OIlA.®.02.04 AETAJIM MALIIUH
HEPEJAYU YEPBAYHBIE HUJIMHAPUYECKUE
PACYHET U IPOEKTUPOBAHUE
Meroauueckoe mocoOue K KypcoBOMY POEKTHPOBAaHUIO

PaccmoTpeHbl BOMPOCHI NPOYHOCTHOW HaAEXHOCTU YepBAYHbLIX nepeaad.
[(MaBHOE BHUMaHWE yaeneHo pacyeTy YepBsYHbIX LNMHAPUYECKUX nepenad
Ha NMPOYHOCTb, M3HOCOCTOMKOCTbL W TEMMOCTONKOCTb. MprnBoaaTcsa Heobxoau-
Mble CMpaBOYHble Martepuanbl. [aHbl pekomeHgaunn Mo MNPOEeKTUPOBAHMIO
hetanen nepeaad.



BBEAOEHWUE

UepBsaYyHOE 3auenneHne OTHOCUTCH K Ymcny 3yB64aTo-BUHTOBOIO U NpuMe-
HseTCsl B OOMNbLUMHCTBE CriyyaeB ANS CHWKEHUSA CKOPOCTU U nepenayvv OBu-
XeHna Mexay nepekpeLLmBaoLMMucy Banamum.

OcHogHbIMU OOCMOUHCMBaMU YepBAYHON Nepenayun ABNATCH BO3IMOX-
HOCTb MOMy4YeHUs B OL4HOW YepBAYHOW nape GOonblIOro nepeaaTtoyHOro Ymc-
na, TOYHbIX AeNUTerbHbIX NepemMeLleHnn, a Takke NNaBHOCTb, 6eCLIYMHOCTb
paboThbl.

Hedocmamku 6onblUMHCTBA YepBAYHbIX nepenad: Hu3kun K, kotopbin
BedeT K OonblOoMYy TenmnoBblAENeHNo, HeOBXoOMMOCTb NPUMEHEHNA ANnd
YepBAYHbIX KONec JOPOroCTOAWMX aHTUPPUKLNOHHBIX MaTepuarnos.

Haunbonbluee pacnpocTpaHeHe MOnyyYnnu YepBsAYHble nepefayn ¢ uu-
nuHapuyeckuMmn Yepssikamu. B 3aBncumocTn oT opmbl npodunsa BUTKOB
LUUNMHOPUYECKOrO YepBska pasnuyarT nepefadnm ¢ apxumenoBbiM ZA, KOH-
BOMOTHbIM ZN, 3BONbBEHTHbIM ZI 1 apyrnmu depssakamun. dopma npodumng
YyepBsika Npy OOMHAKOBOM KavyeCTBE M3roTOBMEHWUS Mano BrvsieT Ha paboTo-
CnocoBHOCTL nepenayn. Beibop npoduns onpegensaerTcs NPenMyLLIECTBEHHO
TEXHONOrM4Yeckumn paktopamu.

1. UCXOOHbIE AAHHBIE

B kauyecTBe UCXOOHbLIX AAHHbIX NPV MPOEKTUPOBaHUN YePBAYHbIX Nepe-
[ay 3agaeTcs pacyeTHas MOLWHOCTb P, Ha Bary YepBsSIYHOrO Koreca B KBT;
YacToTa ero BpalleHns n,, MUH '; Tpebyemoe nepegaToyHoe uncno — U;
pecypc nepefaum -L,, yac; pexum pabotbl. [Ana Hanbornee pacnpocTpa-

HEeHHbIX NepeMeHHbIX PEXMMOB 3KCNyaTtauunm nepenad 3agaetcAd 3akKOH U3-
MEeHEeHNA KpyTAaLwlero MmomMmeHTa T2 Ha Baly Koneca no BpemMmeHun B Bnae LUukK-

norpammel (puc. 1), rae k;=(Ty; /Ty ) — KOI(PPULUNEHT YPOBHA HArpy3Ku no
OTHOLUEHWNIO K MakcMmMmanbHOW AnuTenbHO Aenctseytowen (7, ), NPOAOIIKU-

TENbHOCTb AENCTBUSA KOTOPON cocTaBnseT bonee 3 % CyMMapHOro BpeMeH!
pabotbl L,; t;=a,-L, — BpeMa paboTbl nepedaym ¢ 3agaHHbIM YPOBHEM

Harpysku; o; — 4Ons BpeMeHn paboThbl C 3TUM YPOBHEM Harpys3ku.
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Puc. 1. LUnknorpamma Harpysku Ha YepBAYHOM Konece

2. OCHOBHbIE NAPAMETPbI YHEPBAYHOW NEPEOAUM
2.1. NepepaTto4Hoe 4yncno

HenctBnTensHoe nepeaaToyHoe YMCIo YepBAYHOM nepenaydn
u'=n1/n2=22/z1, (1)
roe nq — YacToTa BpalleHVs Bana YepBska, MAH ', z; — YNCIIO 3aXOf0B Yep-
BSKa; z,— 4YnNCNO 3ybGbeB YepBAYHOro Koneca.
OTKNoHeHne nepegaTtoyHoro ymMcna AU cnpoekTMpoOBaHHOW nepefadn ot
Tpebyemoro He JOmKHO npeBbiwaTth 4%:

u—u'

Au= 100

<4 %. (2)

u

B cunoBbix nepenadax Hanbonee pacnpocTpaHeHbl NepeaaToyHble Ymicna
U ot 8 po 80; B oTAenbHbIX criydasax (B KNHEMaTUYECKMX nepegadax) U goc-
Turaet 1000. MNepegaTtoyHoe YMCNO YEPBSYHbLIX PeAyKTOPOB CTaHO4apTU30Ba-
Ho no NOCT 2144-93 [1] (cm. Tabn. 1). lna nepegay nHaMBMayanbHOro Npo-
N3BOACTBA 3TO yCroBMe He obA3aTenbHo.

Tabnuua 1
lMepenaToyHble YMcna YepBAYHbIX PEOAYKTOPOB

1 psg 10 [12,5] 16 | 20 | 25 |31,5]| 40 | 50 | 63 | 80

|00

2 pag 11,2] 14 | 18 [22,4| 28 |[355]| 45 | 56 | ™1




2.2. Yncno 3axonoB YepBsKa

YBenuyeHvne yncna 3axonoBs vepBska z4 nosbiwaet Kl yepssayHom napsl,

HO YCIOXHAET TEXHOMNOINI €€ N3roTOBNEeHNA N yBenmdmneaeT ra6ap|/|Tb| nepe-
aaydn. Yucno 3axogos YyepBdKka Ond CUINOBbIX nepeady Ha3Ha4YakwT B 3aBUCU-

MOCTM OT rnepefaTtodHoro uucna: zq = 4 npu U = 8...15; z; = 2 npm
u=15...30; z; =1 npn U > 30; z, = 3 cTaHOAAPTOM He NpeayCMOTPEHO.

2.3. YUncno 3ybbeB 4epBAYHOro Kosneca

Uncno 3ybbeB 4epBAYHOro koneca onpeaensertca no gopmyne
Z2 = Z1 ‘Uu. (3)

|-|pl/l GonbLUNX nepenaToYHblX Yncnax nornyyvyarT BonbLioe 4mcno 3y6beB
Zo W, KaK crneacreune, BonbLioe paccTodHmne mMexay onopamMm 4YepBdKa, 4YTo

YMEHbLUAET €ro }ecTKOCTb 1 NpMBOANT K BonbLuon aecdopmaunn Bana.
MuHMMansHoe Yncno 3yObeB KOMEC z,min BO BCNOMOraTesbHbIX KNHEMaTU-

YeCKMX Lensix npu ogHO3aXx0O4HOM YepBsaKe NMPUHMMAKT U3 YCIoBUS Henoape-
3aHMA HOXKW 3yBa z,min = 17...18; B cunoBbIX nepegayax z,mn = 26...28. On-

TUManbHoe 4ncno 3ybbeB z, = 32...63 (He 6onee 80).
2.4. KoachcpuumeHT nonesHoro AeMcTBuUA 7
KMO depBsYHbIX nepeday HWXKe, YemM ApYrux MeXaHwdeckux nepenad.
HaunHasa npoekTHbIM pacdeT nepeaayn, MOXHO OPUEHTUPOBOYHO NPUHATL
n ~0,9 (1-u/200) (4)

UnNu No pekomeHgauumn Taon. 2
Tabnuuya 2

OpveHTnpoBoyHoe 3HaveHne Kl yepBAYHbIX pegyKTopoB

Uncno 3axonos 1 2 (3) 4
YyepBsKa z,

n'= nsnonpne 0,70 ... 0,751/0,75... 0,83 (0,82 ...0,87 [0,87...0,9

[Mpumeyanue. s 1Mo, My Ne — KOIPPUUMEHTBI, YUNTLIBAKOLLME COOTBET-

CTBEHHO MOTEPW MOLLHOCTW B 3auenneHun, onopax, Ha pasbpbi3rvBaHve U
pas3MmeLLVBaHne CMasknu 1 Ha NPUBOL BEHTUNATOPA (ecrnv OH npenycMoTpeH
KOHCTPYKUMEn).



2.5. leomeTpusi 4epBAYHOMN Nepenavu

OcCHOBHbIMM MapameTpamun nepefadv ¢ LUUNUHOPUYECKUM YepBAKOM [2],
pernameHTmupoBaHHbiMn [[OCT 19650-74 n onpegensawWnMU ee pasmMepbl,

ABMNATCH: OCEBOM MOAYMb — /M; YACIO BUTKOB (3aX040B) YepBsKa — z4; YMC-
1o 3ybbeB Koneca — z,; KoadpdUUMeHT anameTpa Yyepssika — q.

Tak kak yBenuyeHue q npuBoauT K ymeHbleHuno KM, a ymeHblueHne —
K NageHuio U3rmbHOM XKEeCTKOCTM YepBsika, peKoOMeHOyeTCs NpuHMMaTh B CU-
NOBbIX Nepeaayax

q ~(0,212...0,250) z, . (5)

UepBsayHble Koneca Hapes3arlT MHCTPYMEHTOM, siBnsiowmmca no ¢opme
aHanorom 4yepBdka. Tonbko hpesa Ana Hapes3Ku YepBSAYHOrO Koreca mmeet
PEeXYLUME KPOMKM M HapY>XHbI AnameTp Oornblue Ha LBOVHOW pasvep pagu-
anbHOro 3asopa B 3auenneHun. B uensax yHudpmkaumm ayboobpabaTbiBatoLLe-
ro MHCTPYMEHTA 3Ha4yeHnst koadpmumeHTa gnameTpa YyepBsaka g u mogyns m
ctrangaptusoBanbl [OCT 19672-74 [3] (cm. Tabn. 1.3).

MexoceBoe paccTosiHue nepefavv a, ONpPeaensoT pacvyeToM Mo cooT-
BETCTBYIOLLEMY KpUTEPUIO paboToCnocobHOCTH (CM. pa3sgen 4) n NpuHUMaroT
anga ctaHgapTHblx pegyktopos rno NOCT 2144-93 (cm. Tabn. 4), a ona peayk-
TOPOB NMHAMBUAYaNbLHOro nponssoacTea — n3 paga R, 40 FOCT 6636-69: 56;
60; 63; 71; 75; 80; 85; 90; 95; 100; 105; 110; 115; 120 n ganee 4epe3 10 go
260 n yepes 20 go 420 mm.

Tabnuuya 3
3HaueHunsa koappuumeHToB JuameTpa Yyepssaka q
(FTOCT 19672-74, TOCT 2144-93)
1 psg 6,3 8 10 12,5 16 20
q 2 pag 7,1 9 11,2 14 18 22,4
Tabnuua 4

MexxoceBble paccTosHnsa a,, cTaHAapTHbIX peayktopos (FTOCT 2144-93)

1psg |40 |50 |63 |80 | 100 | 125 | 160 | 200 | 250 | 315 |400

2 psag 140 [180 | 225 | 280 | 355 |450

OpI/IeHTI/IpOBOque 3Ha4YeHne oceBoro moayns
m,zzavv/(q+22) g (6)

OkoHyaTenbHbIM BbIOOP 3HayeHnd M, g W z; COMMAacoBbIBAOT MO
FOCT 2144-93 (cm. Tabn. 5).



Tabnuuya 5
PekomeHayemble codeTaHma 3HadeHnn moayns, kKoadmuneHToB
anamMeTpa YepBsika 1 Ymcna 3axoqoB YepBsika

F’eKOMGH,D,yeMbIe covyeTaHnd D,OHYCKaeMble coyeTaHnd
m, mm q Z4 m, mm q Z4
2.0: 2.5; 2 12
315
3,15 1810 12,5; 25 12 N
4.0: 5.0: 650 1:2: 4
3 10: 12
8:10; 12,5; 10:
6.3 14: 16: 1:2: 4 35 e 1
20 :
8.0: 10; 8: 10: 4 9: 12 “f;“
125 | 12,5:116: 20 - 5T o
. | 810,125 7 12
16 12 10 12
20 8- 10 14 8 2

OT1cTynneHne oT cTaHOapTHbIX 3HaYeHU M, q, z4, OOMYCKAETCA B OTKPbITbIX
nepegayax u Npu NPOEeKTMPOBaAHUN CaMOTOPMOS3SALLMX YEPBAYHbIX Nepeaau.

Mpn BbIOpaHHbLIX 3HAYEeHUSX M U q OEACTBUTENbHOE MEXOCeBoe pac-
CTosiHME g, B ObOLLUEM criyyae MOXET He COOTBETCTBOBATb paHee NMpUHATOMY.
Ana «BnucebiBaHWs» B cTaHZapTHoe a, (B Uensax yHUMKaumm KOpryCHbIX
aetanen) YepBAYHYK nepenady BbINOSHAKT O cMmeleHneM. KoapdpuumneHnt
CMeLLEeHNs X NCXOOHOro KOHTypa

X=[a,-05m(q + z,)]/m . (7)

Mo ycnoBuio HemoapesaHust U He3aoCTpeHuss 3y6beB Koneca 3HayeHue
ko3dpprLUMEHTA CMELLIEHNS AOMKHO HAaXO04MTbCA B nNpeaenax:

-1 < X<+,

Ecnun a10 ycnoBune He BbINOMNHAETCS, TO crieqyeT BapbMpoOBaTb 3HAYEHWS-
MW Q U z,. [lpn 3TOM z, peKoMeHAyeTCs yBenuuMBaTb UMM YMEeHbLuaTb Ha
1, 2 3yba, 4TOObLI HE NPEBLICUTL AOMYyCKAeMOe OTKIIOHEHWE NepenaTovHOro
dncna A u <4 % v 3HadyeHue § B npegenax, ykasaHHbiX B (5).

[Ana HasHavyeHHbIX OCHOBHLIX MapameTpax reoMeTpuyeckue pasmepbl
3MEeMEHTOB 3auenneHnsa nepegadm (puc. 2) onpegenswoT no gopmynam,
npvBeAeHHbIMU B Tabn. 6.



Puc. 2. T'eomeTpuyeckne napameTpbl YepBAYHOM Nepeaayn

Tabnuuya 6

[eomeTpryeckne napameTpbl YEPBAYHON Nepenayn

HanveHoBaHue PacueTtHasa doopmyna
YepBsk
HenutenbHbii AnameTp dy=gm
HavanbHbI gnameTp dy1 =m(q + 2 x)
HdnameTp BEPLUMH BUTKOB d = di+ 2m
[vameTp BNnagnH BUTKOB dy = d;— 2,4m
[nvHa HapesaHHOM yactu uep- | b1 = +Zy)m+c,

BAKa

rae ¢ = 0npux <0; c =100m/z; npu x > 0

[enutenbHbin
NINHMN BUTKOB

yron nogbema

y = arctg (z4/q)

BeHeL 4epBA4YHOro Kosneca

[enutenbHbln gnameTp

d2 = dwz = Mz

HAnameTp BepLUMH 3ybbeB

da2:d2+2m(1 +X)

Hanbonbwunn gnameTp koneca

dyo < daz+ 6m/(z,+ 2)

OunameTp BnaguH 3ybbeB

df2 = dz — 2m(1,2 —X)

LUnpuHa BeHua

b, =0,355a,, npuz,=1;2
b, =0,315a,, npuz,; =4




OKkoHYyaHue mabrn. 6

HanmeHoBaHue PacueTHasa cdopmyna

Paguycbl 3akpyrneHuns 3yobLeB R, =05d,—m
Rf = 0,5d1 +1,2m

YcnoBHbIN yron obxeaTa 4epBs- | 26 = 2arc sin [bo/(d g 1— 0,5m)]
Ka BEHLOM Koreca

2.6. TOMHOCTb U3roTOBINEeHUsA

HopMbl TOYHOCTU YEPBAYHBIX LMAMHAPUYMECKUX Mepedad pernameHTupo-
BaHbl [OCT 3675-81, koTopbin npegycmartpvsaeT 12 cTeneHen TOYHOCTW.
CrteneHn ToYHOCTU 3...6 pekoMeHAYHT ANA nepeaad BbICOKOW KMHeMaTuye-
CKOW TOYHOCTK, a 7...9 — 4ns cvnoBbIX Nepegad (cMm. Tabn. 7).

UepBsuHble nepegadn bonee 4yBCTBUTENbHbI K MOrPELLIHOCTAM MOHTaXxa.
OceBoe cMelLeHne YepBAYHOro Koreca 1 HebonbLUne N3MEHEHUS MEXOCEBOr0o
PacCTOSHUSA CYLLLECTBEHHO BIIUSAKOT Ha XapakTep pacnpeeneHust Harpysku ro
AnviHe 3yba. [osTomy ycTaHaBnmuBaloT boree XecTkMe JOMYCKU Ha MeXoceBoe
pPaccTosHME M MOSIOXEHNE CpedHen NOCKOCTN Korneca OTHOCUTENbHO YepBsika.
B KOHCTPYKUMSIX YepBAYHbIX Nepeaad criegyeT npegycMmaTtpuBaTtb BO3MOXHOCTb
PeryrnvpoBKN NOMOXEHUS CpeaHen NNOCKOCTU Korneca OTHOCUTENBHO YepBsiKa.
[Mpn MOHTaXXe 3TO NOMOXEeHME NPOBEPSIIOT MO NATHY KOHTaKTa.

Tabnuuya 7
CTeneHb TOYHOCTU U3FOTOBMNEHUS YEePBAYHbBIX Nepeaad
CkopocTb O6nacTs
CTteneHb TOYHOCTU | CKONbXEHUA O6paboTka getanen
nNPUMEHEHUA
vs, M/C
UepBak uemMeHTupo- | [lepegaym  cTaHKoOB
BaH " 3akarneH, | cpegHen  TOYHOCTW.
wnndgoBaH n nonu- | CKOpOCTHbIE  nepe-
6 oBaH. Koneco Hape- | naum erynsatopos
Cebiwe15 |P pe- A pery P

(BbICOKOTOYHbIE) 3aetca wnudosax- | ABUratenemn
HbiMU (ppesamn. Pe-
KomeHayeTca obkar-
Ka noJ Harpyskom

To xe. lNpu otcyTtcT- | [epegaun ¢  nNoBbI-
BMM YNCTOBOM OTAEN- | WeHHbiMn  TpeboBa-
Ho 10 kKn obkaTka nog Ha- | HMSMu Kk rabaputam m
rpy3kon obasatenbHa | MOBLILWEHHBIMA  CKO-
pocTamMu

7
(ToYHbIE)




OkoHYaHuUe mabn. 7

CteneHb Sl .
TOUHOCTH CKOMNbXeHNs O6paboTka getanemn O6nacTb npyMeHeHns
LS, M/C

8 To e, HO gonyckaeT- | CpegHeCKOPOCTHbIE
(cpeaHeit o5 CA  HewnudoBaHHLIN | Nnepedayn co cpea-
4yepBSK NMpU TBEPAOCTM | HUMK  TpeboBaHNAMMN

yeRleet) He Gonee 350 HB K rabaputam, Lwymy

9 UepBak He wnugyeT- | HeoTBETCTBEHHbIE
(NOHIKEHHON Mo 2 cd. Koneco HapesaeT- | nepegadn, HU3KOCKO-
TOUHOCTH) cs1 NtoObIM CNOCOOOM | POCTHBIE U C PYYHBIM
npuBOAOM

3. MIPUYNHBbI BbIXOOA U3 CTPOA YEPBAYHbLIX NMEPEOAM.
MATEPUWAIbI

OCHOBHbIMM NPUYMHAMM BbIXOAa U3 CTPOS YEPBSAYHbBIX Nepeaay SBnAwTCA
3aefaHune, N3HOC 1 NOBEPXHOCTHbIE pa3pyLueHns 3ybbeB Koneca.

3aenaHve ocobeHHO onacHO, ecrnv Koneca M3roToBneHbl U3 TBepabiX Ma-
Tepuanos (anioMUHMEBO-Xene3ncTble BPOH3bl, YyryHbl). B aTom cnyyae 3a-
eflaHne NPoUCXOOUT CO 3HAYUTENbHLIM MOBPEXAEHUEM MOBEPXHOCTU U MO-
cneaywowmm BbICTPbIM M3HOCOM 3yObeB Korneca Yyactuuamy martepuna, npu-
BapuBLLMMUCA K 4YepBsKy. [pu Msarkux matepuanax Kornec (OnOBSAHUCTblEe
B6poH3bl) 3aefaHue HabnaaeTca B MeHee onacHon opme: matepuan Kone-
ca (bpoH3sa) «HamasblBaeTCsa» Ha YepBsiK.

YcTanoctHoe BbikpaluMBaHue HabnwpgaeTcs rnasHbiM 0OpasoM B nepena-
Yyax C kornecamu, N3roTOBMEHHLIMU U3 BPOH3, CTOMKNX NPOTUB 3aeaaHus.

N3HoC orpaHndmBaeT cpok cnyxbbl GonblunHeTBa nepegad. OH O4eHb CUmb-
HO 3aBUCUT OT YCMOBUIA N Ka4eCTBa CMa3Kn, TOYHOCTU MOHTaXa, LLIepPOXOBaTOCTH
MOBEPXHOCTM YepBsika. Bcneacteme aToro matepmansl YepBSAYHOW Napbl AOMKHbI
obnagatb N3HOCOCTOMKOCTBHO, MOHWKEHHOW CKMOHHOCTBLIO K 3aeaHunio, XOpoLLew
NprpabaTbiBaeMOCTbLIO 1 NOBbLILLEHHOW TEMNOMPOBOAHOCTLIO.

YepBsIKM COBpPEMEHHbIX Nnepeaay N3roToBnaT U3 YrnepoancTbIX Unu ne-
rMpOBaHHLIX cTanen. Havnyywee kayectBO paboTbl YEpBAYHOM nepepaydv
obecneunBaloT YepBSKU, N3rOTOBMEHHbIE U3 LEMEHTMPYEMbIX CTanen Mapok
15X, 20X, 12H3A, 18XI'T, 20X® ¢ TBepaocCTbio nocne TepmoobpaboTkm HRC
58...63 wnn cpenHeyrnepoaMcTbiX W NErmpoBaHHbIX CcTanen Mapok
45; 40X; 38XIH; 40XH ¢ noBepXxHOCTHON mnNn 06 beMHON 3aKankon 4o TBep-
poctn HRC 50...55. Mpu aTom Heobxoamma BbiCOKasA CTENeHb Krnacca Lepo-
X0BaTOCTM paboumx MOBEPXHOCTEN YepBsKa, KoTopas gocTuraeTcs wnmgo-
BaHMeM W nonupoBaHueM. Takue 4epBskn obecnevyvmBardT MEHbLUNA U3HOC
pabounx noBepxHocTen 3ybGbeB Koneca, 6OMbLUYK CTOMKOCTb NPOTUB 3aena-
Husa 1 6onee Bbicokmn KIM.



UyryHHble YepBSKM, NMPUMEHSIIOT B TUXOXOAHbIX BCMOMOratenbHbIX U Ma-
NOHAarpyXeHHbIX nepeagayax.

BeHubl YepBAYHbIX KONec BbLINOMHAKT M3 aHTUPPUKLUMOHHLIX MaTe-
prnanoB. Bce npumeHsieMble OnNsi YepBSYHbIX KONEC MaTepuarnbl MOXHO YC-
NOBHO pas3genuTb Ha TPW Trpynnbl B 3aBUCMMOCTM OT UX CKIOHHOCTM K 3a-
efaHuto (cm. Taon. 8).

Tabnuuya 8
MexaHunyeckne XapaKTepunucTtnkn martepmnanonB
BEHLa 4YepBSA4YHbIX KONnec
[pynna Matepnan Cnoco6 | MexaHuyeckune xapak- | CKOpPOCTb CKOSb-
OTIIUBKN Tepuctuku, Mla XeHus L, M/c
op 2% S:)74
bp 010H1®1 L, 285 165 <35
bp 01001 K 275 | 200 <25
3 230 140
1 Bbp 05L15C5 K 200 90 <25
3 145 80
Bbp 06L43C 3 180 90 <12
K 200 90
bp Cy7H2 - 180 - <25
Bbp A9XK4 3 400 | 200
K,LL | 500 | 200
Bp A10’K4H4 L, 700 | 460
2 K 650 | 430
Bp A10XK3Muy1,5 K 550 | 360 <5
3 450 300
Bp A9XK371 L 530 245
K 500 | 230
3 425 195
JIL{23A6K3Mu2 L, 500 | 330
K 450 | 295
3 400 | 260
JILI58Muy2C2 3 340 140
JILI58My202C2 3 500 | 380
C4y 18 3 355 <2
3 C415 3 315 <3
CY 12 3 280 <3

MpumeyaHue. MNMpuHATbIE 0603HaYEHNS CNOCOBOB OTIIMBKU:
Ll — ueHTpoGexHbIn; K — B kOkunb; 3 — B 3eMni0.
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Mpynna 1. OnoBsaHUCTbIE BPOH3bLI C NPEAENIOM NPOYHOCTN HA pPacTsKeHne
He 6onee 300 MlMa. 3Tn BGPOH3bI OTNIMYAKTCHA XOPOLUMMMK NPOTMBO3AANPHbI-
MU CBOWCTBaMMW, HO Bcrneacteve AedUUMTHOCTU U BbICOKOM CTOMMOCTU UX
cnegyeTt NPUMEHATbL B OTBETCTBEHHbLIX BbICOKOCKOPOCTHBLIX Mepefayax npwu
CKOPOCTSAX CKOMbXeHus v, oT 6 Ao 25 m/c. MNpun oTnmneke 3TMX BPOH3 B Me-

Tannnyeckne opmbl (KOKAMNb) UM LEHTPOOEXHBbIM CNOCOOOM X MExXaHu4e-
CKMe CBOMCTBA ynyyLuarTcs.

Mpynna 2. be3onoBaHUCTLIE BPOH3bI M NAaTyHW C NPeaernom NPOYHOCTU Ha
pactshkeHun 6onee 350 MlMa. 3t maTtepmanbl MMEKT XOpOoLLUME MexXaHn4ve-
CKNEe XapaKTepuUCTUKK, AelueBre OonoBsHUCTbIX BpoH3. Ho obnagarT xyawm-
MU aHTUPUKLUOHHBIMA CBONCTBAMU N MOITOMY MPUMEHSAKTCA MNPU CKOPO-
CTAX CKONnbXeHusa ao 8 m/c.

Mpynna 3. OTHOCUTENBHO MArKME cepble YyryHbl. [IpuMeHeHne aTnx ma-
TepnanoB pekoMeHayeTca B npedenax HebonblOW MOLLUHOCTM C PYYHbIM
NpMBOAOM Mpu v, A0 2 M/C.

BbiGop Mapku MaTepuana 4epBAYHOro Korieca (BeHua) npoun3BodsaT B
3aBMCUMOCTM OT CKOPOCTU CKOMBbXEHWS, KOTOPYH, HAYMHAsi MPOEKTHLIN pac-
4yeT, MOXXHO OPMEHTUPOBOYHO onpeaennTb nNo opmyne:

v, =(3,7...4,6)107 ny T, , (8)

roe T, = 9,55 - 10° P, / n, — kpyTAWMIA MOMEHT Ha Bany koneca, Hmm.

4. JONMNYCKAEMbIE HAMNPAXEHUA

OcobeHHOCTM BbIOOpa AoNyCKaeMbIX HaNPsKeHUN ANS YepBSYHbIX nepe-
[ay CBsi3aHbl C PA3NIMYHOM CKMOHHOCTBI MaTepmanoB K yCTanoCTHOMY pas-
PYLIEHUIO, 3ae4aHuNI0, N3HOCY, C OTHOCUTENBHO ManbiMK YacToTamun Bpalle-
HWS1 KOMeC M BbICOKMMMK CKOPOCTAMM CKONbXxeHus. Tak, Hanpuvep, B nepeaa-
yax C Komecamm M3 ONOBSHMUCTbLIX OPOH3 pPaboTocnocCOOHOCTL OrpaHMyeHa
KOHTaKTHOM MPOYHOCTbID, @ B nepefadax ¢ kornecamm n3 6e30noBAHUCTbIX
OpPOH3 1 YyryHa — 3aegaHneM.

[donyckaemble HanpsKeHust onpeaensaT ana 3ybyaTtoro BeHua YepBsiu-
HOro koreca B 3aBMCUMOCTM OT mMatepuana 3ybbeB, TBEPAOCTN BUTKOB Yep-
BSIKa, CKOPOCTU CKOMbXeHnsA 1 pecypca L, [5] (cm. Tabn. 9).
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Tabnuya 9

ﬂ.OI’IyCKaeMbIe HanpaxXeHnd MmatepumanoB BeHLa 4epBA4YHOro Korneca

Mpynna | YepBsak ynyy- | YepBsak 3akaneH. HepeBepcusHas PeBepcuBHag
marte- LUEHHbIN TBY, H> 45 HRC nepepava nepegadva
pnaros H < 350HB

[5,], MNa [6-], MNa

1 0,750sC, Kk 0,90:C, ky

0,080,+0,250) k 0,160, k
2 | 250-25v, | 300-25v, | ) Krr L

3 175 - 350, 200 - 350, 0,1200,K 0,075 Gank 1y

lMpumeyaHue. O;; Og; Og, — NPEOen TeKy4decTu, npegenbl NPOYHOCTU Npu
pacTsxeHnn u uarmbe (cm. Tabn. 8); v, — CKOpPOCTb CKOMbXeHus, m/c (9);

C, — KoadpurumneHT, yuntbiBatowmn nsHoc (cMm. tabn. 10); k;; k. — Koadp-
dULMEHTBI AOMNTOBEYHOCTH;

ki = (107 /N o kp =810/ N,y | (9)

rne N, Ny — 3KB/BANeHTHbIE Y/CNa LIMKNOB HarpyXeHns 4epBsAYHOro Ko-
neca:
npv NOCTOSAHHOW Harpyske

N, = Ny =60L,ny, (10)

npwv NepemMeHHoON Harpyske

NHE = 602 [(T2i /T2 )4' n2ti] =60 Lth Z (K';‘Oll-); (11)
7.

N, <2510, (11,a)

NFE = 602 [(T2i /T2 )9‘ nZtl«] =60 Lhnz Z (Klgal ), (12)

10°< N <2510’ (12, a)

KpaTkoBpeMeHHbIe neperpyskn, B TOM YUCIe U NYCKOBLIe, eCnn cymmap-
Hasg NPOAOIMKUTENBHOCTb NX OENCTBUS cocTaBnsaeT He bonee 3% cymmapHo-
ro paboyero Bpemenun (a; < 0,03), npn pacyetax getanen MalvH Ha ycTa-
NOCTHYIK MPOYHOCTb HE YYMUTbIBAKOTCHA, TO €CTb B dopmynax (11)—(12) npu-
HUMaloT k, = 0, HO Nocne BbINOMHEHUSA PAaCcYeTOB HA YCTaNOCTHYHO NPOYHOCTb
HeobxoQuM MPOBEPOYHbIN pacHeT Ha CTaTUYEeCKYl MPOYHOCTb MPU KpPaTKo-
BPEMEHHbIX Neperpyskax.
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Tabnuya 10
3HaueHuns KoappuumenTa C,, y4UTbIBaKOLLEro N3HoC

L 1 2 3 4 5 6 7 8
1,33 1,21 1,11 1,02 0,95 0,88 0,83 | 0,80

5. MPOEKTHBbIA PACYET MEPEOAYM

UepBAYyHble nepefadn pacCYMTbLIBAOT Ha YCTANOCTHYH U CTaTUYECKYH
NPOYHOCTb 3yObEeB YEPBAYHOIO KOMeca Mno KOHTaKTHbIM HarpspbkeHUsM U Ha-
NpsPKEHMSIM n3rnba. ITM pacyeTbl MMEKT YCIMOBHbLIN XapakTep, Tak Kak
BCNeACTBME HEeOBNaronpusiTHbIX YCMOBUM CMa3km paboumx MOBEPXHOCTEN
4YepBAYHOW Napbl OCHOBHOE 3HayeHue And paboTocnocobHOCTN YepBAYHbIX
nepenay npunobpeTtaeT CTOMKOCTb 3yObeEB koreca NpoTMB 3aedaHunsl, NnacTu-
yeckoro aecopMmnpoBaHns, U3HOCA. YuuTbiBad, YTO CTOMKOCTb MPOTMB 3a-
e[aHns N MHTEHCUBHOCTb U3HOCA 3aBUCAT OT KOHTAKTHOM BbIHOCNUBOCTU pa-
Bounx NOBEPXHOCTEN, pacyeT MO KOHTAKTHbIM HaMNpPsXXeHUAM NPUHAT B Kade-
CTBE OCHOBHOIO And nepenad peayKTopHOro Tmna ¢ yncnamm 3ybbeB Koneca
mMeHbLe 90.

Anga yepBAYHbIX Nepefay ¢ Yicnamm 3yobeB z, > 90, a TakKke OTKPbITbIX

nepenay 1 nepegad ¢ pyyHbiM NPUBOAOM MPOEKTHLIA pacyeT BbINOMHST U3
YCIOBUSA NPOYHOCTM 3yObeB Ha n3ruod.

5.1. OnpepeneHne MmexxoceBOro paccTosiHus

N3 ycnoBust BBIHOCNIMBOCTU paBoumnx NoBepXHOCTEN ONpeaensitoT pacyeT-
HOE MEXOCeBOe PacCTosiHME a., YepBSYHOW Nepeaaymn

a,=0.625 (¢'/ 2,+1) YE,, T, Ko P(a/2,)} (13)

roe ¢' — npeaBapuTENbHO MPUHATOE 3HadeHue koadpbduumeHTa guameTpa
yepBsKa (cM. (5) n Tabn. 3); 7, — KPYTALWMA MOMEHT Ha Bany YepBAYHOrO KO-
neca, H -mm

T,=955-10°P, /n, =10°P, / w, . (14)
5.2. OnpepeneHne OpUEHTUPOBOYHOIO 3Ha4YEeHUA Moayns
Ecnn paboTocnocobHOCTb nepegaydn onpegenseTcss N3rmbHON npoYHo-

CTbiO 3yObeB YEPBAYHOrO Koneca, TO NMPOEKTHbIM pacvyeToM onpeaenswT
MOoA4yIb
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m' 21254JY.T, [(z,4lc,]), (15)

roe Y, — koagpprumeHT hopmbl 3yba YepBsYHOro koneca, HasHavyaeMblii no
pekomeHaauumn tabn. 11 B 3aBMCMMOCTU OT yYucna 3ybbes z , 3KBMBArEHT-
HOro Koreca:

Zyp =25 /oS Y, (16)

Y. =arctg(z4 /(q+2x)), (17)

roe vy, — Ha4vanbHbIN yron nogbema BMHTOBOW INMNHUA YyepBAKa

Tabnuya 11
3HayeHve koadpuuneHTa Y, dopmbl 3ybbes

Zo|20 |24 |26 | 28 | 30 | 32 | 35 |37 |40 | 45 | 50 | 60 | 80 | 100|150

Y, [1,98(1,88(1,85[1,80(1,76(1,71|1,64 |1,61 [1,55|1,48 |1,45 1,40 (1,34 1,30 (1,27

5.3. OnpeneneHne oCHOBHbIX FreOMEeTPUYECKUX NapameTpoB

[ns HasHayeHHbIX OCHOBHbIX NapaMeTpoB ONpeaensatT reomeTpudeckme
pasmMepbl 3ieMeHTOB 3auenneHuns (cMm. nogpasaen 2.5).

6. MPOBEPOYHbLINA PACYET NEPEOAYM

[MpoBEPOYHLIN pacyeT BbIMNOMHAETCHA C Y4ETOM NONPaBOYHbIX KO3Idhmun-
€HTOB, KOTOpblE HE MOrnn BbiTb 0OOCHOBAHLI paHee, U PacCYNTAHHbLIX BblLLIE
reoMeTpUYECKNX pasmepoB nepegaymn.

6.1. NMpoBepka Ha BLIHOCITUBOCTL Pabo4YnX NOBEPXHOCTEN

MpoBepka Ha KOHTAKTHYK BbIHOCNMBOCTb paboumx NoBepxHocTel 3ybbes

YEpPBSAYHOTO Komneca BbIMOIHAETCS CpaBHEHUEM (PaKTUYECKUX o, W AoMyc-
KaeMbIX [0, ] KOHTAKTHBIX HAMPsKEHWUIA:
o :],]8\/EMPT2KH cos’y /(d]d e &sin2a, )< [GH], (18)

roe K, — Koa(pduLmMeHT Harpysku; €, — TOPLOBbIN KO3(PMDULNEHT Nepekpbl-
™ms; & = 0,75 — KO3 PULMEHT, YUNTBIBAOLLNA YMEHbLUEHNE OMNNHbI KOHTaKT-

HOW NWHUM B CBSA3U C TEM, YTO COMNPUKOCHOBEHME OCYLLECTBMSAETCHA HE Mo
nonHown ayre obxeata (20); a,, = 20° — yron 3auenneHus.
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6.1.1. KoapdurumeHT Harpyskmn K,

KoappumumeHT Harpyskn B NMPpUMEHEHUN K YepBAYHLIM Nepegadam orpe-
OensT Kak npousBefeHve apdekTMBHOro KoaddpuumeHTa KOHUEeHTpaumm
Harpyskn Ky Ha AnHaMn4eckuii kodurumeHT K,

Ky =Kp=KyK, . (19)
O peKTMBHLIN KOIPDPULNEHT KOHLEHTPaUUM Harpy3Kku
Kg=1+(z,/6) (1-X), (20)

roe 6 — koappmumeHT pedopmaumn yYepBsika, 3aBUCALLUMA OT q U Z;
(cm. Tabn. 11); X — OTHOWeEHWe CpedHEB3BELUEHHOr0 MOMEHTa K Makcu-
ManbHOMy

v N (ka
X_Z(T2,. Nz) 2 (kira;), (21)

rae k;, o; — COOTBETCTBEHHO KOA(PULMEHT YPOBHS Harpy3ku U Aons Bpe-
MEeHWN paboTbl C 3TUM YPOBHEM HArpy3ku (CM. UCXOOHbIE AaHHbIE).
Tabnuya 12

3HayeHve koapduumeHTa 6 gedopmauunn Yepasika

Hneno KoatbdpmumeHT aecopmaumm yepsska 6
BUTKOB npu koadurumneHTe AnamveTpa Yepssaka g
yepBsKa
Zq 7.1 8 9 10 11,2 12,5 14
1 57 72 89 108 127 157 190
2 45 57 71 86 102 125 152
(3) 40 51 61 76 89 110 134
4 37 47 58 70 82 101 123

AnHamuyeckmin koaddUUMeHT K, HasHavatoT No pekomeHgaumm tabn. 13 B

3aBMCUMOCTM OT MPUHATON CTEMEHN TOYHOCTM U3IroTOBMEHUs (CM. n. 2.6.) n
paKTN4ECKOM CKOPOCTN CKOSBbXKEHUA v, M/C

v, = O Tm;m’% _ (22)
cosy,, 6-10% cosy,,
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Tabnuuya 13
3Ha4eHvne aMHammnyeckoro koadduumeHta K

CteneHb AunHammnueckunin koabuumeHT K| npu CKOPOCTU CKOMBXKEHNUSA L, M/C
TOHHOCTH oo 1,5 cebile 1,5 | cBbilwe 3 | cBbiwe 7,5 | cBbiwe 12 | cBbile 18
6 - - 1 1,1 1,3 1,4
7 1 1 1,1 1,2 - -

8 1,0..11 (1 11..12 | 1,2..1,3 - - -
9 1,2...1,3 — — —

6.1.2. TopuoBbI KO3(PUUNEHT NEPEKPLITUS

£, =(10,0323 + 2, +1-0172,+29)/295. (23)

OnpegeneHve akTU4ECKoW CKOPOCTU CKOMbXEHUSI NO3BONSET YTOYHUTb
[OMyCKaeMble KOHTaKTHble HanpsbkeHus [, ] Ans matepwanos rpynn 2 v 3

(cm. n. 4) n B cnyyae HeobxoauMocTu npoussectn nepepacyeT. OTKNOHeHne
Ao, AENCTBUTENbHbIX HANPSKEHWI OT JonyckaembiX He bonee 4%

GH _I:GH]1OO

o]

6.2. NpoBepka NPOYHOCTU KOrneca Ha u3rno

Ao, =

H

<49 . (24)

[MpoBEPOYHLIN pacyeT 3yObeB YEPBAYHOIO Koneca Ha n3rnd BbIMONHSAETCA
no ¢popmyne

2T, - K - - - Y
_2D Ky -cosyy Vr ro g (25)

c
r ’I,3m3 Zyq

3HaueHve koaddurumeHTa opmbl 3yObeB Y, YEepBAYHOro Korneca HasHa-

yaeTca No pekoMmeHgaumsMm Tabn. 11 B 3aBMCMMOCTU OT 3KBMBANEHTHOrO
yucna 3y6beB z,, (cM. hopmynel (20) — (21)).

6.3. NMpoBepka nepegaum npu neperpyskax
Mpn KpaTKOBPEMEHHBIX Neperpyskax BO3MOXHbl 3HaYMTENbHbIE MNNacTu-

yeckmne agecopmauunn nnu xpynkoe paspylueHne 3ybbeB YepBAYHOro Koreca.
3T1oro He BygeT npw BbIMOMHEHNMN YCITOBUNA:

Gumax:GH\fTZmax/TZ S[Gnmax]; (26)
Crmax =OF \’TZ max /TZ < [GFmax ]’ (27)
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raoe Ty, — MakCMMarnbHbIN (MUKOBLIN) MOMEHT Ha YepBAYHOM Konece npu
neperpyske, (75, =K1T,), €CIM XapakTep U3MEHeHUs Harpysku 3afjaH Lyik-
norpammont (cm. n. 1) n Ty, =Trp . #M NPU NOCTOSHHOW Harpyske;
T 18 max — MAKCMManbHbIA MOMEHT ABWraTens; [o, ., I; |_GF maxj — npenenb-

Hble JoMyCKaeMble HanpsXXeHus.
MpenenbHble OONyCKaeMble KOHTAKTHbIE HanpskeHus Ans matepuanos
rpynnbl 1 (MArknx 6poHs ¢ o, = 300 MlMa)

[ e [= 455 (28)
ANna maTtepuanos rpynnbl 2 (TBepAblX OPOH3 1 naTtyHen ¢ oz > 350 Mla)
[0 max |= 20, (29)

Ans matepuanos rpynnbl 3 (4yryHoB)

|6 e |[= 165G 4, (30)

MpenenbHble gonycKkaemble HanpsikeHust n3rmba gna 6poH3 M naTyHen
(matepuans! rpynn 1un 2)

16 mar |= 0865 (31)

Ana 4yryHoB (Matepuansl rpynnbl 3)

16 1 x| = 0.6 6 - (32)

7. NPOBEPKA PEAYKTOPA HA HATPEB

Bcnegcteue 3Ha4nTENbHBIX NOTEPb MEXAHNUYECKOW 3HEPIUU B YEPBAYHOM
nepegade NpoucxoauT HarpeBaHve aeTanen nepegadm U CMasoyHoro mare-
pvana. B pesynbTaTe HarpeBa pes3ko yxXyALlarTca CBOMCTBA CMA304yHOro Ma-
Tepuana, noHwkaetca KIN nepegauun, pacteTt TennosBblgeneHme 1 Bo3HUKa-
eT ONacHOCTb 3aefaHus B 3auenneHuu. [Ana npegynpexaeHnsa 3Toro nospe-
XOEHUA Npou3BOAUTCA MpOBepKa peaykropa Ha HarpeB. JTOT pacyeT Bbl-
NOMHAETCS Nocne paspaboTKM KOHCTPYKL MM Kopryca peaykropa.

7.1. Pabouyas TemnepaTtypa macna
Ansa yepBAYHbIX Nepeagay, paboTarwmx B HENPEPbIBHOM UM NMOBTOPHO —

KPaTKOBPEMEHHOM pexnme 6e3 UCKYCCTBEHHOTO OXNaKAeHus, onpeaensioT
pabouyto TemnepaTypy mMacna ¢, 1 CpaBH1BatOT C AOMYCTUMON [t

max
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t,=to +10° (1) Py /[ krA(1+y )B] <[t ] (33)

roe to — TemnepaTtypa okpyxatowero Bo3gyxa, °C (npu OTCyTCTBUM crneuw-
anbHbIX yKkasaHuii npuHnmaetcs paBHor 20 °C); k; = koadULUMEHT Tenmno-
nepenaun kopnyca, B1/(M? - °C) (NMpu eCTEeCTBEHHOM OXMaXOEHWN B 3aBUCU-
MOCTU OT UMPKYNAUMM BO3ZdyXa B NMOMELLEHMM M Macra B MacnsgHOW BaHHe
kr = (8,7...17,5) BT/(M2 - °C), 6onblune 3HayeHus k; criegyeT NPUHUMAaTh
Nnpu XOpPOoLLEN LMPKYNALMM BO3adyXa, He3arpsa3HEHHOM MOBEPXHOCTUN Kopnyca,
OTCYTCTBUWN BHYTPU HEro pebep, NHTEHCMBHOM LMPKYNALMM M Manon Bs3KO-
CTn mMacna; A - nnowagb CBOOOOHON MOBEPXHOCTM OXMaXAeHWst Kopnyca,
BKMtoyan 70% nnowaan nosepxHocTy pebep 1 6obbilek, M? (onpegenseTcs
nmbo HenocpencTBEHHbIM OOMepPOM pas3paboTaHHOM KOHCTPyKuuKn, nmbo
NPUONXKEHHO MO 3aBUCMMOCTH):

A~20-a)", (34)

roe a, — MEeXOoCeBOe PacCTofHune, M; y — KOIMPMPULNEHT, YUNTbIBAKOLLMIA Te-
nnooTeo4 B pamy unv nauty pyHaameHTa (npu npuneraHun kopnyca no
BonbLon noBepxHocTM y = 0,3, Npu ycTaHOBKe peaykTopa Ha 6eTOHHOe OcC-
HOBaHWe ero AHO BbIKMyaeTes M3 Tennootdaum n vy = 0); B — koacpdpumum-

€HT, YYMTbIBAKOLLMIA YMEHbLUEHNE TEennoBbIAENEHNA B e€AuHWLY BPEMEHMU
umkna paboTbl Nepeaayn 3a cHeT NEPEPbIBOB U CHUXKEHMST HArpy3Kkm

B=t1/2(Pyt; / Pp) =1/ 2 (ak; ) (39)

n — KMNA nepenauun (onpegenexve n cm. n. 7.4).

MakcumanbHO gonyctumaa TemnepaTtypa HarpeBa macna B MacnsHow
BaHHe peaykTopa [t,,,. |< 95 °C.

B cnyyae HeBbinonHeHus ycnosua (33) gomkeH 6bITb NpegycMOTpeH OT-
BOZ U3ObITOYHOM TennoThl. ITO AoCTUraeTcs opebpeHnem kopnyca (ecnm 3To
paHee He npeaycMaTpuBanochb), UCKYCCTBEHHOMN BEHTUNALMEN, YCTAHOBKOW B
MacrsgHOM BaHHE 3MEEBUKOB C OXNaxKaarLllen XXUOKOCTbIO Unv apyrumu ycT-
poncTBamu.

7.2. Pabouasn TemMnepaTtypa Mmacna npu Hanndinnm BeHTUNATOpPAa

Pabouas TemnepaTypa npu Hann4um BeHTUNATOpa onpeaensieTcsl U3 Bbi-
paXkeHus

_ 10°(1-n)P, <[t ]

t=t, + < (36)
! [k (07 +y)+03k,, ]A
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roe k,, — ko3 rUneHT TennooTaaun YacTn NOBEPXHOCTN Kopryca peayKTo-
pa, obayBaeMon BEHTUNATOPOM. 3HauveHue k,, HasHa4alT B 3aBUCUMOCTU
OT 4YacTOoTbl BpalleHnsa BeHTUndaTopa ny (Tabn. 14).

Tabnuuya 14
3HauveHune KoahdpuumeHTa TennooTaaum
ng, 06/ Mun 750 1000 1500 3000
2
K, B/ 17 21 29 40
°C

7.3. KonnyectBa Tenna, oTBoOAUMOe 3MeeBNKOM

MNPy WCKYCCTBEHHOM OXNaXKAeHWW peaykTopa C MOMOLLb 3MeeBMKa
C NPOTOYHONM BOAOW komuyecTBo Tenna Q.. , BT, oTBogumoe 3meeBUKOM

3a 1 cekyHay [9]

3m !

Qu =P (1-1)-10" -k A(1-y)(t,, ~1,). (37)

CeKyHAHbIN pacxon BoAbl W, , MP/c, HeOBXOAMMBIN ANsi OXNaXOeHUs
B

WB,ZZ =0 /(pBﬂCB,ZI 'Ath)’

rae Aty = 2...10°C — noBbilleHne TemnepaTypbl BOAbl B 3MEEBUKE;
py = 1000 kr/M®> — nnoTHocTb Boabl; C,, = 4,187-10° Ox/(kr - °C) — Tenmno-

€MKOCTb BOpbI.
TemnepaTypa BoAbl NP BbIXoAe U3 3MeeBUuKa

B

ty =11 + At (38)

B’
roe t, — TemnepaTypa BoAbl Mpu BXxoAe B 3MeeBUK; OObIMHO MPUHUMAOT
t4=t, =20 °C.

Beibpas no 1abn. 15 HapyxHbIn agnameTp TpyObl d,, HAXOOSAT CKOPOCTb
noToKa Bofibl B TpyGe v, , M/C

n(d, —25)

39
4.10°3 (59)

Oy :sz /

rae 8 — TOnwMHa CTEeHKN TpyObl, MM.
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Tabnuuya 15
CopTameHT kpacHoMeaHbIX TpyO Ansi 3MeeBnKOB

HapyxHbin gnamvetp d,,, 13 15 18 22 26 |30 36
mm (no FOCT 617-72)

TonwmHa CTeHkn o, MM 1,5 1,5 2,0 2,0 2,0 2,5 3,0
Mnowaab HapyXHOW

MoBepXHOCTU 1 M 0,0041 | 0,047 | 0,056 | 0,069 | 0,082 | 0,094 | 0,13
TPY6bI Ay, M*/M

Tpebyemas HapykHast MOBEPXHOCTb OXNAXAEHUS 3meeBuKa A, , M

ASJI/I = QS’JI/I /(k3Jl/l : Atcp)’ (40)
rae Af., — CpeAHUA TemnepaTypHbIv nepenas

(41)

At =0,5(t, —t1)=09A1,,;

k., — KO3hpmLMeHT TennooTaaun ameeBunka, HasHayaembl no Tabn. 16.
Tpebyemas anuHa ¢ Tpybkn 3ameeBunka, M

(=A,, /A, . (42)

PaspaboTka KOHCTpyKUMW 3MeeBMKa NPOM3BOAWUTCH B 3aBUCMMOCTM OT
pasmepoB kopnyca pegyktopa. MnHumanbHbI paguyc onpaskvi npu nsrnbe
KpacHomeHbIX Tpy6 Ha 180° pekomeHayeTcsi NpuHMMaTs bonee 1,5 d.,.

Tabnuuya 16

3HadveHue koaddurumeHTa TennooTaaum k;, 3meeBumKa
N3 KpacHoMeHoit Tpy6kw, BT/ (M?- °C)

OkpyxHas ckopocTb CkopocTb BoAbI U 5, M/C
yepBAKa L4, M/C 0.1 0.2 0.4
Ao 4 146 157 165
4...6 153 163 174
6...8 162 174 186
8...10 168 180 195
10...12 174 186 203
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7.4. KoachdpvumeHT nonesHoro AencTBUA YepBAYHON NepeaaUm

lMocne npoBedeHWNs MPOEKTHOrO pacyeTa onpeaensitoT AeNCTBUTENbHOE
3HadeHwne KIMN[ nepegayum

n=n3N0NpMe- (43)
7.4.1. KIN/J 4yepBayHoro sauenneHus

KIMAO yepBsyHoro savuenneHnsa onpegenseTcd no opmyne:

4 ,
e _ 8T (44)

g(Yy +¢)
roe ¢o=arctg f — NpUBEOEHHbIN yron TpeHunsa. B tabn. 17 npuBeneHbl 3Have-
HUS KO3(PPULMEHTOB TPEHUS f N COOTBETCTBYIOLLME UM 3HAYEHWUS NPUBEOEH-

HbIX YINOB TPEHUSA @ C YYETOM MOTepb B MOALWMMNHUKAX kadeHus. [ostomy npu
onpegenernn KA nepenayum no gopmyne (43) cnegyet NPUHATbL 77, = 1.
LLlepoxoBaTOCTb MOBEPXHOCTU BUTKOB YepBsika AOMKHa ObiTb No R, OT

1,25 po 0,32 mkm no NOCT 2309 — 73.
Ecnn npoektupyetcs camoTtopmo3ssllan nepegada, To HeOO6XoAMMO Bbl-
MOSTHUTL yCnoBue

Yw <Q. (45)
7.4.2. OnpepeneHve koadduumeHTa 7,

KoadbdpuumneHT 7,, yunTbIBAOLWLNA NOTEPU MOLLHOCTU Ha pa3bpbl3rMBaHne
N pasMmeLLvBaHne cMasku

ne=1-0750byjvo/(10°P ), (46)

rae L — OKPY)XHasi CKOPOCTb MOTPYKEHHOW B Macno HapesaHHOW 4acTu Yep-
BSika L4 UMW YEePBSIYHOTO KoMeca v,, M/C

de»] 1y

L (47)
60-1000

U4

b — [NVHA Hapes3aHHOW 4acTu 4epBsika b, WNWN LWIMPUHA BeHUa b,, MM
(cM. Tabn. B); v, — KMHeMaTuJeckas BS3KoCTb Macna, M2/c (oM. Tabn. 18 n 19).
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3HayeHne koapurumeHTa f 1 yrnoB TPeHNsa ¢

Tabnuua 17

CKOpOCTb MaTepMan BEHLUa YepBA4YHOIo Koneca

ckonbxe- | Tpynna1 | Mpynna 2 | Mpynna 3

HUA TBep,D,OCTb nOBerHOCTeVI BUTKOB YepBAKa

v, Mlc HRC >45 | OcraneHble HRC > 45 HRC > 45 OcranbHble

criydau cnydyaun
J 0 f 0 f 0 f 0 f ®

0,01 0,110 | 6°17"| 0,120 | 651" | 0,180 | 10°12" [ 0,180 | 10°12" | 0,190 | 10°45’
0,05 0,090 | 5°09’ | 0,100 | 5°43' | 0,140 | 758" | 0,140 | 7°58" | 0,160 | 905
0,10 0,080 | 4°34’ | 0,090 | 5°09" | 0,130 | 7924’ [ 0,130 | 7°24’ | 0,140 | 7°58’
0,25 0,065 | 3943’ | 0,075 | 4°17" | 0,100 | 5°43" | 0,100 | 543" | 0,120 | 6751’
0,50 0,055 | 3°%09' | 0,065 | 3%43" | 0,090 | 5°09” | 0,090 | 5°09" | 0,100 | 5°43
1,0 0,045 | 235" | 0,055 | 3°%09' | 0,070 | 4°00" | 0,070 | 4°00" | 0,090 | 5°09’
1,5 0,040 | 2°17"] 0,050 | 2952" | 0,060 | 3726’ | 0,060 | 3726’ | 0,080 | 4°34’
2,0 0,035 | 2°00' | 0,045 | 2°35" | 0,055 | 3°09" | 0,055 | 3°09" | 0,070 | 4°00
25 0,030 | 1943’ | 0,040 | 217’ | 0,050 | 2952’ - - - -
3 0,028 | 1936’ | 0,035 | 2°00" | 0,045 | 2935’ — = — —
4 0,024 | 1°227[ 0,031 | 1%47" | 0,040 | 2°17’ - - - -
5 0,022 | 1916’ | 0,029 | 1°40" | 0,035 | 2°00’ = = = =
8 0,018 | 19027 [ 0,026 | 1929" [ 0,030 | 1943 — — — —
10 0,016 | 0955’ | 0,024 | 1°22" | 0,025 | 1726’ = = — —
15 0,014 | 0°48’[ 0,020 | 1°09’ | - — — — — —
24 0,013 | 0%5" | - = — - - — — —

Mpw BonbLUNX OKPYXHBIX CKOPOCTSX YepBska (v, > 5 M/C) pekomeHayeTcs
YyepBAK pacrionaraTb Hag KOrnecom, a npu v, = 10 M/c NPUHATL LMPKYNALN-
OHHYIO CMasKy NonMBaHUEM.

Tabnuya 18
KnHemaTtnyeckasa BA3KOCTb Macna
CKopocTb CBbl-
CKOJIbXXEHUA (0...1)* | (0...2,5)* | (0...5)** 5...10 10...15 | 15...25 | we
L, M/C 25
KnHemaTtundeckas
BASKOCTR MACNA | 450 300 180 120 80 6 6
v, 100° M%c 0 5 5
npm 50°C
(npu 100°C) (55) (35) (20) (12) - - -
CtpynHbin | Tog gasnexnuem, Mla
Cnocob cmasku OkyHaHuem WK OKy-
HaHUEM 0,07 0,20 0,30

* — TsKenble ycnoBusa paboTel; ** — cpeaHue ycnosus paboThl.
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KoapdpuumneHT 7, yuuTbiBaKOLWMIA NOTEPU MOLLHOCTU Ha NPUBOA BEHTU-
nsTopa

ne=1-(4,5 D3 /10" P, ) /(ny /1500 ), (48)

roe Dy — HapyXHbIl AMaMeTp Kpbinb4aTky BEHTUNSTOpa, MM

Dy ~(06..08)d,. (49)
Tabnuya 19
Macna, npumeHsaemMble B YEePBSAYHbIX Nepegavax
Macno Bsaskoctb macna npl/ltOC Vt-10'6, m2/c
40 50 60 70 80 90 100 110
Hununpposoe 24| oy | 970 | 140 | 76 | 48 | 35 | 24 | 17
(BUCKO3MH)
Uununpposoe 52| 1400 | eg0 | 360 | 200 | 120 | 78 | 56 | 38
(Banop)
TpaHCcMUCCUOHHOE
aBTOTPAKTOPOHOC | g50 | 400 | 220 95 65 47 32 23
netHee
(Hurpon neTHwun)
TpaHCcMUCCUOHHOE

C npucagkomn, net- | 850 400 220 95 65 47 32 23
Hee

TpaktopHoe AK-15| 4, 115 70 43 28 22 16 12
(aBTON 18)

ABTOTpakTopHoe
AK3n — 10 68 44 30 22 16 13 9 4

8. YCUnna B SAUENJIEHUA

Cuny F, HOpManbHOro AaBreHusi 3ybbeB 4epBAYHOrO Koreca Ha BUTKU

YyepBsKa MOXHO PasnoXuTb Ha cocTaBnsawLwwme (puc. 3):
F,, — OKpY)>XHasa cuna Ha Korece, paBHasi OCeBOW curne Ha Jepsske F,, H

F,=F,=2-10°T, /d, , (50)

F,, — OKpYXXHas cvna Ha 4YyepBske, paBHas 0CeBOW cune Ha konece F,,, H
EleaZZEZ'Zg(7w+¢)) ’ (51)
F., — pagvarnbHble Cunbl Ha Konece 1 Yepssike, H

Fo=F=F)ga, . (52)
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roe o, — NPodUnbHLIN yron B 0CeBOM ceveHun. [Ina nepegay ¢ apxmmeno-
BbIM M KOHBOMIOTHbIM YepBsKkoM o, = 20°.

Puc. 3. Cxema ycunuin B 3aLenneHnm

9. KOHCTPYUPOBAHUE HYEPBAYHbIX KOJIEC 1 HEPBAKOB

B uenax akoHOMUM JOpPOrocTosAWmMX aHTUPPUKLUMOHHBIX MaTtepuanoB Yyep-
851YHbI€ KOJ/leca 4Yalle BCEro M3rotaBfvBaloT COCTABHbIMU: LEHTP M3 CEporo
JyryHa vnm ctanm, 3yb4yatbii BeHel — n3 6poH3bl. CoegnHeHne BeHUa C LeH-
TPOM OOIMPKHO obecneunTb nepegadvy 60mbLIoro KpyTsawero MomeHta. KoHCT-
PYKUMS Koneca n cnocob coeguHeHnst 3aBUCUT OT 0Obema BbIMyCcka 1 OUKTYeT-
Csl 9KOHOMMYECKOW LenecoodpasHocThio. Mpn uHOuBuUdyarnbHOM U MesfKoce-
putiHom ripousgodcmee 1 HebonbLUnx pa3mepax kornec (d,,,, < 300 mm) 3y6-

YyaTtble BEHLbl COEQUHSAT C LLEeHTPOM MNocadkon ¢ HaTtarom. [Npu nocTosiHHOM
HarpaseHnn BpaLLeHNs YepBAYHOro Koreca Ha Hapy>XHOW NOBEPXHOCTU LEeH-
Tpa genarT BypTUK, BOCMPUHUMAKLLMA OCEBYO cuny. B coeanHeHusax ¢ oT-
HOCUTEMNBbHO HEDONbLLUMM HAaTArOM MeXay LeHTPOM M BEHLOM yCTaHaBnuBa-
0T BUHTBI. [1pn Bonblunx pasmepax konec (d,,,, = 300 Mm) KpenneHve BeHua

K LEeHTPY MOXHO OCyLecTBnATb 6ontamun (puc. 4, 8), NnocTaBneHHbIMU 6e3
3a3opa. Heobxoanmo B 3TOM criyyae HagexHoe CTornopeHue ramkm oT camo-
OTBMHUMBAHUSA. [pyXXMHHbIE WAaNObl NPUMEHSITL HE peKOMEeHayeTCs.
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Puc. 4. KOHCTpyKUNS YepBAYHBIX Konec
B MEITIKOCEPMINHOM NPOV3BOACTBE

BcneacTterne manor 4acToTbl BpalleHUs1 YepBSYHbIX KOnec, nx GanaHcu-
poOBKY He npoBoasaT. [MoaToMy Hepaboume NoBepXHOCTU OCTaBNST Heobpa-
6oTaHHbIMU. OCTpble KPOMKM Ha Topuax BWHTA NPUTYNNAKT dackamm
f ~0,5m c okpyrneHmem 4o CTaHAaApPTHOro 3HaveHus. Pasmepbl opyrmx KoH-

CTPYKTUBHbIX 3J1EMEHTOB!
S ~2m +0,05 b2, SO ~ 1,25, C = (1,21,3) So, h z0,15 b2, !t z0,8 h.

[Mpu cepuliHoM npou38oOcmee 3KOHOMUYECKUN BbLIFOAHO MPUMEHSATb Ha-
nnaeBreHHbIN BeHel. [Mpyn aToM CHmXalTcsa TpeboBaHUA K TOYHOCTM obpa-
BoTKM conpsiraemblx MOBEPXHOCTEN BeHLA M LeHTpa, He TpebyeTca kpenne-
HWE BUHTaMW, He HYXXHbl Npecchl ANa UX COeaAnHEHud. [nsa 9Toro LEeHTp Ko-
neca, HarpeTbin go 700...800 °C, 3aknagbiBaloT B MeTannmMyeckyto gopmy
(kOKMNb), KOTOPLIN Nepea 3anvBKOKW pacnnaBrieHHON OpOH30M nogorpeBatoT
no 150...200 °C. MNocne 3anuBKM U OCTbIBAHWUA MEXOY LEHTPOM U BEHLIOM
BO3HUKAET HATAr, Bbl3blBAEMbIN YCaaKOW 3aTBEPAEBAKOLLErO XNOKOro MeTtarn-
na BeHua. [nsa ynydweHnsa cuenneHns BeHua ¢ LeHTpoM oboa nocnegHero
BbIMOMHAT N0 OAHOMY U3 BapuaHTOB puc. 5.
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d=1(0,4.05)b

0.3..04)d

N
77

Puc. 5. KOHCTpyKUMS YepBAYHbIX KONec
B CEPUNHOM NPOU3BOACTBE

TonwmHy S HannaefEHHOro BeHUa NpUHUMatoT: S =2m.

Uepesiku 4alle BCero BbIMOMHAKT BMecTe ¢ BanoMm. lNpun KOHCTpynpoBa-
HAW 4epBsKa >XenaTemnbHO npeay-
cMaTpuBaTb CBOOOAHBLIN BbIXOL WH-
CTPYMEHTa Mpu HapesaHun W LWnu-
doBaHUN BUTKOB U HEOOBXOOMMYHO
BENUYMHY YNOPHOro 3ansieyunka ans
nogLwnNHNKOB (puc. 6).

Ha puc. 6, a, 6 gnameTp Bana
yepBAKa nepes HapesaHHOW 4a-
CTbIO YOOBIETBOPSET YCNOBHO CBO- =
6ogHOro BbIXOA4a WHCTPYMeHTa npu
obpaboTke BUTKOB. [lpu OTHOCHK-
TeNbHO ManoMm AnamMmeTpe 4YepBsaK
NPUXOOUTCA BbLINOJSTHATL MO puUc. 6, p
B. [lNg BbIXO4a MHCTPYMEHTa ANUHY
Hape3aHHOW 4acTuU C KaXgowu CTo- B
POHbI YepBsika HeobBXoaNUMO yBenu- o ' {%'
4nTb Ha (2...3) m. by

PekomeHOayuu no HasHaye- B L N
HWIO JOMYCKOB pasmMepoB, (hOpMbl U
pacronoXeHns MnoOBEpPXHOCTEN [e-
Tanen nepegadn, napameTpos Lie-
poxoBaTocTen nosepxHocTten [12].

20° 20°?

20°

Puc. 6 KoHCTpyKums YepBAKOB
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Tabnuua 20

Honyckn pagvanbHOro 6ueHns 3aroToBOK YepBsika

CreneHb PaguanbHoe GueHne, MKM, 3aroToBOK YepBsika
TOYHOCTU npu genutensHOM anameTpe d1, MM
<30 <50 <80 <120 <180 <250
6 12 13 14 16 18 22
7 17 18 20 22 25 30
8 21 22 25 28 32 38
9 26 28 32 36 40 48
Tabnuya 21
LLlepoxoBaToCTb NOBEPXHOCTEN, R, , BUTKOB 4YepBskKa
MoBepXHOCTL CTeneHb TOMHOCTU YepBAYHON Nepenaqn
6 7 8 9
Pabo4yasn BuTKOB 0,32...0,63 0,32...0,63 0,63...1,25 1,25...2,5
BepLuvH BUTKOB 1,25 1,25...2,5 2,5 2,5

PekomeHgaumm no HasHadeHuo nonen AonyckoB W NOCadoK AeTanen Ha
Ban 4epBsika (MOALUMMHWKOB, YMMOTHEHWUI), AOMNYCKOB POPM M MONOXEHUN
NOBEPXHOCTEN BXOOHOMO yYacTka Bana 4epBsika pacCMOTpeHbl B [12].

Tabnuya 22
Honyckn pagmanbHoro 6ueHns 3aroToBOK Koneca
CreneHb PaamanbHoe BueHne 3aroToBOK YepBSYHOMO Koneca, MKM,
TOYHOCTH npu auameTpe do, MM
<50 <80 <120 <200 <320 <500

6 12 16 20 22 26 32

7 20 25 32 36 42 50

8 32 40 50 55 65 80

9 50 60 80 90 105 120
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Tabnuuya 23
OTKknoHeHue f, pa3mepa a 4epBAYHOrO Koneca

CteneHb | OTknoHeHue ifx, MKM, ONS MEXOCEBOro
TOYHOCTU B
paccroanusa a,,, MM £
<80 <120 <180 |<250|<315| <400 ‘
6 22 | 25 28 32 36 40 o
7 34 | 40 45 50 56 60
8 53 | 43 71 80 90 | 100
9 85 1100 | 110 | 130 | 140 | 150 '
“\& _
S
F
Tabnuua 24
UJepOXOBaTOCTb I'IOBerHOCTeI7I HYepBA4YHOIo Koreca, Ra , MKM
MoBepxHOCTb CTteneHb TOMHOCTU YEepPBSAYHOM Nepegayn
6 7 8 9
pabo4yas 3ybbeB 1,25 1,25 2,5 5
BEpLUMH 3ybbeB 5 5...10 10 10
b6okoBasi 6a3oBas
seHLA (CTynVLLL) 2,5 2,5...5 5 10

[MoBEPXHOCTb CTYNULbl, COMPSKEHHAas ¢ Banom —
ana dgana <80 Mm —1,25...2,5 MKM
Ana d gana > 80 MM — 2,5...5 MKM

Odpyrne Heobo3HaveHHble — 10 MKM

B npunoxeHunsx A v b npuBeaeHbl npumepbl OPOPMIIEHUS YepTexen
YyepBsKa 1 YePBSAYHOrO Koreca.
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