OIl/J1.9.02.04 IETAJIN MAIIUH
VYuebHoe mocodue

Kypc Jeknuil cocTaBlieH B COOTBETCTBHH C MPOTPAMMOM  IIpe-
Mera «Jleranu mMammB» U1 TeXHHYESCKHUX CIIENUAIBHOCTEH BBICIIHX
yueOHBIX 3aBe/eHHI.

ITpennaraemMoe M3daHHE OXBAThIBaeT OCHOBEHI pacueTa M OOTIHE
BOIIPOCLI KOHCTPYHPOBAHUA JeTaleldl U Y3JI0B 00MeMalluHOCTPOU-
TEIIFHOTO IIPUMEHEHHUS.

B xypce npunsita equHas cucreMma ¢(uzndeckux BeauuuH (CIH)
CO CHEAYIONMAMH OTKJIOHEHISIMH, JIONYIIeHHBIMUA B cTaHAapTax Ha
pacuersl AeTalell MAaIlUH: pa3sMepbl JeTaleldl MalluH BbIPaXXarTcsd
B MM, Hanpsixenus B H/mv? — (MIla), MOMeHThI cOXpaHeHbl B Hwm.
[TosToMy B popMyIIBI, BKIIOUAIONTHE Bpamaloniie T 1 u3rudamnimie
M MOMEHTHI, BReJeHBI MHOXHUTeTH 10° mepeBoja METPOB B MIUIIU-
METPHL
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Yacte |

OCHOBbI NPOEKTUPOBAHUSA OETAJNIEU
MALUUH

[nasa 1. OCHOBHbIE MOJIOXEHU4A

1.1.00umne cBepeHuUd

I{enpio Kypca gBiIsicTcd M3YYCHHC OCHOB pacycTa
U KOHCTPYUPOBAHMUS ACTalicH W Y3/70B OOIICro Ha3HAYCHHA.

1.2. Tpe6oBaHNe K MalLMHAM W AeTanam

B coOTBETCTBUH € COBPEMEHHBIMH TEHJICHIIUSIMHU K
OOJILINIUHCTBY MPOCKTUPYEMbBIX MAIlMH MPEJIbABISIOT CIIC/YIO-
Idc OdIIMUC TPCOOBAHHUS:

* BbICOKas MOPOU3BOJIMTCILHOCTD;

* 3KOHOMHYHOCTD;

*  HaJIC)KHOCTL U JIOJI'OBEUYHOCTD;

* ya00cTBO M 0€30TacHOCTh OOCITYKHUBAHHUS;

*  TpaHCNOpPTaGelIbHOCTh.

ITpu pacuerax, KOHCTPYHPOBAHWHA W H3TOTOBJICHUM MAIITHH
JOJIKHBI CTPOro COONIIOAATHCS CTAHIAPThL:  [OCYIAPCTBEHHbIE
(I'OCTr1), orpacieBvic (OCTr1), npeanpustuii (CTII).

CraniapTbhl B MAKCUMAIbHO BO3MOKHOW CTEIEHU OpPUOIIMKE-
HbI K cTamjiapraM MexyHapo/iHoil opranusaiuu Mo crawjap-
tizauu (ISO).

[IpyuMeHenue B MalllMHE CTAHJAPTHLIX JeTallei W Y3JI0B
YMEHBIIACT KOJMYESCTBO THIIOPA3ZMEPOB, OOCCICUUBACT B3aMMO-
3aMEHSIEeMOCTh, TO3BOJISIET OBICTPO W JICNIEBO W3TOTOBJIATH HO-
BbIC MAINHIDBI, 4 B TCPUOJ JIKCIUTyaTallud OOJerdacT PeMoOMNT.



1.3. Kputepum padéorocnocoGHOCTHN
M pacuyeTa petajnehn MaWuvH

PaGoTocnocoOHOCTE ZIeTalicii MallMH OICHUBAIOT IIO
O/THOMY HJIM HECKOJIBKHM KPUTCPHSM, BBHIOOp KOTOPBLIX 00yc-
JIOBJIEH YCJIOBUAMHU PaOOThI M XapaKTepoM BO3MOMKHOI'O paspy-
meHus. TakuMU KPUTEPUSIMHU SBIAIOTCS: MPOYHOCTD, KECTKOCTD,
HU3HOCOCTOMKOCTh, TEIUIOCTOMKOCTL, BHOPOYCTOMYHUBOCTD.

IIpouHocTh. BaxHeHimiM kputepueM padoTocnocoOHOCTH
BCEX JcTajlcH ABJSICTCS MPOYHOCTb, T.C. CIIOCOOHOCTHL JICTaJId
COTNPOTHUBIIATLCS Pa3pyIICHUIO WM BO3HHUKHOBEHHWIO ILJIaCTHYEC-
KUx jieopMalidid MoJ JIMCTBUEM MPWIOKEHHbIX K HEW Harpy-
30K. MeTo/bl pacyeToB Ha MPOYHOCTL M3Y4YalOT B Kypce COMpo-
TUBJICHUA MaTepuajioB. B pacdyerax Ha MNPOYHOCTH OOJIBIIOE
3HAYCHUE HMEeT TPaBUILHOE OMpejieJIcHue pacdyeTHbIX Harpy-
30K U JOMYCKAEMbBIX HATIPSIAKCHHMN.

[10BBICHTE MPOYHOCTH MOJKHO NIYTCM BbIOOpA pallHOHAILHOH
(popMBI MOMEPEYHOIO CCUCHHS JCTA/IM, YCTPAHECHHS KOHIICHTpa-
TOPOB HAIPSKCHHM, BBCIACHHSA IMOBEPXHOCTHOI'O YIIPOYHCHHUS.

KectrocTh. KecTKOCTLIO HA3BIBAIOT CIOCOOHOCTL JACTaJId
COMPOTHUBIATLCA M3MEHEHUIO (OPMBI M PasMepoB IOJI HATPY3-
KOI.

H3HococTOliKOCTL. M3HOCOCTOMKOCTBIO HA3BIBAIOT CBOIi-
CTBO MaTepHala OKa3bIlBaTh COIMPOTHBICHUC W3HAINMBAHHUIO.
[Tom usHamMBaHuEeM MTOHUMAIOT TIPOIECC Pa3pyIICHUS U OT/C-
JICHHsI MaTcpHalla ¢ IMOBCPXHOCTH TBEPIAOrO Tejla IMpH TPCHUH,
MPOSIBIIAIONIEMCS B MTOCTEINIEHHOM U3MEHEHHH pa3sMepoB WIH (op-
MBI.

Hznoc (pe3yibTaT WM3HAIMBAHMA) CHUKAET MPOYHOCTL JIeTa-
Jield, U3MEHSIET XapaKTep COMNpSKeHUs, YBEIWYHMBAET 3a30phbl B
MOJIBUKHBIX COEAUHEHHUAX, BbI3bLIBACT IIIYM.

TemaocToliKocTh. TEINIOCTONKOCTLIO HAa3bIBAIOT CIOCOO-
HOCTL KOHCTPYKIMH padoTaTh B mOpeAciaax 3aJaHHBLIX TeMIlepa-
TYp B TEUCHHEC YCTAHOBJICHHOI'O CpoKa ci1yxObl. I[leperpeB je-
Tajnel BO BpeMs paboThl — sIBJICHHE BPE/HOEC M OMNACHOE, TakK
KaKk MNPy JTOM CHHKAeTcd WX MNPOYHOCThH, YXY/INAIOTCS CBOU-

CIBa CMa304YHOI'O MaTcpHdJld, a4 YMCHBIICHHC 3430pOB B IIO/-
BHUXKHBIX COCIWMHCHHAX IIPHUBOAHUT K 3aKJIMHHUBaAHHWIO M ITOJIOMKC.

Ja olecrieueHUsT HOPMAJIbHOIO TEILUIOBOI'O pPexuMa padoTbl
MPOBOJIAT TEIUIOBLIC PAcUCThl (pacyeTbl UYCPBAYHBIX W BOJIHO-
BbIX Mepejay, MOINUITHUKOB CKOJIbKCHUS).

BuoOpoycTtoifunBoctb. Bubpalmiu cHHXKAIOT KavyecTBO padOThI

MaliuH, YBCIWMYHUBAIOT IMMYM, BLIZLIBAIOT MOIIOJITHUTCIILHBIC Ha-

MPsKCHUA B JACTAJIAX. OcoGeHHO omacHbI PC30HAaHCHBIC KoJieba-
HHA.



Yacts Il
COEOAVHEHUWUA AETAN EA MALLUUH

[Tpy M3rOTOBICHUM MAIIMHLI HEKOTOpPHIC €¢ IeTalIu
WIK y3JIbl COCJIMHAIOT MEXIy cOO0OH ¢ MOMOINILIO HEPa3zbheMHBIX
WIH Pa3beMHBIX COC/IMHEHUM.

HepazbeMHbIMM HA3BIBAIOT COCJIMHEHUS, KOTOPbhIE HEBO3MOXK-
HO paszodpaTh O¢3 pas3pyllcHHUd WIA MOBpekacHUA aeTaich. K
HHUM OTHOCHT KJIeMaHble, cCBAapHbIC, MasHble, KJICCHbIC COC/IMHE-
HHUS, a TaKKe COC/MHCHHS C HATAIOM.

Pa3beMHBIMH HA43bIBAIOT COC/UHEHUS, KOTOPhIE MOKHO pas-
OupaTh W BHOBb coOHpaTh ©O¢3 TOBpeKIcHHS gctancii. K
Pa3beMHBIM OTHOCAT Pe3bOOBBIC, IMMOHOYHBIC, IUIHIIECBBIE CO-
¢/IMHCHUSL.

nasa 2. CBAPHbIE COEAMHEHWUYA

2.1. O0wme cBepeHuUd

CeapHble coegquHeHMsi — HauOoOJlee PacHPOCTPAHEH-
HBII THUIN HEPA3bEMHBIX cocTMHCHUN. OHM 00pa3yroTcs MyTeM Me-
CTHOTO HarpeBa AcTalicil B 301¢ UX cocauticiivg. [TpuMensror pas-
Ju4Hbpie BUjIbI cBapku. Haunbouibiiee pacmpocTpaHeHue MOJTyYHIIN
JJIEKTPUYECKUE, OCHOBHBLIMH M3 KOTOPBIX HABIISIIOTCH JIYTOBas U
KOHTAKTHASI CBapKa.

[Ipu ayropoii cBapke METAJUI B 30HE COCAUHECHHS JTOBOJMTCS 10
pacmuiaBienus. Coejuienue odpasyercss mocie OTBEp/ICHHUS Mce-
Tauia. PasnuyaroT cie/iyronue pasHOBH/IHOCTH JyTOBOM CBAPKHU:

1) aBromMaTHyeckas cBapka Moj (PIocoM — BbICOKOMPOU3-
BOJIUTCIIbHA M 9KOHOMHYHA, ¢ XOPOINMM KadecTBOM INBA, MpPH-
MEHIO B KPYIMHOCEPHUHUHOM M MacCOBOM IMPOU3BOJICTBE I KOH-
CTPYKIIMH € JUTMHHLIMU IIBAMU;

2) moJiyaBTOMaTHYecKas NUIAKOBAad CBapKa, MPUMEHSIOT IS
KOHCTPYKIIUM ¢ KOPOTKHMMH MPEPBIBUCTHIMU IIBAMU;



3) pyuHas cBapka — MaJIONIPOU3BOJIUTEILHA, C HEBBLICOKUM
Ka4eCTBOM IIIBA, MPUMCHSIO MPH MaJToM OOBEME CBAPOYHBIX pa-
00T U B TOM ciy4ae, KOTJIa APyrue BU/bI JIyTOBOM CBapKH Hepa-
IIHOHAJIbHBL.

[ IyroBOW cBapKH NPUMEHSIOT JICKTPOABI C PAa3IUIHON 00-
Maskou. /U1 cBapKM KOHCTPYKIIMOHHBIX CTAJICH MPUMEHSIOT 3JIEK-
Tpojibl: 242, D42A, 246, D46A, 250, D50A u ap. Yucio nocie
OYKBBI 2, yMHOkeHHOoe Ha 10, 0do3HaYaeT MUHUMAIILHOE 3HAYCHUE
BPEMEHHOI'O COMPOTUBIIEHUS MeTauia 1Ba. bykBa A obo3Havaer
MOBBIIIICHHOE KAYECTBO 3JCKTPOJIA, OOCCICUMBAIOIICE TTOTYYCHHUC
0oJiece BBICOKMX TUIACTHYECKMX CBOWCTB MeTallla IBA.

[Ipy KOHTAKTHO#H CBapKe METAJLI B 30HE COC/IMHEHUS JIOBOJIMT-
csl He JTO JKUAKOTO, a TOJHLKO JIo THlacTuuHoro cocrosuus. Coemu-
HeHue olOpasyercd myTeM cJaBiIUBaHUs jieTalied. KoHTakTHyo
CBApPKy MPUMCHSIOT B CCPUMHOM M MAaCCOBOM IPOU3BOJICTBC IS
HAXJIECTOYHBIX COCIUHCHUM TOHKOI'O JIMCTOBOTO Meramia (To-
4YeqyHas, IMOBHASA CBapKa) WIM I CTBIKOBBIX COE/JIMHEHUH KPYI-
JOTO W TIOJOCOBOTO MeTaUla (CTHIKOBAsS CBapKa).

Haiiee paccMOTpUM COEJAMHEHHS JIyTOBOU CBAPKOHM.

JIOCTOMHCTBA CBAapHBIX COeAUHEHUIA.

1. HeBbIcokas cTOMMOCTBL COCTMHEHHS BCIC/ICTBUE MAJIOW TPY-
JTOEMKOCTH CBAPKW U MPOCTOTLI KOHCTPYKIIUM CBAPHOTO INBA.

2. CpaBHUTEILHO HEOOIbINAsg Macca KOHCTPYKIIUH.

3. T'epMeTUYHOCTL M TUIOTHOCTH COC/IMHCHHUSL.

4. BO3MOXHOCTh aBTOMATH3AIMHU MPOIlECCa CBAPKH.

5. Bo3MOXKHOCTL CBapKHA TOJICTHIX MPOQHIICH.

HenoctaTkm.

1. HeBricokoe kadecTBO cBapHoro Imea. [IpuMecHeHue aBTO-
MaTUYECKOW CBapKM B 3HAYMUTEILHOW MEpE YCTPaHSET J3TOT
HE/JOCTATOK.

2. TpyanocTh KOHTPOJISL KadecTBAa CBAapHOrO IMBA.

3. Kopobnenue jerajied M3-3a HEpaBHOMEPHOCTH HArpeBa B
MPOIIECCE CBAPKH.

4. HeBbIcokas TPOYHOCTH MPH MEPEMEHHBIX PEXUMAaxX HArpy-
xeHus. CBapHOHW IIOB SBJISIETCA CUJILHBIM KOHIIEHTPATOPOM Ha-
TIPSIKCHUT.



2.2. OCHOBHbIE@ TUMbI U 3JIEMEHTbl CBAapPHbIX
coeaAUHEeHUN

B 3aBUCHMOCTH OT B3aMMHOI'O PACIHOJIOXEHUS COEIU-
HSAEMBIX 3JIEMEHTOB NPHUMEHSIOT CICAVIOIIHUE TUIILI CBAPHBIX CO-
eJIMHEHUN.

CrbikoBble coeauHeHusi. [IpocTeie U Hanbosiee HaJEKHbIE W3
BCEX CBAPHBIX COCAMHEHHMN, WX PEKOMEHAYIOT B KOHCTPYKIIMSX,
MOJBEPXKEHHBIX BO3JCHCTBAIO IEPEMEHHbIX HanpsbkeHurd. Ha
puc. 2.1, a—2 moka3aHbl pa3jIMuHbIE BAPHUAHTHI CTHIKOBBIX IIBOB,
BBIITOJITHEHHBIX PYUYHOM IYrOBOM CBAPKOW IIPH PA3IUUYHOH TOJ-
IIMHE COCAUHSIEMbIX 3JIEMEHTOB. [IpuM aBTOMAaTHUYECKOW CBapke
MPOUCXOIUT OoJiee TIIyOOKOE TMPOIUIaBJIIEHHME MeTallia, II0B
o0pa3yeTcss B OCHOBHOM 34 CUET OCHOBHOI'O MeTalljla, a He Me-

a) i Tajula J3JIEKTPOJa KaK [MpU PYUYHOU
Qm cBapKE.
J 15T Bo3BblllleHME CTBIKOBOTO IIBAa HAaJ
6) OCHOBHBIM METAJUIOM SIBJISIETCS. KOHIICH-
E}l \N TpaTopoM HanpsikeHuil. [losTomy B OT-

BETCTBEHHBIX COCIUHEHUAX €ro yaajs-
0T MEXAaHUYECKUM CIIOCOOOM.
HaxuiecTouHble  coeauHeHust  (puc.
2.2, a—6). VX BBINOJHSIOT YIJIOBbIMHU
IBAMM C pa3In4HON (OPMOU CeUueHMUS:
HOpMalibHble (puc. 2.3, a), npoduib
KOTOPBIX MPEJCTABISIET COOOU PABHO-

2) 2520 5
O€IpEHHbIN TPEYTrOJIbHHUK;
- BOTHYThIC (pUC. 2.3, 6) NPHUMEHSOT B
)
OTBETCTBEHHBIX KOHCTPYKLMSX MpU Iie-
o
e PEMEHHBIX Harpy3kax, TaK KaK BOTHY-
o N
A Puc. 2.1. CTBIKOBBI¢ LIBHI:
4 — OJIHOCTOPOHHHMH 0€3 CKOca KPOMOK;

O — OJJHOCTOPOHHHM €O CKOCOM KPOMOK; 8 — JIBYCTOPOHHHH C JABYMS
CUMMETPUYHBIMU CKOCAMH OJTHOM KPOMKH; 2 — JBYCTOPOHHHH C JBYMA
CUMMETPHUYHBIMH CKOCAMH IBYX KPOMOK
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TOCTh OOECMEUMBACT TUIABHBIM MMEPEXOoJ, BCIECACTBUE YEro CHHU-
J)KaeTcsl KOHLIEHTpalusl HanpsbkeHui. BorHyTel npoduib Mmosy-
YalT MOCIEAYIIEN MEXaHM4eCKoM oO0pabdOTKOW MmBa, 4TO MO-
BBIIIAET CTOMMOCTh COEIHHEHUS;

BbINYKJIbIe (pUC. 2.3, 8) — HepalMOHAJIbHbI, TaK KaK BbI3bI-
BAlOT MOBBIIICHHYK KOHICHTPALMIO HaIPsKEHUM;

crienanbHble (puc.2.3, 2), Tpo@uib KOTOPBIX MPEACTABIISIET He-
PaBHOOEAPEHHBIN NMPSIMOYTOJIbHBIA TPEYTOJIbHUK, MPUMEHSIOT IPU
MepeMEHHbIX Harpy3kax. 3a KaTeT IIBa kK MPUHUMAIOT KAaTeT BIU-
CAHHOTO B CEUYEHHE IIBa PAaBHOOEAPEHHOrO TPEYyroJbHUKA (CM.
puc. 2.3, 6). B O0JbIIMHCTBE CITy4yacB 3HAYEHUE K TPUHUMAKOT PaB-
HbIM TOJIIIMHE 5 CBAapUBAEMBbIX JeTajlel, HO He MEHee 3 MM.

VriioBble IIBbI ObIBAIOT:

J000BbIE, PACIOJIOKEHHBIE TMEPINEHAUKYJISAPHO JIMHUU JIEH-
CTBUSI culibl F (cM. puc. 2.2, a);

(bJTaHTOBbIE, PACIOJIOXKEHHBIE MAPAJUICIIbHO JIMHUU JEMCTBUS
cunbl F (cMm. puc. 2.2, 0);

a) 0)
I, ,co T
745 7
r“ 244 l F OOE_J} UOV*L %
[
P )
Lh :
F J f i ' 7
{ _( o | = Zo3E 4
121‘50& s \\\\\\ | ‘
9 Puc 2.3. YrioBble HIBBI
| P
< 5 a) 6)
Ton |
Puc. 2.2. HaxiecTrouHsble
COCIMHCHUA YITIOBBIMHA Puc. 2.4. TaBpoBbIe COCIMHEHUA

mBaMH
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KOM6I/IHI/IpOBaHHbI€, COCTOMAINMC M3 COYUCTaHMA JIOOOBBIX H

(p1alroBpIX INIBOB (CM. pHC. 2.2, 8).

B HaxiecTouyHbIX COEJIMHEHMIX BO3HMKAET W3IUOAIONIMU MO-
MeHT M = FO (cMm. puc. 2.2, @) OT BHELEHTPOBOI'O JIeHCTBHS
PACTATUBAIONIAX WM CXKMMAIOIIUX CHJI, YTO SABJISCTCS HE0CTaAT-
KOM COCOUHCHHM.

TaBpoBble coequHeHusl. B HUX cBapuBacMmblc dJICMCHTBLI pac-
MoJIaraloTcsd BO B3aMMHO IMEPHEHIUKYIAPHBIX IIockocTax. Co-
eJIMHEHNE MOKET OBITh BBIMOJHEHO YIJIOBHIMU (puc. 2.4, a) Wwiun

CTBIKOBBIMHU (puc. 2.4, 0) mBamu.

2.3. PacueT Ha NpPOYHOCTL
CBapHbIX COeaAVNHEeHUN

OcHOBHBIM KpPUTEpUEM PadoTOCHOCOOHOCTH IIBOB

CBAPHBIX COEJIMHEHUN HBIISIETcs MPOYHOCTh. Pacder Ha mnpou-
HOCTh OCHOBAH Ha JIOMYIIEHUH, YTO HAMNPSKEHUS B IIBE pacrpe-
JieJIeHbl PABHOMCEPHO KaK MO JIJIMHE, TAK U IO CCUCHHIO.

CThikoBbIe coequHeHUs. PacdeT mBOB (puc. 2.5) NPOW3BOAAT
Ha pacTsSKeHHe WIM CKaTHe MO CEYSHHUIO COE/IMHAEMBIX jleTaiei
Oe3 ydera BO3BBINNICHUS IITBA.

YcnoBue MpOYHOCTH IIBA Ha PACTIKCHHUC

s = <[s]
P = A 81 [ P, (2.1)
rae /7 — pacTIruBarolasg cuiia; O — TOIIINHA IBa (IPHHIMAal0T paBHOI
TOIINUHE ACTAIM); [ — JIHUHa IIBa, G, H [G]'p —
pacueTHOE U JOITYCKAEMOE HATIPSKCHIS PacTIKe-

HUS T mBa (tadi. 2.1).

T HaxnectouHble coeJHeHHSI YIJIOBbLIMH
‘| HIBAMH. YTJIOBbIC IIBBI PACCUMTBLIBAIOT HA
cpe3 Mo omacHoMy ceueHuro -1 (cM. puc.
2.3, @), coBmajarmoiieMy ¢ OHCCEKTPUCOU
npssMoro yria. Pacdernasa BbicoTa /i omac-
Puc. 2.5. CTeixopsie  HOTO cedeHus mBa: /i = 0,7k s pydyHOH
COCTHHCHIS CBapKH; /i = k 8 aBTOMAaTHYCCKOM.

f —

T

|
!

T

NNy

|IIL
Lil
| =
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YcioBuce IMPOYHOCTH MHIBa Ha CPC3

Tcp A hl TICP (22)
rae T, u [T]',, — pacueTHOE 1 JOIMYCKAEMOE HAIIPSKECHH CPe3a /I NIBa
(em. Tadm. 2.1); [ — pacderHad Jumna 1mBa. B coeuHenHH 1000BBIMH

mmamu [, =2/ " (CM puc. 2.2, a), prmanrosuiMu mBamu /, =21, (cM. puc.
2.2, 6). B xoMOHHHPOBAaHHOM CBapHOM IIBE (CM. PHC. 2.2 % [, paBHa
CYMME JUIMH JO0OOBBIX M (DIIAHTOBBIX ITIBOB.

Taomuma 2.1. domycTuMble HAIIPSIZKEHIA /ISl CBAPOYHBIX CO€IHHEHMIT
AeTajlell U3 HH3KOYIVICPOIHBIX HHH3KOJIEIHPOBAHHBIX

crajIen
Buy ABTOMaTHUECKAS W Pyunoe 1yroBoe CBAPHEBIC DIICKTPOIbI
AedopMaliii ¥ | OJAyaBTOMATHUECKAS STA 550 593,550
HAIPSKCHHS cBapka o QIIocoM
Pactsokenue [6]'p [G]p [Glp [6],
Cxatue [6] ox [Glp [y o],
Cpes [’c]'p 0.8]c], 0.65[c]; 0,6[c],

nasa 3. PEBbBOBbIE COEAVUWHEHUA

3.1. O6wume cBegeHUd

Pe3nOoBbIe coc/IMHEHUS SBIIAIOTCA Haubollee pacipo-
CTpaHeHHbIMU Pa3zbeMHBIMA coequienusavMu. Mx obpasyroT 0ol-
Thl, BUHTBI, TAKU W JIPyrue JieTallki, cHaOKEHHbIC PE3bOOU.

Knaccupnkanus pesnd. B zaBucu- g3~
MOCTH OT ((POPMBI MOBEPXHOCTH, Ha
KOTOpoH oOpasyeTcd pe3bda, pasiu-

YaloT NWJIHHAPHYECKHEe U KOHMYecKHe T "'“"§

pe3non (puc. 3.1). 4 9
B 3aBucumoctu oT opMbl mpodu-

TS pazIuvaoT  cIIeyIoNue  OCHOB- Puc.3.1. Tlpumep

HbIe THIIBI Pe3b0: TpeyroiabHble (pHC. KOHIHYECKOii

3.2, a), ynopuble (puc. 3.2, 0), Tpamnc- | IIIHHAPHICCKOH pe3b0
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o) 8) 2) 0)
PN 7N Y

Puc. 3.2. TIpoduim pe3nd

LHeugalIbHbie (puc. 3.2, 8), IPAMOYrojbHble (puc. 3.2, 2) U Kpyr-
able (puc. 3.2, 0).

B 3aBuUCHMOCTH OT HAamlpaBIeHHUS! BUHTOBOW JIMHUM PE3bObI
OBIBAIOT MpaBble W JieBble. Y MpPaBOH pe3bObl BUHTOBAs JIMHUS
noJiHuMacTcs cJIcBa HaMpaBo, y JIeBOW — copaBa HajeBo. Jle-
Basg pe3bOa MMeeT OTpPaHHUYCHHOE MPHUMCEHCHUE.

B 3aBHUCHMOCTH OT 4Mclia 3aX0/0B Pe3LObI JICTAT HA OJAHO3A-
XO/JHble M MHOro3axojHble. MHOIro3axo/IHble pe3bObl MOJIyYa-
0T MpU MEepeMellcHUd TPOoQUIEH MO0 HECKOJIbKHM BHHTOBBIM
JMHUAM. 3aX0JIHOCTL Pe3bObl MOMKHO OMPE/ICIIUTL ¢ TOPIA BHUH-
Ta MO YHUCIY COCraroluX BUTKOB.

B 3aBucuMoOcCTH OT HazHadcHUS Pe3hbObI JACIIAT Ha KpeleimHbIe,
Kpemne:KHO-YIUIOTHSIIOIIHE U JJI51 MpeoOpa3soBaHUs JBH:KEHUs.

Kpenexkibie pe3bObl MPUMCHSAIOT B COCAUHEHUSAX I CKpeM-
jeHus jeraicd. OHU UMCIOT TPEYroJLHBLIM MpodUilh, OTIIMYAIO-
IIMKACS. MOBBIIIEHHBIM MOMEHTOM COIPOTHUBIIEHUSI OTBHHYMBA-
HHUIO U BBICOKOW IPOYHOCTHIO.

KpenexHo-yrioTHAIONMMWE Pe3bObl MPUMEHSIOT JUIsl CKpervie-
HHS JCTAJICH B COCIMHCHHUAX, TPEOYIOIIUX TepMETHYHOCTH. MX
TaK¥Ke BBITIONHAIOT TPEYroyibioro mpodurs, mo 6e¢3 3a30poB B
CONPSKEHUH 0O0JITa M TaMKH.

Kak mpaBWiio, Bce KpemexkHbie pe3sbOOBLIC JICTalld UMCIOT O/I-
HO3aXO0JINYI0 pe3Loy.

Pe3nObl 11 TipeoOpa3oBaHUs JIBUKCHHS (BpalllaTEILHOTO B
nocrynarejlbHoe WIM HA000pOT) MPUMEHSIOT B BUHTOBBLIX Me-
XaHu3Max (B XOJIOBbIX M TI'PY30BbIX BHHTax). OHHM HUMEIOT Tpa-
MeleHTAMBHBIN (peke TIPAMOYTOIBHLINA) MpodUilh, KOTOPHIM Xa-
pakTepUsyeTcd MaJlbIM MOMCHTOM COMPOTHUBIICHUS BPAICHHIO.
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JlocTOMHCTBA pPe3b0OBBIX cOeAMHEeHMIA.

l. IlIpocroTa KOHCTPYKIIHU.

2. Y100cTBO cOOpPKH, pa3OOpKH, BO3MOXKHOCTL MPUMEHEHUS
JUISL PETYJIMPOBKH B3aUMHOIO TMOJIOKEHUS JETAJIEH.

3. Bricokas HarpysodHasi CIOCOOHOCTb.

4. Manad cTOMMOCTD.

HenocraTkoM pe3b00BbIX cOeTHHEHWI SBIIACTCS BBICOKAS
KOHIICHTpAIUsl HANPSIKCHUN BCIICICTBUEC HAIIAYHMS PE3bObl Ha
MMOBCPXHOCTU ACTAJICH, YTO CHMKACT HX MPOYHOCTL OPHU MEpe-
MCHHBIX HaIPSKCHUAX.

3.2.TeomeTpuyeckue napameTpbl pe3bObl

OCHOBHBIMH T'€OMETPUUYECKUMU MapaMeTpaMu Y-
JuHOpudeckoll pesvOwl aBigioTcd (puc. 3.3):

d — HOMHUHAILHBIM JUaMETp Pe3bObl (HAPYXKHBIM JHAMETP
JUIS BUHTA);

d, — BHYTPCHHHHI JUaMeTp Pe3bObl BUHTA (10 JHY BITAHHEI);

d,— cpeaHUA TUAMETP PE3bOLI, T. €. THAMETP BOOOPAKACMOIO
MWIHHAPA, HA KOTOPOM TOJIIIMHA BUTKA PaBHA IIUPHUHE BOATHAHBIL;

p — 1ar pesbObl, T. €. pACCTOSHHUE MEXKJY OJHOMMEHHBIMH
CTOPOHAMH COCE/HMX Mpoduiieii, U3MEpEHHOE B HANPABIICHUH
OCH Pe3bObl;

D, — XOJ Pe3bObl, T. €. PAcCTOSHUE MENK/Y OJHOUMEHHBLIMU
CTOPOHAMH OJTHOIO0 W TOI'O K€ BHUTKA B OCCBOM HAMpPAaBJICHUM:
JULA OTHO3aXOTHOH Pe3bOBI p, = p; Il MHOTO3aXOIHOH p, = Z,
IJAc Z — YWCIIO 3aXOJIOB. XOJ PaBEH MYTH MNEpPeMEIICHUS BHUHTA

a=60"
radra. Z
; %
T : %
2
- n7
e NN
=0, N 5
r=0,144P A AN

Puc. 3.3. Merpuueckas pes3nda
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B/JlOJIb CBOCH OCHU IIPU IMOBOPOTE HA OJIMH 000POT B HEMOBUK-
HOH Tralke;

o — yroja npoduis pe3bObl

Y — YIrOII HaKJIOHa OOKOBOH CTOPOHBI NPpOGHIId K TICPIICH TH-
KyJIapy K OCH PEe3bObI;

Y — Yrol mogabeMa pe3bObl, T. €. yroi, oO0pa3oBaHHBIA pas-
BEpPTKOM BUHTOBOMW JIMHUHM MO CpE/JIHEMY JIMAMETPy Pe3bObl W
IUIOCKOCTBIO, MEPICH/UKYISPHOH OCH BHHTA:

gy = p, [(nd,) . (3.1)

N3 dopmyisl (3.1) cieayer, 4To yroia Y Bo3pacraer ¢ yBe-
JTAYCHHUEM 3aXOJIHOCTH PE3bObI.

3.3.0CHOBHbIe TUNbl pe3bO

MeTpudeckag pesboa (cM. puc. 3.3) — namboliee pac-
MpocTpaHeHHad U3 KpemnexkHbIX pe3nd. Mmeer mpodwib B BUE
PaBHOCTOPOHHErO TpeyroibHuka: o = 60°, v = 30°. Beprunbl
BUTKOB W BOAJIMH MPUTYILISIOTCH MO NMPSAMOW WK JIyre, 4TO Mpe-
JIOXpaHsieT pe3b0y OT MOBPEKACHUN, YMEHBINACT KOHIICHTPAITHIO
HATIPSKEHWM, Y/IOBJIETBOPSIET HOPMaM TEXHMKHU Oe30TacCHOCTH.
Pa/iualibHBII U OCEBOU 3a30pPbl B pe3bOe JICNIA0T ee HerepMeTHY-
Hou. B coejuHeHUsIX, TpeOYyIOIMUX T'epPMETUYHOCTH, Pe3bOy BbI-
MOJIHAKOT 063 3a30opa. MeTpHYecKylo pe3bOy H3TOTOBILIOT I10
CTAaHIAPTY C KPYIHBLIM U MeJIKUM ImaroM. Haxiion O0okoBou cro-
poHbl MpoduIa 00ecceUuBACT BO3MOKHOCTL CO3aHNUA OONBLINHX
OCEBBIX CWJI, 4 TAK:KE CAMOTOPMOXKEHHUE.

B kayecrBe OCHOBHOM KpeENekKHOM MNPUMEHAIOT pe3ndy c
KPYIIHBIM IIaroM, TdK KdaK OHa MpOYHEEe, MEHEe YyBCTBHUTECIIbHA
K W3HAIUBAHUIO M HETOYHOCTIM H3TOTOBIICHUS.

JwiiMoBasi pe3b0a uMceT MPoduIL B BUIAC PABHOOCIPCHHOTO
TPEyrojbHUKA C yIJIOM MpH BeplidHe O = 55°. Bmecro 1mara
3a/Ia10T YMCIIO BUTKOB Ha JokM (1 mroiiM = 254 Mmwm).

Tpyonas pe3snba (puc. 3.4). Ilpoduir — paBHOOCIPCHHBIN
TpEeyrojbHUK. Pe3p0a uMMeeT 3akpyIJICHHbIE BBICTYMBI W BIajU-
Hpl. OTCYyTCTBUC pajJuaIbHLIX MU OCCBBIX 3a30pOB JICIAcT pe3bdo-
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BOC cOC¢/IMHCHUE TepMeTHUYHbIM. Pe3snba gBiisiercd KpemekKHO-YII-
potustoment. [lpuMensror amg coeputicnus Tpyo. Msrotosmisior
no cramjiapry. Emne Oolsiee BBHICOKYIO TIOTHOCTL COEMHEHUS
JacT TpydHad KoHWUYeckad pesnda.

TpanenenganbHas pesnda (puc. 3.5). DTo ocHoBHas peshda B

nepejaue BUHT-raiika. Ee mpodunnh — paBHobodiiasg Tpareims,
yroi npoduiisg o = 30°, yro HaKJIoHAa OOKOBOW CTOPOHBI MPOdu-
ag ¥y = 15°. IIlar moxer OBITH

KPYMHbIM, CPEIHUM W MEJIKUM.
Xapakrepusyercd MajJbIMH IOTe-
PSIMHU Ha TPEHUE, TEXHOIOTUYHOC-
thio. KII/ Boime, yem y pe3nd ¢
TpeyroidbHbIM npoduneM. [lpu-
MEHAIOT I MEePEeJaud PEBEPCUB-
HOT'O JIBUXKEHUS MO HAIPY3KOH
(Xo/ToBbIE BHUHTBLI CTAaHKOB, Mpec-
COB, JIOMKPAaTOB W T.II.).

VnopHasa pe3bda (puc. 3.6).
ITpodua — HepaBHOOOYHAA Tpa-
nieiius. Pabouas cropona npoduiisa
HMMeEeT Yrol HaklioHa Y = 3°, 4To
obecrneunBacT BO3ZMOKHOCTh H3TO-
TOBJICHUS Pe3bObI (ppe3epoBaHHEM.
KII/ BoIie, yeM y Tparereu;ialib-
HOM pe3bObl. 3akpyrilcHue BOaIUH
MOBBINIAET COMPOTHBIICHUE YCTa-
JnocTy BUHTA. [TpuMeHsioT B niepe-
Jadye BUHT-TaWKa MpU OOJIBIINX
OJTHOCTOPOHHUX OCEBBIX HArpys-
Kax (Cpy30BbIe BHUHTBHI TIPECCOB,
JOMKPATOB, TOJIKATEIEHM W T. II.).
HM3roToBidm0T Mo craHgapry, Hiar
MOKET OBbITh KPYMHBIM, CPC/HUM,
MEJIKUM.

IlpsiMmoyrosibHas pe3bda (puc.
3.7). Ilpoduns pe3sbObl — KBaJ-
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Puc. 3.4 TpyOHasg pe3nda

AN

e Lot §

AN

p /
Z. 472, 7%
H=1866
H:s=05P

Puc. 3.5 TpancnenmanbHas
pe3boa

bb\\\‘ NN
AN

N
N

NN
N \ fi nmg

N ‘.‘é’e\.@ N
' NN

97,
,

Puc 3.6. YnopHas pe3nda
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< LA pat, v = 0°. OGecrieunBaer Hau-
AN N2 ppicummit KITJI, HO HeygoOHa B

/‘ HN3TI'OTOBJICHUHA (HGBOBMO)KHO Ha-

NN
Z /NN \\\ / pe3aTb OOBEMHBIM HHCTPYMEH-

W/

.

~| X gn/ﬂ; TOoM — (pe3oi).
g Briagunael 0e3 3akpyrijieHuii mo-
Puc 3.7. HpHMOYFOJIbHaSI pe3bda HUXKAKT COMPOTHUBJIEHHWE YCTAJIO-
cTM BUHTa. llpm wuU3HAMIMBaAaHWUM
TOSBJISIFOTCS  OCEBBIE 3a30pbl, KOTOPbIE TPYAHO yCTpaHUTh. He
CTaHAapTU30BaHa. [IpUMEHSIOT OTpaHUUYEHHO B MaJIOHATPYXkKEH-
HBIX IIepelayax BUHT-raika.

Kpyraas pesboa (puc. 3.8).
\u ’3{"\“{7‘ \ [Ipoduns pe3sbOLI COCTOUT U3

RN =30
%g\» \‘ YT, COMPSDKEHHBIX KOPOTKHMU

T 7/ :r ,
I ) ’\/ JI AN OTPE3KaMH  MPAMbIX ) JIMHUMN.
%"' Yron npoduiss o = 30°. BUHTBI
S 797 /’% / C KpyrJiod pe3bOoil XxapaKTepH-
S| / 'dt % 3YIOTCS BBLICOKHM COITPOTHBIIE-

2 Z Bunm

rers HUEM ycTajgocTu. M3roToBisioT
Puc 3.8. Kpyrnasg pe3pda no cranaapry. llpuMenstor or-

pPaHUYEHHO TPHU TAXKEJbIX YyCIIO-
BUSX 3KCIUTyaTallMK B 3arpsi3HEHHOU cpejie, a TakKe IPH 4acTbIX
3aBUHYMBAHUAX U OTBUHUMBAWHUSIX.

Konnueckue pe3bobl (cM. puc. 6.3) obecneumBarOT repMeTHU-
HOCTh 0€3 CcHelMaJIbHBbIX YIUIOTHEHWH, MO3BOJISIOT 3aTSKKOMN
KOMIIEHCUPOBAaTh HW3HOC, oOOecreunBalT Oojiee paBHOMEpHOE
pacrnpeneneHde Harpy3kd mo BUTKaM. CTaHAapTH30BaHbI Pe3b-
Obl ¢ KOHYcHOCThIO 1:16 (yron HaknoHa oOpa3syrolleldl KOHyca K
ocu pe3bObl — 1° 47" 24"). IlpuMeHsOT )1l COEAMHEHUs TpYyoO,
YCTAHOBKU MPOOOK, MacjIeHOK, INTYIEPOB U T. II.

3.4.CtaHpapTHble KpenexHble aAertanu

C ydeToM YyCJIOBUI MNPUMEHEHMS CTaHIapTaMM IIpe-
JYCMOTPEHBI Ppa3jIMuHbIe I'eOMETpHUUeCKMe (QOPMBI U pa3Mephbl
OONTOB, BUHTOB, IIMNWIEK, rack W mIaio.
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boaTbl M KpenexkHblie BUHTbL. Pa3nuyaloT 3TH KpernekKHbIe
AeTalli B 3aBUCUMOCTH OT (pOPMBI TOJOBKH, (POPMBI CTEPIKHS,
TOUHOCTU M3TOTOBJIEHUS M Ha3HAUYeHUS.

B 3asucumocmu om gopmer 20106Kku 00Tl U BUHTHI ObIBa-
IOT C WIECTUIPAHHBbIMM, MOJYKPYIVILIMH, NHJIHHAPHYECKHMH, MO-
TalHBIMH U JIPYTUMU Toj0BKamMu. DOpMy T'OJIOBKM BBIOUPAIOT B
3aBUCUMOCTH OT TpeOyeMoH CHIIbI 3aTSKKH, MPOCTpaHCTBa IS
MOBOPOTA MHCTPYMEHTA, BHEUIHETO BHUAA U T.O. BOJITHI U BUHTHI
C LIECTUTPAHHBIMU TOJIOBKAMHU TPUMEHSIOT dYallle APYyTruX, Tak
KaK OHM TO3BOJISIIOT NMPUJIOXKHUTHh OOJbIION MOMEHT 3aBHHUYWBA-
HUS U, CJICAOBATEILHO, MOJYUNUTh OOJIBIIME CUJIbI 3aTSKKH JIeTa-
Jiell coeAUHEHMSs, TpeOysl MPU ITOM HEOOJIBIIOTO yrja MOBOpPOTa
KJIroua.

B 3asucumocmu om ¢opmer cmeporcHs OOATHI U BUHTbI Obl-
BAIOT: ¢ HOPMAJIbHBIM CTep:KHeM, C MO/JAr0JIOBKOM, C YTOJIIIEeH-
HbIM TOYHO HW3IOTOBJICHHBIM CTep:KHEM JJIsi TOCTAHOBKH 0e€3
3a30pa B 00pabOTAHHOE pPAa3BEPTKOM OTBEPCTUE, CO CTEPKHEM
YMEHbIIIEHHOTO JuaMeTpa JJis MOBBIIMICHUS MOJATIMBOCTU U CO-
MPOTUBJICHUS] YCTAJIOCTH TIpU TIEPEMEHHBbIX Harpy3kax.

B 3asucumocmu om mounocmu uzeomosneHuss 00JITbl U BUH-
Thbl OBLIBAIOT HOPMAJILHOI U TOBBIIEHHOW TOYHOCTH.

B sasucumocmu om mnasmnauenuss 00ATbI U BUHThI ObIBAIOT
o0LIero Ha3HAYeHHsl, YCTAHOBOYHBbIE M cCrelHAJbHbIE.

YcTaHOBOUHBbIE BUHTBI MPUMEHSIOT IS (QUKcAlMA TOJI0XKe-
HUs faeTanerl. X BBIMOMHSIOT ¢ pa3IMYHBIMU 1O (HOopMe roJioB-
KaMM W KOHIIAMH.

K crneunaabHbiM O0JITaM OTHOCIT OONTHI KOHYCHBIE JJIS OT-
BEPCTHUSI M3 MOl Pa3BepTKH, IPYy30BbIe — PBIM-OOJTHI U JPYyTHE.

HInuaskn (puc. 3.9). M3roroBnsiror 0e€3 KaHaBKU () U C Ka-
HaBkoi (6). IlImuipKy 3aBMHUMBAIOT B KOPIYCHYIO JAeTajlb KO-
POTKHUM Pe3bOOBBIM KOHIIOM, JJIMHA KOTOPOTO MOXET ObITh pa3-

a) -0 )

e = ]

Puc. 3.9. lllnunbku
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JUYHOU. 11 UYTyHHBIX J€Tajed MPUMEHSIOT IIMUIbLKU ¢ TyOu-
HOH 3aBuHUMBaHUA | =1,35d (tun 1), nis cranpHbixX (| =d (Tun II).

INaiikn. PaznuyaroT raiikk B 3aBUCUMOCTH OT (OPMBI, BBICO-
Thl, TOYHOCTH H3TOTOBJICHUS.

B 3asucumocmu om ¢opmer raliku OBIBAIOT: IIECTUTPAHHBIE,
KpyrJible, raiku-0apaliku | Jp.

B 3asucumocmu om evicompr MECTUTPAHHBIE TaWKU OBIBAIOT:
HOpPMaJIbHbIE, BBICOKUE W HU3KHUE. BbICOKME TAWKU NPUMEHSIOT
IpU 4YacTbIX pa3zdopkax M cOOpKax C LEIbIO YMEHBIIECHUS U3HO-
ca pe3bObl U COJIM3UThL I'PAHEH TalKU KIHOYOM.

B 3aBUCMMOCTH OT TOYHOCTHU M3TOTOBJICHUS IIECTUTPAHHBIEC
raky ObIBAIOT HOPMAaJbHOM W TMOBBIIIEHHOW TOYHOCTH.

Iaiiobl. laiiObl ciyxatr s OpedoXpaHEHUs AeTajed oT
3aJMPOB U YBEIMUYCHUSI OIMOPHOU MoBEpXHOCTU. MX mojakiaibi-
BAalOT I10J] TaulKH.

Nmeercs Oonbuiasg rpylma CTaHIAPTHBIX CTOIMOPHBIX MIAKO,
KOTOPbIE MPUMEHSIOT IS MPEIOoXpaHEHUsI pe3bOOBBIX JIeTajei
OT CaMOOTBUHYHBAHHUS.

3.5.PacuerT pe3b00BbLIX COeAUuHEeHUn
Ha MNPOYHOCTb

[IpOoYHOCTH SIBJISIETCSI OCHOBHBIM KPHUTEPUEM pPadoO-
TOCITIOCOOHOCTH Pe3b00BBIX coeauHeHu. [loa merictBueM oceBoM
CUJIbL (CUJIbI 3aTSIKKHU) B CTEPIKHE BUHTA BO3HUKAIOT HAMPSKEHUS
PacCTSIKEHUS, B TEJIE TalKU —CXKaTUsl, B BUTKaX PE3bObI — CMSI-
THs, cpesa.

Cay4aii 1. boar 3atanyT cuiiod F, BHelIHMe HATPY3KH OTCYT-
CTBYIOT.

Pacuer 60JiTa Ha COBMECTHOE JIEUCTBUE PACTSIIKEHUSA U Kpyde-
HUS MOXHO 3aMEHUTHb PAacueTOM Ha PACTSIKCHUE, MpUHUMAs I
pacyeTa He CHUJIY 3aTSKKM F,, a yBCIMYEHHYIO, ¢ YYETOM Kpyue-
Hus, cuny F

pacy.”

JJsi METPUUYECKUX PE3bO B CpPEIHEM
Fpoey =13 . (3.2)
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Jns TparneuengaibHbIX pe3b0o Fpm

= 1,25F,

Jns YNOPHBIX M NPSMOYTOJBHBIX pe3bo Fpacq= 1,2F,
PacuerHblii quaMeTp pe3bObl 0OJITa ONPEACISIOT U3 YCIOBUS

[IPOYHOCTH
4F

pacu.

GE =
2
ndp

OTKYyj1a

<[o],,

(3.3)

rae [0], — nomyckaemoe HanpsikeHne pacTsKeHHs

(o], =o7/[SIr .

(3.4)

31ech O — MPEIEN TeKy4ecTn Matepuana 6onra; [S],— xoadpuumeHT

3araca IMpo4YHoOCTH.

Cayuaii 2. boaToBoe coeauHeHHe HArpy:KeHO CABHMralomei cu-

Jgou F.

Yame Bcero B TtakoM coeauHeHuu (puc. 3.10) OonT cTaBsaT ¢
3a30poM B oTBepcTus aAcTtaieil. Ilpu 3aTskke 0oJiTa Ha CTHIKE
JETAIEH BO3HUKAIOT CHJIbI TPEHHUS, KOTOPBIE MPENSITCTBYIOT OT-

HOCUTEIILHOMY HX CABUTY. BHemHss
cuia F HENnocpeACTBEHHO Ha OOJT
HE TIEpEaAETCs.

Pacuer Gosita mpoBOJAIT IO CHUJIE
saTskKku F)

F, =KF/(ifz) . (3.5)

rae K =1,4.. .2 — xo3dpduuueHt 3anaca
1O CABUIY aeTanei; f — Ko3pPUIUEHT
TPEHUS; JUII CTAJIbHBIX W YYTYHHBIX
noBepxHocter f = 0,15...0,20; i — umcno
CTBIKOB (Ha puc. 3.10 i =2); z — 4yucno
OONTOB.
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Hpu samsaxncke ooam pabomaem HA pacmsdiceHue U Kpyde-
Hlte, CIICJIOBATEIILHO, Fpacq = 1,3F, [em. dopmyry (3.2)].

Pacuernplii juaMeTp pe3bObl OonTa ompeiaessior mno ¢gopmy-
ae (3.3). JlomyckaemMoe HaIpsiKEHUE MOACYUTHIBAOT TaK IKE,
Kak B TICPBOM cJydac pacuera.

B bonmax, nocmasiennwvix ¢ 3a30pom, CUAA 3AMSICKU 3HAYU-
menvHo Ooavute cosuzaiowel cuavl F, 4ro Tpedyer OOJbLIIMX
JIMAMETPOB OOJITOB WIIM OOINBINOTO YMciaa UX. Tak, mpu K = 1,5,
i =1, /=0,15u z =1 no dopmyie (3.5)

F,= 15F/(1-0,15-1) = I0F.

i yMeHbINEHUST CWIIbI 3aTSKKKA OoJITa TIPU HATPYKEHHUU CO-
SJIMHEHUSA CJBUIAIONICH CHIIOM TMPUMEHAIOT pa3/IMyHble 3aMKH,
BTYJIKH, ITH(PTEI U T.0. PoJib 0oJTa B TAKHX CIy4asiX CBOJWT-
cd K OOCCNCUCHHIO TUIOTHOTO COCTMHEHHUS JIcTalICH.

Jl1st yMeHbBITICHUS TAaMETPOB OOJTOB MPHUMEHSIOT TaKke 00II-
ThbI JJI1 OTBEPCTHUM U3-TI0 pa3BepTKU. OHU MOryT ObITH (pHc. 3.11)

al 0)
S oy Wy

NN N N N F
=

—

Puc 3.11 . Cxema i1 pacyera 00JITOB, MOCTABICHHBLIX 0€3 3a30pa
B OTBEPCTUS U3-TIOJ, Pa3BEPTKHU

HWIHH/PUYCCKUMH () WM KOHYCHBIMH (0). 3aTsKKa COC/TUHEHUSI
ralikol TpefoXpaHsaeT OONT OT BhIMAJaHUS, YBEJTUYHUBACT HeECY-
HIYIO CIIOCOOHOCTh COEJMHEHMS 3a cUeT TPEeHUs Ha cThike. Padora-
IOT TaKue OONTHI Ha cpe3, KaK MTUPTHL. Juamerp crep:kHsd Oora
d, ONPE/CISAIOT U3 YCIIOBUS POYHOCTH HA CPE3:

4F
dy 2 |———, (3.5)
miz[ 1],
rjae i = 1...2 - ykcio miockocTel cpesa (ma puc. 3.11.7 = 1); z — 4ucio

6omToB; [1]  — MOMycKaeMoe HAMPSUKCHHE Ha CPe3 CTCP)KHI GoIrTa:
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[nasa 4. LWMNOHOYHbIE COEAMWHEHUA

4.1.00wume cBepeHus

[TInonourioe coeuriciie odpa3yioT Bal, INMOHKA W
CTyMHIla KoJlieca (IIIKKUBA, 3Be310uku U Jp.). LlInoHka npejicraBig-
eT co0oll cTanbHON OpyC, YCTAHABIMBACMbBIN B Ma3bl Baja U CTY-
muibl. OHa CIYKUAT JJIA TICPe/Iadyd Bpallaloero MOMEHTa MEXKTy
BAJIOM U cTyNHIleH. OCHOBHbIE THIIBI INIHOHOK CTAH/IAPTU30BAHBL.
[ITnoHoYHbIEe Ma3bl HA BajlaX MOJIYYaroT (ppe3epoBAHHEM JIMCKO-
BBIMHA WJIM KOHIIEBBIMH (ppe3aMu, B CTYNHUIIAX — OPOTATHBAHUCM.

JIOCTOMHCTBA ILIMOHOYHBIX COEJUHeHUil — TPOCTOTa KOHCT-
PYKIIMM M CPaBHUTEIbHASI JIETKOCTh MOHTaXka H JIEMOHTAXA,
BCJICJCTBUC YETO MX TMIMPOKO MNPUMEHSIOT BO BCEX OTpacisX
MaIIUHOCTPOCHUS.

HepocTtaTok — 1MmoHoYHbIe Ma3bl OCIabISIOT BAJl U CTYIH-
Iy HacakxupacMol Ha Ban geranu. OcmableHue Bajla OO0YCIOB-
JICHO HE TOJIbKO YMCHBLIIICHHUEM €TI0 ceUCHHS, HO I'JIaBHOC, 3HAYUU-
TeILHON KOHIIEHTPAaIllMel HANPSKEHUW U3ruda W KPyueHMs, BbI-
3pIBACMOM  IMOHOYHBIM Tma3zoM. [lImoHoYHOe coemMHEHUE
TPYAOCMKO B M3TOTOBJICHWH: IPH HM3TOTOBICHUH I1a3a KOHIICBOU
dpe3oit Tpebyeres pyyHasg OPUTOHKA IMOHKHU MO MOasy; MpU U3-
TOTOBIICHUU Ma3a JIMCKOBOW (pe30oll — KpeIUIEHHWE NIMOHKH B
a3y BHUHTAMH (OT BO3MOXKHBIX OCEBBIX CMEIICHHMN).

4.2.Pa3dHOBUAHOCTN  LUMOHOY4YHbLIX
coeAAUHEeHUun

[I[Inonounble coe/IMHEHUS TI0/Ipa3/ICiIIOT Ha HeHarnps-

KEHHbIC M HamnpsiKCHHbIC. HeHanpsizkeHHbIe COCIMHEHHS IMOJIyYa-
IOT TIpU HMCHOJIL30BaHUH MpHU3MaTHYecKUX (puc. 4.1) U cerMeHr-
opix  (puc. 4.2) mmoHok. B orux ciydagx npu  cOopke
COCIMHCHHUM B ICTAISAX HE BO3HUKACT MPCABAPUTCIBLHBIX HAIIpS-
KeHu. 1 oOecreucHUS IICHTPUPOBAHUSA U UCKTIOYCHHS KOHTAK-
THOW KOPPO3UM CTYIHMILI YCTAHABIMBAIOT Ha BaJbl ¢ HATATOM.
HanpsskeHHble COEIUHEHUS MOJIYYAOT MPH MPUMEHEHUH KJIW-
HOBBIX (HallpHUMEp, BPE3HON KIMHOBOM, pHC. 4.3) M TaHICHIIU-
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Puc. 4.1. CoeuticHua NpU3MaTHUYCCKUMH MIMTOHKAMHA
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Puc. 4.2. Coequnenue cerMmeHTHOH MIMTOHKOM:
/ — BHHT YCTAHOBOYHBIH; 2 — KOJIbIIO 3aMKOBOC IPYKHUHHOC

< 1:100 &/ i

Puc. 4.3. Coemunenue KIMHOBOW TMIMOHKOM
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anbHbIX (puc. 4.4) mmoHoK. IIpu cOOpKe TAKUX COCAUHEHUM BO3-
HUKAIOT NpeABapUTelbHble (MOHTAXKHBIE) HAMPSIKEHUS.

OcHOo6HOe NpUMeHEHUe UMEIOM HEHANPAHCEHNbIE COEOUHEHUS.

CoequHeHMsi MNpU3MATHYECKMMHU MIMNOHKamMu. KoHcTpykuuu
COCMHEHUM MPU3MATUUYECCKUMM LUMOHKAMM U300paXie€Hbl Ha
puc. 4.1. Pabouumu sBnsroTcs OOKOBBIE, 0OJIee y3KHUE TpaHU
IMIMOHOK BhICOTOU A. Pasmepbl ceueHMs IMMOHKU U TITyOWHBI
Na30B NPUHUMAKT B 3aBUCUMOCTU OT Juamerpa d Baia.

ITo ¢opMe TOPIOB pa3IMUAOT IIMOHKW CO CKPYTJIIEHHBIMHU

TopuamMu — ucnoanenue | (puc. 4.1, a), ¢ MIIOCKUMH TOPIIAMH
— ucnoanenue 2 (puc 4.1, 0), ¢ OOHHUM IUIOCKHM, a APYTUM
CKPYIJIEHHBIM TOPLOM — HCIoJHeHue 3 (puc. 4.1, g).

[IInmouky 3anpeccoBBIBAOT B na3 Bana. LIINMOHKY ¢ MIIOCKUMU
TOPUAMM KPOME TOTO MOMELIAKT BOMU3M AeTanel (KOHLEBBIX
manb, Komnew U Ap.), NPEnsATCTBYIOILUX €€ BO3SMOXHOMY OCEBOMY
nepeMelleHuo. [IpusmaTuueckue WMOHKKA HE YASPXKUBAKT AETa-
JIA OT OCEBOTO CMeELleHUsl BAOJb Bana. [nsg pukcauuum 3yduaroro
KOJIECa OT OCEBOr0 CMEIIEHUs] MPUMEHSIOT PACMOPHbIE BTYIKU (/
Ha puc. 4.1), yctaHOBOYHBIE BUHTHI (/ Ha puc.4.2) u ap.

CoeqrHeHMs1 cerMeHTHbIMM wIMOHKaMu (puc. 4.2). CermeHT-
Hble WIMOHKM, KAaK W NpU3MaThYecKue, padoTaroT OOKOBBIMH
rpansMu. X mpuMeHstoT mpu mepegadye OTHOCUTEIbHO HeOOIlb-
LIMX BPALIAKOMUX MOMEHTOB. CerMEHTHBIC LUMOHKUA W Ma3bl I
HHUX OPOCThl B U3TOTOBIEHUH, YAOOHbI MPU MOHTAXE U JEMOH-
Taxe (IIMOHKW CBOOOAHO BCTABISIOT B Ma3 W BBIHUMAIOT).
[[Inpoko OMPUMEHSIIOT B CEPUMHOM M MACCOBOM MPOU3BOJICTBE.

CoeHenusi KAMHOBbIMU 1noHKamu (puc. 4.3). KiuHoBbIE
IIMOHKU UMEIT POPMY OMHOCKOCHBIX CAMOTOPMO3SIIUX KIWHb-
¢B ¢ ykiaoHOM 1:100. Tako#l xe yKIOH MMEKT M MNa3bl B CTYIH-
ax. KiMHOBbIE HIMOHKU U3TOTOBISAKT 0€3 rOJIOBOK M C TOJIOB-
KaMUu. lonoeka cayxcum oOna 6vloOueanus uwinonku uz naza. Ilo
HOpMaM Oe30RACHOCIU  6bICMYNAIOWAs 20J06KA OO0JIICHA UMEMb
oepaxcoenue (I Ha puc. 4.3). B 3TUX COCOAUHEHHUAX CTYIHLY YC-
TAHABIMBAIOT HA Balmy ¢ HeOONBIIMM 3a30poM. KIHHOBYIO
LIMOHKY 3a0MBAOT B MA3bl BAla W CTYMNHLbI, B PE3yIbTaTe HA
pabouMxX MWHUPOKUX TPAHAX LIMOHKU CO3MAKOTCS CUIIbl TPEHUS,
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KOTOpPLIE Mo2ym nepedasams He TOIBKO 8palyaroujuti MOMeEHM,
Ho " ocegyio cuay. CoelMHeHue XOPOIIO BOCIHPUHUMAET ylap-
HBIC U TICPCMCHHBLIC HATIPY3KHU.

CoeqMHeHUS KJIMHOBBLIMHM IIMOHKAMU MPUMEHSIOT B TUXOXOJ-
HBIX Iicpcjlavax.

CoequHeHHUs TAHTeHLHUAJbHbIMHM HINMoHKaMu (puc. 4.4). TaH-
ICHIMAJIbHAs NIMOHKAa COCTOUT M3 JIBYX OJHOCKOCHBLIX KJIIMHBLCB
¢ ykioHoM 1:100 kaxpapiii. Paboraer y3KMMH OOKOBBLIMM I'paHsi-
Mu. KiimHbg BBOJSATCS B Tas3bl Bajla U CTYMHIILI yjapoM; oOpa-
3VIOT HANPSKCHHOC COCIUHCHHUE. PacnopHasa cuina MEXAy BaJIOM
W CTYNHUIICH CO3/1acTcid B KacaTelIbHOM (TaHTCHI[HMAJILIOM) Ha-
IpaBICHUU. B COCAMHCHUM CTaBAT JABC TAHICHIIMAJbHBIC IIIIOH-
KA moa yritoM 120°, kaxmad IIMoHKa IMepeaacT MOMEHT TOJNLKO
B OJHY CTOPOHY.

A ~ 1: 100 A-4A
g y
J I / }

{ T\t
R

Puc 4. 4. CoeqnHente TaHTreHIMUAILILIMH IMIITOHKaMHA

/T

Ipumensrom nid BaJlOB JUaMETPOM cBhbIe 60 MM npu nepe-
oave OONbUWUX BPAUAIOWUX MOMEHMOE ¢ NEePEeMEHHbIM DeHCU-
Mom pabomupl (KpeluleHMe MaxOBMKa Ha Bally JIBUraTels BHYT-
PEHHEro cropaHus U Jip.).

4.3.PacyeT LWMNOHOYHbLIX COeAUHEeHUN

OcHosHLIM — Kpumepuem  pabomocnocoOHOCmu  Wno-
HOYHBLX coedunenutl sensgemes npounocmo. 1LLINOHKM BhIOMpaloT
no rabiunam I'OCToB B 3aBUCMMOCTH OT JUMaMeTpa Baja, a 3a-
TEM COCJMHCHUS MPOBEPSAIOT Ha MPOYHOCTL. PaszMephl HIMOHOK M
na3zoB MojioOpaHbl Tak, 4To MPOYHOCTh MUX Ha cpe3 U u3rub obec-
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MESUMBACTCH, €CJIM BBIMOJHACTCS YCIOBHME MPOYHOCTU Ha CMSTHUE,
MO2TOMY OCHOBHOM PpacueT MIIMOHOYHBLIX COCIMHCHHUM —pacuer
na cmatuc. [IpoBepky MINOHOK Ha cpe3 B OOILIIUHCTBE CIYYacB
HEe TTPOBOJIAT.

CoeauHenns npu3MaTHdeckuMu mmnoHkamu (puc. 4.5 u 4.1)
MPOBEPHIOT MO YCJOBHIO MPOYHOCTH HA CMATHE:

GCM: F[/ACM S [G]CM

Cuna, mepemaBaemas INNOHKOH, F, = 2-10°7T/d. Ha cusTue
PacCUMTLIBAIOT BLICTYHAIOIIYIO M3 Bajla 4acTb IIIMOHKH.

[Ipu BricoTe dacku mmnoHku [ =006/ miaomags cMITHI
A, =(h—t-Nl=(h-1,-0,00m) =(0,94h—1)I,

CICHOBATCIBHO,

s 210°.T
“ d(O 94h—1,)l,,

<[clen (4.1)

rae 1 — mepegaBaeMblii MOMeHT, H'M; d — guaMeTp Baia, MM; /i,
[, — BBICOTA INIOHKH H I[IyOHHA ITa3a Ha BAILy, MM (TaO/IuIla BeIHIHH);
[C],, — momyckaeMble HAMPSKEHIA CMATHA (CM. HIDKC); Zp — pabouas JIHHA
IIIOHKH; /YIS IIIOHOK ¢ IUIOCKHMH TopuaMu /, = 1, co CKpyIJICHHBIMH

Khlﬁ—* N ///// .
*|:_ Orm " |
-~ * - \ o ol
/7
7 T

Puc 4.5. PacyetHasa cxeMa coe/lHHCHHS
NPU3MATHYECKOM IMIMOHKOMH
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IIpu npoeKTUPOBOYHBLIX pacueTax IIOC/IE BbLIOOpa pPazMepoB
MOTICPEYHOr0 CCUCHMS INMOHKH b M /i 10 TadJuIle OMPEICIISIOT
pacucTHyo padouyio iMHy / mnoHKd no dopmyle (4.1).

JJIMHY INOHKHA CO CKPYIJIEHHBIMH TOPLEAMU lp = [+b wnmm
IUIOCKUMH TOPIIAMH Zp = [ HazHA4YalT W3 CTAHIAPTHOTO Ppsja.

Jdmany erynuupl [ npunuMaroT Ha 8...10 MM OoJibliue JIHHEI
IOHKU. Ecnu omuna cmynuyvl Ooavuie seauuunst 1,5d, To 1imno-
HOYHOE COCAUHCHHUC 1IETIECO00Pa3HO 3aMCHUTDL Ha IIIUIICBOC HITH
COCJMHCHUC C HATSAI'OM.

CoeqvHeHHsI CeTMeHTHbIMH INMOHKaMHU (cM. pHc. 4.1) mpoBe-
PAIOT HAa cMATHE:

2-10°T
G =————<[0],,,, 4.2
oy (4.2)
rae [, =1 — pabouag JUMHA IMMNOHKH; (7 — ) — padoyvas Tiy-

OWHA B CTYIHIIC.

CerMeHTHAsl IINOHKA y3Kas, MOITOMY B OTJIMYHUE OT IMPU3MA-
TUYECKOUW €€ MPOBEPSIOT Ha CpE3.
YciaoBHe MPOYHOCTH HA cpe3

_2-10°T

Tep W < Teps (4.3)

rae b — IMHpHHA IMOHKH; [T]  — MOIycKaeMoe HaNpsUKeHHe Ha cpes
IIIMOHKH (CM. HHXKE).

CT&HI[apTHbIG IMITOHKHW  H3IOTOBIAKOT M3  CIICIHITHAJIBHOI'O
CoOpTaMCHTAa  CPCAHCYIJICP OI[PICTOﬁ I'II/ICTOTSIH}/TOI\/’I craJim ¢

G, 2600 H/Mm? — uvamme Bcero u3 craliek 45, Cro6.

JlonyckaeMble HAOPAKCHUS CMATHS IS ITMOHOYHBIX COC/H-
HEHMUIA:

npu crajibHoi crymuue [o] = 130...200 H/vm?;

npu vyrynnod — [o] = 80... 110 H/mm’.

bomnpIne 3HaYeHUS MPUHUMAKOT MPH TOCTOSHHOW Harpyske,
MEHBIIIUE — MPU NCPEMCHHOU U PadOTe C yHapaMM.

[Tpu peBepcuBHOM Harpyske [o] =~ cHwkaiorT B 1,5 pasa.
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JomnyckacMoe HanpsSKEHHE Ha Cpe3 MIMOHOK [’c]cp — 70...
100 H/mm?2.
bosbllice 3HaYCHHUE TIPUHUMAIOT MPH TMOCTOSHHOM HArpysKe.

N’nasa 5. WIUWUEBbBIE COEAUWHEHUA

5.1.00wmMe cBepeHud

IIInmuiicBoe COCIMHCHUC OOPa3yloT BBICTYIBI —— 3Y-
OLS Ha BaJly M COOTBCTCTBYIOIIWC BHAJUHLI — IUIMIILI B CTY-
nuiie (puc. S.1, a—8). PabounMu MOBEPXHOCTIMH SBIAIOTCA OO-
KOBDLIC CTOPOHLI 3yOLEB. 3yObs Bajla (ppe3cpyioT IO MCTOIY
OOKAaTKM WIM HaKaThbIBAIOT B XOJOJIOM COCTOSHHMH MNpOodpHiIb-
HLIMH POJIMKAMH IO MCTOAY MPOoJoabHOM HakaTKu. IIIIUIBI OT-
BCPCTHSA CTYIMILI U3TOTOBJIAIOT MPOTITHBAHUCM.

IIImuieBbic COCTUHCHUS CTAHIapTU30BaHbl U IIUPOKO pPac-
NPOCTPAaHCHLI B MAIlIMHOCTPOCHHUH.

JIOCTOMHCTBA NLIMIEBBIX COeJUHEHMIT 110 CPABHCHMIO CO IIIIO-
HOuHbIMH. 1. Jlydiliee IEHTPUPOBAHHE COCAMHICMBIX ACTAIICH U
0oJice TOYHOS HAIPAaBIICHUC MPH MX OTHOCHTCILHOM OCCBOM IIc-
peMelneHuM. 2. MeHblllee YMCI0 JieTalcil COCJIMHCHMS: IIIUIIC-
BOC COCJHMHECHHC OOpasyroT B¢ JACTAJA, IIMOHOYHOE — TPH, UYc-
Thipe. 3. ITlpu oJMHAKOBBIX TrabapuTax BO3MOJKHA Iepejada
OOJILIIMX BPAIAIOIUX MOMCHTOB 3a cyeT OOJbINCH MOBEPXHO-
cTH KoHTakTa. 4. Bolbinag HajeKHOCTL MPH JUHAMUYCCKHUX H
pEBEpPCUBHBIX Harpyskax. 5. Boibimag ycrajgocTHas NpPOYHOCTH

a

Puc 5.1. [TpaMo6oUHbIC IIITHIIECBBIC COCTUHCHUS
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BCIICACIBHUC MCHBIIICH KOHOCHTPAITHH HaHpH}I{eHI/Iﬁ I/ISFI/I6a, 0CO-
OCHHO JUIS 3BOJILBEHTHBIX NIJIMIIEB. 6. MeHblnaa jyidHa CTYIIHU-
Obl U MCHLINHUC PAaTHAIILHLIC PA3SMCPLI.

He)_IOCTaTKl/I —— Oolee CIoKHaAg TCXHOIIOTHUA HU3T'OTOBJICHHA, a
CJIICAOBATEIILHO, H OoJjiee BBICOKASI CTOMMOCTD.

5.2. PasHOBMAHOCTM LWJULUEBbIX
coeaAMHEeHunn

IlInuneBbie coejIMHEHUs Pa3IUyaloT:

HO Xapaxmepy COeOuHeHus —— HeNoJABUMKHbIE IS
3aKperuieHus jeTalii Ha Bany (puc. 5.1); moaBH:KHbIe, /[OMYyCKa-
IOll[Me mepeMellieHue BJlob Baja (Hampumep, Oioka mecrepeH
KopobKu mepejay;

no gopme 3yoves — mnpsModouHbie (puc. 5.1), 2BOJIBBEHTHHIC
(puc. 5.2, a), Tpeyrolibubie (puc. 5.2, 0),

Puc 5.2. DBoJIbBEHTHOE (¢) H TPEYIroJabHOE (0) MUIHIEBBIE COETUHEHHA

no cnocoty yenmpuposanus (odecriedeHUus COBNA/CHUS I€o-
METPHYECKHX OCEH) CTYMHIIbI OTHOCHUTCIILHO Balla — C IEHTPH-
poBalKcM MO Hapy:kHoMYy auaMeTpy D (cM. puc. 5.1, a), mo
BHYTPpeHHeMY aHaMeTpy d (cM. puc. 5.1, 6) H 1o GOKOBBIM IIO-
BepXHOCTAM 3YOLeB (puc. 5.1, 8 U 5.2). 3a30p B KOHTakKT¢ IMoO-
BEPXHOCTEH: ICHTPUPYIOMUX — MOPAKTUUYESCKH OTCYTCTBYET, HE-
LHICHTPUPVIOIMAX — 3HAYUTCIILHBIN.
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5.3. PacueT wnuueBbIX coeaAMHEeHUN

OCHOBHBLIMU KPUTCPHUAMHU padoTOCHOCOOHOCTH IIJIH-
IIEBBIX COEJMHEHUI SBIISIOTCA COMPOTHUBIIEHHUS pabouyMx MOBep-
XHOCTEH CMATHUIO U HW3HAIUBAHUIO.

[TapaMeTpbl cOeMHEHHUS BbLIOUpAOT MO TAOJIMIIAM CTaHjap-
Ta B 3aBUCUMOCTHU OT JIMaMeTpa Baja, a 3aTeM TPoOBOJAT pac-
yeT 10 KPUTEPUSIM PadoToCnocOOHOCTH.

CMsTHe M U3HaIMBaHWEe padouyux MOBEPXHOCTEH CBA3AHBI C
JEUCTBYIONAMUA Ha KOHTAKTHUPYIOIUX MOBCPXHOCTIX HAIMpKe-
HUAMH G, .

VrporireHHbId (MTPpUOTHAKCHHBIA) pacdeT OCHOBAH Ha OTpaHU-
YCHUM HANPSKCHUH CMATHA TOIYCKAacMbIMH 3Ha4YcHUAMHU [C] ,
Ha3HAYaeMbIMM Ha OCHOBE OIMbITa JKCIUIyaTalluHd M0/I00HbIX
KOHCTP YKIHH:

3
GC.M =M < [G]CM ,
d,zhl,

5.1

rae 7' — pacdeTHbIl Bpamaomuid MOMEHT (HanOOJIbINUA U3 JIUTEILHO
JICHCTBYIOIUX MOMEHTOB IIPH TTEPEMEHHOM pekuMe HarpyxeHns), H-wm;
K, — k03¢ pHIUEHT HEPABHOMEPHOCTH Paclpe/IeeHIs HarPy3KH MEKTY
3YOLSIMH (3aBHCHUT OT TOYHOCTH H3TOTOBJICHHS H YCIOBHII padOTEHI),
K3 =1,1...1,5; dcp — Cpe&JIHUANl AHAMETP COSMHCHUA, MM; Z — YHCIIO
3yO0beB; /i — pabodad BBICOTa 3YObEB, MM; lp — pabodasd JIHHA
COSJIMHEHHS, MM; [G] — AOMycKaeMoe HampsikeHne cMaTus, H/Mu?,

Jlis coe/lMHEHUI ¢ MPSAMOOOYHBIMHU 3YOhSAMM:
h=05D-d)-2: d,=050D +d),

rjae / — dacka 3yda.

Jlis coeJIMHEHMI C 5BOJILBEHTHBIMH 3YOLAMU:

H=0_815m; dcp:D— 1,1m.

H7g coemuicHUN ¢ TPECYrOILHLIMH 3YObAMU:

h = 0,5(D - d); dcp: mz .
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Yactb lll. MEXAHUYECKMUE NEPEAAYU

lnasa 6. OBLUME CBEOAEHUA O NEPEOAYAX

6.1. HasHaueHue nepenau
M umx kKnaccuopukaums

MexaHuyecKUMU TMepejladyaMu, B JTAJIBLHEUIIEM MpPO-

CTO TIEpeavyaMH, HA3BIBAIOT MEXAHWU3MBI, TICpC/AIOIUe JHEP-
THUIO JIBUTATENSl UCIIOIHUTEILHOMY OpPraHy MallldHbI.

IlepenaBas MEXaHUYECKYIO JHEPIUIO, MEPEIavYd OJIHOBPEMEH-
HO MOTYT BBIINOJHATHL OJHY HMJIM HECKOJIBKO H3 CICAYIOIUX
(bYHKITHI:

a) MOHWXKATh (MM TOBBINATH) YACTOTY BPAIICHHUS, COOTBET-
CTBCHHO MOBBINMIAg (WM ITOHWXAs) BPAIIAIONIMH MOMCHT;

0) npeoOpaszoBbIBATL OJWH BW,[ JABUKCHHMS B JIpyrod (Bparia-
TEJILHOE B MOCTYNATEILHOE, PABHOMEPHOE B MPEPLIBUCTOE U T./1.);

B) PEryIHpoOBaTh YacTOTy BpaIllCHUS padodero opraHa Ma-
IITUHB;

I') peBepcHpOBATL JIBUKCHHC (MPAMOU U OoOpaTHBLIA XO/T);

) pacOpelciBITh 3HEPIHUI0 JBHUTaTelIl MEXIY HECKOIBKUMH
UCIIOJIHUTEIbHBIMU OPTraHAMM MAIIIUHBI.

B nacrogdineM Kypce paccMoTpeHbl TOJILKO Haubollee pac-
MPOCTPAHCHHBIC W3 MEXAHHUYCCKUX Meperay.

Knacceuduxanus nepenad. B saeucumocmu om npuHyuna oeti-
cmeuss BCC MEXaHMYCCKHUE TCPC/ayd JICISIT Ha JIBC T'PYIMLI:

1) mepegaym 3anernJieHueM — 3yO04aThbie, YCPBAYHbBIC, IICTTHEIC;

2) mepeaaud TpeHWeM — (PUKIIMOHHbIE, PEMEHHBIE.

[lepeaun TpeHHeM HWMCEIOT MOBBINICHHYIO H3HANIABACMOCTD
padoYnX MOBEPXHOCTEH, TaK KAK B HHUX HEU30CKHO IPOCKAIb-
3bIBAHHUE OJIHOT'O 3BEHA OTHOCHTEIILHO JIPYroro.

B sasucumocmu om cnocoba coeounenus 8eoyue20 u 8e0o-
MO20 38eHbe8 PABIINYAIOT:
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a) IMepeJayd HENOCPEACTBEHHOr0 KOHTAKTa —— 3YyO4aThble,
YepBIUHbIE, (PUKITMOHHBICE;

0) mepegauyd r’uOKoil cBsi3bl0 — TIcMIbIe, peMcHubie. [lepesa-
YU TMOKOHW CBS3BIO JIOMYCKAIOT 3HAYMUTEIIbHbLIE PACCTOSAHUS MEX-
Iy BEAYIIUM K BEIOMBIM BaJIAMH.

nasa 7. OCHOBHBIE MNMOHATUA
O 3YBYATbIX TMNMEPEAOA4YAX

7.1.00uMe cBepeHud

B 3yOuarol mnepejaye JBUKEHHE MEpejacrcs ¢ Io-
MOIIBIO 3allCIUICHUST Iapbl 3yOuaThiXx Kojec (puc. 7.1, a-8).
Menblliee 3y0uaToe KoJIecO MNPHUHATO Ha3bIBaTL IIecTepHeid,
Oonblliee — KoJiecoM. TepMHUH «3y0daToe KoJIeco» OTHOCAT Kak
K IiecTepHe, Tak U K kouecy. IlapamerpaM 1iecrepHu MPUMNUCHI-
BalOT MHJCKC 1, Kojleca — HMHJICKC 2.

JlocToMHCcTBa 3y04aThIX mMepenad. 1. Bricokass HaJCKHOCTD.
2. Manpie radaputhl. 3. bonbimoi pecype. 4. Boicokuin KIT/I.
5. CpaBHMTEILHO Mallblc HArpy3KM Ha BaJbl U TIOJITHUITHUKH.
6. IlocrossHCTBO mepegaToyHoro uuciaa. 7. Ilpocrora obGciyxu-
BaHMS.

Hepoctarku. 1. OTHOCUTEILHO BLICOKHE TpeOOBaHHUA K TOY-
HOCTH M3IroTOBJICHHMA U MoHTaxa. 2. IllyM npu OoJILIIUX cKopo-
CTSIX.

Knaceuuxammsa. B sasucumocmiu om 83aUMHO20 PAcnono-
JICenUsl 2eoMempudeckUx ocell 8ano8 3youaThic mepeaadn ObIBa-
IOT: IMJHHApHYecKHMe — TpH NapauieIbHBIX ocax (puc. 7.1, a—
8); KOHHYeCKHe — TIpH IlepeceKaronmxcd ocsax (puc. 7.2, a, 0);
BHHTOBbI¢ — MPH CKpellUBarommxcsa ocsax (puc. 7.3). BUHTOBBIE
3y0uaThic Tepe/adu OTIMYaloT TIOBBIINICHHOC CKOJILKCHHE B 3a-
ICIUICHHM W HU3Kasg Harpy3odHas clocoOHOCTL, MOITOMY OHH
MMCIOT OTI'PaHUYCHHOC MPUMCHCHME.

s npeobpazosanus BpauamenvHO20 OBUNCEHUA 6 HOCIY-
nameibHoe U Haobopom  NPUMCHAIOT PpeeuyHyl Tiepeaavy
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(puc. 7.4), koropas ABJISETCS YACTHBIM CIIydyaeM IHIIMH/IpHYec-
KoM 3ybuarol mepemavd. Peilky paccMarpHBalOT KakK 3ydo4yaroe
KOJIeCO, JHAMETp KOTOPOTO YBEIHWYCH JI0 OCCKOHCUHOCTH.

B szasucumocmu om pacnonooswcenus 3y6ves na obode Koiec
paziuarT (cM. puc. 7.1) nepejjadyu: npaMo3yoble (¢), KOco3yoble
(0), meBpoHHBIE (8) U ¢ KPYTrOBbIMH 3YObAMM (CM. puc, 7.2, 0).

B 3asucumocmu om ¢hopmer npoduis 3y6a mepegadd ObIBa-
I0T: IBOJIbBEeHTHbIe, ¢ 3alerieHueM HoBHKkoBa, HHMKJIOHAAJIbHbBIE.
[TpermyliecTBEHHOEC MOPUMCHEHUME MMCEET JBOJILBCHTHOC 3allcll-
JIeHHEe, KoTopoe ObUIo mpemroxkeHo JI. Dittepom B 1760 .

Puc. 7.1. HumuHapuyeckue 3y04arhie
repe/iaui BHENTHETO 3alelICHHS

Puc. 7.2. Konndeckue 3yo04aThie
nepeayn: Puc. 7.3. Bunrosas

a — mpAMo3y0as; 6 — ¢ KpYrOBbIM 3y00OM 3yOuaras nmepejada
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B zasucumocmu om  83auMHO20
pacnonioxcenuss Kojec 3ybdarbie Tie-
penayd OBIBAIOT BHEIHero (CM. prc.
7.1) u BHyTpeHHero (puc. 7.5) 3alerl-
nenud. Huxke paccmMoTpeHbl mepelauu
BHEIIIHErO 3alleIUICHUA, KaK Hauboliee
pacopocTpaHeHHbIE.

B 3asucumocmu om KOHCMPYKMUG-
HO20 UCNOMHEeHUs PA3INYaloT 3aKpbl-
Thle M OTKpbITble 3yOUaThic TepcaauH.
3akpeimele  nepeoauu  TOMENIEHbBI B
nbljie- U BIAroHeNpOHHUIlaeMble KOpITy-
ca U pabomawom 8 MACIAHOU BdHHe
(3ybuaroe KoJieCcO MOIpPyXKalwT B Mac-
JIo Ha ri1yOuny jgo '/, paguyca). B om-
KpulmplX nepedadax 3y0bd Kojiec pabdo-
TAIOT BCYXYIO WIH IPU TICPHUOUUCCKOM
CMa3bIBAaHUHM TUIACTHYHBLIM CMAa304YHbLIM
MaTepUaJioM W He 3allUITCHbl OT BITHS-
HUS BHEIITHEH cpe/ibl.

B sasucumocmu om uucna cmyne-
Heli 3yO0dYaThie mepefayd  ObIBAIOT
OJHO- W MHOIOCTYNECHYATbIE.

Puc. 7.5, Huaanapuyeckas
npaMo3yOas nepeaada
BHYTPEHHETO 3allCTIICHUS

nasa. 8. UWITWHOPUYECKUE NPAMO3YbBbIE
NEPEOAYUN BHELWHEINroO 3AUENJIEHUA

8.1. Martepuanbl 3yG4aTbix Konec

Bribop marepualia 3y0YaThIX KOJEC 3aBUCHUT OT Ha-
3HAUYE€HHUS MEPENavYd U YCIIOBUM e¢ padorhl. Halne Bcero mpume-
HSKOT CLald, peke —— YYI'YHbl U IUIACTMACCHI.

Cramu. OcHOBHBIMM MaTepHalaMH JUTd W3TOTOBIICHUS 3y0Oda-
TBIX KOJIEC CHIIOBBIX MEpeAau CIY:KaT mMepMuiecKku oopadamoi-
saemble  CIMAU.

35



B 3aBHCHMOCTH OT TBEPIOCTH PabOYHMX MOBEPXHOCTECH 3yOb-
€B MOCJIE TSPMOOOPAOOTKH 3yOUaThIe KOJIECA MOJKHO YCIOBHO
pa3/IcIIATh HA JBC TPYIIIBI.

IlepBas rpynna — 3ybyaThle KoJleca ¢ TBEPJ/IOCTHIO MOBEPXHO-

cTeH 3yObeB H <350 HB . MatepuaiaMu IS KOJIEC 3TOH TPYIIIbI
ciyxkart yriepojucrbie crainu 40, 45, 50T, jerupoBaHHbIE CTaIU
40X, 45X, 40XH wu ap. Tepmoobpabomky — yaydilieHHe — HpouUs-
800AM 00 HapeszaHus 3yovea. TBEepHOCTh CEPIIICBUHBI 3y0a U €ro
padoUdchi MOBEPXHOCTH ISl YIIVUINICHHBIX KOJEC OMHaKoBa. Koge-

ca npu meepoocmu nosepxuocmeil 3yowea H <350HB xopouio
npupadamvl8armes U He HOOBEPIHCEeHbl XPYHKOMY  DA3PYUICHUIO.
IIpuMeHSIIOT B €I1a00- W CPECIHCHATPYKCHHBIX TNepemadax. OO-
JACTh TPUMEHCHUS YITYYIICHHBIX 3YOUYaThIX KOJEC COKPAaIlacTcs.

Teepoocmv  uiecmepnu  nNpAMo3VOOi nepeoavu peKxoMeHoyiom
npunumams Ha (25..50)HB oOoavuie meepoocmu  xoiecd. ITO
CIOCOOCTBYET NpUPadaTHIBAEMOCTH, COJIMKEHHIO JIOJITOBEYHOC-
TH HIECTEPHHA U KOJIeCa, MOBBIIICHUIO CONPOTHUBIICHHS 3a€/[aHUIO
3y0uaThIX KOJIEC.

Btopasi rpynma — Kolieca ¢ TBEPAOCTHIO PaboOUYMX MOBEPXHO-

cred H >45HRC, (H >350HB) . Ilpu H > 350HB TBepaoCcTh Ma-

Tepuaia u3Mepsercd no wmxaige HRC,. Beicokas meepoocms 1o-
BEPXHOCTHBIX CIOCB MaTepHaia MPH COXPAHCHUHU BS3KOH cep-
TITCBUHbI TOCTUTACTCS MPUMCHCHHUCM MTOBEPXHOCTHOTO
TEPMHUYCCKOTO WA XUMHKO-TCPMHUYCCKOTO YIPOUHCHUSA: HoBep-
XHOCMHOU 3aKAAKU, UEMEeHMAYUu U HUMPOUYEeMeHMayuu ¢ 3aKaj-
KOU, asomuposamnus.

8.2.Cvunbl B 3auenneHMn npamMo3yObix
nepepau

CuIIbl B3aUMOJICMCTBUS 3YyObLEB TPUHATO OMPE/ICISITh
B noiroce 3aneruiecnusa I/ (puc. 8.1). Pacmpejenennyio mo KOH-
TAKTHOHW TUIOIIA/IKE HATI'PYy3Ky B 3allClUICHUHM 3aMCcHLIOT paBHO-
JICHCTBYIONICH F , HAMNPABIICHHOW IO JIMHUM 3aleruicHus NN.
CwiaMy TpeHus B 3allelUIEHUM NpeHeOperaroT, TaK Kak OHU
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Puc. 8.1. Cxema cui, JEHCTBYIONTHX
B IMPAM 03y 0 Ol HIIMHIPHUICCKOL

MaJIbI. Z[JIH pacucTta BAaJIOB H OIIOP CHIIY Fn pacKiIaabiBaloT Ha

COCTABJIAIOININC.
nmepeaavue OKpy:KHasd CHIA

F, =F,cost, =2-10°Ty [dy =2-10°T / d; =

10Ty (u 1) 10T +1) .1
- U - a,y ’

paivajibHast CHJIa

F, = Figa,, . 8.2)

rac Tl H T2 — Bpalmaromic MOMCHTLI Ha IMCCTCPHC M KOJICCC, H‘M;
dl’ d2 Hu aw — ACIHTCILHBIC AHAMCTPBI MICCTCPHH, KOJICCa H MCKOCCBOC
PacCcToaHre COOTBCTCTBCHHO, MM (Xw = 20° — YT'OJI 3alleTIIICHIT.

Ha BCAOMOM KOJICCC HAIIPABICHHC OKpY)KHOfI CHJIBI F; COBIIa-
AacT ¢ HaIIpaBJICHHUCM BpallcHKAg, Hd BCAYIICM — IIPOTHBOIIO-
JIO’)KHO C€MY.

8.3.00wne cBepeHun O pacuere
Ha NMPOYHOCTb LWJINMHAPUYECKUNX
3BONIbBEHTHbIX 3y0uyaTbix nepenay

A4 Xopolllo cMa3pIBacMbIX 3yOUaThIX mepejad, pa-
O0oTaIONMX B 3aKPbITOM KOPITyCe, OCHOBHbIMU KpPUMEpUIMU pa-
oomocnocobHocmu  3y0be8  ABIAIOMCA: KOHMAKMHAA APOYHOCIb
U ApOUHOCNE NPU U32UOE.
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[ToJ; KOHTAKTHON MPOYHOCTbI0 MOHUMAIOT CIIOCOOHOCTh KOH-
TAKTUPYIOIIUX IOBEPXHOCTEH 3yOheB oOecneduTb TpedyeMyro
0e30MacHOCTh MPOTHB YCTAIIOCTHOTO BBLIKpPAIIMBAHHA.

Pacuer cBOUTCA K MPOBEPKE YCJAOBHA MPOYHOCTH:

oy <ol . (8.3)

rjae GH — KOHTAKTHOC HAIIPsKCHHC B ITOJMIOCC 3alCIICHH; [G]H —
HJOIIYCKAcMOC KOHTAKTHOC HAIIPAXKCHIIC,

ITpouHocTh MpHM HM3rUde — 3TO CMOCOOHOCTH 3yYOBeB obecrie-
qUTH TpedyeMyro O0e30MacHOCTh MPOTHB YCTAIOCTHOIO H3JIoMa
3y0a.

YcaoBue IPOYHOCTH:

o <ol (8.4)

[7C G, — HAIPLKCHHC H3IH0a B OTACHOM CCUCHIM 3Y04; [G], — JoIycKac-
MO¢ HampsbKeHIE H3rHoa 3yoa.

8.4. Pac4yeT Ha KOHTAKTHYIO NMPOYHOCTDb

KoHTakTHad MpoOYHOCTh 3YObEB SBISECTCA OCHOBHBLIM
KPUTECPHUEM PaOdOTOCIIOCOOHOCTH OOJIBIIHHCTBA 3yO0UYaTHIX Mepe-
nad. [lpu BBIBOJIC PACUYCTHOW 3aBUCHUMOCTH IO YCIIOBHIO KOH-
TAaKTHOW MPOYHOCTH paccMaTpHUBAIOT COTpPHUKAcaHHEe 3YOhCB B
MOJIIOCE, [JIC MPOUCXOJUT OJHOMAPHOE 3alICTUICHUE U BO3HMKACT
BBIKpAIlIMBAHUE; IIPH 2TOM KOHTAKT 3yObEB paccMaTpUBaIOT
KaKk KOHTAaKT JIBYX IMJIIMHJPOB C PaJIMycaMd P, U P,, PABHLIMU
pandycaM 3BOJBBEHT B MOJIIOCE 3allericHus (puc. 8.2.).

Haubonbiiee KOHTAKTHOC HAMNPSKCHUEC B 30HC 3allCJICHUS
onpenensaT o popmyie [epia

—_ ¥l
GH C 5 ) : l .

\ Iy L,
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rie I /I, — HopMalbHas Harpy3Ka Ha eHHUIY JJIHHLI KOHTAKTHOI JIHHHM;

F— paBHofeiicTByromas Ccuia, HOPMAILHON IUIOIMAIKe KOHTAKTa;

lE —— CyMMapHas JJIMHa KOHTAKTHBIX JTHHHII; Py — NPHBEACHHBIH pajlyc
_ P1-P2

I{pHBHBHBIZ pnp —m; pl H p2 = paI[I/IYCBI KpI/IBI/I?)HBI B TOUKAX
1 TP

KoHTakra; I u E; Vv HV, — COOTBCICTBCHHO, MOLYJIM YIPYIOCTH U
ko3 umuents [yaccona MaTepHalIoB MUIMHIPOB.

JJ1s moJIydeHHsI pacueTHOH 3a-
BUCHUMOCTH BbIpa3uM BXOJIAIIAEC B 4§
dopmyny I'epria BemUUHHBLI Yepes
rnapaMeTphl 3allcruicHUS.

Cuny F, IpUIIOKEHHYIO B I10-
moce Il u JeHlcTBYIOIYIO MO
JMHUM 3arieruienua NN, onpejie-
JAIOT O OKPYXKHOHM cuine F, ¢ 3

3
ydeToM koadduitmenTa Harpys-
ku K.
F,=K;Flcosa, . (8.1)
Y4yurbpiBasg, 4ro Pi = 715in o,y
Py = 24 sin o, | Puc. 8.2. CxeMa K pacuery
3yOheB HA KOHTAKCHYIO
d . U NPOYHOCTE:
TO Prp ==, S0y, - ———. I — II0pa KOHTAKTHBIX
2 U+l )
HaTPsDKEHHH

[TojcraBuB moOJlydyeHHBbIE 3aBUCMMOCTH B (opmyity [epna,
MOTYYHM

o 1 Kb, 2 u+l
" 1-v2 1-v}) 3b, d,-sino, u
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PemuB oTHOCHTEIIBLHO OLW 1 0003HAYUB

K, =3500(zz2, )

1—vi +1—v§

£y E,

obosHauuM: Z,. = |1/ | & — KO2(ppHUITMECHT, YUH-

THIBAIOIIUNA MCXaHMYCCKME CBOWCTBA MAaTCPHAIIOB COMPSLKCH-
IBIX KOJICC; IS CTalbIbIX Kojec mmpu E = E, = 2,1-10° H/mm?
u v, =v,=03 Z =190H"/mv

Zy =J2/(cosocw‘sinocw) — K03 (PHUIHCHT, YYUTHIBAIOIIHMN
(hOpPMY COTPSIKEHHBIX TOBCPXHOCTCH 3yOLCB B IMOJIIOCE 3alleric-
nug. Ilpm o = 20°, Z = 2,5.

Z,=4J(4-¢,)/3 — xodpduLMEHT, YYMTBLIBAIOLIMI CyMMap-

HYIO JUIMHY KOHTAKTHBIX JIMHui. [l mpaMo3yObIX Kojice MpH
e, = 1,6 Z =09. YuurpBad, uro b,= vy, -a , F = 210°T,/d,
[T, 8 H™M; d, = 2a [(u+1)], noayduwm:

Ky 2100 T(U+1
H 3( )S[GHl
Wpa 4, -U

GH_ZE'ZH'ZSJ (8.5)

ITonyuum ¢opmysly NpPoeKTHPOBOYHOIO pacyeTa 3aKPBITHIX
UHJIMHAPHYECKHX CTAJbHBIX MNepeaay

Kyl
violol, -9

LJIC O — MCKOCCBOC PACCTOAHHE, MM; K, — KOO(HIMCHT HAIPY3KH;
I', — Bpamaroruii MOMEHT Ha mmecTepHe, Hwm; [6],, — nomyckaemoce Kou-
TaKTHOE Hanmpskenne, HMM? , — KodpdrpenT IMMPHUHLI BeHI1a Kolleca

y, = bla .

a, =K, (u+1);

B cooTBeTcTBHMH cO cTaHAapTOM:
Ans npsmMo3yobix mepemau K = 450 (H/mwm?)Y3;
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AJIsl KOCO3YObIX M 1IeBpoHHBIX mepeaad K = 410 (H/mm?)'”.

IToydyennoe sHAYCHHE ¢ OKPYIVIAIOT [0 OJIMKANMIIEro YHCIIA,
KpPaTHOI'O TATH, WIM IO PALY MNPEIANOYTHTCIIBLHBIX uucel R40.
Mg craHgapTHeIX peaykropoB « : 40; 50; 63; 71; 80; 90; 100;
112; 125; 140; 160; 180; 200; 224; 250; 260; 280; 300; 315 mM.

@opmyay AJisi MPOBEPOYHOIO pacyeTa 3aKPbITbIX LHJIUHAPHU-
YecKHUX Mepeaad IMOJIy4YMM Ha ocHoBc opMmylnl (8.5)

Z KT +1)°
Gy = G\/ uh @+l (5, (8.7)
7 bru

rae 17, — B8 HM; ¢ mwb, — B MM.

3uavycnus KodpdumeHra Z_ Ui UAIMHAPHICCKUX CTaIbHBIX
nepeay:

npamosyoeix Z_ = 9600 H'"/mwm;

Koco3yObIx U weeponnvix Z_ = 8400 H'"/mm.

Kos¢dunuent mmpunbpl BeHua kojaeca y, = b /a . Ilpu pac-
4eTe MWIMHAPUYCCKUX IICpeiad 3HaYeHUucM \, 3apaiorcd. B 3a-
BUCUMOCTH OT PACIOJIOKECHUS IIECTEPHU OTHOCHTEILHO OIOP
MPUHUMAIOT:

npu cummempudHom  pacnoiodcenuu y, = 0,315..0,5;

npu  necummempudnom , = 0,25...0,4;

npu koncorernom , = 0.2...0,25,

bonpiye 3HaveHus , — IJI9 IEpeaad ¢ TBEPAOCTLIO 3yOb-
¢B kojicca H<350 HB. [l craHgapTHLIX PCAyKTOpoB W, :0,1;
0,125; 0,16; 0,2; 0,25; 0,315; 0,4; 0,5; 0,63; 0,8; 1; 1,25.

[IlupuHa BeHUa KoJeca

bZ - Wbaaw

Hupuny eenya wecmepnu b, 3amaor Ha 2.4 MM OoJIbLIe
HIMPUHBI KoJieca I KOMIEHCAIIUM BO3MOKHOI'O OCEBOI'O CMe-
HICHHAA 3y04aThIX KOJIEC M3-3a HETOYHOCTH COOPKU. Imo ycio-
8Ue BAJICHO NpU npupabomxe 3y0ves, Korja OoJice TBepjas Ilic-
CTCPHSl MEPEKPBLIBACT MO IIMPHUHE MEHEE TBEPAOE KOJIECO.
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KoHTakTHas MpodHOCTL 3yOLEB KOJIEC 3aBHCHUT OHl Mamepu-
ana U 2adapumHslX pazmepos nepeoayu W He 3aBUCHT Om MOOY-
Js u yucia 3yoveg g omoeavrnocmu. I1o ycIOBHSIM KOHTAKTHOM
OPOYHOCTH APU OdHHOM 4 MOOYIb 3Y0be6 u 4ucio 3ybves Mo-
2Yym  uMemv PAa3IUYHble 3HAYEHUS, HO ¢ COOMOOCHUEeM YVCI08US:
0,5m(z+z,) = a,

8.5.Pacuyer Ha um3rud

Bmopvim u3 08yx 0CHOSHLIX Kpumepues padomocno-
coOHOCMU 3Y0YamblX nepeday S8NSemcsl RPOYHOCHb 3Y0be8 Ha
uzeu6 [cm. popmyiy (8.7)]. Ilpu BbIBOAE PACYCTHOM 3aBHCHMO-
CTM OPUHUMAIOT JIOMYIIICHUA:

|. B 3ameruieHun HaxofuTcs OJiHA Mapa 3yObeB.

2. 3y0 paccMaTpuBalOT KaK KOHCOJBLHYIO OallKy, HarpyKcH-
HYIO COCPCIOTOYCHHOM CHIIOH F , MPHIIOKCHHOHA K 3y0y B ¢ro Bep-
muHe (puc. 8.3). DTa cuiia AciicrByer moj yrioM (90°— ) Kk ocu
3y0a U BBI3BIBACT B €r0 CEUCHUAX HAMPSIXKEHUS U3rMda U CKATHA.
Yroj o HeCKOJIbKO GOJIbLIC yIUla 3aLCIICHUA O , T.K. IIPU PacIo-
JIOKCHWUM BEPIIUHBI 3y0a Ha JIMHUU 3anictuicHua NN ock 3yba He
coBmajiaer ¢ juHuer neHTpos 0,0, (cM. puc. 8.2). Touku A u B
OTIPEJICIISIOT MOJIOKEHUE OMAcHOTO ceueHnus 3y0a Ha u3rud. 3y0 B
9TOM CCUCHMM HarpyXeH HW3rudamoimuM MoMeHToM M =
F hcoso.

Puc 8.3, a. CxeMa k pacdeTy 3yObeB Ha H3THO:
1/ — ycrajgocTHas TpenuHa
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3. Cura TpeHMs B 3alleIUICHUH
U CKHMAalollee JielHcTBrue cHlibl F,
MaJio BJIMSIOT HA CyMMapHOE Ha-
NPAKCHUEC U MMOITOMY HE YUHUTDLI-
BaloTCA.

Boipasum cuity F, depes F.

F,=F, [cosq,, ; ¢ yueToM KO03(b-
durnpeHTa Harpysku K, moixyuyum
bopMyny Juis onpejielieHUs Ha-
MpaBJICHUS W3TH0a B OMACHOM Ce-
yenuu AB Hoxka 3yOa: 7

M _ F,cost-hog
Op = = =
14 Wy

X
_ 6K pF,cosa’-h-0g

XEILRIIIVES

’ Puc. 8.3, 6.
G, — HampsDKeHHe H3ruba oT
CHIBL IF; 6 — HampsDKeHHE
g oONC
CHRKATHS OT CHIIBI F;

COS QL -bs®

rae W)? :b52/6 — MOMEHT COIIPOTHUB-
JICHUSE; O — K09 pUIHEHT KOHICHTpa-
IIHHA HAPSDKEHHIT; /1 .S BRIpa3dM depe3
MOAYIL m:h=W-m; s=V-m, 1A4¢ L U V — KOIDOUIHCHTEI,
YYHTBIBaroIue popmy 3yoa.

— 4 2
O603Ha4uB 1z, = OLL-cosoL Oﬁc/(V 0l,), ToIyuyuM GOpPMyIy
JUIST TPOBEPOYHOrO pacuera 3yOUaThIX Iepemad MO HampsKeHH-
AM H3TU0a:

Kty
G = T BF, £ 6], (8.8)

bm
e Y, — Koohumuent, yudThBaromuii gopMy 3y0a H KOHIECHT-
panuio HanpspkeHuii (Tadil. Bemnmuuna); K, — Kod>GQHIHEeHNT Harpy3Ki;
[6], — momyckaeMoe HampsDKeHHe H3ruoa; ¥, — KO3 PHUITHEHT,
yudThiBaomuii  yros wakiaona 3yda B, m Y, — xoopduuuent,

VUATHIBAIONAN MepeKphITHE 3YOLEB; #1 — MOJIYh.
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A1t psaMo3yOBIX 3y0UaThIX KOJICC: Y=1; ¥, = 08,
JJIsL IPOEKTHBIX PACYETOB

S K KT (D)

T baylo)y (8.9)

roe K = 3,410° mma IpsMo3YOBIX IIepeaad U K = 2,8:10° o1 Koco3yObIxX
nepepay; I, — B Hwm; b, a, — B MM; [0], — B H/MM.

Bwmecro [0], B ¢popmyny (8.8) MOACTABIAIOT MEHBIEE U3 3HA-
uenuit [0],, u [O],,.

[nasa 9. UMITUMHOPUYECKUE KOCO3YBbIE
NMEPEAOAYU

9.1.00wme cBeaeHud

Hunuuapuueckue KoJjieca, y KOTOPBIX 3yObsl pacho-
JOKEHBI MO BHHTOBBLIM JTHHUSIM Ha JCTUTCILHOM IWIHHJIpE, Ha-
3bIBAIOT KOCO3YOBIMH (cM. puc. 9.1).
PB Yem Oolibllie Yrojl HAKJIOHA JIMHHAH

3y6a B (puc. 9.1), TeM BBIINIC TUIABHOCTH
3allelUIeHUs. Y Mmapbl CONPSAXKEHHbBIX KOCO-
3yObIX KoOJIec ¢ BHEIIHUM 3allellICHUeM
yribl 3 paBHBI, HO MPOTHBOTOJIOKHBLI TIO
HAMpaBJICHUIO.

-::-""/’:
{f,_,?f-

Puc. 9.1. Koco3zyboe
KOJIECO

0.2.9KBMBaANIeHTHOE Koneco

Kax yxe ormeuasoch, mpoduin kocoro 3yba B HOp-
MaJabHOM cedyeHHUH A-A (puc. 9.2) COOTBETCTBYET MCXOJ/IHOMY
KOHTYPY HWHCTPYMCHTAJILHOM PEeUKH U, clic/[0BATCILHO, COBMA-
AaeT ¢ npoduieMm npamosyboro kosieca. Pacder Koco3zyObIx
KOJIeC BEIYT, HCIIOJB3Ysl IMapaMeTphl 3KBUBAJICHTHOLO TMIPSIMO-
3yboro KkoJieca.
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JemutenbHas OKPYK-
HOCThL Koco3yboro kojeca
B HOpPMAaJILHOM CCUCHUH A-
A (cMm. puc. 9.2) oOpasyer
3JUTHIIC, PajUyC KPHBU3HBI
KOTOPOTO B TIOTIOCE 3alle-
JeHus (cM. Kypc aHaJIWTH-
YecKON T'cOMETpPHUH)

p,= dl(cos*P).

IIpoduns 3yba B 3TOM ] L-
A
CCUCHMH COBIIAJacT ¢ TIPO- \ Iy )
(HiIecM  YCIIOBHOI'O IPSIMO- A

Puc. 9.2. Cxema a1 ompe/ielieHId

3y6OFO KOJIeca, Ha3bI-
z, K0003y601“0 KoJeca

BacMoOIo JKBHBAJICHTHBIM,
I[GHHTGHbeIﬁ AUAMCETP KOTOpPOoro

= = 2 = 2R = 3R =
d = 2p=d/cos’B = mz/cos’B = mz/cos’B = mz
OTKYIla IKBUBAIEHIMHOE YUCIO 3Y0bes

z, = z/cosB, (9.1)

rae z — ACUCTBUTEIhHOE YHCIIO 3y6BGB KOCOBY60F0 KoJIeca.

W3 dopmyimt (9.1) ciaemyer, uTo ¢ yBe/IMYCHUEM 3 Bo3pacraer z,.

9.3. Cuvnbl B 3auenneHvum

B xocosyboli mepefade HopMaabHag cHiia F cocTas-
jger yroil B ¢ Topuom Koseca (puc. 9.3). Pasigoxus F, Ha co-
CTABJIAIONINE, TOJIYUYUM:

paMajbHYI0 CHJY

F, =Figoa, /cosP, (9.2)
rae F,= 210°T /d — oxpysxnas emaa, H; T\ — B HM; d, — B MM;

OCEeBYI) CHJIY
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Puc. 9.3. Cxema cuil, ACHCTBYIOIINX B
KOCO3Y0OH IMJIMHAPHUYCCKOIT ITepe/iaue

F =Figp. (9.3)

[Ipu ompejiesieHMH HampaBJIeHUH CHII YUUMTHLIBAIOT Hampaslie-
HHUE BpalllcHHs KOJIEC M HaIlpaBJICHHWE HakKJIOHa 3yba (mpaBoe
WM JICBOC).

Ocesas cunra F,| oonoanumeioHo Hazpyxcaem ROOWURHUKY,
gozpacmas ¢ ygeauveruem B. Ilo 2Toll MpHUMHE MJIA KOCO3YOBIX
KoJiec mpuHuMaroT B = 8...200. Hajmuue B 3allCIUICHUH OCCBBLIX
CUJI SIBJIACTCS HEJMOCTaTKOM KOCO3yOOM Tmepejiauu.

9.4. PacuyeTbl HA NPOYHOCTHb

BceaejicrBue HaKIIOHHOI'O pacroliokeHHs 3yObeB B KO-
co3yOOM 3allelIeHUM OJITHOBPEMEHHO HaXOJSATCS HECKOJILKO Iap
3yObeB, UTO YMEHbIIAET HAI'PY3KY Ha OJIUH 3Y0 M CHMKAET JIMHA-
MHUUYECKHE Harpy3ku. Pacder Ha MpoyHOCTH KOCO3YObIX mepejau
BeIyT Mo (opMyllaM SKBHUBAJCHTHBIX MNPAMO3YOBLIX mepeaad C
BBC/ICHUEM B HHX IONPaBOYHBIX KO3I(PIHUIIMEHTOB, YUYUThIBAIO-
KX ocobeHHocTH paboThl. I1o ycioBUSAM MpOYHOCTH TabapuThl
K0C03yObIX Mepeayd MoJiydaroTcsl MEHbIIIE, YeM MpAMO3yObIX.

IIpoekTHPOBOYHBIM pacyeT. AHaJOIMYHO pacyery MpsMO3Y-
ool mepemaund [cM. gopmyny (8.6)] ompemcnsloT MeEXKOCEBOE
paccTOdHHUC I CTaJbHOW KOCO3yOOH IMepemayn.
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IIpoBepounblii pacyeTr. AHAJOIMYHO Ppacycry IpaAMo3yOou
nepegaun [cMm. dpopmyay (8.7)] HaXoAAT KOHTAKTHBIC HaMpskKe-
HHS B TOBEPXHOCTHOM CJIO€ KOCHIX 3yYOBLEB.

BruinosiHeHuE ycrosus npodnocmu Ha uzud 3y0beg NICCTCPHU W
KoJicca KOCO3yOOH IIcpcAaud IPOBCPAIOT AHAIOIMYHO PacycTy
npsaMo3ybor mepepaun [cM. popmyny (8.8)]. Kosddurment Y,
(popMbI 3y0a M KOHIICHTPALIMK HAIPSKCHUM, BHIOMPAIOT MO IKBHU-
BAJICHTHOMY uMcny 3yOheB z . Kosdunment Y, yuuThBarommii
HAaKJIOH 3y0a B KOc0o3yOOM Iicpeiiauc, BBIYHCIAIOT MO (POPMYIIC:

¥s =1—[3/1000 npu yenosun ¥ 20,7. (9.4)

KospduitueHr Y, yIUTBIBAIOIMNUNA TEPCKPHITHE 3yOhCB B KO-
cos3yboit mepemaue: Y = 0,65.

fnasa 10. KOHUHYECKHUE 3YBYATbBIE
NMEPEOAYU

10.1. Oowme cBepeHus

Konuueckue 3ybuarbic Kojieca NPUMCHSIOT B Mcpe-
Jadax, KoTjla OCH BaJIOB IepeceKaroTes MO YriaoM 2, (CM. pHuc.
7.2). Hauboliblllee pacnpocTpaHeHUe UMEIOT Mepejaud ¢ YIiIoM,
> = 90°, xoTopble U paccMOTpecHbl HMXke. KoHMuUeckHue KoJeca
(cM. puc. 7.2) OBIBAtOT ¢ MPAMBIME (@), KPYroBbIMH (6) U PEIKO C
IIEBPOHHLIMM 3YObLAMH.

Konuueckue npamosyodvle mnepeadyd HMCIOT HAYaJbHbIM JIH-
HeMHbIN, a Mepeladyud C KpyeosviMu 3y0bimi —— TOYeYHbIM KOH-
TaKT B 3allCIJICHUU.

KoHnunueckue kolieca ¢ KpyroBbIMU 3YObSIMH IO CPABHEHHUIO C
npaAMo3yobIMU 00NaaroT OoNbIeH HeCcylel cnocOOHOCThIO, pa-
O0O0TaIOT MJIABHO W C MCHBLIIHM IIIYMOM.

Conpsisicennvle Kojieca ¢ KpPy2o8biM 3Y00M UMEIOm NpOomueo-
NOJIOJICHOE HANpasaenue Junuy 3y0bee¢ — TpaBoe U JIEBOE, €CIIH
CMOTPETh CO CTOPOHBLI BEpLIMHLI KoHyca. Illecmepnu evino/iHs-
om ¢ npasvim 3yoom, Koieca — ¢ Jgesvim (cM. puc. 7.2, 0).
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B KOHHYECKHX Mepeaavax wecmephro pacnoadeaion! KOHCOIbHO.
IlepenaTounoe unchao. CormacHo puc. 10.1 nepenaroyHoe YUCIIO

.uznl/l”tz:dez/del=lg62=1/lg81222/21, (101)

rned, . d, n 81 U 82 — COOTBETCTBECHHO, BHEIIHUE ACIMTEIbLHBIC JIHAMETPhI
U YTIIBI JISTUTENLHBIX KOHYCOB IMECTEPHU U KoJieca.

Jlns KoHMYeckol MpsAMO3yOoM nepenayr pPeKOMEHAYT u = 2...3;
ITPH KOJIECaX ¢ KPYroBbIMH 3yObsIMU U 10 6,3.

iy b e
Re ¢

N
N4

Puc 10.1. Cxema Kk reomeTpum
3allerIcHus] KOHUYECKUX KOJIec:
1, 2, 3 — obpa3syronue
BHYTPEHHET O, CPETHETO H
BHEIIHET'O JIOMOJIHUTEILHBIX
KOHYCOB; 4 — 2KBHUBAJICHTHOC
HAJIMHJIPUYECKOE KOJIECO

Puc. 10.2.
K recomerpuucckomy
pacueTy mapaMeTpoB
KOHHYECKOI'o KoJieca
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10.2. OcHOBHblIEe reoMeTpUu4eckKue
COOTHOLUEHMS

B kxoHMueckMxX 3yOuaThIX KoJecax BeICOTa 3yba, a
CJIEIOBATEIbHO W MOJyJb 3allelVIEHUs], YBEITHYMBAIOTCS OT
BHYTPEHHEro / K BHEIIHEMY 3 MOIOJHUTEIbHOMY KOHYCY (CM.
puc. 10.1, 10.2). Ansa ygoOcTBa M3MEpEHUST pasMEPbl KOHHUYEC-
KHX KOJIEC MPUHSATO ONPEAessiTh MO BHELIHeMY Topuy 3yba, 00-
Pa30BAaHHOMY BHELIHWUM JIOMOJIHUTEIbLHBIM KOHYCOM.

MaxkcuManbHBIH MOAYJb 3YOLEB — BHEIIHMI OKPYKHOI MO-
AyJb — TI0Jydaercsl Ha BHEIIHEM Toplie Koseca. Ero obo3Haua-
I0T: M, — 04 APAMO3YObIX Konec u m  — 014 KOAeC ¢ Kpy206bl-
MU 3Y0bAMU.

BHeUHuil OKPYKHON MOJY/Ib 11, UK 111, MOKHO HE OKPYILIAThH
J0 CTAHJAPTHOrO, TAK KAaK OJHHM W TE€M € PEXYIIHUM HHCTPY-
MEHTOM MOXXHO Hape3aThb Kojeca ¢ PA3IMYHLIMHA 3HAUYCHUSIMU MO-
Jy7sl, JIeKAIUMU B HEKOTOPOM HENPEPbIBHOM HHTEpBAJIE.

OCHOBHbIE TE€OMETPHUYECKME COOTHOILUEHHS 11 KOHMYECKHX
3yOuaThIX mepegay ¢ NpsSIMbIMU U KPYTOBBIMH 3YObSIMM J1aHbI B
tabmn. 10.1.

Ta6numa 10.1

I'eomeTpuueckue
COOTHOLUCHHS /15
MICPEAAYU ¢ KPYTOBBIMH
3yObAMU

I'comerpuucckue
COOTHOILIICHUA A
PsIMO3y00H TepeaayH

[NapameTp 3auenneHus

BHenHu# nenure 1bHBIH
JHAMETP

doj=MZ;;  do=MZ5

dy;=myz;; di,=myzs

BremHee KOHY CHOE
PacCTOsIHUE

R,~0,5m, N +7, =
=0,5d Vi + 1/u

R,—0,5m N2+ —
=0,5d,, Vi + 1

Mupuna 3ybuaToro BeHUa

b=Kp.R.,=0,285R,

b=Kp.R,=0,285R,

CpeaHee KOHYCHOS
PacCTOSHHUC

R=R,-0,5b

R=R,-0,5b

Yroa aeauTeabHOro KOHyca

tgd;=z1/z=1/u;
52:900-51

1g0,=z1/z=1/u;

52:900-51
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Orxonuarue mabauyvt 10.1

I'eomerputeckue
['eomeTpuHeckue
COOTHOLLUCHHUSA J15
[Tapamerp 3auenacHus COOTHOLUCHHA A1
R MEPEIAYH C KPYTOBBIMH
P 3yOBAMH IPH
Moayap HOpMATTBHELH B m=my—(bsind;)/ m=[my,— (bsind,)/
CpeIHCM CCUCHHH /z1=0,857m, /z1Jeos 3,0, 702m,,
CpeaHuit ACTUTEIBHBIH d;=mz;=0,857d,;, d,;=mz/cosf3,~0,857d,;;
JHAMETP d>=mz,=0,857d,; d,=mzy/cosf3,,=0,857d,;

10.3. IkBuBaneHTHOE KoJNeco

Jlns mpamo3yOoil mepeaauu npoduiau 3yObeB KOHU-
YeCKOTO KoJjieca, TOCTPOEHHbIE HA Pa3BEPTKE JOMOITHUTEIbHOTO
koHyca (cMm. puc. 10.1) BecbMa O6aM3KM K Tipodunsm 3y0ObeB 3K-
BUBAJIEHTHOTO UWJIMHAPUUYECKOrO MNPpsIMO3y0oro koseca, AeIM-
TebHAs OKPYKHOCTh KOTOPOrO IMOJIyuyeHa Ppa3BepTKOW AOMOI-
HUTENIBHOTO KOHYycda Ha TMJIOCKOCThb. J[OMOJMHUB pasBepTKY [0
MOJIHOH OKpy:xHOCTH (puc. 10.3.), NOJIYUYHUM 3KBUBAJIECHTHOE LIM-
JIMHAPHUYECKOE KOJIECO € 4MCIIOM 3yObeB Z.
N3 tpeyronbuuka OCS (puc. 10.3) aenuTenbHbIA aAuameTp
SKBUBAJIEHTHOTO KOIeca

d_ =de/cosd =mz/cosd=m,z ,
(10.2)

OTKYAA 9KGUBATCHMHOE  YUCTO
3y6bee

z, =z/cosd|. (10.3)

Jlng mepeaaum ¢ KPyroBbiMH 3y-
ObAIMH TIPOPMIIM 3yObEB KOHMYEC-
KOTO KOJIECA B HOPMAJIbHOM Ce€ue-
Puc. 10.3. CxeMa K HUM OIu3ku K npopunam 3y0beB

OMPCACIICHUIO SKBUBAJICHTHOIO JSKBHUBAJICHTHOI'O  HHUIIMHAPHYCCKO-
qucia 3y0LeB ro npsiMo3yd0oro kojeca ¢ YHUCIOM
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3yOb€B z , MOJIYYE€HHbIM ABOWHBLIM NPUBEACHUEM: KOHHYECKOTO

Kojleca K LWIMHAPHUECKOMY M KpyroBoro 3yba K MNpsSMOMY
3y0y [cM. dopmynbl (10.3) u (9.1)]:

z,, =z/(cosdcos B, ). (10.4)

B ¢opmynax (10.3) u (10.4) z — nAEHUCTBUTENBHOE UYUCHO 3Y-
ObeB KOHMYECKOTO KOJIeCa.

10.4.Cvunbl B 3auenyieHuu

Cuiibl B KOHUYECKOH mepeaaye onpeacisioT Mo pas-
MEpaM CEYEHHUsS HA CePEeAWHE LUMPUHBI 3y04aTOro BEHLA, B KO-
TOPOM JIEXKUT TOYKA MPUIOKEHHUS CUIIbl F , MEHCTBYIOLICH mep-
HNEHAMKYJIAPHO NoBepxHOCTH 3yOa (puc. 10.4). Cuny F packia-
AbIBAIOT Ha cocrapisomme: F, F u F .
B npsmMo3y0oii nepeagaue:
paouanvnan cuna na wecmepne (npu o = 20°)

F.; =Fjgo,,cosd; =0,36F,cosdy,

rae F,— okpy:Has cuila Ha IecTepHe Uin
KoJIece,

2.10°T, 2-10°T,
F, = = :
[ 4 d, (10.6)
rne T, v T, B Hm; d, d, — B MM.

OceBasg cuina Ha LIECTEPHE

F,; = Fitgo,,sind; =

— 0,36, sind;. (50
Cumel HaA KoOJiece COOTBETCTBEH-
HO paBHbl: F = F ; F = F .. Puc. 10.4. Cxema cuit

B mnepemaue ¢ KpyroBbiM 3y0OM g kommueckoit mpsmMosy6oii
BO U30eXKaHUE 3aKIIMHUBAHUS 3YObEB mepejade (Kojeca YCIOBHO

B IpOLECcce 3aleIUIeHus] MPU 3HAYH- PasjIBUHYTHI)
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TEILHBIX 3a30paxX B MOINMUITHUKAX HEOOXOJMMO OCEBYIO CHITY
F,, Ha Beayllel liecrepHe HAIpaBUTh K OCHOBAHMIO JIE/IUTE/Ib-
HOro KoHyca. JlJIsi 3Toro HamnpaBiIcHHE BpalllcHUs BeJylIei Iie-
CTEPHH (€CIIM CMOTPETh €O CTOPOHBLI BEPINIUHBLI JCIIUTEILHOTO
KOHYCa) W HAIIPABJICHUE HAKIOHA 3YObEB [O/DKHBI COBIAJATH
(na puc. 7.2, 6 mecrepHsa / Bparmaercs Mo XO/Iy 4acOBOM CTpel-
KU, T.€. BIPaBO, U 3y0 IIECTEpHU — MPaBbLIN).

B nepejiaue ¢ KpyrobiM 3yO0OM TIpU COOJIIOJICHUU 3TOI'O YCIOBUS:

okpyoicuyio cuiy F, ompejenaior no gopmyie (10.6);

paouaneras cuna Ha wecmepne (npu o, = 20° B = 35°)

F,=F(0.44cos8,—0,7sin8, ). (10.8)
ocesas cuna Ha uecmepne (npu o, = 20% B = 35°)
F,; =F,(0,44sind; +0,7c0s0;). (10.9)

Cummbl Ha Kollece COOTBETCTBEHHO PaBHBI: FrZZFM; FHQZFH.

10.5.PacyeT Ha KOHTAKTHYIO HMNPOYHOCTDL

[TpoyHOCTHOM pacdeT KOHWMYECKOHW TMEPEIadYd OCHO-
BaH Ha JOMYIIICHHUH, YTO HecyIas crIocoOHOCThL 3yOheB KOHHUYCC-
KOL'O KoJjleca Takasl ke, KaK Y dKBUBAJICHTHOI'O LW/IUMHIPUYECKO-
ro (cm. puc. 10.1) ¢ Toit ke jyiuHOU 3yda b U podrIeM, COOTBET-
CTBYIOIIIUM CPEJIHEMY JIOTIOJIHUTEIILHOMY KOHYCY (Cpe/IHEMY
ceucHUrO 3y0a). [lpakThka sKcruryatanqu mnokaszajla, 4TO MpH
OJTMHAKOBOM CTEINEHW HArpPyKEHHOCTH KOHUYECKHUE Iepeadu
BBIXO/IAT U3 CTPOA ObICTpee IUIHHIPUYECCKUX.
dopMya IS MPOBEPOYHOT0 pacyeTa CTAJIbHBIX KOHMYeCKHUX
3y0uaThIX HepeJay uMeeT BUJI

4 | Kyly
Gy =0,7-10 —é[G]H,
dglu(*DH (10.10)
roe I, — B HM; d, — B MM,

s npamosybvix Konuweckux nepeoaw ©, = ©, = 0,85. [l
nepeaad ¢ KpyroBpiMu 3yObsaMH 3Ha4YeHHs O, maHbl B Tadm. 10.2.
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Tadmuma 10.2. 3nadeHnn ko3¢ duimeHTOR GH n @F JIJIS1 KOHHYIEeCKHIX
nepe/iady ¢ KpYroBbIMH 3YObSIMH

TrepaocTh 3y0UaThIX KOJIeC Oy Oy

H, £350HB, H, £350HB 1,22+0.21u 0,94 + 0.08u
H, =45 HRC, H, £350 1B 1,13+0.13u 0,85 + 0,04u
H, =45HRC, H, = 45HRC 0,81+0,15u 0,65+0,11u

Koa¢ppunuent K, Harpy3sku [Uiss KOHUYCCKHX Mepelay:

K,= KK

HpR "Hv'

Kooddunuent K, y4uThIBACT HEPAaBHOMCPHOCTL pacIpe/ie-
JICHUSI HAIPY3KH MO [UIMHE KOHTAKTHBIX JIMHHUU.
[ng Koliec ¢ KpPYroBBIMH 3YObSMM

K =\fo0—fB npu  yelaoBuH Kpg 21,2, (10.11)

e KHB — KO3(PUIMEHT, BLIOUPAEMBII MO TAOJIMIIE B 3aBUCHMOCTH OT
OTHOIICHUA Y, = b/dl, TBEPJLOCTH 3Y0UaTBIX KOJEC U CXEMBI IepeladH.

J1s1 OOJIBITMHCTBA KOHMYECKUX IMEpe/ad OTHOIIEHUE IIUPU-
Hbl 3yOuaToro BeHIA (JIMHLI 3y0d) K BHEIIHEMY KOHYCHOMY
paccrosnuio K, = b/R, = 0,285, Torma

v, =0166vu’ +1 - (10.12)

Hna  npamoszybpix KoHuweckux nepeoad K,  BLIOMpAIOT 10
Tabimue, npuHaMas K, = K9,

3uavyenne kodpduuuenta K, IMHAMHYeCKOH Harpysku Jyid
nepejay ¢ KPYroBbIMM 3YObsIMH BBIOHMpAIOT TaKoe Ke, KaK H
I IMAIMHIPUYCCKUX KOco3yObIX mepemaad. /[ KOHWYCCKHUX
npsAMo3yObIX mepegad K, BLIOMpAarOT TakkKe IO TaOJmIEe, HO ¢
YCJIOBHBIM MOHMKCHHUEM CTCMCHH TOYHOCTH Ha ¢/IMHMIY (HAIpH-
Mep, IS GaKTHYECKOM CTENeHH TOYHOCTH 7 3Hadenne K, BbI-
OHUpaIOT MO CTCICHH TOYHOCTH 8).

IIpoexTHpoBOoYHbBIA pacuyer. PemmmB 3aBucumocts (10.10) or-
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HOCUTEILHO d , TollyduM (OpMyly MPOEKTHPOBOYHOIO pacye-
Ta JUISL CTaJbHBIX KOHHMYECKHUX 3y0YaThIX mepejad

KT

a,, 2 K, (uu+1)3 D
Y palt [G]H

: (10.13)

rie d , — BHEITHUI JeTUTeTbHBIN JuaMeTp mecTepHd, MM; 7, — B Hwm;
[6],, — B H/iMm™

10.6.Pacyer Ha u3ruod

AHaTOrHMYHO pacyueTy IMUIHHAPHYCCKOM MpAMO3yOoid
nepeadn [cM. dopmyiry (8.8)] pacueTHble HaNpsiZKeHHs] U3ru0a B
3y0bfIX KOHHYECKHX KoJieC M YCJOBHE WX MPOYHOCTH:

KrFYrq
o =— L8 <ol
A== om o) (10.14)
Gy = Vs o1 <o, (10.15)
Yrsi

I€ M — MOJIYJIb HOPMaJIbHBIA B CPEJHEM CEUCHHH KOHHYECKOI'O KoJeca
(em. Tadm. 10.1); Y, — xosdduimeHT Gopmel 3y0a M KOHIIEHTP allHH
HaMpPSOKEHUH SKBUBAJICHTHOT 0 KoJIeca ¢ y9eToM Koa(ppuIteHTa cMeImeHmst
X (x); Y, BpiOuparoT mo z(z ); ©, — KOod(QUIHMCHT, yIHTHIBAIOIII
BIIMSHIE Ha HECYIYIO CIIOCOOHOCTh TIepeladi BIla KOHHMIECKHX KOJec,
BpIOuparoT 1o tadiL 10.1; K, — KooppumenT HarpysKu.

Koadpdunpent K, HAIpy3Kd IS KOHUYECKHMX Iepegay
K=K K,

Koadpdunment K., ydyHThIBAIOIWKH HEpaBHOMEPHOCThL pac-
Npe/Ie/IeHUS] Harpy3KU MO JUIMHE KOHTAKTHBIX JIMHUH.

3navenus koobdunuenra K, JUHAMHYECKOW HAIDY3KH BbI-
OuUparT No TabIuIle.
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nasa 11. YHEPBY4YHbIE NMEPEAAYUA

11.1. O6wume ceeaeHuna

YUepBauHble nepemadyu OTHOCAT K TepejadyaM 3arlen-
JeHUEM. MX npumensaiom Oas nepeoayu BpaujamenvHo20 08UNce-
HUSL MedcOY BanaMu, Veoa CKpeuyu-
BAHUS OCEU KOMOPBIX COCMABIAEm
© = 90° (puc. 11. 1). B Goubmnun-
CTBE CIIy4aeB BEJIYIIIUM SBISIETCS
YCpBIK, T. €. KOPOTKHAM BHUHT C Tpa-
OEICHIAILHON WIN OJIM3KOM K HeEl
HAPE3KOH.

Yepssaunas nepeoaua — 9mMo
3y0Uamo-8UHIMOBAsE hepeoaud, O6U-
HCeHUe 8 KOMOPOU OCYUecmsnanm
nO  NPUHYURY BUHMOBOU NAPbL.

JloCTOMHCTBA 4YepBAYHBLIX Iepe-
agady 1. BoO3MOXHOCTL MOJIYYCHUSA
OOJIBLINIOrO Tepe/IaTOYHOIO YMciIa B
ogHo# cryneHu (¢ g0 80). 2. KomM-
MaKTHOCTh W CPaBHHUTEIILHO HeOoJbImasg Macca KOHCTPYKITHH.
3. IlmaBHOCTL B OcCIIYMHOCTL PadoThl. 4. BO3MOKHOCTH MOIY-
YCHHUSI CAMOTOPMO3SIICH Iepelayd, T. €. JOMYCKAIOIICH JIBUXKE-
HHUC TOJBLKO OT 4epBsKa K Kosecy. CaMOTOpMOIKEHME YepBsY-
HOM mepejauyr MO3BOJISIET BBIMOJHUTL MEXaHW3M 0e3 TOpMO3HO-
ro YCTPOWMCTBA, MPEMATCTBYIOMIETO OOpaTHOMY BpallleHHIO
KoJlec (HampuMep, MO JICMCTBHEM CHUIBI TSDKECTH IOJIHUMAacMO-
ro rpysa). 5. Bo3MOXKHOCTh MOJIYYCHUSA TOYHBIX W MAaJIbIX MEpe-
MCIICHUN.

Henocratku. 1. Huzkuii KITJ1. 2. HeoGxoauMocTh IpUMeHe-
HHS TS BEHIIOB YEPBAYHBIX KOJIEC JOPOTHX aHTH(PPHKITHOHHBIX
MateprdaioB. 3. TloBbIIlIeHHOE H3HAINMBAHHEC W CKJIOHHOCTh K
zacmanuio. 4. HeoO0XomuMoOCTh PeryIupoBKH 3allCIUICHUS.

IIpumeHenue. YcpBsauHbic nepeaadd MPUMCHAIOT OPpU HEOOIb-
IAX U CPEAHUX MOIITHOCTAX, 0ObIYHO He mpeBblinaronumx 100 kBT.

Puc. 11.1. Yeppstunas
repepava:
1 — 4epBiak; 2 — BeHeEI
YEPBAYHOIO KOJIECca
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[TpuMenenue mepeiad Mpu OOJIBINMUX MOIMHOCTAX HEOKOHOMUYHO
n3-3a cpaBHUTEIIbHO HHU3Koro KIIJl U Tpedyer cnenualibHbIX MEp
JUTS OXJTAKJICHUS TICpC/IadH.

YeppsiuHble mepegadyd MIMPOKO MPUMEHSAOT B TPAHCIIOPTHBIX
W IOJIbEMHO-TPAHCIIOPTHBIX MAIMHAX, & TAKKE C LECIbIO MOJIY-
YeHHsd MallbIX U TOYHBIX TEPEeMEICHHUN (JICTUTCIbHLIC YCTPOi-
CTBA CTAHKOB, MEXaHH3Mbl HACTPOUKH, PEr'YJIMPOBKH H JIP.).

Yepeasiunuvie nepeoadu 80 uzbedicanue ux nepezpesda npeonod-
MUMENbHO UCROIBb308AMb 8 HPUBOOAX NEPUOOUHECKO20, d He He-
HPEPLIBHO20  OCUCBUSL.

11.2. Knaccudukauma 4yepBsYHbIX Nepepay

B s3aBucuMocTH OT (opMBbI BHEHIHEH MOBEPXHOCTH
yepBsika (puc. 11.2) nepemsayd ObIBAT ¢ HWIMHApPHYESCKMM (d)
WK C IJA00oMIHbIM (6) YCpPBIKAMH.

[NmobouHas nepegaya uMeer nopbimcHHbIA KITJ u Goliee BhI-
cokyio (B 1,5 pasa) Hecylyio ciocoOHOCTL, HO CJIOKHA B U3IOTOB-
JICHUH, COOPKE U OYCHb YYBCTBUTCIILHA K OCCBOMY CMCIIICHUIO 4cp-
BSK4, BLI3LIBAEMOMY, HAMIPUMEP, W3HAINMBAHUEM ITO/IIITUIMTHHAKOB.

Hwuxe paccMoTpennbl nepeadyd ¢ NMUJIMHIPUUYCCKUMM YepBIKa-
MH, 4Yalllc BCCro MPHUMCHSICMBIC Ha MPaKTHKE.

B zasucumocmu om nampaeienus AUHUU BUIMKA UYepsaKd uep-
BAUYHBIC TIcpeAadd OBLIBAIOT ¢ MpaBbM (MIPCAMOUTHTEIbHCE IS
NpUMEHEHHS) U JieBbIM HaNpaBJICHUAMH JIMHUM BHUTKA.

Puc. 11.2. CxeMbI 4epBIYHBIX IIepeaad ¢ MILTHHIPHICCKUM (@)
U TII000UHBIM (0) YepBIKAMU
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B zasucumocmu om pacnonoxdcenus uepeixa OMmHOCUMENbHO
koieca (puc. 11.3) nepegaynd ObIBAOT ¢ HUKHMM (&), BepXHUM (O)
1 OokoBbIM (8) YepBAKaMH. PacriojiokeHue 4epBsika ompe/ielser
0O0I1asi KOMITOHOBKA WM3/EIUS W MPHUHATBHIA Crocod cMa3bIiBaHHUS
3aneruieHus. [1pu kapTepHOM criocobe cMa3blBaHHS U OKPYKHOU
CKOPOCTH YepBAKa v, <5 M/C 0OLIYHO MPUMCHAIOT HHXKHEC PacIo-
JIOKEHUE 4YepBsKa. [Ipu OONBIIMX CKOpOCTSIX BO M30EKAHUC I10-
BBLIIIICHHBIX MOTEPh HA TMEpEeMElIUBAHUE M PA3OpbhI3TMBAHHUC MAac-
JIa TPUMEHSIOT BEPXHEES PACMOJIOKCHUEC YCPBIKA.

B zasucumocmu om opmel 6uHmOBOl NOBEPXHOCHU Pe3bibl
YUAUHOPUYECK020 HepesKad Tepeadyd ObIBAIOT ¢ apXHMeJd0BbIM,
KOHBOJIIOTHbIM H 3BOJIbBEHTHbIM 4YcpBiIKaMu. Kaxaplid W3 HHX
Tpedyer cBoero crnocoda Hape3aHHs.

ApXHUMe/JI0B YEpBSIK B OCEBOM ceuyeHUM (ceueHue A-A Ha pHUC
11.4) umeer npsIMOJIMHEHHBIA MpoduiIb BUTKA, AHAJIOTUYHBIN HH-
CTPYMEHTAILHOM peHKe. YIol MeEX/Jy OOKOBBIMU CTOPOHAMH
npodwis BUTKA y CTAHJAPTHBIX YEpBAKOB 2 = 40°.

Eciim TOoT ke pesel MOBEpHYTh Ha YIOJI MOJIbéMa BHHTOBOH
JIMHUM YepBsKa (moJjioxkenue 2 Ha puc. 11.4) tak, 4yroObl ero Bepx-
HAS TUIOCKOCTh A-A Obula NepneHMKYIIpHa BUHTOBOW JIMHUH, TO
rnoJjiydacMmasi Ipu Hape3aHUM BHHTOBAsI MOBEPXHOCTH JIACT B TOP-
I[OBOM CEUECHUH KPHUBYIO — KOHBOJIOTY (Y/UIMHCHHYIO WU YKO-
POYCHHYIO 3BOJIbBEHTY OKpPY:KHOCTH). Takol 4YepBSAK Ha3bIBAIOT
KOMBOAIOMHbIM.

Eciu pesell yCTaHOBUThH TaK, YTOObI €r0 BEPXHSA MIIOCKOCTh
A-A (nonoxenue 3 Ha puc. 11.4), cMellleHHass Ha HEKOTOPYIO Be-
JIMYUHY e, ObUIa mapasulelibHa OCH 4YepBfAKa, TO Mojiyyaemasl MmpH
Hape3aHWH BUHTOBASl MOBEPXHOCTH JIACT B TOPIIOBOM CEUEHUM

Puc. 11.3. CxeMblI pacmoiokeHusd 4epBaKa 0 THOCHTEILHO KoJieca
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Puc. 11.4. CxemMa ycTaHOBKH MHCTPYMCHTA MPH HAPC3AHUH YCPBAKA

KPHUBYIO — 3BOJILBEHTY OKPYX)HOCTH. UepBSK ¢ Takoi BUHTOBOM
MOBEPXHOCTLIO HAa3bIBAIOT 380J1b68CHIIHBIM. IBOJIBBEHTHBIM Uep-
BSK MpejicTaBisgeT coOOH NMIMHJIPHUYECKOE KOCO3yboe KOoJIeco ¢
9BOJILBCHTHBIM NpoduieM M ¢ 4YUCIOM 3YObEB, paBHBIM 4YMCIY
BUTKOB YEpBAKA.

Ha npaxmuxe 8vb100p npouis Hapesku cea3aH ¢ B803MOINCHO-
cmbio  nocredywoujezo wiaugosanus. Haubonvuwiee pacnpocmpa-
HEeHUue RNOJNYHUIU  KOHBOJIOMHBIE HepP8sKU.

11.3. OCHOBHbIE reomeTpunyeckKue
COOTHOLLUEHUS B YEpPBAYHOMN nepepave

['comecTprucckue pasMepbl YCPBAKA M KOJIEca OIpe-

JENSoT Mo QgopMyllaM, aHaJOTHYHBLIM (opmyiaM i 3yOua-
ThIX KOJIEC.

B uepsaunoti nepedauve pacuemmuviM SGIAEMCS OCe80U MOOYb
4epesika m, PaBHBIM TOPIIOBOMY MOJIYJIIO YCPBAYHOI'O KoOJlcca.

3HauYCHUS PACUYCTHBLIX /7 OJAYJICH W BbIOHMpaloT w3 paga: 2; 2,5;
3,15; 4; 5; 6,3; 8 10; 12,5; 16; 20 mM.

OCHOBHbIMM TeOMETPUYECKHMMH pPa3MepaMH YepBAKA SBJIAIOT-
ca (puc. 11.5):
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Puc. 11.5. OcHoBHbIC pazMephbl WIHHIPHICCKOTO YCPBAKA

I[eJ]HTe.]IbHI:Jﬁ AAAMeETp, T. €. AHAMCIP TaKOoI'o MHNHIHMHApPa
YCPBAKA, Ha KOTOpPOM TOJIIHMHA BUTEKA pdBHA INIHPHHC BITAJHHDBI:

d = mq, (11.1)

rje ¢ — 4YHCI0 MOjyieH B ACIUTCILHOM AUaMeTpe dYepBiaKa, HIH
kKoohumuenT jguaMerpa dcpBsaka. C Iebio coKpaleHHs HOMCHKJIA-
TYypbl 3yOOpe3HOro HMHCTPYMEHTa 3HAUYCHHSA ¢ CTaHIapTH30BaHbBI
(Tadm. 11.1);

PAcYeTHBIA Il YCPBAKA p = T,

Xon BHTKa (puc. 11.6) p, = pz , T z, — YHMCIO BUTKOB 4cp-
Baka: 1; 2 mimn 4 (z, = 3 cTaHgapTOM HC MPCAYyCMOTPCHO);

BbICOTA TOJIOBKH BHUTKA YepBsIKa U 3yOa koyeca (cM. puc. 11.5)

ha]:haZZm;
BbICOTA HOXXKHM BHTKAa YCPBAKA H SY68. KoOJIeca
hﬂ=hﬁ=],2m;

yroa npodujisi BUTKA B OCCBOM ccucHUM 200 = 40°;
AUAMeTP BepIIUH BUTKOB

d, =d +2h, =d +2m (11.2)
AHAMETDP BIIaAHH BHTKOB

d,=d~2n, =d, — 2.4m (11.3)

AeJUTeJbHbIN YroJ moabeMa JHHHMHA BUTKA (cM. puc. 11.6)

gy = py l(ndy)=2,/q . (11.4)
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Tabuuma 11.1. 3nadenns MoayJaeil T H COOTBETCTBYIOHIIX HM KO-
(QuIHEHTOB ¢ TUAMETPOB YepBsKa (BLIOOPKA)

m 2,5.3,15, 4.5 0,3; 8,10, 12,5 16
q 8:10; 12,5, 16; 20 8. 10;12.5; 14; 16; 20 8:10;12.5. 16

Puc. 11.6. CxeMa onpeelicHHs JCTUTEIBLHOTO YIiIa
IIoIbeMa JIMHAH BUTKA

YeppsauHble Nepedaud €0 CMelIeHHEeM @BblHOJHAIM 8 Yelsx
008e0eHUA MeNHCOCEBO20 PACCMOAHUSL 00 CMAHOAPMHO20 WU 3a-
oannozo 3uavenus. OcCyIIecTBIAIOT 2TO, KaK U B 3yb4arThIx
nepejadyax, cMeleHueM ¢pe3bl OTHOCHTECIILHO 3arOTOBKH IIPH
HapesaHUM 3yObCB KoJeca.

YeppsauHble KoJjleca Tepejiad 6e3 cMelleHUs] U cO CMel[eHUueM
Hape3alT OJIHUM W TeM K€ MHCTPYMEHTOM, a4 TaK KaK 4YepBsiy-
Had ¢pesa M YCPBAK UMCIOT OJWHAKOBBIC pasMEpbl, TO Hapesd-
HUE €O CMeujeHueM 68bnoHsIom moivko y xoieca. Tlpu 3ajan-
HOM MCIKOCCBOM pacCTOSHUU KO3IGPHIMEeHT cMelleHUs] HUHCTPY-
McHTA

x=(a,/m)y-=05(q+z,). (11.5)

3I[€Cb zZ, — YHCIIO SY6BCB YCPBAYHOTI'O KOJICCA.

2
[To ycaoBUIO HEMoApe3aHUS U HE3a0oCTpeHHUSA 3yOLEB 3HaUc-

HUE X BBIOMparoT B mpejenax: —1<x<+1.
JnuHa b, Hape3saHHOH 4YacTH 4YepBsika IIpU Kod(PUIMEHTE

cMmenrenusa x <0.

by =m(10+55|x|+2z) . (11.6)
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[1py moIoKUTENLHOM cMelleHuu (x > () 4yepBIK T0/LKEH ObITh
HECKOJIbKO Kopode. B 5ToM ciydae pasMep b, BLIYUCIEHHBIN I10
opmyite (11.6), ymenpmaror Ha eauyuny (70 + 60x)m/z).

nsa gpesepyemvlX U ULTUpYeMblX 4epsikog BO H30CKAHHUC HC-
KakeHUd padodck yacTu mpoduis BUTKOB NPH BXOJIC U BBIXOJIC
UHCTPYMEHTA b yeeamuuueaom npubiusUmenvio Ha 3m.

Bo Bcex ciiydasx sHaueHue b 3aTeM OKPYIJIAIOT [0 OJIMxkKai-
IIEro  CTaHIapTHOTO.

s 4epBsiKa B Mepejlauc co CMEIICHUEM JIOTOJIHATE/ILHO BbI-
YHUCIAIOT:

AUaMeTP Ha4vaJbHOr0 HWIHHApPA (HAYAIbHBIA JUAMETP)

d, = m@g + 2x), (11.7)
yroj moabeMa JUMHWHA BHTKA HAa HAa4aJbHOM LMJIMHApe
tey = Z /(g + 2x). (11.8)

OcHOBHble TreoMeTpUYeCKHe pa3Mepbl BeHLA YepBSIYHOI'O KO-
jJeca ONpPEHACIAIOT B CpelHEM cro cecueHuu (puc. 11.7):
JAeJIUTeJIbHbII M COBIATAONANA ¢ HUM Ha4vaJbHbIA JAUaMeTp

d,=d,, = mz, (11.9)
AUAMETp BeplIHH 3y0beB
d,=d,+ 2m(l+x), (11.10)

AUaMeTp BNAJUH 3YObeB
d,=d, - 2m(l,2 - x), (11.11)
HAHOOJIbINMI JHAMETpP 4YepBSYHOIO KoJieca

d . <d_ + 6m/(z + 2). (11.12)

aM2 —

]J_[I/IpI/IHa B€HIA YCPBAYHOI'O KoJcCa 3dBHUCHT OT UHHCIId BHT-
KOB 4YCpBAKA:

npu z, =1 wm 2 b, = 0,355, (11.13)
npu z, = 4 b, = 0,315a_. (11.14)

3I[€Cb Clw — MCXKOCCBOC PaCCTOAHMC.
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Puc. 11.7. OcHoBHBIC pa3Mepbl BEHIIA YCPBIIHOIO KoJjleca

YepBsAUHOE KOJIECO SABIACTCH KOCO3YOBIM C YIJIOM HaKJIOHA
3yoa . Touxa Kacanus HAYATbHBIX YUIUHOPOS HepBaKd U Hep-
BAYHO20 KoONeca ABNAEMCS NONIOCOM  3AYenieHUs.

MemkoceBoe paccTosiHMe — TJIABHBIM MapaMeTp 4YepBAYHOI

nepeaavau:
a =05 + d, + 2xm). (11.15)

g ctaHaapTHRIX penykTopoB « : 40, 50, 63, 80, 100, 125,
140, 160, 180, 200, 225, 250, 280, 315, 355, 400, 450, 500 MM.

11.4. NepepatodyHoe 4YUCNO

IlepeaaToyHoe 4mMcao i YEpBIYHOM MEpejavyu oOmpe-
JEHSIOT TIO YCIIOBUIO, YTO 3a KaXJbIM 0OOpOT YepBAKA KOJECO
MOBOpPAYMBAECTCAd Ha YIoJI, COOTBETCTBYIOIIMI YHCITY 3YOLEB,

PaBHOMY 4YHCIy BHUTKOB YCpBSKA:

u=nm, = z/2, (11.16)
ric HI, n2 — HacCTOThI BpallCHILA YCpPBAKa H KOJCCa, Z] Hu 22 — YHUHCIIO
BHTKOB YCPBAKa M YHCIIO 3y6beB KoJIeca.

Yucino BUTKOB zZ, YCPpBiKa PCKOMCHAYIOT IIPMHHUMAalb B 3aBH-
CUMOCTH OT NCPCAATOYHOIO HYHCIA U:

u 8...14 cB. 14...30 cB. 30
z 4 2 |

!
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Bo wuszbexkanue mnojpe3sa OCHOBaHMS HOXKKKA 3yda Kojeca B
Ipolecce Hapesanus 3yObeB NpuHMMAIOT z, > 26. Onrumaln-
HbIM sBJIseTed z, = 32...63.

JIis1 4epBSYHBIX Mepead CTaHJapTHLIX PEJYKTOPOB Mepe/ia-
TOYHbIE YHCJIA BbIOMparoT U3 paga: 8; 10; 12,5; 16; 20; 25; 31,5;
40; 50; 63; 80.

11.5. Cunbl B 3auenneHvm

B npupaboraHHON uYepBAYHOH Ilepegaye, KaKk U B
3yOUaTbIX Mepejadyax, CUIy cO CTOPOHBI UYEepBAKA BOCIPHHUMA-
IOT HE OJIUH, a HECKOIILKO 3yObeB Koueca. g ympolleHus pac-
YyeTa CHIy B3aMMOJEHCTBMS 4YepBiKa W Koieca [ (puc. 11.8, a)
MIPUHUMAIOT COCPEAOTOUYCHHOW W MNPUIIOKEHHOW B TIONIOCE 3a-
1erureHud /1 o HopMalld K padoueld TMoBepXHOcTH BHUTKA. [lo
MpaBHiIy Mapajuielenumena F - packiajablBaercs Mo TPeM B3a-
HMHO TICPIICHAUKYIIPHBIM HaOpaBJICHUAM Ha COCTaBIIAIOINNE
F, F, F . Jlua HariasHocTu H300pa)keHUs CHII YepBAYHOE 3a-
1eruiecHue Ha puc. 11.8, 6 pasjiBUHYTO.

Oxkpyarcnas cuna F,  na 4epsaunom Kojece HUCIEHHO DAGHA

ocesoll cuie Fa], Ha HepsiKe:

8)
Ceuenue
BUTKA

Puc. 11.8. CxeMa cui, JICHCTBYIOIUX B YCPBAYHOM 3alCIUICHIHI
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F{z = Fa]=2-103T2/d , (11.17)
riae 7', — BpallaroIluil MOMEHT Ha YePBIYHOM Kolrece, HM; d, — B MM,

Oxkpyorcnaa cuna F,, Ha uepsixe YUCICHHO PAGHA OCEBOI Cuie
F , na uepsaunom Konece.

Fy=F,,=210°T;/d =2-10°T, /(umd,1 ), (11.18)

rJie T] — BpamaroImui MoMeHT Ha uepBsake, Hwm; n — KIII;

d . — B MM.
wli

Paouanvnas cuna F, na uepesixe HuUcienno pasna paoudib-
nott cune F, na xonece (puc. 11.8, 6):

F,=F,=Fjgo . (11.19)

HaHPaBHCHI/IH OCCBbLIX CHJI YCPBAKA KM HYCPBAYHOI'O KOJICCA
3dBHUCAT OT HAIIPABJICHHIA BPALICHUA 4YCPBAKd W HAIIPABJICHHA
JIMHUHX BHTKA. HaHpaBJ'IeHI/Ie CHJIbI E2 ECcrjga COBIIagacT ¢ Ha-
[MpaBJICHHUCM BpallCHUA KOJICCd, a CHJIA F” HaIrpaeJICHA B CTO-

POHY, TIPOTHBOIIOJIOKHYIO BpallleHUIo yepBsika (puc. 11.8, 0).

11.6. MaTtepuansbl 4YepBAYHOW Napbl

Yepesx u Kosieco 00J2ACHbL 00AA0aMb 00CMAMOUHOU
NPOYHOCMBIO U BBUOY 3ZHAYUMENbHLIX CKOPOCMEN CKOMAbI’CEHUA 8
3ayeniienil  00pas’osvl8ams  AHMUDPUKYUOHHYIO RAPY € B8bICOKU-
MU UBHOCOCMOUKOCMBIO U  CORPOMUBIAEMOCIbIO  30€0AHUI0.

YepBaKH W3TOTOBISIOT W3 CPEJTHEYIIIEPOJUCTHIX CTAJEH Ma-
pok 45, 50 wiu JierupoBaHHbIX crajied mapok 40X, 40XH c¢ mo-
BCPXHOCTHOHW WJIM OOBEMHOM 3aKaJIKOW JO TBepjaocTy H = 45...
53 HRC3. TIpu atom HeobOXxoauMa NIIHdoBKa W MOJTHPOBKA pa-
O0YHX MOBEPXHOCTCH BUTKOB. XOpollyio padbory mepejgadd odec-
[ICYMBAIOT YCPBAKM U3 lLieMEHTYeMbIX crajied 15X, 20X ¢ TBep-
MOCTRIO Tocie 3akaaku H = 56... 63 HRC3.

3y0uaTble BeHUbI 4YepBAYHBIX KOJeC H3TOTOBIAIOT TPEUMY-
IICCTBCHHO U3 OpOH3bI, MPUYEM BBHIOOP MApKHU MaTcpualla 3aBU-
CUT OT CKOPOCTHU CKONbXKCHHA V.
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Mamepuanvl 8enyos 4epsauuvix Koiec no mepe YOowl8auus aH-
MUBAOUPHBIX U AHMUDPUKYUOHHBIX CBOUCME U 1O DPEeKOMEHO)e-
MbIM ONIA NPUMEHEHUS CKOPOCMAM CKOJbHCEHUS MOXKHO YCIIOBHO
CBECTH K TPEM TpYIMaMm.

I'pymna 1. OnoBsaabie OpoH3bl (Mapok bp010d®1, bpO010H D1
M JIp.) TIPUMEHSIOT APU 6bICOKUX CKOPOCMAX cKomwdcerus (V. = 5.
25 m/c). ObaaloT XOPONIMMHA AHTU3aUPHLIMU CBOMCTBAMU, HO
HMMCIOT HEBBICOKYIO MPOYHOCTD.

I'pynna II. bezonoBaHHbIe OPOH3BI U JIATYHH MPUMCHAIOT ApU
Cpeorux ckopocmax cronvocenus (V, mo 3..5 wm/c). Yarme apy-
TUX MPHUMEHSIOT aTIOMHHHEBYIO OpoH3y Mapku bpA9XK3JI. Drta
OpoH3a MMeeT BBICOKYIO MEXAaHWYECKYIO TMPOYHOCTH, HO 0OOJIa-
JaeT TMOHUXKEHHBIMUA AHTU3AUPHBIMH CBOMCTBAMH, MOJITOMY €€
MPUMCHAIOT B mnape ¢ 3akajcHHbiMUA (H > 45 HRC3) numdosan-
HBIMH W TOJIMPOBAHHBIMH YCPBIKAMH.

I'pynna III. Ceprie uyrynsl mapok CU15, CH20 npuMeHSIOT
npU Maablx CKopocmax ckonvscenus (V< 2.3 wm/c).

[Ipu BBIOOpEe MaTepualla KoJjleca MPeABaApUTEITLHO OMpeIeIs-
I0T OKHM/JaeMYI0 CKOPOCTb vV CKOJIbiKeHHs, M/C:

V,=0,45-10 n3T5, (11.20)

rae n, — B MuH ' T, — B HM.

11.7. PacuyeT Ha NPOYHOCTbL YEepPBAYHbLIX
nepepau

B uyepBAuHBIX mepejaydax, aHAJIOIMYHO 3yOUaThIM,
3Y0bsl HePBAUHO20 KOAecd PAacCHUmuleaom HA KOHMAKMHYIO NpoY-
HOCMb U Ha uzeub. B 4epBAYHDBIX MEpe/lavyax KpoMme BbIKpallUBa-
HUS PaboUYuX MOBEPXHOCTECH 3YOLEB BEIIMKA OMACHOCTH 3a¢JaHUs
W W3HAIIUBAHUS, KOTOPHIC TAKKE 3aBUCAT OT 3HAUYCHUM KOHTAKT-
HbIX HanpskeHud ©,,. [looToMy a1 BeeX YCpPBAYHLIX Iepenay
pacuer Mo KOHTAKTHLIM HANPSIKCHUAM SBJIACTCA OCHOBHBIM, OII-
PCACIIAIONIMM pPa3sMephl NepeJayd, a pacdyceT MO HANPSIKCHUAM H3-
ruéa — NpoBepPOYHBIM.

PacyeT 1o KOHTAaKTHbIM HampsizkeHUssM. B ocHOBY BbHIBOjA
pacueTHBIX (POPMYJI JIJIS YEPBSYHBIX MEpeiayd IMOJIOKEHBI TC KE
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HCXO/IHBIE 3ABHCHMOCTH M TIPE/ITOJIOKEHUS, YTO U TIPH PAcCMOT-
penuu 3y64arpix nepegad (eMm. § 8.4).

@opmyJia MpoBepOYHOr0 pacyeTa YepBAYHbIX I[epeaad Iio
KOHTAKTHBIM HAMNpPSIKEHUSIM HMeeT BHI

5350(q+2x) ||z +q+2x
Oy =

KT, <o), |
, a2 | KT o] (11.21)

IJC O,, — PAcICTHOC KOHTAKTHOE HAMPSDKCHUE [ IIOBCPXHOCTCH 3y0OheB
U BUTKOB B 30He 3anerieHus, H/mm?; d  — MEKOCEBOE PACCTOSIHHE, MM;
T2 — BpaIlaIiuii MOMEHT Ha Koliece, HM.

YepBauHble Tepeauu padoTaroT I[UIABHO, OECIIYMHO, IO3TO-
My B HUX JIOHOJHHUTE/IbHbIE TUHAMUYCCKUC HAIPY3KU HEBEIIHKH.
Xopoinas npupadoTka 3yObeB KOJec K BHUTKAM YEPBSIKOB 3HA-
YUTEIIBHO YMEHBINAECT KOHIICHTPAIIUIO HArpy3KH.

[Ipy 0OBIYHOM TOYHOCTH M3TCOTOBJICHUS U BBIIOIHEHHUH YCIIO-
B JKECTKOCTH 4epBaKa mpunumaror: K = 1 mpu v, < 3 M/c;
K= 11. 1,3 opu v, > 3 M/c, TIg v, — OKPYKHAs CKOPOCTE
YEpBSIYHOI'O KOJIeca.

ITpungB 13 yCcIOBHS XKCCTKOCTH 4cpBaka ¢ = 0,25z, a TakxKe
K =1 x =0 wu pemus 3aBucumocth (11.21) oTHocHTelILHO @ ,
MOJIy4YuM (popMyJly TNMPOEKTHPOBOYHOIO pacyeTa 4YepBAYHLIX Iie-

penad:
a, > 61035/ 6L, | (11.22)
IJe a  — MEKOCEBOE paccroanue, MM; [6], — B HMm?* 7, — B HM.

ITorydenHoe pacyeTHLIM IYTEM 3HAYCHUE 4, OKPYITIAIOT B
OOJILINYIO CTOPOHY JIO CTAHJIAPTHOTO 3HAYEHUS WJIU IO OJIu-
KAUIIEro 3HAYEHUS U3 PAJIda HOPMAIIbHBIX JIMHEHHBIX Pa3zMepoB.

Pacyer no HampsikeHusM M3ruba. Pacuer 3yOLEB UepBSIUHOTO
KoJIeca Ha W3CHO aHAJIOTHYEH PAacueTy 3YObeB ITMITHMHIPHYCCKHX
Koco3yobix koiiec. B dopmyiy (8.8) BBOJISAT MOMpaBKH, CBA3AH-
HbIEC C MPEJICTABIICHUEM BXO/IAIIUX B HEE BEJIMYMH uepes Mapa-
METpbl YECpBAYHOU Mepeavud W YUHUTHIBAIOIHUE O0Jiee BBICOKYIO
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MIPOYHOCTh 3yObEB YepBAYHOTO Kojeca Ha M3rud (Ha —30%)
BCJICJCTBHUEC MX Jyroo0opasHOH (OpPMBEI.
C yyeroM 3THUX TOMPaBOK TMOJIY4YaroT ¢GopMyJy NpoBepoOdHO-

ro pacuera 3y0ObeB YepBAYHOIO KoJjieca IO HANpPSKEHHSM H3TH-
oa:

KFpYpacosy
op =—f—"L<[s]y, (11.23)
1,3m" (q+2x)
rje G, — PAacvYeTHOE HAMpPSUKEHHE U3rHOa B OMACHOM CeUeHHH 3y0a;
Y., — xooddupent dopMbl 3yda Koleca, KOTOPELIH BHIOHpAOT B

3aBHCHUMOCTH OT 5KBHBAJICHTHOI'O YHC/Ia SY6BGB Z 5

z 126 | 28 | 30| 32 | 35 | 37 (40 | 45 | 50| 60 | 80 | 100

vz

Y..|1,8511,801,76| 1,71 | 1,64 |1,61|1,55(1,48 | 1,45|0,40 (1,34 |1,30

OKBUBAJIEHTHOE YHCIIO 3YOLeB Z , MO aHAJIOIMM ¢ KOCO3yObhIM
KOJICCOM IIPH YIUIC HakKJIoHa 3yba W :

Zy = Zz/cosjww : (11.24)

Butku depBsika npovHee 3yOLeB uepBAYHOI'O KoJjeca, a MoTo-
MYy B IIPOBEPKC IMPOYHOCTU HE HYKIAIOTCA.

11.8. TennoBoin pacuer

Ilpu pabome uepsiaunblX nepeoay BCAeOCIBUE UX He-
gvicokozo KIIJ svidensemea Ooavuioe KOAUHECINBO MENTIOIMNbL.
Momnocts (1 — M)P|, norepsaHHas Ha TPEHUE B 3aUCIVICHUM W
MO/IIIMITHUKAX, 4 TaKXKE Ha pa3MellIMBaHUEC U Pa3OpbI3TUBAHUC
Macya, MEepexoJuT B TEIUIOTY, HArpeBas Maclo, JAeTald Iepe-
Jlayd B CICHKM KOphycd, 4epe3 KOTOPbIC OHA OTBOJMWICS B OK-
pyxawolywo cpeay. Ecid oTBOJI TEMIOTHI HEJOCTATOYEH, TO
nepeada MoxkeT neperperbes. [Ipn meperpeBe pe3ko yMeHbINa-
ercs BS3KOCTh Macjla M BO3HUKAET OIMACHOCTH 3a€aHMs, 4TO
MOJKET MPUBECTH K BBIXO,Iy MEpPE/laud U3 CTPOA.
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TerroBol pacuer 4epBAYHOUM Mepejlayd MPHU YCTAHOBUBIIEM-
csl POKUME padoThbl MPOU3BOJIAT HAa OCHOBC TeIlJIOBOro 0OaJjaHca,
T.€. PABEHCTBA TEIUIOBBLAEIEHU (), W TemiooTaadu Q.

TeruioBoit morok, BT (TeruioBas MOIHOCTBL), MEpcladd B

O/IHY CEKYHJIY
| 3
Op =10°(1-n)P,,
rje n — KIIJI yepBauHoii nepepayi; P; — MOIIMHOCThL HA YepBsKe, KBT;

Tsn,
Py = 9550m - (11.25)

31ech T2 — B HwM; n, —B8 MHH .

TeruioBoii morok, BT (MOIIHOCTHL TECIUIOOTHAYM), HAPYKHOH
TIOBEPXHOCTH KOpMyca PEAyKTopa B OJIHY CEKYHJY

Q =K (1, — 1)A(1+ }A),

rae A — IDIoIAaIb MOBEPXHOCTH KOPIIyca, OMbIBaeMasi BHYTPH MacIoM
I €r0 OpBI3raMH, a CHApYKH BO3IYXOM, M2,

[ToBepxHOCTL MHHINA KOpIlyca He VUHTLIBAIOT, TaK Kak oOHa e
OMBIBAETCA CBOOOMNO IMHPKYIUPYIOIMUM BozayxoM. [Ipubmkeriio
MOBEPXHOCTL A OXJIAXJICHHS KOPITyca MOKHO IPHHUMAThL B 3aBUCUMOCTH
0T MEKOCCBOI'0 PACCTOSHHS:

a, MM 80 100 | 125 | 140 160 180 200 225

w

A, m? 0,19 | 0,24 | 0,36 [ 0,43 | 0,54 | 0,67 0,8 1,0

A — K03((pHITHCHT, YINTHIBAIOTIHIT OTBOJT TEIUIA OT JTHUITA PEAYKTOpa B
ocHoBanue. [Ipu ycranoske pejiykTopa Ha METAINIMYECKON IUIMTE HIH
pame A = 0,25; Ha O€TOHHOM HJIM KHPIIHYHOM OCHOBaHHH A = ();

[, — TeMIlepaTypa BO3JyXa BHe Kopriyca (B ycnopuax uexa f, = 20°C);
[ — TemIepaTypa Macla B Kopiyce nepefaud, °C; K. — KoshQuIienT
TEIUIONEepeaadd, XapaKTepHU3 VIOl TeIUIOBOIl ITOTOK, MepeIaBacMblii B
CEKYHITY OJJHUM KBaJIpaTHBIM METPOM MOBEPXHOCTH KOPITyca MPH MEpEnaje
TeMIepaTyp B OJUH rpagyc (3aBHCHT 0T MaTcpHalia KopIlyca peayKkTopa
U CKOPOCTH IHPKY/AIUNH BO3JyXa — HHTCHCUBHOCTH BCHTHIIALIMU
TTOMETTICHH ).

Jug 9yryHHBIX ~ KOPIYCOB  TPH  €CTECTBEHHOM  OXJIAXJICHUU

68



K, = 12... 17. Boupimme 3HaYeHHS MPHHAMAIOT IPH HE3HAYHTEILHO

IMEPOXOBATHIX M YHUCTBIX TMOBEPXHOCTIX HAPYKHBIX CTEHOK, XOPOTIEH
ITUPKYIAIIH BO3yXa BOKPYT KOpIlyca H HHTCHCHBHOM TICPEMETTIHNB aHHUH
Macia (IpH HIKHEM PacIioloKeHHH 9epBIKa).

ITo ycmoBuro Temiosoro Gamanca (O, = @, T.c.
10°(1 — )P, = K1, — 1 DA + ),

OTKy/la TeMIepaTypa Mac/la B KOPIIyCE YEpBAYHOW MEpe/lauu
MPU HENpepbIBHOW padore 03 HMCKYCCTBEHHOI'O OXJIAXK/ICHUS

3
10 (]—ﬂ)P]<[[]M_

[, = <
M TR A (TN

(11.26)
3Hayenue [f] 3aBUCHMT OT Mapku Macma: [f] = 85..95°C.
Ecmm mpu pacdere moay4aroT [, >[f] , To HeoOXOAMMO yBe-

JTAYNTL TMOBEPXHOCTHh OXIIaXKACHUA A, MPEAYCMOTPEB OXJIAXKIa-

orue pedpa (pedpa pacmoiaraloT BEPTHKAIbLHO, B pacueTe

YUUTBLIBAIOT TOJILKO 50% moBepxHocTy pebdep), WM NPUMCHUTH

MCKYCCTBEHHOE OXJIa)KJIeHue, HampuMep, 00/ [yBOM Kopmyca BO3-

JYXOM C MOMOIIBIO BEHTUJIATOPA, HACAKEHHOIO Ha BaJl YEpBIKa

(peOpa pacnosiararor ropusonTaibHo). B oToM ciyuae

10°(1-m)P, <[f]..

r =t + <
w0 7K, +0,3K,, )4 G2,

lnasa 12. PEOYKTOPDI

12.1. OOwMe cBepeHUd

PeﬂyKTOpOM HA3bIBAIOT MEXAHU3M, BbINOJHEHHbI &
BUOE  CAMOCIMOAMETbHO20 depezdmd ¢ UYeablo HOHUNCCHUA HdAC-
momsl  6pAduieHUA 880}/114880 sdld U VBCIUYCHUA BPAUAIULICCO
MOMEHMA HA BEOOMOM BA1V.
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P

Puc. 12.1. KuneMatudyeckuii cXeMbl PeJIlYKTOPOB:
b — ObIcTpOXO0/HBII Bai; 7~ THXOXOJHBINA Bal
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Peaykrop cocrouT u3 3y04aThbIX WIM 4YCpBAUHLIX Mcpeilad,
YCTAHOBJIICHHBIX 8 OMOENbHOM — 2ePMEMUYHOM  KOphnyce, 4YTO
MPUHLMIIMAILHO OTJIMYacT Cro OT 3yOuaTod WJIM YCpBIYHOH
nepejayd, BCTPAMBACMOM B HCMOJIHUTCILHBLIA MCXaHHU3M  HJIM
MAalluHy.

PeaykTopbl HMIUPOKO TMPUMCHAIOT B TMPUBOJAX PasIUYHbIX
pabounux MaliuH B PasHbIX OTPacIAX MAIIMHOCTPOCHMS, MOITO-
MYy YHCIO pasHOBUHOCTCH MX Beauko (puc. 12,1, a-m). Cocau-
HCHUC peIyKTopa ¢ JBUrarcicM M padbodchd MalIMHOM ocyllle-
CTB/ISIIOT ¢ MOMONILIO MY(T WIM PCMCHHBIX U LCHHBLIX Icpeiay

(puc. 12.2).

Puc. 12.2. MoTop-peayKTop:
{ — 9IIEKTPOIBUTATEND;
2 — PEaYyKTOp

[IIupoko NOPUMCHAIOT MOTOP-PeAYKTOPBI, TIPCACTABISIONIHAC

cO00U OOBE/IMHECHHBIC B OJIHO IelI0¢ (PTAHIICBBIM BBICOKOCKOPO-

CTHOH 3JICKTPOJIBUTATCIb M PpeaykTop (cM. puc. 12.2), ciayxa-

AN TS TIOBBIITNICHUS BPAIIAroIIero MoMeHTa. MoTop-peiyKTo-

pbl DKOHOMHYHEe W HUMcroT Ooiiee BbicokMe KIIJ[ m myckoBo#

MOMEHT, YeM OOBIYHBIC THXOXOJIHbIC BHICOKOMOMECHTHEIC 3JICKT-
POJIBUTATCIIH.

12.2. Knaccuodpukauma peaykropos

PeaykTophl KIacCHPHITUPYIOT IO THUIIAM, THUIIOPa3-
McpaM W HCOOJHCHHSM. THN peAyKTOpa ONPEIACISIOT IO BHTY
MPUMCHSACMBIX 3yOUaThIX Mepe/lad M TMOPSAKY HMX Pa3MCIICHUS B
HaIlpaBJICHUH OT OBICTPOXOJHOIO Bajda K THXOXOJHOMY, IO
YHCITY CTYICHEH Tiepe/iad M IO PACIOIONKCHUIO TCOMETPHUYCCKOM
OCH THXOXOJHOTO Bajda B MNPOCTPaHCTBE.
Jlna obozHauenus npuMeHaemsvlx 3y0uamslx nepeday WCIONb-
3YIOT MPOMMCHbIC OYKBBI: L] — mumHapudeckue, K — xoHWYec-
kue, KII — xoHu4Yecko-IWIMHApHYeckue, U — depBAYHBIE,
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ULl — uepBauHo-mnuHapruueckue, LY — mummyjpuyecko-yep-
BauHbie, [" — rnobomukie, [1 — numanerapunie, B — BoJIHOBBIE.
Ilo wucny cmyneneil nepedau pasziIiM4yarOT PEIyKTOPbI: OJHO-
CTyNeH4YaTble, ABYXCTYIeHYaTble, TpexcTymeH4YaTtble. Eciau dmc-
JIO OJIAHAKOBBLIX Mepefad JIBe W Oojee, TO B OOO3HAUYCHHUH pPe-
JlyKTOpa Toclic OYKBBI CTaBAT COOTBETCTBYIOIMYIO ITUQPY.

[MMupokuii peaykrop odo3HavaroT OykBou I, y3zkmii — V,
coocubli — C. B MoTop-pejiykropax K 00O03HAYCHHIO BMCPE/IU
nodapisitor 0ykBy M (MII — MoTop-pe/iykTop ¢ IUIaHETApPHOU
3youaTor mnepegadch).

o pacnonoorcenuio 2eomempudecKkoll ocu MuUxoxXo00H020 8ald
B MNPOCTPAHCIBE Pa3IMYalOT PEIAYKTOPbl I'OPU3OHTAIBHBIC, BEP-
TUKAJILHbIE W YHHUBEpPCaIlIbLHBIE.

Ecii Bce Basibl PeyKTOpa PACHOJIOKEHBI B OJIHOM BEpPTH-
KaJILHOM TIUIOCKOCTH, TO K OOO3HAYCHMIO THMNA J00aBIIAIOT
unjekc B. Eciim och THXOXOJIHOrO Bajla BEepTHKalbHA, TO JO-
OaBisAOT uHjeKe T, ecid OoCh OLICTPOXOJHOIO BaJld BEPTUKAIb-
Ha — wuHacke b.

Hanpumep, Ha puc. 12.1, 8 npuBeicHa cxeMa PpeayKropa
tuna L2, — IMIHHAPUYECKOro ABYXCTYHEHYATOTO, BCE Babl
KOTOPOr'0 PachoJIOKEHbl B BEPTUKAIBLHOM MIIOCKOCTH, a HA PUC.
12.1, 7 mokaszana cxcMa pejaykropa Thmna Y, — 4depBAYHOIO
OJIHOCTYIIEHYATOI'O € BEPTUKAIILHOM OCHIO THXOXO/IHOI'O Balla.

Tunopasmep peaykropa ONPEIACISIOT MUn U 21ABHbBI pA3Mep
(napamemp) mMuUxoxooHol CMmyneHu.

JUIsT WIMHAPHYECKOM, YepBSYHOM M IVIOOOHJHOM Ilepejad
2NABHPIM RAPAMEMPOM HABIICTCA MEKOCEBOE PacCTOAHME 4 , KO-
HUYECKON —— BHENIHUKA JEIMTENILHBIA JUaMeTp Koieca d , , Iula-
HCTapHOW — pajuyc Boju/Ia R , BOJHOBOH — BHYTPCHHHH JIM-
aMeTp THOKOro Kojieca d B HeJAeOPpMHUPOBAHHOM COCTOSIHHH.
Bce nmepeuurciieHHbIE pasMepbl B MM.

Jlpyeumu napamempamiy 3y0UaThIX PEAYKTOPOB  SBISMIOTCS
KO3 PULMEHT IIHPHUHBI 3yO4YaThIX KOJIEC, MOJY/IH (TOPLIOBBIE
WA HOpMaibHbIC) 3y0UaThIX KoJiec, YIJIbl HakKJIoHa 3yOheB, a
UL YEPBAYHBIX PEAYKTOPOB — JIOMIOJHUTEIbHO KO3(pPHUIIUEHT
TAaMeTpa YepBsKa.
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HcnoJjiHeHHe peAYKTOpPa ONPEICISIIOT HEPeoamounoe Hucho,
sapuanm cOopKu U QopMa KOHYesblX yuacmkos 6anos (IUIUH-
JpUuecKas, KOHUYECKas).

Tak, HampuMep, TUIIOpa3Mep peaykropa (cM. puc. 12.1, o) ¢
MEXOCEBBIM PacCTOSHHUEM THUXOXOJHOHM cTymeHH « = 180 MM M
repejjaTOYHbIM YHUCIOM # = 56 umMeer oOosHavyeHne KI[2-180-
56. B nonHoM 0003HAYECHUHU JIOTIOJHUTEIILHO YKa3bIBAIOT (GOPMY
KOHIIOB BaJIOB (MIPeANIOYTUTEIILHO KOHMYECKYIO), KIMMaTH4YcC-
Koe ucrnoiiHeHue W Ap. OcHoBHasi JHepreTHyecKasi XapaKTepHC-
THKA peayKTopa — HOMHHANLHLIM Bpamaroimui MoMenT 7, Ha
TUXOXO/THOM BaJy.

Iloka3aTejieM TeXHHMYeCKOr0 YPOBHSI PpeIyKTopa SBISICTCA
yJc/bHAsg Macca Y — OTHOIICHUE MAacchl (K2) peIyKropa K HO-
MHHAQJIbHOMY Bpalnaroumemy MomeHty 7, (H'M) Ha BBIXOAHOM
Bajly. UeM MeHBbIIE Y, TeM BbIllle TeXHUYECKHIH YpOBEHb PEJIyK-
Topa.

3Havenus vy, Kr/(HM), Ui OJIHOCTYNEHYATHIX PEJYKTOPOB
opu T, = 315 Hw: gepsgunoro — 0,14; konuueckoro — 0,12;
muuHapuyeckoro — 0,095; muanerapuoro — (,085; BosHOBO-
ro — 0.063.

3navenus vy, kr/(H-wm), 1719 JBYXCTYIIEHYATHIX PEAYKTOPOB ITPH
T,= 1000 HM: KonuuecKo-muMHapudcckoro — 0,15 MAMmMImpu-
yecKoro mno passepHyrou cxeme — 0,085; coocHoro — 0,070.

B KOHCTPYKLMSX ¢ LIEMEHTOBAHHBIMH M 3dKAJICHHbIMU 3yOb-
aMu MoxkHO noiiyudth Y = 0,03...0,05 xr/(Hwm).

12.3. 3ybOuatbie penykrTopbl

Iununapryeckue peayKTOpbl COCTOSAT W3 TMJIMH;PU-
yeckuxX 3ybyaThiX Tmepejiau. biarojaps cBoed JI0JINOBEYHOCTH,
IIHPOKOMY IAAIA30HY Tcpe/IaTOUYHBIX BpallaloluXx MOMCHTOB,
MPOCTOTE MU3IOTOBJICHUA M OOCIYXHUBAHMUS OHU IHPOKO PACIPO-
cTpaHeHbl B MAaIllIMHOCTPOCHHH.

OaHocTtyneHuaTble peaykTophl THma L[ (cm. pumc. 12.1, a)
MPUMCHSIOT MPH MepeTaTOUHBIX YHcaax # < 6,3. 3alieruicHie B
OOJBIMUHCTBE CIYYacB Kocosyboe.
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JByXcTyneH4YaTble PEIyKTOPHI BBLIIOJIHAIOT MO pa3BepHYTOM
(cM. puc. 12.1, 6 u @), pa3aBoeHHoii (cM. puc. 12.1, 2) U coocHoii
(cMm. puc. 12.1, 0) cxemam. [Iuanazon u = 6,3...40.

HauOosiee pacnipocrpaHeHbl TWIMHJAPUYECKUE JBYXCTYIIEH-
yaTbhlc TOPH30OHTAILHbIC peAyKTophl Tumma L2 (cMm. puc. 12.1, 6),
BBIMIOJIHEHHBIE 71O  pazeepHymoi cxeme. OHM KOHCTPYKTHBHO
IIPOCThI, TEXHOJOIMYHbI, HUMEKOT Malyro IupuHy. Hemocrar-
KOM OJTHX PEAYKTOPOB SBIISieTcd HEPABHOMEPHOCTL pacmpere-
JIEHUS HAIPY3KHW MO JUIMHE 3yDa H3-3a HECMMMETPUYHOIO pacro-
JTOKCHUSL KOJICC OTHOCHUTCIIBHO OIOP.

Jld yydilieHus ycJioBUH padoThl 3y0UaThIX Kojec Haudoee
HAIpy:KEHHOW THXOXO/JHOW CTYINEHHU IPUMEHSIOT PEIYKTOPHI ¢
pazosoenmoii bvicmpoxoonoti cmyneuvio thna L2IT (cMm. puc.
12.1, 2). Jlig paBHOMEpHOM HArPy3KH 00enx 3yOuaThIX map ObICT-
POXOIHOU CTYNCHH MX BBIMOJHIIOT KOCO3yObIMU (3yO4UaToe Ko-
JIecO OJIHOM Mapbl — ¢ MPaBbIM, JPYrol — c JIEBLIM 3yOOM), a
O/JIMH W3 BAJIOB JIEIIAIOT «IJIABAIOIMM», YTO OOECIIEUUBAET CAMO-
YCTAHOBKY Bajla B OCCBOM HAIIPaBIICHUM. Takue peayKTOPbI JIET-
4ye peJyKTOpOoB Mo pasBepHyTod cxeme (ra 20%).

Coocuete pedyxkmopur tuna 12C (cMm. puc. 12.1, 0) uMmeror
MEHBINYIO JUUHY Kopnyca. OHU Mpolle Mo KOHCTPYKITAH, JIeT4e
U MEHEe TPY/JOEMKU B U3 OTOBIIEHHUU.

L WIMHAPUICCKHAC TPCXCTYIICHYATBIC PCAYKTOPHI BBIIOIHSIIOT
MO Pa3sBEPHYTOM WIIM pas3/IBOGHHOM cxeme mipu u = 31,5...250.

Konuueckune peaykropbl thuna K (cM. puc. 12. 1, €) BbIIOIHS-
IOT ¢ KPYroBbIMU 3YOBAMH TIpU MepeJaTOYHOM 4Yuciae u# < 3.
Konuvecko-mummnipuiyeckue pejykTopnbl (cM. puc. 12.1, o) He-
3aBUCUMO OT YHCJA CTYICHEH BBINOIHSAKOT C OBICTPOXOTHOU
KOHUYECKOH CTYMNEHBIO.

YepesuHble peAYKTOPbI Yallle BCEIO MPUMEHSIOT B OJHOCTY-
IIecHYaTOM HcmoaicHuu (tum Y, cM. puc. 12.1, u—1) ¢ nepegarod-
HbIM uMciioM ¢ = 8.. .63. J[i1d NpUBO/I0B TUXOXO/IHbIX MAIllUH MPH-
MEHSIIOT 4epBsYHO-LMIMHApUYecKue Tuna YLl (cMm. puc. 12.1, 3)
WA JIBYXcTyTmeH4YaThie Thma Y2 (cMm. puc. 12.1, m) pelyKTOPHI.

Tun pedyxmopd, OCHOBHbIE NAPAMEMPL U  KOHCIMPYKYUIO
BLIOUPAIOM 8 3ABUCUMOCIIU OM €20 MeCcmd 8 CUN0BOI yenu npu-
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B00A MAUIUHBL, NEPecasaemMo20 MOMEHINA U Yacmomvl 6pauge-
HUA, HA3HAYEHUs MAauwiunbl U ycaosuli sxcnayamayuu. Ha npax-
THUKE HCIIONIB3YIOT CTaHJAPTHBLIE PEAYKTOPBI, U3rOTaBIUBACMbIE
Ha CICLUAIM3UPOBAHHLIX 3aBOJAX.

Lununopuvueckue pedyKkmopvl caeoyem npeonouumams opy-
2um 88udy bonee evicokux smavenuti KI[J[. Ilpu oonvuix nepe-
OaMOYHBIX HUCTAX RPUMEHAIOM NIAHEeMApHble, YepEsayHvle U B60J-
HOBblE  pPEOYKIMOpbI.

Kopnyca (kaprepbl) pe/lyKTOPOB JIOJKHBI ObITh NPOYHBIMH H
KECTKUMH. BHermHue ouepraHusi (POPMHUPYIOT IUIOCKOCTSIMH C
BHYTPCHHHUM PACIIOJIOKCHHECM OOObBIIIeK, ¢aaHieB M pedep.
Kopnyca oIlIMBalOT U3 CEpOro Uyr'yHa, pekKe U3 aXOMUHUEBBIX
cruiaBoB. [l yyobcrBa cOOpKM Kopmyca PeElyKTOPOB BBITIOJI-
HSAIOT Pa3beMHBIMH IO IUIOCKOCTH PAacIOJIOKECHHS OCeH BaJIOB.

OnopamMu BajloB PEIYKTOPOB SBIAIOTCA MOMIIMAIHUKKA Kade-
HUSL.

CmaspiBaHHe 3yOuUaThIX WIIM YEPBSYHBIX TMepejiad PelyKTo-
POB NPUMEHSIIOT B IEJISIX YMCHBINCHUS W3HAIIMBAaHUS, OTBO/IA
TeIUIAa U MPOAYKTOB HM3HOCA KOHTAKTUPYIOIIUX ITOBEPXHOCTEH,
3aIUThl OT KOPPO3UU U CHUKEHHUS 1lIyMa U BUOpanuid. B 60iib-
IIMHCTBE CJIYYAEB CMAa3bIBAHHUE 3AIETUIEHHUS  OCYIIECTBISIFOT
ROZPYIHCEHUEM 8 MACIAHYIO BAHHY, A NOOWUNHUKO8 — pas3bpbis-
ausanuem (MacISIHLIM TYMAaHOM).

Ilpu okpy#xHOIl cKOpOCTH KoJieca cBbllmie 3 M/c MPOUCXOIUT
HHTEHCHMBHOEe pa30pbI3rUBaHUe Macja BHYTPU Kopmyca U oOpa-
30BaHHEe MACJSIHOTO TYMaHa, oOecleYnBAIONIeEro cMa3bIBaHHe
BCeX JAPYrUX 3alelUIeHHd U MOJIIMIIHUKOB KaYeHHs.

Bo wusbexaHue GOJIBIIUX I'MIPABIMYECKUX MOTEPh OKPYXKHAS
CKOPOCTh TOTPYKAEMOM JIeTalld HE JIOJKHA MpeBblnaTh 12,5 m/c.

Copr Macia HazHa4aOT B 3aBUCMMOCTH OT YCJIOBUM M PEKHU-
Ma padoThl. BAskocTh Maciaa HOKHA OBITH TEM BBIIIE, YeM
Ooubllle 3HAYEHUS KOHTAKTHBIX HAOPSKEHHUH W MEHbIIE 3Haye-
HUE OKPYXKHOH CKOPOCTH.

B mportecce skcmutyaTaliid cMa3ouyHbIE Macia I[OCTENEHHO
TeparoT cBolicrBa. [leproguyHOCTL 3aMeHBI Macia ycTaHABIIM-
BAIOT B 3aBUCHUMOCTU OT YCIOBHH pPadOThI.
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Fnasa 13. OCHOBHbIE NOHATUA O PEMEHHbIX
NMEPEOAYAX

13.1. OO6wme cBepeHUs

Pemennyw nepedauy ommocam x nepedaiam mpeHu-
em ¢ eubkoii censvio. OHa COCTOUT M3 BeAYLIEro W BEAOMOTO
IIKWBOB M PEMHS, HAISTOr0 Ha IIKHWBBI MpeaBapUTEIbHBIM Ha-
tsxkeHueM (puc. 13.1). Harpysky mnepegaroT cuibl TpeHHUS, BO3-
HUKaWIIMe MeKAY IUKHUBAMM W PEMHEM.

B 3asucumocmu om opmul nonepeynozco ceyenus pemHs Te-
pemayd OBIBAIOT: IJIOCKHM peMHeM (puc. 13.1, a), RIAMHOBBLIM
pemHeM (puc. 13.1, 6), kpyrabsiM pemHeM (puc. 13.1, ), MoJUKIH-
HOBBIM peMHeM (puc. 13.1, 2). Hauboavuiee npumenenue ¢ mauiu-
HOCMpOeHUU UMelom KIUuHogvle U noaukiunoevie pemnuu. Ilepe-
Jadyy KpyrJjbiM PeMHEM IPUMEHSIOT B MPHUBOJAX Majol MOILIHO-
CTU (HACTOJIbHLIE CTaHKH, MPUOOPHI).

PasHoBHMAHOCTBIO pPEeMEHHOW MepemaydM sBISeTCd Iepemada
3y04aThIM peMHeM; Iiepefarolas Harpy3Ky IMyTeM 3allelICHUs
PeMHS CcO LIKMBaMHU.

JMocTonHcTBa peMeHHBIX mepeaad. 1. IIpoctoTra KOHCTPYyK-
uH. 2. Bo3sMOXKHOCTE Nepenayu IBUKEHHUS Ha 3HAUMTEIbLHBIC pac-
crosgHud (o 15 m). 3. Bo3aMoxkHOCTh pabOThl ¢ BBICOKUMU 4YacTO-
TaMu BpaileHusa. 4. IlmaBHocTb W OecllyMHOCTb pPabOTHI.
5. Cmaruenve BUOpaluii M ToimukoB. 6. IlpemoxpaHeHHe Mexa-
HU3MOB OT IEPErpy30K 3a CYeT BO3MOJKHOCTH MPOCKaIb3bIBAHUS

Puc. 13.1. Cxema peMeHHON Nepemadn
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peMHs (K rnepegayaM 3yO4aTbIM peMHEM 3TO CBOWMCTBO HE OTHO-
CUTCSI).

Henpocrarku. 1. bonbiine paaualibHbie pa3mepbl. 2. Majas
OOJITOBEYHOCTh peMHs. 3. bojbline Harpy3kd Ha Bajlbl U IO[-
mWUnHKMKU. 4. HenocTossHCTBO mepegaTO4YHOT'o YMCIIO.

IIpumenenue. PeMeHHble mepegadyd OPUMEHSIIOT B OOJBIIMH-
CTBE cJlydaeB JJIs Ilepedadyd ABMIKEHHS OT 3JICKTPOABUraTels,
KOorja Mo KOHCTPYKTHBHBLIM COOOpa)XeHMSM MekKOCEBOE paccTo-
sSSHUEe @ AOJIKHO OBbITb A0CTAaTOYHO OOJIBLIMM, a MNepeaaTo4yHoOe
YUCJIO # MOJKET ObITb HE CTPOIo IOCTOSHHBLIM (MMPUBOALI CTaH-
KOB, KOHBEMEepOB, JOPOKHBIX U CTPOHUTEJbHBLIX MAallKMH W AP.).
[lepemaun 3y04aTBLIM peMHEM MOXKHO TMPHUMEHATHL U B MPHUBOAX,
TPpeOYIOIIMX IMOCTOSHHOTO 3HA4YeHHS .

MoiHocTh, NepegaBaeMas peMeHHOW mepemadvei, oObIYHO OO
50 kBT, xoTa MoxeT mocturath 2000 kBT u 6omnbine. CkopocTh
peMHs v = 5...50 M/c, a B BLICOKOCKOPOCTHBIX mepemadax mo 100
M/C U BBIIIIE.

OrpaHndyeHre MOIIHOCTHA M CKOPOCTH BBI3BAHO OOJBIIHMMU Ta-
OapuTaMK Mepegayd, YXYIALIEHUEM YCIOBHUH padoTbl peMHs,
MaJIbIMK{ 3HadyeHus MU goJiroBedyHocTH U KII/I.

13.2. OCHOBHble reomeTpu4yeckKkume
COOTHOLUEHUS peéMEeHHbIX nepepad

1. MexoceBoe paccTosiHMe @ PEMEHHOM Mepegayu
(puc. 13.2) onpeaeisieT B OCHOBHOM KOHCTPYKLMS TIpUBOJA
MalllMHbl. PeKoMeHayIoT:
JUIsl Tiepedad TIOCKHMM PEeMHEM

az15(d,+d,); (13.1)
AJId 1nepegad KIIMHOBBIM KM ITOJIMKIIMHOBBIM PEMHCM

az0,55(d,+d,)+h, (13.2)

ric d] H dz — AUAMCTPhI MIKHBOB, /i — BbIcoTa cedyeHUs PEMHA.
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Puc. 13.2. 'coMeTpuyecKue mapamMeTpbl PECMCHHOU IEpeIadun

2. PacyeTHas njMHa peMHA L, paBHA CyMME [UIMH MPSAMOJIH-
HEHHBIX YYaCcTKOB U Ayl OOXBAaTa IIKHWBOB

L,=2a+0,5m(d, +d;)+025(d,—d; )" /a. (13.3)

[To HaliIecHHOMY 3HAYEHUIO M3 CTAHAAPTHOTO Ps/ia BbIOUPAIOT
OnmuKaniyo 0OMBIIYIO PACUETHYIO JJIMHY PEMHS L. llpn coeau-
HEHWH KOHLIOB JUTHHY PeMHS YBeIUYMBAIOT Ha 30...200 mMMm.

3. MexoceBoe paccTOIHUE TMPH OKOHYATEIIBHO YCTAHOBJICH-
HOH JJIMHE PEMHS Lp

11
a=L, —n(d, +d1)+\/[2Lp —n(d, +d,)f -8(d,-d,) } (13.4)
4. Yroa o0xBaTta peMHeM MAJIOT0 IHIKHBA
o, =180"-57"d,-d,)a. (13.5)

JAns nepegayd peMHEM DPEKOMEHIYIOT O > 150", KITMHOBBLIM

WITH TIOJMKITMHOBBIM — o, > 1107 .

13.3. Cunbl B nepepaude

st co3maHusl TpeHUs] MEKAY PEMHEM H IIKHBOM
PEMHIO [IOCII€ YCTAHOBKM Ha IIKHUB CO3MAIOT TPEIBAPUTENbHOE
HaTsDKeHHe cunnoit F . Uem Oombiue F,, TeM BbIIIE TATOBAs CIIO-
coOHOCTh mepedaur. B cOCTOSIHMM TMOKOSI WM XOJIOCTOrO XOaa
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nepefauyd  Kaxjaas BETBb
PEMHSI HaTsIHyTa OJMHAKO-
BO ¢ cunoi F, (puc.13.3, a).

[Tpu npunoxenuu pado-
Yero BPAIIAIOIIEr0 MOMEH-
Ta T, NPOUCXOOUT TIepe-
pacnpeneneHue CHI  HaTs-
XKEHHUSI B BETBSIX PEMHS:
Beaylllasi BETBb JOMOJIHM-
TEIbHO HATATUBAETCS 110
cunel F,, a HaTHKEHHME BEIOMOM BETBH YMCHLIIACTCS 10 F,
(puc. 13.3, 6). I3 ycnoBus paBHOBECHSI MOMEHTOB BHEILIHHX CHII

OTHOCHTCIILHO OCH BPJAIICHHA

Puc. 13.3. Cuibl B BETBSIX PEMHS

- + Fd/2 - Fd/2=0
WITU F -F =F, (13.6)

rae Fo= 2-103T]/d] — OKpyxkHasg cwia Ha mmkuBe, H. 3gech
I'—Hwm; d, — mm.

OOmasa reomerpruyeckass AJHHA PEMHSI He 3aBHUCUT OT Ha-
TPY3KH H BO Bpemsi paboThl Iepeaayd OCTaeTcss HEHM3MEHHOM.
JlOTIONTHUTENbHOE  YAUIMHEHWE BEAVILIEH BETBHU KOMIIEHCHPYETCSI
PABHBIM cOKpaieHueM H BeTBH. (ClIemoBAaTENbHO, HACKOIBKO
BO3pacTaeT CHJIA HATSDKEHUS BEOVIIEH BETBH PEMHS, HACTOIBKO
YK€ CHHIKAeTcsl CUJla HaTsSHKeHWST BeIOMOM BETBH, T. €.

F=F+AF u F,=F - AF,
HNITH
F .+ F,=2F, . (13.7)

Pemas cosmectHo ypaBHeHus (13.6) u (13.7), momydaem
F=F +F/2 F,=F - F /2. (13.8)

IIpyu oberaHuu peMHEM IIKHBOB B PEMHE BO3HHUKAET LIEHTPO-
Ooe:xxnas cuia, H:

F, =pAv?, (13.9)
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rjae A — WIoalb CCUeHNs PEMHS, M? p — IUVIOTHOCTh MaTepHualla peMHs,
/M3, v — cKOpOCThL peMHs, M/c.

Cuia F , orGpaceiBasg peMEHb OT IIKHMBA, YMEHBIIAET CHIY
IPEABAPUTEILHOTO HATKEHUS F,, MOHMXKAsA TEM CaMDLIM CHIILI
TPEHUA W HATrPY304YHVIO CIIOCOOHOCTHL IEpEHayH.

TakuMm o0pazoM, CHJIbI Ha-
TAKeHMA BEAVIICH U BEIOMOU
BETBEH PEMHS: npu padome
nepemaun F, + Fu F, + F,
COOTBETCTBCHHO, a 05 XO0J0-
cmoeo xooa F, + F.

Harpy3ka Ha BaJibl M M0J-
mmnmHuKA. CHILI HaTIKeHUA
BECTBCH PEMHSI  HarpykKaroT
BaJIbl U mojmunHuku. M3 Tpe-
yroilbHuka QOas (puc. 13.4)

Puc. 13.4. K OIIPCHCICHHIO paBHOHGﬁCTBYIOHIaH CHJIa
HarpysKu Ha BaJbl peMeHHOﬁ
Hnepeavn F,=2F,sin(a;/2), (13.10)
rjae OLI — Yrol obxBara. HaHpaBHGHI/Ie CHJIbI Fn OpUHHMAaIOT JIHHHH

IEHTPOB MKHBOB Mepegaun. OOLYHO I/ B 2...3 pasa 00JIbIlie OKPYKHOI
CIJIBIL [7 , UTO SIBISETCS CEPhE3HBIM HEJOCTATKOM PEMEHHBIX Iepe/iad.

13.4. CkonbXeHne peMHS No WKUBaM.
NMepepaToyHoe 4Ymcno

CkoabkeHHe peMHA Mo IIKHBaM. B peMecHHON mepe-
jJadc pasjcisaioT JBa BHJIA CKOJILKCHHS PEMHSA:

a) ynpyroe — HeuzbedsicHoe TIpU HOpMaJbHOU paboTe mepena-
YU W TPOUCXOJSAISee Ha YacTH JAYrd oOXBaTa;

0) OykcoBaHHe — MPH TMOJHOH MOTEPEe PEMHEM CICIJICHHS CO
IIKMBOM M MpOMCXoJidlee Ha Beel jyre obxBara (BO3HHUKAcT
npu  nepezpysKe).

B mporiecce oberanusi peMHeM Beylllero ITKWBa cuja HaTs-
KCHHA C€ro yMcHbInacres or F, go F, (puc. 13.5). A Tak Kak
JehopManys peMHS MNPONOpHUOHAJIbHA CHIIE HATSXCEHHS, TO
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PEMCHb MO/ JICHCTBUCM CHJIBI YIIPYI'OCTH YKOpaYyMBacTCs, IMpe-
0J/10JICBAasl CONMPOTHBIICHUC CHIILI TpcHUs. IIpu 3TOM peMcHb OT-
cTaer OT IIKMBa — BO3HUKAaeT ynpyroe ckosbxenue. Ha Bejo-
MOM IIIKMBE TaKKe TPOMUCXOJIUT CKOJbLKEHHE, HO 3JIECh CHJIa
HaTXKCHUA Bo3pacTaeT oT F, 10 F, peMeHb YUIMHACTCI U Olle-
peKacT IMKHUB. YOPYroc CKOJLKCHUC TMPOUCXOJUT HEC Ha BCCH
ayre obxBaTa, a JMINL Ha YacTH ¢¢ — AYre CKOJbKEHHS O,
KOTOpas BCErjla pacrojiokeHa cO CTOPOHLI cOeraHus peMHS CO
KWBa. JJIMHY JyI'M CKOJILKCHUS OTPCJICIACT VCAOBUE DABHOBE-
CUsi Cul mpeHus Ha 3TOHM JyI'e U OKPYKHOHM cHIbL F, = F, — F,

Co cropoHbl HaberaHus peMHS Ha IIKMB MMECTCS JIyra MOKOoS
o, , Ha KOTOPOH cHJIa B PeMHE He MCHACTCSA, OCTABAsCh PABHOU
CUJIC HaTsSKEHUS HaOerarolled BETBH, a caM pPEeMEHDL JIBUKCTCA
BMCCTC €O IIKHBOM Oc¢3 ckonbkenus. Cymma Ayr o, M 0. paBHa
ayre obxBaTa O

CKoOpocTH MPAMOJIMHCHHBIX BCTBCH V, UV, paBHBI OKpYX-
HbIM CKOPOCTSIM IIIKMBOB, Ha KOTOphle OHHU HaberarwT. Ilotepro
ckopoctu V, — V, onpejiensieT CKOILKEHHE HA BEYINEM IIKUBE,
IJle HampaBJICHUE CKOJILXEHHUS HE COBMAJAerl C HampaBJlieHUEM
IBIDKCHHS INKHBA (CM. MCIKHC CTPCIKM Ha Ayre o, puc. 13.5).

TakuM 00Opa3zoM, ynpyzoe CKOIbIHCEHUE PeMH HeU3ZDeHCHO 8
PEMEHHOU nepeoaye, OHO BO3HUKAEM @ pe3yjbmame pasHOCmU
cun F, u F, HarpyXarolux BEOYIIYIO U BCIOMYIO BETBH PCMIL.

YHPYFOC CKOJILKCHHUEC TTPUBOAUT K CHHUAKCHHUIO CKOPOCTH, CIIC/IO-

Puc. 13.5. Ckoianxkenue
B pcMeHHOM mepemade
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BATCIIbHO, K TMOTEPE YacCTH MOIIHOCTH, d TAaK/kKE  BbI3bIBACT
JICKTPU3AIUIO, HAIPEBAHUC W M3HAIIMBAHHUE PEMHS, COKpallas
ero JI0JINOBCYHOCT.

[To Mepe pocra OKpPYKHOH cuibl F, yMmenblnaercs Ayra Io-
Kod O, CIEJOBAaTeIbHO, YMEHBIIACTCS M 3amac CHI TPCHHA.
[Ipy 3HAYMTEIILHOM IEPEIPY3KE Iyra CKOJLKCHHSA O JOCTHIacT
3HAYEHUs Jly'H oOXBaTa O, M PEeMEHL CKOJIL3UT IO BCel MoBep-
XHOCTH KacaHWs ¢ BEJYIIUM INTKWBOM, T.e. 0ykeyeT. [Ipu Oykco-
BAHWUM PEMHS Ha BEJYIEM ITKMBE BE/[OMbBIM INKHUB OCTAHABIIU-
BaeTcd — Hnepeoaia HepadomocnocooHda.

Yhpyroe ckoJbKeHHE PEMHS XapaKTepusyloT ko3gduiueH-
TOM CKOJIb)KeHHSI C, KOTOPBLIA MpeJcTaBiseT OTHOCHTEIbHYIO
MOTEPI0 CKOPOCTH Ha IKHMBAX:

E=(@,—v)v, v,=v( - &, mm (13.11)

IJie v, H v, — OKPYXHbIC CKOPOCTH BEAYIICI0 H BEAOMOI0 MKHBOB. [Ipu
HOPMAJILHOM peskuMe padotel obbraao & = 0,01...0,02.

Ilepenatounoe umciao. OKpPYKHBIC CKOPOCTH IIKUBOB TIepe-
maynd (cM. puc. 13.1)
v, = nd n,/60000; v, = 1d,n,/60000,

l 2

ra¢ n, U #, — YacTOThl BPAICHUA BCIYINCIO H BEIOMOTO IMKHUBOB,
MHH; d M d, — JMaMeTPhl HTHX NIKHBOB, MM.

Hcnosib3yss NpUBEEHHBIE IS OKPYXKHBIX CKOPOCTEW 3aBHUCU-
MOCTH ¢ ydeToM opmyasl (13.11), moaydu™m mnepemaTOdYHOC
YUCIIO PEMEHHOW TMepeadu

w=n,/m,=v,d,/(v,d;)=d,/d;(1-E)]. (13.12)

Vrpyroe ckolbkeHue, 3aBUCAINEE OT 3HAYEHHUHA OKPYKHOH
CHUIIbI F, ABIIACTCS TMPUYMHOM HCKOTOPOTO HCMOCTOSHCTBA TICpe-
JTATOYHOTO YHCJIAa PEMEHHBIX Tiepejiad.

PekoMeHaYIOT I mepeady IUVIOCKHM peMHeM ¢ < 5, KJIMHO-
BbIM ¥ < 7, HOMUKJIMHOBBIM # < 8, 3youaTbiM u < 12,
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13.5. HanpsXxeHus B peMHe

[Ipu pabore peMeHHOM MNepeJayd HAOPSXKCHUS IO
JUTMHE PEeMHS pacape/ielieHbl HepaBHoMepHO (puc. 13.6). Paznu-
YArOT CJIC/IYIOIIHUC BHWJIbl HATPSKCHUNA B PCMHCE:
1. HanpsizkeHue O, OT CHJIbI NPeIBAPUTE/ILHOI0 HaTsAKeHHA. B
COCTOSIHUM MOKOS WIH MPU XOJI0CTOM X0oJI¢ (0e3 mepelaur Harpys-
KH) Kax/asg BETBb PEMHS HaTAHYTa CHIIOW F, ClleOBATEIbHO,

6,=F,/A, (13.13)

rac A— Iiomaiak IoIICpCcIHOIre CCUCHHA PCMHEL.

2. Ilone3Hoe Hampskenwe G, OTHOLICHHME OKPYJKHOW CHIILI B
nepejade (MoJe3HONM Harpysk) F K IUIOIIaJd MONEPEYHOrO Cce-
YeHHA A HA3BIBAIOT IOJIE3HBIM HANPSKEHUEM O

G =F/A. (13.14)

Tak xak F, = F, — F, [eMm. dopmymy 13.6)], To moiesHoe
HAMpPAKEHUE SBJIAETCS PA3sHOCTLIO HATPSKEHWH B BEJyIIEH G, U
BEJIOMOM G, BETBAX PEMHA IpU pabodeM XOjie Ha MajoOW CKOpo-
cri (MoKa He cKa3bIBaeTcs BIIMAHHE IEHTPOOEKHBIX CHII), T. €.

c,=0,-0,.

!

Hanpsokenusa B BeAyICH O, H BCIOMOM G, BETBAX OT cWl F, u F:

o,=F/A=F/4+05F/4 =06,+0,/2
Gmin G2 A
2
. n, {/’2
A Xp ] - -
&
o
% %
§ LY
bs

Puc. 13.6. Dmopa HanpsKeHHid B peMHE TIpH padoTe nepeadn
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o,=F,/A =F,/4 - 05F /4 =0,-0,/2.

nauenuem ©, oyeHUBAIOM MA206YI0 CROCOOHOCHIb PeMEHHOU nhe-
peoadu.

3. Hanpsskenne m3rub6a ¢, BO3HUKACT B PCMHC MPH OrMOaHUK
UM IIKWBOB. B Mecrax HaberaHus peMHS Ha IMIKUBBLI U cOberaHus
PCMHS HC MPOMCXOJUT PC3KUX CKAYKOB HANPSKCHUK (CM. pHC.
13.6), Tak Kax pajuyc KPUBU3HbI PCMHSA U3MCHACTCA MOCTCIICHHO.

Hanpsxenus usruda

G, = SE/, (13.15)

IJle 0 — TOJIMIHA PeMHS; /£ — MOIYIh MPOAOTLHOI YIIPYTOCTH MaTepuaia
PEMHSL

N3 dopmymsl (13.15) cnenyer, 4To HauboIbIllee HANPIAKECHUAC
u3ruba B peMHe BO3HHKAaeT Ha MaJoM IKHBe d, (cM. puc. 13.6).
OObIYHO, MO cooOpaXkeHUAM KOMMNAKTHOCTH Tepeaun, CTPeMsT-
¢l MPUHHUMATL HeGolnbIne 3Havenusa d,. Kak BHHO, NIPH dTOM
BO3HHKAIOT OOJIBINHE HAMPKEHUs H3TUba ¢, , KOTOpLIE MOTYT B
HECKOJILKO pa3 MpPeBBLINAaThL BCe JIpyryue HampsKeHHS.

Ha npaxmuxe snadenue G, 02pAHUHUSAION MUHUMAIBHO 00~
NYCINUMBIM OJist KANCOOH MOJwuHbl 8 3Haqenuem d, (wiu omHo-
wienuem d /d).

Hanpsiscenue uzeuba, UMEHSSICb RO OMHYIAeB0MY YUKILY, 516-
JISIeMCsl  2AA6HOT  NPUMUHON  VCIMAIOCIMHO20 PA3PYUEeHUs DeMHL.
Ha TAroByro crnocoGHOCTL Iepelaud o, HE BIIMSACT.

4. Hanpsi:kense oT LIEHTPOOEHOH CHIIbI O,
o=F/4 (13.16)

Biusnue ¢, Ha paboTocrnocoOHOCTh PEMEHHOM Mepeiaun mpu
v < 20 m/c HecylecTBEHHO.
HauboJbiee HanpsikeHHe (cM. o1iopy Ha pwuc. 13.6)

o . =0,to+toc=0,t0,+0/2+0C (13.17)

max

Hanpﬂmeﬁue uzeuba O0ObIMHO 3HAYUIMEIBHO npesslitiaem ece
apyeue cocmasiiouwue HAUOONbULE20 HARPANCEHUA.
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MaxcuMalnbHOC HANPAKCHUC JICMCTBYCT B IMOICPCUYHOM CCUC-
HHUM PEMHSI B MecTe ero HaberaHusl Ha MaJIbId IIIKUB U COXPaHSACT
CBOIO BEJIMYHHY Ha Beel jiyre mokos o, (cM. puc 13.6).

13.6. TaroBasi cnOCOOHOCTb PEeMEHHbIX
nepeaav

OcHOBHBIE KpUTEPUHU PabOTOCMOCOOHOCTH U pacue-
Ta PEMCHHBLIX IIcperay:

TATOBAAA CMOCOOHOCTh (MMPOYHOCTH CICTUICHUS PEMHS CO IIKH-
BOM) M /[A0JINOBEYHOCTb peMHA (CIO CBOMCTBO CONPOTHUBIATLCA
YCTaJIOCTHOMY  Pa3pyHICHHUIO).

Pacuem no msazo6oil cnocobrHocmi SBISIETCS OCHOBHBIM pac-
YeTOM PEMEHHBIX TMepejay, obecrneunuBaloluM — TpedyeMylo
IIPOYHOCTL PEMHCH U Icperiauy UMU TpeOyeMOU Harpys3ku.

Pacuem mna oonzosewnocms BBIMOIHAIOT KAaK MNPOBEPOYHbII.

Tazosaa  cnocobnocme  pemenHol  nepedayu  00yCa08IeHd
CYERJICHUEM PEeMHS CO WKUBAMU. IKCIICPUMEHTAILHO HCCICTYS

TATOBYIO CIOCOOHOCThL, CTPOAT I'padMKH — KPHUBBIE CKOJIbiKe-
Hua u KIIA (puc. 13.7);

3% o
Ha uX Oasec paspaboraH 5 %
METOJI pacucra PeMcEH- 7), %
4 3 S-{#
HBIX TIepejiay. V4 Sx T s
KpuBbic CKOJIbKCHUSA yc- Vi 2S S
P y J / Jona ynpyeozo §'§ 60
TaHABJIMBAIOT CBSI3b , CROMBIKERUR S8 8 140
s w —
MEXTY IOJIC3HON Harpys- @‘“ §
5 i i : — 20
KOH — OKpYJIOH CHIOH ! z)_/-’ g
(Tsaroi) ' 1 OTHOCHUTEIIb- ) I st e
f 47 62443 4F(05 G5 (67
HBIM CKOJIbKCHHEM & MpH ]
MOCTOSSHHOM ~ MPE/[BaAPH- Ynax

TeILHOM HaTsxennn F
pemua. Ilpu mocTpoeHnn
rpadpuka no ocu abcyucc OTKIAALIBAIOT OTHOCHTCILHYIO Harpys-
KY, BbIpaXeHHYIO 4epes Kod(ppHIMEHT TAIH:

__ K K o
F+F 2F, 20, (i)

Puc. 13.7. Kpussie cxkonbxenuss u KI1/[

¢
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no ocu opounam — kKo3hdunucHT ckombxcHusa & u KIIJ n
nepeiaud. IIpy McObITaHUMKM MOCTENCHHO YBCIMYUBAIOT IMOJIC3-
Hylo Harpy3ky F, (KooQQUIHMCHT TATH (), COXpaHsd IMOCTOSH-
HEIM MPCABApUTCILHOC HATsAKeHue F, + F, = 2F, 3aMcpdioT
ckolibkenune u onpeaensaior KIII.

IIpu BO3pacranuu Kod(ppuuKeHTa TAIH OT HYJIA JO KPUTH-
YeCKOI'0 3HAYEHHs (), HaOJIOJAETCAd TOILKO YIPYIroe CKOJbkKe-
HHUC PEMHSA MO HIKUBY. B 3TOM 30HC ynpyrue jaepopMaliud peMHs
NPUOIIMAKCHHO TOJUAHAIOTCA 3aKoHY ['yKa, MO3TOMY KpHBas
CKOJIbKCHHS ONH3Ka K mpaMmon. Ilpu ¢, okpyxHas cuiaa F, moc-
THI'aeT 3HAYCHHS MaKCHMallbHOW CHIIbI TPEHHS, Jiyra IOKOS O,
MOJTHOCTHIO MCYC3acT, a Ayra CKOJbXKCHHA O, PacIpoCTpaHACT-
ci Ha Bech yroin obxBara o, (cM. puc. 13.5).

KII/I n nepegauyd BHayajle pacrel ¢ POCTOM OKPYXKHOM CHUJIbI
BCJIEJICTBHE YMEHBIIIEHHS BIIMAHUSA MOTEph XoyiocToro xojia. OH
JOCTMTacT MAaKCHMyMa B 30HC KPHTHYCCKOTO 3HAYCHHA (.

IIpu panbHelileM YBCIMYCHUH KodphuIMEHTa TATH OT @,
no ¢ paboTa mepemaud CTAaHOBUTCA HeycToHumBon. K ympy-
I'OMY CKOJILKEHHMIO TpubaBisieTcsl YyacTHYHOe OYKcOBaHWUE, KO-
TOpOE MO MEpe YBCIUYCHUA (p PacTET, BhI3bIBAs W3HAIABAHHE
W HarpeB peMmHs, peskoe cHuxkeHue KIIJ| mepejauu Bcie/cTBHE
YBCIMYCHHS IOTCPhL Ha CKOJbXcHMC. IIpu ¢ HacTymacr moJi-
Hoe OyKcOBaHWE PEMHS Ha BeJIYIIIEM IIIKUBE, BEJIOMbIM IIKUB
OCTAaHABJIMBACTCA .

CorjlacHO KpUBOM CKOJILKCHHS ICpeiaBacMyro cuiy F o cle-
JyCT MPUHHUMATL BOJH3W 3HAYCHUSA (@, KOTOPOMY COOTBCTCTBY-
er m__. Paboty nepemaun npu ¢ > ¢, CiIeyer JAONycKaTh TOJb-
KO TIPH KPAaTKOBPEMCHHBIX IIEperpy3Kax, HaNpUMep B TEPUOJ
nycka. 3HauYeHHs ), YCTAHOBJICHLI DKCIEPUMEHTAILHO IS KaxkK-
JIOr0o TUMa PEeMHS.

Takum oOpasoMm, KpuBas CKOJbLXKCHUA OTpaxacl [BIICHUS,
MPOUCXO/AINNAC B PEMCHHOW Tiepelaye, U COBMECTHO C KPHUBOU
KII/I xapakrepuszyer e¢c paboTy B HaHHBIX yclloBUAX. Kpute-
pHUEM paIUOHAILHONH PabOTLI PEMHS CIIYKUT KOI(DPHUITMCHT TATH
¢,, 3HaueHHE KOTOPOIO OMpPE/eldeT JIOMyCKAaeMylo OKPYKHYIO
cuity [F], . W3 bopmynsr (13.18):
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[Fl, = 20,F,. (13.19)

JUta Torockux pemued ¢, = 0,4...0,5; 119 KIMHOBLIX W TOJH-
KIMHOBBIX @, = 0,7...0,8.

lnasa 14. UENHbBIE NMEPEOAYU

14.1. O6wme cBepeHund

Llennyio nepedauy ommuocsam K nepeoauam 3ayenie-
Huem ¢ euokoll ¢8a3vi0. OHa COCTOMT M3 BE/IYIICH U BEJOMOU
3BE3/I0UCK, orubdacMbIX Iienbio (puc. 14.1, a u ).
HocronHeTBa wenHbiX nepenad. 1. Ilo cpaBuenuio ¢ 3ybua-
TLIMU TIepe/lauaMM IIeMHbIe TMepefayd MOTYT Tepe/laBaTh JIBH-
KEHHUEC MEKJIY BajlaMU NPH 3HAYUTCILHLIX MEKOCEBLIX PaccTO-
anugax (o 5 ). 2. Ilo cpaBHEHUIO ¢ PEMEHHBIMM MEpeJadyaMu:
foJice KOMMAKTHBI, MOTYT Tiepe/laBaTh OONBINTHE MOIIHOCTH,
TPeOYIOT 3HAYMTEILHO MEHBIICH CHJIbI MPEABAPUTCILHOIO Ha-
TAXKEHUS, OOeclneurBarOT IMMOCTOSHCTBO TMEpe/IaTOYHOIO YHCIIa
(OTCYTCTBYIOT cKoOIbkcHUEe W OykcoBanue). 3. MoryT mepeja-
BaTb JBUKCHHEC OJHOM IENLI0 HECKOJLKHUM 3BE3J0YKaM.
Henocratku. 1. 3HaUUTENLHBIN IIYM OpU paboTe BCIIE/ICTBUE
yllapa 3Be€Ha lienu O 3y0 3BE3JIOUKM IIPU BXOJIC B 3alCIUICHUE,
0COOCHHO IIPH MAaJILIX 4YHcIax 3yObeB W OoJbIOM Imare (3ToT

Puc. 14.1. lennag nepepaya:
@ — POIHMKOBOMH IENBIO; 6 — 3y0UaTOH IEMbIO
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HEJIOCTATOK OTpPaHWYMBAET MPUMEHCHWE IEMHBIX Mepefaad TpU
0oJIbIMUX cKopocTdax). 2. CpaBHUTEILHO ObLICTpOE W3HAINMBAHHC
IMapHAPOB 1EMHU; HEOOXOUMOCTh MPUMEHEHUS CUCTEMbI CMa3bl-
BaHMS. 3. Y UIMHEHHUE MU HU3-3a U3HOCA IAPHUPOB U CXOJI €€ CO
3B€3J0YEK, YTO TPeOyeT MPUMEHEHUS HATSIKHBIX YCTPOMCTB.

Ilpumenenue. llenHbiec mnepemayd TPUMCEHSAIOT B CTaHKaXx,
MPOMBIIUICHHBIX PpodoTax, TPAHCHOPTHBIX, CEIILCKOXO3SCTBEH-
HBIX W JPYIHX MallWHax I Tepefady JBUKCHUS MEXIy Tia-
pajyleIbHBIMM  BajJlaMHM Ha 3HAUYUTEIIbHBIE PAcCTOSHMA, KOrJIa
MPUMEHCHUE 3yOUaThIX Mepead HeleIecooOpasHo, a PEeMEHHbBIX
HEBO3MOKHO.

HauGomnbiiee mpuMeHeHNEe MOIYYHIH [ICTTHBIEC MepeIadyd MOIIl-
HocThio Jto 120 kBT npu okpyKHBIX ckopocTax jo 15 m/c.

14.2. MNMpueoaHbie ULenMun

lipueoonas yenv — 21a8HbIIL 3JIEMEHIN YENHOU hepe-
0auu — COCMOUM U3 COCOUHEHHDbIX UIAPHUPAMU OMOETbHbIX 38e-
Hbes. [1IoMUMO TNPUBOJIHBIX OBIBAIOT TSIOBLIC M I'PY30BBIC 1ICIH,
KOTOpbIC 3Jlech HE paccMaTpHBaIoTcs.
OcHoOBHBIC TUIbI CTAHJIAPTHU30BAHHBIX MPUBO/HBIX IICTIEU: po-
JUKOBbIE, BMYJIOYHbIE U 3yOUaAmbIe,
Poaukosble mpuBoaHble mHend. CocrodT W3 JBYX P4/J0OB Ha-
PYKHBIX M BHYTPCHHHX muiactuH (puc. 14. 2). B HapykHbIC IUIa-
CTUHBI 3arpeccoBalbl OCH, TPOMYINCHHbIC UYepe3 BTYJKH, 3all-

Puc. 14.2. ITpuBoHasg poaukoBas OJHOPSAHAA IICTIh:
1/ — COCMUIHUTEILHOE 3BCHO: 2 — MEPEXOIHOE 3BCHO
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peccoBaHHbIe, B CBOIO OYEpe/ib, BO BHYTPEHHHE MIacTHHBI. Ha
BTYJIKH IIPE/IBAPUTEILHO CBOOOJIHO HAJIEThl 3aKAJICHHbBIC POJIH-
ku. [Ipu oTHOCHTEIbHOM MOBOPOTE 3BEHLEB OCh IIPOBOpPAYUBA-
ercsd BO BTYJIKE, 00pasys WIApHUP CKOJIbKCHHA. 3alleIUICHUE
IIEMU CO 3BE3/I0YKON MPOUCXOJIAT YEepe3 POJIMK, KOTOPBIH, MOBO-
padyuBasch Ha BTYJKE, MNepeKaThIBacTcd MO 3y0y 3BE3MOYKH.
Takasgd KOHCTPYKIIMS TO3BOIACT BHIPaBHATHL JaBICHHE 3yDa Ha
BTYJIKY M YMEHBIIHUTh H3HAIIUBAHHUE KaK BTYJKH, TaK U 3yOa.

PosimkoBble 1lemM HMMEIOT IIUPOKOE pacrpocTpaHeHue. Hx
npumensom npu cxopocmax v < 15 wm/c.

BTy/iouHble MpHBOAHBIE LeNH MO KOHCTPYKIUU MMOJI00HBI po-
JAKOBBIM, HO HE HMCIOT POJHKOB, YTO VJCHICBIACT IIcMb,
YMEHBIIAET €€ MAaccy, HO CYIIECTBEHHO YBEIIMYMBAET M3HOC
BTYJIOK LIENIA U 3yObEB 3BE3/I0YEK. BmylouHvle yeni npuMeHs-
10Mm 8 HeomeemcmeeHHvlX nepeoauax npu v < 1 M/c.

Brymounbie U poONIMKOBBIC IEMA W3TOTOBISIOT OAHOPSIAHBIMH
(puc. 14.2) u mHoropsiiHbIMH (pHic. 14.3) ¢ ynciaom psijoB 2, 3 u 4.
MHoropsaHas 1eMb ¢ MECHBIITUM IIaroM TO3BOJISET 3aMCHUTH O]T-
HOPSIJIHYIO C OOJIBIIAM IIaroM U T€M CAMBIM YMEHBIIUTh JHAMET-
PbI 3BE3/104€K, CHU3UTL JJUHAMHYECKUE HATI'PY3KH B Iepejiayc.

[ITacTUHBI 1IeMW OYepUYEcHBI KOHTYPOM, HATIOMHUHAIOIAM ITH]-
Py 8, KOTOpBIM obecreuyrBacT PaBHYIO MPOYHOCTL IIACTHHBI BO
BceX ceucHUSX. KOHIBI ocell pacKiIenmbIBalOT, MO3TOMY 3BCHbBSA
LIEMU HEPa3bEMHBI.

CoerHEHME KOHIIOB [IEMU IIPU YETHOM 4YHC-

JIe €€ 3BCHLEB TMPOM3BOJAT COCJUHUTEINLHBIM ey .
3BCHOM [, TIPH HEYCTHOM — TMCPCXOJHBIM 3Be- —pby gt —
HOM 2 (cM. puc. 14.2), KoTopoe MeHee MPOYHO, - )
ucM ocHoBHBIe. [lodToMy cTpemsarcss NpuMe- Fp———tT

HATHb e ¢ YeTHBIM YHCIOM 3BEHLEB. .
3y0uaTble MPUBOAHDbIE IeMU COCTOSAT U3 3Be- 4

HbCB, COCTABIACHHLIX W3 Habopa IUIACTHH W &Y

MApHAPHO  COCJUHEHHBIX  MEXJy  codoil Puc. 14.3.
(puc. 14.4). Kaxmasg tmiacTMHa WMeEeET TIO JIBA Mpuso mas
3y0a U BOAJMHY MEXY HUMHU U1 Pa3sMElICHUS BTYIIOUHAS

3y0a 3BE3J0YKH. JBYXpAHas LEb
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Uucio mnacTul omnpeseNsieT Muputa 1enu B, koTtopas 3aBu-
CUT OT Mcpc/laBacMOl MOIIHOCTU. PabouyuMU I'paHAMHU ABIAIOTCSA
TUIOCKOCTH TUIACTUH, PACIIOJOKEHHbIE Toj yriaoMm 60°. Dtumu
TPaHsAMM KaxXJloe 3BCHO I1eMH BKJIMHUBACTCS MEKJY JIBYMS 3yOb-
MU 3BE3/JOUYKHU, UMEIONAMHU TPANCIUCBUIHBIN TPOPUIL (CM. pHUC.
14.7). biarogaps aTomMy 3youarmvie yenu padomarom bonee nias-
HO, ¢ MAQIbIM WYMOM, JVYle BOCHPUHUMAIOM VOAPHYIO HA2PY3KY
u donyckaiom 06o0aee BblCOKUE CKOPOCHIU.

OJIHaKO MO CPAaBHCHUIO C APYIMMH 3yOUaTbIC LCMH TAKCICC
u jpopoxe. Hx npumensiom npu cxopocmsax v < 35 wm/c.

Jig  ycTpaHeHuss OOKOBOTO cHajlaHUs IIeMMA CO 3BE3JI0UEK
MPUMCHAIOT HaOpaBJIAKOIIME IIacTUHbLl / (cMm. puc. 14. 4), pac-
MOJIOKEHHBIE B CEPE/MHE WIIM MO OOKaM IIEMH.

Matepnaa uenen. Llenu JIoKHBI ObITh U3HOCOCTOMKMMU U
npouydbIMU. ITmacTUHBI 1ieTiel U3TOTOBIAIOT W3 crajer 50, 40X
U Jip. ¢ 3akaikou o 1Bepjgocty H = 40.. .50 HRC. Ocu, Bryi-
KM, POJIMKM W MPU3Mbl — M3 LEMCHTYSMbIX cralicd 20, 15X u ap.
c 3akainkou g0 tBeppoctd H = 52...65 HRC.

Ilar uenu p ABIAETCI OCHOBHBIM MapaMeTpPOM IIEIHOW Tepe-
gaun. Yem Oouibliic MIar, TCM BBIIIC HAI'PY304YHASA CIIOCOOHOCTH
IIeMH, HO CWJIBLHEH yjap 3BeHa O 3y0 B MOMEHT HadOeraHus Ha
3BC3/I0UKY, MCHBIIC IUIABHOCTL, CWJIbHCC WLIYM, OOJbIIC H3HOC
mapHupoB. Ilpu OoNbIIMX CKOPOCTAX MPUHUMAIOT IENU C Ma-
JIbIM II1aTOM.

B ObicTpoxojHbIX mnepegavyax nmpu OONLIIMX MOINIHOCTAX pe-
KOMEHJIYIOT I[e[IM MaJIOTO Imara: 3yodatbie OOJBLINOWH IMTUPUHBI
WIN POJIMKOBLIC MHOTOPSJIHbBIC.

Puc. 14.4. IIpuBoanasa 3yodarTas Lemb
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Maxcumanvioe 3nauenue waza yenu O02paHudUBaon HYacmo-
Mol spawjenus Malold 38e3004Ky O YCIOBHIO 1, < 7

Imax’

14.3. 3Be3004YKkM

3Be3/I0UKH TIEMHBIX Tepejiauy oTiIMyaroTes oT 3ydua-
THIX KOJIeCc JIUIb mpoduiieM 3yOLeB, pa3Mepbl M (popMa KOTO-
PBIX 3aBUCAT OT THWMa Ienu (puc. 14.5 wu 14.6).
Je/UTe/IbHAA OKPYKHOCTb 3BC3J0YCK IMPOXOJHUT 4Yepe3 LCHT-
pbl IapHUpoB lienu. M3 TpeyroinbHuka Qac (puc. 14.6)

J= P

sin(180° /) (14.1)

1€ Z — YHCIIO 3y6beB 3BC3TOYKH.

Illar p y 3BC3J0OYCK MU3MCPAIOT IO XOPJC JACIMTCILHOU OK-
pyxHocTH (puc. 14.5 u 14.6). JlenuTeIbHLIA TUaMETp 3BE3J10Y-
KW IS 3yOUaThIX Ifeneld OOIIbIlle €€ HApYKHOTO JUaMeTpa.
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Puc. 14.5. 3Be3iouku
POJHUKOBOI H BTYJIOYHOH
[ernei

Puc. 14.6. 3Be3gouka 3y0daToil Iemu
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Il ysenuuenus 00na208e4HOCMU YEHHOU Hepeoayu RpUHUMA-
IOM RO BO3MONCHOCHIU DONblUee YUCIO 3)0be8 MEHbUEl 36€3004-
ku. [Ipu MajioM ymcile 3yObeB B 3alleIJICHUHM HAXOJHUTCA HEOOJIb-
110¢ YMCJIO 3BCHLCB, YTO CHUIKACT IUIABHOCTL PadOThI Tepe/avyun
U yBeJIMUMBAeT W3HAIIMBAHUE H3-3a OOJILIIOIO yIjla MOBOPOTA
mapHupa.

Yucno 3y0bes Maloii 3Be3/109KH Z, IPMHUMAIOT U3 YCJIOBUH obec-
MeUCHUS MUHUMAJILHBLIX Ia0apyuTOB U MJIABHOI'O XO/la Mepc/ayu:

JUTS. POJTUKOBBIX M BTYJIOUHBIX TiemeH

z, =29 - 2u mnpu ycamoBun z, = 13; (14.2)
I 3yO0UaThIX IleTici
z, = 35— 2u mpH yclaoBuu z, = 17 (14.3)
rmne ¥ — nepeaaTouyHoe 4YHcIo.

Uucio 3yObCB MaJIoM 3BE3JIOYKM MPHUHUMAIOT: MPH BBICOKHX
gacrorax Bpamenusa z, . = 19..23; cpemux z, = 17...19;
Hu3kuxX z, = 13...15. B mepenavax 3y0uaThIMH IEOAMM Z, .
oonnmie Ha 30%.

[Tpu u3HOCE IAPHUPOB WM YBCIWUYCHUM B CBS3H ¢ DTHM Iara
IIellb CTPEeMHUTCS MOJHATHCA IO MpoduiIo 3yOheB, MpHUEM TeM
BBINIIC, UeM OOJIbIlIe YHCIO 3yObeB 3Be3Joukd. [Ipu Ooaniom
yuciie 3yOLeB Jake y MaJIo HM3HOIICHHOM IIeMH B Ppe3yibTaTe
paguaIbHOIO CHOJI3aHHMS 10 HNPOGHIIO 3YObeB IEMb COCKaKHBAa-
ST C BCJIOMOM 3BEC3/IOUKH.

[TooToMYy MakKcUMaJILHOE 4YHCI0 3y0beB O00JIbINOI 3Be3J04YKH
OrPaHUYMBAIOT: IS BTyJI04HOM menu z, < 90; Ui pOIMKOBOM
z, £ 120; mas 3youaroit z, < 140.

[TpeanouTuTe/IbHO MPUHUMATL HCUCTHBIC YHMC/Ia 3yOLCB 3BE3-
JTIOUEK, YTO B COUYCTAHWUM C YCTHLIM YHCIOM 3BCHBLEB I1ICMH CITO-
cOOCTBYeT OoJIce paBHOMCPHOMY ¢¢ H3HAIHMBAHMIO.

MaTepuaa 3Be3J049eK I0KSH OBITh M3HOCOCTOMKHM H XOPO-
MO CONMPOTHBIATHCS YVAAapPHBIM Harpyskam. 3Be3JOYKH HM3TOTORB-
0T U3 crajied 45, 40X U Ap. ¢ 3aKaJlIkod WIH W3 LIEMEHTYe-
MBIX cTajieil 15, 20X u ap. C 1enbio CHHXKEHHUS YPOBHS IIIyMa H
U3HAIIMBAHMWSA 1ICMM B OLICTPOXO/HBIX Iepe/ladyax HU3roTaB/IMBa-
0T 3yOuaThlid BCHEIl 3BE3/[0UCK M3 IJIacTMAacc.
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14.4. lMepepato4yHOE YNCNO UENHOMN nepenaumn
|43 PaBCHCTBA CKOpOCTGfI LCIIK Ha 3BC3J0YKAX CIICAYCT
U=n;/My, =2,/2; . (14.4)

[TepecaaTouHoe YMCIO IEMHON Tepeslaud McHSIeTCs B IIpee-
JIaX MOBOPOTA 3BE3/[0YKH HA OJIMH 3yO, UTO 3aMCTHO INPH MajloM
yrciae z . HemocrosHeTBO # He mipeBbimacT 1...2%, HO 8bi3b18d-
em  HepaABHOMEPHOCHIL X00d Nepedadi U NONEPeUHble KOAeOAHUs
yenu. CpeHee MepeJaTOYHOE YMCIO 3a 00OPOT MOCTOsAHHO. Ja
LICMHLIX Mepejad PeKOMeHAYIoT # < 7.

14.5. OCHOBHbIE TreomeTpuyecKue
COOTHOLUEHWA B LeENHbIX nepenpavax

1. Onmumanvrnoe medxcocegoe pacCmosiHie nepeoadu
(puc. 14.7) mpuHUMAaIOT M3 YCIOBHSA JOITOBCUHOCTH IICHH

a=(30...50)p, (14.5)

rjie p — 1miar IenH.

Menbiive 3HaYeHWsT — VIS
u = 1...2, doiapmue — I U = 6...7.

2. Jauny yenu L, B marax BbI-
YACIISAIOT Mo (opmylie, aHaJIOTHY-
HOH opMyse I OIpcC/IciiCHUA
JJIMHbI PEMHSI,

Puc. 14.7. Cxema 1ienuoit
nepe/iadu

2a Zy +Z] Zy—Zj Zp
L,=—+ + =.
4 P 2 2n a

(14.6)

Homny Lp 1end B mmarax (4uciio 3BCHBLEB IICMH) OKPYIJISIOT
JIO 1IeJIOIO YETHOI'O YMCIIA.

3. Meowcocesoe paccmosivie nepeoadu  upu  OKOHYAMENbHO
BbIOPANHOM HUCTE WA08 L,
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2 2
a= 4 LP 2 + [LP 2 ) 8( Pz ] : (147)

A1 UCKTIOUCHUS TICPCHATSKCHUS IICIH H3-38 HCTOYHOCTCH
HU3TOTOBJICHUSI M MOHTaXa Tepejaud BeAoMasi BETBbL JIOJDKHA
HMeTh HeOOJIbIIOe HpogucaHue [, I 4ero pacueTHoe MexkKoce-
Boc paccroanue ymcubinaoT Ha (0,002...0,004) a (puc. 14.7).

14.6. Cunbl B BeTBAX UenMm

1. Oxpyacnas cuna F,, H, nmepenaBaeMas IENbIO

F=210°T/ (14.8)
rje d — JeMUTENLHBIA JuaMeTp 3Be30uku, MM; T — B HM.

2. Ilpeosapumenvioe namsoicenue 1eMA OT TPOBUCAHWUA Be-
JIOMOH BETBH

Fy =krqag, (14.9)

e kf — K03(pPHUINECHT MPOBHUCAHU: 11 TOPH3OHTAIBLHLIX TICpcaad

kf = 6, )11 HAKIIOHEHHBIX K TOPH30HTY 110 45° — kf = 3, /ISl BEpTHKAIIbHBIX

k, = 1; ¢ — macca 1 M nemu, KI/M; @ — MEXOCCBOC PACCTOSIHUE, M;
g = 9,81 m/c? .

3. Hamsaoxcenue wyenu om yeHmpoOes’CHbIX CUTL

F,=qv’. (14.10)

Cuma F| Harpyxaer 3BEHBA IICNH IO BCEMY €€ KOHTYpY, HO
3BC3/IOUKAMH HE BOCIPUHHUMACTCS.
4. Hamsaxcenue seoyweli 8emeu yenu pabomainougelt nepeoavu

F,=F,+F,+F,. (14.11)

5. Hamsowcenue seoomoit eemsu yenu I, pasro Oonvuiemy uz
namsaocenuti F, via F .
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BCHGI[CTBI/IG TOI'0, YTO HIAPHHP C6€FE[IOH_[€FO 3BCHa LCIIM YIIHN-
pacTcsa B SY6, CHJIa }72 HC MCPCHACTCA Hd 3BCHbLA, PACIIOIIOKCH-
HBbIC Ha 3BC3J04YKC.

Harpy?,lca Ha BaJlbl 3Be3/J0YEK. ]_[el'lb BOSﬂeﬁCTByeT Ha BaJIbl
3BC3O0UYCK C CHIIOHN

FH:kBFI+2FO’ (1412)

rac k, — Koo(pQHIFCHT HATPY3KH Baja:
HaxItoH JIMHUM [IEHTPOB

3BE3/104EK K TOPU3OHTY 0...45° 45...90°
k , TIpHL CTIOKOMHOH HarpysKe 1,15 1,05
IIpu yaapHoi Harpyske k

VBEIIMIMUBAIOT Ha 10... 15%.

HaHPaBJIeHI/IG CHJIbI Fn IPHHUMAIOT 110 JIMHUK NCHIPOB 3BC3104CK.

14.7. Pacyer nepepaum poOnMKOBOM
(BTYNOYHON) Uenblo

Kputepuu padorocnocodoHoctH. OCHOBHBIM Kpumepuem
PadomocnOCOOHOCINU  YEenHbIX Nepeodad  AGIAEMci  00N208eUHOCIND
yenu, OnpecenaemMas USHAUIUBAHUEM WidpHUpos. 3a  OCHOBHOM
MIPHUHSAT pacyel LEMHbIX Iepenad, oOecreuMBaIOIIMNA H3HOCOCTOM-
KOCTh IIAapHUpOB lienmu. [Ipu aToM 1ienu o01a/IaloT JOCTATOYHOMN
IIPOYHOCTEIO.

J0JIroBe4HoOCTb MPUBO/IHBIX IIEMel MO M3HAIIMBAHUIO COCTAB-
ager 8...10 Thic. 4 padoThI.

Pacyer nmepenaun. HarpysouHyio crnocoOGHOCTH ILieNU OMpe/ie-
JIAIOT U3 YCIOBHS: cpediiee OasneHue p, B LIAPHUPC 3BCHA IICIHU
HE JIOJKHO MpPEeBbIIAThL JOMYCKAEMOe [p]”,

py=FK,/A<[p], (14.13)

rae I/, — oKpyKHad CUIA, IepeaaBacMas LEnblo; A4 — IUIOIAdb IIP O EKIHH
OTMOPHON TTOBEPXHOCTH TTAPHUPA: I POJMKOBBIX (BTYJIOYHBIX) IeNei
A = dB; speck d, — nuamerp ocH, B — jumHa BTYIKH; K — xodddu-
IHEHT IKCILVTyaTalHH (TIPH ONITHMATTLHOM )

95



K, =K;KcKoK,.K,. (14.14)

pee

3aecr K N — KO3} DHUHMEHT HUHAMHYHOCTH HAIPY3KH: NpH
PaBHOMCPHOM Harpyske K, = 1 (ICHTOYHbIC, LICTIHbIC KOHBCHCPRI), NP
Tomakax K 7= 1215 (MeTammopesKyImie CTaHKH, KOMIIPECCOPHI);
K, — xooppmument crmocoda cMa3bIBaIiL: MPH HCIPCPLIBIOM CMa3bl-
panru K, = 0,8, OpH peryJspHoM KaneibaoM K, = 1, Ipu IepHOIHYECKOM
K. =15
K, — K0od(pHIHCHT HAKIOHA IICPCAaYl K TOPH3OHTY (M. pHC. 14.7):

npu © < 45° K, = 1, mpu © > 45° Kg =0,15v0 . Yrox naxiona ©
MOJIYYAr0T W3 KOMITOHOBKH MTPUBO/IA.

K., — Koo(pduiment crnocooa Pery/pOBaNNs HATSAKENN LCIH: TIpH
PErYJIMPOBAHMH MOJIOKCHUA OCH OJHOH M3 3Besjouck K = 1, mpu
PEryIMPOBAHUN OTT)KHBIMH 3BE30UKAMH MM HAXHUMHBIMH POJIMKAMH
R'W = 1,1, /Ui HeperyampyeMou nepejaayu ere =1,25; )

HP — K0Y(p(PHUIHEHT peKUMa padoThI: IIPH OTHOCMECHHOH padboTe KP =1,
IIPH JIBYXCMEHHOH Kp = 1,25, ipu TpeXcMEHHOH Kp = 1,45.

BripasuB B opmyse (14.13) oxpyxnyro cuiy F, depes Mo-
MeHT 7', Ha MaJlo¥ 3Be3/I0YKe, INar IENu p U YUCIO 3YOLEB Z,,
a TUTOIMAJTL MPOCKIIMA OMOPHOMN TOBEPXHOCTH IMApHUPOB — Ue-
pe3 mar p, NoJydyuM (popMyJiy AJis MpeJBApUTELHOrO oImpee-

JIEHHsl 1Iara poOJIMKOBOM (BTYJIOYHOM) LEMU (MM):

> 28 KST]
P2 283—5—+

vz[pl, (14.15)
riaic v — KOS(I)(I)I/IL[I/IGHT quIcJ1a pSII[OB, y‘II/ITbIBaIOHII/Iﬁ HepaBHOMepHOCTb
pacrpeaciaeHus Harpy3Ky Mo pAmdaM LEMH: I OJHOPSIIHOM meru v = 1,

AByxpsanoit v = 1,7, pexpsaamoii v = 2,5; T, — B H; [p]u — JIOMyCKac-
MOE€ JIaBIICHUC B MmapHupax renu, H/imm? .

14.8. Pacuyetr nepepaum 3y6uyatom uenblo

IIlar menu p BHIOHMpPAIOT TO TaOIl. 3aBUCUMOCTH OT
MaKCUMaJIbHO JOMYCTHUMOM YacTOTHI BpAIllcHHUA 7, — MEHBIICH
3BC3/I0UKH.

96



Yueno 3y0bes z, MEHBINEH 3BE3/I0YKM NMPUHUMAIOT 10 GOpMYy-
ae (14.3); mpu 2TOM YYUTBIBAIOT, YTO C YBCIMYCHHUCM YHCIA
3yObeB z, JIABJIEHHE B IIAPHMPE, NIl U IMUPUHA IICIH yMEHbIIA-
IOTCS, a JOJTOBCYHOCTDL IICMH COOTBCTCTBCHHO YBCIMUYHMBACTCS.

Ucxoja U3 KpUTepUsT U3HOCOCTOMKOCTH INMApHUPA 3yO0uaToi
Hend, no usBecTHbIM P, (KBT), p (MM) v (M/C) BLIYHCISIOT
TpedyeMyr LIHPHHY B (MM) Lenu:

B 250K, P;
3f 27 14.16
] (14.16)
I KB =K T K03(pPUITHEHT IKCIITYaTaIlH JJTs1 3y0JaThIX IIETICH;
K — ckopocTHOH KO3(DUIMEHT, YUHTLIBAIOIIMI CHIDKEHHE HECyIei
CIOCOOHOCTH IEMH HU3-3a LIEHTPO OCIKHBIX CHIIL,
K,=1-11-107v7. (14.17)

Cmanoapmuyro wupuny yenu B BbiOHparoT 1mo Taoll.

97



HYacte IV
BAJ1bl, OCU, NOALLUNMHUKHN, MYODTbI

nasa 15. BAJ1Ibl U OCU

15.1. OBwue cBepeHuUs

3yOuathie KoJieca, IIIKHMBBI, 3BE3JIOYKH W JIPYIHE
BpalllafoIUecs JeTald MAIIMH YCTAHABIMBAIOT Ha Bajax WIA
ocsX.

Ban npejiHa3HayeH IS MEpe/layd  Bpallarolero MOMEHTa
B/IOJIb CBOEU OCH, I IIOJICPKAHUS PACIIONIOKEHHBIX HAa HEM
JeTajci U BOCOPHUATUS JICHCTBYIONMX HAa HUX cwil. [Ipu pabore
BaJl MCTOBITHIBAET u32UO W KpyueHue, a B HEKOTOPBHIX cydasgx —
JOIMOJIHUTEIILHO PACTIKEHUE WIM CKATHE.

Ocb TOJIBKO MOJICPKUBACT YCTAHOBIICHHbIC Ha HEU JIeTalv
U BOCIIPUHHUMAET JSHCTBYIONME HAa HUX CWIbl. B ommuue ot
BalJla OCb HE TIepe/lacT Bpallaroliero MOMEHTa W, CJIc/IoBaTElIb-
HO, He ucnwimvigaem xpyueHus. Ocd MOTyT ObITh HemOJABHKHbI-
MH WIA MOTYT BpallaTbCsi BMECTE ¢ HACAKCHHLIMH Ha HHUX JeTa-
JISIMU.

Ilo gopme ceomempuueckoil ocu Balbl JCIST Ha MNpsiMble
(puc. 15.2) U HenpsMble — KOJICHYATHIE W DKCLUCHTPHUKOBBIC.
HenpsimMble Bajibl OTHOCAT K CHEIUATIBHBIM JICTAISAM U 3jIeCh HE

paccMaTpuBaIoTc.
Ocu, KaK OpaBUIO, U320-

moansiom  npamMbiMi - (CM.
puc. 15.1). Ilo koHCTpyK-
IIMM TpSIMbIC BaJbl U OCU
MaJI0O OTJIMYAIOTCS APYr OT
Japyra.

[TpsiMbIc Bajlbl U OCH MO-
I'YT OLITh [JIAAKUMH WM CTYy-
Puc. 15.1. Ochb Telmexku neHYaTbiMH (CM. puc. 15.2).
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ily' Sfe

-

Puc. 15.2. Tlpsmoii cryneHdaThlii Bai:
I — 1 2 — 1ieika; 3 — OOJUIMITHUK; 4 — KOJIBIO ¢ MOTIEPEYHBIM
Ma30M JIT Pa3MEIIeHHS TIT CheMHHKA TI0ITAMTHAK A

Crynenuaras ¢gpopMa cnocoOCTBYET pPaBHOW HAMPSKEHHOCTU OT-
JEJIbHBIX YYACTKOB, YIPOIIAECT U3IOTOBIIEHUE U YCTAHOBKY JCTaJICH
Ha Bally.

Ilo opme nonepeunoz2o cevenys Balbl W OCU OBIBAKOT
CIIOLIHBbIE U MoJible (C oceBbIM OTBepcTHEM). [lonbie Basbl IIpH-
MCHSIIOT JUISI YMCEHBIUICHUSA MAcchl WM JJI Pa3MCLICHUS BHYTPU
JIPYTOU JICTAIIN.

Ilo snewinemy ovepmanuio nonepeuno2o cedeHus Balbl pas-
JENA0T Ha HIJWIeBble M IIMOHOYHbIE, UMCIOIIHE HAa HEKOTOPOH
JUTUHE TIUTAIEBON MPOdHITH WIIH MPO(UITH cO TIIMOHOYHBIM Ma30M.

15.2. KOHCTPYKTUBHbIE  3JIEMEHTHI.
MaTtepuansl BasioB M oOcen

Llangbr —— omopHbIe y4yacTKA Bajla WA ocd. KX
MOJIPa3/ICIAOT Ha Wbl WEHKU U RIAMbL.

[Iunom HaspIBaIOT 1andgy, pacnojoKeHHYIO Ha KOHIIC Balia
WIH OCHM WU MEPe/arollyio NPeuMYIIECTBEHHO PaUalIbHYIO CHIIY
(cMm. puc. 15.2). Ileiikoii Ha3bpiBarOT wLardy B CpeHHEH YacTu
BaJIa WIHM OCU. Onopamu Oas wWuno8 U weex 8aio8 CHyiHcam moj-
munHUKd. [yunoel ¥ ek no ¢gpopMe MOIYT ObITb YUAUHOPU-
YEeCKUMU, KOHUHECKUMU Ul cpepudeckumu. B OOJIBIIUHCTBE CIIy-
4acB MNPUMCHSIOT HWIMHIApPUYecKHe Handbl.

IlaToii naspiBatorT 1andy, MepeJalolylo OCEBYIO  CHIIY
(puc. 15.3). Onopamu ona nam ciayorcam noANATHUAKRUA. TT4THI Mo
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dbopMe OBLIBAIOT CILIOLIHbI-
Mu (puc. 15.3, a), KoJiblie-
BbIMH (pHc. 15.3, &) u rpe-
OeHuatbiMH (puc. 15.3, 8).
I'pebenuarpic maTbl B Ha-
Puc. 15.3. TTsa1eI CTOSIICC BPCMS MPUMCHSIOT

pelKo.

ITocao4yHble MOBEPXHOCTH BAJIOB M OCEH MOJ CTYMHLbI HAaca-
KHUBACMBIX JICTAICH BBIMOIHIOT HHJIMHAPUYECKHMMH W KOHHUYec-
KUMHU (cM. puc. 15.2). Ilpu mocamkax ¢ HATATOM AHAMETP 3THUX
TOBEPXHOCTEH MPUHHUMAIOT OOJBINE JAAMETPA COCETHUX Y4acT-
KOB JUIS yJI0OCTBAa HAMPECCOBKM W CHWKEHUS KOHIIEHTPAITAH
HamnpsoKeHUH (cM. puc. 15.2). JlnaMeTpsbl MocalouHbIX TOBEPXHO-
CTEH W JIMAMETPHI MO MOIMUMHUKH CKOJILKEHHUS BHIOUPAIOT W3
PSa HOPMAJIbHBIX JIMHEWHBIX pa3MepoB, JUAMETPHI TIOJ MOJ-
IMAMHAKA Ka4YeHUs — MO0 CTaHjapTaM Ha MOJIIAMHHAKH.

Konuueckue wonyvt anos (cm. puc. 15.2) uszomosuiiom c¢
KonycHocmuto 1:10. HXx npumensaiom 018 00OAe24eHUA MOHMANCA
yCTaHABIIMBAEMbBIX Ha Ball JleTaJleH.

IlepexoaHble YYaCTKH BaJIOB U OCEH MEKTY JIBYMS CTYMEHS-
MH Pa3HbIX JAAMETPOB BBIMOIHSIIOT:

a) ¢ KaHaBKOW €O CKpYIJIeHHeM ISl BHIXOJIa NUTH(OBATIBLHOTO
kpyra (puc. 15.4, a);

0) ¢ raaTejbl0o MOCTOSIHHOTO paauyca, puc. 154, 6 (rai-
Tellb — MOBEPXHOCTH TUIABHOI'O MEPeXoja OT y4acTKa MEHbIIe-
o CEeUCHHS K OOIbINEMY);

B) C rajitejiblo mepeMeHHoro paamyca (puc. 15.4, g).

IHepexoouvte yuacmxu SAGAIOMCH  KOHYESHMPAMOPAMU  HARPSI-
oiceruti. IPPeKTUBHBIM CPEJCTBOM IS CHWUXKEHWS KOHIEHTpa-
MU HATIPSKEHUN B MEPEXO/IHbIX yYaCTKAX SABJISETCH HOBbIUUCHUE

a) 0) 6)
T 1',,

=t =ul

Puc. 15.4. IlepexoaHbic y4acTKH Bajia
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UX NOOAMIUBOCIIU IIYTCM BbLIIIOJIHCHHUA Pa3- a)

IPYy304YHBIX KaHaBok (puc. 15.5, a), yBenude- ‘ l,'
HUS PAJIMYyCOB TaJITCIICH, BBIIOJIHCHUSI OTBCP- (sl ] ] |

v | |
CTHH B CTYIEHSIX OoJIbIllero jamerpa (puc. . 2 N [ N —

15.5, 6). Hedpopmayuonnoe ynpounenue (Ha-
Kien) eanmeneli ROBbIUIAEM HeCYuyo cHo-
COGHOCMb 8A108 U OCell.

MaTepuasibl BajoB M oceil 001iCHbI XOPO-

wo obpabamvli8amuca, OblMb  NPOUHBIMU U Puc. 15.5.
UMems  @bICOKUIL MOOVAb VHpY2ocmu. ITUM Criocobpt
ITOBBIINICHETA
TpeboBaHUSIM HaudoJee MOJIHO Y/IOBJIETBO- g
yCTaEnooun

PAIOT YIJIEPOJAMCThIE W JIETHPOBAHHBLIE CTa-
Jd, U3 KOTOPbIX MNPEUMYIIECTBEHHO H3IOTAB-
JIMBAIOT BaJibl U OcH. JlJIsi BaJloB M occHd O0e3 YyMpOUYHAIO I CH
TepMooOpadorku mpuMmensaloT craad  Crd, C16; Mg BalIOB ¢
TepMooOpadoTkon — cramm 45, 40X. BoicTpoXoJHbIC Balbl,
padoTarolue B MNOMIMHMHUKAX CKOJIbXKCHUS, W3TOTOBISAIOT W3
craieit 20, 20X, 12XH3A. Langwvi smux eaiog yemenmyom
Ol NOBIUEHUS UZHOCOCTOUKOCHI.

Bajbl m ocu 006pabarTbIBAIOT HA TOKAPHBIX CTAHKaX C Moclie-
JYIOIUM  uiiughosanuem yang) u ROCAOOUHBIX HOBEPXHOCHIEN.

IIPOYHOCTH BaJIOB

15.3. Kpurepuun padborocnocoGHOCTH BaJNIOB
n ocen

OCHOBHBIMU  Kpumepuamu pabomocnocobOnocmu  B-
JAI0TCA TPOYHOCTh M #ecTKOocThb. Bajibl M Bpalnaioinuecs ocu
MpU paboTe MUCIBITHIBAIOT IMUKIMYECKU M3MCHSIOIMUCCS HAMpPS-
sxkeHud. TIpoyHoCTh ONCHUMBAIOT KO(duyuenmom 3andaca npoy-
HOCMU TIPU PacyeTe BaJIOB U OCCH HA COMPOTUBIICHUC YCTAJIO-
CTH, a KeCTKOCTb — HPO2UOOM,  Veramu HOBOPOMA U 3aKpy-
YUBAHUA CcedeHuli B MeCTaX YCTAHOBKU Jerancil. IllpakTukon
YCTAHOBJIEHO, YTO pa3pyllieHHEe BaJ OB U OCeH OBICTPOXO/HBIX
MaIllMH B OOJIBINUHCTBE CJIy4aeB HOCHUT YCTAJIOCTHBIA Xapak-
Tep, TMOITOMY OCHOBHBIM SBJISETCS pdacHem HA CORpOMUEILeHle
yemanocmi.
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OCHOBHBIMH PACUETHLIMU CUJIOBLIMH (paKTOpaMH SIBIISIIOTCS
kpyramme M u msrudaromme M MoMenThl. Bimanue pacraru-
BAIOIMX U CKUMAKIIMX CWI HAa MPOYHOCTh Malo WU HUX B OOJIb-
IIMHCTBE CJIY4acB HE YYMTBIBAIOT.

15.4. lMpoeKTUpOBOYHLIA pacyeT BaJiOB

IIpoekTHPOBOYHBINA pacyeT BaJOB HPOUIBOOAN HA
CIMAMUYECKYI0 NPOYHOCMb € YEIbl0 OPUEHMUPOBOUHO20 Onpede-
Jenus ouamempog. B Hadalle pacdeTa H3BECTCH TOJILKO KpyTs-
MU MOMCHT MH. Nsrudaroriiie MoMeHTBI M oOKasbIBaeTcsd BO3-
MOJKHBIM OTIPEICIUTL JIHINL TOcie Pa3padoTKA KOHCTPYKITUU
BaJIa, Korjla coIJIacHO OOIeld KOMIIOHOBKE BBISBIIAIOT €0 JIJIM-
HY U MeCTa KOHICHTPALUKM HANPSDKEHWUM: TaJITEIN, IIITOHOYHbIE
nasbl U Jap. [Hoomomy Rpoekmupos8ounsill pacyem 8ana npou3so-
OSIM YCIOBHO MOTbKO HA KpydyeHue, a BIMSHWC M3ruda, KOHIICH-
Tpaly HANpsSKEeHUM U XapakTepa HAI'Py3KU Ha MPOYHOCThL Baja
KOMIICHCUPYIOT IIOHHKCHHUEM JIOIIYCKAEMBIX HAIPSKECHUM Ha
KpydeHue [1] .

IIp¥ MPOEKTHPOBOYHOM pacyeTe OOLIUHO OMPECACHATOT JTHa-
METP BBIXO/JIHOI'O KOHIIA, a4 I MPOMEXYTOYHOI'O Baja — JIMa-
METPp Moj| KoJjiecoM. JlMmamerpbl APYIrUMX YYAaCTKOB Bajla Ha3Ha-
4alT IPpH Ppa3padoTKe KOHCTPYKUHUH € YYETOM TEXHOJIOIHUU
HM3TOTOBICHUSA U COOPKH.

JlHaMeTp pacyeTHOro ce4veHHMs] Bajla BBIMHMCJIAIOT Mo ¢opmy-
Jie, U3BECTHOH M3 Kypca COMPOTUBIICHHS MAaTEPHAJIOB:

d = 103M, /(0.2z],) . (15.1)

rae M — KpyTanpil MOMEHT, ACHCTBYIOUIMI B PACYCTHOM CCYCHHH BajIa H
YHCIICHIHO PABHBII MepefaBacMoMy BparnaiomemMmy MoMeHry: M =T, Hw;
[T], — momyckaemoe HaIpsKeHHe Ha Kpy4denue, H/vm®.

st BastoB u3 craed Cr5, Cr6, 45 NpUHUMAIOT: IIPH OMpPE/Ic-
JICHUU JMaMeTpa BbixojHoro konna [t] = 20...30 H/mMm?; jua-
METpa MPOMEKYTOUHOro Bajia moji koiecoM [t] = 10...20 H/mm?.,
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Honyuennvlil ouamemp 8aiad OKpy21i0m 00 Ojudxcailuiezo
sHavenus uz psga R40 HopMaJibHbIX JIMHEHHBIX pa3sMepoB, MM:
22, 24, 25, 26, 28, 30, 32, 34, 36. 38, 40, 42, 45. 48, 50, 353, 56.
60, 63, 67, 71, 75, 80. 85, 90, 95, 100, 105, 110, 120, 125, 130,
140. 150, 160, 170, 180, 190, 200, 210, 220, 240, 250, 260. 280.
Bbombiye (MeHBINIME) 3HAYCHUS Pa3sMEpPOB MOJIYYAIOT YMHOJKCHHU-
eM (JiesicHueM) TpuBeAcHHBIX Ha 10 wmm 100.

[Ip# TPOCKTHUPOBAHUH PCAYKTOPOB THAMETP d BBIXOJIHOTO
KOHIA OBICTPOXOAHOIO Bajla NpHHUMAaIOT paBHbM d = (0,8...1)d
20e d_ — ouamemp 6ald 3NeKMPOOSULAMETSA, ¢ KOMOPLIM PEOYK-
Mop  Coeounsaom mMy@mo.

dopMy M pasMepbl Bajd YTOUHSIOT MOciIe nmoj0opa Mo/ IIuI-
HUKOB, KOI'Jld ONpe/IciIaT HEOoOXOoMMbIC pasMephbl Hamd.

15.5. NMpoBepoYHbIN pacyeT Banos

IIposepounviii pacuem 8a108 NpoU3BOOAM HA CONPO-
mueieHie YCmanocmuy U Ha 2icecmkocmy. Ero BBINOIHAIOT HOC-
Jie  HOAHO20 KOHCMPYKMUBHO20 OQOPMACHUS 8adld Ha OCHOBE
MPOCKTHPOBOYHOTO pacyeTa, Mojadopa MOIUITHHUKOB, pacyeTa
COC/ITMHEHUM, YYaCTBYIOINUX B Tiepejadc Bpallaromero MOMCEH-
Ta, pa3paboTKHA Pa3TUYHBIX KOHCTPYKTHUBHBIX 3JIECMCHTOB, CBSI-
3aHHBIX ¢ (PUKCAIIMEN M PErYJIMPOBKOM YCTAHOBJICHHBIX Ha Bally
JETAJIEH, HA3HAYEHUSI BHJA MEXAaHMYECKOM OOpadOTKH M Kaue-
CTBa TOBEPXHOCTEM OTJICIILHBIX YYacTKOB.

[TpoBepoUHBIM pacueT BaJila BBLIMOJHAIOT MO €ro pacuyeTHOH
cxeMme. Ilpu cocraBileHMM pacuyeTHOW CXEMbl BaJlbl paccMaTpH-
BAIOT KaK MNpIMblc Opychbd, JIeKalllMe HA MAPHUPHBIX omopax.

Pacyer Ha cONpOTHUBJIEHHE YCTAJOCTH BbINOJIHAIOM KAK HPO-
gepounbiti. OH 3aKII0YacTICcsl B OIPC/ICIICHUM PACYCTHBIX KO3(d-
(PUIMEHTOB 3arlaca MPOYHOCTH B IIPEIIOJIOKHTE/IBHO OMACHBIX
CeYeHHUAX, IIPECIABAPUTEIILHO HAMEYEHHBIX B COOTBEICIBHUH C
SNIOPAMU MOMEHMOB U PACNONOJICEHUEeM 30H KOHYyeHmpayuu Hda-
IPAACEHUIL.
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ITpu pacyecrc NMpUHUMAIOT, YTO HAIPSAKCHUS HU3IMOA HU3MCHS-
I0TCS MO CUMMCTPUYHOMY HMKIY, a HANpsKCHHUS KPYdycHMS —
Mo OTHYJICBOMY IUMKJIY. BbpIOOp OTHYJICBOI'O IMKJIA JUJIS HAIpS-
KCHHUM KpyycHUS OCHOBAH HA TOM, YTO BaJIbl MCPeialor Iepe-
MCHHbIC IO 3HAYCHUIO, HO IMOCTOSHHBLIC IO HAaMpaBJICHUIO Bpa-
AIOIIMC MOMCHTHI.

[TpoBepKy Ha CONMPOTHBIICHHE YCTAJIOCTH MPOM3BOMAT MO KO-
y¢pdunmenTy 3amaca MPOYHOCTH S.

AMILUIMTYJa CHMMeTPUYHOr0 IUKJIA HANPSDKCHUN MpU U3IUOC Balla
G,=6,.=06,=M/W,_. (15.2)

a

AMILIMTYAQ OTHYJICBOI'O IHKJIA HaHpH}KCHI/Iﬁ IMPHU KPYUYCHHHU BaJIa

[2=1,/2=M, I2W), (15.3)

Ta = Tmax

e M = 1/ M é + M 1% — Pe3YILTHPYIOIHEA H3rHOaromuii MoMeHT (M, 1

M, — wsrudaromue MOMEHTBHI B BEPTHKAILHOH W T'OPH30HTAILHON

ILIOCKOCTAX); A KpyTammii MomeHT, W _m W_ — MOMCHTBHI
COTIPOTHBIICHIS H3THOV U KPYUCHUFO CCUCHIS Balla:

W= 01d; W_=0,2d"

IIposepounwiti pactem Ha CONPOTHUBICHUE YCTAJIOCTH BEIYT
Mo MaKCHMMAaJIbHOI JJIMTe/IbHO JAelicTBYIoIei Harpy3ke Oe3 yde-
Ta KPaTKOBPEMEHHBIX NMUKOBBLIX HATPY30K, YKUCIIO IIUKJIOB HAarpy-
KCHHUA OT KOTOPBIX HEBCIIMKO W HC BJIMICT Ha COMPOTHBIICHUC
yCTAJIOCTH.

MuHMMaJIbHO JIOTIYCTUMOE 3HavyeHHe KoddgduimeHTa 3amnaca
npoyHocTH [s] = 1,6...2,5.

Eciu B pesyibTare pacyera MmoJydaroT s < [s] U yBeJIMUYCHME
CCUCHMS Bajla HEBO3MOJKHO HWJIM HEIeJIeco00pa3Ho, TO Haubolee
3(pPEeKTUBHBIM CIMTOCOOOM TMOBBIIIEHUS COMPOTHBIIEHHUS YCTaIOC-
TH SBI4CTCA MPUMEHECHHUE YIIPOUHSIOMIEH OOpadOTKH.

PacyeT BaJIOB Ha KeCTKOCTb BBINOJHAIOT 8 MeX CIYYasx,
Ko20a ux oeopmayuu (IUHEUHble UTU VaRo8ble) CYUIeCIBEHHO
MUAIOM HA pPAOOINY CORPAJICEHHBIX € BANOM Oemanell.
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Puc. 15.6. YranI HakiIoHa ceUeHH Baja: _L./—-’
/ — yhopyrag JHus Bana ~

Tak, HAKJIOH YyIIPYyroM JMHUM [ BaJia 1Mo 3y0YaThIM KOJICCOM
oT mporuda (puc. 15.6) BbI3bIBaCT MEPEKOC KoJjiec, KOHIEHTpa-
LU0 HAIPY3KH IO JUIMHE 3YObeB, MOBBIIICHHbIA MECTHBIH HW3HOC
WIK Jaxe H3/I0M, a YroJl Hak/IoHa Hamd — 3aleMiIieHHe Tell
KaucHHUS B MOJIIMMITHHUKAX, MOBBIIICHHOES COMPOTHUBIICHUC Bpalle-
HHUIO W HArpeB OMOPHL.

Pasnuuarom uzeubuyio u KpymuabHYIO JICECIMKOCMb 8.

M3ruOHyI0 KeCcTKOCTh BAJIOB OICHMBAIOT YyIJIOM @ HAKJIOHA,
KOTOPBIM ONPCACIISIIOT METOJaMU COIMPOTHUBIICHHS MAaTcpHaIOB.
TpeOyeMyro M3IrHOHYIO JKECTKOCTH OOECIIEYMBAIOT COOJIIO/ICHH-
eM yciioBusa © < [O)].

3HadeHUe JOMNYCKAEMbIX YIJIOB HakKjJIoHa [®] 3aBUCHMT OT Ha-
3HAYCHHUS Bajla WIKM OcCH. Tak, TOMycKaeMbIil yrojl HakJIoHa ce-
YCHHUS Bajla MOJ 3yO04uaThIM KojiecoM [O] = 2', yroa HakIIOHa
nandg pajuaibHbIX HIAPUKOIO/IIIMIIHUKOB [@] = 6', KOHMYCCKHX
POJIMKOBBIX [@] = 2'.

KpyTHIbHYIO KeCTKOCTh BAJIOB OIICHUBAIOT YIJIOM 3aKpy4MBa-
HUS H& ¢JIMHMILY JUTMHBI BaJia (cM. Kypce «ConpoTHBIICHHUE MATCPH-
aj1oB»). It MHOI'MX BaJIOB Ilepejlady KPyTWIIbHAS XKECTKOCTh He
HMeEET CYIIECTBCHHOrO 3HAUCHUS M TaKOW pacdeT He MPOU3BOIAT.

15.6. Pacuer ocen

IIpoekTHpoBouHbIii pacuer. Ocu padoTaroT Kak
MOICPKUBAIOINTNAC ACTAIM U MMOITOMY HArpyKeHbI TOJILKO M3TH-
OaronUMH Harpyskamu. JcHcTBHCM pacTATUBAIOIIMX W CXKUMA-
IOMUX cUI mpcHeOperaroT. [IpockTUpOBOUHLBIN pacdeT occil Ha
CTATHYCCKYIO ITPOYHOCTL BBITIOJHSAIOT AaHAJIOTHYHO pacycTy
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OaJIOK ¢ IMIApHUPHLIMH OMOpaMy OOBLIYHBIMH METOJ[AMM COMpPO-
TUBJICHUS MAaTCPUAIOB, 3a/1aBasgch IPU STOM JUIMHAMH y4dacT-
KOB OCEM B 3aBHCHMMOCTH OT KOHCTPYKIIMM Y3Jia.

Pacuem mHenoosuxchvix oceli BeJlyT B NPEJIMNOIOKEHUM H3Me-
HEHWA HAOpsKCHUM WU3TUOA 1o OMmHYIesoMY YUKILY — CAMOMY
HeOJIAarONpHUSITHOMY W3 BCEX 3HAKOMOCTOSHHBIX IMKIOB. Jlius
OCEH, HW3IOTOBJICHHLIX U3 CpeAHeylIIepoarcTLbIX craiied (Cr),
Cr6, 45 n ap.), momyckacMoe Hampskenue usruba [o ], = 100...
160 H/mm?. MecHbIlMe 3HAYCHUS PCKOMCHAYIOT MPH 3HAYHTCIh-
HBIX KOHIICHTPALUAX HAIPSKCHUH.

Hanpsxenus Bo Bpalaionmxcs ocaXx U3MEHAIOTCS 11O CUMMET-
PUYHOMY IHKIY, JUId HUX nmpuHumant [o |, = (0,5..0,6) [c ], .
Eciy ochb B pacueTHOM CEUCHWH MMEET IIMOHOYHYIO KaHaBKy, TO
MOJIYYCHHBIM JUaMeTp yBenuuMBaloT Ha 10% W OKpPYIISIOT J10
Onvxaiiero 60JIbIIEro CTaHapTHOIO 3HAUYCHMS.

ITpoBepoYHbI pacdyeT OCCH Ha COMNPOTUBIICHHUE YCTAJIOCTH M
W3rHOHYIO JKECTKOCTH BEAYT aHAJIOTMYHO pacyery BaJloB NpHU
M = 0.

K

Fnasa 16. noAgWnMnHNMKN KAYEHUA

16.1. O0wme cBepeHus

[Topmunuuku kadenus (puc. 16.1) mIpemcTaBIAIOT
coDOM I'OTOBBIN y3€ll, OCHOBHBIMH 3JIEMEHTAMH KOTOPOI'O SBIIS-
I0TCSA Tela KayeHUs — IIAPUKU 3 WM POJIMKHU, YCTaHOBJIEHHbIE
MCXKIY KOIbIIAaMM [/ W 2 W YJcpKUBAacMble Ha OIMPCICICHHOM
pacCTOSHUM JIPYr OT Jipyra cemapatopoMm 4. Ilpu pabore moj-
IIMIHUKA TEJIa KaueHUsl KaTATcsa Mo kKenobam KoJel — JIOPOXK-
KaM KadeHud. OJHO W3 KOoJICI MOAINMMIIHMKA (KaK MpaBHJIO Ha-
pykHoe) B OOJILIIMHCTBE CIIydyacB HEMOJIBUIKHO. PacnpesencHue
pPaIMILHOM HAarpy3KH MEXKIY TEIlAMU KauyeHHS, HAXOMAIIHMHUC
B HarpyKeHHOM 30HE (OrpaHHYCHHOM JAyrod He Oozee 180°),
HepaBHOMeEpHO (puc. 16.2) BcleJICTBUE HEOJIMHAKOBBIX KOHTaK-
THBIX JieopMalMii KoJiell M pa3iuyHbIX Te)l KadeHud. Ha pas-
MEp 30Hbl HarpyeHUS W HEPaBHOMEPHOCTh paclpe/iclicHUs Ha-
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Puc. 16.2. Cxema
pacope/ieleHus paJHaJIbHOM
HAIPY3KH MEXKILY TCIaMH
KadeHHus B MOANIHITHUKE

Puc. 16.1. lllapukossiii
paMaIbHBIA OTHOPATHBIH
MOIITAITHUK

I'PY3KU OKAa3bIBAIOT BIIMSHUE BEJIMYMHA PaJMAILHOIO 3a30pa B
MTOJIIITUITHUKE W JKECTKOCTh KOpITyca.

B orieibHbIX ciayvyasx Uil YMEHLIICHUS paJiialbHbIX pa3me-
POB MOJIIIMITHUKA KOJbIla OTCYTCTBYIOT M Tella KadycHMS Ka-
TATCA MO JOPOKKAM KadyeHusi, oOpa3zoBaHHLIM HEMOCPEACTBEHHO
Ha 1arnde U B kopnyce (B Oioke 3yb0uaThiX koljiec). TBepocTs,
TOUHOCTL U IICPOXOBATOCTL MOBEPXHOCTH JOPOKEK KayeHud
JIOJIKHBI OBITH TAKMMM e, KakK Yy TMOAIMUITHUKOBLIX KOJICII.

[TojimMNMHUKY KayeHUsl CTAaHAapTH30BaHbl U IIIMPOKO PaCIpPO-
crpaHeHbl BO BCEX OTpacisax malmHocrpoenusa. Mx usrorasiiu-
BaroT B OONBINMUX KOJHYECTBAX HA KPYMHBIX CICIAATU3IUPOBAH-
HBIX 3aBOJIaX.

JocToMHCTBA MOAIMIIHUKOB KaveHusa. 1. CpaBuutennLHO Ma-
jJJag CTOMMOCTb BCICIACIBHMC MAacCcOBOI'O IpouU3BojcIBa. 2. Ma-
Jble MOTEPU Ha TPEHHUE W HE3HAUYMTENLHBLIA HArpeB INpu pabore
(moTepu Ha TPEHHE MPU TMYCKE U MPH YCTAHOBUBIIIEMCSA PEKUME
padoTbl MpaKTHYECKU OJiIMHAKOBLI). 3. BhIicOKas cremneHb B3au-
MO3aMECHACMOCTH, 4TO ofJieryaeT MOHTa)X U PEMOHT Mallui. 4.
Mautblii pacxoji AcUUUTHBIX LBCTHBIX MCTAJUIOB MPH HU3IOTOB-
JIGHMM W CMa304YHOI'0 MaTepuhalla MpH JKCIulyaranuu. 5. Majbie
OCEBbIC pa3Mephbl, MPOCTOTA MOHTa)Xa W 3IKCIUIyaTalluH.

Henocratku. 1. boibinve pajuanbibie pasMmepbl. 2. Boicokasd
YYBCTBHUTEILHOCTL K yJlapHbIM W BUOPAIMOHHLIM Harpy3KaM.
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3. bOJblIOe CONMPOTUBIIEHHE BPALUECHUIO, LIYM W HU3Kag HOJICO-
BEYHOCTb MPU BBICOKMX YACTOTAX BPALIEHHUS.

16.2. Knaccuoukauma w YCNIOBHbIe
0003Ha4eHUs MNOALUMMNHUKOB Ka4deHus

[ToAMIHUKKA Ka4eHUs KIIACCHPULUMPYIOT MO Clemy-
IOIIIAM OCHOBHBIM TIPHU3HAKaM.
no ¢opme men

a) 6)
% ( 4 KaueHust (puc.
e ..... —~3 @ 16.3) — mapuko-
o) e) BbI¢ (7) U POJIMKO-
——— = Z/_M Bble, TIPUYEM MOC-

JIEHUE MOTYT
OBITb ¢ LUIMHIAPH-
yeckumu (0), Ko-
HUYECKUMH (), O0OUKOOOPA3HBIMHU (2), UTOIBYATHIMHA () U BUTHI-
MU (€) POITUKAMU;

nO HANPABACHUIO OCUCMBUS. GOCHPUHUMAEMOU HACDY3IKU —
paaMajibHbie, PpPaaUAJIbHO-YNIOPHbIE, YNOPHbIE W YIOPHO-PAIM-
aJIbHbIE;

no yucay psoog mea KayeHusi — OMHOPSIAHbIC, NBYXPSIHbIE H
MHOTOPSAAHbIE;

RO OCHOBHBIM KOHCMPYKMUGHbIM HPUZHAKAM — CAMOYCTAHAB-
JuBamomuecs: (Hampumep, cPepuuecKHe CaMOYCTAHABIMBAIOTCS
[IPU HETOYHOM YIJIOBOM PACIIOIIOKEHUH OCEi Bajld U OTBEPCTHS B
KOPNYyCE) KW HECAMOYCTAHABJIUBAIOIIHUECH; C UWIMHAPUYECKHUM
WJIH KOHYCHBIM OTBEPCTHEM BHYTPEHHEro KOJIbLA H Jp.

JlereHne MOAWMUITHUKOB B 3aBUCMMOCTH OT HAIIPABIIEHUS HEH-
CTBUS BOCIIPUHHUMAEMOW HArPY3KHM HOCUT B PANIE CIYy4YaeB ycC-
JIOBHBIM Xapaktep. Hanpumep, WHPOKO pacnpoCTpaHEHHbIN
APUKOBBIA pPagualbHBId OOHOPSAOHBIA IMOJUIMITHUK YCIIELIHO
OPUMEHSIIOT A1l BOCIPUSITUS HE TOJIbKO KOMOMHUPOBAHHBIX (CO-
BMECTHO [ACHCTBYKINMX PaaAMaIbHOM M OCEBOH), HO H YHUCTO
OCEBBIX HATrPY30K, d YINOPHO-PAAUAIIbHBIE TTOMIITUNIHUKHA OOBIYHO
UCTOJTB3YIOT TOJILKO U1 BOCHPUSITHUS OCEBBIX HATPY3OK.

Puc. 16.3. Tejna xayeHus MOJIIUITHUKOB

108



16.3. OCHOBHbIe TUMNbI NOALUNMHUKOB Ka4YeHus
M MatTepuanbl getanev noaLnnHUKoOB

IlapuKkoBbIA paaHAIbHBIA ONHOPAAHBLIA MOAIMITHUK
(puc. 16.4) camplii pacnpOCTPAHEHHBLIH B MAUIMHOCTPOCHHHM.
IIpenHasHaueH st BOCHPUATHS B OCHOBHOM PaguMalbHOW Ha-
rpy3ku. JKenoOuaTele DOPOXKKH KAUYEHHUS MO3BOJSIIOT BOCHPUHHU-
MAaTb OCEBbIE HATPY3KH, NEUCTBYIOUIHE B OOOMX HAMPABIECHUSIX
BOOJb OCH Bama. ObecrnedynBaeT 0CeBOE€ (PUKCHUPOBAHHE Bala B
IBYX HanpasieHusasx. OH JeleB, AOMYCKAET OOCTATOYHO OOJIb-
LIOKM TMEPEKOC BHYTPEHHETO KOJbLA OTHOCHUTEIBHO HAPYXHOTO
(mo 0°10"). Ilpu oounaxoswvix 2adbapumuvlx pasmepax padomaem
C MEHbUWUMY ROMEPAMU HA mpeHue u npu Goavuieil uacmome 8pa-
wienust 8aad, 4em ROOWURHUKY 6CeX Opy2uxX KOHCHPYKYUL.
IITapukoBblii paguajbHbIH cepuyecKMil ABYXPSAHBIA MOJ-
INUIHUK (pUc. 16.5) mpenHasHayeH B OCHOBHOM JJIS PagydalibHOM
Harpy3ku. OQHOBPEMEHHO C PagualbHOW MOXET BOCIPHHHMATH
HEOONBIIYIO OCEBYIO HArpy3Ky OOOHMX HampariieHuH. J[opoxka
KAueHWs HAa HAPYXHOM KoJblie oOpaborana mo cdepe. ITosTo-

Baree

=y

\
X

DI

ﬂa‘ﬂi

/
Y %
| — Puc. 16.4. [ITapukoBbI¥ pajdalIbHbIA OJIHOPAIHBINA MO/ IITUITHUK
2 — Puc. 16.5. IllapuKoBLIA pagualbHBIM chepUUSCKUN TBYXPATHBIN
TTOIIITHUITHAK

3 — Puc. 16.6. PouKoBBIM pajuaibHbld COEPUUYCCKUN JIBYXPSAIHBIN
IO/ IIUITHUAK
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My TOJUIMIOHUK Ccrnocoben pabomams npu 3uayumenvHom (J10
2...3%) nepexoce eHympeHHe20 KOIbYd OMHOCUMENbHO HAPYIIC-
Ho20. CIOCOOHOCTh CAMOYCTAHABIMBATLCA WM OMpeEjelsier o0-
JacTh €ro MPUMCEHCHHUS.

PoqmkoBblii  paguajbHblil  ceprdeckdil JABYXPSHBbIA TMOJ-
mUnHUK (puc. 16.6) UMeer Ty K¢ XapaKTCpUCTHKY, YTO MW Ia-
PUKOBLIN cepHUecKUHA, HO o0Oaadaem Haubowuiel 2py3onoosb-
eMHOCMbIO U3 BCEX JIPYTHX MOJIIMITHUKOB TAKHX K€ radapur-
HBIX Pa3MEpOB.

Po/koBbIil pagva/bHbIA MOJUIMIIHUK ¢ KOPOTKMMM IWJIHHIPH-
YecKUMH posiukamu (puc. 16.7, @) BocnmpuHUMAaeT OOJIBIIUE paju-
aJIbHbIE HAIPY3KH, O0JIa/1aeT 3HAYWTEILHO OOJIBINEH PaIAaJIbHOW
I'PY30II0JABEMHOCTBIO, YEM ILIAPUKOBBIN PaJUAIbHBIA OHOPSAHbINA
PaBHBIX Tal0apHUTHBIX Pa3MEpoB. Jlonyckaem ocegoe B3aUMHOe
cMeuenue  Koiey. YyBCTBUTEIEH K OTHOCHUTCIILHOMY TIEPEKOCY
BHYTPEHHEI'O U HApY>KHOIO KoJiell (py MEepeKoce BO3HUKAET KOH-
IIEHTpAIMs HaIpsKEHUW y KpaeB ponuka). [logummnuuk ycranas-
JUBAIOT HA JKECTKHX KOPOTKUX BalaxX MPH MOBBIIIEHHBIX TPedO-
BAHKSIX K COOCHOCTH IMOCATOYHLIX MecT. IIpUMEHAIOT B KayecTBE
«TUTABAIONIUX OMop» (JUI1 BAJIOB IICBPOHHBIX IECTEPEH WU JP).

ITpu HeoOXoauMOCTH OceBOM (pUKcallMM Bajla, HATPYKEHHOI'O
HE3HAYUTEIIbHOM OCEBOW CHJIOM OJIHOI'O HAIIPABJIEHUS, IPUMEHS-
IOT NOAMMIIHUKH ¢ 00PTOM Ha HapyxkHOM KoJiblle (puc. 16.7, 0),
a JUIsI OceBOM (PUKcaIlK B JBYX HAITPABJIICHHUAX — MOIITHUITHUKHA
C OJJHUM OOPTOM Ha BHYTPEHHEM KOJbIE U TJIOCKUM YIOPHBIM
KoJIblioM (puc. 16.7, 8).

PoyiMkoBbIi paguasibHbIA UroJbYaThblii OAHOPSIAHBIA MMOUIHUII-
HUK (puc. 16.8) BOCIIpUHHUMACT TOJIBKO PaTUAIbHYIO HArpy3Ky.
[Ipy cpaBHHUTENBLHO HEOOJIBINMUX THAMETPAIBHBIX pa3Mepax o0-
JlajlaeT BBICOKOW Pa/[MalbHOU I'PY30MOJJIbeMHOCTHIO. M3-3a OT1-
CYICIBUSL celaparopa XapakKTepusyercs BLICOKUMH MOTepAMHU
HAa TPEHUE MEKJLYy WIJIAMU W HHU3KOU Mpe/Ie/IbHOM 4acTOTOW Bpa-
meHud. [lepekoc BHYTPEHHETO KOIBIA OTHOCUTCIIBHO HAPYKHO-
ro HCAOIYCTHM. QOblYHO UCHOABL3IVIOM 0N pabomvl 8 pedcume
Ka4ameavbHo20  OBUNCEHUS.
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[IlapukoBblii paguadbHO-YIOPHbI OJHOPAAHBIA MNOAMIMNIHUK
(puc. 16.9) mpemHaszHA4YEH I BOCIIPHUSITHS KOMOHHUPOBAHHBIX
(pa/lMaJILHLIX KW OceBbIX) Harpy3zok. CnocoOHOCTL BOCIPHHH-
MaTh OCEBYIO HAIPY3Ky 3aBUCHT OT yIJIa KOHTaKTa O: C YBe-
JTAYCHUEM YIJIa KOHTAKTa BO3pacTacT BOCIPUHHAMAEMas IMOJ-
HIMITHUKOM OJ{HOCTOpOHHSS oOceBasg Harpyska. [loimunuuku,
CMOHTHPOBAHHbIE MOIAPHO, BOCIPHUHUMAKOT OCEBbIE CHIIbI, JCii-
cTByIOIMEe B 0OouxX HampaBiaeHusax. [Ipu Montaxke mpedyem pe-
2YAUPOBKU  0CEB020  3A30pd.

PomkoBblii KoHMYeckuii mogmunHuk (puc. 16.10 16.11) Boc-
OPUHUMACT OJIHOBPEMCHHO PAJIMAIBLHYI0O W OJIHOCTOPOHHIOO
oceByl0 Harpyskd. QOO6mnajaer OOJIBINIOW TIPY30MOIBEMHOCTHIO.
[To mpuMeHeHUIO B MAMIMHOCTPOCHUU CTOUT HAa BTOPOM MECTC
nocje IMAapUKOBBLIX PajyalibHbIX OJHOPSHbIX. YyBcTBUTEIIEH K
OTHOCHUTECIILHOMY TIEPEKOCY BHYTPCHHETO M HAPYKHOTO KOJICII.
[To/IIIMMHKUKKA YCTAHABIMBAIOT MOMAPHO HA JKECCTKUX KOPOTKHUX
BAJIAX MPH TMOBBIIIEHHBIX TPeOOBAHUAX K COOCHOCTH IOCA/I0Y-

9

"
T

el

1 — Puc. 16.7. POIIMKOBBIN paaHaIbHLIA MOTIHIHHK ¢ KOPOTKUMH
IMTHHIPHICCKUMHU POIIMKaMU (4, 6,6)
2 — Puc. 16.8. PoJMKOBBII paJHAIBBIA UIOILYATHIA OJJHOPA/HBIIA

IO/ [ITUITHUK
J — Puc. 16.9. lllapuxoBeIii yOOPHBI 1O ITHITHHAK
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HBIX MECT. IIpUMEHSAIT Npu CPEeOHUX W HU3KUX 4YACTOTAxX Bpa-
weHnud. [lpu MmoHTaxe mpedyem pe2yauposku ocesozo 3asopa.

IlapuxoBbiii ynopHeiii noamunuuk (puc. 16.12, a) BocnpuHu-
MaeT OAHOCTOPOHHIOK OCEBYKO HArpysky. g Bocmpuatus oce-
BbIX CHJI MOMNEPEMEHHO B OOOMX HAMPABIECHUSX YCTAHABIUBAIOT
IBOWHON yIOPHBIN NOMIIUMHUK (puc. 16.12, 6). Bo nuzdexxanue 3ak-
JIMHUBAHUS 1IAPUKOB OT ACUCTBUS LIEHTPOOEKHBIX CUJI 3TOT MOA-
LIAMHUK MPUMEHSIOT NIPU CPEOHEH U HU3KOM 4acTOTE BPALLECHUS.

Marepuasnbl aetajied NOAMMNHUKOB. Tena KadeHUs U KOJbIA
U3TOTOBIAOT M3 CHEUUAIBHBIX LIAPUKONOMIIUITHUKOBBIX BBICO-
KOyTIepoaucThix Xpomucteix craiei LIIX15, IT20CI, a takxe
U3 I[eMeHTyeMbiX JjerupoBaHHbix crane [8XIT, 20X2H4A.
Kompua umeror tBepmocts H = 61...66HRC3, tena xaueHus
H = 63...67 HRC. Butble ponuK#u U3TOTOBIAAIOT HABUBAHUEM W3
CTaJIbHOU MOJOCHI.

CenapaTopbl uallle BCEro WTAMNYIOT U3 MATKOW yriepoau-
CTON cTanu. JJIsi BBICOKOCKOPOCTHBIX MOALIMITHUKOB Ccenaparo-
Pbl U3TOTOBISIOT MACCUBHBIMH (CM. puc. 16.9) wu3 Tekcromura,
dToponnacra, JaTyHu, OpoH3bl. Marepuaibl NEepPEeYUCIICHBl B
NOPSIIKE YBEIUUYCHHUS OBICTPOXOOHOCTH MNOJLIUITHUKOB.

]
w’
i

DR
)

N

1 2 3

] — Puc. 16.10. POMUKOBBIM KOHUYECKUHN ITOITTHUITHUK
2 — Puc. 16.11. PoIMKOBBIM KOHHYECKUH ITOJAIIMIIHUK ¢ OOPTOM Ha
HapY>KHOM KOJIbLIE
3 — Puc. 16.12. IlapuKOBLIM YIIOPHBIN TTO/IITHITHAK
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16.4. PacuyeTt (noa6op) NOALLUNHUKOB Ka4yeHus
Ha AOJIrOBEYHOCTb

[Tpu mpoekTHPOBAHUM MAIIWH MOAIIUTTHUKA KaYSHUS
noagduparoT no TabnuiaM Karalora.

Pacyer pamManbHbIX W PAaAMATBHO-YIOPHBIX MNOALUIUITHUKOB
Ha [JOJIIOBEUYHOCTH NPOBOIIT IO AUHAMMYECKON paauanibHOH
rpy30NOAbEMHOCTH.

bazosas aMHAMMYeCKasi paauajbHasi TPYy30NOABEMHOCTE MOMI-
munHuKa C MpeacTaBiseT cOOON paaHanbHyl Harpysky B H, Ko-
TOPYHO NOJAIIMITHUK MOXKXET BOCHPUHUMATL NPU 0a30BOH AONTOBEY-
HOCTH, cocTasisifoleii 10° oOopoTOB BHYTPEHHETO KOJIbIIA.

3nauenue C 3apaHee ONPENEIIEHO W yKA3aHO B KaTajorax
I KaXXAoro TUnopasMepa NOALUMITHHUKA.

JOAroBeyHOCTE MOALUMIHUKA KaueHus L onpenensercs yc-
TAJOCTHBIM BBIKPALUMBAHUEM NOBEPXHOCTEH KaueHus. [lokasa-
menem 001206e4HOCMU CIYXKUAT pecypc MOMIIWIMHUKA, T.€. Hapa-
OOTKa A0 MPEAEIbHOTO COCTOSHMS, BBIPAXKEHHAs B MMWIJIMOHAX
0bopoTOB (MIH. 00) unu B yacax (4).

bazoyro poarosednocts L, B MIH. O0. ONPEOCISIOT IIPU
90%-it HapexkHocTH (oTcroaa unaekce 10 = 100 — 90 B obo3HaueHun):

L,=(C /R),

IJ¢ p — MOKas3aTelIb CTENCHNU KPUBOM YCTAJIOCTH; p = 3 IS IIAPUKOBBIX
U p = 3,33 11 pOJIHMKOBBIX MO IITAMTHUKOR.

basoBas [OATrOBEYHOCTH MOJLIMIIHHMKA L, pacmpocTpaHseTcs
Ha OOBIYHBIE MOAUIMIHUKOBBIE CTAJIM NPH HOPMAJIbHBIX YCIOBH-
AX OJKCOyaTauuu (IMPaBUIIbBHOW YCTAHOBKE MNOAIUMNHUKA, Mpa-
BUJIBHO BBIOPAHHOM CMocoOe CMa3bIBaHUS, 3ALUUTE OT MPOHHK-
HOBEHHSI MHOPOJHBIX Teln U Ap.). IIpn oTnuunm cBONCTB MaTepu-
aga WM YCIOBUH 3KCOyaTaAUUM OT OOBIYHBIX, & TakKXe MNpH
NOBBILIEHHBIX TPEOOBAHUSAX K HAOCKHOCTH OMNPEAEHAOT CKOp-
PEKTUPOBAHHYKO PACUYETHYIO JOJTOBEYHOCTh.

CKOPPEeKTUPOBAHHASL MO YPOBHKO HAAEKHOCTH W YCIOBHUSIM
NPUMEHEHUSI TOMAIIMIHUKA PacueTHasl JOJTOBEUHOCTb (pPecypce)

113



L . pajuaibHOIO MM PaUalbHO-YIIOPHOIO IOAIIMITHUKOB B
yacax (4):

c, Y 10°
Lo =] - | —.
sah = A1423 Re | 60n (16.1)

BuMecTo mHIekca s B 0003HAYCHHHM JOINTOBEYHOCTH 3AIIHCHI-
Bator muppy s = 100 — P, rjie P — HaJICKHOCTL TIPU OIpe-
aenenun pecypea. Tak, npu 90%-ii HajgexHoctd — L, .. 1pH
95%-it — L, ,, mpu 97%-i1 — L, .

B dopmyie (16.1) obosnavenn: C — dazoBasd JUHAMHYCCKAA
paguajibHas I'Py30HOAbeMHOCTh noamminHuka, H; R, — auHa-
MHUYECKAas HKBUBAJICHTHAS pajinajibHas Harpyska (cMm. Huxke), H;
R — 4YacToTa BpallleHHS KOJIbIla, MHH '

a, — KooQpuIenT HaJeskHocTH. IIpy ompeneneHuu pecypea,
coorBercTByomero 90%-i Hajexnoct, Kodpduiuent a, = 1,
npu 95%-i1 nagexnocru a, = 0,62, npu 97%-i a, = 0,44;

a,, — KOdhOUIMECHT, YIUTLIBAIOIIMIA COBMECTHOE BIHSIHUE
Ha JIOJITOBEYHOCTHL OCOOBIX CBOMCTB MeTalllla KoJIell MU TeJl Kaue-
HUS (0ObIYHAS TUIABKA, BAKYYMHBIM WK 3JICKTPOIUIAKOBBIN Mc-
peruiaB), YCIIOBHMH JKcIUIyaTandu (MEepeKochl KOJEll, HaJIM4ue
I'HJIPOJIMHAMHUYECKON TUIEHKHM Macja B KOHTaKTe KOJIeI] M Tell
kadeHHs). /g OOBIYHBIX YCIOBHHI IMPUMEHEHUS ITOINMHUITHHUKOB
(MaTepuas OOBIYHOM IUUIABKH, HAJIMYME MEPEKOCOB KOJIEIl, OT-
CYTCTBHUE HAJCKHOWU T'MAPOJMHAMUYCCKON IUICHKHM Macja) 3Ha-

yeHuda KodduimenTa a,,:

s wapukonoowunuuxos (kpome cgepuveckux) ....0,7...0,8
s poauKONOOUUNHUKOB KOHUHECKUX .vevvverreeaaeenenn, 0,6...0,7
s porUKOnOOUUNHUKOS8  YUIUHOPUHECKUX,
WAPUKONOOWURHUKOE — chepudecKux 08yxpsaoHnsix.... 0,5... 0,6
s ponukoselx paouaivbHblX 08 XpPAOHbIX
CPHEPUHECKUX  NOOUUNHUKOB ...ceeveeeeviririaieaaeaeieviiiananns 0,3...0,4

YclioBHeM MIPUTOIHOCTH MOMIIUIHUKA SBIISCTCS MPEBLILICHNE
pacYeTHON J0/IroBeYHOCTH L 3HaucHUs TpeGyeMoil JoiroBeu-
HOCTH L;ah
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L,>L .. (16.2)

OO0b14HO L:ah COOTBEICIBYET pPecypcy MalllMHbl WIM Hapa-
OOTKEe MeXIy TUIAHOBBIMH peMOHTaMH. B 3aBUCHMOCTH OT THMa
MalllMHbl U YCIIOBMH JKCILUIyaTalluu L:ah = 4000...100000 y.

®opmyna (16.1) crpaBe/yIMBa MPU IKBUBAJICHTHBIX Harpys3-
kax R, , He mpesplmnaromux 0,5C u n = 10 MHUH .

JKBHBaJIeHTHas Harpy3ka. B OoJIbIIMHCTBE CilIy4aeB paju-
aJIbHbIE U PAJUAILHO-YIIOPHBIC TOJIIHUITHUKH TOJABEPKECHBI CO-
BMECTHOMY AEUCTBUIO PaJIMAIIbHOM M OCeBOU cWil. Kpome Toro,
YCIIOBUSI PAdOTHI MOIIANMHUKOB Pa3HOOOpa3Hbl U MOTL'YT Pa3iiH-
4aTbcd MO BEJIMYMHE KPATKOBPEMEHHBLIX MEPErpy30K, padouci
TeMIlepaType, BPALCHHUIO BHYTPEHHEI'O WIIM HAPYKHOI'O KOJIEL.
Brmusinue Bcex 3THX (pakToOpoB Ha paboTOcHOCOOHOCTH MO IITHII-
HUKOB YYHWTBIBAIOT BBEJICHUEM B pacyel 3KBHUBAJICHTHOM /(MHA-
MHUYECKON paaualIbHOW HATPY3KH.

JKBHBAJEHTHasl JUHAMHYeCKAas paauajibHag Harpyska R, juisd
pajdaibHbIX M PaJMAIILHO-YIIOPHBIX IOJIIMITHUKOB — 3TO Ta-
Kasi TIOCTOSHHAs pajaudalbHasg cuila, KOoTopas IMPH NPUIOKCHHUU
€€ K MOJUIMIIHUKY C BPalllalOlMMCS BHYTPEHHUM H HEIIOIBUXK-
HbIM HapyKHBIM KOIBIIaMH OOECICUMBACT TAKHE JKEC pecypc H
HAJEHKHOCTb, KAK U IpU JICUCTBUU CWI B YCIIOBUSIX JKCILIyarla-
1H.

Hna  paouanvuvix u  paouarbHO-ynopHslx HOOUUNHUKOB

Ry =(XVR, +YR K ;K ; (16.3)

0Nl YHOPHBIX  NOOUIUNHUKOB

R, =R KK, (16.4)

rjac K — paapajbHas CHila Ha IOINIHITHAK (CyMMapHas OropHas peakiHs),
H; R, — oceBad cunna, H; V' — kos(dHmenT BpanicHus, YO ThHIB AIOIIHI
3aBUCHMOCTDL JOJTOBEYHOCTH MOIIMHIMHHUKA OT TOI'0, KaKoe M3 KOJell
Bparmaetcs: J' = | mpu BpaltieHHH BHY TPEHHET 0 KOJTbI1a TTOITTHITHAKA OTHO-
CUTEIILHO HAMPAaBJICHHUS PaJiMalbHO HArpy3ku u V' = 1,2 mpu BpalieHuu
HaApPYKHOI'0 KOJbIA; K, — MMHAMHYCCKUI KOO (DPUIICHT, YU THIB AL
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BJIMSIHUC DKCIUIYATAITMOHHBIX MICPETPY30K Ha JJOJITOBCYHOCTD MO IITMITHUKA;
K, — KoopUIUEHT, YUNTHIBAIONIMN BIMAHUE TEMIIEPATyphbl Ha JIOJIIO-
BCUHOCTH IO, IIIMUAMMHUKA!

ITpu °C | 100 125 | 150 175 200 250
K 1,00 1,051 1,10 | 1,15 1,25 1,4

T

X, Y — Kod2(pHULHUCHTEI paJdaibHOR U OCEBOM JMHAMHUYCCKHUX HAIPy30K
(YKazaHbl B KaTaJI0I¢); 3aBUCAT OT THIIA H KOHCTPYKTHBHBIX OCOOCHHOCTCH
MOJIIUITHHUKA, & TAKAKES OT COOTHOIICHHS OCCBOM U padalilbHOH CHIIL.

OceBast cuna R He yMeHbUIAET PeCcypc MNOJLIMIIHUKOB IOKa
oTHoweHne R_/(VR) He IpeBLICUT 3HaueHHS ¢ — MapaMeTpa
oceporo Harpyxenus (ykasaH B katasore). Ilpu R /(VR) < e
koapduiuentel X = 1 u Y = 0, 1. e. npu onpenenenun R, cuiy
R He yuutbiBamoT [cM. dopmymy (16.3)].

Ilpu ycmanoexe eana Ha wapuxoevix paocuaIbHuIX HOOUWUNHU-
kax ocesas cunra R, Harpyxaiwowas NOALIMITHUK, PaBHA GHeHel
ocesoti cune F , neiictBytomieit Ha Banm: R = F. Cuny F_BOc-
MPUHUMAET MOAUINITHUK, OTPaHUYMBAIOIIMNA OcCeBOe IlepeMellle-
HUe BaJla MOJ AeHCTBUEM 3TOUW CUJbI.

naea 17. MYDTbI

17.1. Obwme cBepneHusd

BoNBIIMHCTBO MAalllMH U TEXHOJOTMUYECKHX CHUCTEM CO-

CTOWUT M3 OTHEJbHBIX y3510B. s obecnieyeHuss KUHEMaTUUYeCKOW M
CUJIOBOM CBSI3M BaJjibl Y3JIOB CO-
enuHsI0T Mypmamu (puc. 17.1).
MydToi Ha3bIBalOT YCTPOM-
CTBO ISl COETMHEHHS KOHIIOB Ba-
A, JIOB WA BAJIOB €O CBOOOJHO CH-
IOALIMMA Ha HUX AeTaliaMu (3y0-
. YaTbIMU KOJIecaMH, IIKUBAMU U
T. nO.). OCHOBHOe Ha3zHaueHUe

Puc. 17.1. Brynouynas mydra mMygpm — nepedaua epawjarouje-

)

==

g

116



20 MoMeHma be3 usMeHeHus: e2o 3HaveHus u Hanpaenerus. Hexoto-
phle TUTIBI MYGT TOTNOJHUTETLHO MOTYT TOTJIONATh BUOpaImu u
TOJTUKH, MPEOOXPAaHATh MAILIUHY OT IEeperpy30K, BKIIOYATh M BBIK-
TovaTh pabouMii MeXaHW3M MallliHBI 0e3 OCTAaHOBKU JIBUTATEINS.

Muoroo0Opasue TpeboBaHHI, MpeabsIBIIeMbIX K MydTaMm, U
pas3iIuuHBIe YCIIOBUS UX paboThl 0OYyCIOBUIM co3daHHUe OOJbIIO-
ro KOJWYecTBa KOHCTPYKIUMU MYQT.

Ilo ynpasnsemocmu mygmol pa3gelsioT Ha:

HepaclenseMble (ITOCTOSHHBIE), OCYLISCTBISIOLIME MOCTOSH-
HOe coeQHHEeHHe BaJIoB MeXAy coboil (Timyxue, KeCTKHe KOM-
TIEHCUPYIOLINE, YIPYTrHe KOMIICHCHPYIOIINE);

CLEeNHble ympaBJiieMble, [IOMNYCKAIOIIHE BO BpeMs paboThI
CIleTNIeHe M paclielllieHe BalloB ¢ TTOMOINBIO0 MeXaHHM3Ma VII-
paBlieHUs (KyJIauKoBble, (PPUKLHOHHBIE);

CLEeNMHbIe caMoymnpapJisieMble, ABTOMATHYECKH pPa3beIuHSIIO-
1ye Bajibl MPU U3MEHEHHUH 3aJaHHOTO pekHMa padoThl MAIIMHBI
(obroHnsle, 1eHTpoOeXkHBIE, MpenoXpaHUTeNIbHbIE).

Ilo cmenenu cHudICEHUsT OUHAMUYECKUX HA2PY30K MYQThI
OBIBAIOT:

JKeCTKHe, He CriaXuBalollde IpH Mepeaayue Bpallarollero
MOMEHTa BHOpalluM, TONYKH WU YIaphl,

yopyrue, crijaxuBalolliie BUOpallid, TOJIYKH W yaapbl Oja-
rojapsi HAJIMUUIO YIIPYTUX 3JEMEHTOB —— TMPYKHMH, PE3HHOBBIX
BTYJIOK W Ap.

OcHogHoti  Xapakmepucmukol Mmypm aeiagemcs nepeoagae-
motit epawarowuii momeum 1. Mydtel nogbuparot no I'OCTam,
BEIOMCTBEHHBIM HOpMaM, KaTajoraM WIA TPOSKTUPYIOT IIO
pacueTHOMY MOMEHTY

T = KT, (17.1)

rae K — koapHidcHT pexknuMa padoTbl MydThl; 7 — HOMHHAILHBIN
BpaIiarolii MOMEHT (HAaUOOJILIIMK U3 JIATEIILHO JICHCTBYIOIIHX ).

B mpuBomax oT 3jleKTpoABUIraTeNs IPUHHUMAKOT:
MIPU CHOKOUHOU pabome u HeOOAbUIUX DAS2OHACMBIX MACCAX

(TpUBOABLI KOHBeHepOB, MCMBITATEIbHBIX YCTAHOBOK W JAp.)
K = 1,15...1,4;
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IPH  AEPEMEHHOU HA2PY3Ke U CPEOHUX PA32OHAEMbIX MACCAX
(MeTa/UTOpeXKyIUEe CTAaHKH, ITOPINHEBBIC KOMIIPECCOPhl U Ip.)
K = 1,5.2;

NIPU yOaproli Ha2py3Ke U OOabuux paszoHiemvlx maccax (mpo-
KaTHbIC cTaHbl, MOJIOTHI M Jp.) K = 2,5...3.

JdunaMerpbl MocaJlouHbIX OTBEPCTHU MY(QTHI COIJIACYIOT C JIU-
AMETPAMH KOHIIOB COEJMHSIEMBIX BaJOB, KOTOPbIE MOIYT ObITh
PA3JIMYHBIMU MPU OJHOM M TOM K€ BPANIAKOIIEM MOMEHTE
BCJIC/ICTBUE MPUMEHEHHUS PA3HBIX MATEPHUAIOB M Pa3IMYHOM HAr-
PYXEHHOCTH H3TUOAOIUMUA MOMCHTAMM.

Cmanoapmusie My@msl Kazicoo2o pasmepa BblNOAHAIOM  OJis
HEKOMOopo20 OUANA30HA OUAMEempos Banos.

Haubonee cnabvie 38eHbs  8blOPAHNON  MYDmbl  Npo8epsaiom
pAacyemom Ha npoYHOCMb TIO pacdyeTHOMY MoMeHTy T,

Pabora wMmydr compoBoxjaerca norepaMu. [lo onbITHBIM
nannpiM  mpu pacderax KIIJ wmydr obOpiuno npuHMMAaIOT
n = 0,985...0,995.

17.2. Tnyxue mydThI

Inyxue mygmoul npeonasnaueuvl O1s1 HCECMKO20 NO-
CIMOSIHHO20 COCOUHEeHUs. COOCHBIX 8alod. M3 pa3IudHbIX BHIOB
NIyXuX MyQT HauOOIbIICe pacOpoCcTpaHCHUE MOJIYYMIA BTY-
JIOYHbIe U (JraHUeBbIe MY(THI.

Brynounass mydTa IpcAcTaBIsIcT coOOil BTYIIKY, Haca)XKHUBac-
MYIO Ha IWIHHIPHUYCCKUC KOHILI BajloB (cM. puc. 17.1). IlpumMe-
HAIOT I Tepejlaud Bpalatoinux MmoMeHToB oT 1 g0 12500 Hwm
JuIg BalioB jiuaMmerpom ot 6 jo 100 mm. MMeeT mpocTyro KOHCT-
PYKIIMIO, 0c000 MaJjbiec radapuThl MO JIMAMETPY M HM3KYIO CTO-
uMmocth. HemocratkomM MydThl siBIgercd HeyJ0OHBIM MOHTAKX,
CBSI3AHHBIH CO 3HAYMTEIILHBIM OCEBBIM CMEINEHHEM COEIUHSIEMbIX
y3i10B. Marepua BTYJIKH — cTajb 45.

Bryaouynyro MydgrTy BBIOMparOT IO CTaHJAAPTY.

@aaHueBass MydTa cOCTOMT M3 JIBYX Noaymydr c¢ duiaHna-
MU, CTATHBacMbIMU Oonramu (puc. 17.2), mOJIOBUHA U3 KOTOPBIX
U1 O0OCCeYCHHUSI COOCHOCTH MOJIYMY(T yCcTaHOBIICHA O¢3 3a30-
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pa B OTBEPCTHS H3-TIO/I PasBEPTKH, a OCTAIBLHBIC — C 3a30POM.

DaHmneBbIMH My(pTaMHU COCAMHAIOT OT/CIbHbBIC YacTU Ba-
JONMPOBOJA B OJWH Bajl, padOoTaroIUh KakK Leibld. YToObl co-
CTABHOW BaJl OCTABAJICS IPSIMOJMHEHHBLIM, HEOOXOJIHMMa CTPO-
rasi COOCHOCTb €r0 4YacTed WU MNEPHNEHIUKYJSIPHOCTh TOPLIOBBIX
MIOBEPXHOCTEH MHOJIYMY(PT OCAM OTBEPCTHM, B MPOTHBHOM CIIy-
yac Hen30eKHbI M3rud Basia, cro OMeHHE W TIOSBIICHUC JOMOJIHH-
TCILHBIX HArpy30K Ha OMOPHI.

[ToayMy¢pThl UMEIOT JBa HWCHOJTHEHUS: I COCTUHCHHUS ITH-
JUHIPUYECKHX H KO-
HUYECKUX KOHIIOB Ba-
JIOB.

diaHneBbie  Myd-
TBI TIPOCTHI TIO KOHCT-
PYKIIMHA,  YOPOIIAIOT
MOHTAX y3J0B, MO-
I'yT mepeaBaTh Bpa-
HIAKOIIHE  MOMEHTBI
or 16 mo 20000 HM mpu mumamerpax BajaoB d = 11...250 mm.
Marepuan noiaymydpr — craiab 40 wiam 35JI.

Dranyeayio mypmy evioupaiom no cmaundapmy. llpoBepou-
HBLIM pacueT OOJITOB Ha TIPOYHOCTL BBLIMOIHAIOT METOJIAMH, H3-
JokeHHbIMA B § 3.5.

-
////////i

D

Puc. 17.2. ®nannesad mydra

17.3. XecTtkme KomMmneHcupywwme myQPTbl

HKecmxue romnencupyowue Mmyghmol npu coeouHeHul
808 CNOCOOHB!  KOMHEHCUPOBAMbL HE3HAYUMENbHbIE  PAOUATbHbIE
(puc. 17.3, a), ocesvie (puc. 17.3, 6) u yenossie (puc. 17.3, 8) cueuye-
Husi, OOYCIIOBICHHbIE HETOYHOCTAMH W3IOTOBJICHHUSI, MOHTAaXa,
OCOOEHHOCTSMHM KOHCTPYKIIMM Y3/I0B U JicpopMallUsIMH BaJIOB ITPH
padotre. KoMneHcaiuss OTKIOHEHHI OT COOCHOCTH BaJlOB JOCTHIA-
ercs 3a cYeT MOJABUIKHOCTH KECTKUX JeTalieil My(QThbI.
Haubonee pacopocTpaniennl 3y0uaThbic M IEOHBIC MYQTLI.
3youataa mydra cmanoapmusosara (puc. 17.4). CocTouT u3
JBYX 000IM / ¢ BHYTPCHHHUMH 3yOLAMHU JIBOILBCHTHOTO MPOodurs,
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3aICTUIAIONTHMMCS ¢ BHCIMHUMHU 3Y-
ObSIMH BTYJIOK 2, YCTaHOBJICHHBIX
Ha KOHIILI BajIoB. OO0ONMBI COETUHS-
OT MEXIy coOoM OoITaMH, ITOCTAB-
JCHHBLIMHM 0¢3 3a30pa B OTBEPCTUS

- W3-TIoJT pa3BepTkU. OOOWMBI TIEHT-
€ ) PUPYIOT MO BEpIIMHAM 3YObEB BTY-
A = JIOK. BTYyJIKM H3IOTOB/ISIIOT C OTBEp-

CTHAMH IS TTHJIMHIPUYCCKUX B KO-
HUYCCKHAX KOHIIOB BaJIOB.
Marepruan BTYJIOK U 000WM —
crayib 40 wm 45J1.

3ybuamule My@mvl  KOMHEHCUPY-
Puc. 17.3. IlorpemHocru 1I0M  pacuanbHvle, ocesble U y2n08ble

PAcIIOIOKCHHA BaJIOB: CMEUIeHUsl 8aN08 30 cHem DOKOBbIX 3d-

@ — pamuanbHOE CMEIeHHe Ha 30P08 8 3ayenienu, 0Omouku 3y0ves
BEITHUHHY A; BMYAOK NO chepe, OOUKOOOPA3HO20

6 — oceBoe CMelleHne Ha  Hpoguia 3y0a emyixku (cM. ccueHUe
BEMMUUHY A | A-A Ha puc. 17.4). KowmmneHcarus

B — YIIIOBOE CMCHICHHE HA  cMmelIcHWM BajJIOB  COIIPOBOKIACTCA

BEJTHIHHY Y OTHOCUTEILHLIM — IIEPEKOCOM  OCeH

BTYJIOK M O0OWM, a, cJIe/IOBATEIHLHO,

CKOJIbJKEHHEM 3YObEB. YTOJI MEPEKOCcAa OCH KAKIOH BTYJIKH OTHOCH-
TEJTHLHO OCH OOOWMBI JTomyckaroT jio 1°30".

715 MOBBIMICHUSA M3HOCOCTOMKOCTH 3YObs 3aKajJMBaIoT. 3yo-
yaToe 3alleluieHhe padoTaeT B Mac/gHOM BaHHe. Maciao MapKu
N-I'-C-68 3anudBaroT 4epe3 oTBepcTHE B oOoiiMe. [l repMeru-
3allud MY(T OPHUMEHSIIOT YIUIOTHEHHS — PE3UMHOBBIC aPMHUpPO-
BaHHbIE MaHKEThI 3.

3ybuatpic My(pTHI HMCIOT Mallbic pa3Mcpbl, UX MNPUMEHSIOT
JUIA Tepegaur Bpamaromero moMmenra ot 1000 mo 63000 Hwm
MCAKY TOPU3OHTAIbHBIMHU BajlaMu jguamerpoM a = 40...220 mm
MIPU OKPYKHBIX CKOPOCTAX 70 25 wm/c.

3ybuartbiec MyQPTHI MOAOHUPAIOT MO TEPeaBacMOMY MOMCEHTY

T, > KKKT (17.2)

IocT
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Puc. 17.4. 3ybuatag mydra:
| — obolima; 2 — BTyIIKa; 3 — MaHXETHOE YIIJIOTHCHHUC

e Tm or — MAKCHMATLHLINA BPAIMarormuii MOMeHT mydTel mo T'OCT;
T — Bparmarommmii MOMEHT, TepeaaBaeMbIil My droii; K, — xkosddurment
OTBETCTBEHHOCTH (€CIIU MOJOMKAa MY(PThI MOXXET BBI3BATh OCTAHOBKY
MAamuHel, T0 K, = 1; apaprro Manmnel — K, = 1,2; 4eI0BCYCCKHC KEP TBEI
K, = 1,8); K, — koo¢uuucHr ycaosuii padoTbl MAIMHbI (IIPH CIIOKOHHOI
padore K, = 1; mpu nepemennoii padore K, = 1,2; npu TKe10l padore,
¢ Tomakamu K, = 1,5); K, — xoad¢rmueHT yraooro ememennst (K, = 1
IpH yriie mepekoca samop Y < 0,25% K. = 1,25 mpu v = 0,5° K, = 1,5
opu y = 1,0° K, = 1,75 mpm v =1,5°).

IIpyu xommeHcalMd My(QTOH CMELIEHHMH Ha KOHIIbI BAJIOB JICH-
CTBYET pajiMajibHAg cHiia

| 8
F, =04-10°T Jd,,, (17.3)

rae T, pacyeTHbIH MOMCHT, IepeIaBacMblii mydtroii, HM (em. 17.1);
d — MeTMTeILHBIA THAMETP 3y0UaTOoro 3alerIeHus My(ThI.
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