2 Pacuer 3y6uaTtbiX nepepay peaykropa

2.1 Boi6op maTepmana 3ybuaTbix Konec
M pacyeT fgonyckaeMbIX HanpsHKeHUn

2.1.1 3ybyaTble Koneca U3roToBNSIOT U3 TepMUYECKN obpabo-
TaHHbIX CTanen pasnunyHbIX MapoK, KOTOpble MO KpuTepuio npupaba-
TbIBAEMOCTU AENST Ha ABe rPynnbl: C MOBEPXHOCTHOW TBEPAOCTbLIO MO
Bpunennto 1o 350HB 1 NoBepxHOCTHOMN TBEPAOCTLIO Bbille 350HB.

3aroToBkM U3 cTanei nepsoi rpynnbl (<350HB) noasepratoT-
c 0bbeMHol TepMoobpaboTke B BMAE HOPManM3aumMu Uan ynydile-
HMA. 3ybbs TaKMX KOMec Xopowo npupabaTbiBaloTCAd CO BPEMEHEM.
[ns 6onee paBHOMEPHOro M3HALIMBAHUS TBEPAOCTb 3ybbeB LLECTepHU
Ha3HauvatoT Ha 20 ... 50 HB Bbiwe TBepAoCTM 3ybbeB Koneca.

TBepaocTb cranen BTopoi rpynnbl (>350HB) npuHSATO n3Me-
psaTb B eamHunuax Pokeenna, HRC (1 HRC =~ 10 HB). Beuay BbicokoW
TBEPAOCTM Hape3aHue 3ybbeB M3 CTasieit 3TOM rpynnbl NPoM3BOAST [0
npoueaypbl NOBEPXHOCTHOM TepMoobpaboTku, a nocne Hee 3ybbs fo-
NOMHUTENBHO WANYIOT.

MaTepuan 3ybuaTtbix konec BblbupatoT no Tabn. 3, nucxoasa w3
AOCTYMHOCTM U CTOMMOCTM TOW WM MHOM MapKku CTanu, YCIOBUI Npu-
pabaTblBaeMOCTN, MPUHATOrO BapuaHTa TepMuyeckon o6paboTku
(1.0.) 1 Apyrunx coobpadkeHuin.

B npakTuke MaLMHOCTPOEHMS MOXHO BbIAENWUTb MSATb TUMO-
BbIX BapMaHTOB TEPMUYECKON 06paboTKM KOSIEC 3aKPbITbIX Nepeaay:

BapuaHT I. T.0. WwecTepHn — ynyduweHune, TBepaoctb 269 ...
302 HB; T.0. KOneca — ynyJweHue, TBepaocTb 235 ... 262 HB. Mapku
CTanen oavHakoBbl Anst 3ybuaTton napbl: 45, 40X, 40XH, 35XM u ap.
[JlaHHOMY BapuaHTy CBOWMCTBEHHbI Xopollasi npupabaTbiBaeMoCTb
3ybbeB, OTCYTCTBME XPYMNKOrO paspyLueHus, HO CPaBHWUTENbHO HEBbI-
COKas Harpy304Has CnocobHOCTb.

BapuaHT II. T.0. WecTepHu — ynyylleHre 1 3akasika Tokamu
BbICOKOW YacToThl (TBY), TBEpAOCTb NOBEPXHOCTU, B 3aBUCMMOCTU OT
Bbl6paHHOM Mapku ctanu, 45 ... 58 HRC, 48 ... 55 HRC; T.0. koneca —
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ynyJdlleHune, TBepaocTb 269 ... 302 HB. Mapku cTtanei oiMHakoBbl As
3ybuaToi napsbl: 40X, 40XH, 35XM u ap.

Tabnuua 3
MpeaenbHble
pasmepbl TBepaocTb 3ybbeB
Mapxka Tepmo- 3aroTOBKY, MM Ors| Ogs
cranu obpaboTka D S cepaueBm- roBepx- MMa | Mna
tp | ~up Ha HOCTb
3aKpbiTble Nepegayn
45 ynyuyLleHve 125 | 80 [235...262 HB|235...262 HB| 540 | 780
ynyJLleHve 80 | 50 [269...302 HB|269...302 HB| 650 | 890
40X ynyJLleHve 200 |125|235...262 HB|235...262 HB| 640 | 790
ynyudLleHve 125 | 80 [269...302 HB|269...302 HB| 750 | 900
ynydwenue + | 125 | 80 |269...302 HB| 45...58 HRC | 750 | 900
3akanka TBY
40XH, |ynyyweHve 315 [200|235...262 HB|235...262 HB| 630 | 800
35XM | ynyuweHwne 200 |125|269...302 HB|269...302 HB| 750 | 920
ynydweHue + | 200 |125|269...302 HB| 48...55 HRC | 750 | 920
3akanka TBY
40XH2MA, | yny4yweHue + | 125 | 80 |269...302 HB| 58...67 HRC | 780 | 950
38X2MIOA | azoTnpoBaHme
20X, ynydwenune +| 200 |125|300...400 HB| 56...63 HRC | 800 | 950
20XH2M, |uemeHTauus
18XI'T, |v 3akanka
12XH3A,
25XIP
OTKpbITble Nepefayn
40 ynydlueHune 120 | 60 |192...228 HB|192...228 HB| 400 | 700
45 HopManusauus | ntobele  [179...207 HB|179...207 HB| 320 | 600
351 HopManusauus | ntobele  |163...207 HB|163...207 HB| 270 | 490
45 ynyulleHue 315 | 200 (207...235 HB|207...235 HB| 440 | 680
40rn  |ynyyweHune 315 [200|235...262 HB|235...262 HB| 600 | 850
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BapuaHT III. T.0. WeCTepHU N Koneca oAnHakoBas — ynyd-
lWeHne 1 3akanka TBY, TBepAOCTb MOBEPXHOCTU, B 3aBUCMMOCTU OT
BbiGpaHHOM Mapku ctanu, 45 ... 58 HRC, 48 ... 55 HRC. Mapku craneit
OAMHaKOoBbI ANnsa 3y6uaTon napbl: 40X, 40XH, 35XM u ap.

BapuanTt IV. T.0. WecTepHn — ynyduleHve, LUeMeHTauus u
3aKanka, TBepAoCTb noBepxHocTn 56 ... 63 HRC, mapku ctanei ans
wectepHn — 20X, 20XH2M, 18XI'T, 12XH3A wn Aap.; T.0. Koneca -
ynydlweHune u 3akanka TBY, TBepaoCTb NMOBEPXHOCTU, B 3aBUCMMOCTHU
OT BbibpaHHOM Mapku ctanu, 45 ... 58 HRC, 48 ... 55 HRC, mapku cTa-
nei — 40X, 40XH, 35XM u ap.

BapuaHT V. T.0. WeCTEPHM N KOneca OAMHAKoBasa — yryulue-
HWe, UeMeHTauusl 1 3akanka, TBepAoCTb noBepxHoctn 56 ... 63 HRC.
Mapku cTanel oamMHakoBbl Anst 3ybyaton napbl: 20X, 20XH2M, 18XIT,
12XH3A, 25XI'P n gp. BMecTto uemeHTauum MoXeT 6blTb MpUMeHeHa
HuTpoueMeHTaumst (ans 25XIP n 30XIT, TBEpAOCTb NOBEpPXHOCTM 56 ...
63 HRC) u aszotnposaHue (ansa 38X2MIOA, 40XH2MA, TBepaocTb no-
BepxHoCTK 58 ... 67 HRC).

Ons yuyebHbIX MNpPOEKTOB pekoMeHAyeTcs BblbupaTb 6onee
NpocCThle U AelleBble BapuaHTbl TepMoobpaboTku, K npuMepy, Bapu-
aHT 1. OnpeaenuBLLMCL C BapuaHTOM, BblIGMPAOT KOHKPETHbIA MaTe-
pvan ans WeCTepHM U Koneca WM BbINUCHIBAKOT AaHHble M3 Tabn. 3 B
Tabnmunyto opmy:

n, Mapka|Bug Cpearas Cr, O [GH], [GH] [GF],
Koneco 06/MWH| cTanu | T.0. TBEpROCTH ! PacyeTHoe,
nosepxHoctv|MMa |y Mra MrMa MMa
1 (w)
2 (k)
3 (w)
4 ()

B kauecTBe cpeaHelt TBEPAOCTU B YCIOBUSX HEOMpPeAeneHHOCTU bepyT
HEKOTOPOE CpefHEE 3HAYEHWE MEeXAy rpaHvLaMy npeaiaraeMoro WH-

24



2 Pacdem 3yddamoix nepedad pedykmopa

2.1 Boldop mamepuara 3yddameix Korec

u pacqem JdonycKaemoiX HanpaxeHud

Boldupaem [ Bapuarm mepmoodpadomku u Mamepuan
emane 45, ITo smomy bBapuarmy mbepdocme nobepxrocmu
weemepHu 269 ... 302 HB, a ong koneca 235 .. 262 HEB.
Cpednue 3HaqeHus mbepdocmu nobepxrocmu 3ydbel:

H: = (269+302)/2 ~ 289 HB;
Ho = (235+262)/2 ~ 248 HB.
SaHocum  dacmomeol GpaujeHus KoAec u napamempeol

mamepuara (u3 man. 3) 6 caedyrougyro madauyy:

Koneco 067|V:MH Ileaaan: E.Mcf.l T(;Eﬁz:z?b ,\c:nTa’ I\cflyl?la, [c:,ﬁa DaE:FGI:H:Le, [CMS:-Zlg ,
MOBEPXHOCTM ' MMa

1 ()| 2445 45 | V| 289 HB |650 890 521 298

2 (k) |28o.2| 45 | ¥V | 248 HB |540 780 485 iid 255

3 w2802 45 | V| 289 HB |650 870 565 298

4 (k) |6o21| 45 | V| 248 HB |540 780 544 = 255

Samearus;

1 B madauyy BHOCIMEA IMOABKO napamempsl KoAec pedyx -
mopa, Ho He Korec dpyeux nepedad rpuboda.

2 Yacmomor Bpawgerus Boiduparomes u3 madauyol pesgao-
mamol n. 1.3.3, npudem He no Homepy 6ara, a no HOMeEpY KOAECA.
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TepBa/ia MOBEPXHOCTHOW TBepAoCTU 3ybbeB. Tpu nocneaHux cronbua
(hopMbI 3aNOMHSAIOT MO MEpe BbIYUCTIEHWUS JOMYCKAEMbIX HANPsHKEHWUN.

3aMeyvaHue. lpenenbHble pa3Mepbl 3aroToBOK, (Gurypupytome
B Tabn. 3, obecneunBaloT MosyyeHne TpebyeMbIX MeXaHUUYEeCKUX XapakTepw-
CTUK LUECTEPEH W KONEC B XOAe MOBEPXHOCTHOM TepMMUEcKol o06paboTku.
CoOTBETCTBYIOLLME YCNOBUS UMEIOT BuA (puc. 2):

D3ar < an; Csar’ S3ar SSHp'

A

—

N R R RS B

@]

Y

A
~
1 = o
(@] Y

Y
C3ar‘ _ 1\

Puc. 2. Pa3mepbl 3arotoBok (CneBa — LWeCTEepeH, crnpaBa — koseca)

2.1.2 [lonyckaeMble KOHTAKTHbIE HanpshKeHUs pacCcynTbIBalOT
OTAENbHO ANS KaXAO0W LWecTepHU unmn koneca no dopmyne

[on]=0niimZNZRZy / Sh - (6)

MapameTpsbl, Bxoaslme B dopmyny (6), onpeaenstoT rno onu-
CaHHOW HWXXe npoLeaype.
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2.1.2 Pacqem JonycKaemoiX KOHMAKIMHOIX HANpaKeHU

Pacdem Gedem no gpopmyne
[041]= 011 lim ZNZRE ! Sy -

AN KaXdozo u3 dembpex KoAeC HAXOIUM 3HAYEHUS

napamempol, Gxodawux 6 smy dopmyry.
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Mpenen BbIHOCAMBOCTU Gy |im AN8 6a30BOro uMcna LMKIOB

Harpy>xeHusi 3aBUCUT OT CPeAHEel TBEPAOCTU MOBEPXHOCTEN 3yObeB
KOJIEC M BbIYNCNAETCS MO 3MNUPUYECKMM (hopMynaM, NpuBeAEHHbIM
B nocneaHem crtonbue Tabn. 4.

Tabnuua 4

CpepHsis TBEP-
Bupa T.0. [OCTb NoBepx- Cranb OHYlim, MNa
HOCTW 3ybbeB

Hopmanuzaums, < 350 HB Yrnepoauctas un
ynydLleHne nernposaHHas

2xHB + 70

MoBepxHOCTHas 1 Yrnepoauctas un

40 ... 56 HRC 17xHRC + 200

obbeMHas 3akasnka nernposaHHas

LleMeHTaLums, HuTpo- > 56 HRC JlervposaHHas 23xHRC
LeMeHTauust

AzoTupoBaHue > 52 HRC JlernposaHHas 1050

KoathduumeHT 3anaca NpoYHOCTM Sy 3aBUCWT OT CTPYKTYpbI
mMaTepvana. lNpu OAHOPOAHON CTPYKType, CBOWCTBEHHON O6BLEMHOM
TepMoobpaboTke, npuHMMalOT Sy =1,1, @ npu MOBEPXHOCTHOM
ynpo4yHeHun (3akanka TBY, ueMeHTMpoBaHWE, a30TMPOBaHME) NPUHU-
MaloT Sy =1,2.

KoacduumeHT ponroBeyHocT Zy 3aBUCWT OT pecypca ne-

pefauv v napaMeTpoB rpacduka HarpyxeHus (puc. 3). ns ero onpe-
AENIeHVs1 BHayasie HaxoasT BPEMEHHOM pecypc — Cpok paboTbl nepe-
A4, BbIPAXXEHHbIN B Yacax:

t= kCyT X K ., X (Cpok cny6bl, net) X 365 AHeii X 24 yac, @

TOO
roe kcyT M Ky, — CYTOUHBII 1 ro0BOIA KOS(DULIMEHTBI UCTONB30Ba-

HUS Nepefiaymn, 06bIYHO PUKCUPYEMbIE B TEXHUYECKOM 3aZiaHuu.
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TTpeden BoiHocaubocmu dnsg dazoboz0 Yucra yukAob:

O fm 2 =2 289+ 70 = 648 M/Ta;

Ol tim 2 =2 -248+70 = 566 MiTa;

O fm 5 =2 289+ 70 = 648 M/Ta;

Oy fim 2 =2 248+70 = 566 MiTa.
Kosgpgbuyuernm 3sanaca npouHocmu s bcex Koaec

(YryqueHue omHocumcs Kk odvemHod m. 0.) Sy = 1,1.
Bpemerrod pecypc nepedadu
LKy XK aodX(CPOK CAYXKOBI, Nem)x365 IHelx24 Yac;

(Heo6xoMMble JaHHbBIE TPHUBE/IEHbI B GJIaHKeE 33/JaHUsA)

=03 065 5 365 24 =8541 Yac.
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‘ Cpok cnyx6bl— 4 roaa
. kCyT =0,28
™ y Kron= 0,7
—
1]
o
E e~ A
B~ ~
© ~ A
=) <
\ Y / Oy
0,002t 0,25t 0,40t 0,35t

Puc. 3. MpuMepHbIi BUA rpacuvka Harpy>xeHus

[Hanee onpeaensaT 3KBUBaJIEHTHOE YMCNO LUMKNIOB U3MEHEHUSA
KOHTaKTHbIX HaI'IpH)KeHVIl‘/'I:

T ('t
Nyg =60nt Y. (?kj [Tk) , (8)

rae N — 4acToTa BpalleHUs KOHKPETHOro 3ybyaToro kKoneca; CyMMu-
poBaHue BeayT Nno y4yactkaM rpacduka, COOTBETCTBYIOWNM ANIUTENBHO
LENCTBYIOLLEN Harpy3Ke, Npu 3TOM KpaTKOBPEMEHHOE AelCTBME MUKO-
BbIX Harpysok (MepBblil Y3KWUI y4acToOK) He yuuTbiBaloT. K npumepy,
Aans rpadmka Ha puc. 3 dopmyna (8) npuBoanTCs K BMAY:

Nyg =60nt (13-0,25+0,6°-0,40+0,4%-0,35) = 60nt - 0,3588.

OnpepensioT 6a30BOE UNCIO LMKIIOB Harpy)XeHusi, COOTBET-
CTBytOLLEe Npeaeny BbIHOCIMBOCTH, Mo hopMyne

Ny jim = 30x HB?* <120-108.
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FKOUBANCHMHOE GUCAO YUKAOE HAgpyYXKeHus

wemeone3 (3 (5]

Nyg=6ont (13-0,3+0,53-0,7)=6ont -0,38 75;

Nyg 1560 - 1445 - 8541 - O,3875 = 286,79 - 10°;
Nyp 2=60 - 280,2 - 8541 - O,3875 = 55,64 - 10°;
Nyp =60 - 280,2 - 8541 - O,3875 = 55,64 - 10°;
Nyp 2=60 - 60,21 - 8541 - O,3875 = 11,96 - 10°.
baszoboe ducAo yukAol HazpyXeHus
Nijlim 2 = 30x289%%= 24,17 - 10%
Ny lim 2 = 30x 248%%= 16,74 - 10
Nijtim s = 30x289%%= 24,17 - 10%;
Ny lim 2 = 30 x248%%= 16,74 - 10%.
HalldeHrHole 3Ha4YeHUs He npebbluarom npedeaoHo donycmumold
berudurol 120-10°.
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Mpu pacyeTe Konec, TBEPAOCTb MOBEPXHOCTU 3ybbEB KOTOPbLIX Bblpa-
XXeHa B eauHuuax Pokeenna, npov3BoAsT ee nepecyeT B eAuHMLb
BpuHenns: 1 HRC ~ 10 HB. HepaBeHCTBO B NpaBoi YacTu 3anncaHHOM
dopMynbl  9BNSETCA OrpaHuyveHveM. Ecnn pe3ynbTaT BbluMCieHus
MPEeBbICUT 3TO 3HaueHwe, cneayeT npuHsTe Ny jim =120 110°.
HaxoasaT koadduumMeHT A0NAroBEYHOCTH.
Ecnu NHE < NH lims

NHIim_
Npe

ZN =6

Mpn Ny > Ny jim
Ny i
_ Im
ZN =2 N— .
HE
Mosy4eHHbIN pe3ybTaT AO/KEH NeXaTb B npeaenax

0,75<Zyn < Zn max »

roe Znmex = 2,6 AN MaTepuanoB C OAHOPOAHOW CTPYKTYpoW U
ZNrmx = 1,8 Ans MNOBEPXHOCTHO YMPOYHEHHbIX MaTepuanos. [lpu

BbIXO4€ M3 YKa3aHHOIo MHTEpPBa/sia B Ka4eCTBe ZN NPUHNMaKOT COOT-

BETCTBYIOLLEE rPaHNYHOE 3HaYeHVe.
KoathdpuumeHT Zp yunTbiBaET BAMSIHUE LLIEPOXOBATOCTU pa-

604X NOBEPXHOCTEN 3yObEB:
Zg = 1 ans wWnndoBaHHbIX ¥ MOIMPOBAHHbIX 3yEbeB Mpu Mo-

KasaTene wepoxoBatocty Ra =0,63 ... 1,25 MKM;
Zp =0,95npn Ra=1,25... 2,5 Mkm;
Zg = 0,90 npu Rz =10 ... 40 Mkm.
KoathduumeHT Z,,, yunTbIBAET BAMSIHUE OKPYXKHON CKOPOCTU V

n Bblbupaetcs u3 auanasoHa Z, =1...115. MeHbwwue 3HaueHus
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Kosgpgpuyuerm donzobedrocmu

7 ’ Nt lim
Zy= Nop .

Ang nepboix mpex konec skBubareHmmoe ducao yukrol

npebonuaem dasoboe, nosmomy padukan 8 gopmyre umeem

NOKA3AMENL § = 20, a INT NOCAEIHE20 dembBepmozo Koneca

cumyayua npImo npomubonoroxHas u mel Boidupaem noka-
3amen padukara g = é.

20| 24,17-20°

= =0,8836,
NET | 286,9-10°

i

20|16, 74-20°

= =0,9417;
V2T | ss64 -10°

i

_20|124,17-10°

Z, .= =0,9592;
V3T | ss64-20°

i

_¢|16,74-20°
11,96-10°

TToryderHole  pesyromamol Aexxam 6 Jonygemumeonxk npedesax

Z/\/4 :.ZJO.S-X

%

O, 7552y < 2,6, NOIMOMY 0cmabATEM UX 0€3 USMEHEHUS.



HasHayaloT Ana 6onee TBepAbIX MOBEPXHOCTENW 3yObeB MpU MasbiX
OKPYXHbIX ckopocTsix (V <5 m/c).
MNpn NpoekTHOM pacyeTe CpeaHEeCKOPOCTHbIX nepegady 6 — 8

CTerneHn TOYHOCTU AoMycKaeTcs npuHuMatb ZgZ, =1.

KOHTaKTHble HanpsiXeHwus, B OTAN4YMEe OT N3rMbHbIX, MMEKT
OTHOLWLUEHNE HE K OTAENbHOMY KONecy, a K 3Y6LIaTOl\;I nape, no3Tomy npu
pacyeTe Ha KOHTaKTHYIO NMPOYHOCTb MNOJIb3YKOTCA NMOHATUEM paCyYETHOIro

[I0MYyCKAeMOro KOHTaKTHOro HanpskeHust [Gy]. Mpu pasHuue B mo-
BEPXHOCTHOM TBEPAOCTY 3yObEeB LUECTEPHM M Korneca MeHee 70 ... 80 HB
[oy] onpenensieTcs kak MeHbluee U3 fAByx 3HaueHuit [Oh ] yeer Y
[0 ] oy - ECM Xe pasHnua B TBEPAOCTU MOBEPXHOCTEN 3y6beB npe-

BblwaeT 70 ... 80 HB, B kayecTBe [Gy ] npuHMMaloT MeHbLuee u3 cre-
AYIOLWMX ABYX 3HAUEHMIA:

[GH ] = 0745([GH ] weer T [GH ] KOJ'[) 7 [GH ] =l,23[GH ] KOJT *
B cnyyae KoHuMYeckol nepejayv B MOCNEOHEM paBEHCTBE BMECTO
MHOXMTens 1,23 6epyT 1,15.

2.1.3 [donyckaeMble HanpspkeHust narmba paccyvTbiBaloT Ans
KaXk[oM LUECTEPHU MK Koneca no (opmMyne

[or]=0F1im'NYRYA/SE - (9)

3HaueHns npefena BbIHOCIIMBOCTU OF|im AN8 6a3oBoro
yncna UMKIIOB HarpyxeHus, a Takke koadduumeHTa 3anaca npo4Ho-
ctm Sg npuBeaeHsl B Tabn. 5.

KoacbduumeHT ponroseuHocTn Yy yuMTbIBAET BAUSHUE pe-

cypca. [ing ero onpefeneHva BHavane HaxoasaT 3KBUBASIEHTHOE YNCIIO
LIMKIIOB M3MEHEHUSI N3MMBHbIX Hal'lpﬂ)KeHVIﬁ:

T\t
Neg =60nt [?kj (Tk) , (10)
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Kaagbgbuqaeﬁmzv/ Zr U Z,, Xapakmepu3yrowjue BrugHue
wepoxobamocmu padodux nobepxHocmed 3ydbel u OKPYXHYro
CKOPOCMB v, NPU NPOCKIMHOM PAacHeme JONnYcKAemes He Ydu —

melbameo, m. e. npuHumame Zg - Z, = 1.
BosbpawaeMcs kK Jonyckaemoim HanpaxKeHUIM.
[01]= 04 ljm ZNZRZ\/ Sy -
[G/_/]1= 648 -0,8836 /1,1=520,5 M/Ta ;
[04],= 566-0,9417 /1,1=484,5 MlTa ;
[on],= 648 -0,9592 /1,1=565,1 M/Ta ;
[o4] = 566 1,058 /1,1= 5444 M/Ta .
JarHocum HalidenHvle 3HaveHus 6 madiuyy (Bonue). B
Kadecmbe pPacHemHoIX JONYCKAEMOIX HANPIKERUU  3aHOCUM

MEHbUUUE U3 TONYCKAEMBIX HANDIKEHUU ONS KAXKDoU KoaecHod

nape.
2.1.3 Pacdem Jonyckaemoix Hanpsxerud uszua
Pacdem Gedem no gpopmyne
[CE]= OF i YN YRY4/ SF -

ANT KAXKDo20 u3 dembpex KoAec HAXOduM 3HAYEHUS
Gxodagux napamempol,

Kosghghuyuerm sanaca Sy npurumaem oduwum u pab-
HoM 1,7 (nokobka). Takod Beldop odelturo npousbodsm ons

3YOHaMbIX KOAEC UamMermypom Meree O,5 M.
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roe nokasatenb (=6 Ans Konec C NOBEPXHOCTHOM TBEPAOCTbIO Me-
Hee 350 HB 1 ¢ =9 npu TBepaoctu Bbiwe 350 HB. Janee, koadhdu-

LIMEHT A0NFOBEYHOCTM onpeaenseTcs opMyon:

Yy _ o/ NElim
Nee

roe 6a3oBoe uuncno LIMKNIOB, COOTBETCTBYOLLEE npeaeny BbIHOC/INBO-
e, Ng i =4-108.

Tabnuua 5
CpenHsas TBepaoCTb Sg o
Bua T.0. Flims
cepau. MOBEPXH. |MOKOBKa| NUTbE MMa
Hopmanmsauus, <350HB | <350HB | 1,7 | 22 | 1,75xHB
ynyuLieHne
3akanka TBH MO |55 35 pc|48..58 HRC| 1,7 | 2,2 | 600 ... 700
KOHTYpY 3ybbeB
3akanka TBY 48...55 HRC| 48..55 HRC | 1,7 | 2,2 | 500...600
CKBO3Hasi, m <3 MM
LilemeHTauus 30...45 HRC| 56...63 HRC | 1,55 1,9 750 ... 800
LlemeHTauus ¢
asTomatud. pery- |30...45 HRC| 56...63 HRC | 1,55 1,9 850 ... 950
nnp. npouecca
A30TupoBaHue 24...40 HRC| 58...67 HRC | 1,55 1,9 lzxiicgrgpuu"‘

HaipgeHHoe 3HaueHne YN AOOJIXHO NneXaTb B npeaenax

1<Yy <Y max s
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ITpeden BoiHocaubocmu dns dazo6o020 ducra yukAob:
Crmz=1,75 289 = 505,8 M/Ta.
Crpm 2 = 1,75 248 = 434 MTa.
Crims = 1,75 - 289 = 505,8 M/Ta.
OF fim 4 =1, 75 248 = 4354 MJTa.

FkBubareHmHoe YucAo yukol HazpyXeHus

emsone (3 (%)

2de nokasameno q = & npu mbepdocmu nobepXHocmu MeHee
350 HB.

Nee=60ont (1°-0,3+0,5%-0,7)=60nt -0,3109;

Neg ;=60 - 1445 - 8541 - ©,3109 = 230,2 - 10°;
Nep 2260 - 280,2 - 8541 - O,3109 = 44,64 - 10°;
Nes 5260 - 280,2 - 8541 - O,3109 = 44,64 - 10°;
Ner 2260 - 60,21 - 8541 - 0,3109 = 9,595 - 10°.
basoboe ducno yukAO8 HacpyXeHus g beex Konec
NWPUHUMAEM OTUHAKOBBIM:
Ne i = 4 - 10°.

Kosghgpuyuerm donzobedrocmu
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rae YNpax = 4 ANS MaTepuarioB C MOBEPXHOCTHOW TBEPAOCTbIO Me-

Hee 350 HB u Yy max = 2,5 AN MaTepuanos C NOBEPXHOCTHOW TBep-

Aoctbto Bbiwe 350 HB. lMpu BbiIxoae M3 yka3aHHOro MHTepBasna B Kaye-
ctBe Yy MPVHWMAIOT COOTBETCTBYHOLIEE MPaHNYHOE 3HAYEHMeE.

KoacpcbuumeHT YR yuuTbiBaET BAMSIHWE LLIEPOXOBATOCTH Mnepe-

XOLHOW NMOBEPXHOCTM MexXAay 3yObsiMM, Ha KOTOPOM BO3MOXHO 3apOX-
AEHUEe yCTanoCTHOM TPEeLUMHBbI:

Ygr = 1 ans wnudoBaHHbIX UK hpe3epoBaHHbIX NMOBEPXHO-
cTel ¢ napamMeTpoM wwepoxosaTtocT Rz <40 mkwM;

Ygr =1,05 ... 1,2 Ans nonvpoBaHHbIX NoBepxHocTei. Bonblune
3HAYeHMA Ha3HA4atoT MNpU YayyLeHnn 1 nocne 3axkanku TBY.

KoacbdpuumeHT Y, yuuTbiBaeT BAusiHWe peBepca. [nsi Hepe-

BEPCMBHbIX Nepeaay npuHumaioT Y, =1. [ins peBepcuBHbIX nepesad

NMpy OAMHAKOBOWM Harpyske W YMCE UMKIIOB Harpy>XeHusi B NMpsiMOM U
06paTHOM HanpaBneHUN NPUHMMAIOT:

Y =0,65 Anst HOPManNMU30BaHHbIX W YNyYLIEHHbIX CTanew;

Y5 =0,75 Ans 3aKaneHHbIX U LieMEHTUPOBaHHbIX MOBEPXHO-
CTen 3ybbeB;
Y, =0,9 Ans a30TMPOBaHHbIX NOBEPXHOCTEN.

2.2 PacueTt UMIMHAPUYECKUX CTYNeHel peayKTopa

MpeanaraeMblil HXKE anropuTM pacyeTa MpUMEHUM KO BCEM
UMNMHAPUYECKUMM NepefadaM B pPeaykTope, OAHAKO MpW Hanuuuu He-
CKOMbKMX CTyrneHen (UMAMHAPUYECKMX WM KOHUYECKUX) pEKOMEHAY-
€TCS1 HaUMHATb PACYET C TUXOXOAHOW LIMAMHAPUYECKON CTYMNEHMU.

2.2.1 VicxopaHble AaHHble pacyeTa (CieayeT BbinucaTb 3HAYEHs):

N, — JacToTa BpalLeHNs LeCTepH, 06/MuH;
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o°

=0,5089;
230,2-10°

Ynvz=

&
A
N

6| 4. 10%

= =0,6689;
44,64 -10°

Y2

b

¢| 4107
44,64 -10°

Yy 5= Z0,6689,

b

6| 4 - 10%

=0, 8643.
9,593 -10°

Y 2=

i

TTOCKONbKY HAUDEHHBIE 3HAYEHUS JOAXHOI AeXamb 6
npedenax 1 <Yy < 4, OKOHUAMENOHO NWOUHUMAEM
Y/\/_z: 1}' YA/2= 1}' Y/\/_;: 1,' Y/\/4: Z.

Kosgpgpuyuerm Yz, yaumoibarouuid BAUTHUE wepoxo -
bamocmu  nepexodrod  nobepxHocmu, WPUHUMAEM  pabHOIM
eduruye: Yr = 1. TAKOE XK€ 3HAYCHUE NPUHUMAEM U AT KO-
sgppuyuerma Ya, yaumoibarouwezo bausgnue pebepca: Ya = 1,

nockonoky pebepe 8 3adaHuu He npedycMomper.
Aonyckaemole HanpsKeHus uszuda
[0E]= OF ljm YN YRYA/ SF -

[0F],= 505,821 1 /1,7=297,5 MJTa ;
[og],= 434 - 1-2-1 /1,7=255,3 M[la ;
[0F],=505,8-2-1-1 /1,7=297,5 M/Ta ;
[of] =434 1 2-1 /1,7=255,5 M/la .

HadderHele 3Haqgerus 3aHocum 8 madauyy.
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N, — JacToTa BpalleHuns Koneca, 06/MuH;
T, — Bpawatowumin MOMeHT Ha Basny LuecTepHu, H-m;

T, — BpaLiatoLLmii MOMEHT Ha Bary koneca, H-m;

U — nepeaaTo4HOE YMC/IO PacCUMTLIBAEMON CTYMEHW;

TWM Konec — Koco3sybhle.

2.2.2 TpOEeKTUPOBOYHbIN pacyeT MMEET LEeNblo onpeaeneHne
rNaBHOMO MapameTpa nepeaayn — MeXOCeBOro paccTosiHus. [ns co-
OCHbIX pefyKTOpOB, BBMAY OAMHAKOBOr0 PacCTOSHUS MexXay OCaMU
Konec obemx CTymneHel, MeXOCeBOe PacCTosiHWE OnpefensitoT TOSbKO
AN TUXOXOAHOW CTyMeHu, a Anst BbICTPOXOAHOM MPUHMMALOT 3TO XXe
3Ha4eHwue.

Pacuet BeayT No YCNOBUIO KOHTaKTHOW BbIHOC/IMBOCTM 3y6beB
B C/ieaytoLei nocneaoBaTenbHOCTY:

C uenblo Ha3Ha4YeHUs CTeneHn TOYHOCTWM Nepejayn BbluMcns-

10T NpeaBapuUTeNbHOE 3HAYEHNE MEXOCEBOrO PACcCTOSHUS 8y, , MM:

a, =K(u +1)?§/T;1,

roe koaddvumeHt K npuHMMaloT no Tabn. 6

Tabnuua 6
TBepaocTb MoBepx- H, <350 HB Hy > 45 HRC Hy > 45 HRC
HOCTY 3ybbeB Korec H, <350 HB H, <350 HB H, > 45 HRC
Koapduument K 10 8 6

BbIUMCNSIOT OPUEHTUPOBOYHOE 3HAYEHNE OKPYXKHOWU CKOpPOCTU
V', M/c:

. nay N
30-10%(u+1)
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2.2 Pacdem muxXoxooHoU YUAUHGPUHECKOU cmyneHu

2.2.1 Hcxodnbie daHHbIE pacdema

(4model npaburoro Beldpame ucxodnele JaHHblE, HEOOKOIUMO
BHumamenoro nocmompeme Ha 3cku3 npuboda u onpedesume Ha
KaKux Ganax pacnoNOXeHbl WUecmepHs 3 u KOAECO 4 MMUXOXOIHOU
emyneru. Imu darHble BbldeneHol XupHoiM wpuggmom 8 npubeder -
HOIX HUXE madauyax, B3amemx us 1 -2o pasdena)

Ban Koaeco N, o/ mur N, &lBim 7. Hm
o — L s 4527 31,88
z Z(td) LLS H25 31,24
2 2x), S(ui)| 2s80.2 5L 157,9
= k) G221 BE5E 720,1
# Sleed) 0,21 7 705,6
5 &(x) 30,05 #2180 13550
Uy U U om 17

5,157 A5 2,005 48,22

ng = 280,2 0d/MuH; Nno = 60,21 00/ MuH;

T2 =157,9 HMm; T2 = 720,17 HMm;

U = 4,654

2.2.2 [Tpoekmupobourblid pacdem cmyneHu
TTpedbapumensHoe SHAYEHUE MEX0ceBD20 pPAaccmoTHUT
2|7
a’,,= K(M'/'l) 7,’

157,9

3
ﬁ’W: 10 (4,654 + 1) 475_4

=183, 0 mMmM;
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Mo Tabn. 7 Ha3Ha4aloT CTENEHb TOYHOCTH nepenayu.

Tabnuua 7
OkpyxHas ckopocTb V, M/c
CreneHb To4HOCTM N nNpsAMo3ybbix HenpsiMo3y6bIx
rno NOCT 1643-81 umnuHapu- KOHU4ec- umnnHapu- KOHMn4ec-
YecKmx KMX Yeckmx KUX
n UM NOBbILLEHHOM
6 (nepenasv nosbiuienHo <20 <12 <30 <20
TOYHOCTH)
7 (nepegaym HopMasbHoOM
(nepez P <12 <8 <20 <10
TOYHOCTH)
n UM MOHMXKEHHOM
8 (nepenaum MowiwkerHo <6 <4 <10 <7
TOYHOCTH)
9 (nepeaaun HU3KoM <> . <4 <3
TOYHOCTH)

rae

Haxoaat YTOYHEHHOE 3Ha4YeHNE MEXOCEBOIO PaCCTOAHUA:

Ha KHp Khy Tt 11)
YpaUlon ]2

K
a, =Kyu+1)3

K, = 410 MMa'® gna kocosybbix MAM LIEBPOHHBLIX KOMEC;
K, = 450 MMa'? ana npamosy6bix konec;

[ony] - pacuetHoe ponyckaemoe KOHTaKTHOE HanpsbkeHwe
3ybuaTon napsbl, MMa;

Wpa — KOIDPUUMEHT LWMPUHBI KOMECca MO MEXOCeBOMY
PaCcCTOSIHMIO;
Kho — Ko3pdUUMEHT, yuuTbiBalOWMI HEpaBHOMEPHOCTb

pacrnpeaeneHns Harpysku Mexxay 3ybbsiMu;
KHB — K03(hPULUMEHT KOHLEHTpaUMM Harpysku, y4uTbiBato-

WM HEPABHOMEPHOCTb pacnpeaeneHns Harpysku no AnuvHe
3y6beB;
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/7/7625’6?/7&(%’15/le05 SHaAYeHUeE OK/”y)KHOﬁ CKO/?OCWIL(
L, wa’ 4 )
T 5010%(ur1)
| 3,14 1830 2802
30 -10°(4,654 + 1)

=0,9492 M/C .

TTOCKOAbKY OKPYXHAS CKopocme MeHbue 4 M/C, cme-
NeHb modHocmu nepedadu 7 - (Mada. 7), m. e. nepm = 9.

YmoyreHHoe mexoceboe paccmodHue

5| Kty Kpgp Kt T2
a,,=K,(u+2 ,—
w= Kl ) Va4 [ox17

Haxodum bxodawue 8 smy gopmyry napamempel.

Kosgggpuyuerm K, = 410, nockorbky nepedada Koco -
3ydas.

PacdemHoe JonycKaemoe KOHMAKIMHOE HANPIKEHUE

dbino HalideHo paree: (o= 544 MiTa.
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Khy — Ko3dhdULMEHT AMHAMUUECKON Harpysku, YUUTbIBAIOLLMIA
AMHaMUKy paboTbl Nnepeaaum.
KoabhULIMEHT WNPUHBI Y}, , ONPEeNsieMblil Kak OTHOLIEHME

LUNPUHBI 3YGLIaTOFO BEHLIA KONIECa K MEXOCEBOMY PACCTOAHUIO, CTaH-
AapTu3oBaH. Ero 3Ha4yeHns NpUHUMAalOT B 3aBUCUMOCTM OT NOJSIOXKEHUS
Konec OTHOCUTENBHO Onop:

- NpY CUMMETPUYHOM PaCMONIOXKEHUN - 0,315; 0,4; 0,5;
- MpU HECUMMETPUYHOM pacnonoxenun — 0,25; 0,315; 0,4;
- MPU KOHCONbHOM PacrofioXeHUn - 0,2; 0,25.

MeHblUMe 3HAYeHMs1 Ha3HaudaloT ANns nepeaad C NOBEPXHOCT-
Hol TBepaocTbio 3ybbeB H >45 HRC. Takke pekoMmeHAyeTcs npu
HECKOJIbKMX Mepeaayax B peayKTope Ans OblCTpOXoAHbIX nepeaay

6paTb KO3PHOULMEHT Y, Ha CTYMEHb HKE, YeM )1 TUXOXOAHbIX.

Ona npamMo3ybbix nepegay MOXHO MNPUHATE Ko duUUMeHT
Kho =1. Ans kocosybbix nepeaay ero BbIMUCAOT Mo (hopmyne

Ko =1+ A(n,, —5)B,

rae N, — CTeneHb TOYHOCTU nepeaayn no 1abn. 7. KoHcrantel 4 u B
BblbupatoT 13 Tabn. 8.

Tabnuua 8
TBEpAOCTb Ha NMOBEPXHO- y B npu v, m/c
cTn 3ybbeB koneca (2) 1 3 5 8 10 15

200 HB 0,06 10,19 | 0,20 | 0,22 | 0,27 | 0,32 | 0,54
250 HB 0,06 0,26 |0,28|0,32|0,39|045 0,67
300 HB 0,06 1035037041050 |0,58 | 0,87
350 HB 0,06 045|046 |053|0,64]|0,73 1,00
43 HRC 0,12 10,53 |0,57|063]|0,78|0,91 | 1,00
47 HRC 0,12 10,63 |0,70| 0,78 | 0,98 | 1,00 | 1,00
51 HRC 0,12 | 0,71 0,90 | 1,00 | 1,00 | 1,00 | 1,00
60 HRC 0,12 10,80 | 0,90 | 1,00 | 1,00 | 1,00 | 1,00
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Kosgpdbuyuerm wupurol koreca no mexocebomy pac -
CMOTHUID Wy, = O,315 (ONT HECUMMEINPIUIHOZO PACNONOKEHUST).

Kosghgpuyuerm Ky, Borducasem no gopmyne
Kyp=Z+A N, -5) B
TMpu mbepdocmu nobepxrocmu koneca 248 HB u ckopocmu
O, 9492 M/c no mada. 8: A=0,06 u B=0,26.

Kiw = 1 + 0,06 (7-5) 0,26 = 1,062.
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KoadduumeHT AnHamuyeckoi Harpysku Ky, HasHaualoT no

Tabn. 9. 3HaueHns B uncnutene 6epyT Ana npamMo3ybbix nepeaay,
3HayeHus B 3HaMeHaTesne — A1 Koco3ybbiX.

Tabnuua 9
Teepaocts Ha 3nauennst Ky, npu V, m/c
CTeneHb TOYHOCTU NOBEPXHOCTU

no NOCT 1643-81 3y6be|(32|;oneca 1 3 5 8 10

- 350 HB 1,02 | 1,06 | 1,10 | 1,16 | 1,20

1,01 | 1,03 | 1,04 | 1,06 | 1,08
6 (ans umnuHApwuy.)

< 350 HB 1,03 [ 1,09 | 1,16 | 1,25 | 1,32

- 1,01 | 1,03 | 1,06 | 1,09 | 1,13

- 350 HB 1,02 | 1,06 | 1,12 | 1,19 | 1,25

7 (Ans unnuHApNY.) 1,01 | 1,03 | 1,05 | 1,08 | 1,10
6 (ANns KOHMYECKMX

NPAMO3y6biX) <350 HB 1,04 | 1,12 | 1,20 | 1,32 | 1,40

- 1,02 | 1,06 | 1,08 | 1,13 | 1,16

- 350 HB 1,03 | 1,09 | 1,15 | 1,24 | 1,30

8 (ans unnuHapny.) 1,01 | 1,03 | 1,06 | 1,09 | 1,12
7 (ans KOHMYECKMX

MpsIMO3y6hbIX) <350 HB 1,05 | 1,15 | 1,24 | 1,38 | 1,48

- 1,02 | 1,06 | 1,10 | 1,15 | 1,19

350 HB 1,03 | 1,09 | 1,17 | 1,28 | 1,35

9 (ANt UMMHAPIY. ) 1,01 | 1,03 | 1,07 | 1,11 | 1,14
8 (Ans KOHMYECKmx

NpsiMo3y6bbix) <350 HB 1,06 | 1,12 | 1,28 | 1,45 | 1,56

N 1,02 | 1,06 | 1,11 | 1,18 | 1,22

Ana onpegeneHns Ko3MPUUMEHTA KOHLEHTPALUMM Harpysku
KHB BHaYane BbIYMCNAIOT KO3MMOUUMEHT LWMPUHBI KoMleca no aua-

METPY LIECTEPHU:
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Kosgpgpuyuerm duramudeckold Hazpysku Ky = 1,02

(7 -5 cmeneHb moyrocmu, He < 350 HB; Koco3ydble koreca).
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Whd =05Wpa(U+1).

3aTeM Mo pucC. 4 BbIBUPAIOT HOMEP CXeMbl Nepeaayn, B HaubosbLiei
MEpe COOTBETCTBYIOLLEN paccMaTpuBaeMoMy Ciyyato. Homep cxembl
(4, I, I1I, ...) onpepenseT Ty BETBb rpacdmka Ha puc. 5, No KOTOpoW B

3aBUCUMOCTU OT Y|y NPUHUMAIOT 3HAYeHne KHB .

Puc. 4. TunoBble cxeMbl PacnoNOXeHUs KONec OTHOCUTENBHO Ornop

Khp Kig 1y 1y I
7
1,4 la L4 / / L
/ L1
1,3 /Ib i 13 VARV
/ A A [V 1 /Y v
o YA LA A / /
1/ y v /1 / VAW VI
1,1 /I/ - od V] 1,1 l/ 1,///// ///
Vo0 AN
1 L1
1,0 1,0
0 04 08 1,2 1,6 Wpd 0 04 08 1,2 1,6  Ynd
Mpn HB < 350 Mpn HBy > 350 n HB,> 350
Puc. 5



Kosghgpuyuernm wupurol Koreca no duamempy we-

cmepHu

wéd:0,5wba(a+1);
v, =05 0315 (4,654 + 1) = 0,8905.

TTo puc. 4 HAX0UM pPEdYKIMOp COOCHOU CXEMBI U MuXO -
XOOHYro cmynere 6 Hem, komopas ommedera kak I, caedo-
bamenoHo kosghgpuyuerm Ky KOHUEHMPAYUU HAZPYSKU ULEM
no Wl -& Bembu neboid vacmu puc. 5.

TTpudAusumenoro, Kg = 1,08.
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HaipgeHHoe no dopmyne (11) 3HaueHMe MEXOCEBOro paccTos-
HUS @, OKPYrNSIOT B 6OMbLUYIO CTOPOHY:

- Anst y4ebHbIX NMPOEKTOB MM AN ManblX MPOU3BOACTBEHHbIX
cepuit — 1o 6nMKalwero, KpaTHOro nsTK;

- MpU KpYrNHOCEPUIAHOM MPOM3BOACTBE — B COOTBETCTBUM C
psgom no MOCT 2185-66, 2144—76, 24386-91: 63, 71, 80, 90, 100,
112, 125, 140, 160, 180, 200, 224/225 (3Ha4yeHne B uncauTene — ans
MEXO0CEeBOro pacCTosiHUS, B 3HaMeHaTene — Ans BbicoTbl ocn), 250,
280, 315, 355, 400, 450, 500, 560, 630, 710, 800, 900, 1000 MM.

2.2.3 OCHOBHblE FEOMETPUYECKME NapaMeTpbl 3y6uaToi napsl
ONpeaensoT B CrieaytoLen NocneaoBaTenbHOCTY:
Moaynb 3ybbeB BbibupatoT 13 Tabn. 10 B rpaHuLax MHTEpBana

m=0,01a,...0,02a,,

Mpu NOBEPXHOCTHON TBepAoCTW 3ybbeB [y u H, meHee 350 HB. ins
6onee TBepPAbIX KoMec MoayNb 6ePYT U3 UHTEpBana

m=0,015a,, ...0,0315a,,.

Tabnuua 10
Moaynu 3BonbBeHTHbIX 3y6uaTtbix konec, MM (u3 FOCT 9563-80)
I psg 1;1,25; 1,5; 2; 2,5; 3; 4;5; 6; 8; 10; 12; 16; 20; 25; 32;

(npeanoyTtut.) |40; 50; 60; 80; 100

11 ps 1,125; 1,375; 1,75; 2,25; 2,75; 3,5; 4,5; 5,5; 7; 9; 11; 14;
PAA 18; 22; 28; 36; 45; 55; 70; 90

HaxoasT WupuHy 3ybyaToro BeHLa Koneca:
By =Wpa dy -

3HaueHne D, okpyrnsoT B 6aMKaNLLyl0 CTOPOHY B COOTBET-
CTBUM CO CTaHAApPTHbIM psiaoM Ra 40 (tabn. M3).
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TTodemabrsem HadderHole napamempeol 6 gopuyry g
MeX0ceB020 paccmosHus:

5| Ky Kppp Kpt T2
a,,= K (u+l ’— ;
w= Kl ) Ve U [ox1?

1,062 -1,081,02-157,9
0,315 4,654 (5447

4,,=410 (4,654 + 1) 3\/ =1 74,4 MM .

TTONYHEHHOE 3HAYEHUE OKPYZATEM O  CIMAHIAPIMHOZO
JoNbLueco 3HAYeHUSA:

Aw = L8O MM.

2.2.3 OCHOOHbIE 2E0MEMPUHECKUE NAPAMEIMPBI KOAEC

HasHadaem modyre 3ydoel u3 urmepbara
m =001 aw ... 0,02 aw,
m=1,8.. 36MM;
TTo Z-my pady mada. 10 npurHumaem
m =3 MM.
WUWupura 3yddamozo GeHya koreca
br=y,,a,,  6270,315180=56,7 MM.
Okpyzagem no pady Ra 40 (mada. 13 npuroXerud):
b,=56 mm.
WUWupury Gerya wecmepru Boldupaem no psdy Ra 4O
Ha 5 ... 10 MM dorbuue, Yem oA Koreca:
b,=63 mm.
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LLvpuHy by wWwecTepHW Takke COrNacyloT CO CTaHAApTOM U
NpUHUMAIOT Ha 5 ... 10 MM 60osblLIE LWINPWHBI KONECa:

by =b, +5...10 mm.

HasHauatoT npeaBapuTenbHbliA Yron HakioHa 3yébes 3. Mpw
Koco3y6bix konecax [’ 6epyT u3 cepeauHbl UHTepBana 8 ... 20°, Ho
He MeHee 3HaueHus P, =arcsin(4m/b,). B cnyyae npsmosybbix

konec B=0.
PaccunTbIBaKOT YMcia 3y6beB Konec. CyMMapHOe YnCIo 3y6beB:

_ 2a,,cosf’

>y
m

3HayeHne Zy OKPYrAstOT NPEeAnoOYTUTENbHO B MEHbLLYHO CTOPOHY A0

uenoro uncna.
Yncno 3ybbeB LecTepHu

Zy

Z, = )
. u+l

3HayeHune Z; OKPYrnsoT B 60/IbLLYyO CTOPOHY [0 LIeNOro yncna.
Yuncno 3ybbes Koneca

Z,=25 7.

Ecnm z; <17 (6onee TouHo, Z; <17 COSSB) BCTaeT BOMpoC

0 KOppUrMpoBaHuM 3ybuaTbiX KOMec, KOTOpbI B AaHHOM Mocobum He
paccMaTpuBaeTcs. pyM BO3HWKHOBEHWMM MOAOGHON CUTyauun peko-
MEHAYETCS BEPHYTLCA K Hayasly pacyeTa reoMeTpuUYeckux napaMeTpoB
N YMEHbLWNTb BEANYMHY MOAyNs M, OCTaBasicb Npy 3TOM B rpaHuLUax
pPEKOMEHAYEMOro MHTEpBana. 3aTeM ClieflyeT NnepecynTaTb OCTaslbHble
napameTpbl.
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HasHadaem npedbapumenrvrolid yeon HakaoHa 3ydbeld
B’ = 15° 4mo JoNbute MUHUMANOHO DonYcmumoeo 3HAYEHUS
Bn=avesm(4m/6,); B, =arcsin(43/56)=12,37°

Cymmaproe yucro 3ydoel

2a,, cosp’ 2:-180-cos15°
Zp=— = 3 21159~ 116 .
Yucno 3ydvel wecmepru
== -_22C o obs2~21
ST LT L esqrr T T AT

Yucro 3ydbel koreca

Z2 =2y —~Z1) Z2 =11l — 21 = 95
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Mocne pacyeTta uncen 3ybbeB KOCO3y6OM Mapbl YTOYHSAOT UX
Yro/ HaK/oHa:

Zsm
B = arccos —=— . (12)
2 W

HaxoasT dakTuyeckoe nepeaaToyHoe Yncio 3ybuyaTon napbl:

dakTnyeckoe nepeaaToMHOE YNCIO HE AO/MKHO OT/IMYaTbCS OT
paHee HalnaeHHoro 6onee YeM Ha 4%. B NpoTUBHOM Cllyyae pekoMeH-

AyeTCs BEPHYTLCS K BbIYWCNEHUIO NapaMeTpoB Zs W Zj, nonpobosaB

BbIMOSIHUTL OKPYIAeHWsI NO APYrMM BapuaHTaM.
[lanee paccuuTbIBalOT ANAMETPbI 3y6UaTol napbl:
- AeNUTENbHbIE ANAMETPbI

mz mz
cosf cosf

- AMAMETPbI OKPY)XHOCTE BEPLUMH
da1:d1+2m; da2:d2+2m;
- AMAMETPbl OKPY)XHOCTE! BMaauH
df1:d1—2,5m,' df2:d2—2,5m.

lMocne onpepeneHns penuTenbHbIX AWaMETPOB MPOBEPSAIOT
BbIMOJIHEHNE YCNOBUA

O,S(dl + d2) =ay.

B cnyuyae npaMo3y6bix Konec B MPOBEPOYHOM YCIOBUM MOXET BO3HUK-
HYTb HeboNblIas HEBA3KA, KOTOPYIO YCTPAHSOT Ha3Ha4YeHWEM HOBOrO
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Gakmudeckud yzon HakAoHa 3ydvel

Zym

=arccos .
p 2a, "~

3
= 14,83°.

=a
p rccosz_lga

Pakmuseckoe nepedamoyroe Jucao
w=22 . 4= - 4524
Zz 21
PacxoXJeHue ¢ npeXxHum sHaqeruem cocmabpsem
/4,524 - 4,654/
- B

ymo F6Agemcs donycmumeim.

x100=2,874%,

Aerumenvroie duamempeol korec

_mz; . _mzz
- m s 2~ F—Sﬁ s
321
27 os 24 850 | AT MM
3. 95
dZ: 6'051—4,8.30 :2‘?4,8 MM.

TTpou3bodum npobepky no ycaoburo
o5 (d,+ds) = a,
0.5 (65,17 + 294,8) = 180,0.

TTpobepka BomorHsemes.

Auamempeor okpyxHocmed Bepuaur
Ay =di+ 2m; A p=do+ 2m;
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(menuTenbHoro) Mexocesoro pacctosiHusi, pasHoro 0,5(d;+d,), a

€C/IN 3TO HexXenaTenbHO, — NyTEM KoppeKuun 3ybuaTbix Koiec Hapes-
KoM CO cMelleHneM. B criydae kocosybbix Konec nopobHasi HeBsi3ka
BO3HMKaTb HE JO/MKHA, NMOCKOJbKY Hape3ka 3ybbeB noj yr/ioM Hak/IoHa,
onpeaensiemMbiM chopmyroi (12), obecneunBaeT BRMCbIBaHWE 3y6uaToi

napbl B 3a/laHHOE MEXOCEBOEe paccTosHue a, .
[anee yTOYHSIIOT OKPYXXHYIO CKOPOCTb 3y64aTol napbl
V= Tcawnl
30-10%(u +1)

Mo pe3ynbTaTaM pacyeToB 3anoNHSAIOT TabnmuHyo dhopmy:

, d¢,
Koneco Q.| m, | B u Z b, | d, | dg, f vy
mm | MM | rpaa MM | MM | um | oum | M/C
1 (w)
2 (k)

Mocne onpeaeneHns reoMeETPUYECKMX NapaMeTpPoB nepeaayn
Heo6X0ANMO HAWTK CUMbl B 3aLIEMNIEHUN U BLIMOMHUTL PsiA NPOBEPOY-
HbIX pacyeToB.

2.2.4 KOMMNOHEHTbI CWUAbl B 3aLensieHMn 3ybuyaToi napbl Haxo-
A4t no dopmynam:
- OKpY>XXHas cuna

F,=2N10%,
dy

rae MHoxuTenb 10° HeobxoanM ANa npuBeaeHus napameTpa dq (Mm) k
cucteme CU (M). PazmepHOCTb pesynbTaTta — HbloToHbI (H);
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Adyy=65,17+2-3=71,17 MM
dy=294,8+ 23 =300,8 MM.
Auamemper okpyxrocmed bnadur
dp=d; - 2,5m; dp=ds- 2,5m;
dy=d,-2,5mM=6517-2,53=57,67 MM;
dp=dy-2,5m=294,8-2,53=287,5 mm.
Pakmudeckas OKpYXHaA CKopocme
Za,,/My
YT s010°(urt)
3,14 180 - 280,2
BEZ 107 (4,524 + 1)

=0,9556 M/C .

Pesynomamel pacdemol muxoxodnou comyneHu

ay, | m,| B, b, | d,|ds |ds,| v,
Koneco u VA

mm | MM | gpad mm | MM i | am | E
Z () 21 | 63 |651771,1757,67

180 | 3 |14,83|4.524 0,956
2 (k) a5 | 56 |294,8300,8(287,3

2.2.4 Cunel 8 3auenaeHuu 3yddamod napel

OKpyXHasd cura
27

2-157,9
d;

Fp= 107, F= 2527 10°=4846 H.
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- paananbHaga Cu1nia
F tga
FI’ __t g ,
cosf3

rae yron 3auennexHms o, =20°;
- oceBasl cuna

Fa = Ft th .
3Hau4eHus cun B 3aUensieHMmn 3aHoCcAT B opMy:
Koneco K, H F H F., H
1 (w)
2 (k)

2.2.5 MpoBepOYHbI pacyeT Ha BbIHOCIIMBOCTb MO KOHTAKTHbLIM
HanpsHKEHWSIM BEAYT MO YC/IOBUIO

3
Z, Ko KKy To(U +1) <[64]" (13)
a, b, u

GH:

roe Z, = 8400 MMa'? pnsa kocosybbix M Z, = 9600 MMa'? pns

npsmMo3y6bbix nepeaady. JonyckaeTcs neperpys B npeaenax 5%.

2.2.6 MpoBepOYHbIN pacyeT Ha KOHTAKTHYHO MPOYHOCTb 3ybbeB
npu OerCTBUM MUKOBBLIX HAarpy30K, UMeIoLLmiA Lienblo NpefoTBpaLleHne
OCTaTOYHbIX AedopMaumin UM XPYNKOro paspylueHus paboumx no-
BEpXHOCTel 3ybbeB, BeAyT Mo YCOBUIO

SHmax =OH  Kuep <[OH max ] (14)

rae kosduunent neperpyskn Ko, =T, /T onpepensior no rpa-

U1Ky pexxuma paboTbl NpuBOAA, NPUBEAEHHOMY B TEXHWMYECKOM 3aaa-
HUM; T, — KPaTKOBPEMeHHasi MWKOBasi Harpyska B MOMEHT Mycka
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PadumnbHasa cura
_Ftga _ 4846 - tg20°
" cosp ’ T cos 14,83°
Ocebasq cura
Fo=FitgB; — F,=4846 tg 14,83° = 12853 H.

=1825 H.

Koneco . H Fo.#H Fa. #

Z ()
2 (k)

4846 1825 1283

2.2.5 [Tpobepoureli pacdem Ha BoiHocAubocme no
KOHMAKIMHOIM HANPAXKEHUAM
Yenobue kormakmHod npodrocmu 3ydoel

_Zy | Kua Kegp Kopy T2 (ur2)?
T a, bou

< [ou],

2de Kosghpuyuenm Z, = 8400, a npoque napamempel Jbiiu

OH

onpedeneHbl panee.

=51 7,4 Mi7a.

8400 |1,062-1,081,02157,9(4,524+1)
"~"180 56 - 4,524

5174 < 544

TTpobepka Bomorngemes,
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MaLLMHbI; AONYCKaeMoe HanpsikeHne [Gy x| MPUHUMAIOT B 3aBuCK-
MOCTW OT TEPMOXMMUYECKON 06paboTkun MaTepuana Konec:
- [0H nax ] = 2,8 G npu ynyuLweHnn unm ckBo3HOM 3akanke;
- [oy max] = 44xHRC npu LeMeHTauMmn UIn KOHTYPHON 3aKan-

ke TBY;
- [6H max ] = 35xHRC < 2000 MrMa npw asoTuposaHuy.

2.2.7 TpOBEPOYHBIVi PacyeT Ha BbIHOC/IMBOCTb MO HAMPSHXKEHUAM
n3rnba BbINOMHAIOT B NOCNEA0BaTENBHOCTY:

BbluncnsitoT koacduumeHT Harpyskn Kg :
Kr = Keo KegKey -

B 3anucaHHoM npousBeneHun MHoxuTenb Kg,, yuntbiBato-
WUA BAUSIHUE HEPABHOMEPHOCTWU pacrpedenieHusi Harpysku Mexay
3ybbaMu, HaxoasaT no gopmyne
Kgy =1+ 4(n,. —5),

napaMeTpbl KOTOPON NPUHUMALOT U3 Tabn. 7 u 8.
MHoxwuTenb KFB , YUWTbIBAIOLLMIA BIMSIHUE HEPABHOMEPHOCTM

pacnpeaeneHnsl Harpysku no AnvHe 3y6beB, OnNpeaensioT no rpacu-
KaM Ha puc. 6 (NogobHO TOMy, Kak 3TO AeNanoch Bbille MPU HaxoxXae-

HUM ko3 uMumeHTa KHB ).

MHoxuTenb Kp,, yuuTbiBalOWMI BHYTPEHHIOW AMHAMUKY
Harpy>xeHusi, NPUHUMAIOT B 3aBUCHMOCTU OT paHee HalWAEHHOro napa-
metpa Ky, :

Key =14+ 2(Kyy, —1) npu Teepmoctv nosepxHocTv 3y6bes

koneca (2) meHee 350HB;
Key = Kny npv 6onee Bbicokoit TBEpAOCTH.
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2.2.6 [Tpobepourblid pacdem Ha KOHMAaKIMHYFO
npourocme npu dedicmbuu nukoBbIX HaZpy30K

O max= OH / Knep < [041 mad.
Kosgggpuyuerm nepeepysku u3 zpagpuka pexuma pa-
domol, npubedenrozo 6 3adaruu, Ky = 1,5

Aonyckaemoe HanpaxXeHue (npu yryiueruu)
[61) ma] = 2.8 07 =2,8540=1512 M/a.
ITodemarobka darHox napamenpol 6 ycaobue KoH -
MAKMHOU npoYHOCMU daem

Oty g™ 5L 7,4 [2,5 = 633,7 MlTa < 2512 M/Ta.
TTpobepka BomorHsemcs,

2.2.7 ITpobepoureld pacdem Ha BoiHocAubocme
NO HANPAXKEHUIM U32u0a
Haxodum kosggguyuerm Hazpysku npu uszude:

Kr=Kry Keg Kpy
Mroxumeno Kg,, yaumoibarowud Bausgrue HepabHo -
MEPHOCMU PACNPETENCHUS HAZPYIKU MEXDY 3yObIMU

Keg=Z +A (N =5),
2de npu mbepdocmu nobepxrHocmu koneca 248 HiB no mada. 8:
A=0,06.
Key = 1 + 0,06 (7-5) = 1,24
MHoXument — Kgs,  yaumblbarouuid  KOHUEHMPAYUro

Hazpysku no dnuHe 3ydeel, onpedessrom no [l bembu 8 reboi
dacoau puc. & ONF PAHEEe HAUJEHHOZO 3HAYEHUA W, , = O,8 705.

K,Eﬁ = 1,,20.
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[anee HaxoaaT 3KBMBasIeHTHbIE 4uCna 3Y6beB LECTEPHN U

Koneca:
4 Z3
Ly = v Ly = .
cos3B cos3[3
Keg la Kep la_Ip
18 / Lo
1,7 / Iy d 1,7 d i
16 / My | /1,
1,5 / // IV 15 // / 1/ v
VAV pd NRIVAN A4V
14 /7 / 14 V
13 A/ A4V 13
1,2 r/ //'///// VI 1,2 / /’/'/,VI
| AL ATA M =
|
1,0 ] 1,0 =
o 04 08 12 16 wpg O 04 08 12 16 Wy
Mpn HB, < 350 Mpw HB{ > 350 1 HB,> 350
Puc. 6
Mo Tabn. 11 onpeaensitoT koaduLmMeHTbl popmbl 3y6a Ypq v
Yego. Ans HopManbHbIX (HEKOPPUTMPOBaHHbIX) KosleC KoahdULMEHT

cMelweHnsa X MpUHUMaloT paBHbIM HYNHO.

Haxoaatr koadpduUMEHT NOBbIWEHNS MPOYHOCTU KOCO3Y6bIX

repeaay no HanpskeHusiM U3runba:

YFB :YB/SOL’

roe koadbuuneHT Yﬁ' YUMTBIBAIOWIMI HAKITOH KOHTAKTHON JIMHUM K

HayaslbHOM TMOBEPXHOCTM KOJleca, OMpPeAensioT Mo 3MMIUPUYECKON
dopmyne
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Mroxumeno Kg,, yaumeolbaromuld GHYmperHroro Ju -

HAMUKY HAZPYKEHUS
Ke,=2+2(Kuy, 1), Kg=2+2(1,02-1) = 1,04
Kosggguyuerm Hazpysku
Kr=1,24 1,20 1,04 =1,548.

Ikbubarermnole yucra 3ydoel
Z1 Z2
2 = oz y
VET cos3 2" cos3p
= 1 =23,25; = 2 =1052.
YT os5 14,850 " Y BT o 14,850 7 0
Kosgbgbuyuermer gpopmer 3yda Haxodum u3 mada. 11
(npu HyreBom cmeuferuu):
Ye2 = 3,97, Y2 = 3,59
KosgggbuyueHm HaKAOHA KOHMAKIMHOU AUHUU K HA -

YANbHOU nobepxHocmu Koreca
Y3=Z - 140, Y3=1-14,83/140=0,8 941.
Kosgpgpuyuerm mopyebpzo nepekpoimus

£,=[0,95-1,6 (1/2,+1/2,)] (Z+cosP) cosp;
£,=[0,95-1,6(1/21+1/95)](1+cos14,83°)cosi4 83°=1,629.

Kosgbgbuyuerm nobBonuerus npourocmu koco3ydeix ne -

Pedad no HANPIKEHUAM U3ZUDA:

Y 00,8941
Ypﬂ:—ﬁ

; == = -0,5489.
&, 7~ 1,629 7
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YB =1-p°/140,
a KO3(PULIMEHT TOPLIEBOrO NEPEKPLITUS ONPEAENSIOT Mo dopMyne

e, =[0,95-16(1/z +1/2,)](1+cosP)cosp.

Tabnuua 11
7 3HaueHus YF npu koadbuumeHTe X CMeLEHNs NHCTPYMEHTa
Y -0,6 -0,4 -0,2 0 +0,2 +0,4 +0,6
12 — — — — — 3,67 —
14 — — — — 4,00 3,62 3,30
17 — — — 4,30 3,89 3,58 3,32
20 — — — 4,08 3,78 3,56 3,34
25 — — 4,22 3,91 3,70 3,52 3,37
30 — 4,38 4,02 3,80 3,64 3,51 3,40

40 437 | 406 | 38 | 3,70 | 3,60 | 3,51 3,42
60 398 | 38 | 370 | 3,62 | 357 | 352 | 346
80 380 | 371 | 363 | 3,60 | 357 | 353 | 3,49
100 3,71 366 | 362 | 3,59 | 358 | 3,53 | 3,51
200 362 | 361 | 361 | 359 | 359 | 3,59 | 3,56

MpoBepsOT BbIMOSIHEHME YCNOBMSA MPOYHOCTU ANS Koseca u
LUeCTepHHU:
Ye2RKe <[op,];
=16F2l1,
b,m

OF2 =Yrp
(15)

YF1
CF1 =GF2Y—S[GF1]-
F2

2.2.8 MpoBEpOYHbIii pacyeT Ha M3rMBHYI0 MPOYHOCTb 3yObeB
npy AeNCTBUM MMKOBLIX HAarpy30K, UMEIOLMIA Lenbio NpefoTBpaLleHme
OCTaTOYHbIX AecdopMaumii U XPYMNKOro paspylieHns 3ybbes, BeayT Mo
yCnoButo
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Yenobue npourHocmu koneca

Ye2FeKe
Or2=Yep Z <[op]
3,59 4846 1,548
Crr=0,548 7 = 3 =87,99 MiTa< [or,]=255 M/Ta.

TTpobepka BomorHgemcs,

Yenobue npourHocmu wecmepHu

Yz
Op1=0p2~, Yo <[op ]

3,97
0 =87,99 2 =97,30 MlTa < [og /=298 M/Ta.

Py

ITpobepka Bomonrrsemes.
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O FE max :GFKHepS[GFm]. (16)

PacueT BeayT pa3aenbHO Anst 3ybbeB LECTEpHM M Koneca. Hanpsixe-
HUA Gpq U O 6epyT u3 dopmyn (15). [lonyckaemoe HanpspkeHue

O F limmax
[OFmx]= —S
F

rAe Oflimmax — NPEAENbHOE HampsbkeHue, He Bbi3blBatollee ocTa-

TOYHbIX AeOpMaLMIA N XPYNKOro M3noma:
- OF limmax = 4,8xHB npu HopManusauum v ynydieHnm;

- OF limmax = 6xHB nipu 3akanke (1HRC ~ 10 HB).
KoachdmumeHT 3anaca NpoyHOCTM Sg NpUHMMAIOT no Tabn. 5.

B cnyyae HeBbinonHeHus ycnosui (15) unu (16) MoxHo pe-
KOMEHAO0BaTb NPeAnpuUHATb OAHO U3 Cleayrowmx AeicTBui no obec-
neyYeHno NPOYHOCTY 3ybbeB nepefayn:

- nepecynTaTb pa3Mepbl nepegayn (HaumHas ¢ n. 2.2.3), Bbl-
6paB mMoaynb 3auenneHns 6onblero HOM1MHanNa;

- ans Hebonblmnx neperpy3os (< 10...15%) gonyctMMo B TOM
)K€ NPOLEHTHOM OTHOLUEHWUM YBENMYUTb ANMHY KOHTaKTa 3ybbes, T. €.
LUMPUHY Konec.
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2.2.8 [Tpobepoureld pacdem Ha u32udHYro npodHocme

3ydoel npu Jedicmbuu nukoboix HAzZpyY30k
Pacdem BoimorHsem no yeaoburo
OF max = OF Ky < [0F mar.

Aonyckaemoe HanpaxeHue

_ OF lim max
[0 =5

20 Gr iy max = 48 HB;, Sp=1,7.
ITpobepky npobodum omIeabHO OAT KOAECA U UECMEPHU.

4,8 289

[G/—'maxl-]: 7 = 816,0 M”dj
4,8 248

[Of 2] = =5 5 = 7002 MITa;

O max 2 = 97,30-1,5 = 146,0 MITa < [6r puy 1] =816,0 MiTa;
Crmax2 = 87,99-2,5 = 132,0 MITa < [6r jpay 2] = 700,2 MTa.

ITpobepka BomorHsemes.

Ecau, kak 6 darHom 3adaruu, 8 pedykmope umeemcs eufe
OOHA YUAUHOPUHECKAS Nepedada, mo ee pacdem nobmopsem nped-
NOXKeHHYro B n. 2.2 cxemy pewterus 6 norHom odveme.

A coocreix pedyrkmopol Heodxodumo odecnedume yeaobue
COOCHOCMU, NOIMOMY MEXOCeBE paccmosHue Aw (4 Mmakxe Aa'w)
DbICWPOXOOHOU cmyneHu OAS HUX HE PACCHumblbarom, a npuHuma-
oM PABHOIM MEXOCEBOMY PACCIMOTHUNO IMUXOXOTHOU CMyYneHuU.

Koagpgbuyuerm wupurol yea JblcmpoxodHod cmyneru pexo-
MEHIYrom dpame Ha 00HY ZPATAYUrO HUXE, HeEM ONT MUXOXOIHOH,
Hanpumep, Bmecmo npexHezo sHadeHus 0,315 MOXHo B35mb O,25.

Modynb 3ydeel makxe pekomerdyrom dpame Joree MEAKUM,
Hanpumep, Mecmo m = 3 MM, MOXHO B3ame m = 2,5 MM.
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