11.Peménnble nepenayu

11.1.ITpunnun paGoTsl

Peménnble nepemaun 3To nepegayd Ha OCHOBE TPEHUS THOKOH CBs3bI0. B 00-
eM ciydae rnepenada coctouT u3 (puc.11.1): 1 — Begymuii mKkuB; 2 — BeIOMBII
IIKKB; 3 — peMeHb; 4 - orpakJeHue (He MoKa3aHo Ha PUCYHKE); 5- HATsHKHOE

J y. YCTPOMCTBO (HE MOKa3aHO Ha
PHCYHKE).

Bpamaromuiit MOMEHT me-
pena€rcs 3a CYET CUJI TPEHUA
MEK]ly IIIKUBOM U peMHEM. Cu-
JIbI TPEHUS TIOSIBIIIIOTCS KaK pe-
3yJbTAT NPUKATHUS PEMHS K
IIIKUBY TIPU HATSHKCHUHW PEMHSL.
[ToaToMy B 3TOM mepenaye
HATSDKHOE YCTPOMCTBO SIBIIETCS
00s13aTEIHHBIM.

Puc.11.1. Peménnas nepenaya,
KMHEMAaTH4YECKas cxema
11.2. Pa3HOBUIHOCTH PEMEHHBIX TIEpeaay
PemEnnble nepegaun pa3anyaroTcsi B 3aBUCUMOCTH OT (DOPMBI IOTIEPEUHOTO
CCUCHUS PEMHSI.
11.2.1. [ImockopemMEnHas nepenaya
B nonepeyHoM ceueHuu peMHs — NpsAMOyroyibHUK (puc.11.2).
Tkane  Pesuna OGrnadku B cpemHeckopoCTHBIX Mmepeavyax UCIoIb3yI0T
PE3MHOTKAHEBBIE PEMHU: KAPKAC PEMHS COCTABIISIIOT
MPOKJIAJKHA U3 KOPAOBOM WIM U3 CHHTETUYECKHUX
TKaHEU, MEXKJ1y KOTOPBIMH UMEIOTCSI TPOCIIONKH U3
Tkars  Pesuna Kopdwnyp  PE3WHBI, HaCTO M3 PE3NHBI BHIMOIHSIIOTCS OOKIIAIKH.
Onu yBemMUMBaIOT KOG OUIIMEHT TPEHUS MEKITY
pPEMHEM U IIKMBOM U CPOK CITy>KObI pemHsi. B xop-
JOIIHYPOBBIX PEMHSIX UMEIOTCSI ITHYPbI U3 CHHTETHU-
mamepuan Heinon  qeCKOW TKAHU. DTO MOBBIIIAET UX HECYIIYIO CIIO
COOHOCTH U Ta€T BO3MOXKHOCTb MPUMEHSITh UX TIPU
b) ckopocTsix a0 40m/c.
Puc.11.2. [Tmockue pemuun B nocnennee BpemMsi MPOMBIIUIEHHOCTh HAUMHAET
BBIITYCKATh TJIOCKHWE PEMHHU (CUHTETUYECKUE) B BUJIE
3aMKHYTOM JICHTHI ONPeeIEHHON JUTMHBI. DTO MO3BOJISET 3HAUUTEIIHHO MOBBICUTH
JIOJITOBEYHOCTh U CKOPOCTh PEMHHI.
Bonwimoe BnusHre Ha paboTy mepeaun OKa3bIBa€T COCTMHEHUE KOHIIOB PEM-
Hs. BO3MOXHBI CIIIMBKA, CKIIEHKA, METAJUTMYECKOE CKPEIJICHUE KOHIIOB.
11.2.2. KnunopeménHnas nepeiaya
B nonepeunoM ceuenun peMHs — paBHOOOYHas Tpamnerws (puc.11.3.a). Ha
YPOBHE HEUTPaAIBbHOM OCH |- pacmnoaokeHbl HECKOIBKO CIOEB KOPAOBOM TKAHU 2,
KOTOPBIE OMPEIEIISIIOT TATOBYIO CIIOCOOHOCTh PEMHS, BBIIIE U HUXKE KOPJAOTKAHU
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al CJIOU PE3UHBI: 3 — CJION paCTSHKEHHUS, 4 —
cioi cxxarusi. TkaHeBas 00EpTKa 5 yBenu-
YUBAET NPOYHOCTh PEMHS U MPEAOXPAHSIET
€ro ot u3Hoca. BmecTo kopJoTkaHu B Ka-
YEeCTBE HECYILETO PJIEMEHTA MOXKET UC-
5 7 I0JIB30BAThCS KOPAOIIHYP (1103.2 Ha
Puc.11.3. KnunoBbie pemHuU puc.11.3.0).
Jlst mepenad o01ero Ha3HauYeHUS 110

CTaHJApPTy BBITYCKAIOT IIECTh THIIOPA3MEPOB KIMHOBEIX pemHel Z, A, B, C, D, E,
OTJIMYAIOIIMXCS pa3MepamMu MoNepeyHoro ceueHus. Pa3mepsl peMHs B CEUeHUAX
yBenuuuBarores ot Z x E.

Kpowme Toro, B 3aBrcuMocta ot cooTHoIeHus b/h paznmuyaror:

- b/h = 1.4 — nopmansHBIC peMHY;

- b/h=1.05...1.1 — y3xue peMHu;

- b/h =2...4 — mmpokue peMHu.

J1yist paboThI HAa MIKUBAX MaJIbIX INAMETPOB BBIMYCKAIOTCS PEMHU C 3yObsiMU
Ha BHYTPEHHEU CTOPOHE PEMHS, Ha CJIOE CHKATHUS.

Pemuu BhINTyCKarOTCSl B BUJE KOJIEI ONpeaenéHHOM auHbl. B ctanmgapre
MPUBOJATCS IJIMHBI KOJIEN 10 HeUTpanbHOMY ciioro oT 400 1o 5000 mwm.

bnaronaps TpaneueunansHoi hopMe ceueHuUs:, peMHH 3aKJIMHUBAIOTCS B Ka-
HaBKe mKKMBa. Ce10BaTeNbHO, UX TATOBAs CIOCOOHOCTH BHIIIE, UM Y TIIOCKOpe-
MEHHOU TMEepEeIayH.

11.2.3. Ilepenava mOTUKINHOBBIM PEMHEM

PeMHHM UMEIOT TIPOI0JIEHBIE KJIMHOBBIE BHICTYIIBI HA BHYTPEHHEH CTOPOHE

(puc.11.4).
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b Hecymuii cnoit — KOpIOMHYp WIA CUHTETHYE-
CKHE IIHYPHI 1, a TaK’Ke UMEIOTCS HECKOJIBKO CJIOEB
JIMaroHaJaIbHO PACMHOJIOKEHHON TKaHU 2, TPUIAL0-

7 el peMHIO OOJIBIIYIO MOMEPEUHYIO KECTKOCTb.

' BrimmyckaroTcst B BUAE KOJIEL ONPEACTIEHHON ITTUHBI

TPEX TUMOPA3MEPOB nonepeunsbix ceuenuu K, JI, M.

OTH peMHU COUYETAIOT B ce0e MOBBINICHHOE CIIETIIe-

.. -

40°+ 15 "
HUE KJIMHOBBIX PEMHEN U THOKOCTh IJIOCKUX,
Puc.11.4. IlonukinHoOBbIE BCJIEAICTBUE YEr0 padOTaroT pH 00Jiee BHICOKUX
peMHU CKOPOCTSIX, Ha IKHBaX JUAMETPOM MEHBIIIE, YeM Y

KJINHOBBIX PEMHEN.

11.2.4. 3ybuato — peMEHHBIE TIepeaaun
3yOuaThlii peMeHb MpeCTaBIsSIET COO0M

JICHTY C 3yObsIMM Ha BHYTpPEHHEH MMOBEPXHO-
ctu (puc.11.5).

Hecymmit ciioii peMHS BBIINOJIHEH U3
CTaJIbHOTO MPOBOJIOYHOIO TPOCA WU IIHYpa
13 CUHTETUYECKOro MaTepuana | u anactuu-
HOT'O CBSI3YIOIIEro Marepuaa. [{js noselIie -
Puc.11.5.3y6uarbie peman HUS JOJITOBEYHOCTH 3yObsl PEMHS TIOKPHIBA-
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10T HEIJIOHOBOM TKaHBIO. 3yObsi peMHS BXOAT B 3alICIUIEHHE C COOTBETCTBYIOIIH-
MU 3yObsSIMU LIKMBA U TaKUM 00pa3oM nepenaércs Harpyska. @akTHuecKku 3To me-
penada 3areruieHreM ruokoi cBsa3pto. Ho ona codetaeT B cebe Bce mpenMylIiecTBa
nepeaay 3aierieHueM (BbICOKasl Harpy304Hasi CHOCOOHOCTb, IOJITOBEYHOCTh, OT-
CYTCTBHE CKOJIbKEHHUS, HEOOJIbIIIME HATPY3KH Ha BaJIbl U OMOPHI) U Mepeiay Ha OC-
HOBE TpeHHUsI (IJIABHOCTh, OECIIYMHOCTh, OTCYTCTBUE HEOOXOUMOCTH B CMAa3Ke).

11.2.5.KpyrinopeMénnsie nepeaauu

B nmonepeynoM ceueHnn peMHs — KpyT, KBaApaT, MPSMOYToidbHUK. M3roras-
JMBAIOTCS U3 XJIOMUaTOOyMaKHOM TKaHH, IIacTMace, KOXKH, pe3uHbl, meénka. He-
cyliasi cmocoOHOCTh - HU3Kast. OCHOBHOE MPUMEHEHUE B IPUOOpax U pa3IMuHbIX
OBITOBBIX MalMHaX. Yarie BCero UCIoib3yeTcsl Kak KHHeMaTuieckas nepenava. B
3TOM Kypce HE U3y4aroTCH.

11.3. JlocTtonHCTBA M HEAOCTATKH, BO3MOKHOCTH PEMEHHOM ITEpeaaun

11.3.1. JlocTouHCTBa peMEHHOM Tepeaun

- OoutbIlIME MEXKOCeBbIe paccTosiHuUs (10 §...10M);

- IJIaBHOCTh, OECLUIYMHOCTh pa0OTHI;

- IpeIOXpaHseT OT Neperpy3ku (BO3MOKHa IPOOYKCOBKA);

- CMSITYaeT BUOPAIMK U TOTYKH HArpy3KH;

- Ta€T BO3MOXHOCTb PEAIM30BaTh O€CCTYNEHYATOE PETYIUPOBAHNE CKOPOCTH
pabouero opraa;

- MOXKHO peajn30BaTh Mepeaady SHEPTUU OJTHUM PEMHEM HECKOJIBKIM MOTpe-
ouTeNsIM.

11.3.2. HenoctaTku peMEHHOM mepenavn

- OoublIME Ta0APUTHI;

- OoJpIIIME HATPY3KH Ha BaJbl U OMOPHI;

- HAJIMYMe CKOJIbKEHHUS, HeTTb3s MIPUMEHSTDH TaM, Te TpeOyeTcs KecTKas Ku-
HEMAaTUYECKast CBSI3b MEXK/Iy BXOJIOM M BBIXOJIOM MTPUBOJIA;

- HU3Kas JTOJITOBEYHOCTb.

11.3.3. Bo3aMoxHOCTH peMEHHOM nepeaadn

- 110 MoITHOCTH - 10 200 xBT;

- 110 cKopocTtu - 110 15...30m/c, a monukIMHOBBIE Nepeaaun - a0 40m/c;

- IepelaTOuHOE YUCIIO: €CiU Iepeaada ofHocTyneHyaras — 10 10, eciau nepe-
Jaya B IIpUBOJIe, TO He Ooee 3...4;

- KITIJT — 0.94...0.96;

[TpumensieTcs Kak mepBas CTyIEeHb IPUBO/IA.

11.4. Cuibl, IeHCTBYIOIIME HA PEMEHB

Jlna obecriedeHnst TPEHHsI MEKIy IIIKUBOM M pEMHEM CO3/1aETCs TIpeBapu-

TCJIbHOC HATAKCHHUC PCMHA FO .

al /; o/ /7-}
_ 1 g B nokoe uiam Ha X0JIOCTOM XOAY
4 HATSKEHUs1 000MX BETBEU pEMHS
OJINHAKOBBI U PABHbI FO
fo £ (puc.11.6.a).
B B [Tpu npuIoKeHur padodei
Puc.11.6. Harpy3ka peMmHs BO BpeMsi paOOThI Harpy3ku 1 TIpOMCXOIMT mepe -
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pacrpeneneHue yCuinm, IeMCTBYIOINX Ha PpEMEHb. 1 enepb Ha BEIyIIYIO BETBb
NEHCTBYET yCUne Fl’ a Ha BEIOMYIO - F2 (puc.11.6.6). Ecnu coctaBUTh Cymmy

MOMCHTOB OTHOCUTCJIbHO OCH BPallICHUA IIKHWBA, TO IIOJYYUM (C‘{I/ITaeM MOMCHTBI
110 HAITPABJICHUIO BPAIICHUA ITOJIOKUTCIIBHBIMU, 4 IIPOTUB - OTpI/IHaTeJ'ILHI)IMI/I)

T-F g-l-l: dl:() wmn F i—|: d1+F ﬁz

1 2 t 1 2
2 2 2 2 2
Tax xak ycuius, AeMCTBYIOIINE Ha BETBU PEMHS pasHbIe, TO AehopMalun

ATUX BETBEH TOKe pa3Hble. Ho pemeHp padoTaeT B peenax ynpyrocTu Marepua-
J1a, IO3TOMY JUIMHA €r0 OCTAaETCs MOCTOSHHOW, TO €CTh YUIMHEHNE BEAYLIEH BET-
BU TIPU TIepeiade Harpy3KH KOMIICHCUPYETCsl yMEHbIIIeHHeM Aeopmaliu (a jae-
dbopmarnus BeJOMOW BETBH TOXE YUTMHEHUE) BEIOMOM BETBU. T0O €CTh, HATSHKEHUE
BEIYLIEH BETBU YBEIMYMBACTCS HACTOIBKO K€, HACKOJIBKO YMEHBIIAETCS HATSIKE-
HUE BEIOMOW BETBU

0 oreyma F, —F,=F..

F, =F +AF
F,=F, —AF
CyMMUpysl 3TU BBIpQXKEHHUS, TIOTYyYUM Fl + F2 = ZFO'

Pemras nosy4eHHy10 cuCTEMY YpaBHEHUN

F-F,=F
F+F,=2F
[10JIy4aeM: |:1=|:O-I-|;t u FZZFO_IZ'

MakcuMallbHO BO3MOKHOE COOTHOIIEHNE MEXKTy HATSXKCHUSIMUA BETBEU peM-
Hsl TIPY Tiepejiade Bpalaromero MoMenTa 1 onpenensercs Gopmyioii Diinepa

3

|:2
rae - koapuHMeHT TpeHUs MEX Ty PEMHEM U IIKUBOM;
0 - YTOJI OXBaTa IKUBA PEMHEM.
Ecnu gaktrueckoe COOTHOIICHHE MPEBBIIIACT 3Ty BEIUYUHY, TO IPOUCXO-
TUT OYKCOBaHHE PEMHS.
Kpome HaTskeHult Ha peMeHb JIeUCTBYET elié U IeHTpoOeKHas cua, 1mo-
CKOJIBKY PEMEHB 3TO BPAILAIOLIEECS KOJIBLIO,

F =pAv?,

rje P — IIOTHOCTh MaTepHalla PEMHS;
A — mTomaab MOMEPEYHOro CEYCHUST PEMHS.
Orta cua oTOpachkiBaeT peMeHb OT IMIKHBA, YMEHbINIACT TPECHUE MEXKTy HUMHU.
OHa CTaHOBUTCS CYIIECTBEHHOM Mpu ckopocTu 6osiee 20M/c.

— efOL
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11.5. HanpsikeHus: B CEUEHUSIX PEMHS

W nenTtpoOerxHas cuiia, U HaTS)KEHUs! BETBEH peMHs U Ilepeiade MOMEHTa
T BBI3BIBAIOT pacTsbkeHUE BeTBel. [Ipu 3TOM HanpsyKeHUs! OT HEHTPOOEKHOU CHITBI
OJIMHAKOBBI 110 Bcel JummHe peMHs (pucll.7). [Tockonbky HaTsbKeHUE BEAyLIe
BETBU 0O0JIbILIE HATSHKEHUS BEIOMON B HEMl BO3HUKAIOT OOJIBILINE IO BETUYUHE
HanpspbkeHus. Kpome 3toro, npu HaberaHMM peMHs Ha IIKKWB BO3HUKAIOT HaIpsikKe-
HUS U3ruda, KOTOpbIE 3aBUCAT OT JUaMETpa IIKUBA

csﬂzEng8 ,

~—

Puc.11.7. HanpsixeHust B peMHe

rae - E=63...230 MIla — Mmoynb ynpyrocTs MmaTepuasa peMHs;
- O — TOJNIIMHA PEMHS,;
- d— gmamerp mikuBa.

Kak BHIHO U3 3TOTO BBIPAXKCHHS, YeM OOJIbIIE TUAMETp IIKWBA, TEM MCHBIIIE
HanpspKeHUs n3ruda. IMeHHO I0ATOMY B CTaHIapTe Ha peMEHHBIC TIepeaadu 005-
3aTEJIbHO YKA3bIBACTCS MUHUMAJIBHO BO3MOXKHBIN TUAMETP Majoro IKUBA JUIs
Ka)JI0TO TUIopa3Mepa peMHs. TOJLKO MPU MPUHITAN 3TOTO JUaMeTpa 0oJbIie
WY, B KpallHEM ciy4ae, paBHBIM MUHHUMAIIbHOMY, TAPAaHTUPYETCSI TOJTOBEYHOCTD
PEMHHL.

11.6. Yopyroe cKkoJib)KeHHUE PEMHS Ha IIIKUBE

[Tpu nHaberanuu peMHs Ha IIIKWB BHAYaJie CEYCHUS PEMHSI IBH)KYTCS BMECTE
co mkuBoM. [To Mepe moBopoTa MIKUBA CHIIBI TPEHUS YMEHBIIAIOT HATSXKCHUE
pemus. [IponopiroHanbHO YMEHBIIICHUIO HATPY3KH YMEHbINAeTCs aedopmariusi.
Pemensb oTcTaér OT mIKMBAa.

[Tpu ornbaHuM BEJOMOTO IIKWBA MPOUCXOIUT aHAJIOTUIHOE SIBIICHHE, HO
3]1eCh HATSHKCHUE BEIOMOM BETBH PEMHS YBEIIMUMBACTCS, & 3HAUNT, YBEIIMUNBACT-
cs1 ero AehopMaIrs ¥ pEMEHb ONIePeKaeT IIIKUB.
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Jlyra, Ha KOTOpPOI peMEHb JBUKETCS BMECTE CO IIKMBOM — Jyra nokos. OHa
BCEI'/Ia PACIIONIOKEHA CO CTOPOHBI HA0ETaHUsl PEMHS Ha IIKUB.

Jlyra, Ha KOTOPOU peMEHb OTCTAET OT LIKMUBA — AYTra CKOJIbKCHMS.

CymMma 1yry IOKOSI M IyTH CKOJIBKEHUS paBHA Ayre 00XBaTa IIKMBA PEMHEM

(cm. puc.11.7. yruer o6xBaTa o,

1 OLZ).

[To mepe pocTa Harpy3Ku ayra MOKOs yMEHbBIIIAETCs, a Tyra CKOJIbXKEHUs yBe-
muuuBaetcs. [Ipu neperpyske peMeHb ¥ BEIOMbIH IIKUB CTOSIT, @ BEAYIIUHN IIIKUB
Bpariaetcs. 1o Ha3biBaeTcs OykcoBanuem. KII/I nepenaun nagaer qo Hysl.

CKoJlb)KeHHEe PEeMHS XapaKTepru3yeTcs Ko3(pPUImeHToOM CKOJIBKEHUS €, KOTO-
PBIA IPEACTABISAET COO0M OTHOCUTENBHYIO MOTEPI0 CKOPOCTH HA MTKUBAX

c— Vi-V,
Vi

100="1""2100.05.

ng

[Ipu HOpManbHOM pexxume padoTel 00buHO € =0.01...0.02 (1...2%).

11.7. KpuBble CKOIBKEHUS peMEHHBIX TIEpeiay

J171s1 OLICHKH TSTOBOM CIIOCOOHOCTH PEMEHHBIX TMIEpeaayd CTPOSIT KPHUBBIE
CKOJIbXKEHHUSI. ITO IKCIEPUMEHTAILHO MOJIy4eHHbIE 3aBUcUMOcTU €(¢) 1 1(¢). [1o
ocH a0CIUCC OTKIAbIBACTCS KOI(PDUIIUEHT TATH (O, paBHBIN

R

F T

F+F, 2F, 20,

ITo ocn opiMHAT OTKIAABIBAETCS OTHOCUTENIBHOE CKONbXeHne niu KII/I.
Hccnenys nepenady, HOCTENIEHHO MOBBIIIAIOT IOJE3HYIO HATPY3Ky Ft IPH MOCTO-

SHHOM NPEIBAPUTEILHOM HATSKECHUN FO‘ [Ipu 3TOM (PUKCUPYIOT 3HAUEHUS € U

&%
5 ? _.-——"""'_o'\l-. §
4 )’ S g_fz,*
J /| 9owa yrpyecza 5SS Nl
I | chorbxenus S2 | /V S
2 Sl \ s
/ AR
7,' & >, > g—
ar 42 ¢ 03 0% |05 4o 07
gﬂfﬂﬂx

3a-
Puc.11.8. KpuBbie CKOIbXKEHUS
PEMEHHOU Nepeaayn

7
100

an
60
40
20

?

onpenesitor KIT/I.

C pocToM Harpy3KH CKOJIbKEHUE BO3-
pacraert (puc.11.8). Jlo HEKoTOporo KpuTH-
YECKOTO 3HAYEHHUs (P, OHO IPAMO MPOTIOP-

HUOHAIBHO Harpy3ke. [Ipu nanbHenem

YBCIIMYCHUHU HAI'PY3KHU BO3HUKACT JOIIOJIHHU-
TCJIBHOC IIPOCKAJIb3bIBAHNC (30Ha qacTHU4-

HOTO OyKCcOBaHUs). 3aTeM, IPH P o

HACTyTMAaeT MOJHOE OyKCOBAHUE PEMHSI.
KII/l mepenauun pacTér ¢ pocToMm

Harpy3kKku 10 MakKCUMaJIbHOTO 3HAYCHU, a

TEM TaJAeT B CBSA3H C JIOMOJHUTEITHLHBIMU
MOTEPSIMU pU OYKCOBAHUMU.

Takum 06pazom, onTUMaIbHbIC 3HAUCHHUS MoJie3HoN Harpy3ku u KIT1/] Haxo-
JATCSI B 30HE KPUTUYECKOT0 3HaUeHUs KO3 PuimenTa taru. Y CTaHOBJIEHO, YTO
JUIS1 TIOCKUX PE3UHOTKAHEBBIX PEMHEN Py= 0.6, a 1151 KIIMHOBBIX O =0.7...0.9.
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CooTHolieHue /@, 00b14n0 1.15...1.3. OHO XapakTepu3yeT crocoo -
(Pmax (PO

HOCTb Mepejaun K eperpysKe.

11.8. KunemaTudeckuii pacuét repeaauu
BcenenctBre CKOIBKEHUS PEMHS

nd,n
V2 =(1-¢)V,, a V1 = L1 e,
60x1000
O 2V
[Tockonbky nepenaroynoe uncio U=—a W=—, 10
OF)

g2V, _ vid, _ d, _d,
d,2V, (1-¢€)d, (-¢e)d, d,

Tak KaKk CKOJIBKEHUE COCTABISET B HOpMAJIbHO paboTarolIeil nepeaaye Bee-
ro 1...2%, uM yacto npeHeOperaror.

11.9. 'eomeTpuueckuit pacué€r rnepeaadu

JlmameTp BeAyIIEero MKUBa d1 OIIPENEIAETCS B 3aBUCHMOCTH OT pa3MepOB
peMHs. MUHHMaIbHO BO3MOXKHBIN IHaMeTp Majoro UIKMBa JAJI Ka)JJ10ro THIIO-
pa3Mepa peMHs IPUBEJIEH B CTaHapTE.

Jluamerp Bexomoro mkusa O 5 = Udl(l— 8) :

Me:xoceBoe paccTosiHiE 4 0OBIYHO U3BECTHO M3 3CKU3HOM MpopaboTKU Ma-
MIMHBI. PekoMeHTyeMble 3HAUECHHUS:

JUIS TUIOCKOPEMEHHOM mepenaun - a = (1.5. . .2) (d 1T d 2) ;

IUTA KIIMHOPEMEHHOM TIepenayu -
0.55(d; +d,)+h<a<2(d, +d,).

31ech h — BbICOTA CEUCHUS pEMHSL.

ITOCKOIBKY KIMHOBBIE M TOJMKINHOBBIE PEMHH BBIITYCKAIOT B BUIE KOJIEI]
OTpeIEIEHHOM JITMHBI, MEKOCEBOE PACCTOSIHUE [T HUX OMPEIEIACTCS TOCIIEI0-
BaTEIbHBIMHU JCHCTBUAMH: CHAYAJIA T10 IIPHHATOMY B 3CKH3HOM IIPOEKTE 3HAUCHHIO

a' onpeensoT HeOOXOAUMYIO JUTMHY PEMHS
L'=2a+0.5n(d, +d,)+(d,—d,)?/4a"
3aTeM 10 MOJTydeHHOMY pacdeTHOMY 3HadueHuto L' nmpunumaercs cram-

JdapTHada JJIMHa PCMHA L, a YK€ 110 HEH BBIYUCISICTCS MEXKOCEBOE pPacCTOAHHUC

a=0.1252L-n(d,+d,)++/[2L-(d,+dy) F-8(d,—d,)? L.

Jliist obecnieyeHrs MOHTa)Ka KOHCTPYKTHUBHO CO3/Iaf0T BO3MOKHOCTD MOy~
YEHHYIO BEJIMYUHY YMEHbIINTD Ha 1...2%, a 151 obecnieyeHus: MpeaBapUTeIbHOTO
HATSDKEHUSI PEMHS MPEyCMaTPUBAIOT BO3MOKHOCTh €€ yBeIM4eHUs Ha 5. ..6%.

[To mpuHSTHIM BeTMYMHAM OTPEEISAETCS YTroJl 0XBaTa MaJIOTro IITKUBA PEM-
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HéM (cM. puc.11.1) B rpagycax

o, =180-5792701.

d
Jlns mnockopemenHoit nepenaun 01=>150°, nna xmuropeménnoit - op >120°.
CrnenyeT MOMHUTB, YTO C YMEHBIIIEHUEM YTJIa 00XBaTa CHUYKAETCS TAroBas
CIOCOOHOCTH Mepeaayu.

11.10.Buns! pa3pyiieHusi, KpUTepUr paboTOCTIOCOOHOCTH U PACUETHI
PEMEHHBIX Ilepenay

11.12.1. ITpuunHbI BBIXOJa U3 CTPOSI PEMEHHBIX TIepeaay

Peménnble nepenaun BHIXOSAT U3 CTPOSI TIIaBHBIM 00pa3oM U3 3a OTKa30B
peMHeil. OTKa3bl MOTYT TPOUCXOAUTD MO CIEAYIOIUM TPUYHHAM:

- YCTaJIOCTHOE pa3pylLlIEHUE PEMHS, BCIEICTBUE MHOTOKPATHBIX U3rMOOB €ro
Ha IIKUBAX;

- IEPErpeB PEMHS, BCIEJCTBUE YIIPYTOrO CKOJIBXEHUS U IEPErNO0B PEMHS
Ha IIKUBAX;

- U3HOC PEMHS, BCIEACTBUE YIIPYTOro CKOJBXKEHUS U OYKCOBaHMUS.

OCHOBHBIMU KPUTEPHUSIMHU pabOTOCIIOCOOHOCTH NEpeiay SBISIOTCS TATOBAs
CIOCOOHOCTH (HaJEXKHOCTh CLIETVIEHUS PEMHS CO IIKUBOM) H JIOJITOBEYHOCTh PEM -
Hs1, XapaKTepu3yemasl €ro ycTajJoCTHOM MPOYHOCTHIO. [1o mepBoMy KpUTEpHIO BbI-
MOJIHSIIOT IPOEKTHBIN pacyeT Nepeayu , a o0 BTOPOMY — POBEPOYHBIN paCUET.

11.12.2. Pacuét peMEHHBIX TIepeIay Mo TATOBOM CIOCOOHOCTU

ITpu pacuére o TAroBoi CHOCOOHOCTH B 3aBUCUMOCTHU OT BHUJAa PEMHS HaXo0-
JAT:

- pa3Mephbl NOMEPEYHOr0 CEYEHUs PEMHS JUISl INIOCKOPEMEHHOM ITepeayy;

- TUTIOpa3Mep CEUYCHUsI PEMHS BBIOMPAIOT U3 CTaHJapTa IO MepeaBaeMon
Harpy3Ke ¥ BBIUUCISIOT MOTPEOHOE KOJIMYECTBO PEMHEN MPUHITOrO CEUEHUS JITIS
KIIMHOPEMEHHOW Nepeiayn;

- TUIIOPa3MEPOM CEUEHHUS PEMHS 3a/1al0TCS U ONPEACIIAIOT NOTPEOHOE KO-
YECTBO KJIMHBEB (T.€. LIMPUHY PEMHS) OJMKIMHOBOM NIEpeiayu;

- MOJyJIb TI€pEIaur BEIOMpAETCS MO TabJIMIaM B 3aBUCHMOCTH OT TepeaaBae-
MOI Harpy3kH U OnpenessieTcs IUpuHa peMHs 1S 3y0UaTopeMEHHOM nepeaadn

11.12.3. Pacuér peMEHHBIX Mepeaay Ha JOJITOBEYHOCTh

J10JITOBEYHOCTh PEMHSI 3aBUCUT HE TOJIBKO OT BEJIMYMH HANIPSAKEHUN, HO TaK-
K€ OT XapaKTepa U 4acTOThI LIMKJIa U3MEHEHUS STUX HanpskeHuil. YacToTa nukia
M3MEHEHHS HANPSDKEHU paBHA 4aCcTOTE MPOOETOB PEMHS

u=(V/L)<ul|
3nech V - CKOPOCTh pEMHS;
L - nmuHa pemHs.
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Yem Gompiie U, TeM MeHbIIe JOATOBEYHOCTH peMHs. [loaToMy BBEEHBI
OTpaHUYCHMS: IS IJIOCKUX PEMHEN lUJZ 3...5¢7,

JJIA KIIMHOBBIX U IMOJIMKINMHOBBIX — I_U J = 10 ‘e 20 C-l.

11.11. Pacuét KIMHOPEMEHHOW Nepeaadn

11.11.1. O6mmume noyiokeHus pacuéra 1o TAroBOH CIIOCOOHOCTH

Pacuér pernamentupyercs [OCT1284.3-80. OH cBoguTCs K BHIOOPY ceue-
HUS U OTIPEJICTICHUIO YUCIIa PEMHEH.

[TockonbKy THIIOpA3MEPOB CEYEHUN HEMHOTO, IJIsI KaXKJIOTO U3 HUX JKCIIe-
PUMEHTAJILHO OIpe/ielieHa JoycKaeMasi MOIIHOCTh, Iiepe/iaBaeMasi OJTHUM PeM-

ném Po. Jonyckaemas MomHoCTh onpeiensiercs a1 TOPU30HTATbHOM IBYX-
IIKWBHOM IIepeaadu IpH.
- HANPSKEHHH MPE/IBAPUTENHHOTO HATKEHUS O =1.2 MIla;

- AUaMCTpC MAJIOI'0O IIKUBa dl’ IMPUHUMACMOM I10 CTAaHAAPTY AJIA UCIIBITBI-

BacMOIo CCUCHUA PCMH,
o.
- yrie 00XxBaTa Majoro IIKHBa Otl :180 )

- nepenarouyHoM yucie U =1;

- ckopocTH peMHsA 10 M/c;

- 0a30BoOi1 yHE peMHs Lo;

- Harpy3Ke CIIOKOWHOM, paBHOMEPHOI 0€3 PhIBKOB, TOJTYKOB U yAapOB.

PeasibHbIe yCOBUS 3KCIUTyaTalliy YYUTHIBAIOTCS IIPU PACUETE BBEICHHUEM
COOTBETCTBYIOIIUX MOMPABOYHBIX KOA(DPHUIIMESHTOB.

11.11.2. UcxoHble naHHbBIE

- Iepe1aBaeMasi MOIIHOCTb;

- 4aCTOTa BpAILICHUS OJJHOU U3 AETAJIEH;

- IEPEIaTOYHOE YHCIIO;

- MEXOCEBOE PACCTOSTHUE, TTOJTYYEHHOE M3 3CKU3HOTO MPOEKTa (KOMIIOHOB-
KH) IPUBOJA Ap;

- YCJIOBUS U PEKUM pabOThI Mepelayuu.

11.11.3. BeiOop Tunopasmepa ceueHus peMHs

ITo ctanmapTy njis nepeaBaeMoi MOIITHOCTH MPUHSITh TUTIOPA3MEP CEUCHUS
pemusi. OOBIYHO MapauIeIbHO CUUTAIOT JIBA — TPU BapHaHTa Mepeadm.

11.11.4. Beibop nuaMeTpa BEAYIIEro IIKKWBA

J171st BBIOpaHHOTO pEMHS, OPUEHTUPYSICh HA PEKOMEH/IAINK CTaHapTa,
HA3HAYUTH THAMETP MaJoro IIKuBa d;.

11.11.5. OnpenenauTs AMaMETP BEAOMOTO IIKKBa .

11.11.6. Onpeaenuth MOTPEOHYIO JUTMHY PEMHS L' :

11.11.7. Onpenenutb CTaHAAPTHYIO IJTUHY PEMHS

1
ITo cTaHmapTy, 1o ToNy4eHHOMY 3HaueHmo L. mpuusath 3Hauenue L;
11.11.8. YTOUYHUTH MEKOCEBOE PACCTOSIHUE MO CTAHIAPTHOM JIJTMHE PEMHSI
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ITo CTaHAAPTHOMY 3HAYCHUTIO L OIpCACIINTDb (baKTI/I‘ICCKOG 3HAa4YCHHUEC MCKO-

CCBOI'0 paCCTOSAHUA a, nmapaMeETpbl €0 YMCHBIICHUA IJI1 MOHTAXXa U YBCIIMYCHU S
I HATSOKCHUA pCMHA.

11.11.9. Onpenenuts yroa odxBaTa Majoro mkusa Ol1
11.11.10. OnpenenuTh MOIIHOCTH, TIEPEIaBACMYI0 OJHUM PEMHEM B
YCIOBUSAX AKCILTyaTalluu

P =P,C,C,C,IC,
IPIS

P 0 - aoIyckaeMasa MOIMHOCTD, OIIPEACIIACTCA 110 CTAHAAPTY AJIA IIPHUHATOTO

CCUCHMS PEMHS,;
Ca - K0O3(QPUIMEHT, YUYUTHIBAIOIIMN BIUSHUE yria 00XBara; Onpeessercs

o Tabauiam, Hanpumep, eciau d =180° - Ca =1; a=120°- Ca =0.82;
a=80- C_=0.62;
C, - ko> uIHeHT, yIUTHIBAIOMUI HAKTHIECKYIO JJIMHY PEMHS, OIIpeIe-

L
JACTCA 110 Ta6J'II/II_[aM B 3aBUCHUMOCTH OT COOTHOIIICHUA L/LO, HaImpumep, €CJIn

L/Lo=0.5- C, =0.86; L/Lo=1.2 - C,=1.02; L/Lo=2.0- C, =1.15;
Cu - KO3 PUIIUEHT IEPEeIaTOYHOTO OTHOIICHHUS ; OTIPEEIISIETCS 110 Ta0JIH-
11aM, HaIIpuMep, eCIIn u=1.8 -Cu:1.12; u=3 - Cu:1.14;
Cp - K03 PUITUEHT pekuMa Harpy3KH, YYUTHIBAIOIIUN XapaKkTep HArpy3-
KM, OIpeieIsieTcs Mo TadaunaM, HalpuMep, €CJIM Harpy3Ka ClioKOHHas Cp =1

€CJIN UMEIOTCSI YMEPEHHBIE KOJIeOaHUs Cp =1.1...1.3; ecm marpysxa ynapuas

WM PE3KO MepeMeHHast Cp=1 S0,

11.11.11. Onpenenuts NOTpEOHOE YUCIO PEMHEH

N
2</=——-<8.
P.C,
3nech Cz KO3 PUIIMEHT, YUUTHIBAIOUIMI HEPABHOMEPHOCTh paclpeeIeHUs

Harpy3kKu MEXAy PEMHSIMMU:

Z=2...3- C,=0.95;
Z=4...6 - C,= 0.9;
Z=6...8 - C,=0.85.

11.11.12.0npeaenuts ycuiine NpeiBapUTEIbHOTO HATSKEHUS
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Ycunue NpCABAPUTCIIBHOTO HATAXKCHUA PCMHA OIIPEACIIACTCA 110 HpHH?ITOfI
BCIIMYMHC HAIIPSXKCHUS MIPCABAPUTCIbHOTIO HATAXKCHUA. ]_—[J'ISI KHHHOpCMéHHBIX I1e-

penad O =1.2 MIla, nostomy FO =2ZAc 0

3ILCCI): A— Iomaab IMorepcyYHoro CCUCHUA BCTBHU PCMHA.

KOHTpOJ'IL MNpCABAPUTCIIBHOT'O HATAKCHUSA ITPOBOJAT IO CTPLIIC Hpom6a BCT-
BH PCMHS ITOCPCANHE MCIKOCCBOT'O PACCTOAHUA IIPU I[GﬁCTBPII/I Ol'[peI[eJIéHHOFO
YCHIINA. HpH 9TOM CTpClia HpOI‘I/I6a JOJDKHaA COCTAaBJIATD

f =1.55a/100mm.

11.11.13. OnpenenuTs CUILy AaBICHUS Ha BaJl

Cuna naBneHus R Ha Bail IKMBA paBHA FEOMETPUYECKON CYMME CHII HATSKe-
Hul BeTBeil peMHs (puc.11.9). 13 mapame-

f;  morpamma cui cemyer

R =+/F?+F2+2FF, cosy ~
~(F +F,)cos(y/2)=2F sina, /2

5 31ecy Y - yroa MEXIy BETBSIMH PEMHS.
T C He6GONBIION TIOrPENTHOCTBIO MOKHO
Puc.11.9. Harpy3ka Ha Ban IIPUHATH, YTO HArpy3Ka Ha Baj B ABYXILIKHB-
HOM Tepeaye HarpaBiIeHa Mo TUHUHU COeTH-
HSIOIIEH IIEHTpa IKUBOB B CTOPOHY COIPSHKEHHOTO IIKUBA.
11.11.14.0npenenuTs YUCIO TPOOETOB peMHS
11.11.15. KoHCcTpyupoBaHHe MIKUBOB

11.12. OcobGeHnHocTH pacuéTa NOJUKIMHOBOM TEepeiaun
Pacuér BBINOJIHAETCSA B TOU K€ MOCIECN0BATEIILHOCTH, YTO U KIIMHOPEMEHHOMN
nepeaayuu, Ipyu 3TOM YUYUTHIBAETCS Psii 0COOCHHOCTEH:

- pac4E€THBIM HAMMEHBIIUN TUAMETP dl 10 CPEHEN JIMHUU KOPJOLIHYpa

npuHUMaeTcst He meHee st ceuenuil: K — 40mm, JI — 80mm, M — 180Mm;
- IepeJaTOYHOe YMCIo NpuHuMaercs He o6onee 10;
- pacu€THas OKpYy>KHas cuia, nepeaaBaeMasi OqHUM KJIMHOM PEMHS

p=p,C,C,C.C,C

172737475
rae P, - AomycKaeMoe OKpYXKHOE YCHIIHE, MepeaBacMOe OIHUM KITMHOM

peMHSI, peKOMeH1yeTcsl mpuHuMaTh i cedennit: K — 23H, JI — 83H, M — 285H;

- Cl - K03(PPUIMEHT, YUUTHIBAIOIMN BIUSHUE yTila 00XBaTa HAa MaJlOM

IIKUBE,

-C 5" K03 (PULIMEHT, YUUTHIBAIOIINI BIMSIHUE CKOPOCTH PEMHS Ha Iepejia-

BAaEMYIO Harpys3Ky;

- C3— KO3 (PUIIMEHT, YUUTHIBAIOIINK BIUSIHUE PEXUMA U JJIUTEILHOCTH pa-

OOTHI;

-C 4” KO3 (PUIIMEHT, YUUTHIBAIOIINK BIUSIHUE THaMETpa Majoro IKUBa;
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- C5— KO3 (PUIIMEHT, YUUTHIBAIOIINK BIUSIHUE ITTUHBI PEMHS;

3HAYCHUS BCEX ATUX KOIPDHUIIUESHTOB TPUHUMAIOTCS 110 COOTBETCTBYIOIIAM
TabIUIAM;

- He0OXO0IUMOE YHUCIIO KIIMHBEB peMHs (C IMOCIEeAYIOINUM OKPYIJICHHUEM)
OTIPECISICTCS TI0 BEIPAKCHHIO

_2T
d;p

PCKOMCHIIYCTCH IMPpUHUMATDb: JTJIA ceueHmii Tumna K Z = 2 . 36 KIIMHBCB,

Z

11 ceueHud tumna Jl u M Z=4., .40;

- IUPUHA PEMHS b=7P , 371eCh P — mar KImMHbCB;

- IIUPYHA IIKUBA B= (Z —1)P +2a, e a- pacCTosIHUE OT TOPLIA IIKMBA
JIO €ro KpalHEe! KJIMHOBOW BITA/IMHBI.

11.13. OcobGenHocTH pacuéra 3y0uaTopeMEHHBIX TIepe1ad

Pacuér BbIMOJIHSIETCS B TOM K€ MOCIEN0BATEIbHOCTH, YTO U KIIMHOPEMEHHOU
nepeayu, Ipyu 3TOM YUUTHIBAECTCS Psii 0COOCHHOCTEH:

- pacu€THBIN MIepeaBaeMbIii MOMEHT OmpeieNisieTcs ¢ yuéToM koddduireHTa

TUHAMHUYHOCTH k T =Tk :
pi | p pi |

- B 3aBUCHMOCTH OT PacY€THOIO MEepPEJaBaeMOro MOMEHTA MO TaOJIMIIAM MPHU-
HUMaeTca MOAyJb pemMHs M,

- B 3aBUCHMOCTH OT MOJYJISl IPUHUMAETCS YUCIIO 3yObEB BEIYILIETO IIKUBA
le 10...18, oHO HE TOMKHO OBITH KPATHBIM YHCTY 3yObEB PEMHS;

- OMPEAEISETCS AMAaMETP BEIYIIErO MIKUBA d1 = le;
- OTIpeeNsieTCs yroa 00XBaTa MaJoro MIKUBa PEMHEM QL; aHANIOTHYHO KJTH-

HOPEMEHHOM Tepenaye;
- ompezensiercs Ft - IepelaBaeMoe OKPY>KHOE YCUIIHE Ft = 2Tp / dl;

- OIIPCACILACTCA JOITyCKacMasd YACIbHAA OKPYKHAsA CHUJIa |_Ft J: |_PJ— FH’
rac I_PJ — POCU CZ - JA0ommyCKacMasl yAClIbHAasA Harpy3ka Ha pCMCHb,

P o~ HOMHHAJIbHAs YIE/IbHAs HArPy3Ka Ha PEMEHb, ONPEIENIAETCA 110 TabJIn-

HaM B 3aBUCUMOCTH OT MOAYJIA;

Cu - k03 QUITMEHT, BBOAUMBIN JIJ11 YCKOPSIOIIUX Mepeiad, 11l TOHMKako-

IIMUX OH PaBCH CAWHUIIC,

Cz - k03 PuIMeHT yncna 3yobeB, HAXOISAIIMUXCS B 3aLCTUICHUH C BEYIIIUM

IIIKUBOM:
OTIPEICIISICTCS YUCIIO 3yObEeB PEMHS, HAXOASAIIUXCS B 3alEIJICHUN ¢ MAJIbIM
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(04
[ITKUBOM Z =Z —1>6:

38.1.[1 1 360
IIPUHUMAETCA CZ: econ Z > 6 - Cz :1; €CciIm Zsau125 —CZ =0.8;

3arl
eclin Zsau124 - Cz =O.6;

Fu =( rnV2 - IICHTPOOEKHAsI CUIIa, IEUCTBYIONIAs HA PEMEHD;
q o~ Macca OJTHOr0 MeTpa JUIMHbI PEMHSI IMMPUHON OUH CM, OIPE/IENIeTCs

10 Ta6HI/IHaM B 3aBUCMMOCTH OT MOAYJIA;

F

1
- OIpeeNseTCs MOTpebHast mHprHa peMust 0'> [t]; MOJIy4YEHHOE 3HAUEHHUE

b’ OKPYTJUTH 10 OJIMKAUIIEro OOJBIIEr0 U3 HOPMAIU30BaHHOTO psaa: ... 10,
12.5, 16, 20, ...50,66,80,...200; npuHATas MHXPHUHA IIIKMBA HE IO KHA ITPEBHIIAThH

AUaMCTpa MCHbIICTO IIIKKWBA,
- IPCABAPUTCIbHOC HATAKCHHUC JOJIKHO OBITH HECKOJIBKO OOJIbIIEe 3HAUCHMS

HaTsKCHUA OT HGHTpO6G)KHOﬁ CHJIBI

F = (1.1...1.3)FH =(1.1...1.3)q_bV?2,

OHO HCO6XOI[HMO TOJIBKO IJIAA YCTPAHCHHUA 3a30P0OB B 3alICINICHUHN U ITPABUJIb-
HOTro HaOeraHMs PCMH: Ha IIKUBBI;
- YCHUIIUC, I[GI?ICTBYIOIHCC Ha BaJIbl, MOXKCT OBITH IIPUHATO PaBHbBIM

R=(1.0...1.2)F ;

- IpY 4yHclie 3yObeB, BXOAAIIUX B 3alICTIJICHUE C MaJIbIM IIKUBOM
Z < 6, PEKOMEHIyeTCsl IPOBEPSATH JaBJICHUE Ha 3yObsIX PEMHS

3arrl
_ Fo
b Zga;lbh = [p]

rae (O - ko3 (pUIMEHT HEPAaBHOMEPHOCTH PACIIPEIEIIEHUS] OKPYKHON CHIIBI
MEXIy 3yObsSIMH pEMHS T10 JTyTre 00XBaTa, BBICOTE U JJIMHE 3yObEB PEMHS;
P |- nonyckaemoe naBiaeHue, yMEHbIIAETCS C YBEIMUEHUEM YaCTOTHI

BparieHus Beaymiero mkusa ot 2.5 MIla mpu 100 06/mun 10 0.75 mpu 2000
00/MUH, TPUHUMAETCS TI0 TaOJIHUIIE.

KoHTpoapHBIE BOITPOCHI

11.1. Ilpunuun paboTel epegavm.

11.2. Pa3HOBUOHOCTH PEMEHHBIX MEPEAAY.

11.3. JlocTronHCTBa, HEAOCTATKA U BO3MOXKHOCTH PEMEHHBIX IIEpeaay.

11.4.Cuitbl, AENCTBYIOIINE HA PEMEHD.

11.5. HampsikeHHs B CEYEHUSIX PEMHS.

11.6. Kakue BubI CKOJIbKEHUS HAOMI01at0TCsl B peMEHHOM nepenaue? Kpu-
BBIE CKOJIb)KECHHS.
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11.7. Kputepuun paboTocriocOOHOCTH peMEHHBIX Mepeaay.
11.8. Pacu€T kmuHOpEeMEHHBIX TIepeaay 1Mo TArOBOM CIIOCOOHOCTH M Ha J0JITO-
BEYHOCTb.
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