[Tpunoxenue 2.4. «Kpatkue TeOpeTUUECKHE CBEICHUS» K MEPONTPUATHIO No2

YTBEPXIAIO
PykoBoauTens meponpusitus Ne2
3amecturens qupektopa HOLL
«Komnoszuter Poccumny (MULL)

CrosinoBa M.B.

IIpakTnueckas padora Nel
Beeoenue ¢ 3D-mooenuposanue u npomomunuposanue
Kparkue Teopernyeckne cBeeHHA
Buasbl 3D-mMoaeMpoBaHuMA M UX pa3Indus
Cy1ecTByeT HECKOIbKO BHI0B TPEXMEPHBIX MOJIETEH:
1. TlonuronamabHast MOJEINb;
2. NURBS-noBepxHOCTH.
Kpowme toro, ects Tpu Buja 3D-MonenrpoBaHus:
1. xapkacHOe MOJEJINPOBAHUE;
2. TOBEPXHOCTHOE MOJICIINPOBAHMUE;
3. TBEpIOTENbHOE MOJIEIMPOBAHUE.
MO’KHO BBIIEIUTD YETHIPE YPOBHS CI0KHOCTU O0BEMHBIX U300payKEeHUI:
o IlepBblil — mpocTeiimnii — HE COAEPKUT UHPOPMAIIMHN O CTPYKTYpPE U MEJIKUX JEeTalsiX 00BEKTa,
Harnpumep, OOKaJIbl U IPOCThIE PAMKH.
e Bropoii, HeMHOTO O0JIee CII0XKHBIH YPOBEHB, COJAEPKHUT O0JIee AeTaNbHYI0 HH(POPMAIIUIO O MOJIEIH.
K takoMy ypoBHIO MOKHO OTHECTH TYMOBI, CTOJIBI U IPYTUE HECTIOKHBIE ITPEIMETHI.
e K TperbeMy YpOBHIO MOXHO OTHECTH TapHUTYpbl MeOenM U TEXHHMKY s JloMa Hu3-3a
MHOTOYHCIIEHHBIX MEJIKUX JIE€TalEeH U CI0KHONH HEOJHOPOIHON CTPYKTYPBI.
o UYerBepThIil yalle BCETO MCIONb3YETCsS MHKEHEpaMH, MPUMEpPaMHM TPEXMEPHBIX MOJEIEH 3TOro

YPOBHS MOTYT CIIY)KHUTh MOJIETTH CTAHKOB, aBTOMOOWIICH U IPYTOi CII0KHOW TEXHUKH.

TpeXMCpHaﬂ MOZCIIb COCTOUT U3 MHOXKECTBA TOYCK, KOTOPBIC COCAUHAIOTCA MCIKIY coboii rpaHsiMu

1 00pa3yroT MOJUTOHEI.
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BepLunHbl Petpa [paHu MonuroHst — MoBEepXHOCTH

Puc. 1. CocraBHBIE DIIEMEHTHI MOJAEITN

IIpakTnyeckas padora Ne2

3unakomcmeo ¢ npozpammon Autodesk Inventor

Kp ATKHE TCOPETHYECCKUE CBECACHUSA
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o npumMepe! yueBren nocobuii BosMOXHOCTH  HOBOE

Janyck Mon rnasHan crpaiLa Cnpasxa Hoskie 2nemenel
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MocneaHue QOKYMEHTbI

o -’ Yeprex
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Case edu.dwg

Puc. 1. [Tanens «Co3nathy» MEHIO HaBUT AU
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Puc. 2. O0iacts JIEHTHI

IO EHS S AR H G wose (@ oo ~[@ @A

Devans1 » Monek mo cpaske u kowanaam. Q. Bxonn cywber = %7 | (2) - _ 5 x
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J neran1
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© rorew aetamt

=

Pexunt oxiganns

) @ Py

Puc. 3. JlepeBo nmocTpoeHui MOIeIn
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2D-ackus = Npyxara | | §i & 3 dopu = 5o = 81 B B3 anpecenwii | nucrosoi metann

e Cozgat VismenuTs = Avanuz | PaBoune snemertel | Maccus  Cosgarive npovssonsHoii dopmsi  MMosepiocrs  Mogenuposarine | MpeoGpasosariie

Mo.. X + Q= @ X

W ferannt
+-T2=Bun: Mnasmei 1
+- [ Havano

© Konew netann

Pexum oxmgaHma

Puc. 4. HaBuranuonssiii kyo

IIpakTHyeckas padora Ne3
H3yuenue onepayuu «Bvloasnusanuey na npumepe mooeauposanus HACMo1bHO20 Op2anaisepa
Kpartkue Teopernueckue cBegeHHs
CymectByeT 4 OCHOBHBIX (hOPMOOOPA3YIOIINX ONEpAIHH:

BrinaBanBanme

1

2. Bpaienue
3. Cuasur

4. Jlodt

A Y @ Wxermwi ~@ @& fr &5 Autodesk Inventor Professional 2020 Opranaisep b Mowck no cnpasxe v komanaam L, Brogscayxesi~ Y | @ - - & X
AHHOTaUMN YnpasaeHu R Cpeay {auano paéots  Col paGora @~
r\' S enbed 85 Mapxuposka L\ ‘ ‘ ) | 2] HR ® v 4 ®
" @ nogr &Y Hacrenosanme &) Munopr &) = o ; -/ fs2s . ME T -
e Bpauiexve Oreepcive Conprxerne " = atop Mo ' Ananus
=y (B, Pe6po xecroc Bl Passeprca @ F dopm 5o ¥ @ HanpaxeHwd  AvCTOBOW Metann
ok Cossfare Vavenms v Avanws  PaSoune snemenTh  Maccus  Cosaanue npomseonsHoii dopwbi Mosepxocts  Moaenvposarive _MpeoGpasosarive

Puc. 1. ®opmooOpasyrolye onepanuy Ha JeHTe MOAU(PHUKATOPOB
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'} Tovck no cnpagke ¥ KoMaKaa

7 0 ® s @ .
Hauare  Buiaasavsanvie Bpawenve U B3 H gt a Hinopr J ‘enepatop  lrocxocTe . MNapannenenvnen ‘!J Ananns Npeo6pasosats &
2D-sckms ™ = Npyxma (B Pespo xecrxoc Bl Paseepika | | dopm = [te] (&l 3 T8 wanpsxewuii  AcrosOR Metann
=) PaBouvie snemenTs  Maccus  Co3anvie npoussonbHoi Gopubi MosepxHocts Mogeavposanve | Mpeobpasosanye
| Cooiicrea X+ :

» Tlovck no cnpaexe 1 KOMakKza:

a B Crovr ) Penved B Mapposka - (] 28 I b ©-
B nogr B2 Hacneposanme ) Wmnopr e J I ]
2D-3ckm3 = Npyxvna (B, Pe6po xecrxocm i Paseeprxa I=3 [te] (5l (@B %3 wanpaxenud | avcroson meramn
oz Co3nats Paboune snemMeHTb lMaocun ‘Co3nanve Npou3s0AbHOA Gopmbl  lMosepxHocTb Moaeavposanve | lpeobpasosatvie
| caoiicrea X+

Hauare i Buipasavsanve Bpauwenve Ananus MNpeo6pasosars &

AAnsi BbI30Ba CpaBKky HaxmuTe F1 1 \3

Puc. 2. OxHo HacTpoiiku ornepaiuu «BeinaBiuBaHue»
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| Bupasmwsanme? > Jowms2
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Hauato | Bhitasnueanue Bpauierve Bl sioor 2 Hacneaonanme £ Munopr Orsepcrve C
2D-3cku3 " = nNpyxura (&, Pe6po xecrkoc Bl Passeprxa

Npeoc6pasosats B
HANPAXEHWHA  AMCTOBOV MeTann

Auanuz  Pabouve dnemenTs  Maccus  CO3aaHuMe NPOM3BONLHON GOpMbl  MoBepxHOCTL Moaeanposanue [peobpasosatue.

Buibepute npoduab. Ucnoabsyiite ([CTRL (uam [SHIFT)) + wenyok ans oTMeHbl BbIGOpa

Puc. 3. Beipe3anue Bb1aBIMBaHUEM

IIpakTnueckas padora Ned
H3yuenue onepayuit «Bpawenue» u «Coeuz» na npumepe mooeaupoeanusn uwawiu Ilughazopa

KpaTKne TCOPETHYECCKUE CBCACHUSA
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Yerpoiicreo yamu ITugaropa

Yama [ugaropa (mmm KpyXka >KaJHOCTH) — CIIEMUAIBHBIA COCy, MpuayManHslii [Tugparopom.
CornacHo UCTOpUH, 3aCTABIIET YEJIOBEKA MUTh B YMEPEHHBIX KOJIMYECTBAX, [103BOJISIS 3AII0JHUTH Yallly
JUIIb 10 OIPEIECJICHHOrO ypoBHSA. EcCiM 4enoBeK 3aloiHsSEeT BBILE, TO COIEPKUMOE IOTHOCTBHIO

BBIJIMBACTCA.

Puc. 1. Ocku3 ¥ OIy4YEHHOE TEJIO BPAIICHHUS

Puc. 2. Dcku3 ceuenus cudoHa u pe3yiabTar oneparun «CIBHM»
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IIpakTuyeckas padora NeS
Odghopmnenue uepmerrca u eusyanuzayus mooenu
KpaTtkue TeopeTnuyeckue cBe1eHHSA

Co3nanue yeprexa yamm Iudaropa

150
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Puc. 1. IIpumep roroBoro yeprexa

Pennepunr moaesu

Mpoeepka  WHcrpymentol  Ynpasnenne LM Cpeasi  Hauano pabotel CosmectHas pa

I I 0 MepcnekTueHbIA ~ O TekcTypbl BKA. ~

Iﬁl OTpa)KEHMR I'" % Hyneaaﬂ NACCKOCTb |'|

Crunb oTobpaxkenns

v

Qg Cepoenom ¥ Q Tpaccuposka ny4eit

MpeacTaeneHne mogenn ~

Puc. 2. Hactpoiika napaMeTpoB 0TOOpaXeHUsI MOJIETTH
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[Tepeiinem Ha Bkiagky «Cpeasl» u BeIOepeM HHCTpYMEHT «Inventor Studioy.

3D-mogene  3ckmz  Annotaumm  [lposepka  VHcTtpymentol  Ynpasnenwe  Bug CpEAbII

aa B B A @ <

Ananns  Inventor Cosgarne npoekta Komnonentor [lpeoBpasosate e 3D-neuate Hagcrpoiiku
HanpsokeHwit  Studic  npecc-dopmel BIM NUCTOBOKN METaNN

Hauatb MNpeobpazosanne 3D-nedyate Ynpasnenwe

Puc. 3. Bxiagka cpenapl

Busyanusaumna usoBpaxerua n
Obfwue Boisoa Moaynb BUsyanusaLwm

MpoAOMKMTENEHOCTD BU3Yanu3aLym

(O Bpemsa BusyanusaLm: 1.0/ kA MUH.
(® BusyanusaLuia NocpeacTsoM UTEpaLyM: 32 [&]

(O Lo nony4eHus yAOBNETEOPUTENLHOMO PESYNLTATA

Ofuee 3aTpayeHHoe BpEMA BKIKOYAET BPEMA MOArOTOBKM
AaHHbIX W YKa3aHHOE BPEMA BM3Yanu3aLym.

Ocsewenue U TOYHOCTL MaTepuana

PexuM: | Beicokoe v

DunbTpawa nsobpaxenuit (crnaxueaHme)

Tun: |Mo Mayccy v WnpuHa: 30 2]

@ | Busyanusama || 3aKpbiTe

Puc. 4. Hactpoiiku okHa «Buzyanu3zamus n300paxeHus»

IIpakTnyeckas padora Ne6
IlIpoexm «bnox». Mooenuposanue oemaneii.
Kparkue Teopernueckue cBeeHHsA
brox — mpocroe MexaHMYeCKoe yCTPOMCTBO, MO3BOJISIONIEE YMEHBIIUTh CUITY, HEOOXOAUMYIO ISt
nepemereHus rpysa. Ilpeacrasiser co0oif kojeco ¢ kenodoM MO OKPYKHOCTH, BpaIIAloNIeecs BOKPYT
CBOEH oOcCH: jXKelo0 MpeaHa3HayeH /i KaHaTa, IeNH, PeMHS M T. M., K KOTOPOMY IPHCOEIUHEH
nepemeniaemMeiii rpy3. @aktuyuecku, 0001 OJOK MPEACTABISIET CO00M phIYar: B cliydae HEMOIBUKHOTO

0JI0Ka — paBHOILICYHH.
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Puc. 1. [Ipumeps! 6110K0B

IIpakTHyeckas padora Ne7
Ilpoexm «bnok». Mooenuposanue oemanu «Kponwmeiin
Kpartkue TeopeTtuyeckue cBeleHUs
brox — mpocroe MexaHMYeCKoe YCTPOMCTBO, MO3BOJISIONIEE YMEHBIIUTH CUITY, HEOOXOAUMYIO ISt
nepemeneHus rpysa. Ilpeacrasiser co0oif kojeco ¢ kenoboM MO OKPYKHOCTH, BpalIaloNieecs BOKPYT
CBOEH ocH: keno0 mpeaHa3HaueH I KaHaTa, LEMH, PeMHs W T. M., K KOTOPOMY MPUCOEAUHEH
nepemeniaemeiil rpy3. Gaktuyecku, a1000# OJOK MPEACTABISIET COOO0M phIyar: B cliydae HETOIBUKHOTO

0J10Ka — paBHOIICUUH.

Puc. 1. I[Ipumeps! 0:10K0B

ITpunoxxenue 2.4. «KpaTkue TeOpeTHYECKUE CBEACHUD K MEpONpUATHIO Ne2
(ctpanuna 10 u3 87)



[Tpunoxenue 2.4. «Kpatkue TeOpeTUUECKHE CBEICHUS» K MEPONTPUATHIO No2

IIpakTuyeckasi pa6ora Ne§
Ilpoexm «bnox». Mooenuposanue oemanu «Oco»
Kpartkue Teopernyeckue cBegeHus
bnok — npocroe MexaHHM4YECKOEe YCTPOUCTBO, TIO3BOJISIONIEE YMEHBIIUTH CHITY, HEOOXOAUMYIO ISt
nepemereHus rpysa. Ilpeacrasisier co0oil KOJeco C KEI000M IO OKPYKHOCTH, BPAIIAIOIIEECs BOKPYT
CBOCH ocu: jkeno0 TpeJHa3HAuYeH Il KaHaTa, IIeMU, PeMHS M T. M., K KOTOPOMY HPUCOCIUHCH
nepemeniaembiii Tpy3. DakTudecku, 000N OJIOK MpeCcTaBiIsIeT cOO0M phIuar: B cliydyae HEIMOIBUKHOTO

0J10Ka — paBHOIUICYUH.

Puc. 1. [Tpumeps! 6;10k0B

JlabopaTopnasi pabora Ne9
Ilpoexm «bnox». Mooenuposanue oemanu «lllkue»
Kparkue Teopernueckue cBegeHHs
biiok — mpocToe MexaHnuecKoe yCTPONCTBO, MO3BOJIAIOIICE YMEHBIITUTh CHITY, HEOOXOIUMYIO IS
nepemeneHus rpysa. Ilpeacrasiser co0oif kojeco ¢ kenodoM MO OKPYKHOCTH, BpalIalolieecs BOKPYT
CBOEH oOcCH: KeJno0 MpeaHa3HayeH Ui KaHaTa, LeNHu, PeMHs U T. I., K KOTOPOMY IPHCOEIUHEH
nepemeniaemMeiii rpy3. @aktuyuecku, 0001 OJOK MPEACTABISIET CO00M phIYar: B cliydae HETOIBUKHOTO

0JI0Ka — paBHOILICYHH.
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Puc. 1. [Ipumeps! 6110K0B

JladbopaTopHas padora Nel(
Ilpoexm «bnok». Coopka uzdenusn
Kpartkue TeopeTtuyeckue cBeleHUs
brox — mpocroe MexaHMYeCKoe YCTPOMCTBO, MO3BOJISIONIEE YMEHBIIUTH CUITY, HEOOXOAUMYIO ISt
nepemeneHus rpysa. Ilpeacrasiser co0oif kojeco ¢ kenoboM MO OKPYKHOCTH, BpalIaloNieecs BOKPYT
CBOEH ocH: Xeno0 TMpeaHa3HaueH [JIs KaHaTa, IEeMd, PeMHS W T. M., K KOTOPOMY HPUCOEIUHEH
nepemeniaemeiil rpy3. Gaktuyecku, a1000# OJOK MPEACTABISIET COOO0M phIyar: B cliydae HETOIBUKHOTO

0J10Ka — paBHOIICUUH.

Puc. 1. I[Ipumeps! 0:10K0B
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JlaGoparopnas padora Nell
Ilpoexm «bnox». Cozoanue uepmedsica
Kparkue TeopeTuueckue cBe1eHHUs
bnok — npocroe MexaHUYeCKOe YCTPOWCTBO, O3BOJIAIONIEE YMEHBIIUTD CUITY, HEOOXOAUMYIO IS
nepemereHus rpysa. Ilpeacrasiser co0oil Kojeco ¢ kenodoM MO OKPYKHOCTH, BPALIAIOLIEECs BOKPYT
CBOEH OCH: ’XKel00 MpeaHa3HayeH il KaHaTa, IeNHd, PeMHS M T. 1., K KOTOPOMY MPHCOEIUHEH

nepemeniaembiii Tpy3. DakTudecku, 000N OJIOK MpeCcTaBiIsIeT cOO0M phIuar: B cliydyae HEIMOIBUKHOTO

0J10Ka — paBHOIUICYUH.

b
= n
\ v‘,x
it

Puc. 1. [Tpumeps! 6;10k0B

JlabopaTopnasi paGora Nel2
Aooumuensle mexnoyocuu
KpaTtkue TeopeTnyeckue cBeIeHHSA
B coBpeMeHHBIX TEXHOIOTUSX U3TOTOBJICHHS MOKHO BBIACTUTH 3 crioco0a Mpou3BoAcTBa (puc. 1):
* CyOTpakTUBHBIM - TIOCTENEHHOE yhaleHue Matepuana (dpe3epoBaHue, TOUCHUE,
AIEKTPOIPO3NOHHAS 00pabOTKA);
* aJUINTHBHBIH - MOCTEIICHHOE JI00ABIICHHE MaTepralia J0 PHIaHUus HeoOX0AMMON (HhOPMEI;

* hopmupyromuii - u3MeHeHne (HOpMbI MEXaHUYECKUM BO3JeiCTBIEM (THOKA, KOBKA, IIITAMIIOBKA).

@
) @ @

Cy6TpaKTUBHbIN AL OUTUBHDIN Dopmupyrowmi

Puc. 1. CxemaTudeckoe n300pakeHHUEe BUIOB ITPOU3BOJICTBA
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Jlis aiIuTUBHOTO MPOU3BOJICTBA MPUMEHSIOTCS pa3IMYHbIe MaTepHalibl, BKIIOYasi MOJIMMEPHI,
JUTEHHBIE BOCKH, METAJUIbl, JIMCTOBBIE MaTepHalbl (MeTaionpokar, Oymara, I[IBX-1uieHka, rUncoBbIe
KoMno3utuu) u 1p. C HCIONB30BaHHEM CHEIHAIBHOIO MPOTPAMMHOTO OO0ECIeYeHHUs] MPOU3BOIUTCS
pa3zbuBka 3D-mozenu u3nenus Ha psj MIIOCKUX MapaljIeNIbHBIX CEYEHHH, OTCTOALIUX JIPYT OT Apyra Ha
Mmasioe pacctosaue (0,01 - 0,4 MM), B COOTBETCTBHUH C TPEOOBAaHUSIMH KOHKPETHON MOJIETIN 000PYIOBaHHMS.

[Moxnepxku, TO €CTh BHYTPEHHHE WJIM BHEIIHHE TepeOopku (puc. 2), CO3MAIOTCS HA CTaIuU
noArotoBku 3D-monenu K medaTd ¢ MOMOIIBIO pasiudHbIX mporpamm, Hampumep, Ultimaker Cura.
[Tonnaep>Kku MO3BOJISIIOT CTAOMJIM3UPOBATh BBICTYIBI, KOHCOJMM Ha Kpasx MOJENH, NPeAOTBPATUTH
pacciauBaHue B CIOXHBIX Y4acTKax MOJIETH, CKOPPEKTHUPOBAaTh BO3MOXKHOE HCKPUBIECHUE CIIOEB Ha
wiatopMe, MO3BOJISIOT JIETKO OTACIATh CHHTE3MPOBAHHYIO MOJENh OT OCHOBaHHS-ILIAT(HOPMBI,

00JIer4aroT CUHTE3 CIIOKHBIX MOI{CHCﬁ, TaK Kak IIOCIICAHHIE CO3aI0TCS M3 HECKOJIbLKHUX YacTeil.

\ lNpocTaa cetka CnoxHas cetka ONeMeHT CeTKu f
L '

93 -

Bce 310 UCMONb3yeTea Kak «apMaTtypa» Npu CUHTE3E KPYMNHbIX MoAenei

J/
r.

Yrnosoe coeauHerune OcTtpoBok
a 6
)/
[MoTonok ¢ apkoi MoTonok

Puc. 2. [Ipumeps! noaepxex

Jlabopamopnas paboma Nel3
FDM-neuams
Kparkue Teoperuyeckue cBeleHUs
[Iponiecc mevatu 3akirouaercss B ciaeAyromem (puc. 1). Martepuan momagaeT B 3KCTpynaep, Tae
HarpeBaeTcsl U paciviaBisieTcsa. DKCTPyIep pa3MellaeT MaTepuall Ha CTOJIe 4Yepe3 Hacaaky coruia. Beck

3TOT TMpPOLIECC KOHTPOJUPYETCS YCTPONMCTBOM YIpaBieHHs. B wuaeanbHOM ciayyae Bechb IpOLECC
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IIPOUCXOJUT BHYTPU HM30JIMPOBAHHOIO KOpIyca, B KOTOPOM IOAACPKUBACTCA 3aJaHHas TeMIEparypa
BO3/lyXa, 4TO IO3BOJILET 00JIee TOYHO KOHTPOJIMPOBATH CIUIIAHUE CIOEB U yOUpaTh Ae(eKThI, KOTOpbIE
MOTYT OBITH CBSI3aHBI C TEPMOYCAIKOW Marepuaina. VIcrmonb30BaHHE 3alIMIICHHOM KaMepbl TakK e

IIO3BOJIACT 3allIMTUTDh U3CIINE OT KOpO6J'IeHI/I5[ " CKPpYy4YHMBaHU:, IMOBbIIIAA aATr€3HUI0 CJIOCB.

Mmarepuman OCHOBHOM
ANA noAnepPXKu marepuan

ronoska

noaaepxxa

Puc. 1. [Tpunuun padots! 3D-nipuHTEpa

JlabopaTopnasi paGora Nel4
Yempoiicmeo 3D-npunmepa
KpaTtkue Teopernueckue cBegeHHs
OcHoOBHBIE 2JIeMEHTbI KOHCTpYKUMHU 3D-nipuHTepa
Ha puc. 1 MbI MOXE€M BHIETH TUIIOBYIO KOHCTPYKLIHIO 3D-nipuHTEpa. ETO0 OCHOBHBIE DJIEMEHTHI:
1 - kopryc, Urparomuil poib cKeneTa Uil MOHTaka KOHCTPYKTHUBHBIX 3JIEMEHTOB;
2 - HampapJSIONIAE, OCYIIECTBIIIONINE CPAaBHUTEIHHO CBOOOIHOE IMEpeMelIeHUe TedaTaromeit
TOJIOBKH B 33JJaHHOM ITPOCTPAHCTBE;

3 - meuaTaroas roJoBKa (3KCTpyJep) - Tpylna yacTel, KOTopas BBINOIHSIET Mojady, HarpeB U

BBITECHEHHE (IKCTPY3HIO) PACXOIHOTO MaTepHalia yepe3 COIIo Ha pabouyro MOBEPXHOCTD;
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4 - maroBbl€ JBUTATEIM - 2JEMEHThl KOHCTPYKUMHU 3D-npuHTEpa, OTBEYAOLIUE 32 PABHOMEPHOE
HepeMeIleHUE N1e4aTarollel TOJIOBKU B 331aHHOM IIPOCTPAHCTBE;

5 - paboumii cton - crpoutenpHas Mmiargopma 3D-mpuHTEpa, HA KOTOPOH OCYHIECTBISETCS
HEMOCPEJCTBEHHOE CO3/IaHNE TPEXMEPHOIO O0BEKTA;

6 - pyIeKTpOHMKA - HaOOp 3JIEMEHTOB, OTBEYAIOIMI 3a YIPaBJIEHHE U KOOPJAUHALMUIO JEHCTBUN

IIPUHTEPA B MIPOLIECCE NIEYATH.

Puc. 1. Koncrpyknus 3D-nipunTepa

JlabopaTopnasi paGora NelS
Buowvi nnacmuxog onsa 3D-neuamu
KpaTtkue TeopeTnyeckue cBeIeHHSA
Buael miiacTukoB 1 3D-neuaTn
B kadecTBe pacxoIHBIX MaTepUATOB HCIIOJIB3YIOTCS BCEBO3MOKHBIE MOJMMEPHI, BKIOYAs BS
akpuinoHuTpuidyranuenctupon (ABS) monukap6onar (PC) monunaktun (PLA) monusTuneH BBICOKOTO
nasnenuss (HDPE) cmecn mommkxapbonarta m ABS-mnactuka, momudenuncynsdpon (PPSU) u mo. Kak
MPABWIO TIOJUMEP TOCTaBIsAETCS B (OpME HAIOJHUTEIS, W3TOTOBJICHHOTO W3 YHCTOTO IUTacTHka. B
COo001IeCTBE PHTY3HACTOB 3D-meuaTu CyIiecTByeT HECKOIbKO MPOEKTOB, HAPABICHHBIX HA MEPEPadOTKY
MCIOJIb30BAHHOTO MJIAaCTUKA B MaTepuaibl ast 3D-neuaru. [IpoekThl OCHOBaHBI Ha BHIPAOOTKE PaCXOJHBIX
MaTEPHUAJIOB C TIOMOIIBIO MIPEICPOB U MEPEIUIABIISIONINX YCTPOUCTB U TAKKE UMEIOT OTKPBITHIC HCXOJIHBIC

JTaHHBIE MPOEKTOB. M3yduM miacTuky moapooHee.
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Puc. 1. Karymku ¢ mutactukom aiig 3D-nipunTepa

IIpakTuyeckasi pabora Nel6
Ilpoexm «Menvnuua». Moodenuposanue oemaneil u3 1UcCH 06020 Memana.
Kpartkue TeopeTtudeckue cBeleHUs
Jeranu BeinonHst0TCA B Moayle «JIlucroBoit metamny. Co3nagum (aiin neranu, 3aTeM, B IpaBoM

BCPXHCM YIJ1Y HAXKUMACM HAa HHCTPYMCHT «Hpeo6pa3013aTb B JIMCTOBOM METAJLII».

g@* -n

MNpecbpasceate 8 [apaMeTpel NO YMONYZHWIO
NNCTOBOW METANN MNCTOBOTD METNNA

MNpecbpasceaHne Hactpoika =

Puc. 1. KHonku co3manus AeTalu U3 JINCTOBOIO MeTajlia

[Tepeiinem Kk HacTpOMKE JIMCTOBOTO METAJJIa. Y CTAHOBUM MapaMeTPhI JINCTA COTIIACHO pucC. 2.

I'Iapame'rpbl ANCTOBOrC METaNA3 NC YMOAYAHUIO X

Mpasuno 0bp. AET. U3 NMCT. MET.

Mo yMonYaHuio_MM v ﬂ
TonwuHa
[JWcnonbsosate TonwmHy s npasuna
MaTepuan
AntoMuHIiA 6061 v

Mpasuno passepTbiBaHNs

Mo npasuny obp. aeT. u3 aucT. meT. (Mo yMonyaHuio_Mo v /f

lj,_' OK OTMeHa MNpimernTb

Puc. 2. OkHO HacTpoeKk mapameTpoB JIUCTOBOIO MeTasIa
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IIpakTuyeckasi padora Nel7
IlIpoexm «Menvnuya». Modenuposanue oemaneit u3 1UCMO8020 MemMaind.
Kpartkue TeopeTuueckue cBeieHUs
JleTanu BBIMOJHSIOTCSA B MoAyJe «JIucToBoi Metamumy. Co3manum ¢daiii netainu, 3aTeM, B IPaBOM

BEpPXHEM YTy Ha)kKMMaeM Ha MHCTpyMeHT «[IpeoOpa3oBaTh B IMCTOBOW METAILI».

ém l: -|°
MNpeobpazosate 8 [MapaMeTphbl NO YMOAHIHWID

AWCTOBOW METEAN ANCTOBOTND METANNAG

MNpecbpasceaHne Hactpoiika =

Puc. 1. KHONIKYM co31anms JIeTaju U3 JUCTOBOTO METAJLIa

[Iepeiinem K HaCTpOMKE JIMCTOBOTO METaJlJIa. Y CTAHOBUM MapaMeTphI JINCTA COTIIACHO puC. 2.

I'Iapamerpbl ANCTOBOro METANAA NO YMOAYAHUIO X

Mpasuno 0bp. AET. U3 NMCT. MET.

Mo YMONYEHMIO_MM v ;/
TonwuHa
[Iucnonssosate TonwmHy us npasuna
MaTepuan
AntoMuHIiA 6061 v

Mpasuno passepTbiBaHNs

Mo npasuny obp. aet. u3 nuct. MeT. (Mo ymonyaHuio_Mo v ;/

Iz‘ OK OTMeHa MpMMeHnTL

Puc. 2. OxHO HacCTpoOEK MmapaMeTpoB JIMCTOBOTO METaJljIa

IIpakTnyeckas padora Nel8
IIpoexm «Menvnuya». Cozoanue coOopounbix y3/108.
Kpartkue Teopernueckue cBegeHHs
Jeranu BeimonHstoTCsA B Moayine «JIlucroBoit metamny. Co3nagum (aiin neranu, 3ateM, B IpaBoM

BCPXHCM YII1Y HAXKKUMACM HAa HHCTPYMCHT ((Hp606pa3OBaTB B JIMCTOBOM METalllI».

ém l: -|°
MNpeobpazosate 8 [MapaMeTphbl NO YMOAHIHWID

AWCTOBOW METEAN ANCTOBOTND METANNAG

MNpecbpasceaHne Hactpoika =

Puc. 1. KHonku co3manus AeTaiad U3 JUCTOBOIO METaIa
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[Tepeiinem Kk HACTPOWKE JTUCTOBOIO METasIA. Y CTAHOBUM MapaMETPhI JINCTA COTJIACHO puUC. 2.

I'Iapamerpbl ANCTOBOrc METaNAa NC yMOAYaHUIO X

Mpasuno obp. AET. U3 NUCT. MET.

Ino YMONYSHUIO_MM V‘ {7[

- TonwwHa
[Jucnonssosats TonwmHy s npasuna
MaTepuan
 Anomrui 6061 v|
Mpasuno passepTbiBaHUA

!no npasuny obp. aeT. u3s nuct. meT. (Mo ymonuaHmio_To VE !—ﬁ

e

OK OTMeHa | MpimernTs |

Puc. 2. OkHO HacTpOeK apamMeTpoB JIMCTOBOI'O MeTalIa

IIpakTnyeckas padora Nel9

IIpoexm «Menvnuya». Cozoanue coOopouHbIX y3/108.

Kpartkue Teopernyeckne cBegeHus

Puc. 1. OxoHUaTenbHBIN BU COOPKH
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IpakTnyeckas padora Ne2(
IIpoexm «Bunm Apxumeoa». Moodenuposanue 6uHmo6oil n06epxXHoOCmu
Kparkue Teopernueckue cBegeHHA
ApXUMEIOB BUHT — MEXaHHU3M, HCTOPUYECKHU HCIIOIb30BABIIMICS I Iepedadyd BOJbI M3
HU3KOJIKAIUX BOJOEMOB B OpocUTelbHbIe KaHalbl. OH ObUT OJHHUM W3 HECKOJIBKHUX H300peTeHHH U
OTKPBITHM, TPAAUIIMOHHO IPUITUCBIBAEMBIX Apxumeny, xkusiieMy B 11l Beke 10 H. 3. ApXuMe10B BUHT CTall

pooOpa3oM ITHEKa.

Puc. 1. Bunt Apxumena

IIpakTnyeckas padora Ne2l
Ilpoexm «Bunm Apxumeoa». Cozoanue yepmerca u anumayus cOOpKu.
Kparkue Teopernueckue cBeeHHsA
ApXMMe0OB BUHT — MEXAHU3M, HCTOPHUYECKHM HCIIOJIb30BABIIMMCA A NEpeJadyd BOABI U3
HU3KOJIEXKAIMX BOJAOEMOB B OpOCHUTENbHbIE KaHalbl. OH OBbUI OJHMM U3 HECKOJBKUX HM300peTeHuil U
OTKPBITHH, TPAAUIIMOHHO MPUITUCHIBAEMbIX Apxumeny, xkusiiemy B I1I Beke 10 H. 3. ApXUMeI0B BUHT CTall

pooOpa3oM ITHEKa.

Puc. 1. BunT Apxumena
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I[IpakTuueckas padora Ne22

IIpoexm «/Ionzéopoy. lloeepxnocmuoe mooenuposanue.

Kpatkue Teoperudeckne cBeieHUs

Puc. 1. Urorosas Moaeins

IIpakTnyeckas padora Ne23
IIpoexm «/Ionzoopoy. Ilpoekmuposanue oemaneil.

Kparkue TeopeTuueckue cBe1eHUs

Puc. 1. Urorosas Mmoaeins

JlaGopaTopHas padora Ne24
Jlopabomka u opopmnenue evinonnennvix padom
Kparkue TeopeTuueckne cBe1eHHUs

B nmanHoii paboTe HEe TPEeTyCMOTPEHO TEOPETHUSCKHUX CBEICHUM.
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KonTpoabsnas padora Ne25
3awyuma npoexmos
Kpartkue TeopeTuueckue cBeieHUs

B nannoit pabote He IpeyCMOTPEHO TEOPETUYECKUX CBEICHUI.

IIpakTnyeckas padora Ne26
Ilpoexm «Kynaukoewiit nacocy. Moodenupoganue demasneil.
Kparkue Teoperuueckue cBeeHHs
IpuHuun pa6oThbl U NIPUMEHeHNEe MOPIIHEBOI0 HACOCa
[TopurHeBoii Hacoc (IUTYHXKEPHBIM HACOC) — OAMH U3 BUI0B 00OBbEMHBIX TMAPOMAILINH, B KOTOPOM
BBITECHUTEIISIMU SIBJIIIOTCS OJUH WJIM HECKOJIBKO MOpPIIHEH (IUIYHXKEPOB), COBEPLIAIOIINX BO3BPATHO-

MMOCTYHATCIbHOC JABUKCHUC.

T Kmnaman

[TopreHs

Knaman [aTyH Kpneornmn

Puc. 1. CtpykrypHas cxema MopIiHeBoro Hacoca

[Tpuniun paboThl TAKOB: 3a CYET MOCTYNATEIbHOIO JBMKEHUS MOPLIHS CO3/IAeTCs pa3pekeHue B
MIOJIOCTH TIOJ] HUM, U TyJIa 3aCachIBAeTCs JKUAKOCTh U3 MOJIBOJIAIIETO (BcacklBarollero) Tpydonposoa. [1pu
0o0paTHOM JBMKEHHH MOPILIHS Ha BCAChIBAIOIIEM TPyOOIIPOBO/IE 3aKPhIBAETCS KJIaraH, IPeI0TBPallatoIni
MIPOTEUKY JKUJKOCTH OOPAaTHO, M OTKPBHIBAETCS KJIallaH Ha HarHETaTeJIbHOM TPyOONpoBoO/ie, KOTOPBIHA ObLI
3aKpBIT IIPU BCACBIBAHUU. Ty/1a BBITECHSAETCS KHUAKOCTh, KOTOPas HAXOAWUJAch MOJ MOPIIHEM, U ITPOLIECC
noBTopsercs. HemoctaTok Takoro Hacoca B TOM, 4TO KHIKOCTh JBHXKETCS 110 TPYOOIPOBOY C pa3IMyHON
CKOPOCTBIO (CKaukaMH). DTOT MOMEHT OOBIYHO OOXOJST CO3/IaHWEeM HACOCOB, B KOTOPBIX HECKOJIBKO
nopmHei. OCHOBHOE MPEUMYIIIECTBO B TOM, YTO OH CIIOCOOEH 3aKa4MBaTh JKHJIKOCTh, OyJTydd B MOMEHT
IyCKa HE3alOJHEHHBIM €10 (CyXO€ BCAChIBAHUE), W IO3TOMY NPUMEHSETCS OOBIYHO TaM, TAE 3TUM

npeuMynicCTBOM HGO6XOI[I/IMO BOCIIOJIB30BAaThCAI.
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OnHUM M3 HEAOCTATKOB IOPLIHEBBIX HACOCOB, KaK M APYrUX OOBEMHBIX HACOCOB, SIBIISIOTCS
IIyJIbCALIMY NTOJa4M U JaBieHus. [lynpcanuy MOKHO yMEHBIINUTD, PACIIOIOKUB HECKOJIBKO MTOPIIHEN B PsIL
U COCIMHUB HMX C OJHUM BaJOM TaKUM OOpa3oM, YTOOBI IMKJIBI WX pabOThl OBUIM CABHHYTHI JIPYT
OTHOCUTENIBHO Jipyra no (ase Ha paBHble yribl. JpyruMm crnocoOom OOpbpObl C MysbCalel sBIsSETCS
UCNOJb30BaHUE AU PepeHInaIbHON CXeMbl BKIOYEHHUs Hacoca), IPU KOTOPOW HAarHETaHUe KUJIKOCTH
OCYIIECTBISIETCA HE TOJIKO BO BpeMs MIPSIMOTO X0/J1a TMIOPIIHS, HO U BO BpeMsi 00paTHOTO XOAa.

Takke IMUPOKO MPUMEHSIOT HACOCHI IBYyCTOPOHHETO AEUCTBUS, Y KOTOPBIX KaK IOpPLIHEBAs, TaK U
LITOKOBAsl MOJIOCTh UMEIOT (B OTiIMYKME OT Au((HepeHLnanbHOM CXeMbl BKIKOYEHHUS) CBOIO KIIAIAHHYIO
CHCTeMY pacHpeiesieHus. Y TaKUX HacocoB KodppuuueHT nmynabcauuii Huxe, a KIT/I Boiiie, uem y Hacocos
OJIHOCTOPOHHETO JAECHCTBHUS.

[TopurHeBbIe HACOCHI UCIIONB3YIOTCS € TITYOOKOM IpeBHOCTHU. MI3BECTHO UX IPUMEHEHUE IS Lesen
BosiocHaOkeHus co Il Beka mo Hamell spel. B HacTosIee BpeMsi MOPIIHEBbIE HACOCHI UCHOJIb3YIOTCS B
cucTeMax BOJOCHAOXEHHs, B MUIIEBOM M XMMHMYECKOH IMPOMBILUIEHHOCTH, B ObITy. JlnadparmeHHble

HACOCBI MCITIOJIB3YIOTCS, HAIIPUMEP, B CUCTEMAaxX IOJAAa4YU1 TOIIMBA B ABHUI'aTCIIAX BHYTPCHHCTO CTrOpaHus.

IIpakTuyeckas padbora Ne27
Ilpoexm «Kynauxogwiii nacoc». Moodenuposanue oemaeil.
Kparkue TeopeTuueckue cBe1eHUs
IpuHumun padoTsl ¥ IPUMeHeHHE MOPIIHEBOT0 HACOCA
ITopiiHeBoii Hacoc (TUTYH)KEPHBII HACOC) — OJIMH U3 BUIOB OOBEMHBIX THAPOMAIINH, B KOTOPOM
BBITECHUTEISIMHU SIBJISIIOTCS OAMH MJIM HECKOJBKO MOPUIHEH (IUTYH)KEPOB), COBEPLIAIONIIUX BO3BPATHO-

MOCTYIATCIbHOC JABUKCHUC.

T Kmaman
T | ——
[lopIieHs
Kmaman

Hlatyn [ Kppgommm

Puc. 1. CtpykrypHas cxema NOpIIHEBOT0O Hacoca
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[TpuHIMD paboTHl TAKOB: 3a CYET MOCTYNATEIbHOIO JBMKEHUS MOPLIHS CO3/1AaeTCs pa3pekeHNe B
MIOJIOCTH TIOJ] HUM, U TyJIa 3aCaCBhIBACTCS )KUIKOCTh U3 MOABOASIIETO (BCACHIBAOIIETO0) TpyOonpoBoaa. [1pu
00paTHOM JBM>KEHUH TOPIIHS Ha BCACHIBAIOIIEM TPYOOIIPOBO/IE 3aKPBIBACTCS KiIaraH, Pe0TBPAIIAtOIHiA
IIPOTEUKY JKUIAKOCTU OOPAaTHO, U OTKPBIBAETCS KJallaH Ha HArHETAaTeIbHOM TPYOOIIPOBOJE, KOTOPBINA ObLI
3aKpBIT NIPH BCachIBaHUU. TyJa BBITECHIETCS KUAKOCTh, KOTOPask HaXOAMUJIACh 11O/ MOPIIHEM, U MPOLECC
noBTopsercs. HemoctaTok Takoro Hacoca B TOM, YTO KHUIKOCTb JBHXKETCS MO TPYOOIPOBOY C pa3IuyHOR
CKOPOCTBIO (CKaukaMHu). DTOT MOMEHT OOBIYHO OOXOJST CO3JAaHHEM HACOCOB, B KOTOPBIX HECKOJIBKO
nopiHed. OCHOBHOE NMPEMMYILECTBO B TOM, UYTO OH CIIOCOOEH 3aKauMBaTh XKHUJIKOCTb, Oylydd B MOMEHT
IIyCKa HE3aIllOJHEHHBIM €10 (CyXO€ BCacChlBAHUE), W IO3TOMY NPUMEHSETCS OOBIYHO TaM, IAE 3TUM
MIPEUMYIIIECTBOM HEOOXOIMMO BOCIIOIb30BaThCS.

OnHUM W3 HEAOCTATKOB IOPUIHEBBIX HACOCOB, KaK M JPYruX OOBEMHBIX HACOCOB, SIBIISIOTCS
NyJbCALMU 10a4YM U JaBieHus. [lyabcannn MOXXHO YMEHBUINTD, PACIIONI0KHUB HECKOJIBKO IOPILIHEH B psij
U COEIMHUB MX C OJHHUM BajJOM TakUM OOpa3oM, yTOOBI IMKJIBI UX pabOThl OBUIM CABUHYTHI JIPYT
OTHOCUTENIbHO Jpyra mo (ase Ha paBHbIe Yribl. JpyruMm crmoco®om OOpeOBI C MyNbCalMel SBISETCS
UCTOJIBb30BaHuE AU(PepeHINATBHON CXeMbI BKIIOUYEHHUS HAcoca), MPH KOTOPOH HAarHETaHHWE JKUAKOCTH
OCYLLECTBIISIETCS HE TOJILKO BO BpeMs IIPSIMOT0 X0/1a MOPLIHS, HO U BO BpeMsi 00paTHOIO X0Aa.

Taxoke MHUPOKO NPUMEHSIOT HACOCHI IBYCTOPOHHETO JAEHCTBUS, Y KOTOPBIX KaK IMOpIIHEBast, TaK U
LITOKOBasl MOJIOCTh UMEIOT (B OTiIMYME OT MU depeHINaTbHON CXeMbl BKIIOYEHMS) CBOIO KJIAaHHYIO
CUCTEMY pacHpe/eneHus. Y Takux HacocoB ko3 uiuent nynbcauuii Huxe, a KI1/] Bbimie, uem y HacocoB
OJIHOCTOPOHHETO JEHCTBHUS.

[TopiiHeBbIe HACOCHI UCTIONIB3YIOTCS € TIYOOKOH IpeBHOCTU. MI3BECTHO MX MPUMEHEHUE JUIs
nesneit BogocHabxkenus co Il Beka 1o Hael spel. B HacTosimee Bpemsi OpLIHEBbIE HACOCHI
WCTIOJB3YIOTCS B CHCTEMaxX BOJOCHAOKEHHMS, B TIMIIIEBON M XUMHUYECKOW IPOMBIIIIJICHHOCTH, B OBITY.
JnadparmMeHHbIe HACOCHI UCTIOB3YIOTCS, HATPUMED, B CHCTEMax MOJaud TOIUIMBA B IBUTATEISIX

BHYTPCHHCT'O CrOpaHu.

IIpakTnyeckas padora Ne28
Ilpoexm «Kynaukoewtit nacocy. Mooenuposanue oemaeil.
KpaTkue Teopernueckue cBegeHHs
IpuHuun paéoTsl M NPUMEHEHNE MOPIIHEBOI0 HACOCA
[MTopurHeBoii Hacoc (TUTYHKEPHBIM HACOC) — OAMH U3 BUIOB OOBbEMHBIX THAPOMAIIINH, B KOTOPOM
BBITECHUTEJISIMU SBJISIIOTCS OJUH WJIM HECKOJIBKO MOpPIIHEH (IIYHXKEpPOB), COBEPIIAIOIINX BO3BPATHO-

IMOCTYHATCIBbHOC JIBUKCHUC.

ITpunoxxenue 2.4. «KpaTkue TeOpeTHYECKUE CBEACHUD K MEpONpUATHIO Ne2
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T Kmaman
| N S Ca—
1 T
[TopreHs

Knaran Hatyn / Kpmsommm

Puc. 1. CrpykrypHas cxema MopIiHeBOro Hacoca

[TpunHIMnI paboTHl TAKOB: 33 CUET MOCTYIMATEIHHOIO JABMKEHUS MOPIIHS CO3/1aeTCsl pa3pekeHne B
IOJIOCTH MO/ HUM, U TyJIa 3aCaChIBACTCSI )KUJIKOCTh U3 MOJBOAAIIETO (BCachlBaoIIero) Tpyoonposoa. [lpu
00paTHOM JBM)KEHUH TIOPIITHS Ha BCACKIBAIOIIEM TPYOOIIPOBO/IE 3aKPHIBACTCS KJIalaH, PeA0TBPAIIAt0 NI
MPOTEUKY >KUJKOCTH OOPAaTHO, M OTKPBHIBACTCS KJIAallaH Ha HarHETaTeIbHOM TPYOONpPOBO/Ie, KOTOPHI ObLI
3aKpBIT P BCAChIBAHUU. TyJla BBITECHSETCS KHUAKOCTh, KOTOpas HaXOAWJIach MO MOPIIHEM, U MPOLIEeCC
noBTopsieTcs. HegocraTok Takoro Hacoca B TOM, UTO JKUJKOCTb JIBUXKETCS [0 TPYOOIPOBOY C Pa3IMUHOM
CKOPOCTBIO (CKaukaMH). DTOT MOMEHT OOBIYHO OOXOMIST CO3/JaHMEM HAacCOCOB, B KOTOPBIX HECKOJIBKO
nopiHei. OCHOBHOE MPEMMYILECTBO B TOM, YTO OH CIIOCOOEH 3aKauMBaTh *KHUJKOCTb, Oylydd B MOMEHT
IyCKa HE3allOJHEHHbIM €10 (CyXO€ BCacChIBaHUE), W IMOITOMY MpPUMEHsIeTCs OOBIYHO TaM, TIe 3TUM
IIPEUMYIIECTBOM HEOOXOAMMO BOCIOIB30BATHCS.

OaHMM W3 HEJOCTAaTKOB MOPIIHEBBIX HACOCOB, KaK U JPYTrUX OOBEMHBIX HACOCOB, SBISIOTCS
MyJbCAllMU NOoAauu U JaBieHus. [lyabcany MOKHO YMEHBIIUTb, PACIIONOKHUB HECKOIBKO MOPIIHEH B PsiT
U COEIMHUB MX C OJHUM BaJOM TakUM 0Opa3oM, YTOOBI IMKJIBI UX pabOThl OBLIM CABHUHYTHI JAPYT
OTHOCHUTENIBHO JIpyra mo (ase Ha paBHble yribl. Jpyrum crnocobom OOprOBI C Mynbcalel sBiseTcs
uCnoJib30BaHue U depeHInanbHON cXeMbl BKIOYEHHsI Hacoca), MPU KOTOPOM HarHeTaHue >KUAKOCTU
OCYILIECTBIISIETCS] HE TOJILKO BO BPEMsI MPSIMOTO X0/1a TIOPIIHS, HO U BO BpeMs 00paTHOTO X0/1a.

Taxke MUPOKO MPUMEHSIOT HACOCHI IBYCTOPOHHEIO JEHCTBUS, Y KOTOPBIX KaK MOPIIHEBAs, TaK U
IITOKOBAasl MOJIOCTh UMEIOT (B oTiMuue OT AuddepeHnnanbHOi cXeMbl BKIIOYEHHUS) CBOIO KIIAIAHHYIO
CUCTEMY pacmpenenieHns. Y TaKux HacocoB kod(dunnent nynascanuii Huxe, a KI1/] Beie, uem y HacocoB
OJIHOCTOPOHHETO JAEHCTBHS.

[TopiiHeBbIe HACOCHI HCIIONIB3YIOTCS € TITYOOKOM JpeBHOCTH. M3BeCTHO MX MPUMEHEHHE IS Lieen

BosiocHaOkeHus co Il Beka mo Hameil 3pel. B HacTosiee Bpemsi OPIIHEBBIE HACOCHI UCHOIB3YIOTCS B

ITpunoxxenue 2.4. «KpaTkue TeOpeTHYECKUE CBEACHUD K MEpONpUATHIO Ne2
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CUCTeMax BOJOCHA0XXEHHUs, B MUIIEBOW M XMMHYECKON MPOMBINIIEHHOCTH, B ObITy. nadparmeHHbie

HAaCOCBI UCITIOJIB3YIOTCS, HAIIPUMEP, B CUCTEMAax 1IOJAa4u TOIUIMBA B ABUTaTCIIAX BHYTPCHHCTO CrOpaHUs.

IIpakTnyeckas padora Ne29
Ilpoexm «Kynaukoewtit nacocy. Mooenuposanue oemaeil.
Kpartkue TeopeTtuyeckue cBeleHUs
Ipunuun paéoTsl U NPUMEHEHNE MOPIIHEBOT0 HACOCA
[TopurHeBoii Hacoc (TUTYHKEpPHBIM HACOC) — OAMH U3 BUJIOB 00BEMHBIX THAPOMAILINH, B KOTOPOM
BBITECHUTEJISIMU SIBIISIIOTCS OJUH WJIM HECKOJIBKO MOpPIIHEH (IUIYHXKEpPOB), COBEPIIAIOIIUX BO3BPATHO-

IMOCTYHATCIBbHOC JIBUIKCHUC.

T Kmaman
T | ——
[lopIieHs
Kmaman

Hlatyn [ Kppgommm

Puc. 1. CtpykTypHas cxema MOpLUIHEBOTO Hacoca

[TpuHMn paboThl TaKOB: 3a CUET MOCTYNATENbHOIO JIBUKEHUS MOPILHS CO3/1a€TCsl pa3pekeHe B
MIOJIOCTH MO/ HUM, U TyJIa 3aCaChIBACTCsl )KUJIKOCTh U3 MOJBOAAIIETO (BCcachlBaoIIero) Tpyoomnposoaa. [1pu
00paTHOM JIBM)KEHUH MOPIIHS Ha BCACHIBAIOIIEM TPYOOIIPOBO/IE 3aKPBHIBAETCS KialnaH, pe0TBPAIIatoHii
MPOTEUKY JKUAKOCTH OOPAaTHO, M OTKPBIBAETCS KJIallaH Ha HarHeTaTeJIbHOM TPYOOIPOBOJIe, KOTOPBIHA ObLI
3aKpBIT TP BCaCbIBAHHUU. Ty)]a BBITCCHACTCA KUAKOCTb, KOTOpasd HAXOJAWJIaCh MO IMMOPITHEM, U ITPOLECCC
noBTopsieTcs. HemoctaTok Takoro Hacoca B TOM, YTO KHUAKOCTh ABUKETCS IO TPYOOIIPOBOAY C PA3TUIHON
CKOpOCTBIO (CKauKaMM). DTOT MOMEHT OOBIYHO OOXOAAT CO3JaHMEM HACOCOB, B KOTOPBIX HECKOJBKO
nopiHei. OCHOBHOE NMPEUMYILECTBO B TOM, YTO OH CIIOCOOEH 3aKauMBaTh XKHUJIKOCTb, Oylydd B MOMEHT
MyCKa HE3aIllOJHEHHBIM €10 (CyX0€ BCAChIBaHWE), W IOITOMY INPUMEHSETCS OOBIYHO TaM, TAE JTUM
PENMYIIECTBOM HEOOXOANMO BOCIIOIH30BATHCH.

O,Z[HI/IM N3 HCOOCTATKOB MOPITHCBLIX HACOCOB, KAK W APYIrux 00BEMHBIX HAaCOCOB, ABJIAIOTCA

IIyJIbCALIMY N10Ja4u U JaBieHus. [lynbcanuy MOKHO yMEHBIIUTD, PACIIONIOKUB HECKOJIBKO IOPIIHEN B P

ITpunoxxenue 2.4. «KpaTkue TeOpeTHYECKUE CBEACHUD K MEpONpUATHIO Ne2
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U COCIMHUB WX C OJHUM BaJlOM TaKUM 0O0pa3oM, 4TOOBI IUKJIBI UX pabOTHl OBLIM CABHHYTHI APYT
OTHOCHUTEIILHO Jipyra 1o (as3e Ha paBHbIE yribl. J[pyrum crmocoboM OGOprOBI ¢ IMylibcalueil sSBIsSETCS
UCTOJIb30BaHUE AU PepeHINATBHON CXeMbl BKIIOUYEHHUS HAcoca), MPH KOTOPOH HAarHETaHHWE >KUAKOCTH
OCYILIECTBIISICTCS HE TOJILKO BO BPEeMs IIPSMOT0 X0/1a OPIIHS, HO U BO BpeMsi 00paTHOT0 X0/a.

Taxke MUPOKO MPUMEHSIOT HACOCHI IBYCTOPOHHETO JEHCTBHS, Y KOTOPBIX KaK MOPIIHEBas, TaK U
IITOKOBAsi MOJIOCTh UMEIOT (B oTiMuue OoT AuddepeHnnanbHoi cXeMbl BKIIOYEHHUS) CBOIO KIIAIAHHYIO
CHCTEMY pacipeaeseHus. Y TaKHX HacoCcoB Ko puuueHT myabcaunii Huxe, a KI1/{ Boite, uem y HacocoB
OJTHOCTOPOHHETO ACHCTBHUS.

[TopurHeBbIe HACOCHI UCIIONB3YIOTCS € TITYOOKOM qpeBHOCTH. M3BECTHO UX MIPUMEHEHHE IS Lesen
BosiocHaOkeHus co Il Beka mo Hameil spel. B HacTosiee Bpemsi OPIIHEBBIE HACOCHI UCHOJIB3YIOTCS B
crcTeMax BOJOCHAOXKEHHWs, B NMHUIICBOH W XUMHYECKOW IMPOMBIIUICHHOCTH, B ObITYy. JlnadparmeHHble

HACOCHI UCITOJIB3YIOTCS, HAIIPUMEDP, B CUCTEMAX IOJAA4YU TOIUIMBA B ABUTATCIIAX BHYTPCHHEI'O CrOPAaHU.

IIpakTuyeckasi padora Ne30
Ilpoexm «Kynaukoewiit nacoc». Moodenuposanue demaeil.
Kpartkue TeopeTtuyeckue cBeleHUs
Ipunuun paéoTsl U NPpUMEHEHNEe MOPIIHEBOT0 HACOCA
[TopurHeBoii Hacoc (TUTYHKEpPHBIM HACOC) — OAMH U3 BHIOB 00BEMHBIX THAPOMAIIINH, B KOTOPOM
BBITECHUTEJISIMU SIBIISIIOTCS OJUH WM HECKOJIBKO TOpIIHEH (IIYyHXKEpPOB), COBEPIIAIOIINX BO3BPATHO-

MOCTYNATCIbHOC JIBUIKCHUC.

T Kmaman
| 1
} T
[IopiieHs
Kmamau

Hlatys [ Kpipommm

Puc. 1. CtpykrypHas cxema NOpIIHEBOTO Hacoca

HpI/IHI_[I/IH pa6OTI)I TaKOB: 3a CUHCT MOCTYNATCIBbHOI'O ABHXKCHUA IMOPIIHA CO3AaCTCA Pa3pCiKCHUC B

MIOJIOCTH TIOJ] HUM, U TyJIa 3aCaChIBACTCS JKUAKOCTh U3 MOJIBOIALIETO (BcachlBaroIero) Tpydomnposoaa. [1pu
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00paTHOM JIBM>KEHUH MOPILIHS Ha BCACHIBAIOLEM TPYOOIIPOBO/IE 3aKPhIBAETCS KilalaH, IpeA0TBPALAOIIn i
MPOTEUKY JKUAKOCTH OOPATHO, M OTKPBIBAETCS KJalaH Ha HATHETAaTeIbHOM TPYOOIPOBOJIE, KOTOPBINA OBLI
3aKpBIT IIPU BCACBIBaHUU. Tyzia BBITECHAETCS KUAKOCTh, KOTOPask HAXOAMWJIACH IOJ IIOPIIHEM, U IPOLECC
nosTopsercs. HenoctaTok Takoro Hacoca B TOM, UTO XHJIKOCTb JBHXKETCS 110 TPYOOIPOBOY C pa3IMyHON
CKOpOCTBIO (CKauKaMM). DTOT MOMEHT OOBIYHO OOXOJAAT CO3JAaHHMEM HACOCOB, B KOTOPBIX HECKOJBKO
nopiiHei. OCHOBHOE MPEUMYILECTBO B TOM, YTO OH CIIOCOOEH 3aKauMBaTh KHUJIKOCTb, OyIlydd B MOMEHT
MyCKa HE3allOJHEHHBIM €10 (CyXO€ BCAaChIBAaHUE), W IO3TOMY NPUMEHSETCs OOBIYHO TaM, TAE 3TUM
IIPEUMYLIECTBOM HEOOXOAMMO BOCIOIb30BATHCS.

OnHUM M3 HEAOCTATKOB IOPLIHEBBIX HACOCOB, KaK M APYrUX OOBEMHBIX HACOCOB, SIBISIOTCS
IIyJIbCALIMU 0Ja4M U JaBieHus. [lynpcannu MOKHO yMEHBIIUTD, PACIIONIOKUB HECKOJIBKO OPIIHEN B P
U COCIMHUB HMX C OJHUM BaJOM TaKMM 0Opa3oM, 4TOOBI IHMKJIBI WX pabOThl OBUIM CABHHYTHI JIPYT
OTHOCUTEJIHO Jipyra no (ase Ha paBHble yribl. Jpyrum crnocoOom OOpbpObI C Mynbcalel sBiseTCs
UCMOJb30BaHUE AU(PepeHInanbHON cXeMbl BKIIOUYEHHUSI Hacoca), P KOTOPOH HarHeTaHWe >KUAKOCTU
OCYIIECTBISIETCS HE TOJILKO BO BPeMs MIPSIMOTO X0/1a TIOPIIHS, HO U BO BpeMsi 00paTHOTO XOa.

Takke IUPOKO MPUMEHSIOT HACOCHI IBYyCTOPOHHETO JAEUCTBUS, Y KOTOPBIX KaK IOPUIHEBAs, TaK U
IITOKOBAsl MOJIOCTh UMEIOT (B oTiMuMe OT AuddepeHIHnalIbHON CXeMbl BKIIOUEHHUS) CBOIO KIIAMAHHYIO
CHCTEMY pacripeeneHus. Y TaKuX HacocoB KodppuuueHT mynabcauuit Huxe, a KIT/ Boite, uem y Hacocos
OJIHOCTOPOHHETO JAEHCTBHS.

[TopurHeBbIe HACOCHI UCIIONB3YIOTCS € TITYOOKOM IpeBHOCTHU. MI3BECTHO UX IPUMEHEHUE I Lenen
BojiocHaOeHus co Il Beka mo Hamell spel. B HacTosIee BpeMsi MOPIIHEBbIE HACOCHI HCIIOJIB3YIOTCS B
cucTeMax BOJOCHAOXKEHHs, B MUIIEBOM M XUMHMYECKON IMPOMBILIUIEHHOCTH, B ObITy. JlnadparmeHHble

HAaCOCBI UCITOJIB3YIOTCS, HAIIPUMEDP, B CUCTEMAX ITOJAA4YU TOIUIMBA B ABUIATCIIAX BHYTPCHHCTO CTOpAaHUS.

IIpakTnyeckas padora Ne31
Ilpoexm «Kynaukoewtit nacocy. Mooenuposanue cioxicHoil KOPRYCHOU OemaJu.
Kparkue Teopernuyeckue cBeeHHA
IpuHuun paéoTsl M NPUMEHEHNE MOPIIHEBOT0 HACOCA
[TopurHeBoii Hacoc (TUTyHKEpHBIM HACOC) — OAMH U3 BUI0B 00bEMHBIX THAPOMAILINH, B KOTOPOM
BBITECHUTEJISIMU SBIISIIOTCS OJUH WJIM HECKOJIBKO TOpPIIHEH (ITyHXKEPOB), COBEpPLIAIOIIMX BO3BPATHO-

MOCTYHATCIbHOC JABUKCHUC.
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T Kmaman
| I
| T
[TopreHs
Kmamang

Hlatyn [ Kppgommm

Puc. 1. CrpykrypHas cxema MopIiHeBOro Hacoca

[TpuHIMI paboThl TAKOB: 33 CUET MOCTYIMATEIHHOTO JABMKEHUS MOPIIHS CO3/1aeTCsl pa3pekeHne B
IIOJIOCTH MOJ] HUM, U TyJIa 3aCacChIBA€TCs )KUJIKOCTh U3 TIOJIBOASILETO (BCcachlBatollero) Tpyoonposoa. [lpu
00paTHOM JBM)KEHUH TIOPIITHS Ha BCACHIBAIOIIEM TPYOOIIPOBO/IE 3aKPHIBACTCS KiIalaH, IPeI0TBPAIIAtOLIHHA
MPOTEUKY >KUJKOCTH OOPAaTHO, M OTKPBHIBACTCS KJIAallaH Ha HarHETaTeIbHOM TPYOONpPOBO/Ie, KOTOPHI ObLI
3aKpBIT MIPHU BCAChIBAHUU. TyJla BBITECHSAETCS KUAKOCTh, KOTOPasi HAXOAUIACh MO/ MOPIIHEM, U MPOIIecC
noBTopsieTcs. HeocraTok Takoro Hacoca B TOM, 4TO JKUJIKOCTh JIBUYKETCS 110 TPyOOIPOBOY € Pa3IMuHOM
CKOPOCTBIO (CKaukaMH). DTOT MOMEHT OOBIYHO OOXOMIST CO3/JaHMEM HAacCOCOB, B KOTOPBIX HECKOJIBKO
nopiHei. OCHOBHOE MPEUMYILECTBO B TOM, YTO OH CIIOCOOEH 3aKauMBaTh HUJIKOCTb, Oyllydd B MOMEHT
IIyCKa HE3aIllOJJHEHHBIM €10 (CyXO€ BCacChIBaHUE), W IO3TOMY NPUMEHSETCS OOBIYHO TaM, TAE 3TUM
IIPEUMYIIECTBOM HEOOXOAMMO BOCIOIB30BATHCS.

OaHMM W3 HEJOCTAaTKOB MOPIIHEBBIX HACOCOB, KaK U JAPYTUX OOBEMHBIX HACOCOB, SIBIISIFOTCS
MyJbCAllMU NOoAauu U JaBieHus. [lyabcany MOKHO YMEHBIIUTb, PACIIONOKHUB HECKOIBKO MOPIIHEH B PsiT
U COEIMHUB HMX C OJHUM BaJOM TakMM 0Opa3oM, YTOOBI IMKJIBI WX pabOThl OBUIM CABHHYTHI JIPYT
OTHOCHUTENIbHO Jipyra mo (ase Ha paBHble yribl. JpyruMm crmocobom OOpbOBI C MyNbcaluei sBIiseTCs
uCnoJib30BaHue U depeHInanbHON cXeMbl BKIOYEHHsI Hacoca), MPU KOTOPOM HarHeTaHue >KUAKOCTU
OCYILIECTBIISIETCS] HE TOJILKO BO BPEMs MIPSIMOTO X0/1a IOPIIHS, HO U BO BpeMs 00paTHOTO X0/1a.

Taxke MUPOKO MPUMEHSIOT HACOCHI IBYCTOPOHHETO JIEHCTBUS, Y KOTOPBIX KaK MOPILIHEBAs, TaK U
IITOKOBAasl MOJIOCTh UMEIOT (B oTiMuue OT AuddepeHInanbHOi cXeMbl BKIIOUEHHUS) CBOIO KIIAAHHYIO
CUCTEMY pacmpenenieHns. Y TaKux HacocoB kod(dunnent nynascanuii Huxe, a KI1/] Beie, uem y HacocoB
OJIHOCTOPOHHETO JAEHCTBHS.

[TopiHeBbIe HACOCHI HCIIONIB3YIOTCS € TIYOOKO# IpeBHOCTH. M3BEeCTHO MX MPUMEHEHHE IS Lieen

BosiocHaOkeHus co Il Beka mo Hameil 3pel. B HacTosiee Bpemsi OPIIHEBBIE HACOCHI UCHOIB3YIOTCS B
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CUCTeMax BOJOCHA0XXEHHUs, B MUIIEBOW M XMMHYECKON MPOMBINIIEHHOCTH, B ObITy. nadparmeHHbie

HAaCOCBI MCITIOJIB3YIOTCS, HAIIPUMEP, B CUCTCMAaX NNOJAAa4YU1 TOIUIMBA B ABHUIATCIIAX BHYTPCHHCTO CrOpaHus.

IIpakTyeckas padora Ne32
Ilpoexm «Kynaukoewiit nacocy. Coopka uzdenus.
Kparkue Teopernyeckne cBeeHHA
IpuHuun pa6oThbl U NPpMMeHeHH e MOPIIHEBOI0 HACOCA
[TopuneBoii Hacoc (TUTYH)KEPHBIN HACOC) — OJMH U3 BUAOB OOBEMHBIX THAPOMAIINH, B KOTOPOM
BBITECHUTEIISIMU SIBJISIIOTCS OJUH WJIM HECKOJIBKO MOpPIIHEH (IUIYHXKEpPOB), COBEPLIAIOIINX BO3BPATHO-

MMOCTYHATCIbHOC JABUKCHUC.

T Kmaman
R i s ——
[TopreHs
Kmamang

Hlatyn [ Kppgommm

Puc. 1. CtpykrypHas cxema NMopIiHeBoro Hacoca

[TpuHun paboThl TAKOB: 3a CYET MOCTYNATEIbHOIO JIBUKEHUS MOPIIHS CO3/1aeTCs pa3pekeHue B
IIOJIOCTH MO/ HUM, U TyJIa 3aCaChIBAETCsI )KUJIKOCTh U3 MOJBOAAIIETO (BCcachlBaoIIero) Tpyoonposoa. [1pu
0o0paTHOM JBMKEHHMH MOPILIHS Ha BCAChIBAIOIIEM TPyOOIIPOBO/IE 3aKpbIBAETCS KJlallaH, IPeJ0TBPaIIatoIni
MPOTEUKY JKUIKOCTH 0OOPATHO, U OTKPBIBAETCS KJlalaH Ha HArHETaTeIbHOM TPYOOIPOBOJIE, KOTOPBINA OBLI
3aKpBIT NP BCaChIBAaHUU. TyJia BBITECHIETCS KUAKOCTh, KOTOPasi HAXOAUIIACh MO MOPIIHEM, U TPOLIECC
noBTopsieTcs. HemoctaTok Takoro Hacoca B TOM, UTO XKHJIKOCTh JBMKETCS MO TPYOOTIPOBOTY C pa3IMIHON
CKOPOCTBIO (CKauKkaMH). DTOT MOMEHT OOBIYHO OOXOJST CO3/IaHMEeM HACOCOB, B KOTOPBIX HECKOJIBKO
nopiHei. OCHOBHOE NMPEUMYILECTBO B TOM, YTO OH CIIOCOOEH 3aKauyMBaTh XKHUJIKOCTb, Oylydd B MOMEHT
MyCKa HE3allOJHEHHbIM €10 (CyXO€ BCAacChIBAaHUE), W IMOITOMY INPHUMEHsSETCs OOBIYHO TaM, TJe 3TUM
MIPEUMYIIIECTBOM HEOOXOIMMO BOCIIOIB30BATHCS.

OmHUM W3 HEJAOCTATKOB IOPIIHEBBIX HACOCOB, KaK M APYTUX OOBEMHBIX HACOCOB, SIBIISTFOTCS

IIyJIbCALIMY [10Ja4M U JaBieHus. [lynbcanny MOKHO yMEHBIIUTD, PACIIONIOKUB HECKOJIBKO IOPIIHEN B P
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U COCIMHHUB WX C OJHUM BaJloM TaKUM O0pa3oM, 4TOOBI IUKJIBI UX pabOTHl OBUIM CABUHYTHI JIPYT
OTHOCHUTEIILHO Jipyra 1o (as3e Ha paBHbIE yribl. J[pyrum crmocoboM OGOprOBI ¢ IMylibcalueil sSBIsSETCS
ucnoisib3oBanue nuddepeHnaIbHON CXeMbl BKIIOYCHHST HACOCA), IPH KOTOPOW HATHETAaHWE JKUAKOCTU
OCYILIECTBIISIETCS HE TOJILKO BO BPEeMs MIPSIMOTO X0/1a OPIIHS, HO U BO BpeMs 00paTHOTO X0/1a.

Taxke MUPOKO MPUMEHSIOT HACOCHI IBYCTOPOHHETO JEHCTBHS, Y KOTOPBIX KaK MOPIIHEBas, TaK U
IITOKOBAsi MOJIOCTh UMEIOT (B oTinuue oT AuddepeHnnanbHOi cXeMbl BKIIOYEHHUS) CBOIO KIIAIIAHHYIO
CHCTEMY pacupeesieHus. Y TaKHX HacOCOB KO PHUIMEHT myabcauuii Huxe, a KIT/{ Boite, uem y HacocoB
OJTHOCTOPOHHETO ACHCTBHUS.

[TopurHeBbIe HACOCHI UCIIONB3YIOTCS € TITYOOKOM IpeBHOCTH. MI3BECTHO UX MIPUMEHEHHE I Lesen
BogocHaOxeHus co Il Beka mo Hamieit spel. B Hacrosiiee BpeMs MOPIIHEBBIE HACOCH UCIIONB3YIOTCS B
crcTeMax BOJOCHAOXKEHHWs, B NMHUIICBOH W XUMHYECKOW IMPOMBIIUICHHOCTH, B ObITYy. JlnadparmeHHble

HACOCHI UCITIOJIB3YIOTCS, HAIIPUMEDP, B CUCTEMAX IIOJAA4YU TOIUIMBA B ABUI'ATCIISIX BHYTPCHHCTO CTOpAaHUS.

IIpakTuyeckas pabora Ne33
Ilpoexm «Kynaukoewlit Hacoc». Anumayusn pazéopku mexanusma.
Kpartkue TeopeTtuyeckue cBeleHUs
Ipunuun paéoTsl U NPpUMEHEHNEe MOPIIHEBOT0 HACOCA
[TopurHeBoii Hacoc (TUTYHXKEPHBIM HACOC) — OAHMH U3 BUIOB OOBbEMHBIX THAPOMAIIINH, B KOTOPOM
BBITECHUTEJISIMU SIBIISIIOTCS OJUH WM HECKOJIBKO TOpIIHEH (TIYyHXKEpOB), COBEPIIAIONINX BO3BPATHO-

MOCTYNATCIbHOC JIBUIKCHUC.

T Kmaman
| 1
} T
[IopiieHs
Kmamau

Hlatys [ Kpipommm

Puc. 1. CtpykrypHas cxema NOpIIHEBOTO Hacoca

HpI/IHI_[I/IH pa6OTI)I TaKOB: 3a CUHCT MOCTYNATCIBbHOI'O ABHXKCHUA IMOPIIHA CO3AaCTCA Pa3pCiKCHUC B

MOJIOCTH TIOJ] HUM, U TyJIa 3aCachIBACTCS KUAKOCTh U3 MTOJIBOJISALIETO (BCACHIBAIONIET0) TpyOonpoBoaa. [1pu
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00paTHOM JIBM>KEHUH MOPIIHS Ha BCACHIBAIOLIEM TPYOOIIPOBO/IE 3aKPBIBAETCS KilaNaH, IPeA0TBPAII Ao
MPOTEUKY JKUAKOCTH OOPATHO, M OTKPBIBAETCS KJalaH Ha HATHETAaTeIbHOM TPYOOIPOBOJIE, KOTOPBINA OBLI
3aKpBIT IIPU BCACBIBaHUU. TyJa BBITECHACTCS KUIAKOCTh, KOTOpask HaXOAWJIACh IO/ IIOPIIHEM, U IIpOLiecC
nosTopsercs. HenocraTok Takoro Hacoca B TOM, 4TO HUJIAKOCTb JBHXKETCS 110 TPYOOIPOBOY C pa3iIMyHON
CKOpOCTBIO (CKauKaMM). DTOT MOMEHT OOBIYHO OOXOJAAT CO3JAaHHMEM HACOCOB, B KOTOPBIX HECKOJBKO
nopiHei. OCHOBHOE MPEHMYILECTBO B TOM, YTO OH CIIOCOOEH 3aKauMBaTh KHUAKOCTb, OyIydd B MOMEHT
IyCKa HE3allOJHEHHBIM €10 (CyXO€ BCAChIBAHUE), W IMOITOMY NPUMEHSETCS OOBIYHO TaM, TAE STUM
IIPEUMYLIECTBOM HEOOXOAMMO BOCIOIb30BATHCS.

OnHUM M3 HEJOCTATKOB IOPILIHEBBIX HACOCOB, KaK M JPYruX OOBEMHBIX HACOCOB, SABISIOTCA
IIyJIbCALIMU 0Ja4M U JaBieHus. [lynpcannu MOKHO yMEHBIIUTD, PACIIONIOKUB HECKOJIBKO OPIIHEN B P
U COCIMHUB HMX C OJHUM BaJOM TaKMM 0Opa3oM, 4TOOBI IHMKJIBI WX pabOThl OBUIM CABHHYTHI JIPYT
OTHOCHUTEJIHO Jipyra no (ase Ha paBHble yribl. JpyruMm cnocoOom OOpbrObI C mysbcalueil sBisercs
UCMOJb30BaHUE AU(PepeHInanbHON CXeMbl BKIIOUEHUS Hacoca), NP KOTOPOH HarHeTaHWe >KUAKOCTH
OCYIIECTBISIETCS HE TOJILKO BO BPeMs MIPSIMOTO X0/1a TIOPIIHS, HO U BO BpeMsi 00paTHOTO XOa.

Takke IMUPOKO NPUMEHSIOT HACOCHI IByCTOPOHHETO ACUCTBUS, Y KOTOPBIX KaK IOPIIHEBAs, TaK U
IITOKOBAasl MOJIOCTh UMEIOT (B oTMuue OT AuddepeHnanbHON cXeMbl BKIKOYEHHUS) CBOIO KIIAIAHHYIO
CHCTEMY pacripeeneHus. Y TaKuX HacocoB KodppuuueHT mynabcauuit Huxe, a KIT/ Boite, uem y Hacocos
OJIHOCTOPOHHETO JAEHCTBHS.

[TopurHeBbIe HACOCHI UCIIONB3YIOTCS € TITYOOKOM IpeBHOCTH. M3BECTHO MX MPUMEHEHUE AJIs Lesel
BojlocHaOxeHus co Il Beka mo Hameil spel. B HacTosIee BpemMsi MOPIIHEBbIE HACOCHI UCHOIb3YIOTCS B
cucTeMax BOJOCHAOXKEHHs, B MUIIEBOM M XUMHMYECKON IMPOMBILIUIEHHOCTH, B ObITy. JlnadparmeHHble

HACOCHI UCITOJIB3YIOTCS, HAIIPUMEDP, B CUCTCMAX IMOJA4Y1 TOIJIMBA B ABUTATCIIAX BHYTPECHHCT'O CTOPAHUS.

Jladoparopnasi padora Ne34
«H3yuenue memoooe 3D-ckanupoganusny
Kparkue TeopeTuueckue cBe1eHUs

Metoasl 3D-ckaHupoBaHus

3amaun MOIUQUKAIMA TEXHOJOTHYECKOTO IMpoIlecca Ha OCHOBAaHWHM aHAIN3a HM3TOTOBJICHHOTO
U3JeNusl, U3yd4eHUs: coOMpaeMoCTH JieTalei, BBICOKOTOUHOTO KOHTPOJSI HEMOCPEJICTBEHHO Ha pabouem
MeCT€ WJIM TPOBEICHHS BUPTYaJbHBIX HCHBITAHUA Ha OCHOBE TPEXMEPHBIX MOJENeN BBISBUIM
HE00XO0AMMOCTh CO3/IaHHsI HOBOT'O Ki1acca 000pyI0BaHMsl, OJyYHBILIEro Ha3BaHue «3D-ckanepy.

B mannbIi Ki1acc 000py10BaHUS BXOIAT pa3IHIHbIE YCTPOHCTBA, METOA paOOTHI KOTOPHIX 32a4acTyIO

KOpPEHHBIM 00pa3oM OTJIMYaeTcsl Apyr OT Apyra, HO BCe OHM MO3BOJIAIOT (opMupoBath 3D-mozens Ha

ITpunoxxenue 2.4. «KpaTkue TeOpeTHYECKUE CBEACHUD K MEpONpUATHIO Ne2
(ctpanuna 32 u3 87)



[Tpunoxenue 2.4. «Kpatkue TeOpeTUUECKHE CBEICHUS» K MEPONTPUATHIO No2

OCHOBE (PU3MYECKOT0 00BEKTa, T.€. MPOU3BOAUTH OIU(ppoBKY. Hanbosee 4acTo mMcrnomb3yeMble METOIbI
MOHO pa3JIeJTUTh Ha TPU TPYIIIBL:
e TOYCYHAS TPUAHTYIISIIHS;
e JIMHEWHAs TPUAHTYJIALNS,
e uHTEepHEPEHLINOHHOE TPOCIIUPOBAHUE.
ToueuHnasi TPUAHTYASIHSA
[Ipu ucrnonb30BaHUM TOYEUHOM TPHUAHTYISIMUA C MOMOIIBIO IIyna B OAMH MOMEHT BpPEMEHU
MOJYy4YaroT KOOPJAMHATHI OJHOM TOYkH. Cxema necTBUs mpejicTaBiieHa Ha puc. 1. s nmoiydeHust Bcei
MOJIETIN U3/IeNIUS IPOU3BOIUTCS 00X0/] MO XapaKTepHbIM ToukaM. Ecii 00beKT u3MepeHus IpeICTaBIIsIeT
CO0OI CJIOKHYIO JIeTallb, TO KOJUYECTBO HM3MEPCHHUU MPHUXOJUTCS YBEIWYHBATH IMPOTIOPIHOHAIBHO
cinoxHocTu. [loBepxHOCTh MexAy ONMXKAWIIUMU HM3MEPEHHBIMH TOYKAMH BBICTPAMBACTCS IO
MaTEeMaTHYECKUM aJITOPUTMaM, TEM CAMbIM BHOCHUTCS IOTPEIIHOCTD B MOCTpOeHHE MoieH. Takxke 00beKT
JOJKeH ObITh 3a(UMKCUPOBAaH Ha MPOTSHKEHUH BCEro Ipoliecca u3MepeHus. KOHTaKTHBIM METOAO0M

BO3MOXHO U3MCPATH TOJIBKO OTHOCUTCIBHO TBCPAbIC ITIOBECPXHOCTHU.

V S
JaTtyunk
e yyany
F
<_

Puc. 1. Cxema ckaHUpOBaHMsI METOJIOM TOYEYHON TPUAHTYJISILUU

JInHelHas TPUAHTYISALUSA

[Ipyn nMHENHON TPHUAHTYIALMHM C MOMOLIBIO JIyda Jla3epa WM MCTOYHHMKA CBETA IPOCLUPYETCS
10JI0Ca, KOTOpasi CUnThIBaeTcs U(poBoi kamepoil. Cxema JEHCTBHUS CHCTEM, OCHOBAaHHBIX HAa JTAHHOM
MeToze, npuBeaeHa Ha puc. 2. IlocienoBarenbHO MpoerUpysl MOJOCY HA BCE MOBEPXHOCTH, OOBEKT
OXBaThIBaeTCs MOJHOCTHIO. CUNTaHHBIE MOJIOCHI TPE0OPa3yIOTCs B KOOPAUHATHI COCTABISIONINX UX TOUEK.
B cBs3u ¢ 0COOEHHOCTSIMH TPOELUMPOBAHUS IOJOCHI, BO3HHMKAIOT OrPAaHUYEHHS IO BO3MOXKHOCTH
CKaHMpOBaHUs O0O0bekToB. Ha neranmsx Moryr OBbITh 30HBI, HEJOCTYMHBIE Ui CHCTEM JIA3€PHOTO

CKaHHUPOBaHUH.
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Puc. 2. Cxemarnueckoe n300pakxeHrne METO/1a IMHEHHON TPUAHTYJISILUU

HNuTepdepenunonnoe npoenupoBaHue

WNuTtepdepentimonnpie 3D-ckaHepsl OCHOBaHBI Ha MPOCIUPOBAHWU OEJIOr0 CBETa, IOBEPX
CUMTHIBAEMOT0 HU(POBBIMUA KaMepaMy ydacTKa MmoBepxXHOCTH. Cxema pabOTHI cHCTEM, OCHOBaHHBIX Ha
JaHHOM METOjie, IpuBeAeHa Ha puc. 3. LludpoBoii kamepoii CUMTHIBAETCS MOJI0KEHNE TOYEK 00BEKTa cpa3y
CO BCEU MU3MEPUTENBHON IUIOMIA/IA 33 CYET MIPOCLIMPOBAHNS MHOKECTBA JIMHUHN HA Y4aCTOK MOBEPXHOCTH.
Cucrema CKaHHUPOBAaHUA ITPOBOAUT aBTOMATHYECKUH CABUI JIMHUH W IMOJIY4YaCT KOOPAWHATHI CO BCErO
Y4aCTKa NOBEPXHOCTHU U3JENH. [{1s OTydeHHs IOJTHOW MOJENH U3EIINE CKaHUPYETCS C Pa3HbIX CTOPOH.
3a OJHO W3MepeHHe MPOCIHUPYETCS] HECKOIbKO WHTEP(EpPEHIIMOHHBIX KapTHH, MOKPBHIBAIOIIUX BCIO
uccienyemyro obnactb. Mcmonb3ys CHUMKH ¢ KaMep M YYUTHIBasi IOCTOSTHCTBO YIJla MEXy KaMepaMu,
IporpaMMHbBIM oOecreueHreEM CUCTEMBI OMpECACIIAOTCA KOOPAMHATEI TOUCK HA MOBEPXHOCTU 00BEKTA.

Lindpposas [poekTop
kamepa

MoBepxHOCTb MNpoekyuu

Puc. 3. Cxemarndeckoe n300paxxeHrne MET01a HHTEP(PEPEHIIMOHHOTO MPOCIIUPOBAHHUS
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Mertoa TOYEHYHOW TPHUAHTYJISIUUA TPEAOCTABISICT TOBBIIIEHHYIO TOYHOCTh CKAaHUPOBAHHS TIO
CPaBHECHHUIO C JAPYTUMH 32 CUET ONPECICHUS TOJIO0XKEHHUS TOYEK MOBEPXHOCTH KOHTAKTHBIM CIIOCOOOM.
Meroa nuHEHHON TPUAHTYIIALMHI YCTYAET 10 TOUHOCTH BCEM IMPEACTABICHHBIM METOJaM CKaHUPOBAHUS.
CkopocTh paboThl MPU JTUHEHWHOW TPUAHTYJISAIMH HAMHOTO OOJbINE, YeM y TOUYCYHOMW, HO HUXKE, YeM Yy
nHTEep(hEepEHIIMOHHOTO MTpoenrpoBanus. Ha MeTone nHTepPepeHIIMOHHOTO TPOSIIUPOBAHUS OCHOBAH PsIJI
MOOMJIBHBIX CUCTEM.

Takum o00pa3oM, B 3aBUCUMOCTH OT TpeOOBaHHW HWMEETCSI BO3MOXHOCTh BBIOPATH METO],
MTO3BOJISIOIIMH IMOTYYUTh ONTUMATBHBIC XapaKTEPUCTUKHU 1T KOHKPETHOM 3a1a4H.

[To oxkOHYaHWW TEOPETHYECKOM YacTH IPErojiaBaTesieM IPOBOJIUTCS KOHTPOJbHAS MPOBEpPKA
MOJIYYEHHBIX YYaIllUMHCS 3HAHUW, OTBEThl HA BO3SHUKAIONIIME BOMPOCHI. YUYCHUKH 3AIMOIHSIIOT OTYETHI O
BBITIOJIHEHUH PabOTHI, TPETO/IaBaTelb MPOBEPSET KAYECTBO 3aM0JHEHUS 0TUeTa, 0c000€ BHUMAHUE YIS
MYHKTY O BO3HHKIIHMX y YYEHUKA TPYAHOCTSX - [0 BO3MOXKHOCTH, HEOOXOAMMO AaTh COOTBETCTBYIOIIEE

IIOACHCHHUC.

JladopaTopHas padora Ne35
«Ocobennocmu 3D-ckanupoeanus 06veKkma cpeonezo OuanazoHa»
Kparkue Teopernueckue cBeeHHsA

3D-ckaHnpoBaHue 00BEKTOB CPeIHEro ANANa3oHa

Jlnsi ckaHMPOBaHUS B paMKax cpefHero auamnasona (ot 30-40 cm 1o 1-2 M) yacTo UCHOIB3YIOTCA
pyunble 3D-ckaHepbl, KOTOpPBIE COYETAIOT JOCTAaTOYHYIO TOYHOCTh C MOOMJIBHOCTBIO U CKOPOCTBHIO
noctpoenust 3D-mozeneit. Yacto nnst Takux 3amad ucmnoib3yioT 3D-ckanepsl kommaHuu Artec - Eva,
Spider, Leo.

3D-ckanep Artec mpezcTaBisier co0oil BHJIEOKaMepy, PErHCTPUPYIOLIYIO KaJapbl, KaKIbIH M3
KOTOPBIX SIBJSIETCSI 00bEMHBIM H300pakeHueM. CkaHepsl Artec OTINYar0TCs IPOCTOTON MCIOIb30BaHUS U
TPYXKETFOOHBIM HHTEP(]ECOM, TOATOMY UACATHHO MOAXOIAT I yaeOHoro mpoiecca. OMHaKO, Kak U BCE
CKaHephl, OHU JIOBOJIBHO TPEOOBATENBbHBI K BEIYUCIUTEILHBIM MOIIIHOCTSIM KOMIIBIOTEPA, C KOTOPBIM OHH
ucnoib3yrorcs. [Ipoleaypa ckaHUpOBaHUS 3aKIIIOYAETCs B TOM, YTOOBI CAETaTh CHUMKH C Pa3HBIX CTOPOH
o0BbeKTa M TOJ MepeMeHHbIMU yriamu. OOOpyJoBaHME aBTOMATUYECKH CO3JAeT EAUHYI0 CETKY W3
3apEruCTPUPOBAHHBIX KaJIpOB C IIOMOIIBI0 TOCTaBISIEMOrO0 BMECTE CO CKaHEPOM IMPOTrPaMMHOIO
obecnieyenus. Ckanep B mporiecce paboThl HUCMOIB3YET METO/ CTPYKTYPHOT'O CBETA, MPHHIIUII KOTOPOTO

IIpeJIcTaBlIeH Ha puc. 1.
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projector target object

Puc. 1. [Ipunnun padoter 3D-ckanepa Mo METOAy CTPYKTYpHOTO CBETa

Crnemyer OTMETHTh, 4YTO YEPHBIE M 3€pKaJbHbIE OOBEKTHI IPAKTUYECKH HE TOIMAIOTCS
CKaHMpOBaHMIO. B KadecTBe BapWaHTa CKaHUPOBAaHUS TaKUX OOBEKTOB MOXHO HCIIOJIb30BaTh
JOITOJIHUTCIIBHBIC I/IHCprMCHTBI, HaHpI/IMep, 33p03OJ'H/I, KOTOpBIe HAHOCATCA Ha O6'BCKT CKaHI/IpOBaHI/IH nu
TEM CaMbIM MaTHPYIOT ero. CrieruaibHbie adpO30JIH JIJIsi CKAHUPOBAHUS JITKO CMBIBAIOTCSI C MOJICIIH, HE
OCTaBJIsAE HUKAaKUX Je(EKTOB - HaIpuMep, TaKUM CIIOCOOOM B TIPOMBIIIICHHOCTH CKaHUPYIOT
aBTOMOOMIIN.

CkanHepbl Artec TIO3BOJSIOT IMONYYaTh OOBEKTHI JOCTATOYHO BBICOKOW TOoYHOCTH. CambIiM

pacrpocTpaHeHHbBIM U3 HuX sBisercsa Artec Eva (puc. 2).

. |

Puc. 2. 3D-ckanep Artec Eva

[Ipunoxenue 2.4. «KpaTkue TEOpETUUECKHE CBEACHUS» K MeponpusTHio Ne2
(ctpanumna 36 u3 87)



[Tpunoxenue 2.4. «KpaTkue TeOpeTHUYECKHUE CBEACHUS» K MEpOnpUsATHIO No2

[Iporpammuoe oOecrieueHne W (PYHKIIMM CKaHepa MOMOTAIOT €My 3aXBaThIBaTh IIUPOYAUIINNA
CIIEKTp LBETOBHIX pemieHuil (10 24 6ur). O60pynoBaHHE aBTOMAaTHYECKH 00padaThiBaeT HHPOPMALIUIO O
TE€OMETPHH U IBETE€ OOBEKTa, YTO MOMOTaeT Ha BBICOKOM YPOBHE OOBEAMHUTH BCE 3TO B TEKCTYPHYIO
Mozenb. CkaHep MOMydusl BO3MOKHOCTh paboTaTh ¢ CaMbIMU pa3HbIMU 3D-IIPUIIOKEHUSMHU, YTO B CBOIO
ouepe.b YIPOCTUIIO MTPOLIECC peJaKTUPOBaHUS U IpocMoTpa 3D-moeneii.

[Iponerypa ckaHUPOBAaHUS COCTOUT U3 TPEX ITANOB: ChEMKH, 00pabOTKH, 3KcropTa. B pesyibrare
Oyzaer mosrydeHa kauecTBeHHas 3D-Moens 0ObeKTa.

Jlist Hauana Hy>kKHO HaneauTh 3D-ckaHep Ha HyXHBIH 00beKT. Crienuduka pactoyioKeHUH KaMephl
CKaHepa IMO3BOJIIET CKAaHUPOBAaTh OOBEKTHl PA3NIUYHOM BEIMYMHBI (OT MAJEHBKOW WIPYLIKHA [0
aBToMoOmIIsT). CaM 00BEKT B Mpoliecce CKaHUPOBAHUS JIOJDKEH HAXOAUThCS Ha paccTossHuu ot 40 cM 1o 1
M OT KaMepBhl.

3areM MHUIMHPYEM CKaHupoBaHue. [IpaBuibHOE CKAaHUPOBAHUE BBIIOJIHUTH HE CIOXKHO, TaK KaK
IIPY BOZHUKHOBEHUU KaKUX-TTMOO0 3aTPyIHEHUH WU OIKUOOK CUCTEMa aBTOMATUYECKH MOAAET BU3YaJIbHbIC
Y 3BYKOBBIE€ CUTHAJIBL. Takue curHaibl OHa MOJAET B CIIy4ae, €CIIU TEPSET OMOPHYIO TOUKY U HE TIOHUMAET,
KaK MOMECTHTh TEKYIIMH CKaH Ha oOmmil ckaH moxaend. Jisi Toro 4roObl M30aBUTHCS OT OIIMOKH,
JIOCTaTOYHO BEPHYTh OOBEKT B MOJIE 3PEHUS CKaHepa U MPOJOIIKUTh pabOThI C MECTa, TJe CKaHep MOTepsiT
TouKy. IIpu 3TOM CTOUT OBITH OCTOPOKHBIM, TaK KaK MpU BO30OHOBIEeHNH ckaHupoBaHus 1O He Bcerna
OJIHO3HAYHO pacrojiaraet o0bEeKT MpH JaibHeNIleM CKaHUPOBaHUU. B kauecTBe pekoMeH1alluu, eCIH yKe
OTCKaHMpOBaHa JJOCTaTOYHO OOJIbIIasi 30HA, CTOMT OCTAHOBUTH MPOIIECC CKAHUPOBAHUS M HA4aTh HOBBIN
ckaH. Ilocne okoHUaHUS CKAaHUPOBAHUS 00BEKTA MOJyYECHHbIE CKaHbl MO)KHO O0OBEIMHUTh BHYTPEHHUMHU
cpeactBamu 110 ckanepa Artec.

Ectb 1Ba 6a30BbIX cltocoba CKaHUPOBaHMs 00BEKTa - BpallleHHe KaMephl U BpalleHue oobekra. B
IIEPBOM Clly4ae IMpoleaypa CKaHHUpOBaHUS MpeirnojaraeT nepemerieHue 3D-ckaHepa BOKpPYI BCETO
oObekTa. CrucreMa 3amycKaeT IpoLecC BEIPAaBHUBAHUS CKAHUPYEMOM NMOBEPXHOCTH B PEXKHUME PEaTbHOTO
BPEMEHHU, UTO IO3BOJISET 3aITyCTUTh CKAHUPOBAHUE TOUHO, U MIPABHIILHO ONPEAETUTh HEOOXOAMMBII 00beM
paGotel. [lpy »STOM mONB30BaTENb MOXKET BBINOJHATH CKaHUpPOBaHHE B JH0O0H  yJ0OHOM
MOCJIEI0BATEIBHOCTH, MOJICTPAUBATHCS O] CUTYALMIO U YAEIUTh 0O0JIblIIe BHUMAHUS TPYIHOIOCTYITHBIM
o0nacTaM cKaHHpOBaHUS. Bo BTOpOM ciyyae CKaHEp >KECTKO 3aKpeIulseTcs Ha IITaThBe, a OOBEeKT
BpaIllaeTCs B I0JIE 3pEHMSI CKaHEpa, HaIIpUMED, C UCIOIb30BaHUEM IIOBOPOTHOIO CTOJIA.

[locne BBHINOJMHEHUS CKAaHUPOBAaHHMS M OOBEAMHEHHS BCEX CKAaHOB B OJMH OOBEKT, CKaHEp
npesaraeT BO3MOXKHOCTh ONTUMU3AIMK CETKH, CTJIaKMBAaHUS IMOBEPXHOCTU M 3aMOJHEHUS MOJIOCTEN U
Pa3pbIBOB B MOJYUEHHOM CKaHe.

[Tocne nocto6paboTku ckana I10 mo3BosSeT HIKCIOPTUPOBATH PE3YIbTATHI CKAHUPOBAHUS B CaMble
pacrpoctpanennsie 3D-¢popmatsr: ASCII, AOP, STL, PLY, VRML, OBJ. bnaronaps 3ToMmy MO>XHO OyzaeT
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paboratb ¢ cambiMu coBpeMeHHbIMU 3D-npunoxenusmu: CopyCAD, Autodesk Maya, Geomagic,
Rapidform, Pixologic ZBrush, 3DMax, Autocad, Blender u np.

[Io OKOHYaHWU TEOPETHYECKOW YACTH NpenojaBaTeieM HpPOBOJUTCS KOHTPOJBbHAs MpOBEpKa
MOJIYYEHHBIX YYal[UMUCS 3HAHUU, OTBETHl HAa BO3HMKAIOIIME BOMPOCHI. YUEHUKU 3AMOJHSIOT OTYETHI O
BBINIOJTHEHUH Pa0OThI, IPENoAaBaTelb MPOBEPSET KaUeCTBO 3al0HEHUS 0TYeTa, 0C000€ BHUMaHUE yaemsis
MYHKTY O BO3HUKIIUX y YYCHHKA TPYAHOCTSAX - IO BO3MOXKHOCTH, HEOOXOAUMO JaTh COOTBETCTBYIOIIEE
MOSICHEHHE.

JladopaTopHas padora Ne36
«Bvinonnenue 3D-ckanuposanusn o6vekmay
Kparkue TeopeTuueckue cBe1eHUsA

3D-ckannpoBaHue 00BEKTOB CPeIHEro ANana3oHa

Jlyis ckaHupOoBaHUA B paMKax cpeaHero auamnasona (ot 30-40 cm no 1-2 M) 4acTo MCMONB3YIOTCA
pyunble 3D-ckaHepbl, KOTOpPBIE COYETAIOT JOCTATOYHYIO TOYHOCTh C MOOMJIBHOCTBIO U CKOPOCTBHIO
noctpoenust 3D-mozeneit. Yacto nnst Takux 3amad ucnoib3yroT 3D-ckanepsl kommanuu Artec - Eva,
Spider, Leo.

3D-ckanep Artec mpezactaBiseT co0oil BUIEOKaMepy, PETHCTPUPYIOUIYIO Kaipbl, KaXIbId M3
KOTOPBIX SBJIsIETCS 00beMHBIM M300paxkeHneM. CkaHepsl Artec OTIIMYaOTCsS IPOCTOTOM MCIIONIB30BaHUS U
IPYKeIM0OHBIM HHTEP(EHCcOM, TOITOMY UACATHHO MOAXOIAT sl yueOHoro npouecca. OIHaKo, Kak U BCe
CKaHephI, OHH JIOBOJIBHO TPEOOBATENHHBI K BEIYMCIUTEIEHBIM MOIIHOCTSIM KOMITBIOTEPA, C KOTOPBIM OHH
ucrnonb3ytorcs. [Ipornenypa ckaHupoBaHusl 3aKII0YAE€TCS B TOM, YTOOBI CAENATh CHUMKH C PAa3HBIX CTOPOH
00bEeKTa M TMOJ NepeMEeHHbIMH Yyriamu. OOOpyJOBaHHE aBTOMATHUYECKH CO3/1a€T €IMHYIO CETKY U3
3apETUCTPUPOBAHHBIX KaJpOB C IIOMOIIbIO TIOCTABISEMOIO0 BMECTE CO CKaHEPOM IPOrPaMMHOIO
oOecneuenus. CkaHep B mporecce paboThl UCHOIB3YET METO/ CTPYKTYPHOI'O CBETa, MPUHIIUII KOTOPOTO

IIPEACTABIIEH HA puC. 1.

projector target object

Puc. 1. [Ipuauun pa6oter 3D-ckanepa Mo MeToAy CTPYKTYpHOTO CBETa
L1IPMJIVUKCHNTC £.4. <KN\NPA1TKUC 1TUPCINYCCRNC CBCACHNWN»? K MCPOULIPATIY JNE2Z
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CHGI[yeT OTMCTUTB, YTO I-IepHI:Ie nu 3epKaJIbeIe 06’beKTBI HpaKTI/I‘IeCKI/I HEC IIOOJAr0TCA
CKaHMpOBaHMIO. B KkadecTBe BapuaHTa CKAaHUPOBAaHUS TaKUX OOBEKTOB MOXHO HCIIOJIb30BaTh
JOTOJHUTEIBHBIC HHCTPYMEHTHI, HAIIPUMED, a3PO30JIH, KOTOPBIE HAHOCATCS Ha OOBbEKT CKAaHMPOBAHUS H
TEM CaMbIM MaTHPYIOT ero. CrieruaibHble a3p030JIH I CKAHUPOBAHHMS JIETKO CMBIBAIOTCS C MOJIEIIH, HE
OCTaBJIAA HUKAKUX Je(EKTOB - HaIpuUMep, TaKUM CIIOCOOOM B TPOMBIIIICHHOCTH CKaHUPYIOT
aBTOMOOMIIN.

Ckanepbl Artec MO3BOJSIOT IIOJAy4aTh OOBEKTHI JOCTATOYHO BBICOKOHW TOYHOCTH. CaMbIM

pacmpocTpaHeHHBIM U3 HUX siBisgercs Artec Eva (puc. 2).

Puc. 2. 3D-ckanep Artec Eva

[Iporpammuoe oOecnieueHue W (YHKIMK CKaHEpa MOMOTAIOT €My 3aXBaThIBaTh IIUPOYANIINAN
CIIEKTp LIBETOBBIX perieHuil (10 24 6ur). O60pynoBaHHe aBTOMaTUYeCKH o0pabaTbiBaeT MH(POPMAIUIO O
reOMETPUH U LIBETE€ OOBEKTa, YTO MOMOraeT Ha BBICOKOM YPOBHE OOBEAMHUTH BCE 3TO B TEKCTYPHYIO
Mojienb. CkaHep MOydrsT BO3MOXKHOCTh PadOTaTh ¢ CaMBIMU pa3HBIMU 3D-TIPHITOKEHUSIME, YTO B CBOIO
odepellb YIPOCTUIIO MPOLIECC PETAKTUPOBAHUS U ITpocMoTpa 3D-Mozenei.

[Iponetypa ckaHUPOBAaHUS COCTOUT U3 TPEX 3TAIOB: ChEMKH, 00paboTKH, 3KcropTa. B pedynprare
Oyzer nonydeHa kauecTBeHHast 3D-Moenb 00beKTa.

Jli1g Havana Hy>kHO HauenauTh 3D-ckaHep Ha HyKHbIH 00bekT. Crienndurka pacrnonoxkeHnit kKaMmepsl

CKaHepa TMO3BOJISIET CKAaHUPOBATh OOBEKTHl PA3IMYHOM BEIMYMHBI (OT MAJEHBKOW MIPYLIKH [0

ITpunoxxenue 2.4. «KpaTkue TeOpeTHYECKUE CBEACHUD K MEpONpUATHIO Ne2
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aBromooOmiis). Cam 0OBEKT B IIPOIIECCEe CKAHUPOBAHUS JTOJDKEH HaXOAUThCs Ha paccTossHum oT 40 cm 10 1
M OT KaMepBhl.

3areM MHULMUPYEM CKaHHpoBaHMe. [IpaBUiIbHOE CKaHHPOBAHUE BBHINOJIHUTH HE CIOXKHO, TAK Kak
IIPY BOSHUKHOBEHHMHU KaKUX-IMO0O0 3aTpyJHEHNUI WM OLIMOOK CMCTeMa aBTOMAaTHYECKH [10/1aeT BU3yaJIbHbIE
Y 3BYKOBbIE€ CUTHAJIbI. Takue CUrHaibl OHa OJIAeT B ClIy4yae, €ClI TepsieT ONOPHYIO TOUKY U HE IIOHUMAET,
KaK TOMECTHTh TEKYIIMi CKaH Ha OoOmui ckaH mojend. J{ns Toro 4roObl M30aBUTHCS OT OIIMOKH,
JOCTaTOYHO BEPHYTHh OOBEKT B I0JIE 3pEHUS CKaHEepa U MPOJIOIDKUTE pabOTHI C MECTa, Te CKaHEep MOTEPSI
TouKy. IIpn 3TOM CTOUT OBITH OCTOPOKHBIM, TaK KaK IpU BO300OHOBIEHNH ckaHupoBaHus 110 He Bcerna
OJTHO3HA4YHO pacrioyiaraeT 00beKT NpH JajlbHeHeM CKaHUpOBaHUU. B kauecTBe peKkoMeHalnu, eCly yxKe
OTCKaHMpOBaHa JJOCTaTOYHO OOJIbIIast 30HA, CTOMT OCTAHOBUTH NPOLIECC CKAHUPOBAHUS M HayaTh HOBBIN
ckaH. [lociie okOHYaHMsI CKaHUPOBAHUS OOBEKTA MOJYYEHHbIE CKaHbl MOKHO OObEIUHUTH BHYTPEHHUMU
cpexnctBamu 110 ckanepa Artec.

Ectb 1Ba 6a30BbIX crioco0a CKaHUPOBaHMs 00BEKTA - BpallleHHe KaMephl U BpallleHue o0bekTa. B
[IEpBOM Clly4ae IpolLeaypa CKaHUpPOBaHUS MpeirnojaraeT nepemerieHue 3D-ckaHepa BOKpPYI BCETO
obobekTa. Crcrema 3aIrycKaeT MpoIecCe BRIPABHUBAHUS CKAHUPYEMOM MMOBEPXHOCTH B PEKUME PEATBHOTO
BPEMEHHU, UTO I103BOJIET 3aIIyCTUTh CKAHUPOBAHUE TOUHO, U MPaBUIILHO OIPEAETUTh HEOOXOUMBII 00beM
paGotel. [lpy »5STOM mONB30BAaTENb MOXKET BBINOJHATH CKAaHHpPOBaHHE B JHOOOH  yJnOOHOM
MIOCJIEI0BATEIBHOCTH, MOJICTPAUBATHCS O] CUTYALIUIO U YIEIUTh OO0JIbllIe BHUMAaHUs TPYJHOIOCTYITHBIM
o0nacTaM ckaHMpoBaHHUs. Bo BTOpoM ciydyae ckaHep »ECTKO 3aKpeIulseTcs Ha IITaThBe, a OOBEKT
BpaIllaeTCs B I0JIE 3pEHMSI CKaHepa, HallpUMED, C UCIOIb30BaHUEM IIOBOPOTHOIO CTOJIA.

Ilocne BBINOIHEHHS CKAaHUPOBaHHMS M OOBEAMHEHHUS BCEX CKAaHOB B OJUH OOBEKT, CKaHep
IpearaeT BO3MOKHOCTh ONTUMHU3ALMK CETKH, CIVIAKMBAHUS MMOBEPXHOCTH M 3aIIOJIHEHUS IOJIOCTEH U
Pa3pbIBOB B MIOJIyUEHHOM CKaHe.

[Tocne noctoOpadoTku ckana [10 no3BosiseT 3KCHOPTUPOBATH PE3YJIbTaThl CKAHUPOBAHUSI B CaMble
pacripoctpanennsie 3D-¢popmarsr: ASCIL, AOP, STL, PLY, VRML, OBJ. bnaronaps 3Tomy MOkHO OyzaeT
pabGotate ¢ cambiMH coBpeMeHHbIMH 3D-npunoxenusimu: CopyCAD, Autodesk Maya, Geomagic,
Rapidform, Pixologic ZBrush, 3DMax, Autocad, Blender u np.

[lo oxOHYAaHMM TEOPEeTHYECKOM YacTH MpernojaBaTesieM MPOBOAUTCS KOHTPOJIbHAS IPOBEpKa
MIOJIYYEHHBIX YYalIUMUCS 3HAHWH, OTBETHl Ha BO3HMKAIOIIME BONPOCHL. YUYEHHUKH 3aMOJIHAIOT OTYETHI O
BBITTOJIHEHUH PaOOThI, IPETo1aBaTelb IPOBEPSET KaueCTBO 3aM0JIHEHHs 0TYeTa, 0c000e BHUMAHUE Y Iess
MIYHKTY O BO3HMKIIMX y YYE€HUKA TPYAHOCTSAX - [0 BO3MOXKHOCTH, HEOOXOAUMO AaTh COOTBETCTBYIOIIEE

IIOSICHCHHC.
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JlaGoparopHasi padora Ne37
Jlabopamopuasa paboma «Obpabomka pesynomama 3D-ckanuposanusny
Kparkue TeopeTuueckue cBe1eHHUs

3D-ckaHupoBaHUe 00BEKTOB CpeIHero Juana3oHa

Jlst ckaHupoBaHUsS B paMKax cpeanero auamazona (ot 30-40 cm 10 1-2 M) 4acTo MCIOIB3YIOTCS
pyunbie 3D-ckaHepbl, KOTOPBIE COYETAIOT JOCTATOYHYIO TOYHOCTH C MOOMIIBHOCTBIO M CKOPOCTBIO
noctpoenust 3D-moneneid. Yacto s Takux 3a1ad ucnoib3ytoT 3D-ckanepel kommanuu Artec - Eva,
Spider, Leo.

3D-ckanep Artec mpezactaBiseT co0oil BUIEOKaMepy, PETUCTPUPYIOMIYIO KaApbl, KaXKIbIH W3
KOTOPBIX SIBJISIETCS 00bEMHBIM H300paxkeHneM. CkaHepsl Artec OTIIMYAIOTCS IPOCTOTON MCITOJIB30BAHUS U
APYKeIMOOHBIM HHTEP(EHCcOM, TOITOMY HUACATHHO MOAXOIAT UTs yueOHOro npouecca. OHaKo, Kak 1 BCe
CKaHepbl, OHU JIOBOJILHO TPeOOBATENbHbI K BHIYUCIUTEIHHBIM MOIIHOCTSIM KOMIBIOTEPA, C KOTOPHIM OHU
ucnone3ytorcs. [Iponenypa ckanupoBaHusl 3aKII0YAE€TCS B TOM, YTOOBI CAENATh CHUMKH C PAa3HBIX CTOPOH
00BbEeKTa W TOJ TepeMeHHbIMH yriaamu. OOOpyJoBaHHME aBTOMAaTHYECKH CO3MAET CAMHYIO CETKy W3
3apETUCTPUPOBAHHBIX KaJpPOB C IIOMOIIBIO TIOCTABISIEMOrO BMECTE CO CKaHEPOM IPOrPaMMHOTO
obecnieuenus. CkaHep B mpoliecce paboThl UCHOIB3YET METO/ CTPYKTYPHOIO CBETa, MPHUHIIUI KOTOPOTO

IIpeIcTaBlIeH Ha puc. 1.

my

~

projector target object

Puc. 1. [Ipunnun padotel 3D-ckanepa mo MeToay CTPYKTYpHOTO CBETa

CneglyeT OTMCTUTb, 4YTO YCPHBIC W 3CPKAJIBHBIC 00BEKTHI IMPAKTUYCCKU HE MOAAArOTCA
CKaHHUPOBAHUIO. B xauecTtBe BapnaHTa CKAaHUPOBAHUA TaKHUX O0OBEKTOB MOJKHO HCIIOIL30BaTh
AOIOJIHHUTECIBbHBIC UHCTPYMCHTBI, HAITPUMEDP, adPO30JIi, KOTOPBIC HAHOCATCA Ha 00BEKT CKaHHUPOBAHUA U
TEM CaMbIM MATHUPYIOT €TO0. CHGLII/IEUILHLIC adp030JI AJid CKAaHUPOBAHUS JICTKO CMBIBAOTCA C MOACIIU, HE
OCTaBJIsAI HHKaKHUX HG(I)GKTOB - Hanpumep, TaKuM CIIocoooM B MNPOMBIINIJICHHOCTH CKAaHUPYIOT

aBTOMOOMIIN.
ITpunoxxenue 2.4. «KpaTkue TeOpeTHYECKUE CBEACHUD K MEpONpUATHIO Ne2
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Ckanepsl Artec TMO3BOJIAIOT TONy4YaTh OOBEKTHI JTOCTATOYHO BBICOKOH To4yHOCTH. CaMbpIM

pacnpocTpaHeHHBIM U3 HUX siBiisierca Artec Eva (puc. 2).

Puc. 2. 3D-ckanep Artec Eva

IIporpammHoe oOecrieueHue M (YHKLIUU CKaHepa MOMOTAlOT €My 3aXBaThlBaTh LIMpPOYANIINI
CIIEKTp LBETOBBIX pelieHuil (10 24 6ur). O60opynoBaHre aBTOMaTHYECKH 00padaThiBaeT HHPOPMALIUIO O
reOMETPUH U IBET€ OOBEKTa, YTO MOMOTaeT Ha BHICOKOM YPOBHE OOBEAMHHUTH BCE 3TO B TEKCTYPHYIO
Mozienb. CkaHep MOJydusl BO3MOXKHOCTh paboTaTh ¢ CaMbIMU pa3HbIMU 3D-IIPUIIOKEHUSMH, YTO B CBOIO
ouepeb YIPOCTUIIO ITPOLECC peJaKTUPOBaHus U pocMoTpa 3D-monenei.

IIponetypa ckaHUPOBaHUS COCTOUT U3 TPEX TANOB: CheMKH, 00paboTKH, 3KcropTa. B pesyinbrare
OyneT nosiydeHa kauectBeHHas 3D-mMomens 00bexTa.

Jli1g Havana Hy>kHO HauenauTh 3D-ckanep Ha HyKHbI 00bekT. Crienndurka pacrnonokeHnii kKaMmepsl
CKaHepa II03BOJISIET CKAaHUPOBATh OOBEKTHl PA3IMYHON BEIMYMHBI (OT MAaJEHBKOM WIPYIIKU JI0
aBToMoOmIsA). CaM 00BEKT B IpoIlecce CKAHUPOBAHUS JOJDKEH HAXOJUThCs Ha paccTosiHuM oT 40 M 10 1
M OT KaMepBHl.

3areM MHULMUPYEM CKaHHpoBaHMe. [IpaBUIbHOE CKaHMPOBAHKE BBINOJHUTH HE CIOXKHO, TaK Kak
[P BOSHUKHOBEHHMHU KaKUX-TM0O0 3aTpyJHEHUN UM OLIMOOK CUCTEMa aBTOMAaTHYECKH 110/1aeT BU3yalIbHbIE
Y 3BYKOBbIE€ CUTHAJBI. Takue CUTHaIbI OHA MOJIAaeT B Clly4yae, €CIIU TepsieT OMOPHYIO TOUKY U HE TIOHUMAET,
KaK TOMECTHUTh TEKYIIMH CKaH Ha oOmmi ckaH mojaenu. s Toro 4toObl M30aBUTHCS OT OIIMOKH,
JI0OCTaTOYHO BEPHYTh OOBEKT B MOJIE 3PEHUSI CKaHEepa U MPOJOJIKUTH pabOThI C MECTa, TJIe CKaHep MoTepsi

TouKy. IIpy 3TOM CTOUT OBITH OCTOPOKHBIM, TaK KaK MpU BO30OHOBIeHNH ckaHupoBaHus 11O He Bcerna
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OJIHO3HAYHO pacrojiaraetT 00bEeKT MPpH JalbHENIIEeM CKaHUPOBaHUU. B kauecTBe pekoMeH1alluu, eCiH yKe
OTCKaHUPOBAHA JOCTATOYHO OOJIbIIAs 30HA, CTOMT OCTAHOBUTH MPOIECC CKAHUPOBAHUS U HAYaTh HOBBIH
ckas. Ilocie okoHUaHUS CKaHUPOBAHUSA 00BEKTA MOJyYCHHBIE CKaHBl MOKHO OOBEIMHUTH BHYTPEHHUMHU
cpeactBamu 11O ckanepa Artec.

Ectb aBa 6a30BBIX criocoba ckaHMPOBaHUSI 0OBEKTa - BpallleHHe KaMepbl U BpalieHne o0bekTa. B
IIEPBOM Clly4ae IpoLeaypa CKaHUpOBaHUS MNpeirnojaraeT nepememnieHue 3D-ckaHepa BOKpPYI BCETO
obobekTa. Crcrema 3aIycKaeT MpOoIEece BHIPABHUBAHUS CKAHUPYEMOM MOBEPXHOCTU B PEKUME PEATHLHOTO
BPEMEHH, UTO MO3BOJISIET 3aIIyCTUTh CKAHUPOBAHUE TOYHO, U MPABUIIBHO OMPEENIUTh HEOOX0IUMBII 00beM
pabotel. Ilpm 53TOM moONB30BaTEIh MOKET BBINOJIHATH CKaHUpPOBaHWE B JIO0OM  yIOOHOM
[IOCJIEI0BATEIBHOCTH, MTOJICTPAUBATHCS O] CUTYALMIO U YIEJINUTh 0O0JIbIIIE BHUMAHUS TPYIHOAOCTYITHBIM
obmacTsiM ckaHMpoBaHUs. Bo BTOpOM cilydae CKaHEp JKECTKO 3aKpeIUIIeTCSl Ha IITaTHUBE, a OOBEKT
BpalllaeTcs B MOJIE 3PEHHSI CKaHepa, HalpUMEp, C UCIOIb30BaHHEM TOBOPOTHOIO CTOJIA.

[Tocrne BBIMONHEHUS CKAHUPOBAHHMS M OOBEAMHEHHUS BCEX CKAHOB B OJUH OOBEKT, CKaHEp
npeaaraeT BO3MOXKHOCTh ONTUMU3ALMU CETKH, CIJIaKUBAaHUS ITOBEPXHOCTU U 3aMOJHEHUS MOJIOCTEN U
Pa3pbIBOB B [IOJIyUEHHOM CKaHe.

[Tocne moctoOpadoTku ckana [10 mo3BoseT 3KCHOPTUPOBATH PE3YIbTAThl CKAHUPOBAHUS B CaMble
pacripoctpanensslie 3D-¢popmartsr: ASCII, AOP, STL, PLY, VRML, OBJ. bnaronaps 3ToMmy MO>kHO OyzaeT
paboratb ¢ cambiMu coBpeMeHHbIMU 3D-npunoxenusmu: CopyCAD, Autodesk Maya, Geomagic,
Rapidform, Pixologic ZBrush, 3DMax, Autocad, Blender u np.

[lo OxOHYaHMM TEOPETHUYECKON YacTH MpEnoJaBaTelIeM IPOBOAUTCA KOHTPOJbHAs IPOBEpPKA
MOJTyYEHHBIX y4YaIlMMUCS 3HAHHWM, OTBETHl Ha BO3HUKAIOUIME BOMPOCHI. YUEHHMKH 3aMOJHAIOT OTYETHI O
BBINOJIHEHUH pabOThI, IPEIo1aBaTelb IPOBEPSET KaueCTBO 3aM0JIHEHHs 0TYeTa, 0c000€ BHUMAHUE Y Iess
IIYHKTY O BO3HMKIIMX y YYEHUKA TPYAHOCTSAX - [0 BO3MOXKHOCTH, HEOOXOAMMO JaTh COOTBETCTBYIOLIEE

IIOSICHCHHC.

IIpakTnyeckas padora Ne38
Ilpoexm «lloowunnuky. Ilpumenenue u kKoncmpyKkuyus.
Kpartkue Teopernueckue cBegeHHs

I/Isyqe}me KOHCTPYKIIMHA IOJIIHUITHUKOB U UX IPUMEHCHUEC B MEXAHU3MAX
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Puc. 1. Iogmumauku

[MonmmnHuuk — CcOOpPOYHBIN y3els, SBIAIONIMUICS 4YacThlO ONOPbl WIM yIopa H

MTO/ICPKUBAOIINM BaJl, OCh WJIM UHYIO TIOJIBH)KHYIO KOHCTPYKIIMIO € 33JaHHOM KECTKOCTBI0. PUKCUpyET

IMOJIOKCHHUE B MNPOCTPAHCTBE, obecrieynBacT BpamcHue, Ka4C€HUC C HAMMCHBLIIHNM COIPOTUBJIICHUEM,

BOCIIPUHUMACT U HepeﬂaéT HAarpys3Ky OT HOABUIKHOTI'O y3JIa Ha IPYTHUC YaCTU KOHCTPYKIIHUHU.

Ilo NPpUHOHUITY pa6OTBI BCC IMMOAIIHUITHUKHU MOKHO pa3JCIMTh HAa HCCKOJIBKO THUIIOB!:

OAIIHUITHUKY KaUCHU S,

TOAIIHUITHUKU CKOJIBXXCHHUS

K NOAIIHUITHUKAM CKOJIBXXCHHA TaAKXKE OTHOCAT!

ra30oCTaTHYCCKHUE ITOAIIUITHUKH,
rasoJMHaAaMHUYCCKUEC MMOAUIMITHUKH
THAPOCTATUYCCKUE TTOAIUITHUKH,
TUAPOAVMHAMHWYCCKUC ITOAIITHUITHUKH

MAarduMTHBIC ITOAIIUITHUKH.

OCHOBHEIC THIITBI IMOAIIWUITHUKOB, KOTOPBIC MPHUMCHAIOTCA B MAIIMHOCTPOCHHMU - KaUCHUA U

CKOJIB)KCHHUA.
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IIpakTuyeckasi pa6ora Ne39

Ilpoexkm «lloowunnuky. Mooenuposanue oemaneil.
KpaTtkue Teopernueckue cBegeHHs
[TpucTynuTh K BHIMOTHEHUIO TUTIOBOTO TpoekTa «[logmmmuauky. [Toamunauk Oyaer cocToaTh U3
CJIEIYIOLIUX KOMIIOHEHTOB:
1) BHEIIIHEE KOJIBIIO;
2) mapuk (Teno KaueHwus ),
3) cemaparop;

4) BHyTpEHHEE KOJIbLIO.

Puc. 1. KoMmoHeHTbI MOAIMIMITHAKA

Puc. 2. ITOroBeIii mpoexT

[Ipunoxenue 2.4. «KpaTkue TEOpETUUECKHE CBEACHUS» K MeponpusTHio Ne2
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IIpakTuyeckasi padora Ne4(
IIpoexm «Iloowunnuky. Coopka uzoenus.
Kparkue TeopeTuueckue cBe1eHHUs
[IpuctynuTh K BhIMOIHEHHUIO TUIIOBOTO mpoekTa «[logmmunuuky. [loamunuuk Oyner cocToaTs U3
CJIEYIOIIUX KOMIIOHEHTOB:
1) BHemIHee KOJMBLIO;
2) mapuK (TeJIo KaueHus);
3) cemapatop;

4) BHyTpEHHEE KOJIbLIO.

Puc. 1. KoMmoHeHTHI TOAIIMITHUAKA

Puc. 2. UToroBbiii mpoekT
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IpakTnyeckas padora Ne41
IIpoexm «lloowunnuky. Cozoanue ghomopeanucmuunozo uzodpa)xcenusn uzoenus u AHUMAyUU e2o
padombul.
KpaTtkue Teopernueckue cBegeHHs
[IpuctynuTh K BhIMOIHEHHUIO TUIIOBOTO mpoekTa «[logmmunuuky. [loamunuuk Oyner cocToaTh U3
CIICAYIOIIMX KOMIIOHEHTOB:
1) BHelIHEE KOJIBIIO;
2) mapuk (Teno KaueHwus ),
3) cemapatop;

4) BHyTpEHHEE KOJIbLIO.
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IIpakTuyeckas padora Ne42.
IlIpoexm «Pedykmopy. 3youamole Mexanu3mol u nepeoamovHoe OmHouieHue.
Kparkue TeopeTuueckue cBe1eHHUs

PenykTops (JlaTuHCKOTO citoBa reductor) moyry4uiin MupoKoe pacpoOCTPaHEHUE BO BCEX OTPACIIX
IIPOMBIIIJICHHOT'O U arpapHOro XO03sHCTBa, IO3TOMY UX IPOM3BOJICTBO C KaXKbIM I'OJIOM YBEJINYMBAETCS,
MOSIBJIIFOTCS] HOBBIE MOJM(PHKAIIMN, COBEPUICHCTBYIOTCS YK€ CYIIECTBYIOIINE MOJIEIIH.
Pe):[yKTop CIIYXKUT JJId CHUIKCHHA YaCTOTHI BpallCHHUA TUXOXOAHOI'O BaJla W YBCIIMUYCHUA YCUIIMA Ha
BBIXOJIHOM Bally. PeyKTOp MOXET MMeTh OJHY WJIM HECKOJbKO CTYNEHEH, 11eJb KOTOPbIX YBEJIMYEHUE
nepeaaTouyHoro otHouieHus. [lo Tumy mMexaHuueckoil mepenayud peayKTOpbl MOTYT ObITh YEPBSIUHBIMU,
KOHHUYCCKUMH, IIJIAHCTAPHBIMHU WM OUIMHAPUYICCKHUMHU. KOHCTPYKTHBHO PEOAYKTOP BBIIIOJIHCH KakK
OTAENBbHOE U3/eTHe, padoTaromiee B mape ¢ JEKTPOABUraTeNIeM U yCTAaHOBJICHHOE C HUM Ha OJHOH pame.
ITpOMBIIIICHHOCTBIO CErOAHS BBIITYCKAIOTCS PElyKTOPBI O0ILEro 1 CHelHaIbHOI0 Ha3HAYESHHUS.
PengykTopsl oO0miero Ha3Hau€HUsT MOTYT HPHUMEHSATbCS BO MHOTHX CJIy4asX M OTBEYarT OOLIUM
TpC6OBaHI/I$IM. CHCHI/IaJ'IBHI)Ie KC PCAYKTOPBI UMCIHOT HCCTAHAAPTHBIC XapAKTCPHUCTUKU MOAXOAAIINC 101
omnpe/ieJIeHHbIE TPEOOBaHUSI.
Kaaccugukanus, o0CHOBHbIe IapaMeTPbl PeAyKTOPOB

B 3aBucuMoctu oT Tuna 3y0yaroil mepegaud PeAYKTOPbl ObIBAIOT LMJIMHAPHYECKHE,
KOHUYeCKHe, BOJIHOBBbIE, IUIaHeTapHbIe, IJIO0OWAHbIe W 4epBsuHble. [lIupoko mTpHUMEHSIOTCS
KOM6I/IHI/IpOBaHHI)Ie PEAYKTOPBI, COCTOAIMMUEC M3 HCCKOJIBKUX COBMCIICHHBIX B OJHOM KOPITYCC THIIOB

nepeaad (I_II/IJ'II/IH)IPOKOHI/I‘IGCKI/Ie, OUIIMHAPOYCPBAYIHBIC U T.)I.).
BUObI 3YBYATbIX MEPEOAY

OCU KONEC NAPAINENbHbI

UMNUHOPUYECKMUE
NPAMO3YEbIMUA KOCO3YBbIMU BHYTPEHHEE PEEYHASA
KONECAMU KONECAMU 3ALENNEHUE

OCU KONEC NEPECEKAIOTCS

KOHUYECKHUE UMNUHAOPO - KOHUYECKAS
NPAMO3YEbIMA KONECAMU KPUBO3YEbIMWA KONECAMMU

OCW KONEC CKPELUMBAIOTCSA

BUHTOBAS YEPBSAYHASA TUNOUAHASA

Puc. 1. 3ybuaTsie nepenaun
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KOHCTpYKTUBHO penyKTOphl MOTYT IEpeAaBaTh BpalllEHUE MEXIYy MNepeKpenIuBaroIIMUICs,
MEPCCCKAIMMUCA U MMapalJICJIbHBIMA BaJIaMU.

Tak, Hampumep, IHJIMHIPUYECKHE PEAYKTOPHI TO3BOJIAIOT MEpeaaTh BpPALICHUE MEXIY
napajulebHBIMM ~ BajJlaMM, KOHHMYECKHE - MEXAY I[EePECeKAlOUUMUCI, a 4YepBSIYHBIE - MEXIY
MepeceKarouMUCs BajJaMH.

Oo1m1ee nepeaToyHOE YMCIIO MOKET TOCTUTATH 10 HECKOJIBKUX AECATKOB THICAY U 3aBUCHT OT KOJMYECTBA
cTyneHen B peaykrope. [lnpokoe npuMeHeHUe HalIM PEAYKTOPBL, COCTOSIIINE U3 OJHOM, IBYX WIIA TPEX
CTYIIEHEH, MPUYEeM OHH MOTYT, KaK OIMKCHIBAIIOCH BBIIIE, COBMEUIATh Pa3HblIe TUIIbI 3y0UaThIX Mepead.
Kaaccuduxanusa 3y0uaTbix mnepegad; BO3MOKHOCTH, JTOCTOMHCTBA, HEAOCTATKH Pa3HBbIX BUIO0B
3y04aThbIX nepegad.

Menbliiee 3 napbl 3y04UaThIX KOJIEC MPUHATO HA3BIBATH HIECTEPHEH (TpUOOM), OOJIBIIIEE — KOJIECOM.
TepMuH «3ybuaToe KOJECO» MOKHO NPUMEHATh KaK K IIECTEpHE, TaK M K KoJjecy 3y0uaroil mepenayu.
Nunexcel «1» 1 «2» MpucBanBalOT COOTBETCTBEHHO MapaMeTpaM IEeCTEPHH U KoJeca.
3aneruienue 3y04aThix KoJjec MOXKHO KHHEMAaTHYECKH MTPEICTABUTh, KaK Ka4eHHe 0€3 CKOJIbKEHHUS IPYT 110
IpYry JBYX IOBEPXHOCTEH, Ha3bIBAEMBIX HAaYaJIbHBIMU. /[ HUIMHAPHYECKHUX Iepenad 3TO LUIUHIPHI,
JUIS KOHUYECKUX — KOHYChl. TOUKYy KadyeHHs Ha4yallbHBIX IMOBEPXHOCTEH OMpPENEeNsIIOT, KakK IOJI0C
3aneruieHus. Ilo dmeny map 3alemuIsionMXcst Kojec 3yOuaThle nepegadd ObIBalOT OJHO-, JIBYX- U

MHOT'OCTYIICHYATbIMHU.

+5

Puc. 2. 3ybuarsie nepenayun
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ITo mpoduro 3yObeB: ouepTanus 3y0a B TNIOCKOCTH TIOTIEPEYHOTO ceUeHUs MpoduiTb 3y0a; IBOJIbBEHTHBIE,

UKJIOUIaJIbHBIE, KpYTroBble (3anemienne HoBukosa).

Puc. 3. auemnnenus 3y0neB

[To B3anMHOMY PAcCITOIOKEHUIO OCEH MX JENAT Ha IIJIUHAPHUECKUE — C TapaJIeTIbHBIMU OCSIMH,
KOHMUYECKHE — C IEepeceKarollUMHUCS OCSIMHM, Ha 4YepBsUHbIE, BUHTOBbIE — CO CKPEIIUBAIOIIMMUCS B
IIPOCTPAHCTBE OCSAMHU.

3aneruieHue 3y0uaThIX KOJIEC MOXKET ObITh BHEIITHUM M BHYTPEHHHM.

Peeunbie 3yOuarbie mepemayd MpeoOpa3yrOT BpamlaTelbHOE JBUKCHHE B TMOCTYIMATENILHOE WU
Ha000pOT.

[To pacnonoxeHuto 3yObeB OTHOCHUTENBHO OOpPa3yIOIIMX HAyalbHOM TIOBEPXHOCTH KoJieca

3yOuarele nmepegauu JesT Ha PsMO3yOble U KOCO3yOble, IEBPOHHBIE U C KPYTOBBIM 3yOOM.

Puc. 4. 3ybuatsie nepenaun
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[IpsiMo3y6bIMu Ha3bIBaIOTCS KoJjleca (Mepeaayn ), HanpaBieHUue Kak0ro 3y0a KOTOPhIX COBIAIAET
¢ oOpa3yloleil HadyaJIbHOW MOBEPXHOCTHU (LIMIMHAPA UIH KOHYCA).

Koco3y0bIMu Ha3bIBalOTCA 3yOuaThle KoJieca, HAlPaBICHHE KaKIOro 3y0a KOTOPBIX COCTaBISET
HEKOTOPBIN MOCTOSIHHBIA YTOJI ¢ 00pa3yroIieil HauaJlbHOW MTOBEPXHOCTH.

O6agaroT psAAOM TOCTOMHCTB 110 CPABHEHUIO C MPSIMO3YOBIMU: OJ1arofapsi HATMYKIO yIiia HaKJIOHa
3yObsl BCTYHAIOT B 3alleTVICHHE IO CBOEH JUIMHE MOCTENEHHO, YTO 0OecredrnBaeT 0ojee paBHOMEPHYIO U
IUIaBHYIO paboOTy M €CTECTBEHHO, CHIDKCHHE IIyMa MEXaHW3Ma BCIEACTBHE OOJNBIIET0 KO3(PQUIMeHTA
MEePEeKpPHITHS. Y KOCO3yObIX KOJIeC MUHUMAIIbHOE YHCIIO 3yObEeB IPH KOTOPOM HE MPOUCXOAUT MOJPE3aHHUs,
MeHbIIIe, yeM y npsamMo3yobix. Koco3yOble mepeaaun mo3BossitoT moao0parh npu 3aJJaHHOM MEKOCEBOM
paccTOSHUU 3a CUET U3MEHEHUS yIJla HaKJIOHA [apy KOJIEC CO CTaHAAPTHBIM MOJYJIEM.

K HemocraTkam KOCO3yOBIX Iepenad clenyeT OTHECTH OoJiee CII0KHOE M3TOTOBJIICHHE KOJIEC IO
CPaBHEHHUIO C MPSIMO3YOBIMU U TIOSIBIIEHUE IOMOTHUTEIBEHOTO OCEBOTO YCUIIHS, IIEPE1aBaeéMOT0 Ha OMOPHI.
Jl1is ycTpaHeHusl OCEBOr0 YCHIIMSI MOYKHO MPUMEHSTH IIEBPOHHBIE 3yOuaThie Kojieca. BeHer meBpoHHOT0O
KoJIeca COCTOMT M3 YUACTKOB C ITPABBIM U JICBBIM HAIlPaBICHHEM 3yObeB. 3yObsi TAKOTO KOJIECa MOTYT OBITh
Hape3aHbl Ha OJJHOM 000/1€ MIJIM BEHEI[ COCTOHT M3 )KECTKOTO COSIMHEHHS IBYX KOCO3yOBIX KOJIEC C Pa3HBIM

HaIlpaBJICHUEM HAKJIOHA 3Y6LGB. ]_HeBpOHHbIe KOJI€Ca CJI0XKHEC B N3I'OTOBJICHHUN KOCOSY6BIX.

Puc. 5. llleBponHas nepenaua

IlleBpOHHBIMM HA3BIBAIOTCS KOJIECA, 3yOUaThlil BEHEIl KOTOPBIX 00pa3yeTcs U3 JABYX PsI0B KOCHIX
3yObeB MPOTUBOIIOIOKHOTO HAIIPABJIECHUSI.

s ycTpaHeHHs OCEBOTO YCHUJIMSI MOXKHO HPHUMEHSTH ILIEBPOHHBIE 3yOuaThle Kojeca. Benerp
IIIEBPOHHOTO KOJIECa COCTOMUT U3 YYaCTKOB C IIPABbIM U JIEBBIM HalpaBJiIeHUEM 3yObeB. 3yObs TaKOTo KoJjieca
MOTYT OBITh Hape3aHbl Ha OJJHOM 000/€ WM BEHEI] COCTOUT M3 JKECTKOI'O COSIMHEHHS JBYX KOCO3YOBbIX
KOJEC C pa3HbIM HampaBjieHHEeM HakiioHa 3yObeB. llleBpoHHBIE Kojeca CiOXHEe B HM3TOTOBJICHUU

KOCO3YOBIX.
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Puc. 6. Konnueckas nepemgaua

Konnyeckue xoyieca MOTYT OBITh IPSMO3YObIMH, KOCO3YOBIMH U C KPYTOBBIM 3yOOM.

Konnueckue 3yOuaTbie Kojeca MPUMEHSIOT Ul Nepefadd BpallaTebHOTO JABIDKEHHS MEXKIY
BaJlaMH, OCH KOTOPBIX NE€PECEKAIOTCS 1101 HEKOTOPHIM YIJIOM.

[TpeumyiiecTBEHHO NPUMEHSIOT IPAMO3yOble KOHUYECKHE KOoJleca M TOJIbKO TOIJa, KOra Hellb3sl
UCTOJIB30BaTh LWJIMHAPUIECKUE. DTO OOBACHSIETCS OOJBIIEH CIOXKHOCTBIO HM3TOTOBJICHUS U COOPKH
KOHMYeCKuX nepeaad. OHO n3 Konec KOHNIECKUX Nepeaad 13-3a IepecedeH st Ocei BaJIOB pacnoIaraeTcs
KOHCOJIBHO, YTO CO3/1aeT JIOTOJIHUTENIbHbIE TPYIHOCTH IpU KOHCTpyHpoBaHuu omnop. Kpome Toro, Bajisl U
OIOPBI HArPY’KAKOTCS HE TOJIBKO paJualibHbIMU, HO U OCEBbIMM cuiaMmu. IIpuMeHeHue Gosee CIOXKHBIX
ornop npuBoguT K cHukeHuto KIIJ[ u x OospmieMy mrymy, yemM OpU NPUMEHEHUH LMIMHAPHUYECKUX
nepenad.

Haubonpiiee pacnpocTpaHeHue NOMYyYWIHM NEpEeAadd ¢ 3BOJBBEHTHBIM NpoduieMm 3yoneB. Bo-
NEPBbIX, YBOJIBBEHTHOE 3alleIUIEHUE Maj0 UyBCTBUTEIBHO K OTKJIOHEHHUSM MEXOCEBOTO PacCTOSIHUSA, HeE
HapylaeTrcs NpaBWIBHOCTh 3alleIuieHus. Bo-BTOpbIX, NMpoduibs 3yObeB WHCTPYMEHTa Ul Hape3aHus
HBOJILBEHTHBIX 3yOUaThIX KOJIEC MOYKET OBITh MPSIMOJIMHEHHBIM, CPAaBHUTEIBHO MMPOCTOE U3TOTOBICHUE U
KOHTPOJIb MHCTPYMEHTa W KOJIEC, OJHUM WHCTPYMEHTOM MOJKHO Hape3aTh Kojieca C Pa3HbIM YHUCIOM
3yObeB. TpaekTopueil TOUKM KOHTaKTa IBOJBBEHTHBIX NPoQuiieii 3yObeB sSBISETCS MpsMast TUHUS.

[To xapakTtepy cBoeil paOoOThl mepenaud MOTYT OBbITh peBepCHBHBIE M HepeBepcuBHble. Ilo
KOHCTPYKTHBHOMY BBITTOJIHEHUIO KOpITyca 3y0dYaThie Iepeqadd OBIBAIOT OTKPBITHIMH M 3aKPBITHIMU.
OTKpBITBIE HE UMEIOT 3aIUTHI OT MOTAaHUS TIBUIH U TPSI3H, 3aKPHITHIE ITEPeaddl HMEIOT )KECTKUH KOPITYC
U paboTaroT B MaclIsIHOM BaHHE.

[To BenMuMHE OKPYKHOH CKOPOCTH pa3iMyalOT Mepelayd — THUXOXOJHBIE (10 3 M/C), CpeaHux
ckopocteit (3 ... 15 m/c) u OpicTpoxoHbIe (CBBIIIE 15 M/C).

YepBsiuHbIe TIepeaud MPUMEHSIOT, KOT/Ia OCH BEIYIIETO0 U BEOMOTO BaJIOB MEPEKPEIINBAIOTCS

nox yriom 90°.
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Puc. 7. YepBsunas nepenaya

JIOCTOMHCTBOM UEpBAYHBIX NEpeAayd IO CPAaBHEHUIO C 3yO0YaThIMU SIBIISIETCS BO3MOXKHOCTh
MIOJIYYUTh OOJIBbIINE NEPEaTOYHbIE OTHOLIEHUS (Yiciia) B 0OJHOM cTyneHu, 10 80 B CUJIOBBIX Iepeaayax u
70 HECKOJBKHX COTEH B KMHEMAaTHYECKUX. UEepBSAYHBIM pelyKTOpaM HPUCYLIH Takke OecIIyMHOCTh B
paboTe; BBICOKAs IUIABHOCTH 3allCTIJICHUs; KOMIIAKTHOCTh; CBOMCTBO CaMOTOPMOXKEHHS, 3aKII0UaroIIeecs
B HEBO3MOJKHOCTH IEpefayd BpallleHUsl OT Kojeca K 4YepBsAKY, YTO MO3BOJSET MCKIIOYaTh U3 MPHUBOJA
TOPMO3HBIE YCTPOICTBA; HAIEKHOCTh U MPOCTOTA SKCILTyaTallUH.

HenocratkamMu  uepBsSUHBIX 1Hepefad  SBIAIOTCS  OOJbIIOE OTHOCUTENIBHOE CKOJIbKEHUE
COIIPSDKEHHBIX ITOBEPXHOCTEH B 3aleruieHny; 6onblure norepyu Ha Tpenue; Manbiii KI1/1; 3HaunTenbHbIM
HarpeB 3aleIUISIONIMXCS 3JEMEHTOB B CHJIOBBIX Ilepeladax, 4To TpeOyeT cHelualbHbIX Mep MAJs

JOIIOJIHUTCIIBHOT'O OXJIAXKICHHSA, BBICOKAsA CJIIOXKHOCTHh U TOYHOCTHh U3T'OTOBJICHUSA U C60pKI/I.

Puc. 8. [Ltanerapuas nepenada

IInaHeTapHBIMHM Ha3bIBAIOT MHOTO3BEHHBIE MEXAHU3MBI, B KOTOPBIX 00s3aTENILHO €CTh 3yOuaThie
KoJIeca ¢ JIBMDKYIIHMHUCS T€OMETPUICCKIMHE OCSIMHU.

[TnanerapHbIe TIepeavyn MO3BOJISIOT MOJMydaTh OOJBIINAE MEPEIATOYHBIC OTHONICHUS TPU MaJTbIX
rabapuTax ¥ Macce MEXaHW3Ma, CHUMATh C OJHOH (LIEHTPaILHOW) OCH ABMKEHHUS C PA3HBIMH YTJIOBBIMHU
ckopocTsimu. [lnaHeTapHble MEXaHU3MBI IIUPOKO MCIONB3YIOTCS B IIKAJTBHBIX OTCUETHBIX YCTPOWCTBAX,
IJIe TTOJIBFDKHOE IIEHTPAIBHOE KOJIECO CBSI3BIBAIOT CO MIKAJIOH TpyOOTo OTCYeTa, a BOJMIO — CO IIKAJIOH
TOYHOTO OTCYETa; B MeEXaHW3MaX HacTpohku. HemocTaTkamMu TUTAHETApHBIX Tiepeaad  SIBIISIOTCS
MOBBIIIICHHOE TpPeOOBaHME K TOYHOCTH M3TOTOBJICHUS, OTHOCHTEIHHO OOJBIION MEpPTBBIA XOf,

ymenbieHue KII/I ¢ poctom nepeaaTroyHoro OTHOIIEHNUS.
LIPWJIVUAKCHNC £.9. CWNPA1KKC 1COPCINYCUKNT UCBTACHN? K MCPULIPYIA LI JNEL
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Puc. 9. BonHoBas nepegava

BoJsiHoBBI€e 3y0UaThic MEXaHU3MbI UMEIOT PSJI JIOCTOMHCTB: OOJIBIINE MMePEIaTOUYHBIC OTHOIICHHUS
(50 ... 250 B omHOCTYIIEHYATOH IIepeiade) MPU MaJIbIX TabapuTax U Macce; BBICOKHE TOYHOCTH U IJIaBHOCTh
BCJIE/ICTBHE YMEHbIIIEHUS O0IIeH OMMOKH MTPH OOJBIIIOM YHCIIE 3aLEIUISIOMUXCS 3yObeB U MUHUMAIbHBIH
MepTBbIi xox; Beicokuit KIIZ (0,7 ... 0,9) Gnarogapst ManbIiM CKOPOCTSIM CKOJIBXEHHUS B 3allCTJICHUU;
BO3MO>KHOCTH Tepelayyl BPalaTeIbHOTO ABUKEHUS B TE€PMETHUYECKH 3aKPBITOE TPOCTPAHCTBO WIIM Uepe3
HEMPOHUIIAEMYI0 TEPEeropoaKy. JByxcTymeHuarass cxeMa BOJHOBOM Iepeauyd I03BOJIAET IOJIy4yaTh
repeaaToOYHble OTHOIIEHUS 10 HECKOJIBKUX ThICSY.

[To cpaBHeHMIO C TIIaHETApHBIMU TiepenadyaMu BOJIHOBbIE UMEIOT Oosbinue KIIJl, TouHOCTH M
MEHBIIUNA MEPTBBIN XO/I.

K HemocraTkaM BOJIHOBBIX N€pelayd OTHOCSTCS CIIOKHOCTh H3TOTOBJIICHHS U HEBO3MOXHOCTH
MOJIYYEHHsI MAJIbIX MepPeIaTOUHBIX OTHOIICHUH (MeHbie 50).

[IpuMeHsIFOTCST BOJIHOBBIE TIE€pelauyd B KHHEMATHYECKUX U CHUJIOBBIX MPUBOJAX C OOJBIIUM
MepeaTOYHbIM OTHOIIIEHHEM; B OTCYETHBIX YCTPOWCTBAX MOBBIMICHHOW TOYHOCTH;, KaK TMPUBOA JJIA

nepeaauun ABUKCHHA B TCPMCTU3UPOBAHHOC ITPOCTPAHCTBO.

Pacyer nepeaaTo4yHOro OTHOLICHUS

s Toro 4toObl ONpenesauTh MEePeAaTOuHOe OTHOIIEHUE, HYXHO UMETh MO KpaliHel mepe JBe
IIECTEPHHU, CLIETIIICHHBIE IPYT € IPYTOM; TaKOE CLEIIEHUe Ha3bIBaeTcs 3youarToii nepenaueit. Kak npaswuio,
nepBasi IIECTepHs ABISETCS BeAylled MIecTepHel (KpemuTcs K Bally ABHUraTenis), a BTopas — BEJIOMOH
niecTepHeil (KpenuTesl K Bajly Harpy3ku). Mex iy Beayleil 1 BeIOMOH IIECTEPHIMU MOXKET OBITh CKOJIb
YroAHO MHOTO mectepeH. OHM Ha3bIBAIOTCS MTPOMEKYTOUHBIMH.

Ceituac Oyner paccMOTpeHa Iepejada ¢ AByMs IiecTepHsAMH. /g onpeneneHus nepesaToyHoro
OTHOILIECHMS 3TH IIECTEPHH JOJKHBI OBITh CLIETUIEHBI IPYT C JPYroM (TO €CTh UX 3yObsl CLIETIJICHbI M OJJHA
IIeCTepHsl MOBOpavyMBaeT Apyryro). Hampumep, nana nHeGosblnas Bexymas mectepHs (mectepHs 1) u

OompIiast BeoMasi mecTepHs (IecTepHs 2).
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Puc. 10. Cucremsl u3 IByX IMIECTEPEH

[Ipocreiimmii criocod HalTH MepelaTOYHOe OTHOLIEHHE MEXIY JBYMs LIECTEPHSIMU — CPABHUTh
KOJIMYECTBO 3yObeB Ha KaxIoW m3 HUX. HeoOXoaumo ompeneiuTh KOJUYeCTBa 3yObeB Ha BEAYIICH
mecrtepHe. B manHOM mpumepe MeHbInas (Bemymias) mectepHs umeer 20 3yObeB, a Oosblmas (BegoMas)
mectepHs umeeT 30 3yObeB.

Heo6xoanMo pa3enuTs KOJMYECTBO 3yObEB BEJOMOM IIECTEPHH HA KOJIMYECTBO 3yObeB BenyIIeH
[IECTEPHU, YTOOBI BBIYHCIUTH IE€PEJATOYHOE OTHOIICHHWE. B 3aBUCHMOCTH OT YCJIOBHU 3ajaud,
MOJKHO 3aITUCaTh OTBET B BUJIE ICCATHYHON APOOH, OOBIKHOBEHHOW APOOH MITH B BUJIE OTHOIICHUS (X:Y).

B nannom npumepe: 40/20 = 2. Tak xe 0TBET MOXHO 3anucath B Bujae 4/2 umu 2:1.

Taxoe nepeaTOYHOE OTHOIIEHUE 03HAYAET, YTO MEHbIIAS BEyIIast HIECTEPHS JI0JIKHA COBEPIIUTh
JIBa 000poTa, YTOOBI OOJIBINIAS BEAOMAs MIECTEPHS COBEPIIHIIA OAWH 000POT. ITO UMEET CMBICH, TaK KaK

BeJloMast IIECTepHsI OOJbIIE, a 3HAUYNUT BpaIaeTCsl MEJICHHEE.
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IIpakTuyeckas padora Ne43.
IlIpoexm «Pedykmopy. IIpoekmuposanue 3y04amozo 3ayenienus.
Kpartkue TeopeTuueckue cBeieHUs

Penykrops! (JlaTHHCKOTO ciioBa reductor) mosydniy MpoKoe pacpoCcTpaHSHHE BO BCEX OTPACIIIX
MIPOMBIIIJICHHOTO M arpapHOro X03sHCTBa, MO3TOMY UX MPOU3BOJICTBO C KaXKIbIM T'OJI0OM YBEIMYMBAETCS,
TIOSIBJISIFOTCS. HOBBIE MOJM(UKAIINHN, COBEPIICHCTBYIOTCS YXKE CYIIECTBYIOIIUE MOICIIH.
Pe;[yKTop CIIYKUT JJII CHUIKCHHA YaCTOTHI BpAIICHHUA TUXOXOAHOI'O BaJla U YBCIIMYCHUA YCUJIMA Ha
BBIXOJHOM Bally. PeayKTOp MOXET MMETh OJHY WJIM HECKOJbKO CTYNEHEH, 11eJb KOTOPhIX YBEIMYEHUE
nepeaToyHoro oTHomeHud. [lo Tumy MexaHu4yeckoil mepenayu peayKTOpbl MOTYT ObITh YEpPBSAYHBIMU,
KOHHUYCCKUMH, IIJIAHCTAPHBIMHU WM OUIMHAPUYICCKHUMHU. KOHCTPYKTHBHO PEAYKTOP BBIIIOJHCH KakK
OTJeNIbHOE U3JIeIne, padoTarolee B Iape C 3JIEKTPOABUTATEIEM U YCTAHOBIEHHOE C HUM Ha OJITHOM pame.
[TpOMBIIITIEHHOCTBIO CErOHS BBITYCKAIOTCS PEAYKTOPHI OOIIEro U CIelnaIbHOTO Ha3HAYCHUS.
Penyktopsl oOmiero Ha3HayeHHsT MOTYT MPUMEHSATHCS BO MHOTHX CIy4yasX M OTBEYAIOT OOUIMM
TpC6OBaHI/I$IM. CHGHI/IaJIBHI)Ie KC PCAYKTOPBI UMCHOT HECTAHAAPTHBIC XAPAKTCPUCTHUKHU MMOAXOAAIIHNUE IO/
omnpe/ieJIeHHbIE TPEOOBaHUSI.
Kaaccudukanus, ocHOBHbIE IapaMeTPbI PeAYKTOPOB

B 3aBucuMoctu OT Tuma 3y0uaToil mepenaud PeayKTOpPbl ObIBAIOT HNUJIMHAPHYECKHUE,
KOHHYECKHE, BOJIHOBbIE, IJIaHETApHbIe, TIJo0ouAHbIe M 4epBsiuHble. [llupoko mnpumMeHsroTcs
KOM6I/IHI/IpOBaHHI>I€ PEAYKTOPBI, COCTOAIMMUEC M3 HCCKOJIBKUX COBMCIICHHBIX B OJHOM KOPITYCC THIIOB

nepeaad (I_II/IJ'II/IHJIPOKOHI/I‘IGCKI/IC, OUIMHAPOYCPBAYHBIC U T.I[.).
BUObI 3YBYATbIX MEPEOAY

OCU KONEC NAPAINENbHbI

UMNUHOPUYECKMUE
NPAMO3YEbIMUA KOCO3YBbIMU BHYTPEHHEE PEEYHASA
KONECAMU KONECAMU 3ALENNEHUE

OCU KONEC NEPECEKAIOTCS

KOHUYECKHUE UMNUHAOPO - KOHUYECKAS
NPAMO3YEbIMA KONECAMU KPUBO3YEbIMWA KONECAMMU

OCW KONEC CKPELUMBAIOTCSA

BUHTOBAS YEPBSAYHASA TUNOUAHASA

Puc. 1. 3ybuaTsie nepenaun
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KOHCTpYKTUBHO peayKTOphl MOTYT I€peAaBaTh BpallleHUE MEXIy MNepeKpenInBatoIIMMUCS,
MEPCCCKAIMMUCA U MMapalJICJIbHBIMA BaJIaMU.

Tak, Hampumep, IHJIMHIPUYECKHE PEAYKTOPHI TO3BOJIAIOT MEpeaaTh BpPALICHUE MEXIY
napajulebHBIMM ~ BajJlaMM, KOHHMYECKHE - MEXAY I[EePECeKAlOUUMUCI, a 4YepBSIYHBIE - MEXIY
MepeceKarouMHCs BajaMHu.

Oo1m1ee nepeaToyHOE YMCIIO MOKET TOCTUTATH JI0 HECKOJIBKUX JECATKOB THICSY U 3aBUCHT OT KOJHMYECTBA
cTyneHen B peaykrope. [lnpokoe npuMeHeHUe HalIM PEAYKTOPBL, COCTOSIIINE U3 OJHOM, IBYX WIIA TPEX
CTyIIEHEH, MpUYeM OHU MOT'YT, KaK OMKCHIBATIOCH BhIIIE, COBMELIATh pPa3HbIE TUIIbI 3y0UaThIX IMepeaay.
Kaaccudukanusa 3y0uyaTbiX mepeaad; BO3MOKHOCTH, JOCTOMHCTBA, HEJIOCTATKU Pa3HbIX BH/I0B
3y04aThbIX nepegad.

Menbliiee 3 napbl 3y04UaThIX KOJIEC MPUHATO HA3BIBATH HIECTEPHEH (TpUOOM), OOJIBIIIEE — KOJIECOM.
TepMuH «3ybuaToe KOJIECO» MOKHO NPUMEHSTh Kak K IIECTepHE, TaK M K KoJiecy 3y04aroil mepenadu.
Nunexcel «1» 1 «2» MpucBanBalOT COOTBETCTBEHHO MapaMeTpaM IEeCTEPHH U KoJeca.
3aneruienue 3y04aThix KoJec MOYKHO KHHEMAaTHYeCKH IPECTaBUTh, KaKk KaueHHe 0e3 CKOIBKEHUS JPYT 10
IpYry JBYX IOBEPXHOCTEH, Ha3bIBAEMBIX HadaldbHbIMH. J[JI1 HWIMHIPUYECKUX NEpenad 3TO LWIMHIPHI,
JUIS KOHUYECKUX — KOHYChl. TOYKYy KayeHHMs HA4yaJlbHBIX IMOBEPXHOCTEH OMPENENSIOT, KakK IMOJII0C
3aneruieHus. Ilo dmeny map 3alemuIsionMXcst Kojec 3yOuaThle nepegadd ObIBalOT OJHO-, JIBYX- U

MHOT'OCTYIICHYATbIMHU.

+5

Puc. 2. 3ybuarsie nepenayun
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ITo mpoduro 3yObeB: ouepTanus 3y0a B TNIOCKOCTH TIOTIEPEYHOTO ceUeHUs MpoduiTb 3y0a; IBOJIbBEHTHBIE,

UKJIOUIaJIbHBIE, KpYTroBble (3anemienne HoBukosa).

Puc. 3. auemnnenus 3y0neB

[To B3auMHOMY PACITOIOKEHUIO OCEH WX JENAT Ha IIJIUHAPHUECKUE — C TapaIJIeIbHBIMU OCSIMH,
KOHMUYECKHE — C IEepeceKarollUMHUCS OCSIMHM, Ha 4YepBsUHbIE, BUHTOBbIE — CO CKPEIIUBAIOIIMMUCS B
IIPOCTPAHCTBE OCSAMHU.

3aneruieHue 3y0uaThIX KOJIEC MOXKET ObITh BHEIITHUM M BHYTPEHHHM.

Peeunbie 3yOuarbie mepemayn MpeoOpa3yrOT BpamaTeIbHOE IBM)KEHHE B TMOCTYMATENLHOE WU
Ha000pOT.

[To pacnonoxeHuto 3yObeB OTHOCHTENBHO OOpPa3yIOIIMX HAyalbHOM MOBEPXHOCTH KoJieca

3yOuarele nmepeaauu JesT Ha MPsIMO3YyOble U KOCO3yOble, IIIEBPOHHBIC U C KPYTOBBIM 3yOOM.

Puc. 4. 3ybuatsie nepenaun
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[IpsiMo3y6bIMu Ha3bIBaIOTCS KoJjieca (Tepeaayn ), HalpaBJIeHHne KaX10T0 3y0a KOTOPhIX COBIAIAET
¢ oOpa3yloleil HadyaJIbHOW MOBEPXHOCTHU (LIMIMHAPA UIH KOHYCA).

Koco3y0bIMu Ha3bIBalOTCA 3yOuaThle KoJieca, HAlPaBICHHE KaKIOro 3y0a KOTOPBIX COCTaBISET
HEKOTOPBIN MOCTOSIHHBIA YTOJI ¢ 00pa3yroIieil HauaJlbHOW MTOBEPXHOCTH.

O6agaroT psAAOM TOCTOUHCTB M0 CPABHEHUIO C MPSIMO3YOBbIMU: OJ1arofaps HAIMYHUIO YIiia HaKJIOHa
3yObsl BCTYHAIOT B 3alleTVICHHE IO CBOEH JUIMHE MOCTENEHHO, YTO 0OecredrnBaeT 0ojee paBHOMEPHYIO U
IUIaBHYI0 paboOTy M €CTECTBEHHO, CHIDKCHHE IIyMa MEXaHHW3Ma BCIEACTBHE OOJbIIero KodgQuiueHTta
MEePEeKPHITHS. Y KOCO3yObIX KOJIEC MUHUMAJIbHOE YHCIIO 3yObeB MTPU KOTOPOM HE MPOUCXOIUT MOAPE3aHNUs,
MeHbIIIe, yeM y npsamMo3yobix. Koco3yOble mepeaaun mo3BossitoT moao0parh npu 3aJJaHHOM MEKOCEBOM
pPaccTOSHUU 3a CUET U3MEHEHUS yIJla HAaKJIOHA Mapy KOJIEC CO CTaHAAPTHBIM MOIYJIEM.

K HemocraTkam KOCO3yOBIX Iepefad cielyeT OTHECTH 0ojiee CII0KHOE M3TOTOBJIICHHE KOJIEC IO
CPaBHEHHUIO C MPSIMO3YOBIMU U TIOSIBIIEHUE IOMOTHUTEIBEHOTO OCEBOTO YCUIIHS, IIEPE1aBaeéMOT0 Ha OMOPHI.
Jljis ycTpaHeHusl OCEBOr0 YCHIJIMS MOYKHO MPUMEHSTH HMIEBPOHHBIE 3yOuaThie Kojieca. BeHer meBpoHHOTo
KoJIeca COCTOMT M3 YYACTKOB C IIPABBIM U JICBBIM HaIlPaBICHHEM 3yObeB. 3yObs TAKOTO KOJIECa MOTYT OBITh
Hape3aHbl Ha OJJHOM 000/1€ MIJIM BEHEI[ COCTOHT M3 )KECTKOTO COSIMHEHHS IBYX KOCO3yOBIX KOJIEC C Pa3HBIM

HaIlpaBJICHUEM HAKJIOHA 3Y6LGB. ]_HeBpOHHbIe KOJI€Ca CJIOXKHEC B U3IOTOBJICHUU KOCOSY6BIX.

Puc. 5. llleBponHas nepenaua

IlleBpOHHBIMM HA3BIBAIOTCS KOJIECA, 3yOUaThlil BEHEIl KOTOPBIX 00pa3yeTcs U3 JABYX PsI0B KOCHIX
3yObeB MPOTUBOIIOIOKHOTO HAIIPABJIECHUSI.

s ycTpaHeHHsT OCEBOTO YCHJIMS MOKHO IpPHMEHSATH IIEBPOHHBbIE 3yOuaThle Koseca. Bewer
IIIEBPOHHOTO KOJIECa COCTOMT U3 YYaCTKOB C TIPAaBbIM M JIEBBIM HalpaBjieHUEM 3yObeB. 3yObs TAaKOT0 KoJieca
MOTYT OBITh Hape3aHbl Ha OJJHOM 000/€ WM BEHEI] COCTOUT M3 JKECTKOI'O COSIMHEHHS JBYX KOCO3YOBbIX
KOJEC C pa3HbIM HalpaBjJeHHEM HakJoHa 3yObeB. llleBpoHHBIE Koyieca CIOXKHEE B HW3TOTOBJICHHUH

KOCO3YOBIX.

ITpunoxxenue 2.4. «KpaTkue TeOpeTHYECKUE CBEACHUD K MEpONpUATHIO Ne2
(ctpanuna 59 u3 87)



[Tpunoxenue 2.4. «Kpatkue TeOpeTUUECKHE CBEICHUS» K MEPONTPUATHIO No2

Puc. 6. Konnueckas nepemgaua

Konnyeckue xoyieca MOTYT OBITh IPSMO3YObIMH, KOCO3YOBIMH U C KPYTOBBIM 3yOOM.

Konnueckue 3yOuaTbie Kojeca MPUMEHSIOT Ul Nepefadd BpallaTebHOTO JABIDKEHHS MEXKIY
BaJlaMH, OCH KOTOPBIX NEPECEKAIOTCS M0 HEKOTOPHIM YIJIOM.

[TpeumyiiecTBEHHO NPUMEHSIOT IPAMO3yOble KOHUYECKUE Kojeca U TOJIbKO TOTa, KOrja Hellb3s
UCTOJIB30BaTh LWJIMHAPUIECKUE. DTO OOBACHSIETCS OOJBIIEH CIOXKHOCTBIO HM3TOTOBJICHUS U COOPKH
KOHMYecKuX nepeaad. OHO n3 Koiec KOHUIECKUX Nepeaad u3-3a IepecedeHus OCei BaJIOB pacloiaraeTcst
KOHCOJIBHO, YTO CO3/1aeT JOMOJIHUTEIbHbIE TPYJHOCTH IPH KOHCTpyHpoBaHuu omnop. Kpome toro, Baibl 1
OIOPBI HArPY’KAKOTCS HE TOJIBKO paJualibHbIMU, HO U OCEBbIMM cuiaMmu. IIpuMeHeHue Gosee CIOXKHBIX
ornop npuBoguT K cHuxkeHuto KIIJ[ u x OospmieMy mymy, 4yemM Hpu NPUMEHEHUM LHMIMHIPUYECKUX
nepenad.

Haubonpiiee pacnpocTpaHeHue NOMYyYWIHM NEpEeAadd ¢ 3BOJBBEHTHBIM NpoduieMm 3yoneB. Bo-
NEPBbIX, YBOJIBBEHTHOE 3alleIUIEHUE Maj0 UyBCTBUTEIBHO K OTKJIOHEHHUSM MEXOCEBOTO PacCTOSIHUSA, HeE
HapylaeTcs NpaBWIBHOCTh 3alleIuieHus. Bo-BTOpbIX, mpoduiab 3yObeB MHCTPYMEHTa Ul Hape3aHus
HBOJILBEHTHBIX 3yOUaThIX KOJIEC MOYKET OBITh MPSIMOJIMHEHHBIM, CPAaBHUTEIBHO MMPOCTOE U3TOTOBICHUE U
KOHTPOJIb MHCTPYMEHTa W KOJIEC, OJHUM WHCTPYMEHTOM MOJKHO Hape3aTh Kojieca C Pa3HbIM YHUCIOM
3yObeB. TpaekTopueil TOUKM KOHTaKTa YBOJbBEHTHBIX Mpoduiieil 3yObeB ABIsSETCS MpsiMas TUHUS.

[To xapakTtepy cBoeil paOoOThl mepenaud MOTYT OBbITh peBepCHBHBIE M HepeBepcuBHble. Ilo
KOHCTPYKTHBHOMY BBITTOJIHEHUIO KOpITyca 3y0dYaThie Iepeqadd OBIBAIOT OTKPBITHIMH M 3aKPBITHIMU.
OTKpBITBIE HE UMEIOT 3aIUTHI OT MOTAaHUS TIBUTH U TPSI3H, 3aKPHITHIE TIEPeIadui IMEIOT )KECTKUH KOPITYC
U paboTaroT B MaclIsIHOM BaHHE.

[To BenMuMHE OKPYKHOH CKOPOCTH pa3iMyalOT Mepelayd — THUXOXOJHBIE (10 3 M/C), CpeaHux
ckopocteit (3 ... 15 m/c) u OpicTpoxoHbIe (CBBIIIE 15 M/C).

YepBsiuHbIe TIepeaud MPUMEHSIOT, KOT/Ia OCH BEIYIIETO U BEIOMOTO BAJIOB MEPEKPEIINBAIOTCS

nox yriom 90°.
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Puc. 7. YepBsunas nepenaya

JIOCTOMHCTBOM UEpBAYHBIX NEpeAayd IO CPAaBHEHUIO C 3yO0YaThIMU SIBIISIETCS BO3MOXKHOCTh
MIOJIYYUTh OOJIBbIINE NEPEaTOYHbIE OTHOLIEHUS (Yiciia) B 0OJHOM cTyneHu, 10 80 B CUJIOBBIX Iepeaayax u
70 HECKOJIbKUX COTEH B KMHEMAaTH4YECKUX. UepBAYHBIM PEIyKTOpaM MPUCYIIU Takke OeCHIYyMHOCTH B
paboTe; BBICOKAs IUIABHOCTH 3allCTIJICHUs; KOMIIAKTHOCTh; CBOMCTBO CaMOTOPMOXKEHHS, 3aKII0UaroIIeecs
B HEBO3MOJKHOCTH IEpefayd BpallleHUsl OT Kojeca K 4YepBsAKY, YTO MO3BOJSET MCKIIOYaTh U3 MPHUBOJA
TOPMO3HBIE YCTPOICTBA; HA/IEAKHOCTh U MPOCTOTA 3KCILTyaTallUH.

HenocratkamMu  uepBsSUHBIX 1Hepefad  SBIAIOTCS  OOJbIIOE OTHOCUTENIBHOE CKOJIbKEHUE
COIIPSDKEHHBIX ITOBEPXHOCTEH B 3aleruieHny; 6onblure norepyu Ha Tpenue; Manbiii KI1/1; 3HaunTenbHbIM
HarpeB 3aleIUISIONIMXCS 3JEMEHTOB B CHJIOBBIX Ilepefadax, 4ro TpeOyeT CcHelHalbHBIX Mep s

JOIIOJIHUTCIIBHOT'O OXJIAXKICHHSA, BBICOKAsA CJIIOXKHOCTHh U TOYHOCTHh U3T'OTOBJICHUSA U C60pKI/I.

Puc. 8. [Ltanerapuas nepenada

IlnaHeTapHBIMM Ha3bIBAIOT MHOT'O3BEHHbBIE MEXAHU3MBbI, B KOTOPBIX 00s3aTEIbHO €CTh 3y0UaThie
KoJIeca ¢ ABIKYIIMMHCS T€OMETPUUYECKUMHU OCSIMHU.

[TnanerapHble nepenauyy MO3BOJSIOT MOMy4YaTh OOJbIINME MEpPelaTOYHble OTHOUICHUS MPU MabIX
rabapuTax ¥ Macce MexaHH3Ma, CHUMAaTh ¢ OJHOM (LIEHTPaJIbHON) OCH JABMKEHHSI C PA3HBIMU YTJIOBBIMH
ckopocTsMH. [ImaneTapHble MEXaHU3MBI IIMPOKO HCIOJB3YIOTCS B IIKAJBHBIX OTCUETHBIX YCTPOMCTBAX,
/i€ MOJIBM)KHOE 1IEHTPAJIbHOE KOJIECO CBSI3BIBAIOT CO HIKAJION Tpy0Oro orcyera, a BOAUJIO — CO IIKAJIOH
TOYHOTO OTCYEeTa; B MeXaHM3MaxX HacTpodku. HepocraTkamu TmUIaHeTapHBIX Tiepenad SBIISIOTCS
MOBBIIIEHHOE TpeOOBaHWE K TOYHOCTH W3TOTOBJICHHS, OTHOCUTEIBHO OOJNBIION MEpPTBBIM XOJ,

ymenbieHue KII/I ¢ poctom nepeaaTroyHoro OTHOIIEHNUS.
LIPWJIVUAKCHNC £.9. CWNPA1KKC 1COPCINYCUKNT UCBTACHN? K MCPULIPYIA LI JNEL

(ctpanuna 61 u3 87)



[Tpunoxenue 2.4. «Kpatkue TeOpeTUUECKHE CBEICHUS» K MEPONTPUATHIO No2

Puc. 9. BonHoBas nepegava

BoJsiHoBBI€e 3y0UaThic MEXaHU3MbI UMEIOT PSJI JIOCTOMHCTB: OOJIBIINE MMePEIaTOUYHBIC OTHOIICHHUS
(50 ... 250 B omHOCTYIIEHYATOH IIepeiaye) MPU MaJIbIX TabapuTax U Macce; BHICOKHE TOYHOCTH U IIJIaBHOCTh
BCJIE/ICTBHE YMEHbIIIEHUS O0IIeH OMMOKH MTPH OOJBIIIOM YHCIIE 3aLEIUISIOMUXCS 3yObeB U MUHUMAIbHBIH
MepTBbIi xox; Beicokuit KIIZ (0,7 ... 0,9) Gnarogapst ManbIiM CKOPOCTSIM CKOJIBXEHHUS B 3allCTJICHUU;
BO3MO>KHOCTH Tepelayyl BpallaTeIbHOTO ABUKEHUS B T€PMETUUYECKU 3aKPBITOEC TPOCTPAHCTBO WUIIU Yepe3
HEMPOHUIIAEMYI0 TEPEeropoaKy. JByxcTymeHuarass cxeMa BOJHOBOM Iepeauyd I03BOJIAET IOJIy4yaTh
repeaaToOYHble OTHOIIEHUS 10 HECKOJIBKUX ThICSY.

[To cpaBHeHMIO C TIIaHETApHBIMU TiepenadyaMu BOJIHOBbIE UMEIOT Oosbinue KIIJl, TouHOCTH M
MEHBIIIUN MEPTBBIN XO/I.

K HemocraTkaM BOJIHOBBIX N€pelayd OTHOCSTCS CIIOKHOCTh H3TOTOBJIICHHS U HEBO3MOXHOCTH
MOJIYYEHHsI MAJIbIX MepPeIaTOUHBIX OTHOIICHUH (MeHbie 50).

[IpuMeHsIFOTCST BOJIHOBBIE TIE€pelauyd B KHHEMATHYECKUX U CHUJIOBBIX MPUBOJAX C OOJBIIUM
MepeaTOYHbIM OTHOIIIEHUEM; B OTCYETHBIX YCTPOMCTBAX MOBBIIMIEHHONW TOYHOCTH; KaK TPUBOMA MJIs

nepeaauun ABUKCHHA B TCPMCTU3UPOBAHHOC ITPOCTPAHCTBO.

Pacyer nepeaaTo4yHOro OTHOLICHUS

s Toro 4toObl ONpeneauTh MEepPeAaTOuHOEe OTHOIIEHUE, HY)KHO UMETh MO KpaiiHell mepe ABe
IIECTEPHHU, CLIETIIICHHBIE IPYT C IPYTrOM; TaKOe CLEIUIeHNe Ha3bIBaeTcs 3youaToit nepenaueii. Kak nmpasuio,
nepBasi IIECTepHs ABISETCS BeAylled MIecTepHel (KpemuTcs K Bally ABHUraTenis), a BTopas — BEJIOMOH
niecTepHeil (KpenuTesl K Bajly Harpy3ku). Mex iy Beayleil 1 BeIOMOH IIECTEPHIMU MOXKET OBITh CKOJIb
YroAHO MHOTO mectepeH. OHM Ha3bIBAIOTCS MTPOMEKYTOUHBIMH.

Ceituac Oyaer paccMOTpeHa Iepejada ¢ AByMs IiecTepHsAMU. [l onpeneneHus nepesaToyHoro
OTHOILIECHMS 3TH IIECTEPHH JOJKHBI OBITh CLIETUIEHBI IPYT C JPYroM (TO €CTh UX 3yObsl CLIETIJICHbI M OJJHA
IIeCTepHsl MOBOpavyMBaeT Apyryro). Hampumep, nana neGonblias Bexymas mectepHs (mectepHs 1) u

OompIiast BeoMasi mecTepHs (IecTepHs 2).
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Puc. 10. Cucremsl u3 IByX IMIECTEPEH

[Ipocreiimmii criocod HalTH MepelaTOYHOe OTHOLIEHHE MEXIY JBYMs LIECTEPHSIMU — CPABHUTh
KOJIMYECTBO 3yObeB Ha KaxIoW m3 HUX. HeoOXoaumo ompeneiuTh KOJUYeCcTBa 3yObeB Ha BEAYIICH
mecrtepHe. B manHOM mpumepe MeHbInas (Bemymias) mectepHs umeer 20 3yObeB, a Oosblmas (BegoMas)
mectepHs umeeT 30 3yObeB.

Heo6xoanMo pa3enuTs KOJMYECTBO 3yObEB BEJOMOM IIECTEPHH HA KOJIMYECTBO 3yObeB BenyIIeH
[IECTEPHU, YTOOBI BBIYHMCIWTH IE€PEJATOYHOE OTHOIICHHWE. B 3aBUCUMOCTH OT YCJIOBHH 3ajauw,
MOJKHO 3aITUCaTh OTBET B BHJIE NECATHYHON APOOH, OOBIKHOBEHHOW APOOH MM B BUE OTHOIIEHHUS (X:Y).

B nannom npumepe: 40/20 = 2. Tak e 0TBET MOXHO 3anucath B Bujae 4/2 umu 2:1.

Taxoe nepeaTOYHOE OTHOIIEHUE 03HAYAET, YTO MEHbILAS BeAyIast IECTEPHS J10JIKHA COBEPILUTD
JIBa 000pOoTa, YTOOBI OOJIBIIIAS BEAOMAs MIECTEPHS COBEPIIIIA OAWH 000pOT. ITO UMEET CMBICH, TaK KaK

BeJloMast IIECTepHsI OOJbIIE, a 3HAUYNUT BpaIaeTCsl MEJICHHEE.
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IIpakTuyeckas padora Ne45.
Ilpoexm «Pedyxmopy». Moodenupoganue KpvluiKu pedyKkmopa.
Kpartkue TeopeTuueckue cBeieHUs

Penykrops! (JlaTHHCKOTO ciioBa reductor) mosIy4niiy HIMPOKOe pacipoCTpaHEHHUE BO BCEX OTPACIISIX
MIPOMBIIIJICHHOTO M arpapHOro X03sHCTBA, MO3TOMY UX MPOU3BOJCTBO C KAX/bIM T'OJOM YBEINYUBAETCS,
TIOSIBJISIFOTCS. HOBBIE MOJM(UKAIINHN, COBEPIICHCTBYIOTCS YXKE CYIIECTBYIOIIUE MOICIIH.
Pe;[yKTop CIIYXKUT JJId CHUIKCHHA YaCTOTHI BpallCHHUA TUXOXOAHOI'O BaJla W YBCIIMUYCHUA YCUIIMA Ha
BBIXOJAHOM Bally. PeayKTOp MOKET MMETh OJHY WJIM HECKOJbKO CTYyINEHEH, 11eJb KOTOPBhIX YBEIHYCHHE
nepeaToyHoro oTHomeHud. [lo Tumy MexaHu4yeckoil mepenayu peayKTOpbl MOTYT ObITh YEpPBSAYHBIMU,
KOHHUYCCKUMH, IIJIAHCTAPHBIMHU WM OUIMHAPUYICCKHUMHU. KOHCTPYKTHBHO PEOAYKTOP BBIIIOJIHCH KakK
OTJeNbHOE U3JieIne, padoTaloIIee B I1ape C AIEKTPOABUTATEIEM U YCTAHOBICHHOE C HUM Ha OJIHOM pame.
[TpOMBIIITIEHHOCTBIO CErOHS BBITYCKAIOTCS PEAYKTOPHI OOIIEro U CIelnaIbHOTO Ha3HAYCHUS.
Penyktopsl oOmiero HazHadeHHsT MOTYT HPUMEHATHCSA BO MHOTHX CIy4asX M OTBEYAIOT OOIIUM
TpC6OBaHI/I$IM. CHGHI/IaJIBHI)Ie KC PCAYKTOPBI UMCIHOT HCCTAHAAPTHBIC XaPAKTCPUCTHUKHU MOAXOAAIIUC 1O
omnpe/ieJIeHHbIE TPEOOBaHUSI.
Kaaccudukanus, ocHOBHbIE IapaMeTPbI PeAYKTOPOB

B 3aBucuMoctu OT Tuma 3y0uaToil mepenaud PeayKTOpPbl ObIBAIOT HNUJIMHAPHYECKHUE,
KOHHYECKHE, BOJIHOBbIE, IJIaHeTapHbIe, TJIo0ouaAHbIe M 4epBsiuHble. [llupoko mnpumMensroTcs
KOM6I/IHI/IpOBaHHI>I€ PEAYKTOPBI, COCTOAINIME H3 HCCKOJBKUX COBMCUICHHBIX B OAHOM KOPIIYCC THUIIOB

nepeaad (I_II/IJ'II/IHJIPOKOHI/I‘IGCKI/IC, OUIMHAPOYCPBAYHBIC U T.I[.).
BUObI 3YBYATbIX MEPEOAY

OCU KONEC NAPAINENbHbI

UMNUHOPUYECKMUE
NPAMO3YEbIMUA KOCO3YBbIMU BHYTPEHHEE PEEYHASA
KONECAMU KONECAMU 3ALENNEHUE

OCU KONEC NEPECEKAIOTCS

KOHUYECKHUE UMNUHAOPO - KOHUYECKAS
NPAMO3YEbIMA KONECAMU KPUBO3YEbIMWA KONECAMMU

OCW KONEC CKPELUMBAIOTCSA

BUHTOBAS YEPBSAYHASA TUNOUAHASA

Puc. 1. 3ybuaTsie nepenaun
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KOHCTpYKTUBHO penyKTOphl MOTYT IEpeAaBaTh BpalllEHUE MEXIYy MNepeKpenIuBaroIIMUICs,
MEPCCCKAIMMUCA U MMapaJlJICJIbHBIMA BaJIaMHU.

Tak, Hampumep, IHJIMHIPUYECKHE PEAYKTOPHI TO3BOJIAIOT MEpeaaTh BpPALICHUE MEXIY
napajulebHBIMM ~ BajJlaMM, KOHHMYECKHE - MEXAY I[EePECeKAlOUUMUCI, a 4YepBSIYHBIE - MEXIY
MepeceKarouMUCs BajJaMH.

Oo11ee nepeaToyHOE YMCIIO MOKET JOCTUTATh /10 HECKOJIBKHUX JIECATKOB THICAY U 3aBUCHT OT KOJMYECTBA
cTyneHen B peaykrope. [lnpokoe npuMeHeHUe HalIM PEAYKTOPBL, COCTOSIIINE U3 OJHOM, IBYX WIIA TPEX
CTYIIEHEH, MPUYEeM OHH MOTYT, KaK OIMKCHIBAIIOCH BBIIIE, COBMEUIATh Pa3HblIe TUIIbI 3y0UaThIX Mepead.
Kaaccudukanusa 3y0uyaTbixX mepeaad; BO3MOKHOCTH, JOCTOMHCTBA, HEAOCTATKH Pa3HBbIX BHI0B
3y04aThbIX nepegad.

Menbliiee 3 napbl 3y04UaThIX KOJIEC MPUHATO HA3BIBATH HIECTEPHEH (TpUOOM), OOJIBIIIEE — KOJIECOM.
TepMuH «3ybuaToe KOJIECO» MOKHO IMPHUMEHATh KaK K IIECTEpHE, TaK M K KoJieCcy 3y0uaroil mepenadu.
Nupnexcer «1» 1 «2» mpucBanBalOT COOTBETCTBEHHO MapaMeTpaM IIECTePHH U KoJieca.
3aneruienue 3y04aThix KoJec MOYKHO KHHEMAaTHYeCKH IPECTaBUTh, KaKk KaueHHe 0e3 CKOIBKEHUS JPYT 10
JIpYry JBYX IIOBEPXHOCTEH, Ha3bIBAEMBIX HAYaJIbHBIMU. /{1 HUIMHIAPUYECKUX Mepenad 3TO LHAIUHIPHL,
JUIS KOHUYECKUX — KOHYChl. TOYKYy KadyeHHs HayalbHBIX MOBEPXHOCTEH OMPENENSIIOT, KakK IOJI0C
3aneruieHus. Ilo dmeny map 3alemuIsionMXcst Kojec 3yOuaThle nepegadd ObIBalOT OJHO-, JIBYX- U

MHOT'OCTYIICHYATbIMHU.

+5

Puc. 2. 3ybuarsie nepenayun
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ITo mpoduro 3yObeB: ouepTanus 3y0a B TNIOCKOCTH TIOTIEPEYHOTO ceUeHUs MpoduiTb 3y0a; IBOJIbBEHTHBIE,

UKJIOUIaJIbHBIE, KpYTroBble (3anemienne HoBukosa).

Puc. 3. auemnnenus 3y0neB

[To B3anMHOMY PAcCITOIOKEHUIO OCEH MX JENAT Ha IIJIUHAPHUECKUE — C TapaJIeTIbHBIMU OCSIMH,
KOHMYECKHE — C IEepeceKarollUMUCS OCSIMHM, Ha 4YEpBSUHbIE, BUHTOBbIE — CO CKPEIIUBAIOIIMMUCS B
IIPOCTPAHCTBE OCSAMHU.

3aneruieHue 3y0uaThIX KOJIEC MOXKET ObITh BHEIITHUM M BHYTPEHHHM.

Peeunbie 3yOuarbie mepemayd MpeoOpa3yrOT BpamlaTelbHOE JBUKCHHE B TMOCTYIMATENILHOE WU
Ha000pOT.

[To pacnonoxeHuto 3yObeB OTHOCHTENBHO OOpPa3yIOIIMX HAyalbHOM MOBEPXHOCTH KoJieca

3yOuarele nmepeaauu JesT Ha MPsIMO3YyOble U KOCO3yOble, IIIEBPOHHBIC U C KPYTOBBIM 3yOOM.

Puc. 4. 3ybuatsie nepenaun
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[IpsiMo3y6bIMu Ha3bIBaIOTCS KoJleca (Mepeaayn ), HapaBieHUe Kak0ro 3y0a KOTOPhIX COBIAIAET
¢ oOpa3yloleil HadyaJIbHOW MOBEPXHOCTHU (LIMIMHAPA UIH KOHYCA).

Koco3y0bIMu Ha3bIBalOTCA 3yOuaThle KoJieca, HAlPaBICHHE KaKIOro 3y0a KOTOPBIX COCTaBISET
HEKOTOPBIN MOCTOSIHHBIA YTOJI ¢ 00pa3yroIieil HauaJlbHOW MTOBEPXHOCTH.

O6nagaroT psAAOM TOCTOMHCTB 110 CPABHEHUIO C MPSIMO3YOBIMU: OJ1arofapsi HATMYKIO yIiia HaKJIOHA
3yObsl BCTYHAIOT B 3alleTVICHHE IO CBOEH JUIMHE MOCTENEHHO, YTO 0OecredrnBaeT 0ojee paBHOMEPHYIO U
IUIaBHYIO paboOTy M €CTECTBEHHO, CHIDKCHHE IIyMa MEXaHW3Ma BCIEACTBHE OOJNBIIET0 KO3(PQUIMeHTA
MEePEeKPHITHS. Y KOCO3yObIX KOJIeC MUHUMAJIbHOE YHCIIO 3yObeB MPH KOTOPOM HE MPOUCXOIUT MOAPE3aAHUS,
MeHbIIIe, yeM y npsamMo3yobix. Koco3yOble mepeaaun mo3BossitoT moao0parh npu 3aJJaHHOM MEKOCEBOM
paccTOSHUU 3a CUET U3MEHEHUS yIJla HaKJIOHA [apy KOJIEC CO CTaHAAPTHBIM MOJYJIEM.

K HemocraTkam KOCO3yOBIX Iepenad cielyeT OTHECTH Oojiee CIIOKHOE M3TOTOBJIICHHE KOJIEC IO
CPaBHEHHUIO C MPSIMO3YOBIMU U TIOSIBIIEHUE IOMOTHUTEIBEHOTO OCEBOTO YCUIIHS, IIEPE1aBaeéMOT0 Ha OMOPHI.
Jl1is ycTpaHeHusl OCEBOr0 YCHIIMSI MOYKHO MPUMEHSTH IIEBPOHHBIE 3yOuaThie Kojieca. BeHer meBpoHHOT0O
KOJIeca COCTOMT M3 YUYACTKOB C ITPABBIM U JICBBIM HAIPaBICHHEM 3yObeB. 3yObsi TAKOTO KOJIECa MOTYT OBITh
Hape3aHbl Ha OJJHOM 000/1€ MIJIM BEHEI[ COCTOHT M3 )KECTKOTO COSIMHEHHS IBYX KOCO3yOBIX KOJIEC C Pa3HBIM

HaIlpaBJICHUEM HAKJIOHA 3Y6LGB. ]_HeBpOHHbIe KOJI€Ca CJI0XKHEC B N3I'OTOBJICHHUN KOCOSY6HX.

Puc. 5. llleBponHas nepenaua

IlleBpOHHBIMM HA3BIBAIOTCS KOJIECA, 3yOUaThlil BEHEIl KOTOPBIX 00pa3yeTcs U3 JABYX PsI0B KOCHIX
3yObeB MPOTUBOIIOIOKHOTO HAIIPABJIECHUSI.

s ycTpaHeHHs OCEBOTO YCHUJIMSI MOXKHO HPHUMEHSTH ILIEBPOHHBIE 3yOuaThle Kojeca. Benerp
IIIEBPOHHOTO KOJIECa COCTOMT U3 YYaCTKOB C IIPABBIM U JIEBBIM HalpaBieHUuEeM 3yObeB. 3yObs TAaKOro KoJieca
MOTYT OBITh Hape3aHbl Ha OJJHOM 000/€ WM BEHEI] COCTOUT M3 JKECTKOI'O COSIMHEHHS JBYX KOCO3YOBbIX
KOJEC C pa3HbIM HampaBjieHHEeM HakiioHa 3yObeB. llleBpoHHBIE Kojeca CiOXHEe B HM3TOTOBJICHUU

KOCO3YOBIX.
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Puc. 6. Konnueckas nepemgaua

Konnyeckue xoyieca MOTYT OBITh IPSMO3YObIMH, KOCO3YOBIMH U C KPYTOBBIM 3yOOM.

Konnueckue 3yOuaTbie Kojeca MPUMEHSIOT Ul Nepefadd BpallaTebHOTO JABIDKEHHS MEXKIY
BaJlaMH, OCH KOTOPBIX NE€PECEKAIOTCS 1101 HEKOTOPHIM YIJIOM.

[TpeumyiiecTBEHHO NPUMEHSIOT IPAMO3yOble KOHUYECKHE Kojleca U TOJIbKO TOrJa, KOrJa Hellb3s
UCTOJIB30BaTh LWJIMHAPUIECKUE. DTO OOBACHSIETCS OOJBIIEH CIOXKHOCTBIO HM3TOTOBJICHUS U COOPKH
KOHMYeCKuX nepeaad. OHO n3 Konec KOHNIECKUX Nepeaad 13-3a IepecedeH st Ocei BaJIOB pacnoIaraeTcs
KOHCOJIBHO, YTO CO3/1aeT JIOTIOJIHUTENbHbIE TPYJHOCTH IPU KOHCTpyHpoBaHuu onop. Kpome Toro, Bajsl 1
OIOPBI HArPY’KAKOTCS HE TOJIBKO paJualibHbIMU, HO U OCEBbIMM cuiaMmu. IIpuMeHeHue Gosee CIOXKHBIX
ornop npuBoguT K cHumxkeHuto KIIJ[ u x OospmieMy mymy, 4yemM Hpu NPUMEHEHUM IMJIMHAPHYECKUX
nepenad.

Haubonpiiee pacnpocTpaHeHue NOMYyYWIHM NEpEeAadd ¢ 3BOJBBEHTHBIM NpoduieMm 3yoneB. Bo-
NEPBbIX, YBOJIBBEHTHOE 3alleIUIEHUE Maj0 UyBCTBUTEIBHO K OTKJIOHEHHUSM MEXOCEBOTO PacCTOSIHUSA, HeE
HapylaeTcs NpaBWIbHOCTh 3alleIuieHus. Bo-BTOpbIX, mpoduib 3yObeB WHCTpYMEHTa Ul Hape3aHus
HBOJILBEHTHBIX 3yOUaThIX KOJIEC MOYKET OBITh MPSIMOJIMHEHHBIM, CPAaBHUTEIBHO MMPOCTOE U3TOTOBICHUE U
KOHTPOJIb MHCTPYMEHTa W KOJIEC, OJHUM WHCTPYMEHTOM MOJKHO Hape3aTh Kojieca C Pa3HbIM YHUCIOM
3yObeB. TpaekTopueil TOUKM KOHTaKTa SBOJBBEHTHBIX NPoQuiieil 3yObeB sBIIsSETCS MpsiMast TUHUS.

[To xapakTtepy cBoeil paOoOThl mepenaud MOTYT OBbITh peBepCHBHBIE M HepeBepcuBHble. Ilo
KOHCTPYKTHBHOMY BBITTOJIHEHUIO KOpITyca 3y0dYaThie Iepeqadd OBIBAIOT OTKPBITHIMH M 3aKPBITHIMU.
OTKpBITBIE HE UMEIOT 3aIUTHI OT MOTAAHUS TIBUIH U TPSI3H, 3aKPHITHIE ITEPeIaddl MMEIOT )KECTKUH KOPITYC
U paboTaroT B MaclIsIHOM BaHHE.

[To BenMuMHE OKPYKHOH CKOPOCTH pa3iMyalOT Mepelayd — THUXOXOJHBIE (10 3 M/C), CpeaHux
ckopocteit (3 ... 15 m/c) u OpicTpoxoHbIe (CBBIIIE 15 M/C).

YepBsiuHbIe TIepeauu MPUMEHSIOT, KOT/Ia OCH BEIYIIETO U BEOMOTO BaJIOB MEPEKPEIINBAIOTCS

nox yriom 90°.
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Puc. 7. YepBsunas nepenaya

JIOCTOMHCTBOM UEpBAYHBIX NEpeAayd IO CPAaBHEHUIO C 3yO0YaThIMU SIBIISIETCS BO3MOXKHOCTh
MIOJIYYUTh OOJIBbIINE NEPEaTOYHbIE OTHOLIEHUS (Yiciia) B 0OJHOM cTyneHu, 10 80 B CUJIOBBIX Iepeaayax u
70 HECKOJIbKUX COTEH B KMHEMAaTU4YeCKUX. UepBAYHBIM PELyKTOpaM MPUCYIIU Takke OeCHIyMHOCTH B
paboTe; BBICOKAs IUIABHOCTH 3allCTIJICHUs; KOMIIAKTHOCTh; CBOMCTBO CaMOTOPMOXKEHHS, 3aKII0UaroIIeecs
B HEBO3MOJKHOCTH IEpefayd BpallleHUsl OT Kojeca K 4YepBsAKY, YTO MO3BOJSET MCKIIOYaTh U3 MPHUBOJA
TOPMO3HBIE YCTPOICTBA; HAIEKHOCTh U MPOCTOTA 3KCILTyaTallUH.

HenocratkamMu  uepBsSUHBIX 1Hepefad  SBIAIOTCS  OOJbIIOE OTHOCUTENIBHOE CKOJIbKEHUE
COIIPSDKEHHBIX ITOBEPXHOCTEH B 3aleruieHny; 6onblure norepyu Ha Tpenue; Manbiii KI1/1; 3HaunTenbHbIM
HarpeB 3aleIUISIONIMXCS 3JEMEHTOB B CHJIOBBIX Ilepefayax, 4To TpeOyeT CcHelualbHbIX Mep AJs

JOIIOJIHUTCIIBHOT'O OXJIAXKICHHSA, BBICOKAsA CJIIOXKHOCTHh U TOYHOCTHh U3T'OTOBJICHUSA U C60pKI/I.

Puc. 8. [Ltanerapuas nepenada

IlnaHeTapHBIMM Ha3bIBAIOT MHOT'O3BEHHbBIE MEXAHU3MBbI, B KOTOPBIX 00s3aTEIbHO €CTh 3y0UaThie
KoJIeca ¢ ABIKYIIMMUCS F€OMETPUUYECKHMHU OCSIMHU.

[TnanerapHble nepenauyy MO3BOJSIOT MOMy4YaTh OOJbIINME MEpPelaTOYHble OTHOUICHUS MPU MabIX
rabapuTax ¥ Macce MexaHH3Ma, CHUMAaTh ¢ OJHOM (LIEHTPaJIbHON) OCH JABMKEHHSI C PA3HBIMU YTJIOBBIMH
ckopocTsmH. [ImaneTapHble MEXaHU3MBI IIMPOKO HCIOJIB3YIOTCS B IIKAJIbHBIX OTCUETHBIX YCTPONCTBAX,
/i€ MOJIBM)KHOE 1IEHTPAJIbHOE KOJIECO CBSI3BIBAIOT CO HIKAJION Tpy0Oro orcyera, a BOAUJIO — CO IIKAJIOH
TOYHOTO OTCYEeTa; B MeXaHM3MaxX HacTpodku. HepocraTkamu TmUIaHeTapHBIX Tiepenad SBIISIOTCS
MOBBIIIEHHOE TpeOOBaHWE K TOYHOCTH W3TOTOBJICHHS, OTHOCHUTEIBHO OOJBIION MEpPTBBIM XOJ,

ymenbieHue KII/I ¢ poctom nepeaaTroyHoro OTHOIIEHNUS.
LIPWJIVUAKCHNC £.9. CWNPA1KKC 1COPCINYCUKNT UCBTACHN? K MCPULIPYIA LI JNEL
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Puc. 9. BonHoBas nepegava

BoJsiHoBBI€e 3y0UaThic MEXaHU3MbI UMEIOT PSJI JIOCTOMHCTB: OOJIBIINE MMePEIaTOUYHBIC OTHOIICHHUS
(50 ... 250 B omHOCTYIIEHYATOH IIepeiade) MPU MaJIbIX TabapuTax U Macce; BBICOKHE TOYHOCTH U IJIaBHOCTh
BCJIE/ICTBHE YMEHbIIIEHUS O0IIeH OMMOKH MTPH OOJBIIIOM YHCIIE 3aLEIUISIOMUXCS 3yObeB U MUHUMAIbHBIH
MepTBbIi xox; Beicokuit KIIZ (0,7 ... 0,9) Gnarogapst ManbIiM CKOPOCTSIM CKOJIBXEHHUS B 3allCTJICHUU;
BO3MO>KHOCTH Tepelayyl BPalaTeIbHOTO ABUKEHUS B TE€PMETHUYECKH 3aKPBITOE TPOCTPAHCTBO WIIM Uepe3
HEMPOHUIIAEMYI0 TEPEeropoaKy. JByxcTymeHuarass cxeMa BOJHOBOM Iepeauyd I03BOJIAET IOJIy4yaTh
repeaaToOYHble OTHOIIEHUS 10 HECKOJIBKUX ThICSY.

[To cpaBHeHMIO C TIIaHETApHBIMU TiepenadyaMu BOJIHOBbIE UMEIOT Oosbinue KIIJl, TouHOCTH M
MEHBIIUNA MEPTBBIN XO/I.

K HemocraTkaM BOJIHOBBIX N€pelayd OTHOCSTCS CIIOKHOCTh H3TOTOBJIICHHS U HEBO3MOXHOCTH
MOJIYYEHHsI MAJIbIX MepPeIaTOUHBIX OTHOIICHUH (MeHbie 50).

[IpuMeHsIFOTCST BOJIHOBBIE TIE€pelauyd B KHHEMATHYECKUX U CHUJIOBBIX MPUBOJAX C OOJBIIUM
MepeaTOYHbIM OTHOIIIEHHEM; B OTCYETHBIX YCTPOMCTBAX MOBBIIMIEHHONW TOYHOCTH; KaK TPUBOMA JIA

nepeaauun ABUKCHHA B TCPMCTU3UPOBAHHOC ITPOCTPAHCTBO.

Pacyer nepeaaTo4yHOro OTHOLICHUS

s Toro 4toObl ONpeneauTh MEepPeAaTOuHOEe OTHOIIEHUE, HY)KHO UMETh MO KpaiiHell mepe ABe
IIECTEPHHU, CLIETIIICHHBIE IPYT € IPYTrOM; TaKOoe CLEIUIeHHe Ha3bIBaeTcs 3youaToit nepenaueii. Kak nmpasuio,
nepBasi IIECTepHs ABISETCS BeAylled MIecTepHel (KpemuTcs K Bally ABHUraTenis), a BTopas — BEJIOMOH
niecTepHeil (KpenuTesl K Bajly Harpy3ku). Mex iy Beayleil 1 BeIOMOH IIECTEPHIMU MOXKET OBITh CKOJIb
YroAHo MHOTO mectepeH. OHM Ha3bIBAIOTCS MPOMEKYTOUHBIMH.

Ceituac Oyaer paccMOTpeHa Iepejada ¢ AByMs IiecTepHsAMU. [l onpeneneHus nepesaToyHoro
OTHOILIECHMS 3TH IIECTEPHH JOJKHBI OBITh CLIETUIEHBI IPYT C JPYroM (TO €CTh UX 3yObsl CLIETIJICHbI M OJJHA
IIeCTepHsl MOBOpavyMBaeT Apyryro). Hampumep, nana HeGonblias Bexymas mectepHs (mectepHs 1) u

OompIiast BeoMasi mecTepHs (IecTepHs 2).
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Puc. 10. Cucremsl u3 AByX miectepéH

[Tpocreiimuii cnoco0 HAWTH NEepeaaTOYHOE OTHOILICHHE MEXIY JIBYMS LIECTEPHSMU — CPaBHUTh
KOJIMYECTBO 3yObeB Ha KaxaoW M3 HUX. HeoOxoaumo ompenenuth KoJudecTBa 3yObeB Ha BeAyIIeH
mectepHe. B nanHoM npumepe mMeHbInas (Beayinas) mectepHs umeet 20 3yObeB, a Oosbias (Bemomast)
mectepHs umeeT 30 3yObeB.

Heo6xonnuMo pa3aenuTb KOJIMYecTBO 3yObeB BEOMOM LIECTEPHU Ha KOJMYECTBO 3yObEB BeaylIeH
IIECTEPHH, 4YTOOBI BBIYMCIUTH IE€PENaTOYHOE OTHOIIEHHWE. B 3aBUCMMOCTH OT YCIIOBUHM 3ajayd,
MO>KHO 3aIlucaTh OTBET B BUJE JECATHUYHOMN 1poOHU, OOBIKHOBEHHOM pOOH UK B BUE OTHOLICHUS (X:Y).

B nannom mpumepe: 40/20 = 2. Tak ke OTBET MOXHO 3anucath B Buje 4/2 unu 2:1.

Takoe nepe1aTouHOE OTHOLIEHHE 03HAYAET, YTO MEHBIIIAsl BEAYIAs MECTEPHS JOJDKHA COBEPLINTD
nBa 000poTa, 4TOOBI OOJBIIas BeIoMasi IIECTEPHS COBEPIINIIA OJUH 000POT. DTO UMEET CMBICH, TaK Kak

B€aoMas IeCTCpHA 60J'II)IH€, a 3HAYUT BpaliacTcsa MEAJICHHEC.

IIpakTnueckas padora Ne46.
Ilpoexkm «Pedykmopy». Haznauenue ounamuueckux zagucumocmeit u coOopka uzoeaus.
Kparkue Teopernueckue cBegeHHs
Penykropsl (maruHCcKOTO c10Ba reductor) moxy4usu mupoKoe pacpoCTPaHEHUE BO BCEX OTPACIIIX
MIPOMBILIJIEHHOTO U arpapHoro Xo3sicTBa, MO3TOMY UX MPOU3BOJCTBO C KaXIbIM I'OJJOM YBEJIUYMUBAETCS,
MOSIBJISIFOTCS] HOBBIE MOJM(UKAIIMHU, COBEPILIEHCTBYIOTCS YXK€E CYIIECTBYIOIIUE MOJIEIIH.
PenykTtop ciayXuT IUisi CHHXKEHHUS 4YacTOThI BpAllleHHUs THUXOXOIHOIO Baja M YBEIMYEHHUs YCUJIUS Ha

BBIXOJHOM Basly. PeayKTop MOET MMETh OJHY WJIM HECKOJbKO CTYyINEHEH, 11eJb KOTOPBhIX YBEIHYCHHE

LIpUITOKEHHE 2.4, «KPATKHE TEOPETHUYECKUE CBEIACHUS» K MEPOTIPHITHIO NoZ
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nepeaToyHoro oTHomeHud. [lo Tumy MexaHu4yeckoil mepenayd peayKTOpbl MOTYT ObITh YEpPBSAYHBIMU,
KOHHUYCCKUMH, IIJIAHCTAPHBIMHU WJIW TUIMHAPUYICCKHUMHU. KOHCprKTI/IBHO PECAYKTOP BBIINOJHCH KakK
OTAENbHOE U3/eTHe, padoTarollee B mape ¢ JIEKTPOABUraTeIeM U YCTAaHOBJICHHOE C HUM Ha OJHOH pame.
[TpOMBIIITIEHHOCTBIO CErOHS BBITYCKAIOTCS PEIYKTOPHI OOIIEro U CleluaIbHOr0 Ha3HAYSHUS.
Penykropsl oOmiero Ha3zHayeHHs] MOTYT HPUMEHATHCS BO MHOTHX CIy4yasX M OTBEYAIOT OOIIUM
TpCGOBaHI/IHM. CHCI_II/IaJIBHBIe KC PCAYKTOPBI UMCHOT HCCTAHAAPTHBIC XAPAKTCPUCTHUKHU MOAXOAAIIUC 1O
orpeieNieHHbIC TPEOOBAHMSI.
Knaccupukauusi, 0CHOBHbIE IApaAMeTPbI PeAYKTOPOB

B 3aBucumoctu OT THna 3yOuaTol mepeAaud PpeayKTopbl ObIBAIOT LMJIHHAPHYECKHeE,
KOHHYEeCKHE, BOJIHOBBbIE, IJIaHeTapHbIe, TJI0o0oWAHbIe M 4epBsiuHble. [llupoko mnpumensroTcs
KOM6I/IHI/IpOBaHHI>IC PEAYKTOPBI, COCTOAINIMEC H3 HCCKOJBKUX COBMCIUICHHBIX B OAHOM KOPIIYCC THUIIOB

nepeaad (MUIMHAPOKOHUYECKHUE, TUITUHAPOYCPBIYHBIC U T.1.).
BUObl 3YBYATbIX MEPEOAY

OCU KONEC NAPAJNENbHbI

UMNUHOPUYECKMUE
NPAMO3YBEbIMUA KOCO3YBEbIMU BHYTPEHHEE PEEYHASA
KONECAMU KONECAMU 3AUENNEHWE

OCU KONEC NEPECEKAIOTCS
©

KOHUWYECKMUE UMNUHAOPO - KOHUYECKAS
NPAMO3YEbIMA KONECAMW KPUBO3YBbIMW KONECAMU

BUHTOBASA YEPBAYHASA TUNOUAHARA

Puc. 1. 3ybuaTsie nepenaun

KOHCTpYKTUBHO peayKTOpBl MOIYT IE€peNaBaTb BpaLIEHUE MEX]IY IEepEeKpPEIIUBAIOIINMUCS,
MIEPECEKAOIIMMHUCS U apAJIIEIbHBIMUA BaJIAMH.

Tak, Hampumep, UMIUHAPUYECKUE PEAYKTOPHI IIO3BOJIAIOT IE€peJaTh BpalICHUE MEKIY
MapajuIeIbHBIMA  BAJIAMH, KOHHUYECKHE - MEXAY [EPECEKAOIIMMHUCI, a UYEpPBIYHBIE - MEXKIY
MIEPECEKAIOIIMMHUCS BaJaMHU.

OOb111ee nepeaaTouHOe YUCIO MOXKET JOCTUTATh 10 HECKOJIBKUX JAECATKOB THICSY M 3aBUCUT OT KOJIMYECTBA
cTyneHen B peaykrope. [lupokoe npuMeHeHUe HallIM PEAYKTOPBL, COCTOSIIIIUE U3 OJHOM, IBYX WIIA TPEX

CTyneHeﬁ, OpHUYCeM OHU MOT'YT, KaK OITMCBIBAJIOCH BBIIIC, COBMCIIATH PA3HBIC TUIIBI 3y6‘IaTI:IX nepeaay.
LIPHUIIOKCHUC £L.4. KKPATKUC TCOPCTUYCCKUC CBCACHU D) K MCPOIIPUATHUIO JNOL
(ctpanuna 72 u3 87)
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Kaaccudukanusa 3y0uarbix mepeaad; BO3MOKHOCTH, JOCTOMHCTBA, HEAOCTATKH PAa3HBIX BUI0B
3y04aThbIX nepegad.

MembIniee U3 mapel 3y0UaTHIX KOJIEC IPUHSTO HA3BIBATh MIECTEPHEH (TprOOM), O0JIbIIIee — KOJIECOM.
TepMuH «3ybuaToe KOJIeCO» MOKHO INPHUMEHATh KakK K IIECTepHE, TaK M K KoJjiecy 3y0uaroil mepenadu.
Nupexcsl «1» 1 «2» npucBanBaroT COOTBETCTBEHHO MapaMeTpaM IECTEPHH U KOJeca.
3aneruienue 3y04aTbix Kojec MOKHO KUHEMaTHYeCKH PECTaBUTh, KaK KaueHHe 0€3 CKOJIbKEHUS JPYT I10
JIpYry ABYX IIOBEPXHOCTEH, HA3bIBAEMBIX HadajabHbIMU. J[JI1 MWIMHIPUYECKUX MEpenad 3TO LWIMHIPHI,
JUIST KOHMYECKUX — KOHYChl. TOYKy KadeHHs HauyaldbHBIX MOBEPXHOCTEH OMpPENesioT, Kak IOJI0C
3anerieHus. [lo yuciny map 3alemisoomuxcs Kojec 3yOuaTele nepenayd ObIBalOT OAHO-, JIBYX- H

MHOT'OCTYIICHYATbIMHU.

a

.—r_

X =S

I

Puc. 2. 3yOuatsie iepegadn

ITo mpoduiio 3yObeB: ouepTanus 3y0a B MIIOCKOCTH MOMIEPEUHOTO ceueHUs Tpod b 3yda; SBOIHBEHTHEIE,

UKIOUJAJIbHBIC, KPYT'OBBIC (3auenneHHe HOBI/IKOBa).
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Puc. 3. 3anericHus 3yOneB

[To B3auMHOMY PAcCIOIOKEHUIO OCEH MX JENAT Ha IHJIUHAPHUECKUE — ¢ TapaJlIeTbHBIMU OCSIMH,
KOHMYECKHE — C IEPEeCeKalOUIMMUCS OCSIMH, Ha YEPBAYHbIC, BUHTOBBIE — CO CKPCIIUBAIONIIMMHUCS B
MPOCTPAHCTBE OCSMH.

3aneruieHue 3y0uaThIX KOJIEC MOXKET ObITh BHEIIHUM M BHYTPECHHHM.

Peeunbie 3yOuarbie mepemayd MpeoOpa3yroT BpamlaTelbHOE JBUKCHHE B IMOCTYNATENIBHOE WU
Hao000pOT.

[lo pacnonoxeHuro 3yObeB OTHOCHUTEIBHO OOpa3ylONMMX HAYaJbHOM ITOBEPXHOCTH KoJjeca

3yOuarele nmepegayuu JeT Ha MPsIMO3yOble U KOCO3yOble, IIEBPOHHBIC U C KPYTOBBIM 3yOOM.

Puc. 4. 3ybuatsie nepenaun

IIpsimo3y0bIMH Ha3bIBAIOTCA KoJieca (TIepeiaun ), HalpaBIeHUe Kax/10ro 3y0a KOTOPhIX COBIAaeT
¢ oOpa3ytoleil HadYaJIbHOW MTOBEPXHOCTHU (IIMIIMH/IPA UIIH KOHYCA).

Koco3y0biMu Ha3biBaloTCs 3yO4aThle Kojeca, HallpaBlIeHHE KaXKJ0ro 3y0a KOTOPBIX COCTaBIISIET
HEKOTOPBIH MOCTOSIHHBINA yroj ¢ 00pa3yromiel HaualbHOM MOBEPXHOCTH.

OO6nanaroT psAAOM JOCTOUHCTB MO CPAaBHEHHIO C MPSIMO3YObIMU: Oaroapst HATMUHUIO YIila HaKJIoOHa
3yObsl BCTYNAIOT B 3aIlCTUICHHE 10 CBOCH JIJTMHE MOCTENEHHO, YTO o0ecreynBaeT 0ojee paBHOMEPHYIO U
IJIaBHYIO pabOTy M €CTECTBEHHO, CHMIKEHHE IITyMa MEXaHHM3Ma BCIEJCTBHUE OoJblero K03 HIueHTa

NEPCKPLITUA. vy KOCOBY6LIX KOJIEC MUHHUMAaJIbHOC YHCIIO SY6BCB IIpHU KOTOPOM HC IMPOUCXOAUT NOAPEC3aHUA,
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MEHbIIe, YeM y IpsaMo3yOsix. Koco3yOrsle mepenaun mo3BOSIOT MOJ00paTh NpH 3alaHHOM MEXOCEBOM
PACCTOSIHUH 3a CYET U3MEHEHHUS YIjla HaKJIOHA Mapy KOJIEC CO CTaHJapTHBIM MOIYJIEM.

K HemocraTkam Koco3yObIX Iepesad cieqyeT OTHECTH OoJiee CIIONKHOE M3TOTOBICHHE KOJIEC 110
CPaBHEHUIO C IPSMO3YyOBIMH 1 TIOSIBIICHHE JIOTIOJIHUTEIBHOTO OCEBOTO YCHIIHS, IEPEIaBaeMOro Ha OIOPEI.
JInst ycTpaHeHHs 0CeBOT0 YCHIIHMS MOYKHO IIPUMEHSThH IIIEBPOHHBIE 3y0UaThlie Kosieca. BeHer meBpoHHOTO
KOJIeca COCTOMT M3 YUYACTKOB C IIPABbIM U JICBBIM HaIlPaBICHUEM 3yObeB. 3yObs TAKOTO KOJieca MOTYT OBITh
Hape3aHbl Ha OHOM 000/1€ MJI BEHEL COCTOUT U3 )KECTKOI'0 COEINHEHHUS JIBYX KOCO3YOBIX KOJIEC C pa3HBIM

HaITpaBJICHUEM HaKJIOHA SY6B€B. ]_HeBpOHHBIC KoOJIeCa CJIIOXKHEC B U3T'OTOBJIICHUU KOCOBY6BIX.

Puc. 5. llleBponnas nepenaya

IIleBpOHHBIMM Ha3BIBAIOTCS KOJECa, 3yOUaThlif BEHEll KOTOPhIX 00pa3yeTcs U3 ABYX PsI0B KOCHIX
3yObeB MPOTUBOIIOIOKHOIO HAIIPABIICHUSI.

s ycTpaHeHHsT OCEBOTO YCHUJIMS MOKHO IPHUMEHSATH IIEBPOHHbIE 3yOuaThle Kojieca. Bewery
IIIEBPOHHOTO KOJIECa COCTOMT U3 YYaCTKOB C IIPAaBbIM M JIEBBIM HalpaBjeHHEM 3yObeB. 3yObs TAKOT0 KoJieca
MOTYT OBITh Hape3aHbl Ha OJJHOM 000/I€ WM BEHEI] COCTOUT M3 JKECTKOI'O COEMHEHHS JBYX KOCO3YObIX
KOJEeC C pa3HbIM HalpaBJeHMEM HakJoHa 3yObeB. llleBpoHHBIE KoOjeca CJIOXKHEE B HU3TOTOBJICHHUH

KOCO3YOBIX.

Puc. 6. Konndeckas nepenada

Konnueckue xoyieca MOTYT OBITh MIPSIMO3YOBIMH, KOCO3YOBIMH U C KPYTOBBIM 3yOOM.
Konnueckue 3yOuaTble Kojeca MPUMEHSIOT Ul Iepefadd BpallaTeIbHOrO ABMKEHHS MEXIy

BaJlaMH, OCH KOTOPBIX MEPECEKAIOTCS MO HEKOTOPHIM YIJIOM.
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[TpenmyniecTBEHHO NPUMEHSIOT IPAMO3yOble KOHUYECKUE KOJeca U TOJIBKO TOTa, KOrJa Hellb3s
UCTOJIBb30BaTh LWIMHAPUYECKUE. DTO OOBACHSACTCS OOJBIIEH CI0KHOCTBIO HM3TOTOBJICHUS U COOPKH
KOHHMYECKUX nepenad. OHO U3 KOJIeC KOHMUYECKUX IIepeay U3-3a IepeceueHms 0Cel BajoB pacIioylaraeTcst
KOHCOJIBHO, YTO CO3/1a€T JONOJIHUTEIbHbIE TPYJHOCTH IPH KOHCTPpyHpOoBaHuU omnop. Kpome toro, Baisl 1
OIIOPBI HArPY’KAKOTCSl HE TOJIBKO paJualibHbIMU, HO U OCEBbIMM cuiaMu. IIpuMeHeHue Gosee CIOXKHBIX
ornop mpuBoguT K cHmkeHuto KIIJ[ u x OonpmiemMy mymy, 4eM MpH NPUMEHEHUH LMIMHAPUYECKUX
nepezaay.

HauOonpiiee pacnpocTpaHeHHe MOJIYYMIIM MEpeladd ¢ 3BOJIbBEHTHBIM IpoduieM 3yObeB. Bo-
HEPBbIX, YBOJIBBEHTHOE 3allCIUIEHUE Maj0 4yBCTBUTEIBHO K OTKJIOHEHHUSIM MEXOCEBOIO PacCTOSIHUSA, HE
HapymaeTcs NPaBWIBHOCTH 3aleIuieHus. Bo-BTOPBIX, NMpoduis 3yObeB MHCTPYMEHTa [UIS Hape3aHus
HBOJILBEHTHBIX 3yOUaThIX KOJIEC MOXKET OBITh MPSIMOJIMHEHHBIM, CPAaBHUTEIBHO MMPOCTOE U3TOTOBICHUE U
KOHTPOJIb MHCTPYMEHTA U KOJIEC, OJHUM HHCTPYMEHTOM MOJKHO Hape3aTh Kojieca C Pa3HbIM YHUCIOM
3yObeB. TpaekTopueil TOUKM KOHTAKTa 3BOJIbBEHTHBIX poQuiieil 3yObeB ABIsSETCS MpsMast JIMHUS.

[lo xapakrepy cBoeil pabOThl mepeaayd MOryT ObITb peBEpCUBHbIE W HepeBepcuBHBIE. [lo
KOHCTPYKTUBHOMY BBIIIOJIHEHUIO KOpITyca 3y0OdYaThie Iepeqadd OBIBAIOT OTKPBITHIMH M 3aKPBITHIMU.
OTKpBbITbIE HE UMEIOT 3alUTHI OT MONAJaHNs IbUIM U IPA3H, 3aKPBIThIE NIEpEeIaul UMEIOT )KECTKUI KOpITyC
U paboTaroT B MaclIiHOM BaHHE.

[To BenuumHE OKPY)KHOM CKOPOCTH pa3jIMYarOT Mepefadyd — TUXOXOAHbIE (10 3 M/C), cpenHux
ckopocteit (3 ... 15 M/c) u OpicTpoxoiHbIe (CBBIIIE 15 M/C).

YepasiuHble N€pelauu NPUMEHSIOT, KOTJa OCH BEAYIIETO U BEAOMOTO BAJIOB IEPEKPEIIMBAIOTCS

nox yriom 90°.

Puc. 7. Yeppsiunas nepenaua

JIOCTOMHCTBOM 4YEpBAYHBIX I€pelayd IO CPaBHEHUIO C 3y04aTbIMU SIBISIETCS BO3MOXKHOCTh
MOJIYYUTh OOJIBIINE NEepelaTOYHbIe OTHOLICHHS (Yiciia) B 0JHOM cTyneHu, 10 80 B CUJIOBBIX Iepeaayax u
70 HECKOJIBKHX COTEH B KMHEMAaTW4YecKHX. UepBSUHBIM PEIyKTOpaM MPHUCYIIH TaKke OeCIIyMHOCTh B
paboTe; BBICOKAs TUIABHOCTH 3alleTIJICHUs; KOMIIAKTHOCTh; CBOMCTBO CaMOTOPMOXKEHHUS, 3aKII0UYaIOIIeecs
B HEBO3MOXKHOCTH I€peJay BpaILEHUs OT Kojeca K YEpBAKY, YTO IO3BOJAET MCKIKOYATh U3 IPUBOLIA

TOPMO3HBIE YCTPOICTBA; HA/IEKHOCTh U MPOCTOTA IKCILTyaTallUH.
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HenocraTkamu  4epBSIUHBIX —Mepefay  SBIAIOTCS  OONBIIOE OTHOCUTEIBHOE  CKOJBXKEHHE
COIPSIKCHHBIX MTOBEPXHOCTEH B 3alleTUIeHUH; Oonbiiue motepu Ha TpeHue; Manbiii KI1/1; 3HaunTenpHbIH
HarpeB 3alleTUIAIONINXCS AJIEMEHTOB B CHJIOBBIX Iepenadax, 4To TPeOyeT CHEeIHUAIbHBIX Mep IS

JOITIOJIHUTCIIBHOT'O OXJIAXKJACHHUS, BBICOKAs CJIIOXKHOCTb U TOYHOCTDh U3T'OTOBJICHUSA U C60pKI/I.

Puc. 8. [lmanerapuas nepenaya

IInaneTapHBIMHM Ha3bIBAIOT MHOT'O3BEHHBIE MEXAaHU3MBI, B KOTOPBIX 00s3aTENIbHO €CTh 3yOuaThie
KoJleca C IBMKYIIUMHUCA T€OMETPUUIECKUMU OCSIMU.

[TnanerapHble nepenauy MO3BOJIAIOT MOIY4aTh OONbIINE NEPEJAaTOYHbIE OTHOIIECHUS MPH MaJbIX
rabapuTax U Macce MEXaHU3Ma, CHUMATh C OJHOM (LIEHTPaJIbHOM) OCH ABMXKEHHUS C PAa3HBIMH YIJIOBBIMU
ckopocTamu. 1lmaneTapHple MEXaHU3MBI IIUPOKO MCIOJB3YIOTCS B IIKAJIBHBIX OTCUETHBIX YCTPOWCTBAX,
/i TOABMKHOE LIEHTPAIbHOE KOJIECO CBSA3BIBAIOT CO LIKAJIOH rpyboro orcyera, a BOJMWIO — CO IIKAJIOH
TOYHOIO OTCUETa; B MeEXaHU3MaX HAacTpoMku. HemocraTkamu IIaHETapHBIX IepeAad  SBISAIOTCA
MOBBIIIEHHOE TpPeOOBaHME K TOYHOCTU M3IOTOBJICHUS, OTHOCHUTEIBHO OOJBIION MEpPTBBIH XOJ,

ymenbmenue KIIJ[ ¢ poctoM nepeaaToyHoro OTHOIEHUSI.

Puc. 9. BonnoBas nepenava

BoJiHOBBI€ 3y0UuaThie MEXaHU3MBI UMEIOT PSJ TOCTOMHCTB: OOJBINNE MepeJaTOUYHbIE OTHOIICHHS
(50 ... 250 B ogHOCTYIIEHUATOM TIEpe1aue) MPH MaJIbIX rabapuTax ¥ Macce; BBICOKHE TOYHOCTH U IJTABHOCTh
BCJIE/ICTBHE YMEHbIIIEHUS OOIIeH OMMOKH P OOIBIIIOM YHCIIE 3aETUISIOMUXCS 3yOheB 1 MUHUMAITBHBIH

meptBbId x0x; Bbicokuit KITJ (0,7 ... 0,9) Gmaromapss MaabiM CKOPOCTSIM CKOJBXECHHS B 3alCTUICHUU;
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BO3MOKHOCTh IEPEAayy BPALIATEIbHOTO JBH)KEHUS B TEPMETHUECKHU 3aKPBITOE MPOCTPAHCTBO MIIM Yepe3
HENPOHUIAEMYIO IEperopojaky. JByxcTynmeHuaras cXeMa BOJIHOBOM Ilepelaud I103BOJISIET IOJIydaTh
[epelaTOYHbIE OTHOLIEHUSI 10 HECKOJIBKUX THICSH.

[To cpaBHeHHIO C IUIaHETApHBIMU IeperadaMu BoJiHOBble uMeroT Oousbime KIIJI, TouHocTh M
MEHBIITUNA MEPTBBIN XO/I.

K Henmoctarkam BOJIHOBBIX I€pelad OTHOCSATCS CJIOXKHOCTb HM3IOTOBJIEHUS U HEBO3MOYKHOCTH
IIOJIyYEHUS MAJIbIX [1€PEAaTOUYHBIX OTHOIIEHUH (MeHbIIe 50).

[TpuMeHsIOTCSI BOJHOBBIE IEpeAayd B KUHEMAaTHYECKUX M CHIJIOBBIX INPUBOJAX € OOJIBLIMM
[ePeaTOUYHbIM OTHOIIEHUEM; B OTCYETHBIX YCTPOMCTBAaX IMOBBIIIEHHOM TOYHOCTU; KaK NPHUBOJ AJIS

nepeaaduun ABUKCHHA B TCPMCTU3UPOBAHHOC IPOCTPAHCTBO.

PacueT nepeaaTo4yHoro OTHOLIEHUS

Jis Toro 4roObl OmpeAenuTh IepeaTOyHOe OTHOLIEHHE, HY)KHO MMETh MO KpaiiHeill mepe JBe
LIECTEPHHU, CLIETNIEHHBIE IPYT C APYTrOM; TaKOe CLEIUIEHNE Ha3blBaeTcs 3youaroil nepenaueil. Kak npasuiio,
nepBasi IIECTEpHs SABJSETCS BeNylled IIecTepHel (KpemuTcs K Bajly JABHUrarelns), a BTOpas — BEAOMOM
niecTepHeil (KpenuTest K Bajly Harpy3ku). Mexy Beaylel U BeIOMOM LIECTEPHIMHU MOXKET ObITh CKOJIb
YrOJIHO MHOTO 1ectepeH. OHM Ha3bIBAIOTCS IPOMEKYTOUYHBIMH.

Ceiiuac Oyzner paccMOTpeHa mepejayda ¢ AByMsl HIecTepHsIMU. s onpeneneHus: nepegaToyHoro
OTHOIIECHHUS 3TU HIECTEPHU JOJKHBI OBITh CLHEIUIEHBI APYT € APYroM (TO €CTh MX 3YObs CLEIUIEHBI U OJIHA
HIeCTepHsl MOBOpayMBaeT Apyryro). Hampumep, nana HeGonbluas Bexyias mectepHs (mectepHs 1) u

Oosblast BeJoMasi mecTepHs (1ecTepHs 2).

Puc. 10. Cuctemsl U3 AByX IIeCTepEH
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[Tpocrelimmii cnoco® HalTH MeperaTOYHOE OTHOLICHHWE MEXKIY JBYMS LIECTEPHSIMU — CPABHUTH
KOJINYECTBO 3yObeB Ha KaxaoH u3 HHUX. HeoOXxoammo ompenenuTh KOJMYECTBa 3yObEeB Ha BeAYyIIEH
mecTtepHe. B manHoM npumepe MeHbInas (Bemynas) mectepHs umeer 20 3yObeB, a Oosbmias (Bemomast)
mectepHs umeeT 30 3yOneB.

Heo6xoanMo pa3fnenuTsb KOJHMUECTBO 3yObeB BEJJOMOM IIECTEPHU HA KOJUYECTBO 3yObEB BEAYyILEH
IIECTEPHU, YTOOBI BBIYMCIWTH IE€PEJATOYHOE OTHOLICHHWE. B 3aBUCMMOCTH OT YCJIOBHH 3ajaud,
MO>KHO 3aIucaTh OTBET B BUJE JECATHYHOI IpoOu, OOBIKHOBEHHOM TpOOH UK B BUE OTHOLICHUS (X:Y).

B nmannom nmpumepe: 40/20 = 2. Tak e 0TBET MOXHO 3anucath B Buze 4/2 wim 2:1.

Taxoe mepeaTOYHOE OTHOIICHUE 03HAYAET, YTO MEHBIIAS BEAyIIast HIECTEPHS IOJKHA COBEPIIUTH
nBa 000poTa, yTOOBI OOJbIIAs BeIOMasi IIECTEPHS COBEPIINIIA OJUH 000POT. DTO UMEET CMBICH, TaK Kak

BCAOMas MICCTCPHA 6OJ'IBI_HG, d 3HAYUT BpamacTCsa MCIJICHHCC.

IIpakTHyeckas padora Ne48.
Ilpoexm «Pedykmopy». Anumayus pazoopku mexanusma.
Kparkue Teopernueckue cBeeHHsA

Penyktopsr (;TaTiHCKOTO ci10Ba reductor) moay4uiiyu IIMPOKOe pacipoCTPaHEHHUE BO BCEX OTPACIISIX
IIPOMBIIIJIEHHOTO M arpapHOTo XO035MCTBa, NO3TOMY UX IIPOU3BOJCTBO C KaXKJIbIM T'OJOM YBEJINYUBAETCS,
MOSIBJIIFOTCS] HOBBIE MOJM(HUKAIIMN, COBEPLICHCTBYIOTCS YK€ CYIIECTBYIOIINE MOJIEIH.
PenykTtop ciayXuT IUIsi CHHXKEHHUS 4YacTOThl BpAlll€HHUs THUXOXOIHOIO Baja M YBEIMYEHHUS YCUJIMS Ha
BBIXOJHOM Basly. PeayKTOp MOKET MMETh OJHY WJIM HECKOJBbKO CTYNEHEH, 11€Jb KOTOPBIX YBEIHYECHHE
nepeaaTouyHoro otHouieHus. [lo Tumy mMexaHMueckoil mepenayd peayKTOpbl MOTYT OBbITh YEPBSIUHBIMHU,
KOHMYECKUMH, IUIAHETapHBIMU WIN IWIMHAPUYECKUMU. KOHCTPYKTHBHO pEOyKTOp BBINOJHEH Kak
OTJeNbHOE U3JieNne, padoTarollee B Iape C AIEKTPOABUTATEIEM U YCTAHOBIEHHOE C HUM Ha OJIHOM pame.
[TpOMBIIITIEHHOCTBIO CErOHS BBITYCKAIOTCS PEAYKTOPHI OOIIEro U CelnaIbHOT0 Ha3HAYEHUS.
PexgykTopsl oOImIero Ha3Hau€HHs MOTYT MHPHUMEHSTHCS BO MHOTHUX CJIy4asxXx M OTBEYalT OOIIUM
TpeboBanusM. CrienuaibHble K€ PeAYKTOPhl UMEIOT HECTaHIAAPTHBIC XapaKTEPUCTHKH MOIXOASIINE 110/
orpeJiesIeHHbIe TPeOOBaHMUS.
Kaaccudukanus, ocHOBHbIEe IapaMeTpPbl peAyKTOPOB

B 3aBucumoctH OT THna 3yOuaTol MepeAaud PpeayKTopbl ObIBAIOT LMJIHHAPHYECKHe,
KOHHMYeCKHe, BOJIHOBBIC, ILUIAaHeTapHbIe, IJI00OMIHBbIe M 4epBsuHble. [llupoxko npumeHsOTCA
KOMOWHUPOBAHHbIE PEIYKTOPBI, COCTOSIIME M3 HECKOJBKHX COBMEILICHHBIX B OJHOM KOpITyc€ THIIOB

nepeaad (MUIMHAPOKOHUYECKHUE, TUITUHAPOYEPBIIHBIC U T.1.).
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BUObl 3YBYATbIX MEPEOAY

OCU KONEC NAPAJNENbHbI

UMNUHOPUYECKMUE
NPAMO3YBEbIMUA KOCO3YBbIMU BHYTPEHHEE PEEYHAS
KONECAMU KONECAMU 3AUENNEHWE

OCU KONEC NEPECEKAIKTCS

\g

KOHUWYECKMUE UMNMUHAOPO - KOHUYECKAS
NPAMO3YEbIMA KONECAMW KPUBO3YBbIMW KONECAMU

OCHU KONEC CKPELMBAIOTCSH
S <

swHTOBAR — ranonHAR
Puc. 1. 3ybuatsie nepenauu

KOHCTpYKTHBHO pemayKTOphl MOTYT IE€peaaBaTh BpaIICHUE MEXKAY MEpeKpeIUBAIOIINMUCS,
[epeceKaroIUMUCS U NapajIeIbHBIMU BaJlaMu.

Tak, Hampumep, IWJIMHIPUYECKHE PEAYKTOPBl TIO3BOJIAIOT IEpeaaTh BpallEHHE MEXIy
napajyieIbHbIMA  BaJlaMH, KOHMYECKHE - MEXJAy IEepeCeKalolUMHICs, a 4YepBAYHbIE - MEXAY
MePECEKAIOIINMUCS BaJlaMH.

Oom1ee mepeaToyHOE YUCIIO MOKET JOCTUTATh /IO HECKOJIBKUX JIECATKOB THICSY U 3aBUCHT OT KOJMYECTBA
cryneHeit B peaykrope. llInpokoe npruMeHeHHe HAllUIA PeIyKTOPbI, COCTOSIIUE U3 OJJHOM, IBYX WIN TPeX
CTyNEHEH, IPUYeM OHU MOTYT, KaK ONHCHIBAJIOCH BBIIIE, COBMEIIATh pPa3HbIe TUIBI 3y0UaThIX Mepeiay.
Knaccudukanus 3y04yaTrbiX mnepeaay; BO3MOKHOCTH, JTOCTOMHCTBA, HEJOCTATKH Pa3HBIX BH/I0B
3y04aThbIX nepeaady.

Membli1ee U3 napbl 3y0uaThIX KOJIEC IPUHATO Ha3bIBATh IIECTEpHEH (TprOOM), O0IbIIee — KOJIECOM.
TepMuH «3ybuaToe KOJIECO» MOKHO MPUMEHSTh KakK K LIECTEpHE, TaK M K Koyiecy 3yOuaTod mepeayu.
Nupexcsl «1» 1 «2» nprucBanBatoT COOTBETCTBEHHO MapaMeTpaM MECTEPHH U KOJeca.
3aneruieHue 3y04aThix Kojec MOYKHO KHHEMAaTHYECKH NIPECTaBUTh, Kak KaueHHe 0e3 CKOIBKEHUS PYT 10
ApPYTy OBYX MOBEPXHOCTEH, HAa3bIBAEMbIX HadalbHBIMH. JIJIs IIMIIMHAPHUYECKUX Tepeaay 3TO IHIUHJPHI,
JUIE KOHMYECKMX — KOHYChl. TOYKY KaueHHMs Ha4daJbHBIX ITOBEPXHOCTEH OIpeNeNsioT, Kak IMOJ0C
3aneruieHus. [lo umenmy map 3ameruIsionmMxcsi Koyec 3yOuaThle repenadd ObIBalOT OHO-, NIBYX- U

MHOT'OCTYIICHYATbIMU.
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Puc. 2. 3ybuatsle nepenaun

[To mpodmitio 3yOBeB: ouepTaHus 3y0a B INTOCKOCTH TOMIEPEYHOTO CEUCHUS MPOQIITH 3y0a; SBOITHBESHTHBIE,

UKIIONJAJIbHBIC, KPYT'OBBIC (3auenneHI/Ie HOBI/IKOBa).

Puc. 3. 3anermicHus 3yOneB

[To B3auMHOMY pacCHONIOKEHUIO OCEH UX ACNAT Ha IWIMHIPHUECKHUE — C TapauieIbHbIMUA OCSIMU,
KOHUYECKHUE — C IEePECEKAIONIUMUCS OCSIMH, Ha YEepPBSYHBIC, BHHTOBBIC — CO CKPCIIMBAIOIIMMHUCS B
MIPOCTPAHCTBE OCSIMH.

3areruieHre 3y04aThIX KOJIEC MOXKET OBITh BHEIITHIUM M BHYTPEHHUM.

Peeunsie 3yOuaThle mepenaud MpeoOpa3yloT BpalllaTelbHOE JBIKEHHE B IMOCTYIMATEIBHOE WU

Ha000pOT.
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[To pacmonokeHnio 3yObeB OTHOCHUTENBHO OOpa3yIOIIMX HAYaIbHOW TTOBEPXHOCTH Koleca

3yOuartble nepegayuu JeAT Ha MPsMO3yOble U KOCO3yOble, IIEBPOHHBIEC U C KPYTOBBIM 3yOOM.

Puc. 4. 3ybuatsle nepenaun

IIpsimo3y0bIMH Ha3bIBaIOTCA KoJieca (Tepeiaun ), HampaBIeHUe Kax/10ro 3y0a KOTOPhIX COBIAaeT
¢ oOpa3ytoleil HadYaJIbHOW MOBEPXHOCTHU (IIMJIMH/APA UK KOHYCA).

Koco3y0biMu Ha3biBaloTCs 3yOUaThle KOjeca, HallpaBlIeHHE KaKJI0ro 3y0a KOTOPBIX COCTaBIISIET
HEKOTOPBIH MOCTOSIHHBIN yroj ¢ 00pa3yroliel HauaabHOM MOBEPXHOCTH.

OO6nanaroT psAAOM JOCTOUHCTB MO CPAaBHEHMIO C MPSIMO3yObIMU: O1aroapsi HATMUHUIO yIjla HaKJIOHa
3yObsl BCTYNAIOT B 3alEIUIEHUE 110 CBOEH JJIMHE MOCTENEHHO, YTO o0ecreynBaeT 0ojee paBHOMEPHYIO U
MJIaBHYIO pabOTy M €CTECTBEHHO, CHHKEHHUE IIyMa MEXaHW3Ma BCIEACTBUE Ooibiiero kod@duimenrta
NEPEKPBITUS. Y KOCO3YOBIX KOJIEC MUHMMAJIbHOE YHCIIO 3yOheB IPU KOTOPOM HE IPOMCXOIUT OpE3aHus,
MeHbIIIe, YeM y npsiMo3yOsix. Koco3yOble mepeaaun mo3BONIIOT 1Mo100paTh MpH 3aJJaHHOM MEKOCEBOM
paccTOsSHUU 3a CUET U3MEHEHUS yIila HaKJIOHA Mapy KOJIEC CO CTaHAAPTHBIM MOJYJIEM.

K HemocTaTkam Koco3yObIX mepefaud clieyeT OTHECTH 0oJjiee CI0KHOE M3TOTOBJIEHHE KOJIEC MO
CPaBHEHMIO C IPSAMO3yOBIMHU U MOSIBIIEHHE JIOMOJHUTEIHHOIO OCEBOI0 YCHIIHS, TIEpE1aBaeMOro Ha OMOPHI.
Jlnist yeTpaHeHHs! OCEBOTO YCHITUSL MOXHO IPUMEHSTH IIEBPOHHbIE 3y0uaThie Koseca. BeHel 1meBpoHHOT0
KOJIECa COCTOUT U3 YYaCTKOB C MPABbIM U JIEBBIM HaIlpaBiIeHUEM 3yObeB. 3yObsi TAKOTO KOJIeca MOT'YT OBbITh
Hape3aHbl Ha OHOM 000/1€ WJIM BEHEL| COCTOUT U3 )KECTKOT'O COEIMHEHMSI IBYX KOCO3YOBbIX KOJIEC C Pa3HBIM

HanpaBJICHUEM HakJIoHA 3yObeB. llleBpoHHBIE KOJIeca CI0KHEE B M3TOTOBJICHUN KOCO3YObIX.
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Puc. 5. llleBponnas nepenaya

IlleBpOHHBIMM HA3BIBAIOTCS KOJIECA, 3yOUaThii BEHEIl KOTOPBIX 00pa3yeTcs U3 ABYX PsI0B KOCHIX
3yObeB MPOTHBOIIOJIOKHOTO HAIPABICHUS.

Jlis ycTpaHeHUs OCeBOrO YCHIIMS MOKHO IPHMEHATh IIEBPOHHBbIE 3yOuarble Kojeca. Bener
IIIEBPOHHOTO KOJIECa COCTOMT U3 YYaCTKOB C IIPABbIM U JICBBIM HalpaBieHUEM 3yObeB. 3yObs TAaKOro KoJieca
MOTYT OBITH Hape3aHbl Ha OJTHOM 000/€ MM BEHEI] COCTOUT M3 JKECTKOT'O COSIMHEHHS JBYX KOCO3YOBIX
KOJIeC C pa3HbIM HampaBlIeHHEM HakjoHa 3yObeB. llleBpoHHBIE Kojeca CIIOKHEE B H3TOTOBJICHUH

KOCO3YyOBIX.

Puc. 6. Konnueckas nepenada

Konnueckue xosieca MOTYT ObITh NIPSIMO3YOBIMH, KOCO3YOBIMU U C KPYTOBBIM 3yOOM.

Konnueckune 3ybuarble Kojieca NMPUMEHSIOT Ui MEepeladd BpallaTeIbHOTO JBHKEHUS MEXITY
BaJlaMH, OCH KOTOPBIX [E€PECEKAIOTCS M0J] HEKOTOPHIM YTJIOM.

[IperMy1ieCTBEHHO MPUMEHSIOT MPSIMO3yOble KOHUYECKHE KOJieca M TOJIBKO TOT/a, KOT/1a HEeNlb3s
UCMOJb30BaTh LWJIMHAPUYECKUE. DTO O0OBACHSAETCS OOJbIIEH CI0XXKHOCTBIO HM3TOTOBJICHUS U COOPKH
KOHHMUeCKUX nepenad. OHO U3 KOJIeC KOHMUYECKHUX Nepeay U3-3a epeceueH s Ocel BaJIoB pacoiaraercs
KOHCOJIBHO, YTO CO3JaeT JIOTIOJHUTENbHbIE TPYJHOCTH MIPH KOHCTPYHpOBaHUH onop. Kpome Toro, Bajiel 1
OTIOPBI HArPYXKAIOTCSI HE TOJIBKO paJualibHBIMU, HO U OCEBbIMM cuiaMmu. [IpuMeHeHune Gojee CIOXKHBIX
ornop npuBoguT K cHumxkeHuto KIIJ[ u x OospmieMy mymy, 4yemM Hpu NPUMEHEHUM IMJIMHAPHYECKUX

nepead.
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HaunGosnpiiee pacrpocTpaHeHUE MOTYYHIN TEpeaadd ¢ BOJBBEHTHBIM mpoduiieM 3yObeB. Bo-
MIEPBBIX, YBOJIBBEHTHOE 3allCTUICHHE Maj0 YyBCTBHUTEIHHO K OTKJIOHEHHUSM MEXKOCEBOTO PACCTOSIHUSA, HE
HapylIaeTcs MPaBWIBHOCTH 3alleTUIeHUs. Bo-BTOPBIX, Mpoduiib 3yObeB HMHCTPYMEHTA JJIs Hape3aHHs
9BOJIbBEHTHBIX 3y04aThIX KOJEC MOXKET OBITh MPSIMOIMHEHHBIM, CPABHUTEIBHO IIPOCTOE MU3TOTOBICHUE U
KOHTPOJIb MHCTPYMEHTA U KOJIEC, OJHUM HHCTPYMEHTOM MOKHO Hape3aTh KoJjieca C Pa3HbIM YHUCIOM
3yObeB. TpackTopueil TOYKH KOHTAKTA SBOJIBBEHTHBIX MPOdHiieii 3yObeB SBISICTCS MIpsiMast TNHUSL.

[To xapakrtepy cBoeil pabOThI Mepeaadyd MOTYT OBITh PEBEPCHBHBIE W HepeBepcuBHBIC. [lo
KOHCTPYKTUBHOMY BBIIIOJIHEHHIO KOpIyca 3yOudarble mNepenadyd ObIBalOT OTKPBITHIMU U 3aKPBITHIMH.
OTKpBIThIE HE UMEIOT 3aIUThI OT MOMAJAHUS MbUIH U TIP3, 3aKPBITHIC MEpelaul UMEIOT XKECTKUI KOopIyc
1 paboTalOT B MacC/IsIHON BaHHE.

[To BenMuuHE OKPYKHOW CKOPOCTH pPA3JIMYArOT Tepefadyd — TUXOXOIHBIC (0 3 M/C), cpemHux
ckopocreii (3 ... 15 m/c) u O6picTpoxoaHbIe (CBBIIIE 15 M/C).

YepBsiuHble Nepeiayu MPUMEHSIOT, KOTJa OCH BEIYIIEro U BEIOMOrO BaJlOB MEPEKPEIIMBAIOTCS

o yriom 90°.

Puc. 7. Yepsiunas nepenava

JIOCTOMHCTBOM 4YEpBSYHBIX TE€peaad MO CPAaBHEHHUIO C 3yOUaThIMU SIBISIETCSA BO3MOXKHOCTH
MOJIYYUTh OOJBIIINE MIEPEeIlaTOYHbIE OTHOIICHHS (Yiciia) B OHOM cTyrnenu, 10 80 B CUJIOBBIX Mepeaayax u
JI0 HECKOJIbKUX COT€H B KHMHEMAaTH4YeCKUX. UEepBAYHBIM PEIyKTOpaM MPUCYIIH Takke OeCITyMHOCTHh B
paboTe; BbICOKAs MJIABHOCTDH 3allECTIICHHSI; KOMIIAKTHOCTh; CBOMCTBO CaMOTOPMOXKEHHUS, 3aKIIIoUaroieecs
B HEBO3MOKHOCTH IEpe/ladyr BpalEHHs OT KOJIeca K YEPBSKY, YTO MO3BOJISIET UCKIIOYATh U3 MPUBOJA
TOPMO3HBIE YCTPOMCTBA; HAJIE)KHOCTh U IIPOCTOTA IKCILTyaTallH.

HenocratkamMu 4epBSYHBIX —Tepefad  SBISIOTCS  OOJBIIOE OTHOCUTENBHOE CKOJIbKEHUE
COTIPSDKEHHBIX TMOBEPXHOCTEH B 3alleIyIeHUH; OombInre nmotepu Ha TpeHue; manbiid KI1J[; 3HaunTensHbIi
HarpeB 3aleTuIIONIUXCS AJIEMEHTOB B CHJIOBBIX Iepefadyax, 4To TpeOyeT CHEeIUaIbHBIX Mep s

JAOIIOJITHUTCIIBHOT'O OXJIAXKACHUA,; BBICOKAsA CJIIOXKHOCTHb U TOYHOCTH M3TOTOBJICHUSA U C60pKI/I.
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Puc. 8. [Inanerapuas nepenaya

IInaneTapHBIMHM Ha3bIBaIOT MHOT'O3BEHHBIE MEXaHU3MBI, B KOTOPBIX 00s3aTEIbHO €CTh 3yOuaThie
KoJieca C IBMKYLIUMHUCA T€OMETPUUYECKUMU OCSIMU.

[TnanerapHble nepenayu MO3BOJIAIOT MOIY4aTh OONbIINE MEePEeJaTOYHbIE OTHOIIECHUS MPH MaJbIX
rabapuTax ¥ Macce MEXaHU3Ma, CHUMATh C OJHOM (LIEHTPaJIbHOM) OCH ABMXKEHHUS C PA3HBIMH YIJIOBBIMU
ckopocTamu. 1lnanerapHple MEXaHU3MBI IIUPOKO MCIOJB3YIOTCS B IIKAJIBHBIX OTCUYETHBIX YCTPOMCTBAX,
IJie TOABMKHOE LIEHTPAJIIbHOE KOJIECO CBSA3BIBAIOT CO LIKAJIOH rpyboro orcyera, a BOAMIO — CO LIKAJIOH
TOYHOTO OTCYETa; B MEXaHM3MaxX HacTpodku. HepocraTkamu IUIaHeTapHBIX INiepefad  sABISIOTCA
MOBBIIEHHOE TpPeOOBAaHME K TOYHOCTU M3rOTOBJIEHUS, OTHOCHUTEIBHO OOJBIION MEpPTBBIM XO[,

ymenbmenue KIIJ[ ¢ poctoM nepegaToyHoro OTHOIEHUSI.

Puc. 9. BonHoBas nepenaua

BoJiHOBBI€ 3y0UuaThie MEXaHU3MBI UMEIOT PSJ TOCTOMHCTB: OOJBINNE MepeJaTOUYHbIE OTHOIICHHS
(50 ... 250 B ogHOCTYIIEHUYATOM TIEpe1aue) MPH MaJIbIX rabapuTax U Macce; BRICOKUE TOYHOCTH U INTABHOCTh
BCJIE/ICTBHE YMEHBIIIEHUS OOIIeH OMMOKH TPH OOIBIIIOM YHCIIE 3aETUISIOMUXCS 3y0OheB 1 MUHUMAITBHBIH
MeptBbId x0x; Bbicokuit KIIJ (0,7 ... 0,9) Gmaromapsi MaabiM CKOPOCTSIM CKOJBXEHUS B 3alCTUICHUU;
BO3MOKHOCTH TI€peIayyl BPAIaTeIbHOTO JABHUKEHHUS B TEPMETHIECKH 3aKPBITOE TPOCTPAHCTBO WIIM Yepe3
HETIPOHUITAEMYIO TIEPETOpOaKY. JIByxXcTymeHUarass cxeMa BOJHOBOW Mepeavyd IO3BOJIIET IOIy4YaTh

NepeAaTOUYHBIC OTHOIICHUA 1O HECCKOJIBKUX TBICSAY.
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[To cpaBHEHMIO C TUTAHETApHBIMHU TepenadyamMu BoOJHOBbIE UMeroT Oosbmue KIIJ, Tounoctes u
MEHBIIUA MEPTBBIN XOI.

K Henmoctarkam BOJIHOBBIX I€pelad OTHOCSATCS CJIOXKHOCTb HM3IOTOBJIEHUS U HEBO3MOYKHOCTH
MOJIyYEHUsI MaJIbIX MepPelaTOUHBIX OTHOIIECHUH (MeHblIe 50).

[IpuMeHsIOTCSl BOJIHOBBIE Iepelayl B KHUHEMAaTHYeCKMX M CHUJIOBBIX MPUBOAAX C OOJBIIMM
NepeaTOYHbIM OTHOILIEHUEM; B OTCYETHBIX YCTPOWCTBAX MOBBIIMIEHHOW TOYHOCTH;, KaK MPUBOA JIA

nepcaadyun ABUKCHHA B TCPMCTU3UPOBAHHOC IPOCTPAHCTBO.

Pacuer neperaTo4Horo OTHOILIEHHS

s Toro 4toObl ONpeneauTh MEPEeAaTOuHOE OTHOILIEHUE, HY)KHO UMETh 0 KpailHell mepe JBe
LIECTEPHHU, CLIETNIEHHBIE IPYT C APYTrOM; TaKO€E CLEIUIEHHE Ha3bIBaeTCs 3youaroil nepenaueid. Kak nmpasuiio,
nepBasi IECTepHs SABJSETCS BeIylled IIecTepHel (KpemuTcs K Bajy JABHUraTels), a BTOpas — BEIOMOM
miecTepHeil (KpenmuTcest K Balmy Harpy3ku). Mexy Beayiei U BeZJOMOH IECTEpHSIMU MOXKET OBbITh CKOIb
YroAHO MHOTO 1mectepeH. OHM Ha3bIBalOTCS IPOMEKYTOUHBIMH.

Ceiiuac Oyzner paccMOTpeHa Iepejayda ¢ AByMsl HIecTepHsIMU. [[1s onpeneneHus: nepesaTouyHoro
OTHOIICHHUS 3TU IIECTEPHH JOJKHBI OBITh CHEIUICHBI APYT C JPYTOM (TO €CTh UX 3YObsl CIIETUICHBI U OJTHA
IiecTepHsl OBOpaurBaeT Apyryto). Hampumep, naHa HeOonblnas Beayias miectepHs (mectepHs 1) u

0oJbIIast BeJoMas HiecTepHs (1ecTepHs 2).

Puc. 10. Cucremsl u3 AByX HiectepéH

[Ipocreimmii cioco® HAWTH MEPeIaTOYHOE OTHOIICHUE MEXIY ABYMs IIECTEPHSMU — CPAaBHUTH

KOJIMYECTBO 3yObEB Ha KakaoW M3 HUX. HeoOXxommmo ompenenuTs KoJWdecTBa 3yOheB Ha BeAyIIeH
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mectepHe. B manHoM mpumepe MeHbInas (Bemynas) mectepHs umeet 20 3yObeB, a Oosbmias (Bemomast)
mectepHs umeeT 30 3yObeB.

Heo6xoanMo pa3aenuTs KOJMYECTBO 3yObeB BEJOMO MIECTEPHH HA KOJIMYECTBO 3yObEeB BeNyIICH
IIECTEPHU, YTOOBI BBIYHUCIHTH IEPEIATOYHOE OTHOIICHHWE. B 3aBUCMMOCTH OT YCJIOBHW 3ajauw,
MOJKHO 3aITUCaTh OTBET B BHJIE ICCATHYHON APOOH, OOBIKHOBEHHOW JAPOOH MJIH B BUJEC OTHOIICHHUS (X:Y).

B nannom npumepe: 40/20 = 2. Tak e 0TBET MOXHO 3anucath B Buae 4/2 uimm 2:1.

Takoe nepenaTOYHOE OTHOIICHUE 03HAYAET, YTO MEHBINAS BEAYyIast IECTEPHS J0JDKHA COBEPILIUTD
1Ba 000poTa, 4TOOBI OOJIBIIAs BEAOMasl MIECTEPHS COBEPIIMIA OJUH 000pOT. DTO UMEET CMBICH, TaK KaK

B€aoOMasl IICCTECPHA 6OJ'II>I_HG, 4 3HAYUT BpallacTCsa MEAJICHHEEC.

JlaGoparopHasi padora Ne49.
Jlabopamopnan paboma «/[lopabomka u ogpopmnenue bino1HEHHBIX padom»
Kpartkue TeopeTruyeckue cBeleHUs

B nannoii paboTe He IPeaTyCMOTPEHO TEOPETUUYECKUX CBEJICHUM.

IIpakTuyeckas pabora NeS0
Konmponvnaa paboma «3auwyuma npoexmoe»
Kparkue Teoperudeckue cBeleHUs

B nanHoif paboTe He MpeyCMOTPEHO TEOPETHUECKUX CBEACHUH.

ITpunoxxenue 2.4. «KpaTkue TeOpeTHYECKUE CBEACHUD K MEpONpUATHIO Ne2
(ctpanuna 87 us 87)



