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BBEJIEHUE

KypcoBas pabGora mno mucuumuimae «OCHOBBI KOHCTPYHPOBAHHUS
SIBJISIETCSI CAaMOCTOSATEILHON WH)XXKEHEpHOW paboToil cTymeHToB. KoHieHTparms
Kypca OCHOBBI KOHCTPYMpPOBaHMS B YYE€OHBIX TUIAHaX B JBYX CEMECTpax u
OTCYTCTBHUE Yy CTYJICHTOB MPAKTUYECKOI0 HABBIKA B MPOCKTUPOBAHUU 3aTPYAHSIIOT
BBITIOJTHEHUE KYPCOBOM pabOThI B CpOK. B HACTOSIIIIUX METOAMUYECKUX YKA3aHUSIX
paccMaTpUBaIOTCS TIPUMEPBI MPOSKTUPOBAHUS MPUBOJOB OOIIEro Ha3HAYCHUS C
OJIHOCTYIICHYAThIM 3yO04aThiM PEAYKTOPOM (IIMIMHAPUYECKUM, KOHUYECKUM H
4yepBsiuHbIM). [IpnoOpereHre TPaKTUUYECKOTO HaBbIKAa B IPOCKTUPOBAHUU
CITOCOOCTBYET YCHEITHOMY BBIMOJIHEHUIO KYPCOBOW PaOOTHI.



1. METOAUKA PACYETA IIEPEJJAYN

HcxonmHbIMU JaHHBIMH JUISI pacdeTa SBISIIOTCS TpeOyemoe MepeaaTouyHoe
OTHOIIICHUE, TIEpPeIaBacMble MOMEHTHI Ha BaJlax MIECTEPHH M KOJIECa, YaCTOTHI
pallleHus EeCTepHU U Kojeca, pecypc nepeaaud, T.e. BpeMs paboThl iepeauun 3a
CPOK CITy>KObl MEXaHU3MA.

Pacuet 3akpbITON HUIMHAPUYECKON 3yOUaTOi nepenayu npou3BOIUTCS
B CJIEAYIOLIEH ITOCIIEI0BATEIbHOCTH.

1.1. BriOupaetcs maTepuai 11t U3TOTOBIEHUS 3yOUaThIX KOJIEC.

[Tpu BEIOOpE MaTepUaIOB IMIECTEPHU U KOJIEca CIIEAYET PYKOBOJICTBOBATHCS
JTaHHBIMU, TIpUBeJIeHHbIMU B [Ipunoxenun. PekoMmenayercst BbIOUpaTh
MaTepHalIbl U YIIPOUHSIONIYIO TEXHOJIOTHIO TAKUM 00pa3oM, 4TOOBI TBEPIOCTh
MOBEPXHOCTH 3yOhEB IIECTEPHU ObLJIa OOJIBIIIE TBEPIOCTH 3yObEB KOJleca He
MeHee, yem Ha 20...30 HB.

1.2. OnpeaensroTcst AOMyCKaeMble HAMPSKEHUS C YU4eTOM (PaKTUUECKHUX yCIOBUM
HarpyXKeHHs 3yObeB Kojieca U MeCTepHU

[GH]F (GH tim bi ! Sui) 'KHLi'[Gk]i: (GOFﬁm bi/SFi) ) KFCi'KFLi,

rae i = 1,2 —uHnekc; i = 1 —ais mectepHu, i= 2 —u1s KoJieca,

Gulim bi- TIPCIACII KOHTaKTHOM BBIHOCJIMBOCTH,

G F lim pi - TIPEJIET BBIHOCIIMBOCTHU Ha U3TUO MPU OTHYJICBOM ITUKJIIC

VU3MEHEHUs HAIIPSKEHUN;

8- K039PPuUIMEeHT 6€301aCHOCTH MPHU pacueTe Ha KOHTAKTHYIO



MPOYHOCTH 3yObEB;

S - kKoo urreHT 6e30MacHOCTH TP pacyeTe 3yOheB Ha U3THO.

BenmyauHbBI Gy, fim bi K OF tim pi JUTSI PA3TMYHBIX MATEPHUAJIOB IIPUBEACHBI B Ta0HIIE 1.

Koadutmentst goiaroBeqHocTd Ky vt Krp yaUTBIBaIOT BIUSHUE pecypca u
peXuMa Harpy3Ku nepeaadm.

KuLi= (NHOi /NHEi)1/6 ; Kri= (NFOI/NFEi)l/m;

r€ Nuoi, Nroi- 6a30BbI€ YUCIIa IUKIIOB HAMPSDKEHUH;

Nugi, Nrei- paC4€THOE YNCIIO LUKIIOB HAIIPSHKCHUM;

m = 6 - U1 3yOUaThIX KOJEC U3 HE3aKAJICHHbIX CTaJIel U APYTrUX

Markux matepuanos (HB < 350);

m=9 - 11 3yOuaThIX KoJec U3 3aKkajieHHbIX cranei (HB> 350).

[Ipu pacuere Ha KOHTAKTHYIO MPOYHOCTH 3yObeB IpUHUMAETCA Npoi= 30HB.

ITpu pacuere Ha U3rU6 3yObEB KOJEC, BBINOIHEHHBIX U3 CTaled, IPUHUMAETCS
Nroi=4-10°, 11 3y0uaThIX KOJIEC U3 APYruX MaTepuanos Nro= 3-10°.

[Ipn mOCTOSSHHOM peXUME Harpy3KH, KOTOPBIH SBJISETCS HamOoJee
TSOKEIBIM JUISI MEXaHW3Ma, pAacYeTHOE YHCIO IMKJIOB HANpsKEHUH paBHO
(paKTHUECKOMY YHCIy LHMKJIOB HArpy>K€HUH KaxKJI0ro 3y0a 3a CpOK CIyXObl
MEXaHU3Ma M C Y4YETOM TOr0, 4TO 3a KaXJblid 000pOT KoJieca KaxKIblid 3y0
UCHBITHIBAET OAUVH LIMKJ HArPY>KEHUM, ONPEIEseTCS



Nuei= Npei=60-n; ts,

/i€ 1;- 4aCcTOTa BpallleHHs 3y0daToro Koieca, 00/MuH;

ts, — BpeMs pabOTHI TIEpeIauy 3a CPOK CIIYKObI (pecypc mepeaadn ), 4achl;

ts=L- 365 ‘K.oo- 24 ‘Kiym, , L CPOK CITYKOBI, TOJIBI;

K00 , Keym— KO3 PUIIMEHTHI MCTIONB30BAHUS MTEPEAAYN B TO/IY U CyTKaX.

Ecimt Nuei>Nuoi witiNpei>NFroi, TO TIPUHAMAIOT COOTBETCTBEHHOK =1 nKri=1.

EcnuKur= (Nuoi/ Nugi)"*>2,4, To nns pacuera npunnMaetcs Kui= 2,4.

Eciut Krri=(Nroi/ Negi)' >2, To 1ns pacuera npuHuMaeTcskp= 2.

Ecmu Krri=(Nroi/ Nrei )" >1,6, T0 nns pacyera npuaumaercs Ke= 1,6.

[Ipy nepeMeHHOM peXHUMe Harpy3Kd, KOTOPBIA XapakTepHU3yeTcs
UKJIOTPAaMMOM HM3MEHEHHUs Harpy3ku (KpyTsIIero MOMEHTa) BO BpPEMEHH, 3a
pPacyYeTHYI0 HAarpy3Ky HMPHHHMAETCS MaKCHUMAaJlIbHAasl 1O IUKIOTpaMMe, a pacyeT
kodbdurenToB Ky u K Bemercs MO SKBUBAJCHTHBIM UHWCIAM  ITUKJIOB
HanpspkeHul. Meroasl onpeneneHuss Npyg U Npp IPU NEPEMEHHBIX PEKUMAX
HArpy3ku ToJpoOHO wu3NIokeHbl B pabdortax [1,2, 3]. Kosdpdumuent Krc
YYUTHIBACT BIMSHUE JIBYCTOPOHHETO TMPWIOKEHUS HArpy3ku (Hampumep,
pPEBEPCUBHBIE MEPEIAUM):

Krci= 1 — 01HOCTOPOHHSIA HArpy3Ka;

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

1.3. Onpenensitorcst ynciia 3yObeB MECTEPHU, KOJIECa U NIEPEIATOYHOE YHUCIIO.



UYuciio 3yObeB MIECTEPHU 10 YCIOBUIO OTCYTCTBHS TOJIPE3aHUS JIJIsl IPSIMO3YyObIX
KOJIEC JIOJDKHO ObITh Z; > 17, a u1st Koco3yObIX U IMIEBPOHHBIX KoJiec Z; > 17-
cos’p.

Yucno 3yoneB koseca Z> = Z; - iz,

rae i;; — TpedyeMoe NepeIaToyHoe OTHOLLIEHUE Nepeaaun (OTHOLIEHUE

YIJIOBBIX CKOPOCTEH IIECTEPHU U KOJIECA);

f - yroja HakJIOHa JTUHUU 3y0a MPUHUMAETCS JIJIs1 KOCO3yObIX KOJIEC B

untepBaie (8...15°), aist meBpoHHBIX — (25...45°)

[Tepenarounoe uncio u = Z,/Z; onpeaensercs 1o HaiICHHbIM
3HaueHUsIM Z1 u Z2, OKpYTJIIEHHBIX 10 UEJIbIX YUCEN, U HE JOJIKHO OTINYATHCS OT
TpeOyeMOoro nepeIaToyHoro OTHOIIEHUs He Oosiee, yem Ha 3%.

1.4. Onpenensercst TpedyeMoe MEKOCEBOE PACCTOSTHUE TIEPeIauu U3 YCIOBHS
KOHTAKTHOM MPOYHOCTHU IMOBEPXHOCTEN 3yObeB

a, = (u+1){0,78 -M; K, -cos f.-ErE; /([64] ‘u)* Vs (Ei+E)} ",

rae M; — KpyTsauii MOMEHT Ha Kojece, H-mw;

Yha — KO3 DULMEHT IIMPHUHBI 3y0UaTOro KoJjieca, Bbioupaercs 1o tadbauue 2;

K, - ko3(ppuumeHT Harpy3ku, yUYUTHIBAOIINI TONOJIHUTEIbHBIE BPEIHbIE

Harpy3KH, COIyTCTBYIOIIME paboTe nepeaadyu; npeaBapuTeIbHO



npunumaetrcs K, = 1,2 11 koaec ¢ TBEpOCThIO TIOBEPXHOCTEN

3yobeB < HB 350 u K, = 1,35 ¢ tBepnocteio HB 350;

E,, E; — Moxyly yIIpyrocTH MEPBOTO POJa COOTBETCTBEHHO Marepuaia

MCCTCPHU U KOJICCA,

[cx] - pacueTHOE TOITyCKaeMO€ KOHTAKTHOE HAIPSKEHUE.

PacyeTtHOe momyckaemMoe KOHTAKTHOE HANPSDKEHUE OTPEIeTseTCs CEAYOIUM
o0Opazom:

npu pacuere npsAMo3yosix kozec (f = 0) [6.] = [Culmin,

IpU pacyeTe Koco3yonix koJiec (ff # 0) u B cirydasx OOJIbIIONW Pa3HOCTH
TBepIOCTeN 3yObeB MPsAMO3yObIX miectepuu u koseca (HB; — HB: >70)

[0.] = 0,45 ([ou]: + [04]2),

rje [ox]1, [Cu]2 — TOTTyCKaeMble KOHTAKTHBIC HAIIPSPKEHUSI COOTBETCTBEHHO

JUTst 3yObEB IIECTEPHU U KOJIeCa;

[Gu]min - MUHMMAJIBHOE U3 IBYX 3HAUYCHUH [G,]; U [On]2

Cnedyem umems 8 6uody, umo 6 10060M ciyuae 00JIHCHO BbINOJHAMbCS YCA08UE
[O-H] < 1,23 : [GH min.

1.5. Onpeoensiemcs HOpmanbHblil MOOYIb nepeoayu



m, =2a, - cos P/(Z; +Z,)

Tlonyuennoe 3nauenue m, oxpyensiom 00 daudxcaviueco cmanoapmuozo no CT
COB 310-76 (cm. mabauya 3).

1.6. Ymounsemcs medcocesoe paccmosnue nepeoay

a,=0,5(Z; +Z;) m, /cosp.

3a pe3yabTaT ONpeCIICHUs] YTOYHEHHOTO PUHUMAETCS 11eJ1asi 4acTh
MOJIYYCHHOTO 3HA4YCHMS. [Ipu MPOSKTUPOBAHUY CTAaHIAPTHBIX PEIYKTOPOB
MOJIYYCHHOE 3HAUYCHHUE OKPYTJIISIOT JI0 OMKaIIero 3HauyeHUs TapaMeTpUIeCKOro
psna mo Tadnuie 4.

1.7.[1ns1 koco3yOoit mepeiayu yTOYHSIETCS yTroJl HaKJIOHA JTUHUH 3y0a

B = arcos [0,5 (Z+Z,) m, / aw].

1.8.PaccunThIBalOTCsS TeOMETPUYECKUE TTapaMeTphl 3yOuaToi mepeaadn

JlenutensHbIN qruaMeTp mectepuu d; = m, - Z; / cosf.

JenutenbHblil Auamerp koneca d, = m, + Z> / cosp.

Jlnametp BeplInH mecTepHn do; = d; +2 m,, .
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Huametp BepiiuH koneca dx =d> +2 m,, .

Huamertp BnaauH mectepHu dy = d; — 2,5 m,, .

Huametp BnaauH koseca dp=d>—2,5 m, .

HIupuna xoneca by = Ypa - a,.

[lupuna mwecrepuu b; = 1,12 b,.

Koaduument mmpunsl wecrepau Ve = b, / d;.

1.9.0mnpenensieTcs OKpy)Hasi CKOPOCTb Ha IEJIUTEIILHOM JIMaMeTpe 3yOuaThix
KOJIeC

V=(-d; ni)/ 60000,

rac ny —49aCToTa BpallCHUA IICCTCPHU, 00/MUH.

1.10.Bei6upaetcs crenenb TOYHOCTU 3y04aTo repeadyn B COOTBETCTBUU C
OKPY>KHOUM CKOpOCThIO V' 1 peKOMeHIalusIMH, PUBEICHHBIMU B TA0JIHIIE 5.

1.11. YTounsercs 3HaueHune ko3P duiinenta Harpy3ku K,

KH :Kna : Kuﬂ : Kuv 9

rae K., — Ko3pUIMEHT, yUUTHIBAIOLIUNA paclipeie]ieHue Harpy3Ku; JJis
11



npsiMo3yObix konec K, = 1, 17151 Koco3yObIX U MIEBPOHHBIX

ompenensieTcs mo tadnuie 6;

Kyp — xordDunmeHT, yIuThIBAOIINI KOHIICHTPAIIUIO HATPY3KH,

onpezensiercs no tadnuie 7;

Kry— k03 PUIMEHT, yUYUTHIBAIOIINI TUHAMUYHOCTD TIPHIIOKEHUS

Harpy3kHu, ornpezensaercs no tadnuue I18.

1.12.I1pou3BoAUTCS MPOBEPOUHBIN pacueT KOHTAKTHBIX HAMPSKEHUN Ha pabounx
MOBEPXHOCTSIX 3yObeB

GH=ZS{4,35‘E1 'Ez'COSﬂ‘Mz ‘KHa ~KHﬁ»°KHv(u+1)/(E1+E2) ‘dZZ‘bZ}I/ZS[GH],

rie Z; — KooQPUIMEHT, yYUTHIBAIOIINN CYMMapHYIO JUTMHY KOHTAKTHBIX JIMHUM;
JUTst IPAMO3YOBIX Kojiec nipu a = 20°, Zg = 0,9 115t K0co3yObIX H
meBpoHHbIX Zg = 0,8.

Ecnu nonmyueHHoe B pe3ysibTaTe pacieTa KOHTAKTHOE HAIPsHKEHNUE MEHbBIIE WU
IPEBBIIIAET JOIYyCKAEMOE HaIlpshKEHUE [Gx| He Ooiiee, yem Ha 3%, T.e.

E = (o - [oxn])/ [on] - 100% < 3%,

TO MPOYHOCTH 3y0UaTOl Mepeaadn 1Mo KOHTAKTHBIM HaNPSDKCHHSIM CUMTACTCS
00eCIeYeHHOIA.

12



Ecmu xxe E > 3%, To HEOOXOIMMO YBEIIUYUTH @y, WU TOJ00paTh IS
W3TOTOBJICHHUS 3y04aThIX KOJIEC MaTepuai, 00ecieunBalonuil 00aee BHICOKOE
3HaYCHUE [Ox]. B 3aBUCUMOCTH OT IPUHSITOTO PEIICHUS IPOU3BOIATCS BHOBh
HEO0OXOIMMBIE PAcCUeThl B COOTBETCTBHH C JJAHHON METOIUKOM.

1.13.0mnpeaensroTcst Cuilbl, IEMCTBYIOMIME B 3aLEIJIEHUU 3y0UaThIX KOJIEC

OxkpyxHas cuna F, =2 M, / d..

Panuanvnas cuna F, = F, - tg, / cosp.

OceBas cuna F,= F, - tg f.

1.14[IpousBoauTCs MPOBEPOUHBIN pacueT 3yObeB M0 HANPSKEHUSIM HU3ruoa

GF:(YF 'Yp 'Ft 'Ka 'Kpp 'KFV)/bz : mnS[GF]

rae Yr— xkoaddunuent Gpopmel 3yda; mpuaumaercs mo tadmauie [19 B

3aBUCHUMOCTH OT 3KBHBAJICHTHOI'O 4YHCJIa BY6BGB Zv,

onpenensemoro Zy = Z / cos*f;

13



Y; - xoaddunment Hakiona 3yoa, onpeaensembiii Yy = 1- /140;

Ky, — ko3 duniveHt pacupenesaeHuss Harpy3Ku; I MPsSIMO3yObIX

nepenad Kr, = 1, 1711 KOCO3yOBIX U MIEBPOHHBIX MTEepeaayd

3HaueHus Kr, npuHumatorcd rno tadmauue 10;

Ky — ko3 PumeHT KOHUEHTpALMKY HArpy3KU; PUHUMAETCA 110

tabnune 11;

K, - x03dDULMEHT TMHAMUYHOCTH HArpy3KH; MPUHUMAETCS 110

tabmuue 12.

Pacuer Begetcst 1151 3yObeB TOro U3 KoJjiec, Jjisi KOTOporo otHouieHue (65/ Yr)
MEHBIIIE.

Ecnu nonyyenHoe B pe3yiibTaTe pacuera HanpspKeHUe U3ruda MEHbIE Wi
MPEBBINIAET JOMyCKaeMOe HalpshkeHue He 6osee, ueM Ha 3%, T.e.

E= {or - [o¢]}/[oF] -100% < 3%,

IPOYHOCTH 3yObeB Ha M3THO CUUTAETCSI 00ECTICYCHHOM.

Ecmu xe E > 3%, To HEOOX0IMMO YBEJIMUUTh ML, Ui b,, Wi Tomo0path Jist
U3TOTOBJICHUA 3y0UaThIX KOJIeC MaTepual, oOecrieunBaroluii 6oyee BEICOKOE
3Ha4YCeHHE [Or|. B 3aBUCHMOCTH OT MPUHATOTO PEIICHUS IPOU3BOISATCS BHOBb
HEOOXOIMMBIC PACUEThl B COOTBETCTBUU C JJAHHOW METOIUKOM.

14



1.15. B psze ciiyyaeB G OKa3bIBa€TCsA 3HAYUTEIBLHO MEHBIIIE [Gr|. B aTHX
ClIy4asix HeIOrpy>KEHHOCTb Iepeady 110 HAIPsLKEHUSAM U3ruda no3BoJisieT
YMEHBILIUTh 3HAaYCHUE M, 0€3 U3MEHEHUS dy U YBEIUYHUTD

COOTBETCTBEHHO Z; U Z;. YBenuuenue Z; u Z, 6e3 n3MEHEHUS a,, 01aronpusiTHO
CKa3bIBaeTCs Ha pabOTe MmepeJayl — YMEHbIIAIOTCS MOTPEIIHOCTHU B 3aLICIUIEHUN
IIPU TOM K€ CTENEHH TOYHOCTH U3TOTOBJICHHSI KOJIEC, CHUKAETCS HHTEHCUBHOCTh
IIyMa U BUOPOAKTUBHOCTH, CHIDKAIOTCS TOTEPU HA TPEHHUE.

Pacuet no obecneuennto 00IbIIeH paBHOIIPOUYHOCTH 3yObEB MO KOHTAKTHBIM
HaNPsHKEHUSM M3ru0a MPOBOAUTCS B CIICIYIOMICH MOCIE0BATEILHOCTH.

1.15.1.YMeHbIIaeTCsl CTAaHIAPTHOE 3HAUCHHE M1, 110 TAOIHIIE 3.

1.15.2.0npenensieTcsi cyMMapHOE YHCIIO 3yObeB Nepe1aun

Zs= Z1+Z2, Zs=2a, - cosﬂ/m,,.

1.15.3.0Onpeoensiomces wucna 3y0ves wecmephu u Koieca

Z =25 /( in +1), Z,=2Z; " ip.

3HaueHus Z; U Z; OKpYTISIOT 10 LEJIbIX.

1.15.4. Onpenensercss yTOUHEHHOE NEPEAATOYHOE YUCIO U = £ /7.

1.15.5.1ToBTOpAIOTCS pacyeThl 1o myHKTaM 1.6 — 1.14.

15



2.JIPUMEP PACYETA ITEPEJIAYN.

Heo0xoa1mo BBIOIHUTH pacyeT 3aKPhITON KOCO3yOOU LHUIUHAPUYECKON
nepenaun. Mcxonneie JaHHbIE:

Yacrora Bpamienus mectepuu n; = 1500 00/mMuH.

TpeOyemoe nepenaTouHoe OTHOLIEHUE Nepenayn iz = 3,55.

Kpyrsamnmii momenT Ha Baity mectepau M; = 19100 H-mm.

KpyTtsaumii MomeHT Ha Baity kosieca M> = 65770 H-mm.

[lepenaua HepeBepcuBHas. PesxxuM Harpy3Ku MOCTOSIHHBIM.

Cpok ciyx0b1 L = 5 ner.

Koaddumment ucnonszopanus nepenaduu B roxay K., = 0,8; B cytkax Keym =

Hl€CTepH$I H KOJICCO PACIIOJI0KCHBI HCCUMMCTPHUYIHO OTHOCHUTCIIBHO OIIOP.

2.1.Pacuer BBINOJIHAETCS BPYUYHYIO.

0,5.
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2.1.1.BsiOupaem maTepua Juisi U3TOTOBJICHUS IIECTEPHU U Kojeca. Tak Kak
3a/ITaHUEM HE MPEeTyCMaTPHUBACTCS CIICIMAIBHBIX TPEOOBAHUM K TabapuTam u
Macce rnepeaadu, 1mo Taoumie 1 BpiOupaeM B KaueCTBE MaTEPUAIOB IS
M3TOTOBJICHUS 3y0UaThIX KOJIEC CTAJU CO CPEAHUMHU MEXaHHUYCCKIMU
XapaKTEPUCTUKAMU U OTHOCUTEILHO HEBBICOKOW CTOMMOCTHIO. J[J1s1 iecTepHu —
40X, TepmooOpaboTka — ynyumenue HB 245, 6, jim 51 = 560 MlIla, S,.; = 1,1;

6°F iim b2 = 440 MIla, Sr; = 1,6; 11s Koseca — cTanb 45, TepMooOpaboTKa —
nopmanuzanus HB=190, 6, im 52 = 455 MIla, S.2 = 1,1; 6 °F sim 52 =350

MHa, SFz = 1,65

2.1.2.PaccunthiBaeM JOMyCKaeMble HAMPSHKEHUS C y4eTOM (DaKTHUYECKUX YCIOBHIM
HarpyKeHUsl.

ba30Bo€ 4MCII0 IUKIIOB HAINPSKEHUN

Nuor =30 HB** =30 - 245**=1,6 - 10’;

Nuoz =30 - 190**=8,8 - 10°;

Nro1 = Nro2 =4 - 106

Bpewmst paGoTbl nepenayuu 3a BECb CPOK CIYKOBI

te=L 365 K.o 24 - Kymw=5-365-0,8"-24-0,5=17520 gacos

Yucio HuKI0B HANIPSHKEHU N

NHEl :NFE1:6O ‘n; ‘t2:60 - 1500 - 17520 = 1,58 : 109

Nugz = Nrg2 = 60 - n;ts /iz,z =60 - 1500 - 17520/ 3,55 :4,45 : 108
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Koaddummentsr nonroBeunoctt Kyr; = Kurz =1, Tak Kak Nugir > Nuor 1

Nur2 >Nuo: ; Krri =Kri2 =1, Tak xak Nrer>Nror 1 Nre2>Nrosz.

Koadbdummentor Krcr=Krc:=1, 17151 HEpeBepCUBHOM TTepeaayu.

I[OH}’CKEICMI)IG KOHTAKTHBIC HAIIPAKCHUS

[Gu]i= (Cutim b1/ Su1) - K = (560/1,1) - 1= 509 Mlla,

[GH]2: (GH lim bz/Syz) : KHLz = (455 / 1,1) - 1=414 MlIlIa.

Jlommyckaemble HaNpsKEHUs IPU U3ruode

[GF]1= (G OF lim bl / SFI) : KFCI - Kpr = (440/ 1,6) -1-1=275 MHa,

[Gp]zz (Goplimbz/SFz) : KFCZ - Ky = (350/ 1,65) -1 - 1=212 MI]a.

2.1.3.0mnpenensiem uncina 3yObeB MIECTEPHU KOJIeca U MEPeIaTOYHOE YHCIIO.

[Ipunumaem yros HakiaoHa TuHUM 3y0a f= 11°.

UYuciio 3yObeB MIECTEPHU T10 YCIOBUIO
Henoape3anus Z; >17cos*f =17cos*11°=16,08.

[Tpunumaem Z; = 16.

Yucno 3yoneB koneca £, = Z; - iz =16 - 3,55 = 56,8 npunumaem £, = 57.
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[lepenatounoe uncno u =2,/ Z; = 57/16 = 3,56.

OTHOCHUTENIBHOE PACXOKICHUE MEXK Ty TIEPEIaTOYHBIM YHCIIOM U TPeOyeMbIM
[€PEIaTOYHBIM OTHOIIIEHUEM

(u - i2)iz2 - 100% = (3,56 — 3,55)/3,55 - 100% = 0,35%,

YTO JOMYCTHUMO.

2.1.4.0mnpenensieM TpeOyeMoe MEKOCEBOE PACCTOSTHUE MEepe/lauu U3 YCIOBUS
KOHTaKTHOM ITPOYHOCTH.

aAw — (u+1){0,78'M2'KH'COSﬂ'E1'E2/ ([GH]'M)Z' qlba'(Eﬂ‘Ez)}lB =

=(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° =
103,47MmMm.

Koaddumument narpysku npeasaputenbHo npuHumMaeM Ky = 1,2;

E,=E;=2,1-10° Mna (cm. Tabauua 1).

Pacuetnoe AOITYCKAaCMOC HAIIPsSI’)KCHUC

[GH] = [GH]min = [GH]Z =414 MlI]a.

Kosdppumument ¥, ¢ yuerom tBEpaoctu < HB 350 u HecummeTpruyHOro
PacoJioKeHUs KOJIEC OTHOCUTENIBHO Oonop no tadbnuie 2 npuaumaem ¥, =
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0,250.

2.1.5.0npenensiem Mo1ysb epeJadyn

m,= (2 a, - cosP)(Z; + Z;) =2 -03,47 -cos11° (16+57) = 2,78 mm.

[To Tabnune 3 npuHUMaeM CTaHAAPTHOE 3HAUECHUE MOYJISI M1, = 2,75 MM.

2.1.6.YTOUHsIEM MEKOCEBOE PACCTOSIHUE MEPEIAUN

a, = 0,5(Z+Z>)m, /cosf = 0,5(16+57) 2,75/cos11° = 102,25 mMm.

3a yTOUHEHHOE 3HAYCHUE NTPUHUMAEM LETYI0 YacTh a, = 102 mm.

2.1.7.YTouHsieM yroJl HaKJIOHa JIMHUK 3y0a

B=arccos[0,5(Z+Z;)m,/a,]=arccos0,5(16+57)2,75/102=10,241° =10°14"29".

2.1.8PaccuntpiBaeM reoMeTpUUYECKHE MapaMeTphl 3y0UaToil nmepeaadu.

JlenurenbHbIE TApaMETPBI
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di=m, Z;/cosf=2,75-16/cos 10°1429" = 44,712 mm;

d=m, - Z,/cosfp=2,75-57/cos 10°14'29" = 159,288 mm.

JlnameTpsl BepLIUH

du=d;+2-m,=44,712+2- 2,75 = 50,212 mwm;

dix=d;+2-m,=159,288 +2 - 2,75 =164,788 mm.

JlnameTpel BaguH

don=d;-2,5 -m, =44,712-2,5 - 2,75 = 37,837 mwm;

dp=d,-2,5 -m,=159,288 —2,5-2,75=152,413 mm.

[[Iupuna xoneca b, = ¥, - a,, = 0,25 - 102 = 25,5 mMm, npuHuMaeM b, = 25mm.

[[Iupuna mwectepuu b; = 1,12 - b, =28 mm.

Koaddunment mmpunst mecrepuu Y = b,/ d; =25/44,712 =0,56.

2.1.9.0mpenernsieM OKpPYKHYIO CKOPOCTh Ha JIEUTEIILHOM JHAMETPE 3y0UaThixX
KOJIEC

v = (1 -dy-17)/60 000 = (-44,712-1500)/60 000 = 3,61 m/c.
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2.1.10.IIlppHNMaeM ¢ y4eToM PEKOMEHIAINi, IPUBEICHHBIX B Ta0auIax 5,8
CTENEeHb TOYHOCTH MEepeayHu.

2.1.11.YTounsem 3Ha4eHHS KOIP(HUIIMEHTOB HATPY3KU

Kue = 1,09 — o Tabmme 116;

Kup = 1,06 — no tabnuue I[17;

Kuy = 1,04 — mo Tabaume I18.

2.1.12. IIpon3BoaMM IIPOBEPOUHBIN PACYET KOHTAKTHBIX HANPSLDKEHUI Ha
paboyux MOBEPXHOCTSX 3yOhEB

Oy — Zg{4,35'El'Ez'COSﬂ'Mz'KHa'KHp'KHv(M‘i‘l)/(Eﬂ‘Ez)'dz'bz} 12 =

=0,8{4,35-(2,1-10%)-cos10°14"-65770-1,08-1,06-1,04(3,56+1)/
(2,1+2,1)-10°-(159,288)-25=

= 401,47 MIla < [on] = 414 MITa.

Z.= 0,8 - ko3 PUIHMEHT , yIUTHIBAIOIINI CYMMapHYIO JJIMHY KOHTAKTHBIX JTIWHUH,

JUTSI KOCO3YOBIX KoJiec ipu o = 20°.

2.1.13. OnpenensroTcs CUIIbl, ICHUCTBYIONINE B 3a1IETUICHUU 3y04aThIX KOJIeC
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Okpy>kHas cuna

Fi=2 -M,/d,=2-65770/159,288 = 825,79 H.

PagnanpHas cria

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

OceBas cuia

F.= F,tg f = 825,79 tg 10°14'29" = 149,19 H.

2.1.14.0npenensiem kodppuniueHTs PopMbl 3yObeB 1iecTepHu Yr; v Kosieca Y

Yr =4,28 o Tabnune 9 nst Zy; = Z; - cos’f =16/ cos® 10°14'29" = 15,2;

Yr:, = 3,65 no Tabnune 9 nist Zy: = Z; - cos?f =57/ cos® 10°14°29" = 54 3.

2.1.15. OnpenensieM kodhPUITMEHT HaKIOHA 3y0a

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

2.1.16.0mpenensem k03P GUITMEHTH HATPY3KH IS pacueTa HampsDKEHUH n3runbda
3y0beB Kr, = 0,91 — Tabnuue 10;
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Ky = 1,12 — Tabnume 11;

Kry = 1,11 — Tabmune 12.

2.1.17. Onpenensem otHOmeHHS [oF|/ Yr

[oF ]1/ Yer =275/4,28 = 64,25 Mlla;

[oF ]2/ Y =212/3,65 = 58,08 Mlla.

2.1.18. Ilpouszsooum npogepounblil pacienm HanpAXCeHull u3euba 6 OnAcHoOM
ceueHuu 3yoves Koneca, m.x. 00xcHo ovimd {[or]2 /Yi}< {[or]1 /YF1 }

04 = (HAZ'H/j"Ae ‘KAa‘KAﬁ'KAM)-(uz'bm) =

=(3,65-0,926-825,19-0,91-1,12-1,11)/(25-2,75) = 45,89 Mlla;

or= 45,89 Mlla < [oF]: = 212 MIla.

2.1.19. C yenvto obecneuenus 6oavbuLell pagHONPOYHOCMU Nepeoasu U
veenuuenus Zu Z, ymenvuiaem m, npu mom iHce 3Ha4eHuu Q.

Ipunumaem no mabauye 3 cmanoapmuoe 3Hadenue m, = 1,5 mm.

2.1.20.0npeoensem cymmaproe uucio 3yoves Ly = Z; + £,

Zs=2 aw-cosp/m,=2-102 cos 10°14°29"/ 1,5 = 133,8.
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2.1.21.0npeodensiem wucna 3y0ves wecmephu u Koeca

Z,=Zx/(iz+1)=133,8/3,55+1=29,4 npunumaem Z; = 29.

7,=27,; i;;=29 -3,55=102,95 npunumaem Z, = 103.

2.1.22.0npenernsiemM nepeaaTouHoe Ynucio

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

OTHOCUTENBHOE PACXOXKICHUE MEXAY U U i72 OYEHD MAJIO.

2.1.23. YTOouHsIeM YroJyl HaKJoHa JIMHUU 3y0a

B =arccos [ 0,5 (Z; +Z,) m, / aw] =

=arcos [ 0,5 (29 +103) - 1,5/102 ] =13,93055° = 13°55'50".

2.1.24.PaccuuThiBacM T€OMETPUIECKHE TTapaMETPhI 3y0UaToi nepenadu

di=m, - Z;/cosp=1,5-29/cos 13°55'50" = 44,818 mm;
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dx=m, - Z;/cosff=1,5-103/cos 13°55'50" = 159,182 mwm;

du=d;+2 -m,=44818+2 - 1,5=47,818 mm;

du=d:+2 -m,=159,182 +2 - 1,5=162,182 mm;

dn=d;-2,5 -m,=44818-2,5-1,5=41,068;

dp=d,—-2,5 - m, = 159,182 -2,5 - 1,5= 155,432 mm;

bz = 25MMm. b1 = 28MM q’bd = 0,62

2.1.25.1ToBTOpsIEM TPOBEPOUHBIN PACYET KOHTAKTHBIX HANIPSIKEHUI

61=0,8{[4,35-2,1-10°-2,1-10°c0s13°55"-65770-1,09-1,06]/
[(2,142,1)10%(159,182)>-25]} =

= {1,04(3,55+1)} "2 = 401,39 MIIa < [64] = 414 MITa.

2.1.26.0npenaensieM CUiIbl B 3alETIJICHUN

Fi=2-M;/d,=2 65770/ 159,182 = 826,35 H;

F.=F, tga/cosff=826,34 - tg20°/cos 13°55'50” = 309,88 H;

Ap=A. - enf =826634 - en 13°55'50" = 204697 Hro
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2.1.27.0npenensem kodpduiinents 3y0beB Yi U Y

Yr1=3,90 Zyi = Z; cos’f =29 cos’13°55°50" = 26,5;

Yr2= 3,60 Zy, = Z, cos’B =103 cos’ 13°55750" = 94,1.

2.1.28. OmnpenensieM K03QPUIIMEHT HAKIIOHA 3y0a

Y =1- /140 =1-13,93055/ 140 = 0,90.

2.1.29.0mnpenenseM K03PpPUUUEHTHI HATPY3KU

Kr. =0.91; Ky = 1,12; Kpy=1,11.

2.1.30.0npenensieM OTHOLICHUSA

[or]:/ YF1=275/3,90 = 70,51 MITa;

[or]:/ YF2 =212/ 3,60 = 58,88 MIla.

2.1.31.IloBTOpsieM IPOBEPOUHBIN pacyeT HANPSKEHUH U3ruda B OITaCHOM
ce4YeHHH 3yObeB KoJeca, T.K.

or=(3,60-0,90-826,34-0,91-1,12-1,11)/(25-1,5) = 80,82 MlI]a.

CpaBHHBaeM NOJyYEHHOE 3HAYEHUE C JOMYCKaeMbIM HAIPSKEHUEM U3ruda

or = 80,82 MIla < [6Fr], =212 MIIa

U BUAUM, 9TO YCJIIOBUC ITPOYHOCTH Ha n3rud BBIIIOJIHACTCA, YTO I[aéT HaM
OCHOBAHUEC CUUTATDh BBIIIOJIHCHHBIC paC‘-IéTBI BCPHBIMU.
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I[MTPMJIOKEHHME

TABJIMIIA 2

PexoMeHIyeMble 3HAYeHHA K03() . IIHPHHEI 3y04aroro koneca ¥, =b, /a
TeepoocTe pabouMx MOBEpX HOCTEI 2V0BEE

Pacnonosxenme xomnec

OTHOCHTENEHO OIIOp =HE 330 =HEB 350
CimiMeTpiHoe 030050 025 ..030
Hecimam etprmmoe 025 ..040 0.20...025
Koxconexoe 0.20...0.25 0.15...0.20

Juauerma Koad puLpeHTa h'fh cIedyeT HasHa4daTk U3 pAIa:
0.100; 0.125; 0,160; 0.250; 0,315; 0.400; 0,500; 0.630; 0,800; 1.00; 1,25.

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

Panu Mogvie, 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;2.25;,275,3.5,45:55,7.9,11; 14; 18

CrnenveT Ipemml 0MHTATE NEPERIH pAT.

TABJIHIIIA 4
INapameTprdeckHi pAd 3HAYEHHH MEXOCEBOTO PACCTOAHMA 4, Io paxy R, 40
50. 53, 56.60. 63, 67.71. 75, 80, 85,90, 95, 100, 106, 112, 118125, 132 140, 150, 160, 170
180, 190, 200, 212,224 236 250, 265, 280_ 300,315 335 355 375, 400
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TABJIHIIA 5

DPHEHTI»IIJOBGT-IHBIE PEROMEHOAIRTT TTO EBID OpY CTCIICHH TOUYHOCTH ITEPEIatIH

CTeIeHE TOMHOCTH
nepenaw (T OCT
1643-81)

6 (BEICOKOTOUHELE)

7 (TouHmE)

S(cpenuef TouHoCTH)

O moHICK eHHOH
TOYHOCTH)

Oxpv#HaA CKOPOCTE, M'C

Tlpumedznn e

He bonee
npAMOoIvOR e Koco3yDrle
13 30
10 13
i 10
2 4

BrICOKOCHOpPOCTHEL € IT ep 8I3H,,
MEXAHHIME! TOUHOH KHHeMaTHYecKoH
CE f2H - JelHTe/EHE &, 0TCUYSTHRIE H T.I0.
Tlepenasni IpH NOBEILIEHHEIX CKODOCTA
H YMEpeHHEIX HAIPYIKAX HIH IIpH
MOBEIILIEHHEX CEKOPOCTAL H YMEPeHHEIX
Har py3gax.

Tlepenasm oDIIEro MANHHEOCTPOSHIA
He Tpedviomie ocobofl ToMHOCTH.
THX0XOTHE € IepeIadn C
NOHN#HEHHEIMHE TpeboBEaHuAMHE 0
TOSHOCTH.

TABJIHTIIA 6

3uauerna KosdduimeHTa pacnpenencHA Harpyska Kyg
IUTA KOCO3YOBIX H HIEBPOHHBIX IEpenay

Crenens OrpvaHad ckopocts F, m'c

TOYHOCTH

mepenaun o 1 1.5 | s..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 - - -
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TABJIMIIA 7
3Ha4eHNA K03 GHIINeHTa KOHLE HTpallH HarpyskH Kpg

TEepnocTe MOEEpXHOCTEH 3vDEEE

W, ~bd, <HB 330 > HB 350
I i il I i Il
04 115 | 104 | 1.00 1.33 1,08 1,02
0.6 124 | 106 | 1.02 1.50 1,14 1,04
0.8 130 | 108 | 1.03 - 121 1,06
1.0 - 111 | 1.04 - 1.29 1.09
1.2 - 115 | 105 - 136 1,12
14 - 118 | 107 - : 1.16
1.6 - 122 | 1.09 - . 1.21
1.8 - 125 | 111 - . -
2.0 - 130 | 1.14 - . -

Janmeie B cTonbie [, 0THOCATCA K NepedadaM ¢ KOHCOMEHBIM
PaCTIONOEEHIEM 3V0uaToro komeca; [I- K mepegadaM ¢ HECHMMETPHYHEIM
pacTIONOkEeHMEM KOIec 10 OTHOM eHMEo K ortopam; 11I- k mepenadam c
CHMMETPHYHBIM PACTIONOMEHHEM 10 OTHOM eHHIO K OTTOpaM.

TABIJIHITA &

3HadeHHd Ko3dduITIeHTa THHAMIYHOCT H IIPIIOKeHIS HaTpyakH Ky

OpvieHan cropocTs V, m/c
Crenere | Teepmocts
TOYHOCTH |[TOBEPX HOCTH
rnepenadu 3}’EEEEBHB Ao 1 : 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
8 =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 unconrene MMPHECOCHEI JaHHEBIC OJId HpHMDE}’ELI}Z HEONEC, B SHAMCHATEIE- OJA KDCDE}'EBIK.
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TABJTIMITA 9
3Hauerna ko3ddrmneHTa dhopmel 3voa ¥r

OITA HEROPPHTHPOBAHHBIE SF'EIIBTBIX KOJIeC BHEMTHET O 3allCTIIICHITA
ZzZ, 17 20 25 32 40 50 60 71 a0 50 100 7180

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

TABJIIIA 10

3Hauer koagdrmineHTa pacnpeneneH Harpyskn K,
I1A Koco3yORIX H IIEBPOHHBIX Nepeaad

CTeneHs TOYHOCTH
nepenauu 6 7 3 9

: Jna npmaosviel L nepenad
Kosdpduuuent Kry 0,72 0,81 0,91 1,00

(p=0) Kp,=1,00

TABJIMITA 11
3HadeHHA Ko3dHINeHTa KOHIIEHTpaITHH Harpy 3ku Ky

TeepoocTs moEepxHOCTEH 3V0OBEE
=HB 350 =HB 350

W =b,/d; | 1 il 111 IV I il 111 IV
0.2 1.00 1.04 1.18 1.10 1.03 1.05 1.32 1.20
04 1.03 1.07 1.37 1.21 1.07 1.10 1.70 1.45
0.6 1.05 1.12 1.62 1.40 1.09 1.18 - 1.72
0.8 1.08 1.17 - 1.59 1.13 128 - -
1.0 1.10 1.23 - - 1.20 1.40 - -
1.2 1.13 1.30 - - 1.30 1.53 - -
14 1.19 1.38 - - 1.40 - - -
1.6 1.25 145 - - - - - -
1.8 1.32 1.53 - - - - - -

Jarmere B cTonbue | 0THOCATCR K CHMMETPHNHOMY DACTIONOMEHHED 3V 0UATEIX KONeC
OTHOCHTeNsHO onop; [I- k mecuumeTpraromy; II- ¥ KoHCcOMEHOMY IIPH YCTAHOBKES
E4NOE Ha I apHKOBEIX MMoIMHMHMEAX ; [V - To e, HO IpH YCTaHOEKE EANOE Ha
PONMMKOBBIX TTOIM MITHHMKAX .




3HadeHHA ko3 uIeHTa IHHAMIYHOCTH Harpyskn Kr,

TABJIMITA 12

Orpyiamas cropocts F, m/c

Crenese | Teepmocts
TOYHOCTH [[IOEEPXHOCTH
nepegadn | 3voeee, HB Jo 1 2 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 |1,353/1.11 (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 |1,98/1.28 |2,25/1,35
=350 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 wmcmirene IIPHEEI €HBI JaHHBIC O HPHMDS}’ELIJ{ EOIecC, B SHAMEHATEI S - IJIA KDCDS‘_‘,’ELIX.
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