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BBEIEHUE

UeppauHasa nepeznada (UII) - MexaHM3M OJId Iepenaudu
BpalleHMsa MeXOy lIepekpelMBallMMMUCI BajlaMM [IOCPelCTBOM
BMHTA (4YepBsAKa) M COIPSAXEHHOT'O C HUM YEepBAYHOI'O KOJIeca.

HJOCTOMHCTBaMM UEePBSYHHX [epellad SBJISIOTCH:

—00oJIBIION OMallal30H penyuMpoBaHMA ( IepelaTodHOe YUMCJIIO

onHoy napel u=8..80, a B HeKOTOpHX cjaydasax — zZo u=1000);

- OoJsibllasg MJaBHOCTb UM MaJIOWIyMHOCTH pPabOTH;

- KOMIIaKTHOCTL;

- OoJsibllasg KMHeMaTuyeckas TOUHOCTL.
HenmocTaTkM BHIBBAHBL 3HAUMTEJILHBEIM CKOJIBXEHMEM B
3alelJIEHUN ;

- Hmsxuy KIII (n=0,65..0,9);

- HebOoJbllag IOOJTOBEUHOCTL;

- HeOoOXOIMMOCTBL IPMMEHEHUS OOPOTOCTOSMMX aHTUOPUKIIMOHHBIX

MaTepMaJyioB (omHa M3 Mep OOpbOBl C 3aedaHMEM) ;

- HANPSXEHHEM TEIJIOBOM PeXMM, 4YacTOo TpeOyoumi IPpUMeHEeHUS

OXJIaXIOalIUX YCTPOMCTB.

Vz-3a HuM3koro KIIII M, kak CJIencTBMEe 3TOI'0, UYPEe3MEPHOIO

HarpeBa [NPMMEHEHME UYepPBAUYHBIX IIepenad B NIPpMBOIAX

HENPEPBIBHOTO OECTBMSA M C I[NOBHUEHHBMM TPeOOBaHUAMU K

TeMIlepaType KOPIIYyCHBIX HeTalley He XeJjlaTeJIbHO. OOBYHO

[IPMMEHEHME UYEepPBSAUHBIX [epellad OI'PaHUUMBAKT MOWHOCTBI IO

30 xBT.

IMNMHOPUYECKOM dYepBAUYHAaSA Iepemada HasbaHa [NOTOMYy, UYTO
OeJlMTeJIbHBle M HadaJlbHEIE [TOBEPXHOCTM dYepBAKa M KoJeca -—
KPYyTI'OBBlE LMIJIMHIPH.

B 3aBUCHMMOCTM OT TreoMeTpuMr pabouely NOBEPXHOCTU UYEepPBAKOB
pa3aMyanT IOBa MX BMIOA: JMHeMNUYATHEe (TeNMKOMIHEE) U
HeJIMHENYA THE .

JlmHeuaTele BMHTOBBIE [IOBEPXHOCTU ODpPa3yKTCSa BUHTOBBM
OBMXEHMEM NPAMOVM JIMHMM, HEeJMHeMdaTee — JI0OOM 3alaHHOM
KPUBOM.

Hambosbliee NpuUMEeHEHMEe IMOJIyuusiu OoJiee TEeXHOJIOTMUHEE
JIMHENUAThEe UYepPBAKM TPEX TUIOB: aAPXMMeNOB (ZA) , DBOJIbBBEHTHEU
(ZI) m KOHBOJIOTHHM (ZN) .

HenmHeluaTele 4YEepPBAKM DOJIyYaklT MHCTPYMEHTOM KOHUUECKOM
(ZK) wmnu TopommasibHOM (ZT) QOPMHI.

Bospumoe CKOJIBXEHME B 3BallelJieHur TpebyeT, UYTOOBL
MaTepMraJbkl 4yepBaKa M BEeHLAa Kojleca ABJIAIMCH aHTUOPUKIMOHHOM
Iapou.

UepBsaKM B OCHOBHOM M3TOTOBJIAKT 3alLeJI0O C BaJIOM U3
YVIJIEPOOUCTEIX U JIETMPOBAHHEIX CTajieM. Pexe OJig 4epBSKOB
IPUMEHHIT YyTyH WMJIM TUTAHOBLBE CIIJIABEHL.

Kojeco sapjdeTcd, Kak NpPaBUIIO, COCTABHEIM M3 CTAJIBHOTO
MM YYyTYHHOTO LEeHTpa M BeHLAa. g BEeHIOB KOJIeC NPMMEHSIT



MaTepMraJbl C XOPOUWMMM aHTUQPUKLUMOHHBEIMM M aHTU3aIUPHBEIMU
ceoMcTraMu. K HuMM oTHOCATCHA OPOH3E, JIATYHM, YUYyTYHH,
KOMIIOBMLMOHHEIE METAJIJIOKEPAMUUECKME MAaTEPMAJIE, [1JJaCTMAaCCH,
HEKOTOPEE BUIOE IOPEBECHOCJIOMCTEIX I[IJIACTUKOB.

3T MaTepuaJiel YyCJIOBHO HOEeJIAT Ha 4 TpyNIs:

- OJIOBSAHHEIE OPOHS3EH;

- 0e30JIOBAHHEIE OPOHSBEl M JIATYHMU;
-  UyYTYHH;

-  HeMeTaJIJIMYECKME MaTepMualibl.

PaboToCrnoCcOOHOCTE YEPBAYHOM [epeladun

OT'PaHMUMBAETCSH : CTOMKOCTRI pabouel NOBEPXHOCTU

3yObeB; UBTUOHOM YyCTaJIOCThI 3yDOLEB.

PaboToCcnocoBHOCTE penyKTopa B LEJIOM OIpelesigeTCs:
IpenesibHO OONYyCTMMOM TEMIEPpATypoOM Macja MM KOoplyca;
YCTaJIOCTB M XECTKOCTBI UepBSKa.

OCHOBHBEIMM BMIOAMM paspylleHVd pabouux NOBEPXHOCTEN 3yObeB
KOJIeEC 4ABJIAITCSA: YCTAJIOCTHOE BHKpallMBaHMe ( OMTTUHI) IOJI9
OJIOBAHHEIX OPOH3; 3BaelaHMe (HaMas3elBaHMEe, 3aIMpbl) IJid
Oe30JIOBSAHHEIX BEICOKOIIPOUHBIX OPOH3, JIaTYHEMN; MexaHudeckoe (
abpa3MBHOE) MB3HAUIMBAHME —OJIS YYyT'YHOB; CHMXEHME YIPYyIMX
CBOVICTE (pasMsardeHMe) WM OIJIaBJIeHMe 3yObeBR KaIlpPOJIOHOBOTIO
BeHLAa.

[l[pouHOCTHOM M3BJIOM 3yObeB KOJIeCa XapakKTepeH IJjsa nepenad,
paboTanuMx IPM HeCTALUMOHAPHBEIX peXxymMmax C OOJIbUOM YaCTOTOU
BKJIIOUEHMM [PV BHAUMTEJIBHBIX [Ieperpy3Kax.

YCTAJIOCTHEM M3JIOM — IIPM CTALMOHAPHBIX PeXMMax HaTpPyXeHUS
B Iepenadax C OOJbUMM [IepelNaTOYHBIM UYMCJIOM M MaJIOM MOIOyJle
3alLelJIeHNs .

VzmoM 3y0ObeB OrpaHMuUMBaeT paboTOCHOCOOHOCTH 3BallelJIeHMs B
TUMXOXOIHEIX [epeladax, [IpM PYYHOM OPMBOINE M B OTKPEITHX
nepepmavax, I'Ie MHTEHCUMBHOe abpasMBHOE M3HaAlMBAaHUE
IPUBOIUT K YMEHBIIEHMIO pPasMepOB OIAaCHOI'O CedeHud 33yObeB.

Bunel pacueToB:

1 - Ha KOHTAaAKTHHE HaNOpAXeHMs ( NPOBEPOUHBIM U
IPOEKTUPOBOYHEI) ;

2 — Ha u3TUOHBIE HANPSXEeHUS — ([IPOBEPOUHHM UM pexe
IIPOEKTUPOBOYHEIM ) ;

3 — Ha HaATpPeB penykKTopa;

4 — Ha yCTaJIOCTb TeJjla 4UepBiKa;

5 - Ha XeCTKOCTb TeJla 4YepBgKa.

1.IIPOEKTVPOBOUHHIM PACUET 3AKPHTOM LIVJIVMHIPUUYECKON
YEPBAUYHOW IIEPEIAUN

[lesiblo MIPOEKTUMPOBOUHOT'O pacueTa ABJISeTCS NpelBapUTesIbHOe
omnpeneJsieHVEe Pa3MepPOoB IMepenmaun.

1.1 MWcxomHBIe IaHHHE :
- IIepemaToyHOe UMCJIO —U;
- dYJacToTa BpalleHusS dYepBSKa ) (MMH{);



- BpamamomM¥ MOMEHT Ha BaJjly kojeca T, (HM) HOpM NDOCTOSHHOM
HATpy3Ke MM OJIOK HAarpyxeHusa ( 3aBUCUMMOCTE T, OT
BPEMEHM ) IIPpM [NEPEMEHHOV HaArpy3Ke;

- pecypc nepenmaum Ly (uac);

- pexuM paboTH UM YCJIOBMSA HATPYXEHUS;

- koobbuumeHT neperpy3ku (kg = Tuu/T2) .

1.2 BwlOoOp umcla 3axXOHmOB uUepBAKa — Zi;
npu u = 8..16 Z1 =4;
npm u = 16..31,5 Z1 =2;
npm u = 31,5..80 Z; =1.
1.3 UYwmcyao ByDbeB kKoJeca — Zj:
z ,=z,u@)

[lonyyeHHOE Z,; OKPYIUIMTH IO OJMXamumero LeJoT'0 uucja 4Ymcio
5yObeR UEpPBAUYHOT'O KOJIeCa PEeKOMeHIOyeTCs BHOMpPATbh B
npenenax 30..84 Ojsa peOyKTOPOB OOWEero HasHAUEeHUd.

YTOUHUTL IepelaTouHOe YMCJIIO:

Z

u=——=(02)
Zl

Eciu 4YepBAUYHHM PelyKTOp [NpelHa3HAaueH IOJId CepUMHOTO
BHIIYCKa, TO GaKTMuecKMe [epelaTOUHBEe UMKCIla He IOOJIKHEI
OTJIMUATBHCS OT HOMMHAJIBHBIX CTAHIAPTHHX OoJiee ueM Ha 4%.
TOCTom 2144-76 mnpenyCMOTPEHH CJlenylle HOMMHAJIbHBE
repelaTOUHEIE uMKCIIa:

1

pan 8 10 12,5 |16 20 25 31,5 40 50 63 80
2

pan 9 11,2 14 18 22,4 26 35,5 45 56 71

1.4 UYacToTa BpalleHMS KoJieca — Ny
n
1 -1
n, = U’(MMH )3

1.5 OpreHTMPOBOUHaS CKOPOCTB CKOJIBXEHMUS B 3allelJeHuM Vg

V. =45-10*-n, -3/T, (%)(4),




roe T, (HM) — MaxkCuMMaNbHEM OJIMTEJIBHO IOEMCTBYOUMY Bpaljaiolmy
MOMEHT Ha BaJjly KOJIeCa, UYMCJIO LUMKJIOB IOeMCTBUA KOTOPOTO 3a

Cpox ciyx6el N>5%*10%, n; B mMun ',

1.6 Bulbop npobmns uepBsaKa

BeiOop npoduia ueppsaka ONpenendeTrcsa TpebyeMbeMU
DKCIJIYaTalMOHHEIMM CBOMCTBaAMM UM TEXHOJIOT'MYECKUMU
BO3BMOXHOCTAMM [penrnojiaraeMoro npoms3BOLCTBa.

[lepenmaum c dYeppaxkaMu ZA;ZI;ZN u ZK objanarnT IPMMEPHO
OOMHAKOBEIMM BKCIJIyaTaLUMOHHEIMM CBOMCTBAaMM, OIOHAKO
OOCTMXEHME ONTMMAJIBHOTO KadeCcTBa OCYWECTBJISETCS NIPpU
PaBJIMUYHEIX TEXHOJIOTMUYECKMX BOSBMOXHOCTSAX.

[lepenaum c dveppakaMu ZT ob6jlamanT HOOBBIUIEHHEIMM KIII m
HATPYy304YHOM CIOCOOHOCTBK, OIHAKO IIPOM3BOLNCTBO TaKMX
nepenad CBA3aHO C ONpeneJIeHHBIMM TPYIOHOCTSMIU.

ApXMMEIOBE UEPBAKM HAlLJIM HamMboJiee MMPOKOe IIPUMMEHEHUue,
UTO OOBACHSETCS BOBMOXHOCTBHI TOUHOTO UIMOOBAHUS MX
paboumx noBepxHocTeM. OOHAKO apXMMEeNOBHl Iepeladu C
MHOTO3aXOOHBEIM UYEPBAKOM OTJIMUYAITCS OOJIBILIOM CJIOXHOCTBIO
M3TOTOBJIEHMA M IO TOUHOCTM YCTyNalT IepenmadaM C
yepBpdxKaMm TUNOB ZI m ZK.

OBOJIBBEHTHEIE UEPBAKM I[NO3BOJIANT yOOOHO M BeCbMa TOUYHO
IPOU3BOIMTE LIJIMPOBaAHME pabouMx MNOBEPXHOCTEN IIJIOCKOM
TOPLOBOM INOBEPXHOCTHI AOMCKOBOI'O KpyI'a, OIOHAKO IIPUMEHSATH
VX MOXHO TOJIBKO INPM HAaJIMUUM CHEeUMAaJIbHBIX UIMGOBAaJIbHEIX
CTaHKOB.

UepBAUYHBEIE [epeladuM C KOHBOJIOTHEIMM UYEepBAKAMM yYyCTYIIAKT
[I0 TOYHOCTM apXMMeNOBHIM IllepenadaM. UYeppaku Tuna 2zN
IPMMEHAKT IIPM Hape3aHUM KOJIEC JIeTydMMM pes3LaMM.

Ueprgaku Tula ZK OpuUMeHST ITJIaBHBEIM OoOpas3oM IIpu
OTCYTCTBMM CTAHKOB IOJid WIMQOBaHMA SBOJIbBEHTHEIX UYEPBSKOB
M OPpM HeOOXOOMMOCTM M3TOTOBJIEHMA Iepenad Cco
WIIMGOBAHHEIMM MHOT'O3aXOIOHBEIMM YEepPBAKAMU.

B HacTOoAmLMX METOOUUECKMX YKaABAHUAX NAETCH pacuer
APXVMMEIOBBEIX M B3BOJIBBEHTHEIX UEPBAUHEIX [Iepenad.

1.7 IlpenBapuTeJIbHEM BHEHOOP MaTepMalioOB Kojieca U
JepB4AKa

OCHOBHBEIM (akTOpPOM, OINPemesignllMM BEOOP MaTepualja BeHLa
KoJleca, fBJSEeTCH CKOPOCTb CKOJIbBXEHUS B BalelJIeHUU.
[lpuMeHeHVEe OedPUUUTHEIX BBICOKOOJIOBSHHBIX OPOH3 MOXeT OBITH

ONpPaBOaHO TOJIBKO IOJIS OTBETCTBEHHEIX I[Iepelad CO CKOPOCTSIMU
ckoJib)eHusd Ve > 10 M/C, MaJOOJIOBAHHBE OPOHS3H MNPUMEHIIT
npm 4<Ve<10 M/c, 6e30J0BSHHBEE OPOH3H M JIATYHU MUCIOJL3YIT
npm Vere< 4 M/C, UyDyHH — Opu Vex < 2 M/C.

B Tabyn.l nNpuBeIOeHEl OCHOBHEIE MaTepMalJibl BEHIIOB YEPBSAUHBIX
KoJIeC.



MexaHMUeCKMEe XapaKTEepUCTUKM MaTepMaJioB
UepBSAYHEIX KOJIEC.
Tabmnuila 1

Hammenosanme | Cnoco® MexaHnUeCcKMe CBOMCTBA [penesn
1 Mapka OTJIMB— Cb2, G2, TBep- | MomyJsib Kozd. |mucnomub-
KU MIla MIla IOOCTE | YyIPpyI'O- [lyac—- | 30BaHuda
H, (HB ctu E,, COHa 1o
) MIla \%) VCKI M/C
1 2 3 4 5 6 7 8
Bp.01001 I 216..294 | 137.. | 80.. 0.74*10°
147 | 100 0,335 25
K 245..431 | 196.. | 100.. |1,01*10°
225 |120
Bp.OHO® 1 284 166 |100.. |0,98*10° |0,335 35
120
Bp.06116C3 I 147..196 | 108 | 60 0,74*10° | 0,335
K 176..216 | 80.. |60..76 |0,74*10° | 0,335 12
100
Bp.05115C6 K 176..216 | 80.. |60..76 |0,74*10° | 0,335 12
100
I 392..490 | 196.. | 110 1*10° 0,35 10
225
Bp . A9X3JI K 490..588 | 196.. [ 110.. |1*10° 0,35 10
343 | 140
1 490..588 | 196.. [ 120.. |1,2*10° 0,35 10
343 | 140
Bp.AlO0X4HA4J I 587 196.. | 170 1*10° 0,35 10
225
K; 1 588..755 | 398.. [ 170.. |1*10° 0,35 10
588 | 225
Cu20 I 353 - 170.. |1*10° 0,25 2
240

[lpyMmeuaHme. YcCJOBHBEIE ODO3HadUeHMA crocofa OTJIMBKU:
II — B IIeCYaHbIe (bOprI,' K — B KOKWMJIb ;
I — LEeHTPOOEeXHBIN.

UepBAKM CHUJIOBHEIX IIepenaud MI3TOTOBJISIT M3 cTajeun (rabdis.2),
TepMUUecky oOpabOTaHHEIX IO BBICOKOM TBEPHOCTM. Hamimydumyio
CTOMKOCTL Iepenad obecleurBamnT YEepBAKM U3 LEMEeHTYEMEBIX
craner (20X;12XH3A;18XI'T;15Xd), uMmenmme IHOCJTE 3aKaJKU
TBEpPOOCThL pabouer noBepxHoCTM H=56..63 HRC. BHIIOJHSWLT
YEepBAKM U U3 CPEOHEYTIJIEPOOUCTEIX CTaJleM
(45;40X;40XH; 35XT'CA) C NOBEPXHOCTHOM WM OOBEMHOM
3akajikon mo TBeprnoctu H=45..50 HRC.

Paboure MNOBEPXHOCTU UEPBAKOB TpeOywnT wIMOOBaHUA U
[IONMMPOBaHUA. [IpM OTCYTCTBUM OOOPYyHOBaHMA »Oja WIMOOBaHUA




UEePBAKOB IJIA MX M3T'OTOBJIEHUA IIPUMMEHAKT YJIYUIIEHHBIE CTaJIl.
STM Xe CTaJM NPUMEHAT IPM HEOOXOAMMOCTM B3aMMHOM
npupaboTKM KoOJIeca M 4YepepAakKa. KpoMe TOro, CcTaliu B
YIIYUILIEHHOM M HOPMAaJIM3OBAHHOM COCTOAHMAX IIPUMMEHAKT IOJIA
UEePBAKOB BCIIOMOT'AaTEJIbHBEIX TUXOXOIOHBIX M MaAJIOHAT'PYXEHHEBEIX

nepenay.

Tabauila 2

MaTepnal CocToaHuMe u TeépnocTte H Ob Ox O-1

TepMOoODOpaboTKa MlIa Mnoa MIla

45 H 170..230 HB 580 320 280

12,XH3A 0.03.0 58..62 HRC 850 - 380

18XT'T 0.03.0 58..62 HRC 1000 - 480

20X 0.03.0 56..60 HRC 650 400 300

35XT'CA 3.0 44.52 HRC 1650 | 1300 500

10X H 175..220 HB 600 450 280

3.0 >46 HRC 1600 | 1300 280

40XH H 180..220 HRC 630 380 280

3.0 >46 HRC 1600 | 1400 630

[IlpumeuaHme: H - HOpmMmamm3aumsa; 3 — 3akajnaka; 03 - oOBEMHas
3akajgka; O — OTHnyck; L - LeMeHTalud.

1.8 BuOOpP CTENEHM TOYUHOCTM INepenaun

IOJIs8 CUJIOBHIX UEPBAYHEIX IIepelad CTaHOAapTOM PEeKOMEeHIOBAaHEH
CTEerneHM TOYHOCTM; OT 7-0ou mo 9-ou.

TpebyeMyl CTEIeHb TOUHOCTM PEeIyKTOPHHBIX CUIJIOBHIX Ilepenau
BHIOMpPAIT B BaBUCUMOCTM OT CKOPOCTM CKOJIbXeHMa. (Tabi.3)

Tabnuiia 3
1,5.7,5| 7,5.12

Vex M/cC <1,5

CreneHb
TOUHOCTU

nr 9 8 7

1.9 IlpenBapuTesibHOEe omnpenejeHue KIIJI nepenaum u

MOIIHOCTM Ha 4YepBAKe

0,98
1+ 0,25 f u

77 = , (B)

rage £ - nNpuBenOeHHHM KOBQOMIIMEHT TPeHMUS B 3allelJieHuH,
omnpenesyigseMelt Kak

f :tggo'.
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3meck ( — NPMBEIEHHEM yTI'OJI TPEHMHA, KOTOPHM paBEH

¢ ~(3,0..35)-0,92InV_ (2pad), (6)

e Vex B M/C; OoJibliee 3HAUeHME B KPYIJIEIX CKkoOkax OpaThb
o Oe30JIOBAHHBEIX OPOH3, JaTyHeM M UyIT'yHOB.

[lpuMmeuaHue. dopMmysia (6) IaeT yIOOBJIETBOPUTEJILHEE
pPes3ynbTaTh Opr Vee<1l2 M/cC.
MOmWHOCTE Ha dYepBAKe:

T,n
P =—2%=2— xBm(7).
95507,
1.10 Bubop kozddulIMeHTa IMaMeTpa dYepBaka — J.

KosdouumenT nmamMeTpa dYepBsKa CTAaHOAPTU30BAH C LEJIBD
YMEHBUIEHMS HOMEHKJIATYPE YEPBAUHEIX Qpes3 IJig Hapes3aHUsA
UepBAYHEIX KoJlec.[yna obecrnedeHMs HeOOXOOMMOM XEeCTKOCTMU
JepBsAKa PEKOMEHOYyeTCH NPMHMMAaTh KO3QPMUMEeHT amaMmeTrpa
JyepBAKa

q~= 0,25z,

C OKpYyIJIEHMEM 0 OJmxammero CTaHIAPTHOI'O 3HAUYeHUS
(Tabi.4) .

PexoMeHIOyEeMBle COoUeTaHMda MOIOyJerM m M KO3OIMLMEeHTOB
O/aMEeTpPOB uepBsgKa (g
npu Z21=1;2;4

Tabauua 4
m, MM q m, MM q
1,00 16*;20 5,00 8;10;12,5;16;20
1,25 12,5;16;20 (6,00) O**,10**
(1,5) 14**;16*;1l0** 6,30 8;10;12,5;14;16; 20
1,6 10;12,5;16;20 (7,00) 12%*%*
2,00 8;12**,;15,5;16;20 8,00 8;,10;12,5;16;20
2,50 8;,10;12**,;15,5;16;20 10,00 8;,10;12,5;16;20
(3,00) 10**;12%* (12,00) 10,00**;10,00***
3,15 8;10;12,5;16;20 12,50 8;10;12,5;16;20
(3,50) 10**,;12%;12**;14%;14** 16,00 8;10;12,5;16
4,00 8;,9**,;10;12*;12,5;16;20 20,00 8,10

HpMMeanV[e.MonynM B CKOOKax He H[ABRJSKTCH npearnodyTrTeJIb HEIMIM

*

Tonbko mnpu 7Z1=1

** JIOMyCTUMEIE COUETaHUS IapaMeTpoOB
*** ToJbkKO HNpU Zi1=1 u Z1=2.
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1.11 OnpemeneHre ko030QULMEHTaA HATPY3KU

KosddnumeHT HATPY3KU

k =k k, (8)

Kp - xO30OMLUMEHT HEPaBHOMEPHOCTM pPacHpemesieHMsa Harpy3Ku
10 IJIMHE JIMHMM KOHTAaKTa BCJIeNCTBMe nedpopMalUM 4YepBAKa.

3
y4
— 2
K,=1+ = @-v,),(9)
roe 0 - kosdduuveHT medbopMaluVKM UepBAKA, OINPEeNeJISEeMEBI 10

SMIOMPUUYECKOM QopmyJie

6 =9(q—4)(A+ Zi); (10)

Vep — CpeIHAA OTHOCHUTEJIbHaA Harlpy3Ka IlIepellauM

>_~i t.n,
T

max
v, = ,(AD
>t n,
rOe Thax — MaKCHUMAaJIbHEIM OJIUTEJIBHO-IOEVWCTBYIMY (PaCuU&THEI)
Bpamawnmmi MoMeHT; Ti;ti M n; — COOTBETCTBEHHO Bpallallni

MOMEHT, BpeMs pa®oTHl M YacTOTa BPalleHMS Ha 1-0M CTYIIEHU
OJloKa HaTpPYyXeHMUS.

Ecnm yacToTa BpalleHMS BaJIOB I[epelaur OOMHaKOBa Ha BCeEX
CTyIeHdax OJIoKa HaTrpyXeHMd, TO

7 t.
v = > - I ’ (]_22)

cp
:zﬂnvxx o

e teyx — NOPOOOJXUTEJIBHOCTBL OINHOTO OJIOKA HATPYyXEeHMA.

[lpy mocToAHHOM Harpyske, Korma Ti=Tpax,Vep=1 m kp=1.
Ecnu pexuM paboOTH HNepeladur COOTBETCTBYET TUIOBOMY

(puc.1l), TO Vo Oepérca mu3 Tabs.b.
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T
o
< e
08 Mo
NN
\, NG
NN 2 N
0b \\
\ é
O.", \\ ,i Y
e ¢
SN
0,2 \"\5_
N
° 02 o4 06 08 N, ti__
Ny teon
Puc.l 0 —-nmocTosgHHas Harpys3ka;
1 - TaxeJBll PEXNUM;
2 — CpenOHuM BEepPOSTHOCTHEIN;
3 — cpenHuM HOPMAaJIbHHIM;
4 - JIeTKun.

KoodduiieHT SKBUBAJEHTHOTO pPeXuMa
M CpenHss OTHOCUTEJIbHAas HaTrpy3ka [epelaun.

Tabmuua 5
PexumM 0 1 2 3 4
L 1 0,38 0,20 0,107 0,036
Lo 1 0,175 0,10 0,042 0,019
Vep 1 0,75 0,5 0,5 0,3

KosdpdbuumeHnr ky, yUMTHBALILMM IMHAMMUECKYID HATPy3KY,
BO3HMKAKUYIO B 3allellJIeHMM, 3aBUCUT OT CKOPOCTU CKOJIbXEHUS
pa60qu HOBerHOCTeI\/II M TOYUHOCTUM MI3T'OTOBJIEHMA IIepeadadln.

ky MoxeT OBITBH ONpPenNeJIeH IO QopMyJie

k,=0,3+0,In, +0,02v_,(13)

TIe np — HOMEp CTeneHM TOouHOoCTM (Tabms.3); Vex B M/C.
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1.12 JonyckaeMble KOHTAKTHBEIE HANPSXeHUS

1.12.1 MaTepmall koJleCca — OJIOBAHHas OpOH3a
[o]ln =lolucClku =40+, /4K, (14)
roe [O]lpo — OONyCcKaeMOoe KOHTAKTHOE HalpsaXeHue Npu 0a30BOM
YycJie LUKIOB Npyg = 107; kg = Tww/To; Cv — KO2QOULIMEHT,
YVUUTHBAKIWMA MHTEHCUMBHOCTL M3HAUIMBAHUA [IOBEPXHOCTU 3yba;
kpyr, — xonddmMuMEeHT OOJTOBEUYHOCTM; Otz — Npelesl TeKydeCTH
OPOHSHL.

[6]u0=0, 90y, npu WIMOOBAHHEIX M IIOJIMPOBAHHEIX UYepBAKaX C
TBepnocTeio H>45HRC.

[6]u0=0, 750p, Opu WIMGOBAHHEIX YEepBIKax C TBEPOOCTLIO
H<320HB.

KosdduiimeHT, yUMTHBAKIMUY MHTEHCUBHOCTBL M3HAIIMBAHUS
IOBEPXHOCTU 3yDa, OoInpelesyiseTCcad B 3aBUCUMMOCTU OT CKOPOCTHU
CKOJIbXEHUSA :

npu Vee<l M/cC Cyv = 1,33;
npm 1< Ve < 8 M/cC Cv = 1,33 = 0,251nVeg;
npu Vex > 8 M/cC Cy = 0,8.

KoodduiiveHT OOJITOBEUHOCTM ONpelesiaiT 0 dbopMmysie

K, =s % > 0,67.(15)

HE
SKBMBAJIEHTHOE UMCJIO LUKJIIOB Hal"py)KeHMﬁ 3ybbpeB KoJieca

Ny = 24,N;, (16)
roe Mg — KOBOOMLUMEHT 3SKBUBAJIEHTHOI'O PEeXMMa;
Ny - cCcyMMapHOe 4MCJIO LMKJIOB HaT'pPyXeHUuM 3yObeB KoJeca

3a BeCb CPOK CJIyXOBl Iepelauu.
KondduuimeHT 3KBMBAJIEHTHOTO PexXMMa

St ()

T
= max (17
Ay >nt. a7)

[lpy MOCTOSHHOM YACTOTEe BpalleHMs Kojleca n;=n=const

G 7 \4
3 () (18).

Y/ max

My =2
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O6o3HaueHusa B Qdopmysax (17) m (18) Te xe, 4UTO U B
bopmysax (11) m (12).

Eciu pexuM paboTH Iepelaul COOTBETCTBYEeT TUIIOBOMY
(puc.l), TO 3HaueHMS M4 MOXHO B3ATbH M3 Tabju.b

CyMMapHOEe 4YMCJIO LMKJIOB HATPYyXEeHUHA 34 BECb CPOK CJIyXOE

nepenaum
N, = 60n,L,,({19)
e n, — 4YacToTa BpalleHMsa KoJieca B MUH ' ;
Ly, — pecypc paboTH nepenadmM B dacax.
[lpuMeuaHme. EcCam 4WacToOTH BpalleHMs KoOJieca Ha KaxXIou

CTyneHu OJioKa HaTpyXeHMS Pas3JIMUHBE, TO

N, =60(Zn, tt—l) L,

o
TIe np; — YACTOTa BpalleHVd KoJieca Ha 1-0M CTyIleHU
HaTPyXeHUS .
1.12.2 MaTepuan kojieca — 0Oe30JIOBAHHAA OpoH3a MM JIATYHD.

JonyckaeMoe KOHTAaKTHOE HallpAXeHlVe M3 YCJIOBUMA OTCYTCTBUA
3aelaHnAa

[c], =[c]ocy . (20)

rne [CGlpo — MCXOOHOE IollycKaeMoe HallpsXeHUe;
cy' - KOB0OMUMEHT, YUUTEBAKLINMI BJIMSHME CKOPOCTU
CKOJILXEHMS Ha 3aemaHue.
Oina mnrMdOBAHHEIX M MOJMPOBAHHEIX YEPBAKOB C TBEPOOCTHIO
H>45 HRC

[6].o =300MI1a;d, =1-0,085V._,
rge Ve B M/C.
IO mnrndOoOBaAHHEIX UEPBSAKOB C TBepmocThio H<320 HB,

[6].o = 250MTI1a;c, =1—01V,.;

roe Vex B M/C.
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1.12.2 MaTepuall kojleca — UYyI'yH

[c]: =[c]0c . (2D

TIe MCXOIHOe IOOoIyCcKaeMoe HalpsaxeHMe [G]lgo=175 Mla, a
KORb0OULUIMEHT, YyUYMUTHBAOLMUM BIMAHME CKOPOCTM CKOJIbXEHUS

c, =1-0,2v_,;

roe Vex B M/C.

1.13 OnpemesieHMe pa3MepoOB epelauun
1.13.1 MexoceBOe pacCTOSHUE

a, =~ 6253 &MM, (22)

2
ol

roe T, B Hm; [o]ly B Mlla.

Ecnm npoexTupyeMas lepellaya NpenHa3HaueHa IOJIS CEePUMHOTO
BBEIIyCKa, TO I[OJIydeHHOE ay OKPYIJILT 0o OJjmxanimero
craHmapTHoTo 1o I'OCT 2144-76

...40,50,63,80,100,125,160,200,250,400,500 . . wmm.

1- psan.
2-v psan.. .140,180,225,280,355,450. . .mMM.
CrnenmyeT npennouymTaTb 1-1 PSSO BTOPOMY.

IOJ18 HEeCTaHIapTHHX UYEPBAUYHEIX IIepenayd ay OKPYIJISoT IO

oamxanmero LeJior'o umMcja C OKOoHuaHmem Ha 0 wmiam 5.

1.13.2 PacueTHHN MOIYJIb

m ::._E%EEﬂL__(Zﬁg)
z, +q

[TolydyeHHBIM MOIYJIb OKPYIJIMTB OO OJMmXanimero CTaHOapTHOTIO
no I'OCT 19672-74 (Tabmn.4).
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1.13.3 OxoHUATEJNbHEM BHOOP KO2QOMULIMeHTa
oVaMeTpa YepBsSKa UM ONpenejieHue
kO2dOMLUMEHTa CMEWEHUS UYepBSKa.

KosdppuumeHnT nmaMeTpa dYepBsAKa BHOMpPaeTCHa U3 CTAHOAPTHOIO
pada OIM3KMM K 3HAQUEHMIO, OIpeleJIeHHOMY QOPMYyJION:

2
q :ﬂ—22(24)
m

CoueTaHre MonyJey M kos3QpdmuLMeHTa IOMaMeTpa 4YepbBsaKa
ompenenseTcsa pekoMeHmauuamm (Tabis.4).

[Ipy OKOHUATEJNIBHOM BHOOPE J YyUMTHBAKT e€ro BJIMAHMe Ha KIII
epenady, Ha XECTKOCTb M YyCTaJIOCTh Tejla 4YepbsdakKa. MeHbuue
g nmawnoT O6ospmmy KIIJI nepenmadm, HO XeCTKOCTb UM yCTaJlOCTh
TeJjla dYepBsAKa [OPpM 5TOM HUXE.

CMelleHMEe YepBsKa BBIIOJHAKT C LeJIb BIMCEHBAHUSA B
CTaHOAPTHOE MeXOCEeBOe pPacCCTOSHME NPpM BHEOPaHHBIX M;Z U J.
KosddpuumeHT cCMelleHMs dYepBsKa pPaBeH

Xx=—"—-0,5(q+ z,),(25)
m

rme ay — CTaHIapTHOE MeXOoCeBOe paCCTOAHUME.
V3 ycJaoeusda Hellioope3aHMAd VM He3adO0OCTPpEeHNMA 3ybbpeB KoJieca
KOS(D(DMLLMGHT CMEIleHMA OOJIKeH OBITh B npenejiax

+1>x>-1.

Ecau Ko30OMUMEHT CMeEleHUMs He YKJAIObBaeTCsa B yKas3aHHBE
npeneJibl, TO MOXHO BHOpPaTh IOPYyT'OM KO3QOMLMEeHT IMaMeTpa
yeppaka (Tabi.4), COOTBETCTRBYyOIMM B3STOMYy MOOYJIO, M HaWTU
opyrom kosdbuumeHT cMemeHusa o dopmytie (25) .Ecam xe HU
OOHO M3 pekoMeHayeMelx ['OCToM 3HaUeHUM KO3QdbulIMeHTa
OIMaMeTpa 4YepBAKka He OaeT HYXHOI'O CMEeUeHMS, TO MOXHO
M3MEHMTL UMCJIO 3yObeB koJjileca Ha 1 mnm 2 3yba. Illocje 3TOTO
cJenyeT YTOUHMTH [IepellaTOuHOe UMCJIO IIepenmadu o dopmysie
(2) m uyacToTy BpameHMsa koJeca o dopmyse (3).

[lpy HaIUUMM BOSBMOXHOCTM BEHOOPpA KO30OIULIMeHTa CMEelleHUS
Jydule OpaThk e€Tro IMOJIOXMTEJIbHEIM, TaK KakK B D3TOM CJiydae
CONPOTURJIEHME yCTaJIoOCTU 3ybDa koJjieca Npu M3rubde BHIIE.
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1.13.4 PacueT IeOMETPMUECKUX [IapaMeTpOB
UepBAYHOM Iepenaun.

Ha pmc.2 nokxasaHa cxeMa LUIMHIPUUECKOV YEepPBAUHOM
nepenaum npm x=0.

b,

dh

I &2 [6m+iin

- b} ——

Gy

Punc.2 Cxema nepepnauu

N —

B Tabis.6 IIpMBEOEHbBl BEBEIUVICIIAEMEIE IIaPaMeTpPhl YepBAKa U

(bOpMyJ'IbI OJIA MX pacdeTa.

[lapaMeTpEl UepBAKa

Tabnauiia 6

PacueTHasa dopMmyJa

OBboszHa- | PasmMep-
HammeHnoBaHUME yeHye HOCTb qepBHK qepBHK
ZA ZT

1 2 3 4 5
HennTesib Hel
nraMeTp d1 MM di=mg
HauanbHBEM
nraMeTp dwn MM diw1=m (q+2x)
IramMmeTp
BEpIMH da1 MM da1=m (g+2)
BUTKOB
IrameTp
BIlaOMH der MM dei=m(q-2,4) | dey=m (g-2-
BUTKOB

0,4cosy)
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HenTeib Hel

YTOJ HombéMa Y rpan. y=arctg Zi/q |y=arctg Z./q
HauanbHBIM

YyTOJI nmombéMa Yu Tpan Yw=arctg Zi/ (g+2x)
OCHOBHOM

yToJI Yo=arccos
nonobeema* Yo rpal. — (cosa,cosy)
(oJ1a 4uepBAaKa

Z21)

Yros npoowuinsa

B HOpPMaJlbHOM oy=arctg

CeueHllM Ha (tg(X,XCOSY)

HayaJlb HOM Olni rpad. -
uMImMHIpe *

(oy1a 4yepBAaKa

ZA)

*[IpyMedaHre. YToJs npoduiis B OCEBOM CEUEHMM BUTKa UYepBAKa
ZA - 0,=20%; yros npodwss B HOPMAJLHOM CeUYeHMUM 3yba PeiKu,
CONPSXEeHHON! c uepBsakoM ZI 0,=20°.
JemnMTesIbHEY yT'oJI HOOBEMAa JIMHUM BUTKAa Y OJa Haubojee

YIOTPeOuTEeJIbHEIX  MOXHO B3ATb M3 Tabs.7.

Tabauia 7
Z; 1 2 4
20 29511451 5942138'! 11°18'36"]
16 39343511 790730 14°%02710"
SHAT 005 g 8907748 1556143
JyeHnd
y 12,5 4°34'26"" 9%05'25"! 17%44741 "
“2” 10 | 5942738 1118136 2148105
8 7°07'30"" 14°02"10" 26°3354"]
IOMHa HapesaHHOM YacTu uyepBska (puc.2)
b, >(c,+c,z,)m
e C; um C, — KO»OOMUIMEHTH, KOTOPHE BHOMpPAwT M3 Tabdi.8 1o

UMCJly 3axOIOB UYepBSKa Z; UM KO3QOMuMeHTyYy cMeumeHumsa X.
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Tabnauila8
X -1 -0,5 0 +0,5 +1
Z1=1;2 C: 10,5 8 11 11 12
C, 0,06 0,06 0,06 0,1 0,1
C: 10,5 9,5 12,5 12,5 13
21:4
C, 0,09 0,09 0,09 0,1 0,1

Ona mnudyeMelx J4epBSKOB BO M30exaHMe MCKaxeHus pabouent
YacTM HNOBEPXHOCTEM BUTKOB UYepBAKa NIPM BXOIE UM BEIXOIE
mIM@OBaJIbHOTO kpyTa bi yBeIuMuuMBalT, NPMMEPHO, Ha 3m.

B Tabin.9 cBemeHH pacyeTHHE 3aBMUCHMMOCTM IJiS ONpeneJieHus
rnapaMeTpoB UYEepBSAYHOT'O KoJeca.

[lapamMeTpel KOJIeca Tabauua 9

PacueTHas dbopwmysa

0Obosz—- | Pas-
HamMeHOBaHUE Haue- | Mep- CONPSXEHHEV UYepBIK
HUe HOCTb 7 7T

by,< 0,75d,; npu Z2:=1;2
llmprHa BeHLa b MM b,< 0,67da1 mpu Z1=4
YCJIOBHBEI yT'OJI 20 Ipan 26=2arcsin bs/ (da1-0, 5m)
obxBaTa uUepBsAKa
JenmTeribHBIM d, MM do,=mZ,
ovaMe TP
HauasnbHEM dwo MM dyo=d
ovaMe TP
IrmamMeTp BepPIIMH daz MM dao=do+2m (1+x)

3yObEB

der=dy-— df2=d2—2m (1+

IramMeTp BIaOUH de> MM 2m (1, 2-x) 0,2cosy-x)
3yObEB

Hambosnbumm
nuameTp vz MM | daypSdaz+6m/ (31+2)
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1.13.5 OmnperneseHMe CKOPOCTEMN

Opr%(HaFI CKOPOCTb Ha HadYaJIbHOM LMJIMHIOPE 4YepBAKa

V. — 7zd,,, N,
1 -_— -
60-1000

...mlc...(26)

OKpyXHasd CKOPOCTBL Ha HauvaJIbHOM OKPYXHOCTM KoJieca

v, = Zwele M 57y
60-1000 ¢

B 5Tux QOPMyJlax IOMaMeTpPhl B MM, YaCTOTH BpalleHMsS B MUH .

CKOPOCTB CKOJIBXEHUSA

V. M
V, ., =—2 .. —.... 28
K cos c (28)

1.13.6 YTouHeHue KIIJ mepenaumu, Bpallawimero
MOMEHTAa M MOIHOCTM Ha dYepBAKe.

KIIIIT uepBA4YHOT'O 3alellJIeHMd IIPpM BenylleM dYepBAKe

B mocrnenHoion QopMyJly cJenyeT NOOCTaBUTHb @‘, onpenenmus
ero no dopwmysie (6) InJsa YTOUHEHHOM 1o dopmysie (28)
CKOPOCTM CKOJIBXEHMUS .

Obwmy KIIJI 4epBAYHOTO penyKTopa

17 =1,,1p(30)

roe Me — KIJI, y4YMTHBAKILMUNI NOTEPM MOIMHOCTM Ha
pPas3bpeEI3TMBAHME U IIepeMellMBaHMe CMAa304YHOI'O MaTepuala;
obrruHo mMp=0,97..0, 99.

MeHbUIME BHAUEHUS NPUMHMMAKT OJid OBICTPOXOOHEIX IIepenad C
HIXKHMM PacCIOJIOXEHMEM UYepBAKa.

Vcrioslb3ysS TIOJIyUeHHHM 1o ¢opMmyJie (30) KIIJI, yTOUHSKT
BpallamyMi MOMEHT Ha YepBaKe
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MomHOCTBE Ha UYepBaKe

1.13.7 OnpeneneHue CUJI B 3allellJIEHUU

OxpyXHas CcuJjla Ha KojJlece (ocepad — Ha dYepBdkKe)

_ 2000T, _1000P,

H...(33)
dWZ Vg

th = Fxl

OxpyXHas CmJjla Ha dYepbBsaKe (oceBas— Ha KoJjece)

2000T, 1000R,
Fi=F,= q = vV
wi 1

B nmocnemHux o¢opmynax T, m Ty B HM; dyz ¥ dyi B MM;
P, m P; B xBT; Vo u Vi B M/C.

PammanvHad cuijaa Ha JepBAKe UM KoJiece

F.=F, - tgc....... (35)

r

Toe o yroJyi npodmis, PaBHBM 20°.

2 TIPOBEPOUHHY PACYET MEPEIAUM HA YCTAJIOCTb IIPU
KOHTAKTHHEX HAIIPAXEHMAX

2.1 Kod3bdmumeHT, YUMTHBALIMI MEeXaHUUYECKME CBOMCTBA
MaTEepPMAaJIOB COIPSXEHHOM UYepBAYHOM I1aPE

1 2E E
0,5
Zy =~ 12 . MI1a"*,...(36)
7 (1-v{)E,+(@Q-Vv;)E
rne E; u Ey; — MOOysM YHOPYyI'OCTM MaTepMaJiOB UepBAKa M BeEHIa
koJyeca, Mla;v: u v, — kKoadpdmumeHTH [lyacCoOHa.

[IpyMmeuaHme. g cTajau E1=2,O6'1O5 MIla, v1=0, 3; nmnsa
MaTepMraJIOB BEHLOB KOJIEC E, m v, B Tabsu.l.
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2.2 KosdpduimeHT, yudMTHBaOILUN QOPMYy [IOBEPXHOCTEM
CONPSAXEHHOM UYEepPBAYHOM IIapH.

Hina yepBdaka Z1:

2
Z, = € W .37

COS ¢, Sin y, COS ¥

Hia uepBaAKa ZA:

2
z,, = | 289" Zw (3g)
sin 2«

2.3 Ko2ddbMUMEeHT, YUMUTHBAWLIMY CYMMAapPHYI IJIMHY KOHTAKTHHBIX
JIMHUM .

Toe €, — KO30bMUMEHT TOPLOBOIO NEPEKPBITUS; Kg—
KO2QIUILIMEHT CpelHeI'0 M3MeHEHMS CYMMapHOM IOJIMHEL KOHTaKTHEIX
JIVIHUM .

Hrisa YEPBAYHEBIX Ilepenayd

3,9
Z5

£, =195— k. ~0,75...... (40)

2.4 KosdpdbuumeHT, YyUMTHBAKIMY YCJIOBHEM YIoJl oB®xBaTa,

roe 0 B Tpamycax.

2.5 YrTouHeHre ko3ddMLMEeHTA HATPY3IKU

[Io dopmysie (10) Z»njaIg OKOHUATEJILHOTO BHOPAHHOIO (J HaAWTU
0;n0 dopwmyse (9) maitm kg IOyg HOOJydeHHOTO O m
OKOHUYATEJIbHOTO Zy; O dopmyse (13) HamTtu ky opu
IEVICTBUTEJIbHOM CKOPOCTM CKOJIBXEHMS, BBEUMCIIEHHOWM 10
bopmysie (28); no dopmyse (8) HaAMTM YTOUHEHHEM KO3bOMIIMEHT
Harpysku K.
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2.6 VYTOUYHEHME IONyCKaeMoI'O KOHTAKTHOTO HalpPSaXeHUS

B 3aBMUCHMMOCTM OT BHOPAHHOT'O MaTepmualjla BeHlla kKojleca II0o
bopmysiam (14); (20) mnm (21) onpenmelMTb OKOHUYATEJIBHOE
OOoIyCKaeMoOe KOHTaKTHOe HallpsaXeHMe, IpeIBapUTeJIbHO
YTOUHUB KOB3QOmuMeHT Cy (Cv') mo CKOPOCTHU
CKOJIbXEHMS, BEIUMCJIEHHOM IO QopmyJsie (28).

2.7 IHDelCTBUTEJIbHEHE KOHTAKTHHE HalpAXeHUS

25,2 [KT,
d, \duw,

ocnw=~ZywilyZl.2Z4 <lol,..-Mlla..(42)

roe Zy B MI1a’ ° ; T, B HmM; dy1 m dy B MM.

CpaBHUB Oy U [Clyg M yuTa QaKTUUECKYK CKOPOCTBH CKOJIbXEHUS
B 3alenjieHun Vg, CIOeJlaTb OKOHUYATEJIbHEIM BEHOOP MaTepuaa
BeHlla KOJIeCa, YCTAHOBUTH TBEPIOCTH INOBEPXHOCTU U BUI
OKOHUATEJIbHOM 00paboTKM BUTKOB UepBIKa.

2.8 IlpoBepka ByObeB KoJIeCa Ha IPOYHOCTBL IIO
KOHTAKTHEIM HANPIKEHUAM .

[[poBEepKa MNPOMBBOOUTCS MPM OEMCTBUM HEYUTEHHHX [IMKOBBIX
Harpy30kK o dopmyJie

GHnuK - GH g [G]Hcmam ’

e Tomwx U Tp, — COOTBETCTBEHHO HamubOJIbUIMUM HEeYUTEHHEBM
IMKOBEM M MaKCMMaJIbHBIM PACUETHBIM MOMEHTE]; Oy — KOHTaKTHOE
HanpsxeHmue npu T, no dbopmysie (42); [Cly crar — HOpPpelesibHOE

OONYyCTMMOE KOHTAKTHOe HanpsaxeHme (Tadmn.l10)

Tabmauua 10

Marepras xojeca [Olns crar [O] rerar
OJIOBAHHEIE OPOH3H 4G+,
Be30JIOBAHHEE OPOH3H U 0, 8072
JaTyHU 2G5
Uy TyHE 1,5[0]u 0, 60p;
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3. TMPOBEPOUHHM PACUET 3YBBEB KOJIECA HA YCTAJIOCTb
[P M3TUBE

3.1 KondduiumeHT, yUMTHBAOIMUM CYMMapPHYK IJIMHY KOHTAKTHEIX
JIMHUMI,

_ COS yyy

Y
ga ké‘

&

€ U kg —cM. B m.2.3.

3.2 KonddMuUMeHT, YyUMTHBALIMM YCJIOBHBEIM yI'oJl oBxBaTa,

360°
Y. = feeneens 44
5T os (44)
roe 0 B rpamycax ( Tabus.8).

3.3 KosdpdbuumeHT, YUMTHBAIMM HAKJIOH 3y0a KoJeca,

/4
Y =1- 45
’ 14 )

0° "

roe Yy B rpamnycax (rabis.b).
3.4 Kosdduumeur dopmu 3y06a Yr.

BubupaeTcsa no rpabmuky (puc.3)

« o

Y, \\</

S XN
=N

fla‘ .
16 EQE*TQ::S:::“~f\H“‘“-
—— T
x=+1/ M
1.4 ‘Nhh

20 Yo 60 a0 00 26 M0

Jobucumocms YL omZ, . P
v =
Puc.3. cas3y
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B BaBUCHMOCTM OT KO3QIMuMeHTa cMemeHMS X M [IPUBEOEHHOTO
yycyga 3yObeB Zy

s, —_ %2
\ 3
Ccos” y
3.5 KosdpdmumeHT Harpyzku K
BepeTcsa Ha OCHOBAHMM PAaCUeTOB B MI.2.5
3.6 OmnpepmejieHMe OONyCKaeMBIX HaNpsXeHUM marmba.

3.6.1YcroBHEM Oa30BHM Hpelell U3TUOHOM BEHOCJIIMBOCTU
3ybbeB KoOJIeca

I OpOH3 M JIaTyHEM [IPpU HEPeBEepPCMBHOM HAarIpy3Ke

o =0140,, +0,440-,....Mlla

OJIg TeX Xe MaTepHualloB IPU PEeBEePCUMBHOM Harpy3ke

O =011c,, +0,350,...MIla
IOnsa uyTyHOB IIPUM HEPEBEPCUBHOM HATpPy3Ke

O = 0,430,....MI1a,

a IpU PEBEPCUBHOM

O =0,270,....MIla

3.6.2 KosddbuiimeHT ©e30NaCHOCTU:
njis OpoH3 u JgaryHew Sy = 1,75; nns uyryHoB Sy=2,0.

3.6.3 KoodpduumeHT OOJITOBEUHOCTU

K =9 h, ..... (46)
N e

rge Npo — 0asa MCIOBITAHUMN (Nm=106); Nrg — B2KBUMBAJIEHTHOE
UMCJIO LIMKJIOB HaATPyXeHuM 3yObeB KoJieca npu mu3rube.
[TostyuyeHHEM 110 dopmytie (46) xo3ddMLIMEHT HEe IOJIXEeH

BHIXOOMUTHL 3a npenejwi: 0, 54< Kep <1,1.
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OKBMBAJIEHTHOE UMCJIO LIUKJIIOB

N =26Ns.....(47)

CyMMapHOe uUMCJIO LUMKJIOB Ny onpeznesigeTrcsa no dopmyse (19).

KosddnumeHT 3KBMBAJIEHTHOI'O peXMMa

niy npm nij=n=const

o = 3T (1)’ (49)

max

O6o3HaueHMsa B dopmyJax (48) m (49) Te %xe, UuTO U B
bopmysax (17) m (18).

[lpy TUIIOBOM pexuMe HarpyXxeHus (puc.l) g MOXHO B3STb U3
Tabs.4.

3.6.4. Jomyckaemoe HaNpsaxeHue mu3aruba

[o]. = % K, ..MITa,.....(50)

F

3.7. Hanpsxenus usruba B 3yObax

o =Y. XYY Y ;A <l[olc.--Mlla,.....(51)

W1

rge Fi, B H; dyi mm B MM; O B Mla.

Ecnm B pesyJbTaTe pacueTa OKaXeTcd Or>[Cly, TO
CONPOTUBRJIEHME YyCTaJIOCTU 3yba Opu muarmbe MOXHO IOBHBICUTH
yBeNIMUEeHMEeM MOIyJia Nepenadu WM BHEOOPOM Oojiee MNPOYHOTO
MaTepmaljla KoJleca. B TepBOM CJjydae TpebyeTcs Iepepacuer
TEeOMETPUM Iepelaun.
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3.8. IIpoBepka 3yDObeBR KOJIeCa Ha IIPOYHOCTHL
npu msrmobe

HanpsxeHus m3rmuba B 3yObAX KOJEC NPpM HOEeUCTBUMU
HEeYUTEHHEIX [MKOBBIX HATUPY30K IOJIXHB YIOBJIETBOPATH YCJOBUIO

T
Orrmux — OF % =[clecnwmr----- G2)
2

roe Tomx U Tp, —COOTBETCTBEHHO HAMOOJLIMM HeyUTeHHBN
IMKOBEM M MAaKCMMAaJIbHBEIM PaCUYETHBEM MOMEHTEl, Op — HAIpaXeHMEe
nsruba npmu T, no dopmyse (51), [Glrcrar — CcM. B Tabu.10.

4., I[IPOBEPKA TEJIA UEPBAKA HA COIIPOTUBJIEHUE YCTAJIOCTU U
XECTKOCTB

Kaxk npaBmMJIO UYepBHAK BHIIOJHAETCSA 3alleJio C BajioM. JJsa
ofecrnedeHrsa CONPOTUBJIIEHMA YCTAJIOCTM M XECTKOCTM BaJa
UyepBaKa PEeKOMEeHIOyeTCs BHEOMPATh ero Ko30bMuMeHT IOuamMeTpa
g=0,25z,, 4YTO NPMHATO OJS CTAHOAPTHEIX Iepenau. Eciam
npuHaToe 3HaueHue g<0,212z,, UTO BO3BMOXHO Yy HECTaHIAPTHHX
UepBSYHEIX [Iepenad, TO BaJl depBAKa CJelyeT NPOBEPUTH Ha
YCTaJIOCTh UM XEeCTKOCTh.

4.1. IIporepka Ha yCTaJlIoOCThb

UepBAK MOXHO IIPeICTaBUTb KaK IOBYXOIOPHYH OalKy.
PaccTosHMe MexXOy OIlopaMM OKOHUATEJIbHO YCTaHaBJIMBALT IIPU
KOHCTPYMPOBAHUM IIepelauM: B IIPOEKTHOM pacueTe eI'0 MOXHO
npuHare L =(0,8..1,0)d,.

Ecnin 4yepBAK HarpyXeH TOJIBKO CMJlaMM B 3alelJIeHUM,
IPUJIOXEHHEIMM B €I'0 CepelMHe MexIy OoIlopaMu, TO
MaKCUMAJIbHEIY M3TMOa0IUNM YEePBSAK MOMEHT

I\/IH:\/(thjW1+ |:rL)2+( ) ... H - v .(53)

F.L
4 4

Hanpaxenme mn3rmuba
M, M,

W :Old3 ...MIIa.
U £

O, =

Hanp,cmceHM,q CXaTmda WMJIM paCTAXeHNUA

élF:tZ
O piosxy = >
i

..MIlla
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HanpaxeHusa KpydyeHMH

7 7
T kP A, 3
AVAVSS 0,2d7;

MITa

B nocrnenHmx detepex ¢opMmynax M, um T; B HwMmM;

Fio,Ft1 m Fr B H; L,dy;: m deses B MM.

[IpoBepka CONPOTUBJIIEHMA yCTaJIOCTM TeJjla 4YepBAKa
INIPOM3BOOUTCA IO BKBMBAJIEHTHOMY HAMNPAXEHMIO

oL = \/[au + O pey I +372, <[] ;...(54)

JonmyckaeMoe HalpaxXeHMe [C]-; ompeneysgeTcsa 0 dopMyJie

o
-1
[o]., = ..Mlla.....(55),
[n]. k.o
rrge O-1 — IIpeneJl BEIHOCIIMBOCTM MaTepMralla dYepbBdKa IIpur
3HAKOIIEPEMEHHOM LMUKJIe HaTrpyXeHusa B MIa; Kep — KO3OOMLMEHT

KOHLEeHTpalumum HaHpH)KeHMﬁ merain,

do
e Ko — KO3QOMLUMEHT BIAMSHUA aOCOJIIOTHBIX
pasMepoB, (Tabmn.1l1l); kr — KO30OMLMEHT, YyUMTHEBAOIMUN
NEPOXOBATOCTE MMOBEePXHOCTU (Tabis.l2); ks — »bbekTMBHEBIM

KO2bOMUMEHT KOHILEHTPpalUuM HanpsxeHuwn (Tabma.l13); [n]l-i -
OONyCKaeMEl 3alac NPOYHOCTM [IPM SBHAKOIEPEMEHHOM LUKJIIE
HarpyxeHus ( obeuHO [n]-1=1,5..2,0); ky — xondbdbuumenr,
YUMTHBAKIMY BJIMAHME YIPOUHEHMA pabouelr NOBepxXHOCTHU. [lpu
yepBAKax LEMEHTOBAHHBIX UM C [NOBEPXHOCTHOM 3akaJkoMm ky =

1,7..2,8. B sTuUX npenejax ky BOo3pacTaeT C yBeJIMUeHUEeM Kg.



-29-

Tabmauila 11

HanpsaxeHHOE
COCTOAHME U
MaTepua

3HaueHMe kg NPM IMaMeTpe BajJla, MM

20 30

40

50

70

100

N3Tmb nimsa
YITJIEpOOUCTOM
cTanm

U3Tmb nnsa
BEICOKOIIPOYHOM
JIETMPOBAHHOU
cTanm

Tabnuiia 12

Bup oOGpaboTky u 3HauyeHuda Ky IpU Op, Mla.
KJIacc
EPOXOBATOCTHU
NOBEPXHOCTH 400 800 1200
lnmudoBaHMUeE 1 1 1
R.0,32..R.0,16
ObTouka 0,95 0,9 0,8
R.2,5..R;0, 63
Tabauua 13
3HaueHmusa ke Opu Gp, Mlla
oy 400 500 600 700 800 900 1000 | 1200
Ko 1,45 | 1,80 1,95 2,20 2,30 2,45 2,60 2,90

4.2 TlpoBepKa XECTKOCTM Tejia uJepBaKa

Ecnamu YEPBAK HATI'PYXEH TOJIBKO CHWjiaMM B 3alellJIEHUN,

IPUJIOXEHHBEIMM B €I'0 CepelMHe MexIOy OollopaMy,
MaKCHMMAJILHE HPpOIuMO dYepBsAKa pPaBeEH

_LJR

2 2
1 + Fﬂ

y

48El

TO

<[v].. - rmnr...(56)




-30-

rone L B MM; Fogom Fre B Hy E — MOOysib yOpyToOCTM MaTepmalna
yepBAka B Mlla; I - ODPpMBEOEHHBM MOMEHT MHEPLMUM CEUEHUSA
yepBfAKa, OIpelensaeMell O Qopmye

7Kj?1 dal

| =~—"(0,4+0,6
64 d.,

).oomm®,

Honyckaemer nporut [y] =(0,005..0,01)m.

Ecnm mDeMCTBUTENBHEYM OpoTruMbO okaxeTcsa OoJiblle OONyCTUMOTIO,
TO XECTKOCTHb UepBSKa MOXHO I[IOBEICUTL YMEHBbIIEHMEM
paccToaHMda Mexny onopamm L (C ODPpOBEPKOM BCKU3O0M) WU
BEIOOPOM OOJibIETrO 3HAUYeHMd g (Tabn.4) m3 peKOMeHIyeMEX OJIg
IPMHATOTO MOOyJigd m. B »ToM ciiydyae HeOOXOOMMO CHOEJIAThb
HOBEIM pacueT IeoMeTpum M yTouHuTb KIIJI nepenaum.

5. TEIJIOBOW PACUET U OXJIAXIEHVE UEPBSYHHX [EPEJIAU.
5.1 TenynoBOM pacuyeT NIPM HENPEPEBHOM paboTe nepenadn.

[I[py YyCTAHOBUBIIEMCS TEIIJIOBOM pPexXuMe TeMIIepaTypa Macja He
OOJDKHA IIPEeBHIATH HOOMNYyCKaeMylo [t]=8Om9OOC IpU HUXHEM
pacrosioxeHmun udepbska u [t] =60..70°C - npu BepxHeM.

YcJjioBMEe HOPMAJIbHOTO TEeIJIOBOTO peXxmuMma

1000P, (1-77) _

ton =to + <[t],....(57)
KAQL+ )

roe P; — MOWHOCTL Ha udepBdAke B kKBT; m - KII nepenaumn;

Ty — MakcuMaJibHasg TeMIepaTypa OKpyXaolel cpelbl B

rpanycax lemnbcusa ( OOBIUHO MNPMHMMAIT Lo = 2OOC);

K- xo3ddmuMeHT Terjonepenauu B BT/M2'rpan;
A - cpofOonHasa NOBEPXHOCTH OXJIaXIeHMd KOopllyca lepenauu, B
KoTOpyl BkJouaeTcsa 50% nopepxHOoCTHU pebep, B M?;
Y — KOSQOMUMEHT, YUYMTEBAKIUM TEeNJIOOTBOL B (QYyHIAMEHTHYIO
[INTY WM paMy MammyHbel M goxonsaummy no 0,3 npu OpujleraHuMn
KOopIlyca Hnepenaum O OOJIbIWOM MNOBEPXHOCTM ( B pacueTax

MOxHO OBparte Yy =0,2.0,3).

KondduumeHT Tenjionepenaum NOpU OXJIAXIEeHUM 3a CUeT
€CTEeCTBEHHOM LUPKYJIALUMM BOBOyXa OepeTcs pPaBHBIM
K=8,5..17,5 Br/M’ Tpazn.; OGOJbIME SHAUEHMS NPMHMMAOT 1PN
XOpoumey LUPKYJAUUM BO3OyXa.

CBoBOOnmHad IJOWalb OXJIAXISHMSA KOpIlyca lepenaum Oes yueTa
[IOBEPXHOCTU pebep MOXeT OBITH oNpesejieHa 10 NPUOIMXeHHOM
dopmysie

A~ 20a; ,..m°...(58)
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Toe ay B M.

Ecam tyer > [t], TO HmOJIXeH OBTH NPEOYCMOTPEH OTBOXN
MBOBITOUHOT'O Telljla. J9TO HOCTHUIaeTCcs: 1) opebpeHUueM
Kopnyca; 2) opebpeHueM Koplyca C oDOyBOM €TI0
BEHTUJIATOPOM; 3) MNPOTOUHOM BOIOM, MNPOIyCKaeMo¥ I10
3MEEBUKY, IIOMEIEeHHOMY B MACJISHYK BaHHY.

OpebpeHue KoOpIlyca pelyKTopa I[NO03BOJISEeT YBEJIMUUTH
oxJlaxZaeMyl HoBepxHocThb Ha 30..40% m gBJIgeTCd OIOHUM U3
IOEeVMCTBEHHEIX IIYyTEeM YyCUIJIEHUS TEIJIOOTBOIa. VMCKYCCTBEHHBNM
oBOyB OCYUECTBJISETCS BEHTUJIATOPOM. KOTOPHM yCTaHaBJIMBAIT
Ha BaJly 4YepBfAKa. B sTOM cJjydae obnmyBaeMee pebpa pa3MelamnT
BIOOJIb IIOTOKa BO3OYyXa.

[Ipy oxJlaXOeHUM pelyKTopa BEHTUIIATOPOM YCJIOBUE
HOPMAaJIbHOT'O TEeIJIOBOTO pexXxuMa

t=t, + 1000R, (1—7) <[t],..(59)
» K A, +(A— ADK@A+y)

TOe IOONOJIHUTEJIbLHO K dopMmyJse (57)
Ky — xosdbduumeHT Tenjonepenaur C oOOyBaeMOM IOBEPXHOCTHU,
omnpenesigeMel 1o dopMmyJie

2 7
M “epao.
3meck ni; B MyH L.

Ap — IUIOWAIL MNOBEPXHOCTM KOpPIyca penykTopa, obnyBaeMas
BEHTWJIATOPOM. Bes yuera muomanu pebep mwomanb Ap IpPHU

OuaMeTpe KpbUlbYaTkM BeHTuaTopa D=0, 7d; npmbiamxeHHO paBHAa
2 2
AB z6a\/\/’lll.]‘4 ]

rge ay B M.

5.2 TenJjioBOM pacueT IIpU [Nepuomnueckoy paboTe nepenauu

[IpM TOBTOPHO-KPATKOBPEMEHHOM pexume padoTh, e€CJM BPeMs
HENPEPHIBHOM PaBoOTH M Mays3h MaJiO MO CPaBHEHMI C BPEMEHEM
pasorpeBa nepemauyr IO YCTAaHOBUBIIEWCS TeMlIepaTyphkl, TO B
NepBOM NPUOIMXEHUM TEIJIOBOY pacueT MOXHO BEeCTM TakK Xe,Kak
U TPV HEeNpepeBHOUW pafoTe, HO MO CPemHeMr MOIMHOCTU
BEIIIEJIAOMETOCS TEINJIOBOTO MOTOKA
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_1000P, (1 - 77)&

t., = <[t]....(60)
0 — -ww
yem KAQ+ )
3mecy & - OTHOCUTEJbHAS NPOIOJIXKMTEJILHOCTL Pab®OoOTH
rnepenadn

T
5=

roe Tp — BpeMmsa pabotTel; T — ofmee BpeMdaA, T.€. BpPeMA
PaboTH IJIC BpeMd Iay3 3a OOMH padboumy LUMKII [Iepenady WIn
34 Ipyryln eIVMHMIY BPEeMEeHM, HalpuMep, 3a uYac.

IO TAXeJIO HaTPpyXEeHHBIX UYepBAYHHIX [epenad, paboranumx C
OJIMTEJIbHEIMM OCTaHOBKAaMM, BO BpPeMS KOTOPEHIX llepenada MOXeT
OCTEITH, PaCUeTOM OIpenesignT HOOIyCTHMMOE BPEeMs HeIPEePBIBHOM
PafboTE 0O IOOCTMXEHMSA MacCJIOM I[IPpenNeJIbHOM TeMIlepaTypsl

T' _ (Canm.+-ckrn2)élm
"™ [1000P, (1—7) — KAAt_(1+y)]1800"

yac..(61)

roe C; — TemJIoEMKOCTH MeTajjla Kophnyca nepemauu ( Ojs
yyryHa Ci=500 Ix/xr -rpam.);

C, — TeroéMkocTh Macjya ( Cp,=1700 Ix/xr - Tpam.);

m; ¥ m; — COOTBETCTBEHHO MaccCa KOoplyca Iepemaur M Macca

MacJjla B KI'.;

Aty — cpenHas m3OLITOUHAS TeMIepaTypa Macia, onperejiseMas
no odopmyJie

at =LH=E
T2

[IPOOOMXUTEJILHOCTE IIepepEBa, HEOOXOOMMOTO IJiS OCTHEBAHUA
Macia,

T Cm +C,m,
T 1800KAML+yw)

yac....(62)
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6. OCOBEHHOCTV MPOEKTMPOBOUHOT'O PACUETA UYEPBAUHON
[IEPEJAUNM II0 HAMNPAXEHVAM UI3TVBA B 3YBBAX KOJECA

ﬂﬂﬂ UEPBAYHBEIX IIepelad C OOJIbUIMM UM CJIOM 3y6beB, PYYHEIX U
OTKPEBEITEIX HpOGKTMpOBOHHHﬁ pracueT BeﬂéTCH 10 HaAlIpAXEeHMAM
usrmba B 3yObSIX KoOJIeca.

6.1 OnpenesieHre MOOYJIS 3allellJIeHUS

KT,Y.

222[0],:

m =18,53 oo MM...(63)

roe T, B HMm; [o]r B Mlla.

BuiOOp M omnpemnejieHMe BeJIMUMH, BXOOAmMX B bopMyJly (63):
T, —n 1.1; [olrp — n.3.6; 2z, — n.1.3; Y — n.3.4 us puc.3,
[IPUHSAB x=O,yleO U ONpemesMB NPeaBapMUTeJIbHO zV=zz/cos3y;
k — m.1.11.

[lonyyeHHOEe BHaueHMe MOOYJIs OKPYIJISIT OO OJmxanmero
OoNblIeTO CTAHIAPTHOTO 3HaueHus (rabi.3).

6.2 BelObOp g ¥ OIpeneJieHVe MEeXOCEBOT'O PaCCTOSHUA.

[lpenBapuresnbHo npuumMannT g=0,25z,, a OKOHUATEJILHO J
BEIOMpAanT 10 Tabjg.3 B 3aBUCHMMOCTM OT M.
MexoceBOe pPacCTOSHME OonpeneysoT o dbopmyse

- m(z,+q)
= 5 .....(64)

[Ipy DPOEKTUPOBAHUM CEPUMHEIX YEpPBAUHBIX Iepenau
[IOJIydeHHOE ay OKPYIJISIT OO0 Oamxanumero craHzapTHoTro mno I'OCT
2144-76 (m.1.13.1).

ﬂHH HeCTaHIOapTHEIX YEPBAYHEIX IIepernad a, OKPYIUJIAKT OO
LIeJIOTO umMcJjia C OKOHuaHmem Ha 0 wmim 5.

HabHeVIMM pacueT [Iepelaur NPOM3BOOMUTCS COIJIACHO
nyHikraM 1.13.4..1.13.6.

6.3 [IpOBEpPOUHHM pacueT 3yObeB KoJjieca Ha muarTub.

STOT pacueT OPOMBBOIAUTCS C LEJIb BBEUMCIIEHUA
IEeVICTBUTENOHEX HaNpsaxeHuy m3rmuba B 3yObdAxX Kojieca, KOTOpPHE
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IIO3BOJIAT OKOHYATEJIbHO BbI@paTb MaTepmaJsl KoJiecCa.

OnpeneneHue OfF CM. B pasneye 3.
6.3.1 [IpoBepka 3yDObeBR KoOJIeCa Ha IIPOYHOCTL IO UI3TUDY
CMoTpu m.3.8.

6.4. IIpOBEpPOUYHEM pacueT 3yObeB KoJleca 10 KOHTAaKTHEM
HallIpAXEeHVAM.
CMoTpHM mI.2.
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