyKTUBHBIE (POPMBI HANPABISIOMIMX HCHOJB3YIOT T€ XK€ HCXOJ-
Hble TPO(UIN, KOTOpble NPUMEHSIOT MJIs HANpPaBISIOLIUX CKOJIBKEHUS
(cMm. puc. 5.1). Pasnuunbple BapuaHThl KOHCTPYKIIMH TIOJIYYalOT HE TOJBKO B
pe3yJibTaTe COYETaHHM OCHOBHBIX ()OpM paboOUMX IpaHed HaIMpPaBIAIOIINX,
HO U BapbUPOBAHUEM TeJl KaUCHHUSI.

[IlaprKOBbIE HAITPABIISIOLIME CO BCTPEYHBIMU Npu3Mamu (puc. 5.13, 6) oT-
JMYAIOTCs MPOCTOTOM KOHCTPYKIIUH, OJHAKO HE MOTYT BOCIPUHUMATH OOJIb-
IIMX Harpy30K U JIETKO MOBPEXKIAIOTCS B pe3yJibTaTe MEPETSKKU SJIEMEHTOB,
pEryJIMpYONHX HaTsT. Harmpapisironue THIa «J1acToukuH XBocT» (puc. 5.13, 2)
[0 CPaBHEHMIO C APYTMMHU UMEIOT 00JIe€ BBICOKYIO KECTKOCTh, XOPOLIO pery-
JMPYIOTCS, HO CJIOXKHBI B U3rOTOBJIEHUH, IPUMEHSIOTCS IIPU MAJION U CpeHei
Macce TMOABWKHOTO Yy3ia. IIpsAMOyrosibHble pOJMKOBBIE HANPABISIOLIUE
(puc. 5.13, 0) POCTHI MO KOHCTPYKIIMM U B U3TOTOBJICHUH, UMEIOT BBICOKYIO
’KECTKOCTh B TOPU3OHTAIBHOM MIOoCcKOCTH. OHM NPUMEHSIOTCS MPH CpenHEH
Macce MOIBUKHOTO y3J1a M OOJIBIIOM ONPOKHIBIBAIOLIEM MOMEHTE.

Ponuku B mpu3MaTHUeCKUX Hampasisiiomux (puc. 5.13, e) uz-3a manoro
AraMeTpa MOTYT IPOCKaIb3bIBaTh, YTO MPUBOJUT K MOBBIIIEHHOW CUJIE Tpe-
HusA. Ha paboTocnocoOHOCTH HAmpaBiSIOIIUX CYHIECTBEHHO CKa3bIBAOTCS
MOTPEUTHOCTH Y3JI0B IPU3M.
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Puc. 5.14. Hanpasnarowue ¢ yupkynsayuei mei KaueHus:
a — wapuxogvie, 0, 6 — pOIUKOBbLE

[IlapukoBbIe WIIM POJUKOBBIC HAMPABISIONIME BBIOMPAIOT B 3aBUCHUMO-
CTH OT Harpy3ku. J{Jsl poIMKOBBIX HAIMPABISIONIMX JOMTycKaeMas Harpy3Kka B
20-30 pa3 6ompIie, yeM I apuKoBbIX. [Ipu GonbpIIMX HAarpy3Kax HCIONb-
3YIOT HAIMpaBJIAIONIUME B BUJC HAKIAIHBIX IDUIAHOK W3 3aKAJICHHOW IIEMEHTH-
pyemoii ctanu 20X, a mpy MajbIX — Kak CTajlbHbIE, TAK U YyTYHHBIE.
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B kadecTBe cenapaTopoB NPUMEHSIOTCS ITAMIOBAHHBIC CTAIBHBIC TIJ1a-
CTUHBI C MIPSMOYTOJIbHBIMU WJIM KPYTJILIMUA THE3JaMH, CTaJbHbIE COCTABHBIC
TJIACTHUHBI, POJIMKOBBIE TIETH.

Hanpagnstonye cma3bpiBalOTCA TUIACTHYHBIM CMa30YHBIM MaTepHaIoM
WIA MaclIiHbIM TyMaHOM. /[l 3aluThl OT 3arpsi3HEHUM MPUMEHSIOT JIaOu-
PUHTHBIEC YIUIOTHEHUS, PAaCIOIOXKEeHHbIE BAOJb HUX (puc. 5.15, a, 6). Co cropo-
HBI TOPIIOB K CTOJTY PUKPETUISIOT IUTKH WM CTAlIbHBIC JICHTHI (puc. 5.15, 6).

a) 0)

o
Sy \ \ 2

&)

Puc. 5.15. Yempoticmea ona 3awyumel Hanpasuaiowux KayeHus

5.6.1. KoHcTpynpoBaHue u pacyeT HanpaBNAOWMX

Pacuer HampapisIIOIIUX KauyeHMs MPEyCMaTpUBAET MPOBEPKY IO Tpe-
JCIIbHO JOMYCTUMOM Harpy3ke (MCXOs U3 MPOYHOCTH MOBEPXHOCTHOI'O CJIOS
U OTCYTCTBHS IUTACTHYECKUX aedopMalnuii Ha IJIOMaJAKaX KOHTAKTa), OIpe-
JIeJIEHUE YIPYTUX MEePEMEIICHUN U YTOUHEHUE BEJIMYUHBI IPEIBAPUTEIIBHOTO
Hatsara. CHavasa onpeesssioT AMaMeTp U YUCIIO0 Tell KaueHUs, UCXOIs U3 3a-
BUCUMOCTEN MEX1y HUMU, YUUTHIBAs J1aBJICHUE B KOHTAKTE U KECTKOCTb, 3a-
TE€M MPUHSTHIE NapaMETPhI MPOBEPSAIOT PACUETOM.

[Ipu yBenuueHuu auamMerpa MAPUKOB JaBJICHUE B KOHTAKTE YMEHbIIIA-
€TCsl, )KECTKOCTh U M3HOCOCTOMKOCTh HampaBJstomuX Bo3pactaoT. C yBenu-
YEHUEM JUaMEeTpa POJUKOB KECTKOCTh HE U3MEHSETCS, HO M3HOCOCTONKOCTD
ynyumaercs. [ToaTroMy pekoMeHIyeTcs NMPUMEHSTh Tela KaueHUsl 00JIbIIOTo
nuametpa — 8...10 MM, a nHorga u 10 25 MMm. MronpyaTeie HanpaBsOLIAE
HCIIOJB3YIOT PEIKO M TOJBKO MPU MaJIbIX Harpy3kax M HEBBICOKUX TpeOoBa-
HUAX K UX )KECTKOCTH.
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C YBCJIMYCHHUCM YHMCJIa TCJI KAUYCHUS Z CHMXKACTCS HArpy3kKa Ha OJTHO Te€-
JIO, TOBBIITACTCA JKCCTKOCTH HAIIPABJIAIOIMIUX. Ho Ipu OOJIBIIIOM YHCJIE MHO-
T'u€ nU3 HHUX BCJICACTBHC HOFpel_HHOCTCI\/’I HU3TOTOBJICHUA OKa3bIBAIOTCsA HCHA-
I'PYKCHHBIMU HWJIN HCOOT'PYKCHHBIMMU. ]_—[HSI 3dIrpy3KH BCCX HIIM ITOYTH BCCX
TEJI Ka4CHHUS BHEIIHEH CUJION HCO6XO,Z[I/IMO CO6JIIO,Z[&TB YCJIOBHSI.

.. P ., P
T95/d" T 4b’

rrne d — qmaMetp mapuka, MM; P — BHemHss cuna, H; b — mna ponmuka, M.

Yuciio Ten KaueHHsl B OJJHOM Psy Ha HaIlpaBJsIoLIEH HE JOJKHO ObITh
MeHbIIe 12—-16, Tak Kak ¢ UX YMEHBUIEHUEM YCUJIMBAETCS KOIMUPOBAHUE HC-
XOJIHBIX MOTPEHNIHOCTEN MO JJIMHE HAIPABIIOLIINX, U CHUXKAETCS TOYHOCTH
IBHKCHMUS.

[Tocne Toro kak pa3paboTaHa KOHCTPYKLMsI HaIpaBIAIOIIUX C YYETOM
IIPUBEJECHHBIX PEKOMEHIANNM, TPUHATHIE KOHCTPYKTUBHBIE ITApAMETPBI IIPO-
BEpAIOT pacueToM. Harpysky, IeHCTBYIOIIYI0 Ha HaubOosee Harpy>KeHHBIN
IApUK WIM POJIUK, OIPEACIISIOT METOAOM, IIPUMEHAEMBIM IIpU pacyere Ha-
IIPABIAIONIMX CMEIIAHHOTO TpeHHs. Tena KadeHus YCIOBHO 3aMEHSIOT
CIUIOIIHBIM YIPYTMM OCHOBAaHMEM, Il KOTOPOTO OINPEAEIAIOT MaKCHUMaJlb-
HOE JTaBJICHUE Prax. HanOobIIas pacyeTHas Harpy3Ka Ha IIapuK —

Z (5.25)

P=dtp, . (5.26)
Ha POJIUK —

P=Dbtp.., . (5.27)
rae d — muamerp mapuika, cM; t — mar pacroyioKeHUs IIAPUKOB WA POJTUKOB,

2.
Pmax — MaKCUMaIIbHOE JTaBJIeHUE B KOHTakTe H/cMm®; b — mmnHa ponmka, cM.
Jlonmyckaemasi 10 KOHTAaKTHBIM HaIPSKEHUSM Harpy3Ka Ha IapuK —

P, =kd?, (5.28)

Ha POJIUK —

P, =kbd, (5.29)

rie K — yernosroe Hanpsokenue, H/em® (Ta6r. 5.1); d ub — B om.
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Tabmuna 5.1

k, H/em®
Tena xkaueHus JI1st CTabHBIX 3aKaJCHHBIX J11s1 9yTyHHBIX
Hanpasisomux (60...62 HRC») Hanpasisiromux (200 HB)
[Hapuku 60 2
Ponuku:
* KOPOTKHUE; 2 000 200
* UIMHHBIE 1500 150

VYipyrue nepeMeeHus B HalpapisIoNIuX KaueHusl ONPenelsatoT ¢ yqe-
TOM 3aBHUCHUMOCTEH, OIMHUCHIBAIOIIMX KOHTAKTHBIC AeQOopMaIiu MpU MpuMe-
HEHHHM IIAPUKOB U POJIMKOB,

§=C,P; 6=Cn, (5.30)

rae C,,C, — koodppunumenter nogatmusoctu [10]; P, — Harpyska Ha mapuk;

q — Harpys3Ka, MPUXOIAIIASCS HA CIUHMITY [UTHHBI POJIHKA.

Pacder npeaBapuTEIbHOTO HATATa OCHOBAaH HAa TOM, YTO YCHJIHE MPE-
BapHUTEIBHOTO HATATA JOKHO 00ECIEYMBATh JOCTATOYHOE MOBBIIICHHUE Ke-
CTKOCTH, HO HE JIOJDKHO PEBBINIATH JOMYyCTUMBIX MPEAEIbHBIX HAIPY30K.

MuHMMaIbHOEC 3HAYCHHWE HATAra JOJKHO OBITH OOJBIIE HAKOIUICHHOMN
Ha JJIMHE X0Ja IMOrPEITHOCTH HAMPABIISIOMINX U, KaK MPABHIIO, JUIS IPEIHU3H-
OHHBIX CTaHKOB He MeHee 2—3 MKM. Kpome Toro, Harpyska OT HaTsAra Ha
HavMEHee HarpyKeHHOE TeJ0 HE JO/DKHA CHUMAThCS MPH TMPHIOKECHUH
BHEIIIHEH Harpy3ku. MakcHMaJlbHOC 3HAUCHHUC HATATa MPUHUMAIOT TaKHUM,
4TOOBI CyMMapHasi OT HAaTsAra W BHEIIHEH HArpy3KH CWja, JCHCTBYIOIIAs Ha
HanOoJiee Harpy»XeHHOE TeJI0, HE MPEBbICKIA MPEACIbHON gonmycTuMoi (1o
ycnosusiM (5.28) u (5.29)) Harpy3sku.

5.7. KoMOMHMpPOBaHHbIE HanpaBnstoLWwme

Hcnonp30oBaHne B ONHOW KOHCTPYKLMH PA3IMYHBIX THUIIOB HAIPaBJIsIO-
LIUX MO3BOJIAET MIOJHEE PEAIN30BATh UX IOJ0KUTEIbHBIE CBOMNCTBA.

Hanpasnsmomuye cMEmaHHOTO TPEeHHsT MOTYT ObIThb pa3rpy>KeHbl OT
JUIIHUAX CHJI ONOPaMU KAaueHHs WM MPOTUBOJABICHHEM Macia, Onaromaps
TOMY 00€CIEUMBAETCS UX JIOCTATOYHO BBICOKAS JIOJITOBEYHOCTb, KECTKOCTh
Y HaJeKHAas (PUKCaLMsl MOJBUKHBIX Y3JIOB IIPH MEPECTaHOBKAX.

Pa3rpysky HanmpapJsIlOIIMX CMELIAHHOIO TPEHUS OCYILECTBISAIOT BCIIO-
MOraTeJIbHBIMUA KaTKaMH B BUJIE€ KOMIUIEKTHBIX MOAIIMIIHUKOB KAauye€HUs Ha
HEMOABWXHBIX ocsXx (puc. 5.16). Perynupyromumu ycTpoiicTBaMu MOKHO
pacnpenensaTs OOyl Harpy3Ky MEKIy OCHOBHOM HaIpaBIIAIOIIEH CMeEIlaH-
HOI'O TPEHHUs U BCIIOMOI'aTEIbHON HAIIPABIIAIONICH KAaUCHUS.
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Puc. 5.16. Cxembt KOMOUHUPOBAHHBIX HANPABIAIOUSUX

C pasepy3Kou nOONPYHCUHEHHbIMU KAMKAMU:
a— npu 6epmuKaIbHOlU Ha2py3Ke; O — Npu KOMOUHUPOBAHHOLL HA2PY3Ke

O6ma;1 Cujia TpCHUs B KOM6I/IHI/IpOBaHHBIX HanpaBJIAIOIUX CMCITAHHO-
ro TpCHHUA Ka4CHUA

T=T,+ fckNl+iN2, (5.31)
r

rae To = SH — HavanpHas cuia TpeHus KadeHus; o, — KoaphuImeHT TpeHus
ckonpxkenus (ms uyryna fo, = 0,1-0,25); f, — koo dunmenT TpeHus KaueHus
(s gayryna fo = 0,0025 cm, s cramu e = 0,001 em); Ny u N, — monmu 06-
el Harpy3kd, BOCHPUHUMAECMBIC COOTBETCTBEHHO HAIPABIISIONIMMH CME-
IIIAHHOTO TPEHUs U KaueHwusl, H; r — paguyc Ten kadeHus, cM.

[Tocneqanm uneHoM B (opmysie (5.31) mpu HEMONMHON pasrpy3ke mpe-
HeOperaror.

JIJIsT OTBETCTBEHHBIX HAINpPABJISAIONIMX BechbMa 3((EeKTHBHA ruapopas-
rpy3Ka HalpaBJBFOIIMX CMEIIAHHOTO TPEHUS 3a CUET TOJa4yH B pa3rpykaro-
e KapMaHbl CMa309HOM KUAKOCTH 1Mo aBieHueM. [1og00poM cooTBETCT-
BYIOIIIETO JIaBJICHHSI Macjia MOKHO CYIIECTBEHHO YMEHBIIUTH KOA(PPUICHT
TPEHUs, 00ECIEUYNTh BBICOKYIO IOJITOBEYHOCTh HAIPABIIIONINX, H30€XKaTh
BCIUTBIBaHHS, KOTOPOE MMEET MECTO B THIPOCTATUYCCKHUX HAIMPABIISIONINX,
00eCIeYnTh BHICOKYIO KOHTAKTHYIO KECTKOCTh M HAJISKHYIO (PUKCAIUIO y3IIa
MoCIie TIePEeCTaHOBKH.

TpeHue B HanpaBIISIOIIUX C TUAPOPATPY3KOW

P
T = 1R, 1—P—0 : (5.32)

N

rne Py — cuiia, HopMasibHasi K IOBEPXHOCTH Harpasisitonieit; f — koaddurm-
€HT CMEIIAHHOTO TpeHust; Py — cuia rupopasrpy3Ku.
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Cuiy ruApopasrpy3Ku ONPENeNsIoT TakK e, KaK U Ui TUApOCTaTH4e-
CKHX HaIpaBJISIOLIUX, 110 (Gopmyie

P,=p Fc,, (5.33)
0 K F

rie  Pyx — JaBlIGHHE Maciia B KapMaHax; F — mimomasnas onopsr; Ce — k03¢ du-
IMEHT, YYUTHIBAIONIUN paclpesieicHhe JaBJIeHUN B 3a3ope (I MpSIMO-
yTOJILHOW OTIOPHI ¢ AByMs KaHaBKkamu Cr = 0,5).

Cuny pa3rpy3ku 00b19HO npuHuMaiot Py = 0,7Py.

Ha puc. 5.17 npuBenena npuHIMNUaIbHas CXeMa THIPOPaA3TPy3KH Ha-
MIPABIISAIOIINX.

~r
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Puc. 5.17. Hanpasnsiowue ¢ cuopopazepys3xoii

Jpoccenn Ha BXOJ€ M BBIXOJE B KaXK[bli KapMaH HEOOXOAMMBI MpHU
3HAQUYUTENBHBIX MEPEKAIINBAIOIINX MOMEHTaX JJIsI WHIAWBUAYaJIbHOW Ha-
CTPOMKH JABJICHUS Macja B KaXJIOM KapmaHe. [Ipu mocTosHHOM M paBHO-
MEPHOMU 110 JUIMHE HANPABJSAIOLIEH HArpys3ke, Kak 3TO UMEET MECTO B I'OpHU-
30HTAJIHBIX HAIPABJIAIOIINX MO AEUCTBUEM COOCTBEHHOIO BECA, IPOCCENH
HE HYXKHBI.
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6. TArOBbLIE YCTPONCTBA ANA NEPEMELLEHUSA
PABOYNX OPFAHOB CTAHKOB

6.1. HasHayeHWe M OCHOBHbIE BUAbI TATOBbIX YCTPOWUCTB

TsroBele yCTpoCTBa MpeaHA3HAYEHBI IS MEePEMENICHUs MOABUKHBIX
y3JI0B CTaHKa BJAOJb HampaBisiomux. OHU SBISIFOTCS MOCIETHUM 3BEHOM
KHHEMATUYEeCKOW TNy MPUBOJA TOJad W BCIIOMOTATEIbHBIX JBIKCHUM,
a B HEKOTOPBIX CIydyasx ¥ MPHUBOJA TJIABHOTO JABUKECHHS (CTPOTANbHBIE, T0-
OEKHbIE U TPOTSAKHBIE CTAHKH).

B OonbpmumHCTBE cily4aeB TATOBBIE YCTPONCTBA MEPEMEIIAIOT Y3JIbI
CTaHKa BJOJb HAMPAaBISIONUX MPSMOJIMHEHHOTO NIBIKeHUs. TpeboBaHuMs,
MpEeAbIBISIEMbIC K TATOBBIM YCTPOMCTBAM, CBA3aHBI IJIaBHBIM 00pa3oM C Tpe-
OOBaHUSMU K TOYHOCTH JABUKEHUS y3JI0B CTAHKA U MEPEUUCIICHBI HUXKE:

1) oOecrieyeHre 3aJaHHOTO 3aKOHA M3MCHEHHUS CKOPOCTH JIBHXKCHHS WIIH
3aJIaHHOTO MYTU TIEPEMEIICHUS, B TIOJABIISIONIEM OOJBIITMHCTBE Y CTaH-
KOB HEOOXOIUMO TOJICPKUBATH MIOCTOSTHHYIO CKOPOCTDH JIBUXKEHUS,

2) BBICOKAs YyBCTBUTEIBHOCTbD, T. €. CHIOCOOHOCTh OCYIIECTBIIATH IepeMe-
IIIEHUE Ha MAJIOH JJIUHE My TH;

3) OBICTPOJECHCTBUE BCETO NPHUBOJA, KOTOPOE B 3HAYUTEILHON CTEICHU
3aBUCHUT OT WHEPITMOHHBIX U YIIPYTUX CBOMCTB TATOBOTO YCTPOUCTBA,

4)  KECTKOCTh TATOBOTI'O YCTPOWCTBA SIBJISICTCS OJHUM M3 Ba)KHCUIIMX Tia-
pamMeTpoB, BIMSIONIMX HA CTATUYECKHE M TUHAMUYECKUE XapaKTEPUCTH-
KM CTaHKa;

5) orcyrcTBHE 3a30pOB, OCOOCHHO B TEeX CIydasiX, KOIJIa IO XapaKTepy
JBUKEHUS WU JCHCTBUIO BHEIIHEH CHIIBI UMEET MECTO PACKPBITHE ITHX
3a30pOB.

B 3aBucuMocTH OT TOTrO, Kakue M3 yKa3aHHBIX TPeOOBaHUN OKa3bIBa-
I0TCSl HauOoJiee BaXKHBIMU, B CTAHKaX HCIOJB3YIOT PA3JIUYHBIC TITOBBIC
YCTPOMCTBA: MEXaHUUECKHUE, FICKTPOMArHUTHBIC, TUIPABINYCCKUE W TTHEB-
MaTHYECKHE.

Mexanuueckue TATOBBIE YCTPOMCTBA MPeoOPa3yrOT BpalaTelIbHOE
ABW)KCHHE JIIEKTPOJIBUTATENsl B MPAMOJMHEWHOE IBIIKEHHE y3ja CTaHKa
BJIOJIb HampaBisAOmuX. Hanbomnpiee pacpocTpaHeHre B MPUBOJE CTAaHKOB
MOJTYYMJIH MEXaHUYECKUE TATOBBIC YCTPOWCTBA B BHJIE Mepeaad BUHT-Talka,
yepBAK-peiika, 3y0yaToe KoJeco-peiika, a TakKe KyJauKOBbI€, KPUBOIIUITHO-
HIaTYHHBIE, JICHTOYHbIE U HEKOTOPHIE IPYTHE MEXaHU3MBI.

Inekmpomaznummusple TATOBBIE YCTPOMCTBA BCTPEUAIOTCS B CTAaHKaX
MOKa CPaBHUTENIBHO PEJKO, MOCKOJIbKY OHU CHOCOOHBI CO3JaTh JUIIL HE-
OOJIBIIYI0O BETUYHHY TSITOBOM CHibl. M3 AIEKTPOMAarHUTHBIX TSTOBBIX YCT-
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POWCTB MOMYYMIIH IPUMEHEHNE TaKUe: B BHUJIE IMHEHHO-Pa3BEPHYTOTO dJICK-
TPOJBUTATENS, COJICHOUIOB WM OCCKOHTAKTHBIX AJIEKTPOMArHUTHBIX Tepe-
nad (BUHT-Taiika, YepBsK-peiika).

T'uopasnuueckue yctpoiicTBa B BHJE Mapbl MOPUICHb-IMIMHIAP MOJIY-
YK B CTAaHKAaX IIMPOKOE paclpocTpaHeHue. PerynupoBaHue cCKOpOCTH Iie-
peEMeNIeHus] MOJBM)KHOIO OpraHa IMpU MajbIX MOIIHOCTSX OCYIIECTBIISIOT
JIPOCCETNUPOBAHUEM, TIPU OOJIBIIUX — PEryJIUPOBAHUEM IMOJa4Yl HACOCa WUITU
BKJIFOYCHHEM B PA3JIMYHBIX COUCTAHUAX HECKOJIbKUX HEPETYIHPYEMBIX HACO-
COB pa3HOM IOJIaYH.

Y100cTBO perynupoBaHUs CKOPOCTH M M3MCHEHUSI HAMPABIICHUS JIBH-
YKEHUS MOJIBIKHOTO OpraHa Ha oO0paTHOE, a TaKXKe MJIaBHOCTh X0/ SIBISIOT-
sl 0COOCHHOCTSIMH THAPABIUIECKOTO MTPUBOIA.

Ilneemamuueckue yCTpOWCTBa TPUMEHSIIOT TJIABHBIM OOpa3oM JJist
MPUBOJIA 3AKHUMHBIX OPTaHOB MPUCTIOCOOIECHUIA.

Mexanuszmbl ManbIX TEPEMENICHUN TPUMEHSIOT ISl He3HAUNTEIbHBIX
nepeMenieHnii mpu HeOONBIIoN Tojade, HalpUMep, B MEXaHHW3ME Mojad
NUTHQOBAIBHBIX CTAHKOB. J[J11 MpPElM3MOHHBIX CTAaHKOB HEO0OXOAUMO olec-
MEYUTh PABHOMEPHOCTH MaJIbIX MOJIa4 ¥ TOYHOCTh MaJIbIX MEPEMEIICHUIA.

Bri6op TOro wim MHOTO THUMA TATOBOTO YCTPOWCTBA B 3HAYMTEIHHOU
Mepe 3aBUCHUT OT BEJIMYUHBI TSITOBOM CHJIbI, HEOOXOAMMOM JIJIsl TIepeMEIICHUS
MOJIBMYKHOTO y3JIa TIO HAMpPAaBISIOMIMM. 3HAYCHHS TATOBBIX CHUJI OMPEIEISIOT
pacueToM 1o ¢opmMmysam, MPUBEACHHBIM B Tabn. 6.1, nis HampaBISIOMIMX
CKOJTBKCHHSI M Ka4eHUsI HEKOTOPBIX PACIPOCTPAHEHHBIX KOHCTPYKTHUBHBIX
dopm. Cocrasmsromue cuibl pezanus (P, Py, P,) u koopaunaTsl Touku ee
MPUJIOKEHUST U3BECTHBI JJISI KAXKJI0OTO KOHKPETHOTO BUJia 00paboTku. Maccy
noJBIKHOTO y37a G OepyT ¢ y4yeToM JOTONHUTEIHLHOW MAacChl YCTAaHOBJICH-
HBIX Ha HeMm jeTtanei. KodpduimeHT TpeHus CKOJNBXKEHUS JIsI YyTryHa
f =0,1...0,25; koapdunment tpenus kadenus g uyryHa f.=0,0025 cm,
s ctamn T, = 0,001 cm. Hauanphast cuia tpenus kadenus To~ SH. Yron
HaKJIOHa pabodeil rpaHu HampaBisrome o = 40°.

JIJIst OCYIIIEeCTBIIEHUS TOYHBIX TOCTYIIATEIbHBIX TIEPEMEIICHUIA TTOIBHX-
HBIX OPTaHoB (CYIIOPTHI, CTOJIbI, TPABEPCHI U T. I1.) B MPUBO/IE MOAAY METall-
JIOPEXKYIIUX CTAaHKOB, MMPOMBIIUIEHHBIX POOOTOB U CPEJCTB aBTOMAaTH3alUU
CIIYKUT Tiepe/lada BUHT-TalKa CKOJIbKEHHUSI.
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Tabnuua 6.1
Benuuuna mseosoti cunvl

Cxema HaIpaBJIAOMIUX Tsrosas cuna

Hanpaa.nmou.me CKOJIBKEHHA

Q=Px+ (P4 Py+ Q)

Q=Px+

s (P T 0 —

F(l —cosa)
o cos o

Yp Up Zp

f

COos L

1

Q=Pit

(Pz+G)

HanpasasowHte KayeHHd

Q =Pyt 3T+ 1,5 L5 (P, +G)

r

fy=r cos 45°

%)/1;,;

Q=Py+ 2T, +15 1% (P, +6)

r
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6.2. Mepenaya xo4O0BON BUHT-ranka CKONbXeHUs

['maBHOW 0COOEHHOCTBIO ATOTO BUA TATOBBIX YCTPOMNCTB SIBISIOTCS Ha-
JIMYUEe CMEIIIAHHOTO TPEHUS U CBSI3aHHBIA C HUM U3HOC.

JIOCTOMHCTBOM TIepe/laud BUHT-TAlKa CKOJBKEHUSl SABJISETCS CaMo-
TOPMOXEHHUE, CHOCOOCTBYIOIIEe HaAEKHON (hUKCAIIMM TMOJBIKHOTO y37a
JlaXke MPU ero BEpTUKAIBLHOM TepeMenieHuu. MI3HOCOCTOMKOCTh Maphl BUHT -
raiika mpu CMEIIaHHOM TPEHUHU 00ECIeUnBaIOT MPABUIBLHBIM MMOJ00POM Ma-
TEpUAJIOB BUHTA U TalKu, a Takke OOOCHOBAHHBIM BBIOOPOM OCHOBHBIX
KOHCTPYKTHUBHBIX TTapaMETpPOB.

Marepuan X0JI0BOI0 BHHTA JOJKEH 00€CIeYrMBaTh 3a CUET BBICOKOM
MOBEPXHOCTHOM TBEPAOCTH U3HOCOCTOMKOCTh M, KPOME TOr0, FapaHTUPOBATh
HE3HAYUTEIBLHOCTD JIeopMaIiuu B MPOIIECCE MEXaHUUECKONH 0O0pabOTKU U B
nepuo sKcrutyatauu. BunTel kinaccoB TouHoctd 0,1 U 2 HapyKHOro aua-
MeTpa 10 60 MM PEKOMEHIyETCSl U3rOTaBIMBaTh U3 ctain XBI' u nmoaBeprarth
oObeMHOH 3akanke. st BUHTOB auamerpoMm a0 120 MM mpuroaHa Takxke
crans 7XI2BM.

BunTts! knaccoB 1, 2 u 3 mo0oro quaMmerpa 1enecooOpa3Ho U3roTaBiIu-
BaTh u3 aszorupyembix crtajed 30X3MO, 18XI'T, 40XDA, 38X2MIOA.
TonmuHa azotupyemoro cios aomkHa ObITh He MeHee 0,3 mMm. Heympounsie-
MbI€ BUHTBI U3TOTaBIUBAIOT U3 cTajel 35 u 45 B HOpMaIM30BaHHOM COCTOSI-
HUU U cTany Y 10A B OTOXKEHHOM COCTOSIHUM, UMEIOLIENH CTPYKTYPY 3€pHHU-
CTOTO MEPJIUTA.

JI1s1 M3TOTOBIICHHS TaeK MPUMEHSIOT OJOBSIHHCTBIE OpoH3sl bp010d0,5,
bp06116C3 (m1g mnpeuu3HOoHHBIX IepeAad), aHTUPPUKUUOHHBIM YyTryH
(1711 HEOTBETCTBEHHBIX Taek). i1 S5KOHOMUM OJIOBSHUCTOM OpOH3BI KPYII-
HBIC TallK¥ BBIMOJTHSIIOT OMMETaUTMUYECKUMU.

[Ipodpune pe3pObl MO COOOpaKEHUSAM HAUMEHBILIETO TPEHUS CIENyeT
OpaTh NPSIMOYTOJILHBIM, OJTHAKO OH HETEXHOJIOTHYEH U B CTAHKaX MPUMEH si-
eTcs peako. Hambombinee pacmpocTpaHEHHE MOTYYHII TpareneuaaabHbINA
npoduss pe3sdbl ¢ yriom 30°, a B MpEIU3MOHHBIX CTaHKaX MHOTAA U C
MeHbIUM yriaom npoduis (10...20°). C ymeHblIieHreM yTiia npouis oc-
Ja0sieTcss BIUSHHUE paJdalibHOr0 OMEHMs] BUHTAa HAa TOYHOCTH MEpeMellle-
HUS TalKU.

KoHcTpykTuBHOE OQopMiieHHe Tiepeiad BHUHT-Tallka CKOJIbKEHUS
JOJKHO 00€CIeunBaTh MPOCTOTY U3TOTOBICHHS U COOPKH, BBICOKYIO OCEBYIO
KECTKOCTh NMPU MUHUMAJIBHOM YHCIIE€ COECAMHEHUN U pallMOHAIBHOE PACHo-
JIO’KEHHE ONIOP XOJOBOI'0 BUHTA.

JITMHHBIE XO/MOBBIE BUHTHI BBIMOJHSIOT COCTABHBIMU TaKUM 0Opaszom,
4TOOBI 00ECNEeYnBaIOCh HAJIEKHOE M TOYHOE COEIMHEHHUE OTACIIbHBIX CEK-
U, JJIMHY KOTOpPbIX BeIOUpatoT B mpenenax 600...1500 mm. [ns ycrpane-
HUS 3a30pOB B pe3b00BOM COCTUHEHHH MPUMEHSIOT yCTPOMCTBA, obecmedn-
BAIOIIME MEPUOIUYECKUIM U TIOCTOSIHHBIN BBIOOP 3a30pOB HE3aBHCHUMO OT Ha-
MPaBJICHUS] BHEIIHEW TSITOBOM CHWJIBL, KOTOpas MOKET MEHSTh 3HAK MpH
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peBepce WM MPU HEKOTOPHIX BHUJIaX 00paboTku (momyTHoe (pe3epoBaHue).
B yctpoiicTBax BEIOOpa 3a30pOB raifiKy BBIOJHSIOT COCTABHOM, a JIBE €€ Jac-
TH CMEIIAIOT B OCEBOM HAIPABJICHHUH JIMOO B3aMMHO MPOBOpaunBaroT. Cme-
IIICHUE YacTel TalKW OCYIIECTBISACTCS NPYXWHAMU WIH THAPABIUYCCKHU.
Pexe MpUMEHSIOT YCTPOHCTBA C MOCTOSSHHBIM MPYKUMOM TallKd K BUHTY OT
PacIoIOKEHHOTO BHE TIEpeIadu IPOTUBOBECA WU THIPOIMIIMHIPA.

6.2.1. PacyeT nepepayum xoaoBoW BUHT-ranlKa CKONbXEHUA

[Ipu npoexTHpoBaHUM Mepesayr XOJI0BOM BUHT-raiika BBIOMpPAIOT pas-
Mep BUHTa, TPO(HIIb U mar pe3s0bl ONOp X0JI0BOTO BUHTA U Jip. Tunopaszmep
nepeadr BHIOUPAIOT W3 YCJIOBUS JOMYCTUMBIX 3HAUCHHWN CWJI PACTSDKEHHS U
ckarus (Tab. 6.2).

B dbopmynax i pacuera NpUHATHI Ciieayromue ooo3nadeHus: P, dy, ds,
D4, Hi, 8. — mapameTpsl TpaneneugaibHo pe3b0sl, MM (puc. 6.1); E, G —
MOJYJIH YIIPYTOCTH TIPU PACTSHKEHUM U KPYUYE€HUH cooTBeTCTBeHHO, MITa; W,
Jp — MOMEHTBI COIPOTUBIIEHUS, MM", 1 MHEPLIUH, MM’, COOTBETCTBEHHO, F —
MONEPEYHOE CEUEHUE BUHTA, MM’ 1 — KI1J] pe30bl; | — YMCITO BUTKOB TFaiiKu;
O — Tpenen TeKy4ecTH Marepuana, Mma; A — yronx mogpemMa BUHTOBOU JIH-
HUU Pe3bObI; P — yroj TpeHus pe3nobl; Q — oceBasd cuiia, ACHCTByOIas Ha
BUHT, H.

gﬂffﬁn;ﬁe;ﬂ;n’ /1;9’3; 6’11/'7

§\ .

\
\ Hapymnaa pe3vbu
AR RN

Puc. 6.1. Homunanvnule npogunu mpaneyeudanvbHou pe3bovl

1. PacyeT Ha U3HOCOCTOMKOCTD.
JlaBiieHMEe Ha OJIMH OTIOPHBIN BUTOK

Q
P= <P
7d,H,i 0, MIIa, (6.1)

P
rae H, =0,5— u Z — yncno 3axof0B pe3bObl; po = 2...4 Mlla s BUTKOB
Z

0, 1, 2 kJ1accoB TOYHOCTH; pg = 5...12 MIla 11t BUTKOB TPETHErO U YETBEP-
TOTO KJIACCOB TOYHOCTH.
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Ta0muna 6.2

Jonycmumvble 3HaueHUs CUL PACMANCEHUS U CHCAMUSL
0J151 X0OO0BbIX BUHMOB C MPANEYeuddibHoU pe3vooli

Tuno- | Cuna Cuna cxarus (JlaH) npu qimne BunTa (M)
pasmep | pactsi-
nepe- |xenus,| 0,20 050 | 0,75 1,00 | 150 | 2,00 | 2,50 | 3,00 | 4,00 | 500
jgaun | JlaH
Trx3 | 330 | 75 | 12,0 54 3,0 - - - - - -
Trx3 | 570 [221| 354 | 157 8,9 39 - - - - -
Trx4 | 710 |345| 552 | 24,6 13,8 6,1 34 — — - —
Trx4 | 1040 | 740 | 118,0 | 524 | 295 | 131 74 47 | 33 | 18 —
Trx4 | 1430 [1408| 225,0 | 1000 | 56,3 | 250 | 140 | 90 | 63 | 35 | 22
Trx4 | 1890 | - | 391,0 | 1738 | 97,7 | 434 | 244 | 156 | 108 | 6,1 | 39
Trx5 | 2140 | - | 502,0 | 2230 | 1255 | 558 | 314 | 20,0 | 139 | 78 | 50
Trx5 | 2690 | — | 794,0 | 353,0 | 1980 | 882 | 49,6 | 31,7 | 220 | 124 | 79
Trx5 | 3300 | - [1200,0| 532,0 | 300,0 | 1330 | 74,8 | 47,8 | 333 | 18,7 | 12,0
Trx5 | 3980 | — |1732,0| 770,0 | 433,0 | 1925 | 1082 | 69,2 | 48,2 | 27,0 | 17,3
Trx5 | 4340 | — |2062,0| 918,0 | 517,0 | 229,0 | 1290 | 82,5 | 57,3 | 32,2 | 20,6
Trx6 | 5110 | - [2860,0| 1271,0 | 7150 | 318,0 | 178,0 | 1143 | 79,4 | 44,7 | 28,6
Trx6 | 6830 | — |5120,0 | 2280,0 | 1280,0 | 569,0 | 320,0 | 205,0 | 142,2 | 80,0 | 51,2
Trx6 | 8300 | — |[7560,0| 3360,0 | 1890,0 | 840,0 | 472,0 | 302,0 | 210,0 | 118,0 | 75,6
Trx7 | 10460 | — - 5330,0 | 3000,0 | 1332,0 | 750,0 | 480,0 | 333,0 | 187,0 | 120,0
Trx7 | 13530 | — — 8940,0 | 5020,0 | 2230,0 [1255,0| 804,0 | 558,0 | 314,0 | 201,0
Trx8 | 16260 | — - 112880,0 | 7240,0 | 3220,0 {1810,0|1160,0 | 805,0 | 452,0 | 290,0
Trx9 | 20030 | - — |19570,0 {11000,0( 4890,0 {2750,0|1761,0|1222,0| 688,0 | 440,0
Trx10 | 27810 | - - — |21200,0| 9420,0 {5300,0|3390,02352,0{1325,0| 848,0
Trx10 [ 37940 | - — — — |17560,0]9880,0|6320,04890,0|2470,0|1580,0

C y4eTroM COOTHOIIECHUN MEXIy MapamMeTpaMH railku MOXHO YTOYHUTh
CpEIHUI TuaMeTp pe3bObl

0~ [
AP,

2. PacyeT Ha NPOYHOCTH XO/10BBIX BUHTOB
DOKBUBAJIEHTHOE (MPUBEICHHOE) HANPSHKEHHE

o, =\o’ +4r° <o, /n, Mlla,

rae N = 3...5 — koadduimeHT 3amnaca.
Harmpsixenue cxaTust Wi pacTsKEHUSI BUHTA

0c=Q/F=4Q/ rd?, MIla.
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KacarenpHoe HanpsokeHne
r=T /W =T /(0,2d}), MIla. (6.5)
Kpyrtsamuii MOMEHT Ha BUHTE
T =QP/(27n), H-Mmm. (6.6)
3. Pacuyer Ha cpe3 pe3b0blI raek

HJ’IH MCTAJUIMYCCKHUX I'aCK KaCaTCIIbHOC HAIIPAXKCHHUC

3,730

T = N S TC ’ MHa (67)
zD,(H,+2a)i

Jns raek n3 propucToi OpoHssI 7, = 25...35 Mna.
4. PacueT KPUTHYECKOI YaCTOTHI BpallleHHs X00BbIX BUHTOB

N, =5-10"d,vk / L2, mun ", (6.8)

Ta6muma 6.3
Paszmepor pranyesvix caex (bponsza) x0006vlx 8UHMOE
c mpaneyeudaibHou pe3vbooti, MM

Tr D, D, Ds d L, L, L
10 x 2 25 42 34 5 25 10 6
10 x 3 25 42 34 5 25 10 6
12 x 3 28 48 38 6 35 12 8
14 x 4 28 48 38 6 35 12 8
15x4 28 48 38 6 35 12 8
18 x 4 28 48 38 6 35 12 8
20 x 4 32 55 45 7 44 12 8
22 X 5 32 55 45 7 44 12 8
24 x 5 32 55 45 7 44 12 8
26 x5 38 62 50 7 46 14 8
28 x 5 38 62 50 7 46 14 8
30 x6 38 62 50 7 46 14 8
32 X6 45 70 58 7 54 16 10
36 X 6 45 70 58 7 54 16 10
40 x 7 63 95 78 9 66 16 12
44 x 7 63 95 78 9 66 16 12
48 x 8 72 110 90 11 75 18 14
50 x 8 72 110 90 11 75 18 14
60 x 9 88 130 110 13 90 20 16
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Puc. 6.2. I'atika ¢ mpaneyeuoanvhoii pe3vootl
Ly
=
—— b - A
.= [ [
: Lk
b _7 — V=2,2
2 m
- 8
— L
Ly

02-2 - I V=_’,4
-

- L
4d
by=b_ -
N = F‘ = D
Sl
L

Puc. 6.3. Cnocob kpennenus sunma.
A — 00un KoHey 3axkpensien, Opyeou —ceob00Hbll; B — 06a konya na onopax,
C — 00un KoHey 3aKkpeniieH, Opy2oll —Ha ONOPHOM KPenjieHuu,
D — 06a xonya 3axpennensi (3aKkpenyieHue 603MONCHO M0O20aA, KO20A PACCMOSIHUE
Mexncoy 08yMsi NOOUWUNHUKAMU ONOPbL npesbluiaem unu pasHo 4d)
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6.3. MNepenaya BUHT-ranka KayeHus

[To cpaBHEHHIO € mepenavyel BUHT-TAMKAa CKOJBbXEHHUSI JOCTOMHCTBAMU
nepeaur BUHT-Talika Ka4eHHs SBIISIOTCS BRICOKHMI KO3 (UIMEHT MOJIE3HOTO
nevictus (0,8—0,9), oTcyTcTBHE 3a30pOB U BO3MOXKHOCTH CO3J]aHUS MpE]IBa-
PUTEIBLHOIO HATSTa, BHICOKAS )KECTKOCTh M JIOCTaTOYHAs IS MHOTHUX Cilyda-
€B JIOJTOBEeYHOCTh. HemocTaTkaMu SBISIFOTCS BBICOKAs CTOMMOCTB, ITOHU-
KEHHOE JeMII(PpupoBaHUEe, OTCYTCTBUE CAMOTOPMOKEHUSI.

PeanuzoBaTh kaueHue B mepejade BUHT-Tailka KadeHUs] MOXKHO pas-
JUYHBIMU criocoOamu. [IpemmyliiecTBeHHOE MPUMEHEHHUE B COBPEMEHHBIX
CTaHKax, ocoOeHHO B crtankax ¢ YIIY, monyuunu mapukoBbie mnepenaadyu
BUHT-Tailka CO CIJIONIHBIM MOTOKOM IIAPUKOB, NUPKYJIUPYIONIUX MO 3aMK-
HYTOH TpaekTopuu (puc. 6.4).

i !

2

Puc. 6.4. lllapukosas sunmosas nepeoaya:
1 - 6unm, 2 — wapuku, 3 — kanan 6ozepama, 4 — eaiika

Mexnay pe3pOoi BHHTA M TallKW, KOTOPYIO BBIMOJHSIOT MOJYKPYTJION
(puc. 6.5, a) wiu B hopmarte cTpenpyaToi apku (puc. 6.5, 6), MapuKku MpoKa-
TBIBAIOTCA NP BpAILICHUHU BUHTA, & 3aT€M BO3BpAlIalOTCs MO KaHAlly BO3Bpa-
ta. J[J1a mocneaHero ucnoyib3yroT TPYyOKH, CBEPJICHUSI U KaHAJIbl B KOPITyCe
raiiki WK crieluajibHbIe BKJIQBIIIN, 3aKPEIIieMble Ha KOPITyCe TalKH.

Marepuaja XOJIOBbIX BUHTOB U TaeK B Mapax KaueHHs JOJDKEH obecre-
YUBATh BBICOKYIO M3HOCOCTOMKOCTH OJIarojaps MOBEPXHOCTHOW MPOYHOCTH.
XO0I0BbI€ BUHTHI M3rOTABIMBAIOT U3 cTtajer tumna 20X3MB® c¢ azotupoBa-
HUEM M 3aKaJIKOM 10 BBICOKOM TBepJOCTH. JJisi raek ucnosb3yoT ctanu 9XC
u 7XI'2BM c¢ ynpouHeHueM oObEeMHOMU 3akankol, a takxke ctaiu 25XI'T u
12XH3A ¢ ynpoyHeHHEM U TIOCJICAYIONIeH 00bEMHOM 3aKaJIKOM.

KoHcTpykiun mepenay BUHT-Talika KadeHHUsS JIOJDKHBI OOeCleyuBaTh
co3faHue mpeaBapurenbHoro Hatsara. [Ipoduns pe3sOsl B hopme cTpenbua-
TOM apku (puc. 6.5, 6) AOMyCKaeT Co3/laHne MPEIBAPUTEIHLHOTO HATsTa MO/-
OOpOM IMIAPUKOB HECKOJIBKO YBETUYCHHOTO JTUAMETPa, KOTOPhIE TIpH COOpKE
3alOJIHAIOT paboyee MPOCTPAHCTBO MPHU MOCTOSSHHOM Hatsre. [lpu momy-
KpyriaoM mpodune pe3pObl, Korga >KelaTelbHO PEryIHpoBaTh BEIUYUHY
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HaTAra B MEPHOJ SKCIUTyaTallud CTaHKa, MPUMEHSIIOT TallKH, COCTOSIIUE W3
IBYX 4acTeid. OTHOCUTEIIBHOE OCEBOE WM Y3JI0BOE CMEIICHNUE YACTE raiku
JaeT BO3MOXXHOCTb YCTAaHOBUTH HEOOXOIUMYIO BEJIMUMHY HaTsra (puc. 6.6).

AT 7
AL

\éié

0)
Puc. 6.5. I[Ipogunu pe3vbol wapuxkosvlx nap suHm-2aika

NN
N

—l

.

a) 6) 8)
Puc. 6.6. Cnocobul coz0anus namsea 8 wapuxosvix nepeoaiax UHmM-2auKa.
a, 6 — ocegblM cMeujeHuemM noy2aex;
8 — OMHOCUMENTLHBIM NOBOPOMOM NOIY2AEK

Bricokasi 101roBeUHOCTh Nepefady BUHT-ralika KaueHUs 00ecrieurnBacT-
Csl TIPH YCJIOBUU HAJIEKHOM 3aIUTHI PE3b00OBOT0 COSAMHEHHUS OT 3arps3HECHUIM
Y IPOAYKTOB M3HOCA. BUHT 10 BCEH UIMHE 3aKPBIBAIOT 3aILUTHBIMU YCTPOU-
CTBaMU THUIIA TAPMOHMKH, a IO KpasiM TalK{d HEPEAKO YCTAHABIMBAKOT I0-
IIOJIHUTEJIbHBIE YITIOTHEHUS.

6.3.1. PacyeTt nepeaayv BUHT-ranka KaueHus

Pacuer nepenaun BUHT-Talika KaueHHs MPEAYCMATPUBAET IIPOBEPKY MO
YCJIOBHSIM CTaTUYECKOW MPOYHOCTU U JIOJITOBEYHOCTH, a TaK)KE€ BHIOOP BEJH-
YUHBI IPEABAPUTEIILHOTO HATATA.

125



KpyTsmmnii MOMEHT Ha XOI0BOM BUHTE

M 7
M=—"- (6.9)
|
rae M, — kpyTsaumii MOMEHT Ha Bany asuratens; # — KIIJ[ nenu ot nBurare-
JIS1 K BUHTY; | — IEpEAaTOYHOE OTHOIIEHUE 3TOM IIETIH.

Oxpy>kHasi cuia Ha painyce Pe3bObI

2M
T="-—, (6.10)
dO
riae dy — cpeHuii TuaMeTp BUHTA.
OceBas cuia, J€MCTBYIOIIAs HA BUHT

T 2M

_ _ , 6.11
° tg(1+p) dotg(1+p) 611

arctgp

zd,

A= — yroJl momabeMa pe3bObl; p = arctgf — yrom TpeHwus;

f=(57...85)-10°, f— Kk0d(hbUIMEHT TPCHHS KAUCHHSL.

Ha nepBoM sTane pacuera nepenady BbIOUparOT MO OCEBOM Harpyske,
KOHCTPYKTHBHBIM M TEXHOJIOTHYECKUM cooOpakeHusm. uamerp BuHTa o
oepyt paBHbiIM ——— . lllar pe3pObl, Auamerp 1rapukoB d; U ocTaabHBIC

(20 - 25)
napaMeTphl OMPEACIIAIOT coriacHo pekoMeHaarusam [10].
IlpenesibHO JoNMyCTHMAsH CTATHYECKAS] HATPY3KA HA OJUH IIAPHK

P=k_-d’, H, (6.12)

rae K, — k03 puIneHT, 3aBUCAIIHII OT JOIMYCTUMOIO KOHTAKTHOI'O HaIpsiKe-
HUS Ha MOBEPXHOCTHU 1apuka oy (npu op = 2500; 3000;3500;3800 MIla co-
otBeTcTBeHHO K, — 20; 35; 55; 70); d; — nmaMeTp mapuka, MM.

KoHTaKkTHOEe HANpsizKeHHe Ui BHHTA ¢ IIAPHKAMH IIPH COOTHOIIECHUHU

[
pannycoB MIapUKa U MOIYKPYTIIOro mpoduiis pe3sosl L = 0,96 omnpenensror
2

G, = 9183’d—|:)2 , Mna. (6.13)
1

HUcxons w3 HIWKHEro mpeaena JOMYyCTUMOrO HANPSIKEHUS KOHTAKTH-
PYIOIIMX TOBEPXHOCTEH, JOMYCTUMAs Harpy3ka Ha OJWH IIapUK JOJDKHA

o ¢hopmyiie

2 2
oeite P <20d; H, cootBercTBenHo momyctumas oceBas cuia Q <10zd*, H,
i€ Z — YUCJIO IIAPHUKOB B OJJHOM BHUTKE PE3bOBI.
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Pacuer Ha 10/IrOBeYHOCTH YUUTHIBACT IIMKIMYCCKUM XapaKTep HapsLKEHUH
B IIIAPUKAX, U €ro BEIyT C YYETOM Ipejieia TOBEPXHOCTHON BHIHOCIMBOCTH.
[Ipu pacuete onpenensroT KO3PPUIUESHT T0ATOBEYHOCTH

[60T -n-C

K=K
Q 107

, (6.14)

rie T — TpeOyemblii CpOK CIyXObI, 4; N — pacueTHas 4acToTa Bpalle-
HESL, MHH (mpu TEepeMEeHHBIX YacTOTaX BpalieHUH OepyT Kak cpeaHee
apupmerndeckoe); C; — 4UCIO LUKIOB HarpyXeHus 3a OJMH 00OpOT, MpHU-
OIM>KEHHO paBHOE MOJIOBHHE YHCIIA IIAPUKOB B OJHOM BHTKE; Ko — k03 du-
LUEHT NEPEMEHHOCTH Harpy3KHU.

ITpuaumas T =5000 4, C =~ > =10, K, =0,9, nony4nm

K=0,6¥n. (6.15)

Ecim nipu pacuere K <1, uro coorBercTByeT 10 (hopmye (6.14) cpen-
HEll JacToTe BpamieHus N <5, TO KpUTEpUN BBIHOCIWBOCTH NEPEKPHIBACTCS
YCIIOBUEM CTaTHUYECKOH MpodHOCTH, a pu K >1 BBOIAT mompaBKy B BelH-
YUHY JOITYCTUMOW OCEBOU CHUIIBI

10-z-d;
—

Ha paGoTocrnocoOHOCTh MIapUKOBON Mepeaaun OOJbIIoe BIUSHUE OKa-
3BIBACT CHJIa MPEABAPUTEIHHOrO HATATa Q. DTa CHIIA, MOBBIIMIAS OCEBYIO
KECTKOCTh TEpeIayuu, YBEINIMBACT MOMEHT XOJIOCTOTO XOJla U CHUKAET €¢
J0JNTOBEYHOCTh. OPUEHTUPOBOYHO BEJIMUMHY MPEIBAPUTEIHHOTO HATATA JIJIS
JT000T0 3HAYEHUS TATOBOU CUJTBI MPUHUMAIOT

Q =35-z-d/. (6.17)

Q= (6.16)

JInvHHBIE X0J0BBIE BUHTHI (KOTa [UIMHA padodero y4yacTtka B 7,5-10 pa3
NPEBBINIACT JHAaMETp), paboTarolue Ha CTaHKe, CICIyeT MPOBEPSATh Ha yc-
TOMYHMBOCTD.

Kputnueckoe 3HaueHUE TATOBON CUJIBI

7°EJ

. 6.18
(ul)? (649)

Q=

4

T .
rae £ — Monmynb ynpyroctu martepuana BUHTA; J = 6_4? — OCEBOM MOMEHT

WHEPLUU CEYEHUs BUHTA; 4 — KOA(Q(UIMEHT, 3aBUCSIIMIA OT XapakTepa 3a-
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JICJIKA KOHITOB BUHTA (MPU >KECTKO 3aJieJlaHHbIX KOHIax BuHTa 1 = 0,5, mpu
OJIHOM 3aJIeJITaHHOM U OJHOM IapHupHoM y = 0,7, mpu 000UX MIAPHUPHBIX
KoHIax 4 = 1); | — HanOobIIIee pacCTOSTHUE MEXTy TallKoi M OMOPOI BUHTA.
C yderom kodddunueHnTa 3amaca yCTOHIMBOCTH K,, TPHHHMAEMOro
JUIS TIepellad BUHT-Talika paBHBIM 3, 10 3aBHCHUMOCTH (6.18) ompenensior

HOMUHAJIBbHBIN AraMeTp o, MPU KOTOPOM OH HE TEePSeT YCTONUYNBOCTH.

2
d, = 64ky(‘3") Q. (6.19)
’E
Pacyer BUHTa Ha YCTOMYMBOCTH N0 KPUTHYECKOH 4acTOTE BPALLECHHS.
B MOMEHTBI OBICTPBIX TMepeMelieHui pabodero opraHa CTaHKa, KOT/la BUHT
BpAaIlla€TCsl C BICOKOW YaCTOTOM, LICHTPOOEKHBIE CUIIBI MOTYT BBI3BATh MOTE-
PIO YCTOMYUBOCTH, YTO MPOSBIISICTCS B HACTYTUICHUU BUOPAIIUA:

~5-.10"d uk

k — Lz
rae d — BHyTpeHHHMIA TUaMeTp pe3nObl BUHTA, MM; 3HA4CHHUs KOd((UITUCHTA
4 cM. Ha puc. 6.3; k = 0,5...0,8 — koaddurment 3amaca; L — paccrosiHue me-

Iy OIIOpaMy BUHTA, MM.
KecTkocTh NIEpEeIaun BUHT-TallKa KaueHHsI MOKET OBbITh paccuMTaHa 1o

dbopmyie

, (6.20)

] =20d, z H/mkwm, (6.21)

riae d;— TuameTp MapuKoB, CM; Z — YHUCITIO MAPHKOB.

JInsl MOBBILICHUST KECTKOCTA BCEM NEpeadyd BUHT-TaKa Ka4ye€HUs, KO-
TOpasi 3aBUCUT OT KOHTAKTHOU KECTKOCTH pe3b00BOI0 COCIUHEHUS, OT KECT-
KOCTH CaMOIr'0 BUHTA U €r0 OMOp, PEKOMEHIYETCSI YBEIUYUBATh MIPEKIEC BCE-
ro IMaMeTp XOJA0BOro BUHTA. JKECTKOCTh pabovero yyacTka BUHTA

2
1, :1600% H/MxwM, (6.22)

rie do— cpeiHui TuamMeTp BUHTA, cM; L, — IUTHA pabodyero y4acTka, CM.
[IpubnuxkeHHOE 3HaYEHUE )KECTKOCTH OIOpP BUHTA

J, =e-d, HMKm, (6.23)

rae e = 5, 10, 30 cOOTBETCTBEHHO U1l pPaAuaibHO-YIIOPHBIX, IIAPUKOBBIX U
POJIMKOBBIX YIIOPHBIX MOAIIUITHUKOB; Uy — B MM.
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NPUNOXEHUE

Tabnuna 7.1
Jleuzamenu mpexghaznvie acunxponHbvie
Yacrora
Tumnopasmep Mo Hacrora Tumnopasmep Mow- Bpaie-
HOCTb, | BpallCHHS, HOCTb,
JIBUTATEIIS «BT - JIBUTATEIISI BT Hu,
MUH

4A71B2Y3 1,1 3000 AIP80A4 1,1 1500
4A80A4Y3 1,1 1500 AIP71B2 1,1 3000
4A80B6Y3 1,1 1000 AIP80OB6 1,1 1000
4A90LB8Y3 1,1 750 AWPS0OA2 15 3000
4A80A2Y3 1,5 3000 ANP80B4 1,5 1500
4A80B4VY3 1,5 1500 ANPIOL6 1,5 1000
4A90L6Y3 1,5 1000 AP80OB2 2,2 3000
4A100L8Y3 1,5 750 ANPI0L4 2,2 1500
4A80B2Y3 2,2 3000 AUNP100L6 2,2 1000
4A90L4Y3 2,2 1500 ANP9OL2 3,0 3000
4A100L6Y3 2,2 1000 ANP100S4 3,0 1500
4A112MA8Y3 2,2 750 ANPI112MA6 3,0 1000
4A90L2Y3 3,0 3000 AVPX112MA6 3,0 1000
4A10054Y3 3,0 1500 AWP100L4 4,0 1500
4A112MA6Y3 3,0 1000 AUP112MB6 4,0 1000
4A112MB8Y3 3,0 750 AUPX112MB6 4,0 1000
4A100L4Y3 4,0 1500 ANP132M8 4,0 750
4A100S2VY3 4,0 3000 ANP100S2 4,0 3000
4A112MB6Y3 4,0 1000 AUNP132S8 4,0 750
4A132S8B3 4,0 750 ANPX132S8 4,0 750
4A100L2V3 9,5 3000 ANP100L2 5,5 3000
4A112M4V3 5,5 1500 ANP112M4 55 1500
4A132M8V3 9,9 750 ANPX112M4 5,5 1500
4A13256VY3 9,9 1000 ANPX132M8 5,9 750
4A112M2V3 7,5 3000 AUNP132S6 5,9 1000
4A132M6VY3 7,5 1000 ANPX132S6 5,5 1000
4A13254V3 7,5 1500 AWPI112M2 7,5 3000
4A160S8Y3 7,5 750 APXI112M2 7,5 3000
4A132M2V3 11,0 3000 NAP132M6 7,5 1000
4A132M4V3 11,0 1500 ANPXI132M6 7,5 1000
4A160M8Y3 11,0 750 AUNP13254 11,0 1500
4A160S6Y3 11,0 1000 ANP160S6 11,0 1000
4A160M6VY3 15,0 1000 ANPX160S6 11,0 1000
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Oxkonuanwue tadm. 7.1

YacroTa Yacrora
Tunopazmep Mom- Bpaie- | Tumnopasmep Mom- Bpailie-
JBUTATEISI HOCTR, HUA JIBUTaTeIsd HOCTD, HUA
kBT ’1 kBT 21
MHH MHH
4A160S2Y3 | 15,0 3000 ANP132M?2 11,0 3000
4A16054Y3 | 15,0 1500 ANPX132M2 | 11,0 3000
4A180M8VY3 | 15,0 750 ANP132M4 11,0 1500
4A160M2Y3 | 18,5 3000 ANP160S2 15,0 3000
4A160M4Y3 | 18,5 1500 ANPX160S2 15,0 3000
4A180M6VY3 | 18,5 1000 ANP160S4 15,0 1500
4A200M8Y3 | 18,5 750 AHNP160M6 15,0 1000
4A180S2V3 | 22,0 3000 ANPX160M6 | 15,0 1000
4A18054Y3 | 22,0 1500 AHNP160M2 18,5 3000
4A200L8Y3 | 22,0 750 AHNP160M4 18,5 1500
4A200M6Y3 | 22,0 1000 AHNP180M6 18,5 1000
4A180M2VY3 | 30,0 3000 ANP180S2 22,0 3000
4A180M4VY3 | 30,0 1500 AIP180S4 22,0 1500
4A200L6Y3 | 30,0 1000 AHNP180M?2 30,0 3000
4A225M8VY3 | 30,0 750 ANP180M4 30,0 1500
4A250S10Y3 | 30,0 600
Tabmuma 7.2
Jeuzamenu cepuu A2, AO c nogvluieHHBIM NYCKOBHIM MOMEHMOM
Yacrtorta
Tunopazmep Mom- Hacrora Tunopazmep Mom- Bpailie-
IBUTATEIIS HOCTB, Bpametlllxl L, IBUTATEIS HOCTE, HUS,
kBT MUH kBt 2
MUH

AOVII2-41-8Y3 2,2 710 AOVII2-52-4Y3 10,0 1465

AOVII2-41-6Y3 3,0 960 AOVYII2-61-6Y3 10,0 970

AOVII2-42-8Y3 3,0 710 AOVII2-62-8Y3 10,0 720

AOVII2-41-4Y3 4,0 1440 AOVII2-61-4Y3 13,0 1440

AOVII2-42-6Y3 4,0 960 AOVII2-62-6Y3 13,0 970

AOVII2-51-8Y3 4,0 710 AOVII2-71-8Y3 13,0 730

AOVII2-42-4Y3 5,5 1440 AOVII2-62-4Y3 17,0 1440

AOVII2-51-6Y3 55 975 AOVII2-71-6Y3 17,0 970

AOVII2-52-8Y3 9,5 710 AOVII2-72-8Y3 17,0 730

AOVII2-51-4V3 7,5 1465 AOVII2-71-4Y3 22,0 1460

AOVII2-52-6Y3 7,5 975 AOVII2-72-6Y3 22,0 970

AOVII2-61-8Y3 7,5 720 AOVII2-81-8Y3 22,0 730
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Tabmuna 7.3

Jleucamenu cepuu AO2 ¢ nogvluieHHBIM CKOJIbHCEHUEM

Mormnr- Yacrora Mormnr- YacroTa
Tunopasmep Tumnopasmep
BHraTeNs HOCTB, | BpAlIeHHS, BHraTelNs HOCTb, | BpAlICHHs,
KBT MHH kBT MWH
AOJIC2-21-6Y3 | 1,0 1000 AOC2-41-2V3 |6,8 3000
AOJIC2-12-2¥3 |13 3000 AOC2-51-6Y3 | 7,0 1000
AOQJIC2-21-4¥3 |13 1500 AOC2-42-4V3 |75 1500
AOJIC2-22-6Y3 |13 1000 AOC2-42-2¥3 |9,0 3000
AOJIC2-21-2¥3 | 1,8 3000 AOC2-52-6Y3 9,0 1000
AQJIC2-22-4¥Y3 | 2,0 1500 AOC2-51-4Y3 |94 1500
AOC2-31-6V3 2,0 1000 AOC2-61-8Y3 |10,0 750
AOQJIC2-22-2¥3 | 2,5 3000 AOC2-51-2¥3 [11,0 3000
AOC2-32-6Y3 2,7 1000 AOC2-52-4y3 12,0 1500
AOC2-31-4V3 3,0 1500 AOC2-61-6Y3 |125 1000
AOC2-41-8VY3 3,0 750 AOC2-62-8Y3 125 750
AOC2-31-2V¥3 |35 3000 AOC2-52-2¥3 [13,0 3000
AOC2-42-8V3 3,5 750 AOC2-61-4Y3 | 14,5 1500
AOC2-32-4V3 14,0 1500 AOC2-71-8Y3 [150 750
AOC2-41-6Y3 |40 1000 AOC2-62-6Y3 | 155 1000
AOC2-42-6Y3 | 4,7 1000 AOC2-72-8Y3 18,0 750
AOC2-32-2V3 |48 3000 AOC2-62-4Y3 | 18,5 1500
AOC2-51-8V3 5,0 750 AOC2-71-6Y3 19,0 1000
AOC2-41-4V3 5,2 1500 AOC2-71-4y3 | 23,0 1500
AOC2-52-8VY3 6,4 750 AOC2-72-6Y3 | 23,0 1000
Tabmuna 7.4
Jleyxckopocmmuuie ogucamenu cepuu A2, A02
Tumopasmep Mouu- Yacrora Temopasmep Mouu- Yacrora
BHraTeNs HOCTb, BpaIJ_IeI_Jll/IH, BHrATeNs HOCTb, BpaIleHHs,
kBT MWH kBT MHH
AOJI2-21-4/2 | 0,7;0,9 | 1400, 2700 | AO2-51-4/2 |6,1;7,3 1470, 2925
AO02-41-8/4 1,6;2,5 |720,1420 A02-62-8/4 | 7; 10,5 700, 1400
AO2-31-4/2 1,8;2,3 |1430,2830 | AO2-52-4/2 | 8,3;10,2 | 1470, 2925
A02-32-4/2 2,3;29 ]1430,2830 | AO2-61-4/2 | 8,5;19 1450, 2890
A02-42-8/4 |2,3;3,9 |720,1420 AO02-71-8/4 | 10; 14,5 700, 1400
AO2-51-8/4 |28;4,6 |715,1430 AO2-62-4/2 | 11,5; 14,5 | 1450, 2890
AO02-41-4/2 3,3;4,1 |1460,2830 | AO2-72-8/4 | 13,5;19,5 | 700, 1400
A02-52-8/4 | 3,8;6,3 | 715, 1430 A02-71-4/2 | 15,5; 19,5 | 1450, 2880
OA2-42-4/2 1 4,7,55 |1460,2860 | AO2-81-8/4 | 19,28 755, 1450
AO2-61-8/4 |55;85 | 700, 1400 A02-82-8/4 | 24,34 725, 1450
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