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BBEJAEHUE

KypcoBas pabota no nucuurminie « OCHOBbI KOHCTPYUPOBAHUS SIBIISICTCS
CaMOCTOSTEIIFHON WHXXEHEpHOW paboToil cTymeHToB. KoHIeHTpamus Kypca
OCHOBBI KOHCTPYHMPOBAHHUSI B yU€OHBIX IJIAHAX B JIBYX CEMECTpPaxX U OTCYTCTBUE Y
CTYZAEHTOB MPAKTUYECKOTO HABBIKA B MPOCKTUPOBAHUU 3aTPYAHSIOT BBINOJIHEHUE
KypcoBOM pabOThl B CpOoK. B HacTosAlmMXx METOAMYECKUX YyKa3aHUAX
paccMaTpUBAIOTCSl MPUMEPHI TPOCKTUPOBAHUS MPUBOJOB OOIIEr0 HAa3HAUYCHUS C
OJIHOCTYIICHYATBhIM 3yO4aThiM PEAYKTOPOM (IUIUHIAPUYECKUM, KOHMUYECKUM U
yepBsiuHbIM). [IproOpeTeHre NpakTUYECKOr0 HaBblKa B MPOEKTUPOBAHUU
CIIOCOOCTBYET YCIIEITHOMY BBITIOJIHEHHIO KYpCOBOU PabOTHI.



1. METOAUKA PACYETA IIEPEJJAYHN

VicxomHpIMU JAaHHBIMU JJI pacdeTa sBISIOTCS TpeOyeMoe MmepeaaToaHoe
OTHOIIICHUE, TIepeaBacMble MOMEHTHI Ha BajaX IIECTEPHU U KOJECa, YaCTOTHI
pallleHus EeCTePHU U KoJieca, pecypc nepeaadn, T.e. BpeMsi paboThl Nepeadn 3a
CPOK CITY>KObI MEXaHU3Ma.

Pacuer 3akpbITOM HUIMHIPUYECKONW 3y0UyaToil repeaadyu Mpou3BOAUTCS B
CJIeIyIOIIEeH OCIeIOBATEIbHOCTH.

1.1. Beibupaetcst Mmatepual JJig U3TOTOBJICHHS 3y0UaThIX KOJIec.

[Tpu BEIOOpE MaTepUaIOB MIECTEPHH U KOJIeca CIeAyeT PyKOBOJICTBOBATHCS
JaHHBIMU, pUBeZeHHBIMU B [Ipunoxenun. Pexkomenayercs BEIOMpaTh
MaTEepUabl U YIIPOUHSIOUTYIO TEXHOJIOTHIO TAKUM 00pa3oM, YTOOBI TBEPIOCTh
MMOBEPXHOCTH 3yObEB IIECTEPHU ObLIa 0OJIbIlIE TBEPIOCTU 3yObEB KOJeca He

MmeHee, yem Ha 20...30 HB.

1.2. Onpenensitorcs JOMyCcKaeMble HAMPSKEHUS ¢ y4eTOM (aKTHUECKUX YCIOBUMA
Harpy>keHusi 3yObeB KoJjieca U IIECTEPHU

[6.]i= (Cuiimbi/ Sui) “Kawi-[ow]i = (GOan bi ISk 1)+ Krei K,

rae | = 1,2 —uapekc; | = 1 —u1st mecTepHy, i= 2 —1J1s KoJieca,

Gulim bi~ TPEIET KOHTAKTHON BHIHOCITUBOCTH;

OF lim bi - PEAEII BEIHOCIIMBOCTH HA U3THUO TP OTHYJIEBOM ITHUKIIC

VU3MEHEHUS HAIIPSKEHUN;

Sui - KoahdunrenT 6e30macHOCTH MPH pacueTe Ha KOHTAKTHYIO

MIPOYHOCTH 3yObEB;

Sti - K03 duIeHT OE30IMaCHOCTH MPHU pacueTe 3yObeB Ha U3THO.

BenmuuauHsl G, jiy pi B OF jim bi JVIS PA3TMYHBIX MAaTEPHAIIOB ITPUBEIACHBI B Ta0IHIIE 1.

Koaddummentsr qonroseunoctu Ky u K| yuuThIBalOT BIUSIHUE pecypcea U
pe)KHrMa Harpy3Ku repeaadu.

Kii = (Noi/Nee)™® ;- Keui= (Neoil Negi) ™



rae Npoi, Nroj - 6a30BbIe yncia UKIOB HAMPSHKEHUH;

Nuei, Negi- pacueTHOE YHCIIo IMKIIOB HAMPSKCHHUIH,

M = 6 - s 3yO0UaThIX KOJIEC U3 He3aKaJICHHBIX CTaJeH U JPyTux

MsTkux matepuanioB (HB < 350);

m=9 - I 3y04UaThIX KoJIeC U3 3aKaleHHbIX ctaneh (HB> 350).

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

[Tpu pacuere Ha U3rHO 3yObEB KOJIEC, BHIMTOJHEHHBIX U3 CTAJICH, MPUHUMACTCSI
6 6
Neoi= 4-10°, nis 3y0uarsix kosiec u3 1pyrux matepuainoB Neoi= 3-10°.

[Ipr TOCTOSSHHOM pEXUME Harpy3KH, KOTOPBIH SBIISIETCS HauOoiee
TSDKEIIBIM  JUIST MEXaHW3Ma, PACUYCTHOE 4YHCIO IUKIOB HANpsLDKEHUHW paBHO
(haKTHYECKOMY YHCIYy LHMKJIOB HArpy>KeHHH KaXKJI0ro 3y0a 3a CpPOK CIIYKOBI
MEXaHU3Ma M C Y4eTOM TOT0, 4YTO 3a KaXJbli 000pOT Kojieca KaKIbld 3y0
WCIIBITBIBACT OJMH ITUKJI HArPY>KCHUH, OMpeIeIIeTCs
Npei= Nrgi=60-n;-ts,
r7e Nj- 4acToTa BpallleHUs 3y04aToro Kojeca, 00/MuH;
ty, — Bpems paboTHI Mepeaaun 3a CpoK CIYKOBI (pecypc nepenayn), 4achl,
ty=L- 365 ‘K,po- 24 ‘K¢, , L CpOK CITy:KOBI, TOLBI;

K., , Koy — k03D PUIEEHTBI HCIIOIB30BAHUS NIEPEAYH B TONY U CyTKaXx.

Ecmu Npgi>Npoi WiNggi>NEggj, To npuanmarot cootBeTcTBeHHOK =1 uKg i=1.
1/6 _

EcmuKy i= (Nnoi/Nugi) ™ >2.,4, To 1 pacueta npunumaetcst Ky = 2,4.
1

Ecmu Kepi =(Neoi/ Negi) / >2, TO JJIa pacdyeTa mpuHUMaeTCIKg = 2.
1

Ecimu K =(Nroi/NEgi) R >1,6, To ms pacuera npuHUMaeTcs Kg = 1,6.

[Ipy mepeMeHHOM pexuMe Harpy3kd, KOTOPBIH XapaKTepU3yeTcs
[UKJIOTPAMMOW HM3MEHEHUSI HArpy3ku (KpyTsIIero MOMEHTa) BO BpPEMEHH, 3a
pPacUYeTHYI0 HArpy3Ky NMPHHHMAETCS MaKCHUMAaJIbHAs 1O IUKIOTpaMMe, a pacuer

kodpbunmenToB Ky m Ky Bemercs Mo SKBUBaJEHTHBIM YHCIIAM IIMKJIOB
HanpsokeHuil. Metoawl omnpenenieHuss Npyg 1 Npg NpH MEpeMEHHBIX pPEeKUMaXx



Harpy3ku moapoOHO wusnmokeHsl B pabdorax [1,2, 3]. Koaddumument Kggi
VYATHIBACT BIHMSHUE JBYCTOPOHHETO TPHUIOKEHUS HArpy3ku (Hampumep,
PEBEPCUBHBIE TIEPEIaum):

Keci= 1 — 0qHOCTOPOHHSSI HATPY3Ka;

Keci= 0,7...0,8 — peBepcrBHas Harpy3Ka.

1.3. OnpenensitoTest 9ncia 3yObeB MECTEPHH, KoJieca U TIEPEIaTOUHOS YUCIIO.
Yuciio 3yObeB MIECTEPHU 0 YCIOBUIO OTCYTCTBHS MOJIPE3aHUS TSl IPSIMO3YObIX
KOJIeC JOJDKHO OBITh Z; > 17, a 1151 KOCO3yOBIX W IIEBPOHHBIX Koyiec Z; > 17-
cos’f.

Yucio 3yoneB koseca Z, = Z; - iy,

e i3, — TpedyemMoe nepe1aTouHOe OTHOIIICHHE TIepeiadr (OTHOIIICHHE

YIJIOBBIX CKOPOCTEH MIECTEPHU U KOJIeca);

[ - yToJ1 HaKJIOHA TMHUY 3y0a MPUHUMAETCS JIJIsT KOCO3yOBIX KOJIeC B

unTepBaie (8...15°), s meBpoHHBIX — (25...45°)

[Tepenarounoe urciio U = Z,/Z; onpeaesseTcs 1Mo HaiIeHHBIM

3HaueHUSIM Z1 u Z2, OKpYTJICHHBIX JI0 HENBIX YUCEIT, M HE IOJDKHO OTINYATHCS OT

TpeOyeMOoTo NepeIaTOYHOro OTHOIICHUS He Oosiee, yem Ha 3%.

1.4. OnpenensieTcst TpeOyeMoe MEKOCEBOE PACCTOSTHUE TepeIauu U3 YCIOBUS
KOHTAaKTHOU MMPOYHOCTH TIOBEPXHOCTEH 3yOheB

ay = (U+1){0,78 -M, ‘K, -cos .-Ev E; [([c,] U)’ s (E1+ER)}",

rae M, — KpyTsAIuid MOMEHT Ha Kojece, H-MwM;

Yy — K0OOPOULIKUEHT IIMPUHBI 3yOUaTOro Kojeca, BBIOUpaeTcs o Tadiauie 2;
K, - ko3 punrienT Harpy3Ku, yYUTHIBAIOIINN JOTIOJHUTENbHBIE BPEIHbIC
Harpy3KH, COMyTCTBYIOIIME padoTe nepeaaun; NpeIBapuTeabHO
npunumaercs K, = 1,2 11 KoJiec ¢ TBEpIOCTbIO TOBEPXHOCTEMN

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



E,, E; — Monynu ynpyrocTy IEPBOTO poa COOTBETCTBEHHO MATEpHAIIA
IIECTEPHU U KOJIeCa,
[6,] - pacdueTHOE oITyckaeMoe KOHTAaKTHOE HAIpsHKEHHE.

PacueTHoe nomyckaemMoe KOHTAKTHOE HANPSKEHUE OIpeIeseTCsl CIeAYIOIUM
o0Opazom:

npu pacuete npsaMo3yosix kosec (f = 0) [6,] = [6,]min,

IpH pacyere Koco3yObix koiiec (ff # 0) u B cirydasx O0JbIION pa3HOCTH
TBEpJOCTEH 3yObeB NMpAMO3yObIX mecTepHu u koneca (HB, — HB, >70)

[6.] = 0,45 ([ox]1 + [04]2),

rae [6,]1, [6,]> — momyckaeMble KOHTAKTHBIC HAMPSKCHHUS COOTBETCTBEHHO
JUIs1 3yObEB IIECTEPHU U KOJIECA;

[0, ]min - MEHEMaIbHOE U3 ABYX 3HAYCHHU [0,]1 U [0,]>

Cnedyem umems 8 U0y, 4mo 8 10O0M CIyUae OOAHCHO BbINOJHAMBCS YCA08UE
[0W] < 1,23 - [04]min.

1.5. Onpeoensemcs nopmanvHwili MOOYIb nepeoadu
m, =2a,, - cos PI(Z, +Z,)

llonyuennoe 3nawenue My, okpyensarom 0o oaudxcatwe2o cmanoapmuozo no CT
COB 310-76 (cm. mabauya 3).

1.6. Ymounsemcsa meaxcocesoe paccmosnue nepedau

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

33 pe3yanaT OHpeI[eJ'IeHI/Iﬂ YTO‘-IHGHHOFO HpHHI/IMaeTCSI acjiasts 4aCTb
IIOJIy4YE€HHOTI0 3HaueHus. [Ipu npoekTupOoBaHUU CTaHIAPTHBIX PELYKTOPOB
MOJIy4E€HHOE 3HAaYCHUE OKPYTIISIOT A0 OJMKANUIIEro 3HaUYeHUs TapaMeTPpUIECKOro

psna mno tabnuie 4.

1.7. /111 koco3y0oil mepeaaun yTOuHSETCs yroJl HaKJoHa JUHUU 3y0a

B = arcos [0,5 (Z1+Z;) m,, [ aw].



1.8.PaccunThIBatOTCS TeOMETPUYECKUE TTapaMeTphl 3y0UaToi mepeaadn
JlenuTenbHbIN quaMeTp mectepuu d; = my, - Z; / Cosp.

JlenuTenbHbBIN quaMeTp Kojeca d, =m, + Z, / cosp.

Jlmametp BepmuH mmectepan Uy = dp +2 my, .

JlnameTp BepuuH koseca dy, =d, +2 My, .

JHuametp BnajuH mecrepau de ;= d; — 2,5 m, .

Jluametp BnaauH kojeca dp=d, —2,5m, .

[Hupuna kojneca b, = Vg - ay.

[Mupuna mectepan by = 1,12 by,

KoaddunuenT mmmpunsl mectepau ¥hg = b, / d;.

1.9.0mpenensercss OKpy»XHasi CKOPOCTh Ha JISTUTSIIBHOM JUaMETPe 3y0UaThix
KOJIEC

V= (m-d; - ng) /60000,
rje N; — 4acToTa BpalleHus MEeCTEePHH, 00/MUH.

1.10. BriOupaercs cTeneHb TOYHOCTH 3y04aToi mepeaadn B COOTBETCTBUH C
OKPYXHOM CKOPOCTBHIO V 1 peKOMEHIALUSIMU, IPUBEICHHBIMU B TaOIHILIE 5.

1.11. YTounsercs 3HaueHune kodpduimenta Harpy3ku K,
K., =Ky - Kiup - Kiy
riae K, — kooppuimenT, yauThIBaIONUN pacipeaeieHiue Harpy3Ku; Jis
npsiMo3yObix kosec K, = 1, 1711 Koco3yObIX U IIEBPOHHBIX
ompenensieTcs o tadyuiie 6;
Kpp — x03dduunenT, y4uThIBalONIMNA KOHIEHTPALUIO HarPy3KH,
onpeaensieTcs no tabnuiie 7;

Ky~ xoapuiiueHT, yauThIBAIONUN JUHAMUYHOCTD TTPHIIOKEHUS



Harpy3ku, onpezesnsercs no tadnuue [18.

1.12.TIpou3BoauTcst MPOBEPOUHBIN pacyeT KOHTAKTHBIX HAINPSLKEHUH Ha pabounx
MOBEPXHOCTAX 3yObeB

cH=Z¢{4,35E1-E,-cosp-My Ko Ky Key(ut D/AE,+Eo)-d°2-b2)*<[c ],
rae Z, — Ko3pUIUEHT, yYUTHIBAIOIINNA CyMMapHYIO IJTMHY KOHTaKTHBIX JIMHUH;
JUIsl IpAMO3YOBIX Kosiec npu a = 20°, Ze = 0,9 17151 K0co3yObIX U IIEBPOHHBIX Z& =

0,8.

Ecnu nostyueHHOE B pe3yJibTaTe pacyeTa KOHTAKTHOE HAIIPSHKEHNUE MEHbBIIE WU
MPEBBIIIAET JOIYCKAaeMOE HalpshkeHue [oy| He Oonee, uem Ha 3%, T.e.

E= (GH' [GH])/ [GH] - 100% < 3%,

TO MPOYHOCTH 3y0UaTON TIepeaaur M0 KOHTAKTHBIM HAMPSKCHUSIM CUUTACTCS
00eCreYeHHOM.

Ecnu xxe E > 3%, To HE0OX0IMMO YBEJIUYUTD @y, WIH MOJ00paTh s
U3TOTOBIICHUS 3y04aThIX KOJIEC MaTepua, o0ecrieunBaronuii 601ee BRICOKOE
3HAYCHHE [Oy]. B 3aBUCHMMOCTH OT MPUHSATOTO PEIICHUS POU3BOIATCS BHOBb
HEOOXOMMBIC PAaCUYEThl B COOTBETCTBUH C TAHHOW METOIMKOM.
1.13.0mnpenensroTcst Cuilbl, ASUCTBYIOIINE B 3alICTIJICHUU 3y0UaThIX KOJIEC
OxpyxHas cwia F, =2 M, / d,.

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

OceBas cuna F, = F; - tg .

1.141Tpoun3BoauTCsl MPOBEPOUHBIN pacueT 3yOheB M0 HANPSKEHUSIM U3ruda

or=(Ye*Ys  Fi - K, Krg* Ke\) by - my<[og]
rae Yg — kodddurment hopmsl 3yoa; mpuHUMaeTcs 1o tadnuie 19 B
3aBUCUMOCTH OT SKBUBAJICHTHOTO YHCia 3yObeB Zy,

onpenensemoro Zy = Z / cos*f;



Y4 - k03 duIeHT HakIoHA 3y0a, onpenensemslil Yy = 1- f/140;
K, — xoapdunmeHT pacnpeneneHust Harpy3Ku; s MPsSMo3yObIx
nepenad Kr, = 1, 11 KOCO3yOBIX 1 IIEBPOHHBIX Mepeaay
3HaueHus Kp, npuaumMarotcs no tadbauue 10;

K — k03 (UIMEHT KOHLIEHTPAMU Harpy3KH; IPUHUMAETCS 10
Tadymue 11;

K¢, - K03pHUIMeHT IMHAMUYHOCTH HArpy3KH; IPUHUMAETCS 110
Tabnure 12.

Pacuer Bemercst mis 3yObeB TOTO W3 KoJjec, Ui KOToporo ortHoieHue (of/Yg)
MEHBIIIC.

Ecnu monyueHHoe B pe3yibTaTe pacuera HaIpsiKEHUE H3ruda MEHbIIE WU
IPEBBINIACT JOMyCKaeMoe HarpshkeHue He 0onee, yeM Ha 3%, T.e.

E= {of - [oF]}/[oF] -100% < 3%,
IPOYHOCTH 3yObeB Ha U3TMO CUUTAETCSI 00ECTICUEHHOM.

Ecnu xe E > 3%, TO HEOOXOIUMO YBEIMYUTH My WK Dy, MM 1omo0path st
M3TOTOBIICHUS 3yOuUaThIX KOJIeC Marepuas, oOecredyuBaromuidi 0ojiee BBICOKOE
3HaueHHUE [Og]. B 3aBUCUMOCTH OT MPUHATOTO PEIICHUS MPOU3BOIITCS BHOBH
HEO0OXOIUMbIE PAacueThl B COOTBETCTBHUH C JAHHOW METOJIUKOM.

1.15. B pspae ciaydaeB GOf OKa3bIBAETCS 3HAUYUTENBLHO MEHbIE [Og]. B 3TuX
CIyJasX HEAOTPYKEHHOCTh TMEpelaadd 110 HaNpsHKEHUSM H3ruda TO3BOJISICT
YMEHBITUTH 3HaueHue M, 0e3 W3MEHEHHS ay U YBEJTUYHTh
COOTBETCTBEHHO Z; U Z;. YBenuuenue Z; u Z, 6e3 M3MEHEHUS d,, OJaronpusTHO
CKa3bIBaeTCs Ha paboTe Mepelayd — yMEHBIIAIOTCS MOTPEITHOCTH B 3allCTUICHUN
IIPU TOM K€ CTETICHU TOYHOCTH M3TOTOBJICHHS KOJIEC, CHUYKACTCSI HHTCHCUBHOCTD
IITyMa ¥ BUOPOAKTUBHOCTb, CHUKAIOTCS TTOTEPU HA TPCHHE.

Pacuer mo oOecneueHnto OOJbIIEH PaBHOMPOYHOCTU 3yObEB MO KOHTAKTHBIM
HaNPsHKEHUSM M3rH0a IPOBOAUTCS B CIEIYIONICH MOCIEA0BATEIHLHOCTH.

1.15.1. YMeHnbInaeTcs CTaHAapTHOE 3HAUeHUE My, 110 Tabsumiie 3.



1.15.2.0npenensieTcss CcyMMapHOE YHCIIO 3yObEeB TIEpe1aun
Ly=21+Z,,Zy =2 a, * COSB/ m,.

1.15.3.0npeodensatomes uucna 3y6ves wecmepuu u Koieca

Zy=Zs (i +1), 2= 2, - ipa.

3HaueHust Z; U Z, OKPYTJISIOT J0 IENbIX.

1.15.4. OnpenensieTcss yTOYHEHHOE TIepeaTOgHOe unciio U = Z; /Z;.

1.15.5.1ToBTOpSsIFOTCS pacyeTsl mo myHkTam 1.6 — 1.14.

2. TIPUMEP PACYETA HHEPEJJAYN

HeoO6xoaumMo  BBIMIOJIHUTH pacyeT 3aKphITOM KOCO3yOOW IUIMHAPUYECKOMN
nepegayu.

HUcxonupie faHHBIC:

Yacrora BpanieHus mecrepuu Ny = 1500 06/MuH.

Tpebyemoe nepenaToyHoe OTHOLICHHE Tiepeaayu iy = 3,55.

Kpyrsamumii MomeHnT Ha Baimy mectepHu M; = 19100 H-mwm.

KpyTsamumii MomeHT Ha Baity kosieca M, = 65770 H-mwm.

ITepenaua HepeBepcuBHas. Pexum Harpy3ku MOCTOSIHHBIM.

Cpok ciyx0s1 L = 5 ner.

Kosddunuent ncnonssopanus nepegayu B rogy K., = 0,8; B cytkax Ky, = 0,5.
[IlecTepHs ¥ KOJIECO PACIOJI0KEHBI HECUMMETPUYHO OTHOCHUTEIIBLHO OIOP.
2.1.Pacuer BbINOJIHACTCH BPYYHYIO

2.1.1. BeiOupaem Marepuan Jyuisi U3TOTOBJICHHS IIECTEPHU M Kojieca. Tak kak
3alaHMEeM HE TMpeayCMaTpUBAETCS CIEUMaIbHBIX TpeOoBaHUN K rabapuram M

Macce mnepenayd, no Tabinuue 1 BbIOMpaeM B KadyecTBE MAaTE€pUAIOB IS
M3TOTOBJICHHUS 3yOuaThIX KOJIEC CTajd CO CPEAHMMHU MEXaHUYECKUMU



XapaKTEPUCTUKAMH U OTHOCUTEIPHO HEBBICOKOW CTOMMOCTHIO. JIysl miectepHu —
40X, TtepmoobOpaboTka — ymyumenue HB 245, o, jimpi= 560 Mlla, S,; = 1,1;
csop lim b2 = 440 Mlla, Sg; = 1,6; mna xoneca — crtanb 45, TepMooOpaboTKa —
Hopmanu3ammss HB=190, o, imp2= 455 Mlla, S,,;= 1,1; 6% imp2= 350
MHa, S|:2 = 1,65

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

bazoBoe uncno MMKI0B HANPSKEHUN

Nio1 = 30 HB** =30 - 245 =1,6 - 10

Nho2 =30 - 190**=8,8 - 10°;

Nro1 = Nro2 =4 - 10°

Bpewmst paboThl iepeiauu 3a BECh CPOK CIYKOBI

ty=L- 365 K, 24  Kym=5"365-0,8-24"-0,5=17520 gacos
Hucmo HUKI0B HANPSIKEHU I

Nper = Negr = 60+ ng + £ =60 - 1500 - 17520 = 1,58 - 10°

Nuez = Neg2 =60 - Ny -ty /iy, =60 - 1500 - 17520/ 3,55 = 4,45 - 10°
Koadpunments nonroseunoctu Ky 3 = Ky o =1, Tak kak Nyg; > Npoy 1
Nue2 >Nho2 ; Kerr =Kp2 =1, Tak kak Npe1>Ngo1 1 Neg2>Neoo.
Koadpdunmentsr Kec1=Kgco=1, 151 HepeBepcuBHOM niepeadn.
Jlommyckaemble KOHTAKTHBIE HAMIPSIKEHUS

[6ul1= (Cutim b1/ SH1) - Knur = (560 / 1,1) - 1= 509 MlIla,

[6:]= (Cutim b2/ SH2) * Khiz = (4557 1,1) - 1= 414 MI]a.
Jlommyckaembie HANPsHKEHUS TIPU U3TH0e

[0r]i= (0 % tim b2/ SF1) - Keer - Keig = (440/ 1,6) - 1 - 1= 275 MIa,

[GF]ZZ (GOFIim b2/ SF2) : KFCZ : K|:|_2 = (350/ 1,65) -1 -1=212 Ml]a.



2.1.3. OnpenensieM uncia 3yObeB MIECTEPHH KoJieca U MepPeIaTOuHOE YUCIIO.
[IpuHrMaeM yros HakJIoHa JuHKU 3y0a = 11°.

Yuciio 3yObeB HIECTEPHU 0 YCITOBUIO
Hernoape3anus Z; >17cos*ff =17cos?*11°=16,08.

[Tpuaumaem Z; = 16.
Yucno 3yoneB koseca Z, = Z; - i3, =16 + 3,55 = 56,8 npunumaem Z, = 57.
[TepenaTounoe uucio U = Z, / Z; = 57/16 = 3,56.

OTHOCUTEIBbHOE PACXOKACHUC MCKAY IICPCAATOYHBIM YUCJIIOM H Tpe6yeMI>IM
nepeaaToO4YHbIM OTHOILICHUCM

(U - inn)fiz - 100% = (3,56 — 3,55)/3,55 - 100% = 0,35%,
YTO JJOIYCTUMO.

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

aw = (U+1){0,78- My Ky cosp-Ey - Ey/ ([og] U Wpy (Er+Ex)} =

(3,56+1){0,78-65770-1,2-cos11°-2,1- 10°-2,1- 105/(414-3,56)2-0,25'(2,1+2,1)- 10°
= 103,47mmMm.

Koaddumment narpysku npeasaputenbHo npuHumMaeM Ky = 1,2;
E.=E,=2,1- 10° Mna (cm. Tabnuma 1).

PacueTHoe nonmyckaeMoe HanpspKEHHE

[on] = [ou]min = [on]2 = 414 MI]a.

Koadpdumment Py, ¢ yuetom tBEprocty < HB 350 u HECUMMETpU4YHOTO
PacIoJIOKEHHs KOJIEC OTHOCUTENIBHO Onop no tadnuiie 2 npuaumaem ¥, =
0,250.

2.1.5. Onpenensem MOTyJTb TIepeaadn

m,=(2 - ay - cosP)/(Zy +Z,)=2 03,47 -cos11° (16+57) = 2,78 mm.



[To Tabnune 3 npuHUMaeM CTaHAAPTHOE 3HAYEHUE MOIYJISE My = 2,75 MM.
2.1.6.YTOUHsIEM MEKOCEBOE PACCTOSIHUE Mepe1aun

a, = 0,5(Z1+Z;)m, /cosp = 0,5(16+57) 2,75/cos11° = 102,25 mm.

3a yTOYHEHHOE 3HaYeHUE MIPUHUMAEM IEIYI0 4acTh ay = 102 MM.

2.1.7. YTouHsieM yroj HakJOHa JIMHUU 3y0a
p=arccos[0,5(Z;+Z;)my/a,]=arccos0,5(16+57)2,75/102=10,241° =10°14"29".
2.1.8 PaccunThiBaeM reoMeTpuueCcKue mapaMeTphl 3y0uaToi rnepeiayn.
JlenuTenpHbIE TapaMeTPhI

di=m, - Z;/cosp=2,75-16/cos 10°14729" = 44,712 mwm;

d,=m, - Z,/cosp=2,75-57/cos 10°1429" = 159,288 mm.

JlnaMeTpbl BEpIINH

dau=di +2-m,=44,712 +2- 2,75=50,212 mm;

dp=dy+2-m,=159,288 + 2 - 2,75 = 164,788 Mm.

JlnamMeTpsl BiaguH

dyp =dy-2,5 - m,=44,712-2,5 - 2,75 = 37,837 mm;

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

upuna kosaeca b, = Wy, - ay, = 0,25 - 102 = 25,5 mMm, npunumaem b, = 25mm.
[Mupuna mectepan by = 1,12 - b, =28 mm.

KoaddunmenT mmpunsl mectepuu ¥oq = b,/ d; = 25/44,712 = 0,56.

2.1.9. OnpenensgeM OKpYXHYIO CKOPOCTh Ha JICIUTEILHOM JIMaMETPE 3y0UaThIX
KOJIEC

V= (z -d;-n;3)/60 000 = (-44,712-1500)/60 000 = 3,61 m/c.

2.1.10.ITpuanMaem ¢ y4eToM peKOMEH A, TPUBEACHHBIX B TabIuIax 5,8
CTENEHb TOYHOCTH TEepeadH.



2.1.11. YrounsieM 3HaueHUS KOIPPUITUESHTOB HATPY3KH
Kyq = 1,09 — o Tabnuue I16;
Kyp = 1,06 — no Tabmune I17;
Ky = 1,04 — mo tabaume 118.

2.1.12. [IponsBoauM IPOBEPOUHBIN pacyeT KOHTAKTHBIX HAMPsHKECHUN Ha
paboyYMX MOBEPXHOCTSAX 3yObEB

Gy = Z,{4,35-Ey Ey-cosfp- My Ky Ky Ky (U+1)/(Er+E)-dy b} =

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

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

Z.= 0,8 - k03P PUIMEHT , yIUTHIBAIOLINI CYMMapHYIO JJIMHY KOHTAKTHBIX JTMHHA,
JUIS1 KOCO3YOBIX KoJiec rpu a = 20°.

2.1.13. OnpenensitoTcst CUIIbI, JSHCTBYIONINE B 3aIICTUICHUN 3y0UaThIX KOJIeC
OkpyxHas cuna

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

PagnanpHas cuna

Fr = F - tg 20%cosf.= 825,79 - tg 20°/ cos 10°1429" = 305,42 H.

Ocesas cuia

Fa=Fitg p=825,791t9 10°1429" = 149,19 H.

2.1.14. OnpenensieMm kodddurmeHTs Hopmbl 3yObeB mecTepHu Yg; U Kojeca Y
Ye1 =4,28 no tabmune 9 miust Zyy = Zy - cos’f =16/ cos® 10°14°29" = 15,2;
Yr, = 3,65 no tabmunie 9 qiist Zy, = Z, - cos*’ff =157/ cos® 10°14729" = 54,3.

2.1.15. OnpenensieMm kodhPuIMeHT HaKIOHA 3y0a



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

2.1.16. OnpenensieM k03D PUITMEHTHI HATPY3KH JJI pacyeTa HaNpsHKeHUN n3ruda
3yoneB K, = 0,91 — tabmume 10;

Kyp = 1,12 — Tabnune 11;

Kr, = 1,11 — Tabaune 12.

2.1.17. Onpenensiem otHomieHus [og]/YE
[oeli! Ye1=275/4,28 = 64,25 Mlla,
[or )2/ Ye2 =212/3,65 = 58,08 Mlla.

2.1.18. Ilpouzeooum nposepounwlii pacuem HanpsajiceHull uzeuba 6 OnacHoOM
ceuenuu 3y0ves Koneca, m.x. 00axcHo ovimo {[og]r N2} < {[oe]1 YL }

o4= (HiyHyA, K4 KipKy,,).(uz0,) =
—(3,65:0,926-825,19:0,01-1,12-1,11)/(25:2,75) = 45,89 MITa;
OF= 45,89 Mlla < [O'F]2 =212 Mlla.

2.1.19. C yenvio obecneuenus 6orvuell pagHONPOUYHOCU Nepeoayu u
yeenuuenuss Zyu Z, ymenvuiaem My NpU mMOM dHce 3HAUEHUU d,.

Ipunumaem no mabauye 3 cmanoapmuoe 3Havenue My = 1,5 mm.
2.1.20. Onpeoensiem cymmapnoe uucno 3yoves Ly = Z, + Z,
Zy=2-ay cosplmy=2-102cos 10°14°29"/ 1,5 = 133,8.
2.1.21. Onpeoensiem uucna 3y0ve6 wecmepHu u Koaeca

Zy=Zs/ (i +1)=133,8/3,55+1=29,4 npuanmaem Z; = 29.
Zy =2y 11,=29 - 3,55=102,95 npuaumaem Z, = 103.

2.1.22. Onpenensem nepeaaTouyHoe YUCI0

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

OTHOCHUTEIBHOE PACXOXKIACHHE MEX Ty U | 11, OYSHb MaJIo.



2.1.23. YTouHsieM yroj HaKJIOHA JIMHUU 3y0a

p =arccos [ 0,5 (Z; +Zy) m,/ ay] =

=arcos [ 0,5 (29 +103) - 1,5/102 ]=13,93055° = 13°55'50".
2.1.24. PaccunThiBaeM reOMETPUUECKIE MTApaMETPhl 3y0UaToM mepeavn
di=m, - Z;/cosp=1,5"29/cos 13°55'50" = 44,818 mwm;

d,=m, - Z,/cosp=1,5"-103/cos 13°55'50" = 159,182 mwm;
dau=d;+2 -m,=44818+2 - 1,5=47,818 mm;

dpp=dy +2 - m,=159,182+2 - 1,5=162,182 mm;

dy=d; —2,5-m,=44,818-2,5-1,5=41,068;

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

b, =25mMm. by = 28mMm ¥W,q = 0,62.

2.1.25. TloBTOpsieM MPOBEPOYHBINA paCUeT KOHTAKTHBIX HAMPSKEHUIN

cfo,8§[4,35-2,1-105-2,1-105cos13°55'-65770- 1,09-1,06]/[(2,1+2,1)10°(159,182
2513 %=

= {1,04(3,55+1)}2 = 401,39 MIla < [oy] = 414 MI]a.

2.1.26. OnpenensieM CUJIbI B 3alICTUICHUH

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

Fr=F: - tga/cosf=826,34-tg20°/cos 13°55°50" = 309,88 H;
Ay =A, - enf = 826034 - en 13°55°50" = 204697 Hro

2.1.27. OnpenensieM kodhurreHTs! 3yoheB Ye 1 Y

Yer = 3,90 Zyy = Z4 cos°f = 29 c0s°13°55°50" = 26,5;

Ye,= 3,60 Zy, = Z, cos’f = 103 cos® 13°55°50” = 94,1.

2.1.28. OnpenensieM kodhPuUIeHT HaKIOHA 3y0a



Yp = 1- p/140 = 1 - 13,93055 / 140 = 0,90.
2.1.29. OnpenensieM Ko3(DPUITUEHTHI HATPY3KU
Krq = 0,91; Kpp = 1,12; Ky=1,11.

2.1.30. OnpenensieM OTHOIICHUS

[og]i / YFL=275/3,90=70,51 MIla;

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

2.1.31. [ToBTOpsieM MPOBEPOUYHBIN pacyeT HANPsHKEHUN U3THba B OITAaCHOM
ceyeHuHu 3yObeB KoJjieca, T.K.

or=(3,60-0,90-826,34-0,91-1,12-1,11)/(25-1,5) = 80,82 MIIa.
CpaBHHMBaeM MOJIyYEHHOE 3HAYCHHE C JOMMyCKAEMbIM HAIIPSLKEHHEM M3rH0a
or = 80,82 MIla < [og], = 212 MIla

" BUJUM, 4YTO YCJIOBHUC ITPOYHOCTH Ha n3rud BBIIIOJIHACTCA, YTO I[aéT HaM
OCHOBAHUEC CUHUTATDh BBIIIOJIHCHHBIC pvaéTBI BCPHBIMU.
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I[TPUIJIOXKEHUE

TABJIMIIA 1
PexoMenyeMbie 3HaueHUs KOA(hGUIMEHTOB HIMPUHBI 3y0uaToro koueca ¥y, =b,, / a
PacmosoxxeHue xomnec TBepaocTh pabounX MOBEPXHOCTEH 3yObeB
OTHOCUTEIILHO OIOP

<HB 350 > HB 350
CummeTpuuHoe 0,30...0,50 0,25...0,30
Hecummerpuunoe 0,25...0,40 0,20...0,25
KonconsHoe 0,20...0,25 0,15...0,20

3uadenus koddpdurmenrta ¥y, CIEAyeT HA3HAUYUTD U3 PAA:

0,100; 0,125; 0,160, 0,250; 0,315; 0,400; 0,500, 0,630, 0,800; 1,00, 1,25.

TABJIAIIA 2
PekoMeHIyeMble 3Ha4YeHNA Ko3d . MpHHLI 3y04aToro koneca ¥, =b, /a

Teepnocte pabounx nmoeepx HOCTE 3V0BEEE
Pacnonoxenne xonec
OTHOCHTENBEHO OITOp <HB 330 =HB 350
CrmmeTpimHoe 0.30...0.50 0.25...0.30
Hecrmm eTprmaoe 025 ..040 020 ..025
FouconeHoe 0,20...025 0,15...020

JHauerma xo3d duinieHTa Wh: cnemyeT HasHa4¥aTk M3 paoa

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 Moayneir /M, mo CT C3B 310-76
Panm Mogvne, MM
1-# 11,25, 1.5:2;25.3; 4. 5 6 8,10 12; 16, 20; 25
24 1,125, 1,375; 1,75, 2,25; 275, 3,5;45.5,5, 7,9, 11; 14; 18

CnegyeT Dpeln oMU TATE TEPERIH pAD.




TABJIMITA 4

INapameTprdeckHil pAd 3HAUEHHH MEXOCEBOT0 paccTOoAHHA &, Io paay 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

TABJIHIIA 5

DPHEHTI»IIJOBOT-IHBIE PEROMCEHIOAIRTT TTO EBID OpY CTCIICHM TOYHOCTH ITEPCIatlH

CTeIeHE TOYMHOCTH
mepenaw (T OCT
1643-81)

6 (BEEICOKOTOUHELE)

7 (TouHmE)

8(cpennedl TouHOCTH)

O moHICK eHHOH
TOYHOCTH)

Oxpva#Ha" CKOPOCTE, M'C

He bonee
npAMoIvoRe Koco3yDrle
13 30
10 13
i 10
2 4

Tlpumedznn e

BrICOKOCHOpPOCTHEL € IT ep 8I3HH,,
MEXAHHIME! TOUHOH KHHeMaTHYecKoH
CE f2H - JeJHTE/EHE e, 0TCUSTHRIE H T.I0.
Tlepenasni IpH NOBEILIEHHEIX CKODOCTA
H YMEpeHHEIX HATPYIKAX HIH IIpH
MOBEILIEHHEX CHKOPOCTAL H YMEPeHHEIX
Har py3gax.

Tlepenasm obmIero MAIHHOCTPOSHHIA
He Tpedviomne ocobofl ToMHOCTH.
THX0XOTHE € IepeIadn C
MOHIKSHHEMH TpeDOEaHIANH [0
TOSHOCTH.




TABJIHMIIA 6
3Hauerna KosdduimeHTa pacnpeneneHA Harpyska Kiyg

LTI KGCGS}-‘EI}IX H IMEBPOHHBIX ITEpcIay

Crenene OrpviEag ckopocts F, M/c
TOYHOCTH
mepenaun o 1 1.5 | s..10 10...15 | 15..20
il 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 -
TABJIMIIA 7

3HadeHHA K03() GHIIeHTa KOHIeHTpallui Harpysku Ky

TECpIOCTE NMOBEPIHOCTEH 3VOBEE

W, =byd, =HEBE 350 =HB 350

I I1 I11 I I1 111
0.4 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
1.4 = 1.18 1,07 = = 1.16
1.6 - 1.22 1.09 - - 1.21
1.8 - 1.25 1.11 - - -
2.0 = 1.30 1.14 = = =

Janreie B cTonbue [, oTHOCATCA K NepegadaM ¢ KOHCOMIEHBIM
pacrono#eHeM 3vogatoro koneca; [I- K mepenagamM ¢ HECHMMETPHYHBIM
DPACTIONOEEHIEM KOIEC IO OTHOM eHMED K onopam; [1I- ¥ mepenauam c

CHMMEeTPHHYHBIM PACTIONOKEHMEM 10 OTHOM eHIEO K OTTopaM.




TABJIIIIA 8

3HadeHHA Ko3dduIeHTa IHHAMIYHOCT H TIPIIOKeHHA HATPY3KH K-

Oxpyxmas cropocts F, Mic
Creners | Teepmocts
TOYHOCTH |[TOBEPXHOCTH
repenadn 3}*6':1:&3 HB Aol 2 i e 8 10
6 <350 1.03/1,01 |1,06/102 112103 |1.17/1.04 |1.23/1.06 128107
=350 1.02/1,00 |1.04/1.00 1,07/1,02 |1,10/1,02 |1,15/1,03 1.,181.04
7 <350 1.04/1,02 11,07/103 114105 |1.21/1.06 |1.29/1.07 136/108
=350 1.03/1,00 1105/101 109102 |114/103 |1,19/103 124104
g =350 1,04/101 |108/1.02 116/1,04 |1.24/1,06 |1,32/1,07 1,40/108
=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 1.04/101 |1,07/1,01 1,13/1,02 |1.20/1,03 |1,26/1,04 132/105

B uncmitene IMMPHUECOCHEI TaHHEBIC TJId HpHMDS}’ELIX EONeC, B SHAMCHATEIE- OJA KDCDS}'ELIK.

JHauerna kosddrmenta bopuel 3yoa ¥r

TABJIITA 9

117 HEKOPPHUTHPOBAHHBIX 3V0UATHIX KOJIEC BHEITHETO 3alleIUIEHHA
Z, 17 20 i2 40 50 60 71 a0 20 100 7180
Y 428 | 407 390 (378 |3,70 368 362 361 360 (360 |3.60 3.62
TABJIMIIA 10

3Hauer koagdrmineHTa pacnpeneneH Harpyskn K,
1714 Koco3YOBIX H IIEBPOHHBIX Nepenad

CTeneHs TOYHOCTH

nepenau

7 3

2

Kosbdunuent Kry

&
0,72

0,81

0,91

1,00

Jna npmaosvBEl X Depenad

(p=0) Kp,=1,00




TABJIMITA 11
3HadeHHA Ko3dHINeHTa KOHIIEHTPaITHH Harpy 3ku Ky

TeepoocTs moEepxHOCTEH 3V0OBEE
=HB 350 =HB 350

¥ Thyd | 1 I 1 vV I I 11 IV
0.2 1.00 1.04 1.18 1.10 1.03 1.05 1.32 1.20
0.4 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 1.28 - -
1.0 1.10 1.23 - - 1.20 1.40 - -
12 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 Hecummerpruromy; II- ¥k KoHCcOMEHOMY MIPH YCTAHOBKE

E4NOE Ha I apHKOBEIX MoIMHMHMEaX ; [V - To e, HO pH yCTaHOEKE EANOE Ha
POMMKOBBIX IO MITHMKAX .

TABJIHMITA 12
3HadeHHs K03 HIeHTa IHHAMIYHOCTH Harpy3kH K,

Oxpvssaz ckopocts F, m/'c

Creneme | Teepoocts
TOMHOCTH [[IOBEPXHOCTH
nepegadn | 3vbeee, HB ol 2 4 6 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 <330 1.08/1.03 |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
=350 1.04/1,01 |1.06/1.02 |1,12/1,053 (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 uncnmmrene IMPHECI CHBI JAHHEBIC OJId HpHMDS}’EBIK EOIEeC, B SHAMEHATEI S - IJIA KDCDS}’ELIK.



