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Kputepumn pabotocnocobHocTU U gonyckaemblie HanpsxxeHusa Y.

B 4epBAYHOM 3auennieHnn Hanbonee crnabbln 3fIEMEHT 3TO 3yD YepBAYHOro
Koneca. [na Hero BO3MOXHbl BCe BUObl pPa3pylleHUW U MNOBPEXOEHUN,
XapaKkTepHbIX Ans 3ybyatbiXx nepedad: WU3HallMBaHUE M YyCTarloCTHoe
BblKpalluBaHue padboymx noBepxHOCTen 3yObeB, 3aefaHMe U NOJFIOMKa
3yobeB. B 4yepBA4YHbIX nepegayax 4valle BO3HWKAET U3HOC W 3aeganue. [pu
MArKOM MmaTtepuane 3ybyatoro BeHua Koneca (onoBAHUCTbIE OPOH3bI) 3aedaHne
NPOSABNSAETCS B BUAE «HaMa3sbiBaHMS» MaTepuana BeHLUa Ha YepBsK, HO B 3TOM
clfiyyae nepegada MOXET pabotaTb €eWe OOCTaToYHO AOSIro (NOCTEMNEHHbLIN
oTKka3). Ecnu xxe maTepuan BeHua 4YepBAYHOro Koneca boree TBepabin (YyryH,
antoMUHNEBO-XeNe3ncTtole  OpPoH3bl), 3aefgaHMe nepexoauMt B 3aaup
NOBEPXHOCTU U MPOBOUMPYET ObICTPOE paspywleHne 3yobeB. lMoeblwWeHHbIU
U3BHOC U 3aedaHue 4epesiyHbIx nepeday ob6ycnoesieHbl 6o0sbWUMU
CKOPOCMSIMU CKOJIb)X€HUSsI U Hebna2onpusimHbIM  HarnpaeJsieHuUem
CKOJIb)XeHUSsI OMHOCcUmMesibHO JIUHUU KOHmMakKkma e6UmKoe 4epesika C
3ybbsIMU 4YepesiIYHO20 KoJsieca (CKoJib)XXeHue 800J/ib JIUHUU KOHmMakKma Ha
noeepxHocmu 3y6a). [MosTomy BbIGOp MaTepmana aOns BeHUa YEepBSAYHOrO
Korieca UMEET BaXXHeWLlee 3Ha4YeHue, U OH 3aBUCUT OT CKOPOCTU CKOSIbXEHUS
BUTKOB YepBsKa No 3ybbam 4epBsaYHOro Koneca.



C uenblo BblIOOpa MaTtepuana Aansi M3roToBrneHUs 3yb4yaToro BeHLa YepBSAYHOrO
Koneca MpeaBapuTenbHO OXudaemylo CKOPOCTb CKOMBbXEHWUS v ONPEdensior Mo
SMMNUPUYECKOMY BbIPAXKEHMUIO

v, ®0,45-107 -n, 3T, (7.1)

e V. — CKOPOCTb CKOMbXeHUs, M/C; R, — 4acToTa BpalleHUst uepBsika,

MUH; TZ —MOMEHT COMPOTUBIIEHUS Ha YepBSAYHOM Korece, H - M.
[anee matepuan 3y64aToro BeHLa 4YepBAYHOro Korieca BblOMpaloT B 3aBUCMMOCTU

OT CKOPOCTM CKOMbXKEHUA VY (Tabnuua 7.1.)

7.1. MexaHnveckne roxkasare/iii Mareprua/ioB BEHIIOB YePBAYHBIX KOJIEC

| 'pyrma Mapxka Crocob Or | Op | Opy | CROpOCTS
MAaTepHallOB|  MaTepHala OTJIUBKU H/wv? (Ml Ta) RO
- Vs, M/C
I bpO10OHI®1 | Llenrpobexuniii | 195 | 285 | —
EpO100] B xoxuib 1?5 243: = >3
B necox 132 1 215 | -
II [lenTpoGexusiii | 200 | 500 | —
bpA9X3Jl | B xoxuib 195 | 490 | - 2.5
B necox 1951 395 | —
[11 CUl5 B mecox — — 1320 <2




[Mocne aToro onpenenstoT UMKNUYECKY0 A0NTOBEYHOCTb Nepeaaym
| | ~ (7.2)

rAe N, — 4acToTa BpalleHMs YepBAYHOro koreca, M, L , — PECypC paboThl
nepegayu, 4Yac (npm 300 paboumnx gHSX B rogy U 0AHOCMEHHOW BOCbMUYacoBown paboTte
rogosou pecypc coctasut 300 8=2400 yacos).

[lonyckaemble KOHTaKTHble HanpsXeHus Ons oriosssHucmbeix 6poH3 (rpynna 1)
BbIMUCIIAIOT U3 ycrioeusi obecriedeHUsi KOHMaKmMHOU 8bIHOC/IUBOCMU Mamepuarna:

: (7.3)
rae o, — npeaen KOHTaKTHOW BbIHOCNMBOCTM paboyen NoBEPXHOCTN 3yOLEB,
COOTBETCTBYHOLLMIA YNCIY LIMKIOB HarpyxeHus, pasHomy 107. O6bIYHO NpUHUMALOT
, TAe 6, — Npefen Npo4HoCTU Matepuarna 3yb4atoro BeHUa
4YepBSAYHOro Kosieca ang pasHblX Matepuanos npeacrasrneH B Tabn. 7.1.
ZN— KOS (PULUMEHT LOSITTOBEYHOCTHN, BbIHMCIAEMbIN MO COOTHOLLEHUIO
(7.4)

Ecnu no pacuyety uuknuyeckasi 4ONroBe4YHOCTb nepegayu NH=N2 > 25-107, 7o B
3aBucuMocTb (7.4) crnegyeTt noactaBuTtb 25 107, Yto gaet ZN ~0,67.

CV —  KO3(MUUMEHT, YYUTbIBAKOLWIMA MHTEHCMBHOCTb W3HalUMBaHUS 3ybObeB
YepBAYHOTO Korneca B 3aBMCMMOCTM OT CKOPOCTW CKOMbXEHWs v, npu v < 3 CV
npuHUMatoT pasHbiM 1,11, npu v > 8 C,, NnpuHUMatoT pasHeim 0,8, a B MHTepBane 3<vs<8

OH MOXeT ObITb onbeneneH No aMMNMbUuYecKkom 3asBMCUMOCTN



(7.5)

[lonyckaemble KOHTaKTHble HanpshkeHusa Os1 be3orossiHucmbix 6poH3 (rpynna I1)
BbIYMCIISAOT U3 YC/108US COMpomuesieHuUsi 3aedaHuto:

[onyckaemble KOHTaKTHble HanpshkeHus Ons 4yeyHa (rpynna III) onpenensiot
TakXkKe U3 ycrio8usi conpomuerneHusi 3aedaHulo:

75...200)— 35 -v, . (7.7)

B BbipaxeHusx (7.3), (7.6) n (7.7) [o] ,— B H/mm? (MNa), V,—B m/c, a bornbLume

3HaYeHus [of , NpYHUMALOT ANs YEPBSIKOB C TBEPAOCTbIO paboyei NoBepXHOCTU BUTKOB
= 45 HRCa.
[Tocne BbIOOpa MaTepuanoB AN 3reMEHTOB 3y04aTO-BUHTOBOMO 3alEniieHnsa U

onpedeneHns [OOMyCKaeMblX HamnpskeHUn npUCTynawT K MPOYHOCTHOMY pacyeTy
nepegayn. A [onyckaemble HanpshkeHust ua3rmba 3yObeB onpedensoT Ha craguu
NMPOBEPOYHOro pacyeTa C Y4EeTOM KOHKPETHbLIX NapaMeTpoB nepeaayu.



NMpoyHOoCTHOM U TennoBou pacuet YTll.

[TpOYHOCTHOWM pacyeT YepBAYHOM Nepenadun BKKOYaET ABa OCHOBHbLIX 3Tana:

1) NPOEeKTHbIU pacyeT, Lefib KOTOPOro onpeaereHne OCHOBHbIX FEOMETPUYECKUX,
KWHEMAaTUYECKUX U CUITOBbIX NapaMeTpoB nepenayun, u

2) NPOBEpPOYHbLIN pacyeT, T[MPOBOAUMBLIA  ONA  TMPOBEPKN  COXPaHEHU
paboTocnocobHOCTM nepenadn B TeHEHME 3aJaHHOro cpoka paboThl.

[TPOEKTHbIN pacyeT BbLIMNOMHAETCS MO KOHTAKTHbIM HanpshkeHnsm, a B OCHOBY
BblBOJA PaCYETHLIX POPMYI MOMOXEHbI Te X UCXOOHble 3aBUCUMOCTU U OOMNYLEHUS,
4YTO M NpuU pacydeTe 3ybyaTtbix nepenad (dopmyna lepua ANa KOHTaKTa ABYX YMpyrnx
KPUBONMHENHbBIX MOBEPXHOCTEWN).

[Tpn NpoeKkTHOM pacyeTe nepenadun, NpegBapuTesibHO 3a4aBLUNCL BENTMHYNUHON
koachpuumeHTa pacyeTHown Harpy3km K, = 1,1...1,4 (MeHbluMe 3HaYeHus Ans nepegaqu
C NOCTOSIHHOM Harpy3koun, bonbLimMe — Ansa BbICOKOCKOPOCTHbLIX Nepeaay n nepemMeHHom
Harpysku), onpeaenstor MexxoceBoe pacCcTosiHue nepenayu

(7.8)

[Nony4yeHHOe 3Ha4YeHVe MEeXOCEBOro paccTosiHuA a  [Ans CTaHOapTHOrO peaykTopa
cregyeT oKpyrnnTb Ao bnnxanwero ctaHgapTHoro 3HadyeHusa (TOCT 2144-93; tabn. 7.2),
On9 HecTaHOapTHOW YepBAYHOW nepefayn — Ao bnvkanwero saHadyeHus no pagy Ra40
HOopMarnbHbIX NUMHENHbIX pa3mepoB (TOCT 6636-69)



B 3aBucMmMoOCT OT HEOOXOOMMOro MepefaTodHOro 4Yucra s, HasHavarT
4YMCIO BUTKOB (YMCI0 3aX040B) YepBska e

nomu < 14 z1=4; npn I4<u< 30 z,=2;npn30<u z,=1
Mo BbIBpaHHOMY uMCry 3ax04OB uepBska Z, UM Heobxoanmomy
nepefaTodHOMY YNCITY ¥, BbIYMCIISIOT YCIO 3y6beB YepBAYHOrO Koneca

, (7.8)

1 NONy4eHHOe 3HaYeHne Z, OKPYIMAT A0 bnvxanwero Uenoro Yucna.
[1o NpnHATBIM g, N g, YyTOHHSAIOT doakTuyeckoe nepegaroyHoOe YMCno

KOTOpOE MOXET OTnm4yaTbCsl OT Heobxoaumoro He 6onee Yem Ha 4%.
C uenbto obecnedyeHns [OCTATOMHOM >KECTKOCTU YepBdaKa onpeaensieMm Mu

HMMasIbHO 4OMNYyCTUMOE 3HavyeHne KoadopuumreHTa ero anameTpa

(7.10)

B kauecTBe pakTnyeckoro saHa4eHusa KoadduumneHTa guameTpa YyepBska ¢
npuHMMaem onmxauniuyo 6oNbLIYH CTaH4APTHYHO BENUYMHY (Tabn 7.3).



m
2,00
2,50
3,15
4,00
5,00

6,30

q

8,0
10,0
12,5
16,0
20,0

8,0
10,0
12,5
14,0
16,0
20,0

m

8,00
10,00
12,5

16,00

20,00

Tabnwuua 7.3

CoyeTtaHue moayneu m v
koadhdunumeHtoB anameTtpa yepBska g (FTOCT 2144-93)

q

8,0
10,0
12,5
16,0
20,0

8,0
10,0
12,5
16,0

8,0
10,0

[NMpumevaHune: [onyctumo nwboe co4yetaHve m U ¢
COCeACTBYIOLLMX MO roOpU3oHTanw.

N3 KIEeToK,



[1Ipy NPOEKTHOM pacyeTe MEXOCEBOro PacCTosAHUA nepenadun npegsapuUTeribHO
3aJaloT 3Ha4YeHne Koa(pdUUMEHTA pacYEeTHON Harpysku KH. [Mpn NnocTosiHHOM
pexXnme HarpyxeHus KH = 1. MNMpn nepeMeHHON N PeBEePCUBHOWN Harpyske ero

BENIMYMHY MOXHO onpenenutb Ans pasHbiX 3HaYeHNU g,V uqb No SMMNMUPUNYECKOM
doopmyrne

, (7.11)

Tabnuua 7.4
KoadduumenTtobl gna (7.11)
Yucno 3axo010B KoaddunneHTsl
4epBsKa z, Yy B
1 0,9662 2,5727
[anee onpenendatoT MexoceBoe 2 0,9390 2,5221
paccTosiHue @ (MM) nepepayn
4 0,9419 1,6737

; (7.12)



rae T, - B Hw; [6] , - B Ma.

[Tonlyd4eHHOE 3HaYEeHNE MEXOCEBOrO PAcCTOAHNA @ CcrieqyeT OKPYrnnuTb Ao
bnnxanwero craHgaptHoro 3HadeHusa (FOCT 2144-93"'5, nHorga Oornyckaertcd
ONa HecTaHOapTHOM 4epBAYHOM Nepedadn oKpyrneHne [o bnmkanwero
3Ha4eHus no psay Ra40 HopmarbHbIX NMHENHbIX pa3mepos (TOCT 6636-69).

Moaynb 3auenneHns BbIYUCTISAIOT N0 3aBUCUMMOCTHU

&K)

[Tofly4eHHOEe 3HayYeHne OKPYIIIAT 40 Onukanwen cTaHO4apTHOMN BENUYMHGI
moaynsa m (tabn. 7.3). [Nlo n3BeCTHOMY 3HA4YEHUIO MOAYNsS M, MEXOCEBOIO
paccToaHusa a KoadppuUMeHTa gMameTpa YepBsKka ¢ 1 Yncna 3yobeB Koreca

g, OnpedensioT HeoGXOAMMYID  BEnuUMHY  KO3MPULMeHTa  CMeELLEHUs
WHCTPYMEHTAa

(7.14)

Ecnn nony4vyeHHbIn KOIMPADUUMEHT CMELWLEHUSA X NO abConTHOM BeEMYUHE
npesbllWwaeT I, TO He0OXOAMMO N3MEHUTb a ,m,Zz, W ¢ 1 NOBTOPUTL pacyeT
119 HOBbIX 3Ha4YeHun, gobueadck, Ytobbl -1 <x < I.



B nepedaye, uzaomoerieHHoU co cMeweHUeM UHCMpyMeHma,
dernitumeribHbIU U HadasibHbIU QuaMemphbl Yepeska He coeriadarom

Yemeox=m-(a+2-x) . (7.15)

Mo NpUHATBIM NapameTpam m, ¢, Z, U T, BbIYUC/ISIOT BCe reoMeTpuyeckue
napameTpbl nepegayn o I'IpeLI,CTaBJ'IeHHbIM paHee dopMynaM. PesynbTaThl
NPOEKTHOro0 pacyéra cobupaldoT B WUTOroByto Tabnuuy, B OAHOM cTonbue
KOTOpPOW NMpeAcTaBfieHbl FrEOMETPUYECKNE NapaMeTpbl Nepeaayu, B ApYroM — nx
3HAUYEHUE: JIMHENHbIX PA3MEPOB B MM; YIJIOBbIX B AECATUYHBIX Fpagycax C He
MEHee YeM LLEeCTbi 3HakaMu Mnocne 3anaTou, NMmbo B rpagycax, MUHyTax U
ceKyHaax.

Ha 3ToM npoekTHad 4acTb MPOYHOCTHOrO pacyeTa 3akaH4MBaETCH
(reomMeTpuyeckme napameTpbl Mepegavnm YcTaHOBMEHbLI) W Ha4YMHaETCS
NnpoBepoOYHbIN pacyeT. B npoLiecce npoBepo4YHOro pacyeTa 3yoObs YepBAYHOIO
Korneca npoBepATCA HAa KOHTaKTHYH BbIHOCIIMBOCTb M Ha NPOYHOCTbL NpWU
narmbe. Kpome TOro, BbLINOINHAETCA MNPOBepKa nepegayn Ha COXpaHeHue

TeMnepaTypHOro pexxuma npu npoaoKUTeNbHON paborTe.



daKkTnyeckass CKOpoCTb CKOMbXEHUS BbIMMCNSETCS MO hopMyne

oY)

Mo nonyyeHHOM CKOPOCTU CKOMBXEHWUS v U BbIOPAHHOW CTeneHu TOYHOCTM

nepeaayn HasHadaeTcs KO3pdULMEHT ANHAMUYECKON Harpy3Ku K, , a no uvcny BUTKOB
yepBsika U KOI(PUUMEHTY ero AuMaMeTpa HasHavawT Koacbcl:)mumeHT AedopMaunm
yepBska K f(Koad)dDVILI,VIeHTbI BbIGMpaAlOT No Tabnuuam cnpaBo4YHOW NUTEPATYPbI).

[anee B 3aBUCUMOCTM OT NPOAO/IKUTENBHOCTU paboTbl nepeaayn B TeYeHne CyTOK U
ycnoBun eé paboTbl onpeaensitoT Ko3pduUMeHT pexkuma paboTbl nepeaayn Kp.

OnpenensitoT BENNUNHY KO3(pdPULMEHTA KOHLIEHTPALIMKU Harpy3Ku KHﬁ U3 BblpaXXeHusl

(7.28)

nnu
, (7.28a)

3Hast KO3(PULMEHT_KOHLISHTpaKuu Harpyskv KK, KO3PDULMEHT ANHAMUYECKON
Harpy3ku K, , MOXHO' BblUMCIINTE KOBhADMLUKEHT Dch‘f&THOM Harpysku K,



, (7.29)

[poBepKy nepeaayun Ha BbIHOC/IMBOCTb BbIMOHAKOT Mo opMyne

&)

Ecnn ycnosue (7.30) He ypoBneTBopsieTcsd, HeobxoAMMO YBENMNUYUTb MEXXOCEBOE
paccTosHMe a2 W NpoM3BECTM nepepacyeT nepedaun. Ecam xe aencrsytowme
HanNpsXXeHnsl 6, MeHbLLE AOMYCKAEMbIX 6onee yem Ha 20%, HeobxO0AMMO YMEHbLLUUTb
MEX0CeBOe pacCTodAHME nepefadn C NOocAeaylolmnM nepepacyeToM MnapamMeTpoB
nepenauu.

[lo peanbHOM CKOpPOCTM CKOMbXeHus V. (M/c) B nepegade onpenenswor

S
KO3(PPUUNEHT f 1 yron TpeHus p
) (7.31)

roe koapdpuumeHtol A, B n C ans pasHbiX rpynn maTtepuanoB npeacraBfieHbl B
Tabnuue 7.9.



7.9. 3HaueHus koa(pPpunumneHToB cpopmynbl (7.31)

[pynna
MaTepuanos A B c
I (6pOH3blI ONTIOBAHUCTbLIE) 1,04 6,40 0,8429
II (6bpoH3bl
6e30/10BAHUCTbIE) 1,64 7,60 0,9534

III (4yryHbl)



[locne 3Toro nMeeTcs BO3MOXXHOCTb YTOYHUTL Kl nepeaayn. lNpuHuMaga Kriz
OJHOW MOALIMMHMKOBOW Napbl paBHbiM 0,98, An19 nepeaaym B LENOM UMEEM

(7.32)

Mo peanbHoMy KT/l yTOUYHSIIOT Bpallalowmnin MOMEHT Ha YepBsIKe

(7.33)

N BbIHNCNAKOT HArpy3ku B 3aulerni€eHmnm

(7.34)



[lonyckaemble HanpsbkeHus u3rnba ans MaTtepvana BeHLA@ YEepBSAYHOro Koneca
COCTaBNSAOT:

Ansi Bcex 6poH3

Npv HepeBepcuMBHOW (OAHOCTOPOHHEN) Harpy3Kke

; (7.35)
Npy peBepCMBHON (ABYXCTOPOHHEN) Harpy3Kke

; (7.36)
ONS YYTYHHbIX BEHLOB
Npy HepeBepCcMBHOW (OAHOCTOPOHHEN) Harpy3Ke

; (7.37)
Npy peBepCcMBHON (ABYXCTOPOHHEN) Harpy3Ke

; (7.38)

rae 6., 6, V 6, — NPELEN TEKYYeCTW, Npeaesn NpoYHOCTM M Npeaen NpoYHOCTM Npu
n3rnbe matepuana, Ans KOTOPOro BbIYUCASIOTCS AOMYCKaeMble HanpPsH)KEHNS.

OnpeaensitoT YnMcno 3ybbeB 3KBMBANIEHTHOrO NPSIMO3Yyboro Koneca no gopmyne
, (7.39)



Vlcnonb3y;|u KOTOPOE, KO3PMUUMEHT (hopMbl 3yba Y,, MOXHO BbIMUC/IUTL MO
SMMNPUYECKON 3aBUCUMOCTU

Y., =1,186-¢ 11,12/ 7, , ) (7.40)

[IpoBepKY NPOYHOCTM 3ybbeB HYepBSAYHOIO Kosieca Ha U3rMb BbIMNOAHSAKT MO
¢popmyne

(7.41)

Ecnu B pe3ynbTate pacdeta ycnosue (7.41) He ynoOBNIETBOPSIETCS, TO
NPOYHOCTb 3y6a Ha M3rMb MOXHO MOBLICUTb 3a CYET YBEeSIMYEHUs] MoAayns C
NocneayrLlwmMM NnepecyeToM BCeX reoMeTpmuyecknx napaMeTpoB nepenaydu, nmbo
3aMEHOM MaTepuarna BeHLa YEPBSAYHOro KOJseca Ha Apyrou ¢ 6onee BbICOKMMMU
MeXaHMYECKMMWN XapaKTEPUCTUKAMM.

Bbicokoe TennoBblAENIEHNE B 4YepBAYHOM Mepeaade, o06ycnoBneHHOe eé
oTHocuTenbHO ManbiM  KI4d, TpebyeT npuHATMS cneuuanbHbIX Mep O
NOAAEPXaHUS HOpManbHOM paboyen TemnepaTypbl [AETanen nepeaaydn.
[donyctumas TeMnepatypa Macna B KOpryce YepBs4YHOro peaykropa 0bbl4HO He
AomkHa npesblwatb 70...90°C.



TennoBou pacyeT YepBsiYHOM Nepeaaye 6a3npyeTcs Ha COOTHOLLEHNN

(7.42)

rae Q . — TennoBas MOWHOCTb, BblAensieMas Npu pabote nepesayy,

Q ., — TENNoBas MOLHOCTb, KOTOPYK CMOCOOGHO paccesiTo B OKPYXatoLlyio
cpeay oxaxaatollee YyCTpOMCTBO. 3TN MOLLHOCTM MOTYT ObiTb BbIYMCIEHBI MO (hOpMynam

, (7.43)
rae P, — MOWHOCTb, NOABOAVIMAS & HEePBAKY fiepejiavn, 4 — nioliasb, OMbiBaeMas
OXnaxaalolWwmnM  areHToM (Bo3ayx, oxnaxpalowas Boaa), K. - KoaPuuMeHT

TEMI00TAAYM OX/IAXKAAEMOW MOBEPXHOCTW, ¢, M ¢ — TemnepaTypa Macia B Kopmyce
nepeaayun 1 oxXIaXXAAoLEro areHTa, COOTBETCTBEHHO.

Mpn oxna)xaeHMn NOTOKOM BO3AyXa C LENbI YBENNYEHMS MOLAAN OXNAXKAAEMOU
NOBEPXHOCTN €€ opebpstoT, npuyeM péébpa Ao/MKHbI 6bITb HanpaBseHbl N0 XxoAy

NOTOKAa OXJ1a)KAarowlero Bo3ayxa.

[1pU KOHBEKTMBHOM OXNa)XAEeHUN CBOOOAHBLIM BO34YXOM KO3(MUUNEHT TEnI00TAaum
K, = 8...17 Bt/M2-°C, npu BEHTUIATOPHOM OXNaXAEHUU (BEHTUNIATOP O6bIYHO
3aKpennisioT Ha CBOOOAHOM KOHUe Bana-yepssika) - K, = 20...28 Bt/M%2-°C, npu

BOASAHOM OXNa)XAEHUN - KT = 70...100 Bt/M?2-°C



Jlekunss OKOH4YEeHa.
YcnexoB B y4yebe!



