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BBEJAEHUE

KypcoBas pabota no nucuumivae « OCHOBbI KOHCTPYUPOBAHUS» SIBIISIETCS
CaMOCTOSITENIbHOM HMHXKEHEpHOW paboroit cryaeHToB. KoHieHTpamus kypca
OCHOBBI KOHCTPYHUPOBAHHUSI B yU€OHBIX IJIAHAX B JIBYX CEMECTPaxX U OTCYTCTBUE Y
CTYJICHTOB MPAKTUYECKOTO HABBIKA B MPOCKTUPOBAHUU 3ATPYIHSIOT BBHIMOJHEHHE
KypcoBOM pabOThl B CpoK. B HacToAmUX METOAMYECKHX YKa3aHUAX
paccMaTpUBAIOTCSl MPUMEPHI TPOCKTUPOBAHUS MPUBOJOB OOIIETO HAa3HAYCHUS C
OJIHOCTYIICHYATBhIM 3yO4aThiM PEAYKTOPOM (LIUIUHIPUYECKUM, KOHHUYECKUM U
yepBsiuHbIM). [IproOpeTeHre MpakTUYECKOTO HaBblKa B IMPOCKTUPOBAHUU
CIIOCOOCTBYET YCIEITHOMY BBITIOJTHEHUIO KypCOBOU PabOTHI.



1. METOAUKA PACYETA IIEPEJJAYN

VicxomHpIMU JAaHHBIMU JJI pacdeTa sBISIOTCS TpeOyeMoe MmepeaaToaHoe
OTHOIIICHUE, TIEpeIaBacMble MOMEHTHI Ha BajaX IMIECTEPHH W KOJECa, YaCTOTHI
palleHus MEeCTePHU U KoJieca, pecypc nepeaadn, T.e. BpeMs paboThl epeaayu 3a
CPOK CITY>KObI MEXaHU3Ma.

Pacuer 3akpbITOM HUIMHIPUYECKONW 3y0UyaToil repeaadyu Mpou3BOAUTCS B
CJIeIyIoIEe oClIeIOBATEIbHOCTH.

1.1. Beibupaetcst MmaTepual JJig U3rOTOBICHH 3y0UaThIX KOJIec.

[Tpu BEIOOpE MaTepHANIOB IIECTEPHU U KOJIeCa CIIETyeT PYKOBOACTBOBATHCS
JTaHHBIMU, PUBEACHHBIMU B [Ipunoxxenun. PekomMeHnayercs BEIOUpaTh
MaTepUabl U YIIPOUHSIONTYIO TEXHOJIOTHIO TAKUM 00pa3oM, YTOOBI TBEPIOCTh
MMOBEPXHOCTH 3yObEB IIECTEPHU ObLIa 0OJIbIlIE TBEPIOCTH 3yObEB KOJieca He

MeHee, yem Ha 20...30 HB.

1.2. Onpenenstorcs JOMyCcKaeMble HAMPSHKEHUS ¢ y4eTOM (PaKTHUECKUX YCIOBHIMA
Harpy>keHusi 3yObeB KoJjieca U IIECTEPHU

[64]i= (Gutimbi/ Sui) -Kuti-[ok]i = (6% 1imbi /SFi) - Krci-KeLi,

rae 1 = 1,2 —uapekc; | = 1 —u1s mecTepHy, I= 2 —1J1s KoJieca,

Gulim bi- TIPEIET KOHTAKTHON BBIHOCITUBOCTH;

OF lim bi - IPEACIT BEIHOCIIMBOCTH HA U3THUO TP OTHYJIEBOM ITHUKIIC

W3MEHEHUSI HAIIPSKCHUN;

Sui - K03 GUIIMEHT OE30MaCHOCTH MPHU PacueTe Ha KOHTAKTHYIO

MIPOYHOCTH 3yObEB;

Sti - k03¢ duIEeHT OE30MTaCHOCTH MPHU pacueTe 3yObeB Ha U3THO.

Bemu4mHbI Gy fim pi M OF Iim bi AJTS PA3IMYHBIX MaTePUAJIOB IIPUBEICHBI B Ta0uIe 1.

Koaddunmentst gonaroBednoctd Ky 1 KrL yYuThIBaIOT BIMSIHUE pecypea U
pEeXMMa HArpy3KH NepeaadH.

KhLi= (Nnoi /NHei)Y® ;. Krii= (Nroil Neei)'™;



rie Nroi, Nroi- 0a30BbIe YnCIa IUKJIOB HAMIPSIKEHU;

NHei, NFEi- pacueTHOE YHCIIO IUKIIOB HAMPSKCHUH;,

M = 6 - 1151 3yO0UaThIX KOJIEC U3 He3aKaJICHHBIX CTaJeH U JPyTUx

MsTKkuX MarepuanoB (HB < 350);

m=9 - 1 3y04UaThIX KoJIeC U3 3aKaleHHbIX cTaneh (HB> 350).

[Ipu pacuere Ha KOHTAKTHYIO IPOYHOCTH 3yObeB mpuHUMaeTciNHoi= 30HB.

[Tpu pacyere Ha U3rud 3yObEB KOJIEC, BHITOJHCHHBIX U3 CTAJICH, IPUHUMACTCS
Neoi= 4108, st 3yGuaThIx Konec u3 apyrux mMarepuanos Neoi= 3-108,

[Ipy TIOCTOSSHHOM pEXHUME HArpy3KH, KOTOPBIA SIBISIETCS HamOoJee
TSOKEJIBIM [T MEXaHW3Ma, pacuyeTHOE YHCIO IWKIOB HANPSHKCHUA DPAaBHO
(haKTUYECKOMY YHCITy IUKIOB HArpy)KeHHH KaXJaoro 3y0a 3a CpOK CIIyKOBbI
MEXaHU3Ma M C YYETOM TOTr0, YTO 3a KaXJbI 000pOT Kojieca KaKIbli 3y0
WCTIBITHIBACT OJWMH IIUKJI HATPYKEHUH, OTIpeIeIsIeTCS
NHei= Nrei=60-ni-t,
r7ie Nj- 4acToTa BpallleHUs 3y04aToro kKojeca, 00/MuH;
tx, — Bpems paboThI Mepeaaun 3a CpoK CIYKOBI (pecypc nepenayn), 4achl,
tx=L- 365 ‘K.00' 24 ‘Keym, , L CPOK CITy>KOBI, TOBI,

K00 , Keym — K02POUITMEHTHI UCTIOIB30BAHUS TIEpEadd B TOAY U CYTKaXx.

Ecmut NHei>NHoi nnmuNFrei>Nroi, To mpuaIMaroT cooTBeTcTBeHHOKHLi=1 nKFLi=1.
EcmuKuii= (Nroi/Nhei)6>2,4, To mns pacuera npuaumaerca Kuii= 2,4.

Ecmu Kevi =(Nroi/Neei)Y >2, To muist pacuera npuanMaercaKeLi= 2.

Ecmu Kevi =(Nroi/Nrei )Y >1,6, To mutst pacuera npuaumaercs KeLi= 1,6.

[Ipy TepeMEHHOM pEXUME Harpy3KH, KOTOPBIH XapaKTepU3YeTCs
[IUKJIOTPAMMON HM3MCHEHHsSI Harpy3kd (KpyTSIIEro MOMEHTa) BO BpPEMCHH, 3a
pacUeTHYI0 HAarpy3Ky NMPHHHMACTCS MaKCHMajbHas IO IMKJIOrpaMMe, a pacuer

koo durmento Ko m KrL BefeTcss 1Mo SKBUBAJIEHTHBIM YHCIIAM  ITUKIIOB
HanpspkeHuil. Metonbl onpeneneHuss Nue u NFe IIpu NEpEMEHHBIX peXUMax



Harpy3ku moapoOHo wusnmokensl B paborax [1,2, 3]. Kosddumuent Krci,
VYUTHIBACT BIHMSHUE JBYCTOPOHHETO TPHUIOKEHUS HArpy3kd (Hampumep,
PEBEPCHUBHBIE TIEpeIayn):

Krci= 1 — 0qHOCTOPOHHSSI HATPY3Ka;

Krci= 0,7...0,8 — peBepcuBHas Harpys3kKa.

1.3. OnpenensitoTcst gncia 3yObeB MECTEPHH, KoJieca U TIEPEIaTOTHOS YHUCIIO.
Yucno 3yObeB MIECTEPHHM IO YCIOBUIO OTCYTCTBUS TIOIPE3aHUS JIJIST TIPSMO3YObIX
KOJIeC JOJDKHO OBITh Z1 > 17, a 115t KOCO3yOBIX W IMIEBPOHHBIX Koyiec Z1 > 17-
cos*p.

Yucio 3yoneB koneca Zr = Z1 - 112,

e 12 — TpedyemMoe nepeIaTOYHOe OTHOIICHHE TIepeiaur (OTHOIIICHHE

YIJIOBBIX CKOPOCTEH MIECTEPHU U KOJIeca);

J - yroa HakJI0OHa JIMHUW 3y0a MPUHUMAETCS I KOCO3YOBIX KOJIEC B

unrepBaie (8...15°), s meBpoHHbIX — (25...45°)

[Tepenarounoe urciio U = Zo/Z; onpeessieTcs Mo HaiIeHHBIM

3HaueHUsIM Z1 u Z2, OKpYTJICHHBIX JI0 LENBIX YUCEIl, M HE IOJDKHO OTIUYATHCS OT

TpebyeMoro nepeaaToyHOro OTHOIICHUs He Ooee, yeM Ha 3%.

1.4. OnpenensieTcst TpeOyeMoe MEKOCEBOE PACCTOSTHUE TepeIauu U3 YCIOBUS
KOHTAaKTHOW MTPOYHOCTH TIOBEPXHOCTEH 3yObheB

aw = (U+1){0,78 -M> ‘K, -cos B.-E1-E> /([ou] 'U)2 Yha' (E1+E2)}1/3,

rae M2 — KpyTAIIKi MOMEHT Ha KoJiece, H-Mm;

Yba — KOO(PPULIMEHT MUPUHBI 3y0UATOTO KoJieca, BHIOUpaeTcs mo Tadaule 2;
K. - xoadpunmeHT Harpy3Ku, yUuTHIBAIOIIUNA JOTIOJTHUTEIHHBIC BPEIHbBIE
Harpy3KH, COIyTCTBYIOITHE Pab0Te TIepe1auu; IpeIBapUTEIHLHO
npunuMaetcs K, = 1,2 1715 Kojiec ¢ TBEp10CThI0 MOBEPXHOCTEH

3yobeB < HB 350 u K= 1,35 c TBepaoctreio HB 350;



E1, E> — monynu ynpyrocTy IEPBOTO poa COOTBETCTBEHHO MAaTepHalIa
IIECTEPHU U KOJIECa,
[0x] - pacdueTHOE ToTTycKaeMoe KOHTAaKTHOE HAIpsHKEHHE.

PacueTtHoe nomyckaemMoe KOHTAaKTHOE HANPSKEHUE OIPeeseTCsl CIeAYIOIUM
oOpazom:

npu pacuere npsamMo3yobix kosec (f = 0) [64] = [Gu]min,

IpH pacyere Koco3yObix koiiec (ff # 0) u B cirydasx O0JbIION pa3HOCTH
TBEpAOCTEH 3yObeB MpsiMO3yObIX 1ecTepHu U koneca (HB1 — HB2 >70)

[64] = 0,45 ( [ou]1 + [04]2),

rie [64]1, [6x]2 — mOTTyCcKaeMble KOHTAKTHBIC HAITPSDKEHUS COOTBETCTBCHHO
JU1s1 3yObEB IIECTEPHU U KOJIECa,;

[On]min - MUHHMaJIBHOE U3 IBYX 3HAYCHUH [Ox]1 ¥ [On]2

Cnedyem umems 8 Uy, YUMo 8 T0OOM CIYyUAe OONAHCHO BbINOTHAMBCS YCI08UE
[O'H] <1,23 '[O'H]min.

1.5. Onpeoensemcs nopmanvHwili MOOYIb nepeoadu
Mn =2aw - cos PI(Z1 +Z,)

llonyuennoe 3nauenue Mn okpyeasaom 0o oaudxcaiue2o cmanoapmuozo no CT
COB 310-76 (cm. mabauya 3).

1.6. Ymounsemcsa meaxcocesoe paccmosnue nepedau

aw = 0,5 (Z1 +Z>) m, /cosp.

33 pe3yJibTaT OIIPCACIICHUA YTOYHCHHOT'O IIPUMHUMACTCA 1 CJIasd 4aCThb
[IOJIy4€HHOr0 3HaueHus. [Ipy mpoeKTUpOBaHUM CTaHIAPTHBIX PELYKTOPOB
MOJTYYE€HHOE 3HAYEHUE OKPYTJISIOT 10 O KaNIlero 3HaueHus mapaMeTprudecKoro

psiaa no tabnuiie 4.

1.7./1n1 koco3y0oil mepeaaun yTouHsSETCsl yrojl HaKjOHa JMHUU 3y0a

p = arcos [0,5 (Z1+Z2) mn / aw].



1.8.PaccunThIBarOTCSI reOMETPUYECKUE TTapaMeTphl 3y0UaToi mepeaadn
JlenmuTenbHbBIN uaMeTp mectepHu di = My - Z1 / Cosp.

JlenuTenbHbBIN quaMeTp kojeca d2 = my, - Z2 / cosp.

Jlnametp BepuuH tecteprn Ja1 = di + 2 My .

JInametp BepmuH Kosieca daz = d2 + 2 My .

Jwametp BnaauH mectepau df 1= di — 2,5 my .

Jlnametp BoaauH kojeca dp=d2 — 2,5 my .

[MIupuna koneca b2 = Yo - aw.

[Iupuna mectepuu by = 1,12 by.

Koaddunuent mmpunsl mectepau Phd = b2 / ds.

1.9.0mpenensercss OKpy»XHasi CKOPOCTh Ha JISTUTSIIBHOM JUAMETPe 3y0UaThixX
KOJIEC

V =(rm - d1 - n1) /60 000,
r7e N1 — YacToTa BpallleHUus [EeCTEPHU, 00/MUH.

1.10. BriOupaercs cTeneHb TOYHOCTH 3y04aTol mepeaadn B COOTBETCTBHH C
OKPYXHOU CKOPOCTBIO V ¥ peKOMEHIALUSIMU, IPUBEICHHBIMU B TaOIHILIE 5.

1.11. YTounsercs 3HaueHue kodpduimenta Harpy3ku Ky
K. =Ky - Kuﬂ - Ky
rie Kuq — kooppuimenT, yauThIBaIONUN pacipeaeieHiue Harpy3Ku; s
npsiMO3yObIX KoseC Kuq = 1, 1711 KOCO3yOBIX U IIEBPOHHBIX
ompesensieTcs no tabnumiie 6;
Krp — ko puimeHT, yauThIBarONINi KOHIICHTPAIIMIO HATPY3KH,
onpezensieTcs no tadnuie 7;

Ky~ xodpuiiueHT, yauThIBaIONUN JUHAMUYHOCTD TPHIIOKEHUS



Harpys3ku, onpezaensercs no tadmaune [18.

1.12.TIpou3BoauTCsl MPOBEPOUYHBIN pacyeT KOHTAKTHBIX HAIPSDKEHUH HA pabodnx
MOBEPXHOCTAX 3yObeB

cH=Z¢{4,35 E1-E>-cosf*Mo Ko KupKuv(u+1)/(Er+E2)-d*2-b2)Y*<[c4],
rae Z; — Ko3pUIUEHT, yYUTHIBAIOIINNA CyMMapHYIO IJIMHY KOHTaKTHBIX JIMHUMH;
IUTst IpAMO3YOBIX Kosiec npu a = 20°, Ze = 0,9 17151 K0co3yObIX U IEBPOHHBIX Z& =

0,8.

Ecnu nmomydenHoe B pe3ynbraTe pacueTa KOHTAKTHOE HAIpsDKEHHE MEHbIIE I
MPEBBIIIAET JOIYCKAaeMOE HallpshkeHue [ox| He Oonee, uem Ha 3%, T.e.

E = (ox- [on)) [or] - 100% < 3%,

TO TIPOYHOCTH 3y0UaTON Mepeaadn 1Mo KOHTAKTHBIM HANPSDKCHHSIM CUHTACTCSI
00eCreYeHHOM.

Ecnu xe E > 3%, To He0OX0IMMO YBEIMUYUTH @w, WU MOA00pATh AJis
M3TOTOBJIEHMSI 3y0UaThIX KOJEC MaTepuall, 00ecrieunBaroluii 0osiee BEICOKOE
3Ha4YeHUE [ox|. B 3aBUCMMOCTH OT IPUHATOIO PEIIECHUs NPOU3BOASATCS BHOBb
HEO0OXOMMBIE PacueThl B COOTBETCTBUU C TAHHOW METOIUKOM.
1.13.0mnpenenstoTcst Cuilbl, ASUCTBYIONINE B 3alICTIJICHUU 3y0UaThIX KOJIEC
OxpyxHas cuta Ft =2 M> [ da.

Paauanbhas cuna Fr = Fy - 19, / COSp.

Ocesas cuna Fa = Ft - tg f.

1.141Tpoun3BoauTCS MPOBEPOUHBIN pacueT 3yOheB M0 HANPSKEHHUSIM U3ruda

oF =(Ye-Yp-Fi K, Krp - Krv) b2 - mnh<[oF]
rae Yr — kodddurment hopmsl 3yoa; npuHUMaeTcs 1o tadnwuie 19 B
3aBHCUMOCTH OT SKBHBAJICHTHOTO YHCia 3yObeB Zy,

omnpenensemoro Zv = Z / cos*f;



Yy - ko3 duIMeHT HakIIoHa 3y0a, onpenemnsieMsrid Yy = 1- /140,
Krs — x03pduLmeHT pacnpeaenenns Harpy3Ky; Ui psMo3yObIX
nepenad Kr, = 1, 151 K0co3yObIX U IIEBPOHHBIX IEepeaay
3HaueHus Kr, npuHuMarotcs o radmuue 10;

Krp — x03QPUIIMEHT KOHLEHTPALMU HArpy3Ku; IPUHUMAETCS 110
Tadymue 11;

Ky - k03 pULMEHT AMHAMUYHOCTU HArpy3Ku; IPUHUMAETCS 110
Tabsmue 12.

Pacuer Bemercst miis 3yObeB TOTO W3 KoJjiec, JUIS KOTOporo otHoimeHue (or/YF)
MEHBIIIE.

Ecnu monyuenHoe B pe3yibTaTe pacuera HaIpsiKEHUE H3ruda MEHbIIE WU
MIPEBBIIIAET JOMMyCKaeMOe HamnpshkeHne He 6omee, ueM Ha 3%, T.e.

E= {of - [oF]}/[oF] -100% < 3%,
MIPOYHOCTH 3yObEB HA U3TMO CUUTAETCS 00ECTICUEHHOM.

Ecnu xe E > 3%, TO HEOOXOIUMO YBEIUYUTH Mp WK D2, Wiau momo0parh st
M3TOTOBJICHUSI 3yO4YaThIX KOJIEC Marepuai, oO0ecleyuBaIOIIMiA 0oJiee BBICOKOE
3HaueHue [OF]. B 3aBUCUMOCTH OT MPUHATOTO PEIICHUS MPOU3BOISITCS BHOBH
HEO0OXOMMBbIEC PACUEThl B COOTBETCTBUU C IAHHOW METOJIMKOM.

1.15. B pspae ciaydaeB GOF OKa3bIBAE€TCS 3HAUYUTENBLHO MeEHbIIE [OF]. B 3TuX
clly4asix HEJOrPYKCHHOCTh TepeJadd [0 HAMPSHKCHUSAM H3ruda TMO3BOJISET
YMEHBIIUTh 3Ha4YeHHEe My 63 U3MCHEHUSI aw U YBEIHYUTD
COOTBETCTBEHHO Z1 1 Z>. YBenmdueHue Zi u Z> 6€3 W3MEHEHUs @w OJIaronpHusaTHO
CKa3bIBacTCs Ha paboTe Mepeadn — yMEHBIIAKTCS MOTPEIIHOCTH B 3allCTIICHUH
IPU TOW K€ CTENCHW TOYHOCTHU M3TOTOBJICHUS KOJIEC, CHUKACTCS HHTCHCUBHOCTb
IIyMa ¥ BUOPOAKTUBHOCTh, CHIXKAFOTCS IIOTEPH HA TPEHHUE.

Pacuer mo oOecneueHuto OOJbIIEH pPaBHOMPOYHOCTU 3yObEB MO KOHTAKTHBIM
HANPSDKEHUSM U3TH0a MPOBOAMUTCS B CICAYIONICH MOCIeI0BATEIFHOCTH.

1.15.1.YMmensb11aeTcs CTaHAapTHOE 3HAYEHHE Mp 1o Tabaue 3.



1.15.2.0npenensieTcss CcyMMapHOE YHCIIO 3yObeB TIEpenaun
Zy=21+2Z>, Zs =2 aw * COSf / mn.

1.15.3.0npeoensatomes uucna 3y6ves wecmepuu u Koieca
Z1=Zs1(112+1), Zo =21 - i12.

3HaueHust Z1 U Z2 OKPYTJISIOT J0 IENbIX.

1.15.4. OnpenensieTcss yTOYHEHHOE TIepeaTOgHOe urciio U = Z [Z;.

1.15.5.1ToBTOpSsIFOTCS pacyeTsl mo myHkTam 1.6 — 1.14.

2. IPUMEP PACYETA HHEPEJJAYN

HeoO6xoaumMo BBIMIOJIHUTH pacyeT 3aKphITOM KOCO3yOOH  ITMJIMHIIPUYECKOM
nepegayu.

HUcxonupie 1aHHBIC:

Yacrora BpanieHus mecrepuu Ny = 1500 06/MuH.

Tpebyemoe nepenaToyHoe OTHOLICHHE Tiepeaayu i1z = 3,55.

Kpyrsamumii MomeHT Ha Baimy mectepHud M1 = 19100 H-mwm.

KpyTsamuii MomeHT Ha Baity kojeca M2 = 65770 H-mwm.

ITepenaua HepeBepcuBHas. Pexum Harpy3ku MOCTOSIHHBIM.

Cpok ciyx0s1 L = 5 mer.

KoaddumumenT ucnonszoBanms nepenadu B roqy K..o = 0,8; B cytkax Kem = 0,5.
[IlecTepHs U KOJIECO PACIIOJI0KEHBI HECUMMETPUYHO OTHOCHUTEIILHO OIOP.
2.1.Pacuer BbINOJIHACTCH BPYYHYIO

2.1.1. BeiOupaem Marepuan Juisi U3TOTOBJICHHS IIECTEPHU M Kojieca. Tak kak
3aJlaHUEeM He TMpeAyCMAaTPUBAETCS CIElUaIbHBIX TpeOoBaHUN K rabaputaM U

Macce mnepenayd, no Tabmuie | BbIOMpaeM B KayecTBE MaTepUalioB IS
W3TOTOBJICHHSI 3yOYaThIX KOJIEC CTalld CO CPEJHUMH MEXaHWYECKUMU



XapaKTePUCTHKAMH M OTHOCHTEIILHO HEBBICOKOW CTOMMOCTHIO. J[ist mectepan —
40X, TepmoobOpabotka — yiydmenne HB 245, ouiimbi= 560 MIlla, S,.; = 1,1;
6%k limb2 = 440 MIla, Sk1 = 1,6; mna xomeca — cranb 45, TepMooOpabOTKa —
HopMmammszaimss HB=190, ouiimbe= 455 MIla, S,2= 1,1; 6% iimbe= 350
MIla, Sg2 = 1,65.

2.1.2. PaccuuTbiBaeM JOMyCKaeMble HAMNpsHKEHUS C Y4eTOM (DaKTHUECKUX
YCJIIOBUM Harpy>KEeHHUs.

bazoBoe uncio UKIOB HAMPSYKEHUN

Nho1 = 30 HB?4 =30 - 24524=1,6 - 10,

Nhoz = 30 - 19024 =8,8 - 10°;

Nro1 = NFo2 =4 - 10°

Bpewmst paboThl iepeiauu 3a BECb CPOK CIYKOBI

te=L 365 Koo 24  Kem=5-365-0,8-24-0,5=17520 yacoB
YUucno NMKI0B HAIPSYKEHAN

Nher = Nee1 =60 * n1 - 25 = 60 - 1500 - 17520 = 1,58 - 10°

Nhe2 = Nre2 = 60 - N1 - tx/ i12 =60 - 1500 - 17520 /3,55 =4,45 - 108
Koadpunmentst nonroseunoct Knrr = Knez =1, tak kak NHer > NHo1 1
NHe2 >NHoz2 ; KL =Kr2=1, Tak kak Nre1>Nro1 1 NFe2>NFroo.
Koadpdunmentsl Krc1=Krco=1, nis HepeBepcuBHOM niepeadn.
JlonyckaeMble KOHTAKTHBIE HAMPSIHKEHUS

[64]1= (O tim b1/ SH1) - Krir = (560 / 1,1) - 1= 509 MI]a,

[6u]o= (Outim b2/ SH2) - KhL2 = (455 / 1,1) - 1= 414 MITa.
Jlommyckaembie HaNPsHKEHUS MIPU U3rHOe

[6£]1= (6 % tim b1/ SF1) - Kect - Keia = (440/ 1,6) - 1 - 1= 275 MIla,

[6F]2= (6% 1imb2/ SF2) - Krez - Kriz = (350/1,65) - 1 - 1= 212 MI]a.



2.1.3. OnpenensieM uncia 3yObeB MIECTEPHH KoJIeca U MePeIaTOuHOE YUCIIO.
[IpuHrMaeM yros HakJIoHA JuHUU 3y0a = 11°.

Yuciio 3yObeB HMIECTEPHU 0 YCIOBUIO
Hernoape3anus Z1 >17cos*ff =17cos?*11°=16,08.

[Tpunumaem Z; = 16.
Yucio 3yobeB koneca Z = Z1 - l12 =16 - 3,55 = 56,8 npunnmaem Z; = 57,
[TepenaTounoe uucio U = Z» / Zy = 57/16 = 3,56.

OTHOCHUTEIBLHOE PACXOKACHUC MCKAY IICPCAATOYHBIM YUCIIOM H Tpe6yeMI>IM
nepeaaTo4YHbIM OTHOILICHUCM

(U - i2)fizz2 - 100% = (3,56 — 3,55)/3,55 - 100% = 0,35%,
YTO JOIYCTUMO.

2.1.4. OnpenenseM TpedyeMoe MEKOCEBOE PACCTOSIHUE Mepejauu U3 yCIOBUS
KOHTaKTHOW MPOYHOCTH.

aw = (U+1){0,78-M>-Kn-cosf-E1-Ea/ ([6u]-U)* Wha (E1+E2)}3 =

(3,56+1){0,78:65770-1,2-cos11°-2,1-10%-2,1-10%(414-3,56)>-0,25-(2,1+2,1)-10°
= 103,47mm.

Koaddumment narpysku npeasaputenbHo npuHumMaeM Ky = 1,2;
E1=E>;=2,1-10° Mna (cM. Tabmuna 1).

PacueTHoe nonyckaeMoe HanpspKeHHE

[ou] = [0H]min = [oH]2 = 414 MI]a.

Koadpdumment Pha ¢ yuetom tBEprocTy < HB 350 u HECUMMETPUYHOTO
PACIIOJIOKEHUS KOJIEC OTHOCUTEILHO Orop 1o Tabsumiie 2 npuHuMaeM Pha =
0,250.

2.1.5. Onpenensem MOIyJTb TIepeaadn

Mn= (2 - aw - cosf)/(Z1+ Z2) =2 -03,47 -cos11° (16+57) = 2,78 mm.



[To Tabnuie 3 mpuHUMaeM CTaHAAPTHOE 3HAYEHUE MOAYIS Mn = 2,75 MM.
2.1.6.YTOUHsIEM MEKOCEBOE PACCTOSIHUE Mepe1aun

aw = 0,5(Z1+Z2)mn Icosp = 0,5(16+57) 2,75/cos11° = 102,25 mm.

3a yTOYHEHHOE 3HAaYEHUE MIPUHUMAEM IETYI0 4acTh aw = 102 MM.

2.1.7. YTouHsieM yroJj HakJOHA JIMHUU 3y0a
p=arccos[0,5(Z1+Z2)mn/aw]=arccos0,5(16+57)2,75/102=10,241° =10°14"29".
2.1.8 PaccunThiBaeM reoMeTpruueCcKue apaMeTphl 3y0uaToi rnepeiayn.
JlenuTenpHbIE TapaMeTPhI

di=mn - Z1/cosp=2,75- 16/ cos 10°14°29" = 44,712 mwm;

d2=mn - Z2/cosp=2,75 - 57/ cos 10°14°29" = 159,288 mm.

JlnaMeTpbl BEpLIINH

Jar=d1+2-mn=44,712 +2-2,75= 50,212 mm;

Ja2=d2+2-mp=159,288 +2 - 2,75 = 164,788 Mm.

JlnamMeTpsl BriaguH

dp=d1-2,5-mpn=44,712-2,5-2,75=37,837 mm;
dre=d2-2,5-mn=159,288 —2,5 - 2,75 =152,413 mM.

upuna kosieca b2 = Wha - aw = 0,25 - 102 = 25,5 mMm, npunumaem bz = 25mm.
[Iupuna mectepan by = 1,12 - b2 = 28 mwm.

KoaddunuenT mmpunst mectepuan Pha = b2 / d1 =25 /44,712 = 0,56.

2.1.9. OnpenensgeM OKpYXHYIO CKOPOCTh Ha JICIUTEILHOM JIMaMETpe 3y0UaThIX
1N EY

V= (r -d1-N1)/60 000 = (m-44,712-1500)/60 000 = 3,61 m/c.

2.1.10.ITpuanMaem ¢ y4eToM peKOMEH A, TPUBEACHHBIX B TabmuIax 5,8
CTENIEHb TOYHOCTH TEepPeadH.



2.1.11. Ytounsiem 3HaueHUs KO3(PPUITUEHTOB HATPY3KH
Kue = 1,09 — o Tabnuue I16;
Kunp = 1,06 — o Tabnume 117,
Kuv = 1,04 — o tabaune 118.

2.1.12. [IponsBoauM IPOBEPOUHBIN pacyeT KOHTAKTHBIX HAMPsHKEHUN Ha
pabouMX MOBEPXHOCTSAX 3yObEB

6u = Z:{4,35 E1 Ez-cosf- Mo Ko Kup Ken(U+1)/(E1+E2)-do- b} =

=0,8{4,35-(2,1-10%)2-cos10°14"-65770-1,08-1,06-1,04(3,56+1)/(2,1+2,1)-105(15
9,288)"-25=

=401,47 MIla < [on] = 414 MI]a.

Z:= 0,8 - k03P PUIMEHT , yIUTHIBAIOLINI CYMMapHYIO JJIMHY KOHTAKTHBIX JTHHHIA,
JUTSL KOCO3YOBIX KoJiec rpu a = 20°.

2.1.13. OnpenensitoTcst CUIIbI, JEHCTBYIONINE B 3aI[ETUICHUN 3y0UaThIX KOJIeC
OkpyxHas cuna

Ft=2 -M>/d2=2 65770/ 159,288 = 825,79 H.

PagmnanpHas cua

Fr=Ft - tg 20°cosf.= 825,79 - tg 20°/ cos 10°14°29" = 305,42 H.

Ocesas cuna

Fa=Fitg p=825,79tg 10°1429" = 149,19 H.

2.1.14. OnpenensieMm kodddureaTs Hopmbl 3yObeB mecTepHu YF1 U Kojeca Yr2
Yr1=4,28 no tabmune 9 mist Zvi = Z1 - cos*’f =16/ cos® 10°14°29" = 15,2;
Yr2 = 3,65 no tabnuue 9 miia Zve = Z; - cos’ff =57/ cos® 10°14°29" = 54,3.

2.1.15. OnpenensieMm kodPuIeHT HaKIOHA 3y0a



Yp=1-p/140=1-10,24138/140 = 0,926.

2.1.16. OnpenensieM ko3 PUITMEHTHI HATPY3KH JJI pacyeTa HaNpsHKeHUN n3ruda
3yoneB Kr, = 0,91 — Tabmume 10;

Krp = 1,12 — Tabnune 11;

Kry = 1,11 — TaOnurte 12.

2.1.17. Onpenensiem otHomieHus [oF]/YE
[or )1/ Yrr=275/4,28 = 64,25 Mlla,
[oF )2/ Yr2=212/3,65 = 58,08 Mlla.

2.1.18. Ilpouzeooum nposepounwlii pacuem HanpsajiceHull uzeuba 6 OnacHoOM
ceuenuu 3y0ves Koneca, m.x. 00axcHo ovimo {[or]2 INe2}< {[oe]1 [YF1}

04= (HazHpAe ‘Kaa Kap Kan).(u2:6m) =
=(3,65-0,926-825,19-0,91-1,12-1,11)/(25-2,75) = 45,89 Mlla;,
or= 45,89 MIla < [oF]. = 212 Mlla.

2.1.19. C yenvio obecneuenus 6orvuell pagHONPOUHOCU nepeoayiu u
yveenuvenus Ziu Zz ymenvuiaem Mn APU MOM dHce 3HAYEHUU Q.

Ipunumaem no mabauye 3 cmanoapmuoe 3Havenue Mn = 1,5 mm.
2.1.20. Onpeodensem cymmapnoe uucio 3yoves Ls = 21 + Z>
Zs=2-aw-cosplmn=2-102 cos 10°14°29"/ 1,5 = 133,8.
2.1.21. Onpeoensiem uucna 3y0ve6 wecmepHu u Koaeca
Z1=Zs/(i2+1)=133,8/3,55+ 1 = 29,4 npunumaem Z1 = 29.
Z>=121112=29 - 3,55=102,95 npuaumaem Z> = 103.

2.1.22. Onpenensem nepeaaTouyHoe YUCIIO0

u=21/2,=103/29 = 3,5517.

OTHOCHTEIBLHOE pacxoxacHue Mexay U u i12 O4YCHb MaJo.



2.1.23. YTouHsieM yroy HaKJIOHA JIMHUU 3y0a

p =arccos [ 0,5 (Z1 +Z2) mn/ aw] =

=arcos [ 0,5 (29 + 103) - 1,5/102 ] =13,93055° = 13°55'50".
2.1.24. PaccunThiBaeM reOMETPUUECKHIE MTApaMETPhI 3y0UaToM mepeavn
di=mpn-Zi/cosf=1,5-29/cos 13°55'50" = 44,818 mm;

d2=mn - Zz/cosp=1,5-103/cos 13°55'50" = 159,182 mm;
Jar=d1+2 -mh=44818+2-1,5=47.818 mm;
dao=d2+2-mn=159,182+2 - 1,5=162,182 mwm;
dn=d1—2,5-mn=44,818-25-1,5=41,068,

drp=d2—-2,5 - mn=159,182 2,5 - 1,5 = 155,432 mm;

b2 =25mMm. b1 = 28mMm Whe = 0,62.

2.1.25. TloBTOpsieM MPOBEPOYHBINA paCUeT KOHTAKTHBIX HAPSKEHUN

or=0,8{[4,35-2,1:10°-2,1-10%c0s13°55"-65770-1,09-1,06]/[(2,1+2,1)10°-(159,182
)2.25]}1/2:

= {1,04(3,55+1)}? = 401,39 MIla < [on] = 414 MI]a.

2.1.26. Onpenensem CUIbI B 3allCTNICHUH

Ft=2 -M>/d2=2 65770/ 159,182 = 826,35 H;

Fr=F¢ tga/cosp=2826,34-tg20°/cos 13°55"50" = 309,88 H;
Ap=A. - enP = 826034 - en 13°55°50" = 204697 Hio

2.1.27. OnpenensieM kodhurreHTs! 3yoheB Yr1 1 YF2

Ye1=3,90 Zv1 = Z1 c0s®f = 29 c0s*13°55°50" = 26,5;

Yr2=3,60 Zv2 = Z2 cos®p = 103 cos® 13°55°50” = 94,1.

2.1.28. OnpenensieM kodhPuUIMeHT HaKIOHA 3y0a



Yp =1- p/140 = 1 — 13,93055 / 140 = 0,90.
2.1.29. OnpenensieM Ko3(DPUITUEHTHI HATPY3KU
Kro = 0,91; Krp = 1,12; Krv=1,11.

2.1.30. OnpenensieM OTHOIICHUS

[or]1/ YF1=275/3,90 =70,51 MIla;

[or]2/ YF2 =212 /3,60 = 58,88 MI]Ia.

2.1.31. [ToBTOpsieM MPOBEPOUYHBIN pacyeT HANPsHKEHUN U3rHba B OITaCHOM
ceyeHuHu 3yObeB KoJjeca, T.K.

orF=(3,60-0,90-826,34-0,91-1,12-1,11)/(25-1,5) = 80,82 MIIa.
CpaBHHMBaeM IOJIyIEHHOE 3HAYECHHE C JOMMyCKAEMbBIM HAIIPSLKEHHEM M3rHOa
oF = 80,82 MIla < [or]> = 212 MIla

U BUJUM, 4TO YCJIOBHUC ITPOYHOCTH Ha n3rud BBIIIOJIHACTCA, UYTO I[aéT HaM
OCHOBAHUEC CUHUTATDh BBIITOJIHCHHBIC paC‘-IéTBI BCPHBIMU.
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IMTPMJIOKEHUE

TABJIMIIA 2

PexoMeHIyeMble 3HaA4eHNA K03¢ . IHMPHHEI 3y04aToro koneca ¥, =b, /a
Teepnocts pabounx nmoeepx HOCTEH 3V0BEE

Pacnionoxenne xomnec

OTHOCHTEIEHO OIIOp =HE 350 >HB 350
CrmmMmeTpiMHOES 0.30._..0.50 025 ..030
Hecimam eTpimnoe 025 ..040 020025
FouconeHoe 0,20...025 0,15...0.20

Juauerma ko3 duigieHTa yfh: CnemyeT HasHAa4YaTs M3 PLOa

0.100: 0,125; 0.160; 0.250; 0,315; 0.400; 0.500; 0.630; 0.800: 1.00; 1.25.

TABJIMIIA 3
3HaueHHe Monyined /M, mo CT C3B 310-76

Panm Mogvne, MM
11 1;1,25;1,5, 2, 25,3, 4, 5, 6, 8, 10; 12, 16; 20; 25
2-H 1.125;1375;1.75;225;,275,3.5;45:55,7.9,11; 14; 18

CrnenveT IpemI 0MHTATE NEPERIH pAT.

TABJTHITA 4
INapameTprdeckil pAd 3HAYEHWH MEXOCEBOTO PACCTOAHMA 4, 1o pany R, 40
50, 53, 56,60, 63, 67,71, 75, 80, 85,90, 95, 100, 106, 112, 118 125, 132, 140, 150, 160, 170
180, 190, 200, 212,224 236, 250, 265, 280, 300, 315, 335,355,375, 400




TABJIHTIA 5

DPHEHTI»IPOBO'-IHBIE PECEOMCHIOAITT ITO EBID OpY CTCIICHIT TOTHOCTH ITCepel aTH

CTeIedE TOUHOCTH
mepenaw (T OCT
1643-81)

6 (BrIcOKOTOUHELE)

7 (TouHBIE)

8(cpenneil TouHOCTH)

O moHICKeHHOH
TOYHOCTH)

OxpvaHEad CKOPOCTE, M'C

TIpumeuzHu €

He Donee
opaLo3voRe KocozvOule
15 30
10 13
¥ 10
2 4

BEICOKOCKOPOCTHEL € IT €p 8IaNH
MEXAaHHIMEl TOHHOH FHHeMaTHYeCcKoH
CE f3H - TeJHTEIBHEI &, 0TCHETHRIE H T.I0.
Tlepenassi IpH MOBRILIEHHEX CEODOCTA
H YMEpEHHEIX HATPVIKAX HIH IIpH
MOBEIILISHHEIX CEOPOCTI H VMEPeHHEIX
HarpyIKax.

Tlepenarnt oBIIero MATHHOCTPO SHIA
He Tpebyromue ocoboll ToMHOCTI.
THXOXODHE € HepeIatl C
MOHIKSHHEIMH TpeD0oEaHIANH [0
TOYHOCTH.

TABJIHMIIA 6

3HaueHna ko3 GdUINEHTA pacnpeIene st Harpy3ki Kug
IUTA KocO3yOBIX H IIEBPOHHBIX NTepenad

Cremens OxpyaHag ckopocts V, Mic

TOHHOCTH

mepenan o 1 1.5 | s5..10 10...15 | 15..20
6 1.00 1,02 1.03 1.04 1.05
7 1.02 1.05 1.07 1,10 1,12
3 1.06 1,09 1,13 - -
9 1,10 1,16 - - -




TABJIUIIA 7
3Ha4eHNA K03 GHIINeHTa KOHLe HTpAallH HarpyskH Kpg

TeepmocTs NOBEpiHOCTEH 3VOBEE
W, ~byd, =HB 350 > HB 350

I 1 IT1 I I1 111
04 1.15 1.04 1.00 1.33 1.08 1.02
0.6 1.24 1.06 1.02 1.50 1.14 1.04
0.8 1.30 1.08 1.03 - 1.21 1.06
1.0 - 1.11 1.04 - 1.29 1.09
1.2 - 1.15 1.05 - 1.36 1.12
14 - 1.18 1.07 - - 1.16
1.6 - 122 1.09 - - 1.21
1.8 - 1.25 1.11 - - -
2.0 - 1.30 1.14 - - -

Hauueie B cTonbie [, oTHOCATCA K Mepenadam © KOHCOMEHEIM
pacronoxeHreM 3ybgaroro koneca; [I- k mepegasam © HeCMMMeTPHYHBEIM
PACcIIOIOEeHHEM KONeC [T0 OTHOM eHnio K onopam; 1II- k mepenagam ¢

CHMMETPHHYHEBIM PACTIONOMEHMEM 10 OTHOM EHHEO K OITOpaM.

TABJIMITA 8
3HadgeHis ko3I IIeHTa THHAMHYHOCT H IIPHITOKEHNHA HATPY3KH Ky
Oxpyvieman ckopocts F, M/c
Crenese | Teepnoocte
TOYHOCTH |[TOBEpPX HOCTH ?
nepenaun | avoeee HB Aol 2 4 6 § 10
6 =350 1,03/1,01 |1,06/1.02 1,12/1,03 |1,17/1,04 |1,23/1,06 1,28/1.07
=350 1,02/1,00 |1,04/1,00 1,07/1,02 |1,10/1,02 |1,15/1,03 1,18/1,04
7 =350 1.04/1.02 |1,07/1.03 1,14/1,05 |1,.21/1,06 |1,29/1,07 1,36/1.08
=350 1,03/1,00 |1,05/1,01 1,091,02 |1,14/1,03 |1,19/1,03 1.24/1.04
g =350 1.04/1.01 |1,08/1.02 1.16/1,04 |1.24/1,06 |1,32/1,07 1.40/1,08
=350 1,03/1,01 |1,06/1.01 1,10/1,02 |1,16/1,03 |1,22/1,04 1.26/1.05
9 =350 1.05/1.01 |1.,10/1,03 1.20/1,05 |1,30/1,07 |1,40/1,09 1,50/1.12
=350 1.04/1.01 |1,07/1.01 1,13/1,02 |1,20/1,03 |1,26/1,04 1,32/1.05

B uncmirene MPHUEENCHEI JaHHEIE TJId HpHMDS}’ELIX KOJIeC, B SHAMCHATEIIC- I HDCDS}'ELIK.




TABJIMITA 9
3HaueHna kosddminenTa bopumel 3y0a Yr

AT HEROPPHTIHPOBAHHBIE SF'EIIBT'EIX KOQJIeC BHEMTHET O 3allCTIISHITA
Z, 17 20 25 32 40 50 60 71 a0 50 100 7180

¥p 428 | 407 | 390 | 3,78 | 3,70 368 362 361 360 |360 |3.60 3.62

TABJIHTIIA 10

3uauermm kosddrminenTa pacnpeneneHma Harpyskn K,
IUTA KOCO3YOBIX M MIEBPOHHBIX IEpenay

CTeneHE TOYHOCTH
nepenaan 6 7 8 g

: Jns npaaozvOel X mepegad
Kosbdunuent K5y 0,72 0,81 0,91 1,00

(p=0) Kg,=1,00

TABJIHMIIA 11
3Ha4eHHUA K03 dHINeHTA KOHIEHTPAUHH Harpy 3kH Kipy
TeepnocTe MoBepxHOCT el 3vOEER
<HB 350 = HB 350

W =b,/d; | 1 il 111 IV I il 1 IV
0.2 1.00 | 104 1,18 | 1,10 | 1,03 | 105 1,32 1.20
0.4 103 | 1,07 137 | 121 | 1,07 | 110 170 1.45
0.6 105 | 1,12 162 | 140 | 1,09 | 1.18 - 1.72
0.8 1.08 | 1.17 - 159 | 1,13 | 1.28 - -
1.0 1,10 | 1.23 - - 1,20 | 1.40 - -
1.2 1.13 | 1.30 - - 1,30 | 1.33 - -
1.4 1.19 | 1.38 - - 1.40 - - -
1.6 125 | 145 - - - - - -
1.8 1.32 | 1.53 - - - - - -

Jarmeie B cronbue | oTHOCATCE K CHMMETPIMHOMY PACcTIONOMEHHED 3V 0UaThIN KOlec
oTHoCHTensHO orop; [1- & vecummetpruromy; 111- ¥ KOHCONEHOMY TIDH VCTAHOBKE
BANOB HA M apHEOBLIX MOIMHIMHMEAX ; [V - To Xe, HO MpH YCTAHOBKE BAOE HA
POMMEOBBIX TTOIM MITHHKAX .




3HadeHHA Ko3duIeHTa IHHAMITYHOCTH Harpy3kn Kx,

TABJIMITA 12

Orpyissas cropocts V), m/c

Crermesr | Teepmocts
TOYHOCTH [[TOEEPXHOCTH
nepegaun | 3vores, HB o 1 2 4 4] 8 10
6 =350 1,06/1,02 |1,13/1,05 [1,26/1,10 |1,40/1,15 |1,58/1,20 |1,67/1,25
=350 1,02/1.01 |1,04/1,02 [1,08/1,03 |1,11/1,04 |1.14/1.06 |1,17/1,07
7 <350 1.081,03 |1.16/1.06 |1,33/1.11 (1,50/1,16 |1.67/1,22 |1.80/1,27
=350 1,03/1,01 |1,05/1,02 [1,09/1,03 |1,13/1,05 {1,17/1,07 |1,22/1,08
8 <350 1,10/1,03 |1.20/1,06 [1,38/1,11 |1,58/1,17 |1,78/1.23 |1,96/1.29
=330 1,04/1.01 |1,06/1,02 [1,12/1,03 |1,16/1,05 |1.21/1.07 |1,26/1,08
9 =350 1,13/1.04 |1.28/1.,07 [1,50/1,14 |1,77/1,21 |198/1.28 |2,25/1,35
=330 1,04/1.01 |1,07/1,02 [1,14/1,04 |1,21/1,06 |1.27/1,08 |1,34/1.09

B uncnmirene MMPHUEEN €HEI TAHHEIS TJId TJ}]HMDS}’EBIX KOQIIEeC, B SHAMCHATEIS - OJA KDCDS}’ELIX.



