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BBEJEHHUE

Jlig perieHnss MHKEHEPHBIX 33/1a4 HEO0OXOMMbI 3HAHHUSI OCHOBHBIX MOJIOXKE-
HUIl MEXaHHUKH, 00ECIIEUNBAIOIIMX B3aUMOIIOHUMAaHUE U B3aUMOJICHCTBUE HEMEXa-
HUYECKUX CIELHUAIBHOCTEW C MAIMHOCTPOUTEISIMU [IPU PELLICHUU 3a/1a4 CO31aHUs
HOBOM TEXHUKH, €€ COBEPIICHCTBOBAHUSA U IKCIUTYaTallUH.

C nenpto pa3pabOTKU HOBBIX U MPOBEPKU M3BECTHBIX 3aBUCUMOCTEN U METO-
JIOB pacyeToB BO3HUKAET HEOOXOIUMOCTh MPOBEJIEHHS ONBITOB C 0Opa3lamu, Jie-
TaJIIMU U UX MOJEIISIMH.

JIns n3ydeHuss CBOWCTB MATEPUAJIOB HCIIOJIB3YIOTCS CIIELIUAIbHBIE HCIIBITA-
TEJIbHBIE MAIMHBI U MPUOOPBL. X yCTpONCTBO, NPUHLMIIBI JEHCTBUS U XapaKTe-
PUCTUKU MPUBOAATCS B y4eOHOM MOCOOMHU MJIM YKa3bIBAIOTCSI CCHUIKHM HA JIUTEpa-
TypHBIE HICTOYHHKHU.

B Tex ciydasx, KOraa MHTEPECYIOLME XapaKTEPUCTUKU ONPENEIAITCA KOC-
BEHHBIM IIyTEM, IIPUBOJATCS MATEMATUYECKUE BBIPAXKEHUS, OTPAKAIOIIUE ITU CBS-
34, a TAKXKE IIOCIIEA0BATEIBbHOCTD UX ONPEIEIICHHUS.

C 1enpro MOJyYEHHUs TOCTOBEPHBIX PE3YJBTATOB HU3JIOKEHBI: METOIHUKA IIPO-
BEJICHUS OIBITA, TIOKA3aTENH, MOJIeKAIINE PETUCTPALMU, METOIbl 00pabOTKU pe-
3yJIbTaTOB.
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TEXHUMKA BE3OITACHOCTH
ITPH BBIITOJIHEHUMU JIABOPATOPHBIX PABOT

Ilepen BeIMONHEHHEM J1a0OPATOPHBIX PadOT HEOOXOAUMO O3HAKOMHTHCS C
HACTOSALIUM TpeOOBAaHUEM TEXHUKH OE€30MAaCHOCTH, MOPSAKOM BBIOJHEHUS paloT,
YCTPOMCTBOM U MPUHIUIIOM pabOThI 1a00paTOPHBIX YCTaHOBOK.

1. BkitoueHne ycTaHOBKY IIPOU3BOAUTD:

— C pa3pelIeHus IpenoaBaTess Wik JabopaHTa;

— P HATMYUH 3a0UTHBIX KOXKYXOB U 3alIUTHOTO 3a3€MIICHHUS.

2. 3anpelaercs HaXOAUThCS B 30HE MEPEMEILICHNS] MEXaHU3MOB.

3. [lepen BKIIIOUEHHEM YCTAaHOBKHA HEOOXOIMMO MPOBEPUTH MPABUIBHOCTH U
JOCTaTOYHYIO HAJIEKHOCTh KPEIUIEHNsI 00pa3LoB B 3aXBaTaxX U 3a)KMMaXx.

4. B npouecce NpoBeIeHNs UCIBITAHUN 3alpeniaeTcsl Tporatb pyKaMu UCIbI-
ThIBa€MbI€ 00pa3Lbl, ABIKYIIHECS JETAIM U MEXaHU3MbI MallllH.

5. CHUMaTh UCHBITBIBa€Mble 00pa3lpl ¢ MAIIMHBI MOXHO TOJBKO IIOCJE €€
IIOJIHOM OCTAaHOBKH M OTKJIFOUEHHS.
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JIABOPATOPHAS PABOTA Ne 1
NCIIBITAHUE HA PA3PBIB CTAJIbHOI'O OBPA3LIA

He.]'ll/l paﬁoTbIZ HN3Y4YCHHUC ITOBCACHUA MATCPHUAJIOB IIPU PACTSKCHUU; I1I0JIYy4C-
HHUC JuarpaMMmbl pacCTsKCHHUA U OIIPCACIICHUC MCXAHUYCCKUX XAPAKTCPHUCTHK, T.C.
BCJIMYUH, XaPAKTCPUIYIOIIUX ITPOYHOCTD, INIACTUYIHOCTD U BA3KOCTD.

1.1 OO01ue MoJI0KEeHUSA

Oopa3zey 01 ucnvimanuii

Jlis McTIBITaHUN Ha Pa3pbIB MCIOIB3YIOTCS CHelHMalbHble 00pa3slibl, U3ro-
TOBJIEHHBIE U3 UCCIIEYEMBIX MAaTE€pPUAIOB, KOTOPBIE, B OCHOBHOM, BBITAUMBAIOTCSA
U3 MPYTKOBBIX 3arOTOBOK MJIM BbIpe3aroTcs W3 jucta. OJHAKO UCIbITaHUuE o0pas-
1IOB, M3TOTOBJIEHHBIX W3 OJHOTO M TOrO XK€ Marepuaia, HO MMEKOIIMX Pa3HyHo
(dbopMy, OKa3bIBAET pa3Hble Pe3yJabTaThl. TOJBKO MPHU UCHOJIB30BAHUU MOJOOHBIX
00pa3I0B CTAHOBUTCS BO3MOXKHBIM CpPaBHEHHE PEe3yJIbTaTOB OMNBITOB. [lonHoe reo-
METpUYECKOE 01001e oOecrieunBaeTcs y 00pas3oB KPYyriioro monepeyHoro ceve-
HUS C OJMHAKOBBIM COOTHOILLIEHUEM paboueil NuHbI £y K AUaMETpy dp.

O6pruno ¢, =10-d, (mopmanbHsIil 0Opasen) uan £, =5-d, (yKOpOUCHHBIH

oOpazen) (pucyHok 1.1).

Pucynox 1.1 — O0pas3e1r /17151 HICTIBITAHUIA HA PaCTSKEHUE

Huazpamma pacmarcenun

[Tepen ucnpiTanneM oOpasel] 3aKpeIUIsOT B 3axXxBaTaxX HCHBITATENbHON Ma-
IIMHBI KOTOpash 0o0Opy/lOoBaHa YCTPOWCTBOM JJisi aBTOMAaTMUYECKOM 3allucu Jaua-
IpaMMBbI PACTSKEHUS B KOOPAUHATAX: cuaa — yoaunenue, To ectb P=f(Al). B npo-
LIECCE OMbITA MOIYYAIOT HEPEUUHYI0 OUAZPAMMY pacmadiceHus odpasla U3 Majo-
YTIEPOIUCTOM CTAJIU, TPUMEPHBINA BUI KOTOPOU MPEACTABJICH HA pUCYHKE 1.2.

Jlo Hauana nedopmaruu oOpasla nepemelleHrue MoABMKHOIO 3axBara Hc-
IBITaTEIbHON MAIIMHBI TPOUCXOAUT O€3 HapacTaHUs WU C HEOOJbIIUM yBeIude-
HUEM Harpy3Kku, KOTopas HeoO0XoiuMa Ui YCTPaHEHHUs 3a30pOB, KaK B MEXaHU3MeE
MAIIMHBI, TaK U MEX]ly TOJIOBKaMH 00pa3iia u 3axBatamu. [loaromy Ha auarpamme
B CAMOM Hayajie MCIbITAaHUM TNOSIBIIAECTCS CHAa4YaJIa TOPU3OHTAIBHBIM, a 3aTEM KPH-
BOJIMHEMHBIA Yy4YacTOK. Bciien 3a HadalbHBIM KPUBOJMHEHMHBIM Y4YacTKOM Jua-
rpaMMbl HaOMOaeTCsl OBICTPBIM POCT HArpy3KH, AuarpaMmma HUJeT M0 HaKJIOHHOU
IIPSAMOM, UTO COOTBETCTBYET IIPSMOM MPONMOPLIMOHATIBHOCTU MEXIY HArPYy3KOU U
yJIMHEHUEM o0pasIia.

UToOBl UCKIIIOUUTH U3 PACCMOTPEHUsI KPUBOJMHEMHBIN yyaCTOK B Hadaje
JUarpaMMsbl, CIeAyeT NPOJOJIDKUTH NPSAMOIUHEUHBIA OTPE30K AUArpaMMbl 10 OCU
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ka P,, OTo HauOonblIas Harpys-
Ka, TpU KOTOpOW HaOIrofaeTcs
npsiMasi JIMHEWHAs 3aBUCUMOCTh
o MEXIy Harpy3kou u nedopmaru-
er. Touka B aumarpammel cOOT-
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PucyHok 1.2 — JluarpamMma pacTsiKeHUs Yyasix O3TU BEJIUYUHBI CUUTAIOT
MaJoyTJIEPOIUCTOMN CTaIN paBHBIMH.

[Ipy HEKOTOPOM 3HAYECHHUU
pacTsaruBarolel cuiibl Pr HabMo1aeTcs poCT yAJMHEHUS 0€3 YBETUYCHUS Harpy3-
KH. DTO SIBJIEHUE Ha3bIBAETCA meKyuecmvto memainia. COOTBETCTBYIOIINUNA YYaCTOK
JqyarpaMMbl (IMMOYTH TOPU3OHTANILHBIN) HA3bIBACTCS HJIOWAOKOU meKydecmu (OT-
pesox CC’). B ciydae, Koraa MOBEPXHOCTb 06pasiia OTIONHPOBAHA, HA HEll MOKHO
OOHapy>kuTh (MaTOBYK) MOBEPXHOCTH) CETKY JUHUN, HAKJIOHEHHBIX MOJ YIJIOM
npumepro 45°. D10 Tak HassBaemble nuHHU Jl0depca-Yepnosa. Hampasnenue
yYKa3aHHBIX JIMHUWA COOTBETCTBYIOT IUIOLIAAKAM, HA KOTOPBIX NIPHU PACTSHKEHUH 00-
pasiia BO3HUKAIOT HAUOOJIBIIINE KacaTeJIbHbIE HATIPSHKCHUSI.

[To okoHYaHUU nrOWAOKU meKyuyecmu OOpa3zell BHOBb HAaUMHAET CONPOTHUB-
JSAThCS AeopMaIuu, Mpyu 3TOM 3aBUCUMOCTh MEXIY CHJIOW U YIAJIMHEHUEM HeJH-
HEeWHas: yJIMHEHUE pacTET ObICTpee HArpy3Ku. DTOT YYacTOK JMarpamMMmbl Ha3bIBa-
10T 30H0U ynpouHeHnus (y4acToK C'D). Ioka Harpy3Ka He JOCTHUIJIa MaKCUMaJbHO-
ro 3Ha4yeHus, AedopMalliy paclpeiesstoTCs paBHOMEPHO MO BceMy obOpasiy. C
MOMEHTa, KOTJla Harpy3ka JOCTUTaeT Haubosbiiero 3HadeHus P,, (touka D aua-
rpaMMBbl PacTsSHKEHUS ), OCTaTO4YHas Aedopmaliusi NpruoOpeTaeT MECTHBIN XapakTep,
KOHIEHTPUPYACh OKOJIO OJAHOIO Kakoro-imOo ydacTka Mo JUIMHe 0Opaslia, OKa3aB-
nierocsi HauOoJiee cliadbIM, TJI€ M HAYMHAETCSl 00pa30BaHUE TaK Ha3bIBaeMOM IIei-
KU, TO €CTh MECTHOTO CY>KEHHUS MONEPEYHOro ceueHus: oopasua. Benencrtue nHTEH-
CUBHOTO YMEHBILIEHUS TUIOIIAIN CEYCHMs JJIsl ajdbHEeHIIero pacTshkeHus: odpasua
HY>KHa MeHblIas Harpyska. [loaromy Ha nuarpamMmMe HaOMIOAAETCs MaJCHUE HArpy3-
KU (Touka L) 1o BennunHel P,, COOTBETCTBYIOILEH pa3pbIBy 00OpasLa.

Berllie npencraBiieHHasi quarpamMma pacTskeHust (pucyHok 1.2), mosyyeH-
Hasl ONBITHBIM MYTEM, XapaKTepU3yeT CIOCOOHOCTh 00paslia COMPOTUBIISATHCS pac-
TSOKEHHUIO B 3aBUCUMOCTH HE TOJIBKO OT CBOMCTB MaTepualia, HO U OT ero abCcooT-
HBIX F€OMETPUYECKUX pa3MepoB. sl MOTydYEeHUs] MEXaHUYECKUX XapaKTEPUCTHUK
MaTepuaia U3 KOTOPOTro U3TOTOBJIEH OMBITHBIM 00pasel, He0OXOAUMO HCKIIOYHUTD

P,
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BIIMSHUE €ro T'€OMETPUUYECKUX
pa3MepoB, T.€. nepeUUHYI0 Oua-
epammy TIEpecTpauBaloOT: BCe
OpJIUHATHI (3HAYEHUSI XapakTep-
HbIX ycunui P) njenat Ha
HavyaJIbHYIO TuIionanb Ay, a Bce
aocuucenl (ymmHeHnue Af) — Ha
HavyajabHYyI0 JIUHY {). B pe3ynb-
TaTe MOJIyYAIOT YCAOGHYI0 OUa-
2pammy  HANPAMNCEHUNl  npu
pacmsaxycenuu (pucyHoxk 1.3) B
Pucynox 1.3 — Jluarpamma HanpspKeHUM KOOpJAWHATaX: OTHOCUTEIbHOE
yIJIMHEHUE &  HOPMAaJIbHOE
HampspkeHue o. [lannas nuarpamma mojoOHa nepuuHol M OTIMYAETCS TOJBKO
MacmTaboM. Yenoenoui ouazpamma nanpasxcenuii npu pacmaxycenuu (B Jajib-
HEWILIEM Ouazpamma HaAnpA}CeHuil) Ha3bIBA€TCsl IOTOMY, YTO HAIPSIKEHUS U Jie-
dbopman OTHECEHbI K MEepPBOHAYAJIBHBIM IUIOMIAAN U JTMHE obpasya. Ha oua-
epamme Hanpsodicenuti (pUCyHOK 1.3) HaHeCeHbI Npe/ebHbIe HAPSKEHUS, T.€. Xa-
PaKmepucmuxy npoyHOCmu Mamepuaia: npeoeivl nponopYUOHATbHOCHU Oy, Me-

Kyuecmu o7 U NPOYHOCHU Oy,
Ilpounocms — ciocoOHOCTH MaTepualia CONMPOTUBIATHCS JIEUCTBUIO BHEIII-

HUX Harpy30K HE pa3pyliasich.
Ilpeden nponopyuonanvnocmu — HauOoNbIlIee HANPSXKEHUE, 1O TOCTHXKE-

HUSI KOTOPOTO CIIpaBeJIUB 3aKoH ['yka:

_P’W
Oy =~
o

Ilpeden ynpyzocmu — HanpspkeHHE, 1O TOCTHXKEHHS] KOTOPOTO B 00pasie
BO3HUKAIOT HE3HAYUTEIbHBIE OCcTaTOuHbIe AedopMmanuu, nopsaka 0,02%:

Touka A u B ouacpammer nanpsicenuti (pucyHoK 1.3) HACTONBKO OJM3KH
JIPYT K JOPYTy, YTO OOBIYHO CUMTAIOT MPENeT YNPYroCTH U Tpenesl MPOIOpPIHO-
HaJIbHOCTH COBITQIAOIIIMH.

Ilpeden mekyuyecmu — yClIOBHOE HampsDKEHHUE, MTPU KOTOPOM MPOUCXOIUT
YBEIMYCHHE IIACTUYCCKUX Nedopmaruii oOpasiia u mepexo U3 ynpyrou B ymnpy-
TOIJIACTHYCCKYIO 00JIaCTh TIPH MOCTOSTHHOM HArpy3Ke:

Wuorna 3a mpenenoM TeKy4ecTH Harpyska, HeoOXoaumas JIsl TalibHenIen
nedopmary 00pasiia, HAYMHAET YMEHbIIAThCA. B 3TOM citydae HaOmroaeTcs 1Ba
npenena TeKy4yecTH: BEpPXHUM, COOTBETCTBYIOIIUNA HaWOOJbIIEH HAarpy3ke B WH-
TepBaje TEKy4yecTH (Touka A Ha pucyHke 1.4 a), U HHKHUNA, COOTBETCTBYIOLIUI
HauMeHbIel Harpy3ke (Junus BB)).
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Pucynok 1.4 — JluarpamMmma pacTsiKeHUs
MJJACTUYHOTO MaTepuaia

maaKka TEKy4eCcTH OT-
CyTCTBYET, TO €CTh Ma-
Tepuasl HEe UMeeT (PU3u-
YECKOro Impefena TeKy-
yectd, 1o ['OCT 1497-73 cnemyer onpenenuTh BEJIMUMHY YCIOBHOIO Ipeena Te-
KY4YeCTH KaK HalpsDKEeHHs, COOTBETCTBYIOIIETO 0,2% OCTaTOYHOTO YIJIMHEHUS.
OTkJazpiBas 3Ty BEJIMYMHY B COOTBETCTBYIOIIEM MaciiTade Ha ocu abcIuce aua-
rpaMMbl PacTsKEHHS], TPOBOAAT HakIOHHYI JuHUI0 BC, mapammensnyro OA, 1o
nepeceveHus ¢ KpuBou pactsbkeHus (pucyHok 1.4 6). Touka nepeceuenust B omnpe-
JIeTISIeT BBICOTY OPJMHATHI, T.€. Harpy3Ky Py, 4TO COOTBETCTBYET yCIOBHOMY IIpe-
JeTy TEKYUYECTH:

Ilpeden npounocmu — yCIOBHOE HaIpsSKEHUE, COOTBETCTBYIOIIEE MAKCH-
MaJbHOWM HAarpy3Ke, BhIAEPKUBAEMON 00pa3IioM 10 pa3pyILICHHUS:
P

n4

o, =—".
"4

Kpome xapakTepuCTHK NMPOYHOCTH MO JUarpamMmaM pacTsiKeHHs! (pUCYH-
ku 1.2 u 1.3) onpenensitorcs XapakTePUCTUKU MIIACTUYHOCTH.

IThacmuunocms — crnOCOOHOCTh MaTepuasia MOJA ACHCTBUEM BHEUIHUX
HArpy30K HCIBITHIBaTh 3HAYUTENIbHbIE OCTAaTOYHbIC AedopMalid U MPU 3TOM He
pa3pymarbcsi. XapakTepUCTUKOM MIIACTUYHOCTU 00pa3lia A6/1aemca adconomuan
oepopmayusn. Otpe3ok OF (cM. pucyHok 1.2) Ha ocu abcuucc auarpaMmbl U300-
pakaeT nonuywo nepopmanuro Alys,, paBHY0 CyMMe OCTaTOYHOM M YIPYro# ne-
dbopmaruii oopasia:

Al s, =AC, +AL, .

YToOBl MONYYUTh HA JUArpaMMe TOJIbKO OCTAaTOYHOE YUIMHEHUE, CIIeTyeT
MIPOBECTH HAKJIOHHYIO NpsiMyro DF, mapamnensnyto OA, KOTOpast OTCEYET HA OCH
abcrucce otpe3ok OF, coOTBETCTBYIOIMMI BETUYHHE OCTATOYHOU AehopMaIivu, U
otpe3ok FE, cooTBeTcTBYIOIIMiI yripyro# aedopmainu oopasia npu pa3phiBe:

AL, =L,=1L,,

ocm

rae ¢, — anuHa odpasia nocie paspyuieHus (paspbisa).



10

B nanmuuun ynpyrux aedopmanuii 3a mpeaeioM ynpyrocTd MOXHO yoOe-
JUTBCS, €CIIM B MPOLECCE OIIBITA, MOCIE TOrO0 KaK MaTepual IOIYYUI YXKE 3aMeT-
HYI0 OCTaTOYHYIO Jeopmaluio, MPOU3BECTH pa3rpy3Ky oOpasla, mnepeBens Ma-
HIMHY Ha 00patHbIi xoa. [Ipu 3TOM camonuceln] NpoYepTUT HA AUATPAMME MPSMYIO
KG, napamiensuyto OA (pucyHok 1.2). 9To noaTBep:KAaeT HAIMYKE YIPYrou ne-
¢opmanuu GH npu pactsskeHMH o0paslia B IUIACTUYECKOW 30HE (MCUe3HYBLIEH
IpU pa3rpy3Ke) U CBUAETEIbCTBYET O TOM, YTO yINpyras aedopmanus NoIIUHSIET-
cs 3aKkoHy ['yka 1 3a npeesaoM NponopUuOHAIbHOCTH.

Ecnu mocne pa3rpy3ku nogBeprHyTh 00pasel] NOBTOPHOW Harpyske, TO JIv-
HUs TIOBTOPHOM HArpy3Ku Moyt cosmnagaer ¢ npsamor GK, mo koropou muia pas-
rpy3ka. 13 aTtoro ciemyer, 4To Marepual, MOABEPTHYTHIN MacTuyeckomy nedop-
MHUPOBAHUIO B XOJIOJHOM COCTOSIHMHM, TIOBBIILIAET CBOW Mpeies MPONOpLUUOHAIBHO-
CTH JI0 TOrO HAmNpsDKEHHs, ¢ KOTOpPOro ObUla HayaTa pasrpy3ka. JTO SIBICHHE
Ha3bIBAETCS HAKJIETIOM.

Mepoii IIIaCTUYHOCTH Marepuasga CUUTAT OMHOCUMENbHOE OCMAMOYHOE
yonunenue. K MOMEHTY pa3pbiBa pabouast yacth £, o0pasla yJJIMHUIACh Ha BEJIH-
yuHy Afl,s,. Ilocne paspeiBa ympyras uyacTb oOLIeH JeopMaluu HCUE3HET, a
octaHercst octatouHas aepopmanus Al,.,. OTHOILIEHHE NMPUPAILEHUS PACUETHON
JUIMHBI K [IEPBOHAYaIbHON JIIMHE £, HA3BIBACTCS OMHOCUMEIbHBIM OCHAMOYHbIM
YOIUHEHUEM:

g = Ao 1009

0
B mecte oOpa3oBaHus mIeMKK ceueHHe oOpasiia pe3ko ymeHbiaercs. Ot-
HOIIICHUE YMEHBIICHUS TUIOMIAd TOMEPEYHOr0 CEUCHHS B MECTE pa3phiBa
AA=Ay-Ay; x IEpBOHAYAIBHOM TIJIOMIAIA A IONIEPEYHOTO CEUCHUsT 00pasiia Ha3bl-
BACTCA OMHOCUMEIbHBIM OCHAMOYHBIM CYHCCHUEM.:

A4
= =2.100%.
== 0

0

[To BenmuuMHAM & M | OLICHUBAIOT IIACTHYCCKHE CBOWCTBA MaTepHalia Mpu
UCIIBITAHUH Ha PACTsHKEHUE.

CrocoOHOCTh MaTepHuaia CONPOTUBIIATHCS JIEHCTBUIO BHE3AMHO MPUIIOKEH-
HBIX HArpy30K Ha3bIBAIOT @A3KOCHMbI0. DTO COMPOTUBIICHUE OOJIbINE, YeM OOJIbIIe
paboTa, KOTOPYIO HY>KHO 3aTpaTuTh, YTOOBI pa3zopBath oOpaszen. Pabora Fp, 3aTpa-
YeHHas Ha pas3pylIeHre 00pasia onpeaessieTcs MIOMaabo S TuarpaMMbl, 3aKIT0-
yenHas Mexay kpuBoi OABCKDL u ockro abcrucc. [lnomans S MOKHO 3aMepUTh
TJTAHUMETPOM, TOTAa

Fp=Smmn,

rie m u n — MacmTababie KO3 PUIMEHThI, COOTBETCTBEHHO, CHIIBI U JehOpMaITiu.

PaGota, 3aTpauennas Ha AedopMaIfio U pa3pbiB, PAaCUETHON YacTH 00pa3Ia:

Fp=Pp-Alosyn,

rae 7 — Koo PUIIMEHT 3aM0JIHEHHS] TUarpaMMbl; i MArkoi ctanu 7 = 0,85.
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OrHomrenne a, = —- = —7~— Ha3bIBAIOT yIelbHOI paboroil. OHa Xapak-

VP Ao x4 0
TCPU3YCT CHOCO6HOCTB MaTcpuajia IOrjIoIaTb SHCPIUI0 IIPHU pas3pbIBC, BA3KOCTb
MaTtcpuajia U COIIPOTHUBIIICMOCTDb BOSHCﬁCTBHIO ANHAMHWYCCKUX HAI'py30K.

Mexanuzm oopazosanusn degpopmayuu

[Ipn paccMOTpeHMM JUarpaMMbl PACTSXKEHUSI paHEe HE 3aTparuBajiucCh
BHYTPEHHHE MPOIECCHI, MPOUCXOAAIINE HA MOJEKYJISIPHOM ypoBHE. Mexay Tem
MPOLIECCHI, MPOUCXOAANINE B MaTepraie npu AehopMalusaX U pa3pylieHUH, Onpe-
JIEIIAOTCS CTPYKTYPOM MaTepuaa.

Mexay aromMaMu KpUCTaUIMYECKOW PEIIETKH CYIIECTBYIOT CHJIbI B3aWMO-
nerctBud. s cBOOOAHOTO, HEHArpy>KEHHOTO, COCTOSIHUSA CUCTEMa CHUJl B KpH-
CTaJlJIe SIBJISIETCA CTPOTO OINPEACIIEHHOM, KaK U pacipeieIeHue CaMUX aTOMOB.

[lox neiicTBMEM BHEUIHUX CUJI aTOMbI B PEIIETKaxX MOJIy4arOT B3aWMHbIE
CMEUIEHUS], U CHJIbl B3aUMOJEHCTBUSA MEXIAY HUMHU MEHSIOTCSA. 3aBUCUMOCTh MEXK-
Jly CHUJIaMH B3aUMOJEHCTBUS U CMELIECHUSIMU HOCHUT CJIOKHBIN XapakTep, HO B Mpe-
JieJIaX MaJbIX CMEUIEHUN 3Ty 3aBUCUMOCTh MOYKHO PacCMAaTpUBAaTh KaK JIMHEHHYIO.
Tak Kak cMelIeHUs] TPOUCXOJSAT B Pa3HbIX HANPABICHUAX XAOTHYECKH PaCIOJIO-
YKEHHBIX KPHCTAJJIOB, TO B CYMME OHM MOPOXKIAOT MPONOPLIUOHAIBHYIO 3aBUCH-
MOCTb MEXAY CMEIICHUSAMHU TOYEK TeJla U BHEIIHHUMU CHUJIAMH, T.€. 3aBUCUMOCTb,
BBIPAXEHHYIO B 3aKOHE ['yKa.

[Tocne cHATHS BHEIIHUX HArpy30K aTOMbl CHOBa BO3BpAIIAlOTCS B CBOE TEp-
BOHAYaJIbHOE MOJIOKEHHUE, U TEOMETPUUYECKUE pa3MepPbl TeJla MOJHOCThIO BOCCTa-
HABJIMBAIOTCS, TO €CTh HAOIIOAAETCS] CBOMCTBO YIPYTOCTH.

[Ipn TekyuecTn MaTepuaa MPOUCXOAMT IJIacTHUECKas Aedopmaius, 00y-
CIIOBJIEHHAs CJIBUTaMU B KPUCTAJUIMYECKUX pelleTkax. HarmsaHoe moaTBepikie-
HUE ATOMY JAa€T, B YAaCTHOCTH, HAOJIOJIEHHWE 32 MOBEPXHOCTHIO MOJIMPOBAHHOIO
oOpasna. B 30He oO1el TeKy4ecTd U YyNPOYHEHHUsI, TO €CTh MPU BO3ZHUKHOBEHUU
3aMETHBIX TUTACTHYECKHUX Nedopmaliuii, TOBEpXHOCTh 0oOpaslia MOKPHIBAETCS CH-
CTEMOM TOHKHUX JIMHWI, HAKJIOHEHHBIX MOJ YIJIOM MpPUMEpPHO 45° K mpoaosIbHOM
ocH. DTH JIMHUH BIIepBbIe ObLITN 0OHapyskeHbl pycckuM Mmetaryprom J[.K. UepHo-
BBIM U HOCAT Ha3BaHUE — MOJIOCHI CKOJIBKECHUSI.

PacueTsl moka3pIBaloT, 4TO MaTepual MPH PACTSHKEHUHM CIIOCOOCH BBIIEP-
XKaTh 0e3 00pa3oBaHUs IJIACTUYECKOMN AedopManuu HanpspkeHue mopsaka 0,1 ot
Moayisi ynpyroctu E. OmUbITOM YCTaHOBJICHO, YTO HAMpPsHKEHUS HEOOpaTuMoun
mactuaeckot nedopmanuu cocrasistor (0,05...0,16)-E. Ilpsamast cBsi3b Mexay
UJCaNbHON MPOYHOCTHIO U MoAyseM ynpyroctd E odeBunna. OHM UMEIOT oO1iee
IIPOUCXO0KJIEHHUE U ONPEIEISAIOTCA XapaKTEPOM MEKaTOMHOT'O CLIETUICHHS.

OpnHako B pealibHBIX MaTepuanax npeaes TEKYYeCTH U Mpejiesl MPOYHOCTH B
JIECSITKH, @ TO U COTHH pa3 MEHBIIIE, YeM pacyeTHbIE. DTO OOBSACHSAETCS OTKIIOHE-
HUEM CTPOCHHS pealbHbIX KPUCTAJUIOB METaula OT HACAIbHOM KPUCTAJIMYECKON
pEeIIeTKH, TO €CTh HECOBEPIIEHCTBOM (Ie(heKTaMn) KPUCTAJUIMYECKUX PEIIETOK.

Haubonpiiee BIMsHUE HA CHIKEHUE MPOYHOCTH METajla OKa3bIBAIOT T'€O-
METPUYECKUE HAPYIIECHUS UACAITBHOIO CTPOCHUS KPUCTAIIOB (IMCIOKAIIUN).
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[lepemerienne TUCIOKALMU Yepe3 KPUCTAIUT MOKHO YHOJIOOUTH ABUKEHUIO
CKJIaJIKU 110 KoBpY. Koraa nocnensss ckiaika NpoxXoauT MO KOBPY, OH OKa3bIBaCT-
Csl HECKOJIBKO cIBUHYThIM. Ho cuia, HeoOXxoaumasi aJid MepeMelieHus] CKIaaKu,
3HAUUTEILHO MEHbIIIE TOM CHIIbI, KOTOpas Hy»Ha, 4YTOObl CIBUHYTh Ha TaKyIO BE-
JMYUHY BECh KOBEP.

JIB>KeHUE JUCIIOKAIlMU COMPOBOXKAAETCS JAUHAMUYECKUMHU ddPerTamu.
ATOMBI MPUOOPETAIOT KMHETUYECKYIO HEPTUI0O U COBEPIIAIOT KOJIEOaHUsI OKOJIO
BHOBb IIPUOOPETEHHOTO TMOJIOKEHUS paBHOBecHs. [Ipu 3TOM BbIAENSAETCS TEIIIO U
BO3HHKAIOT aKycTuieckue 3ddextol. HarpeBanue obpasma oOHapyKUBaeTCs JieT-
KO, a akycTuaeckue ad(HexTsl (Tpeck) 0OHAPYKUBAIOTCS C MTOMOIIBIO CTICITHATBHON
anraparypsl Jaxe Ha CaMOW paHHEW CTaJAuM BO3HMKHOBEHMS IIJIACTUYECKOW Jie-
dbopmanuu.

B mporecce HarpyxeHHsl COCETHUE KPUCTAUIbI B3aMMOJEHCTBYIOT JIPYT C
JPYroM, U BO3HHUKILIEE B OJHOM KpUCTaJlIE IIACTUYECKOE CMEIIEHUE OIIOKUpYyeTCs
COCETHUMH. DTUM U OOBSCHSETCS BO3HUKHOBEHHE 30HBI YIPOUHEHMsI (HAKJEna).
OnHAaKO ¢ BBITSKKOM (HAKJIENIOM) YHMCIIO JUCIOKAllMi HE YMEHbBILAETCs, a YBEIU-
yuBaeTcs. KaxxIplil KpucTaml, B3auMOJEUCTBYs C COCETHUMH, BBI3BIBAET MOSBIIE-
HUE HOBBIX JIuciokauuid. HekoTopble TUIBI AUCIOKAIMM CIOCOOHBI K BOCIPOU3-
BOJACTBY. Eciay HeT BbIXo/Aa AUCIOKALUSAM, TO OHH MOTYT OOBEIUHATHCS, 00pasys
MUKPOTPEILUHY.

CrnepnoBatelbHO, MPOLECC Pa3pyLIEHUsI UMEET B CBOEH OCHOBE JIBa B3aMMO-
OOyCJIOBJIEHHBIX U MPOTUBOPEUMBBIX MeXaHu3Ma. [lepBbiii MexaHu3m — oOpa3zoBa-
HUE TJIACTUYECKUX JAe(popMallvii MyTeM CIBHra, BTOPO — 00pa3oBaHUE U pa3BU-
THE TPEUIMH C MOCJIEIYIOUIUM pa3pbiBoM. MHOrga pa3pylieHre BbI3bIBACT NEPBBIN,
MHOT]Ia — BTOPO MEXaHU3MBI.

PaccmatpuBast mpoiiecc pasrpy3ku, HE0OX0IUMO MOMHHTh, YTO MPHU TIACTHU-
yeckol JedopManui HaOI0AaeTCA HE TOJIBKO CIBUI KPUCTAJIIIOB, HO U UCKaYKEHUE
KPUCTAIUTMYECKOM pEIIETKU. DTUM U OOBSACHSAETCS HaJIWYMe IUIACTUYECKOH U
ynpyroi aepopmanuu. Ilpu pasrpyske popmMa HCKa)EHHOW KpPUCTAUTMYECKOU
pellIeTKH BOCCTAHABIMBAETCS, TO €CTh CHUMAeTcs ynpyras aedopmanus. [Inactu-
yeckas eopmalysi He BOCCTaHaBIMBAETCSl.

1.2 MeToauka BbINOJHEHUS PA0OTHI

[lepen ycraHoBKkOM oOpasiia MPOU3BOAMTCS MU3MEPEHHUE €ro JUIMHBI (C TOY-
HOCThIO 710 0,1 MM) 1 tuameTpa (¢ TouHocThIO 10 0,05 MM). DTH JTaHHBIEC 3aHOCAT-
Csl B J)KypHal.

Ha Oapaban camomuciia 3akperuisieTcsi nuarpamMmHasi Oymara Tak, 4ToObI
CTajbHas JIMHEMKa, MpUKperuisitonias Oymary k 0apabany, Obliia c3aau nepa. 3aTeM
oOpa3zell yCTaHABIMBACTCA B 3aXBaTaxX MAaIlIMHBI U MOCTENIEHHO Harpyxkaercs. [lo-
MyTHO C BBITIOJHEHUEM OCHOBHOM 3a/layMl WCIBITAHUS JIEMOHCTPUPYIOTCS 3aKOH
pa3rpy3ku U o0pa3oBaHHE OCTATOUYHBIX Aedopmariuii. [ias 3Toro mocie npoxox-
neHus: o0pa3oM 30HBI TEKY4YeCTH MPOU3BOAUTCA pasrpyska. [locie momHoM pas-
TPy3KH MPOBOJUTCS MOBTOPHOE Harpyxenue. [lanee ucnpiTanue BeneTcs 10 pas-
pyuieHus oopasua.



13

B mpomecce ucnbiTanus BeAeTcss HaOMIOAEHUE 3a MOBEACHHEM o0pasia o
JrarpamMMe, BIYepUYMBaeMOl 3aIICHIBAIONIMM TPUOOPOM MAIIIUHBEI.

1.3 O6pab6oTka TaHHBIX ONBITA

1. Ilocne okOHYaHUS UCHBITAaHUSA U3MEPSETCS TUAMETP B MECTE pa3pbiBa U
JUTMHA pacTAHyToro oopasua. JlaHHble 3aHOCATCA B KypHAJL.

2. TlpousBoautcs 0O6pabOTKa IuUarpaMMbl pacTsHKEHHs (CM. pUCYHOK 1.2).
Ha nuarpammy HaHocsiTcs kKoopauHatHble ocu. Ochk abcuucc (0Ch YIJIMHEHUS)
COBMENIACTCS C HYJICBOW JIMHUEW AUarpaMMbl, a JJI NPOBEICHUS OCH OPJUHAT
(0Ch Harpy30K) HaXOJAUTCS HAYajI0 KOOPJAUHAT — Touka () — IpOoIOKEHUEM MPSMO-
JMHENHOT0 YYacTKa JuarpaMMbl O EPECEUEHMs C OChlo abciucc.

Ha nnarpammMe oTmMeuaroTCs XapakTepHbIE TOUKHU:

— TOYKa A — OKOHYaHHE Y4YacTKa MPONOPLHOHAIBHOCTH M Hayajo y4dacTKa
TEKy4ECTH;

— Touka B — cooTBeTcTBYET ycunuio Py, Ipu KOTOPOM B 00pa3Le BO3ZHUKAIOT
octarouHbie Aedopmaruu He npebimatontue 0,02%:;

— touka C — Hayano y4yacTKa TeKy4YeCTH;

— touka C' — KOHEIl y4acTKa TeKy4eCTH;

— To4ka D — cOOTBETCTBYET MaKCUMAaJIbHOUN HAarpy3Ke;

— Touka L — MoMeHT pa3pbiBa 00Opa3siia.

N3 Ttoukn L mpoBoauTcs nuHus napauieabHo oTpe3Ky OA. Drta JIMHUA OT-
CEKAET HA OCU YIUIMHEHUs 0Tpe30K Al,.,, pABHBI BEIUYMHE OCTATOYHOIO yIJINHE-
HUs o0pasia B macimitade 3amucu auarpamMmbl. OTpe3oK, OTCEKaeMblil BepTUKa-
Jb1O, JA€T MOJIHOE YIUIMHEHHE PAcYeTHOM yacTu obpasua Alyg,.

Ha nuarpamme 3amepstorcst opauHatel Touek A (B), C u D, COOTBETCTBYIO-
e Harpyskam P,,, Pr, P,,B Maciita0e 3alucu JuarpaMMbl. DTH BEJTMYUHBI 3aHO-
CATCS B )KypHAJL.

3. 1lo naHHBIM HCTIBITAHWUWA BBIYUCISAIOTCS CIEAYIOIINE MEXAHWYECKUE Xa-
PAKTEPUCTUKM MaTepHasa: npeaeil IpOOpUHOHAIBHOCTH Oy, MIla; ipenen TeKy-
4YeCTHU O,,, Mlla; nipenen NpOYHOCTU IIPU PACTSIKEHUU Oy, MIla; OTHOCUTEIBHOE
yaJIMHEeHue (Mpu paspeiBe) &, %; OTHOCUTEIBHOE CyXeHHue (Tpu paspbie) , %;
yIenbHas paboTa (Ha pacTSHKEHHE U PasphiB) dg, JK/MM .

[To moly4eHHBIM MEXaHUUYECKUM XapaKTePUCTHKAM YTOUYHSETCS MapKa cTa-
JIY, CTPOUTCS YCIOBHAsA IHAarpaMMa pacTsSHKEHUsS B KOOPAMHATAX G—€ U JEHA0TCS
BBIBO/IBI.

nps

1.4 KoHTpoJIbHbIE BONIPOCHI

1. Yro Ha3bIBaeTcs npeaeoM NponopuuoHAJILHOCTH?

Otset: Ilpenen nponopuHMOHAIBHOCTH — 3TO HANPSIKEHUE, 10 KOTOPOro, C
JIOCTATOYHOM CTEMEHbI0 TOYHOCTH, MOKHO MPUHUMATh JIMHEHHYIO 3aBUCHUMOCTD
MEXIy HampspkeHusiMu U nedopmarusmu. B aTtux mpepenax 3akoH ['yka gocra-
TOYHO TOYHO OTPaKAeT HCTUHHYIO, OOBEKTHBHO CYIIECTBYIOIIYIO 3aKOHOMED-
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HOCTh. Ha ycl0BHOM nuarpamMme pacTsKE€HHs 3TOT YYaCTOK MOKHO CUMTATh Mpsi-
MOW JINHUEHU.
2. YUto Ha3bIBaeTCs MpeaesioM TeKydecTu?

Oteer: J111 MaTepranoB, UMEIOIIUX SIPKO BHIPAKEHHYIO TUIOLIAAKY TEKyde-
CTH, TIPEIETIOM TEKY4YECTH Ha3bIBACTCS YCIOBHOE HAIPSKEHUE, TPU KOTOPOM Jie-
dbopmaisi Bo3pactaeT 0e€3 3aMETHOTO YBEIUYEHHUS HArpy3Kd U TEPEeXOJUT U3
yOpyroi B yIPYromiacTUYECKYIO 00J1acThb.

Ecnu Ha yclIOBHOW JIuarpamMme pacTsDKEHHS IUIOIIAJKa TEKy4eCTH OTCYT-
CTBYET, TO OINPEACIAIOT YCIOBHBIN MPEAEN TEKy4eCTH — HaNpsKEHHUE, MPU KOTO-
pom octaTouHast nedopmaius cocrasisieT 0,2%.

3. Uto Takoe npeaesa ynpyrocru?

OtBer: llpenenoM ynpyroctu HasbpIBa€TCs HAIPSKEHHUE, MPU KOTOPOM
ocrarouHas aedopmanus coctasiser 0,02%. o sToro mpeaena ocraTodHble Jie-
dbopmar 0YeHb Majbl, UMHU IpeHeOperatoT u AehopMalii CYUTAIOT YIPYTHUMHU.
4. Uto Ha3bIBaETCH NMpeaeioM MPOYHOCTH?

OTtBeT: YCIIOBHOE HalpsbKEHUE, BBI3BAHHOE MaKCHUMalbHOW (“‘pazpyiiaro-
1iei’”’) Harpy3Koil, Ha3bIBa€TCs MPEAEIOM IPOUYHOCTH, MU BPEMEHHBIM COMPOTHUB-
JIEHHEM MaTepuaia pa3pbiBy.

5. Uro Takoe 30Ha yNpo4YHeHHs?

OT1BeT: YuacTok nuarpaMmsl OT Mpeaea TEKYYECTH 10 Ipeaena IPOYHOCTH
COOTBETCTBYET YIPYro-IIACTUYECKUM JedopMarusM maTepuana. ITOT YyYacTOK
Ha3bIBAIOT 30HOM ympouHeHud. llpu pasrpy3ke u HarpyXeHuM oOpasla B 3TOU
30HE Ha Auarpamme Oyner m3oOpaxeHa mpsmasi, napajuiesibHas JUHUM OT Hadaja
KOOPJIMHAT JI0 Tpejiera TPONOPLHUOHATBHOCTH. JTO NOATBEPKAAET HANMYKE YIIPY-
rUX U MjacTUYecKux nedopmaiinii, a Takxke MOoATBEpKaAaeT 3akoH ['yka 3a npene-
JIOM TPONOPLUOHATBHOCTH. [Ipy MOBTOPHBIX HArpyXeHUSX IMEepeMelIeHUE Iepa
caMONMCIa IPOUCXOIUT MO OJHOM M TOM K€ JINHUHA. DTO CBHUJETEIBCTBYET O IO-
BBHIIIICHUH TIpeieia MPONOPIHOHATBFHOCTH TIPH TJIACTHYECKOM Je(OPMUPOBAHUH B
XOJIOZIHOM COCTOSIHMH. Takoe W3MEHEHHE CBOWCTB MAaTepUalOB Ha3bIBAECTCS
HakyienoMm. [Ipu MOBTOPHBIX HarpyXeHUSX MaTepuaia 4epe3 HEeKOTOPOe BpeEMs Mo-
BBIIIAETCA HE TOJIBKO MPEAET MPOMOPUHUOHATIBHOCTHA, HO U BPEMEHHOE COMPOTHUB-
JIEHHWE MaTepHaa pa3pbiBYy.

7. Kakoii o0pa3en npuMeHsJICS B onibITe?

Oteet: B nabopaTopHoli paboTe MpUMEHSIICS HOPMaJIbHBIN CTalbHOU 00pa-
3ell, T.€. 00pa3el ¢ OTHOUIEHUEM JJIMHBI K AUaMeTpy, paBHbIM 10.

8. UTto Takoe IiacTU4HOCTh MaTepuaaa?

Oteer: [InacTUYHOCTHIO Ha3bIBA€TCS CIOCOOHOCTh MaTepuaia JaBaTh 3Ha-
YUTEJIbHbIE OCTaTO4HbIE neopMmanuu 0e3 paspyueHus. Ha ydactke nuarpammbl
pacTshKeHUsl 10 Tpejesia yupyroctu AeQopMallid CUMTAIOT YNPYTMMH, TaK Kak
pu pasrpy3ke oOpasila OHM MOYTH MOJHOCTHIO MCYE3al0T. 3a MPEAesioM YIpyro-
CTH 4acTh jJeopMalinii ucues3aeT, a 4acTb ocraercs. [lepBbie HA3BIBAIOTCS yNpy-
TMMU, BTOPBIE — OCTATOYHBIMHU WJIM TutacTudeckumu. [lomnas nedopmarust paBHa
UX CyMME.
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9. KakuMu nmoka3zareJiiMi OLlEHMBAETCH IJIACTUYHOCTH 00pa3na u Marepuasia
U3 KOTOPOIr0 M3roTOBJIEH ONBITHLINA 00pa3en?

Oteer: [InacTuyHOCTh 00pa3ia mocie paspbiBa MOXKHO OLIEHUTH a0COJIOT-
HBIM Y/UIMHEHHEM (YKOPOUEHHEM ), KOTOPOE PaBHO PA3HOCTU MEXKAY JUIMHAMHU JI0 U
nocJie ucnbpiTanus. Mepoii TiacTUYHOCTH Matepuaia (B ToM yucie obpasiia) cuu-
TalOT OTHOCUTEJIbHOE OCTAaTOYHOE Y/UIMHEHUE, paBHOE OTHOIIECHUIO aOCOIIOTHOIO
OCTaTOYHOIO YJUJIMHEHUS K Ha4aJbHOU JIJIMHE U OTHOCUTEIBHOE OCTATOYHOE CYKE-
HUE MOIMEPEYHOro ceueHus: oopasua. OCTaToYHOE YIJIMHEHUE COCTOUT U3 yIJIMHE-
HUSl paBHOMEpHO nedopmupyromerocs: oopasna 10 00pa30BaHus MIEHKA U MECT-
HOTO YJUIMHEHUS IIEeHKH mocie ee oOpa3zoBaHHs. OTHOCHUTENbHBIE AePOopMaIiu
YKa3bIBaIOT B IIPOLICHTAX.

10. B yeMm 3akJ/il04aeTcsi pa3HUIIA MeKAY IUVIACTUYHBIMU U XPYNIKMMHU MATEPH-
aJlaMM 1o xapakrepy Aedopmauuu?

OT1BeT: Y NMIaCTUYHBIX MaTE€pUaIOB BO3HUKAIOT 3HAUUTEIbHBIE OCTATOUYHbIC
nedopmari. Y Xpynkux MaTepHalioB OCTaTOYHBIE nedopmaliuu Maibl. XpynKue
MaTepHalbl JI0X0 BOCIIPUHUMAIOT Ae(OpMalMK PACTSKEHUSI, HE BBIHOCST yIapOB
Y 4YYBCTBUTEJIbHBI K PE3KUM U3MEHEHUSIM (hOPMBI.

11. Yto Takoe Bsa3kocTh? Ilepeuyncianure XapaKTepruCTUKH BA3ZKOCTH.

Oteert: [loa BI3KOCTHIO MOHUMAIOT CLIOCOOHOCTh MaTeprasa COMPOTUBISATHCS
JIEUCTBUIO BHE3AITHO MPWJIOKEHHOU (yIapHOU) Harpy3ke. XapakTepUCTHUKON Bsi3-
KOCTH oOpasla siBisiercss padbora Fp, 3aTpayeHHas Ha €ro pa3pylIieHUe ONpeess-
€TCs IUIOIAIbI0 S quarpaMmsl, 3akintoueHHass Mexay kpuBoii OABCKDL u ockro
abciuce (pucyHok 1.2). XapakTepuCTUKOM BS3KOCTU MaTepHaia sIBISETCS yelb-

F F
Hast paboTa, paBHas OTHOIICHUIO a, = — ” | T.e. OHa XapaKTEepU3yeT CIo-

Ve Ao L 0
COOHOCTh MaTepHalia MOTJIOIATh SHEPTHUIO MIPU Pa3phIBE.
12. Yo Takoe MpoYHOCTH MaTepuaia?

Otget: Iloag NpoYHOCTHIO MMOHUMAIOT CIIOCOOHOCTh KOHCTPYKIIMU U €€ die-
MEHTOB BOCIIPUHUMATh BHEUIHUE HArPY3KH HE pa3pylIascCh.

13. Iloyemy npejacTaB/jieHHAsl AUATPaMMa HanpsikeHuii (pucyHok 1.3) Hocut
HAa3BaHMeE YCJIOBHaA?

OtBer: YCIOBHOM AuarpaMMa HanpsDKEHUM TPU PACTSDKEHUM HAa3bIBACTCS
MOTOMY, YTO HAIpPsDKEHUS U 1eopMaIlii OTHECEHBI K MePBOHAYAIBHBIM TIIOIA TN
1 JuTMHE oOpasiia.

14. Kakoii Buja neopManuy Ha3bIBAETCH HEHTPAJbHBIM PACTAKEHUEM (CxKa-
THEM)?

OTtBet: LleHTpaibHBIM PACTSHKEHUEM WM CKAaTUEM Ha3bIBACTCSl MPOCTOU BT
nedopmanuu Opyca moj IEMCTBHEM JABYX PaBHBIX W MPOTHUBOIOJIONKHO HaIpaB-
JISHHBIX CHJI BIOJIb OCU Opyca.
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JABOPATOPHAS PABOTA Ne 2
OINPEAEJIEHME MOJAVYJIA ITPOAOJIBHON YIIPYT'OCTU

Heaun paboTbl: omnpeneneHue MOAYJS MPOAOIBHOM YNPYrocTu; MpoBepKa
CIpaBeAJIMBOCTHU 3aKoHa ['yka juist o6pasia u3 yriaepoucToi cTalu.

2.1 O01ue moJI0KeHus

3axon I'yka

Jlyis GonbIIoro yncia MaTepuasoB YIpyrue aegopmaiuu ¢ BEICOKOH cTere-
HBIO TOYHOCTH CJIEAYIOT 3aKOHy ['yka M yBEIMYMBAIOTCA IPONOPLHOHAIBHO
HanpspKeHUsAM. /[ ciaydas NEeHTpaIbHOTO PACTsKEHMS M CKaThs 3aKOH ['yka
IIPEACTABIISIECTCS B BUJIE 3aBUCUMOCTH:

o= Fg,
II€ O — HOPMAJIBHOE HANPSKEHUE B IIONIEPEYHOM CEYCHUU;

€ — OTHOCUTENbHAs AedopMalus;

E — Monynb npoI0apHON YIIPYTOCTH.

Mopyinb npoIoiabHON yIPYroCTH, WM MOIYJIb YIPYTLOCTH IEPBOTO poja,
wi Monynb FOHra — 3to Ko3((UUIKEHT MpPONOPLHOHAIBHOCTH, CBSA3BIBAIOILUN
HOpMaJIbHOE HaNpsKEHUE M OTHOCUTENbHOE YJUIMHEHHE NMpPHU pacTsLDKEHUU (Cka-
TUU) Matepuana. Uem Oosbllie €ro BeJIMYMHA, TEM MEHbIIE pacTIruBaercs (CKu-
Maercs) crep:keHb. Monyns FOHra xapakrepusyer COnpOTHUBISEMOCTh MaTepHralla
yrpyroi nedopmanuu.

Tak Kak MOAYJIb OTpa)KaeT B3aWMOCBS3b MEXAY HANPSIKEHUAMH U OTHOCH-
TEJIbHOU AepopManueid, TO €ro NPUMEHSIOT MPU pacyeTax Ha )KECTKOCTh. i pas-
JMYHBIX MaTEPUAJIOB BEJIMYMHA MOJYJS YOIPYTOCTH IIPU PACTSKEHUH U CKATUHU HE
onnHakoBa. OIHAKO, U3-3a HE3HAUYUTENBHOTO PA3IUYUS MEXKIY HUMHU JJI1 OJHOTO
U TOTO K€ MaTepuayia MPUHITO CYUTATh MOIYJIM YIPYTOCTH IPHU PACTSHKEHUU U
CKaTUW PAaBHBIMH.

Duzuueckull cMblCI MOOYIA YAPY20CmMU COCTOUT B TOM, YTO OH XapaKTepH-
3yeT CIOCOOHOCTh MaTepuaya COMPOTUBIATHCS YHPYTHM AeQopMaiusM Mporop-

O
ONUOHAJIbHO HOPMAJbHOMY HAIIPAXKCHHIO, TO €CTh & = E Yem Oobllle €ro BEJHU-

YUHA, TEM MEHBIIE PACTATUBAETCS (COKUMAETCS) CTEPIKEHb.
I'eomempuueckuii cmvici MOOYAs ynpyeocmu 3aKIOYaeTcs B TOM, YTO Ha

JMarpaMMe pacTshKeHus (CKaTusl), IOCTPOCHHOM B KOOpAMHATAX O-&, E = % =1ga
— TAHT'€HC yIJIa HaKJIOHA MPSIMOTO y4acTKa JUarpaMmsbl K ocH “0g”.

V3menenne Hanpskenus (o) B Matepuaie ot 0 1o 50 H/mm® npu BenmunHe
MOJYJIA MPOAOJIbHOW ynpyroctu (E), paBHOM 2-10°H/MM’, BBI3BIBACT MOSIBICHHE
OTHOCUTENbHON neopManmu (&), paBHoi 25-107. ITpy mepBoHauaIbHON (6a30-
Boit) sumHe £ = 100 Mm aGcomoTHoe yumaenne Al cocraBut 25-107 Mm. Oue-
BUJTHO, YTO TAKO€ MaJIO€ YAJIMHEHUE MOXKET ObITh OMpPEEICHO TOIBKO C TOMOIIBIO

CIICIHaJIbHBIX l'IpI/I60pOB — TCH30MCTPOB.
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Jlnia onpeneneHust MaiblX AeQopMaiiil MPUMEHSIOTCS TEH30METPhI pa3iny-
HBIX KOHCTPYKLUN: 3€pKAJIbHBIC, PIYAKHBIC, JJICKTPUUECKUE U IP.

3epkanvholii menzomemp
K obpasny 1 (pucyHok 2.1) npuxumMaeTcs IjIacTUHa 2 Mpruodopa ¢ MOMOIIbIO
cTpyOuuHbl 3. Ha 0lHOM KOHIIE MJIACTHHBI MMEETCS HOX 4, )KECTKO CBSI3aHHBINA C
tacTuHO. Ha npyrom KoHIle MEXTy TUTACTUHON W 00pa3IioM 3aKUMaeTCs MpH3-
Ma 5 pombuueckoro cedeHus. OgHUM peOpoM OHA MPHXKHUMAETCA K 00pasiyy, a
JIPYTUM yCTAaHABJIMBACTCS B yIIyOJCHUE TUTACTHHBI.

A S -

At d

A
A 4

Pucynok 2.1 — CxemMa 3epKajIbHOTO TEH30METpa

Paccrostauie { Mexay HOXKOM U peOpoM MIPU3MBI Ha3bIBACTCS Oa30uU npubopa,
KoTopasi BeiOupaetcs u3 psaa 50, 100, 150 u 200 MM myTéM UCTIOIB30BaHUS TUTA-
CTHHBI HEOOXOANUMOM JJTUHBI.

Ha oOmeti ocu ¢ nmpu3moit momenieHo 3epkaio. [lepen 3epkaioM Ha paccTo-
SHUM L OT HEro ycTaHOBJIEHA peKa ¢ MUJUIMMETPOBOM IIKalo. Psgom ¢ penkoi
YCTaHOBJIEHA 3pUTENIbHAS TpyOa, uepe3 KOTOPYHO HAOII0JAaeTCsl OTPAKEHHAS B 3€p-
KaJIe perKa, U IPOU3BOIATCS OTCUETHI TOKA3aHUU 110 PEHKAM.

B ncxonHoM mosiokeHuu 3epkana jAelieHue 4; Ipoeuupyercs Ha 3epKajio u
OTpa)XaeTcsi OT HErO B 3pUTENbHYIO TPYOy. DTOT OTCUET U (pukcupyerca HabI01a-
TE€JIEM TI0 BOJIOCKY B OKYJISIpE.

[Tocne ynnunenus obpasua Ha BenuuuHy Al 3epkajo BMecTe ¢ MPU3MOi 1o-
BEpPHETCS Ha YroJl O U 3aiiMeT mosioxkeHue 6'. B 3epkanbHON TpyOe OTpa3uTcs Jie-
nenune A, Jlyd, mamaronuidi Ha 3€pKajgo OT JIEJCHUs A,, U Jy4, OTPAKECHHBIA OT
3epKaJia, COCTABJISIIOT yroil 2 ¢. CneaoBaTenbHo,

AAZ(AZ—A])=L-tg2a'.

VY nunenne AL oOpa3siua cBs3aHO ¢ 0OJIbIIEH TMAarOHAJIbIO MTPU3MbI BhIpaXke-
HUEM:

Al=dtga,
rae  d— anuHa Oonblued 1UaroHaau MPU3MBI.
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Taxum obpasom, npu yniauHeHun 6a3sl £ oOpasia Ha BenuunHy Al momyya-
€TCsI IPUpPALLEHUE MOKa3aHU AA.

OTtHoleHne noka3aHuil npubopa A4 K MCTUHHON BEIMYHMHE Aehopmaruu
A/ Ha3bIBaeTcsl KOAPPUIUMEHTOM yBenudueHus TeH3oMerpa K, paBHoe:

_4A _L-tg2a
Al d-tga
BcenencrBue MasiocTu yrioB ol MPUHUMAIOT: tg2a = 2a, a tga = o ¥ TOoTAa:
L2a 2-L
K = = .
d-a d

VYuureiBas, 4TO paccTossiHue L MOXHO U3MEHUTh, TO MPU U3BECTHOM 3Haue-

HUM JUIMHBI JUaroHajiu MpU3Mbl d BOZHUKAET BO3MOKHOCTh IOJYUYUTh TPEOyEMbIi

ko3 urment yBenuuenus. Tak, npu d = 5 MM s nosydenust K = 500 nHeobxo-

K-d 500-5
2

JIUMO B3AITb L = =1250mm, a g nomydenus K = 1000, L = 2500 mm.

Puiuasicuviit menzomemp

Kopnyc 1 ppruaxsoro TeHzomerpa (pUCYHOK 2.2) MMEET HENOABUKHYIO
HOXKKY 2, ONMPAIOIIyIocs Ha oOpa3zel. BTopas moaBu»kHas HOKKa 3 TakKe onupa-
eTcsl Ha o0pa3el 1 MOXKET oBopauuBatbesa B ruesne 4. llpu nmoBopoTe BepxHMiA
KOHEI] TOJABMYKHOM HOXKH 3 3aCTaBJISAET, B CBOIO OYEPE.b, IOBOPAYNBATHCS CTPEII-
Ky 5, KOTOpasi IpeAcTaBiIIeT co00M pblyar, MPUKPEIUIEHHbBI BEPXHUM KOHIIOM K
koprycy 1. Hixauil koHen ctpeniku 5 nepemeniaercs no mkaine 6. CooTHOIIEHuE
JUIMH PbIYaroB 3 ¥ 5 TakoBO, YTO MEpPEMEIIECHNE KOHIA CTPEJIKH OOJIblIe U3MEHE-
HUS PACCTOSHUSI MEXKIY HOXKKaMH TE€H30MeTpa (paBHOTO aOCONOTHOM aedopMma-
1y oOpasia Ha »To jummHe) npumepHo B 1000 pa3. TouHoe 3HAYEHUE ITOTO KO-
¢ ¢unreHTa yBeIMUeHUs IPUBOAUTCS B MACHOPTE KaXJ0ro TeHsomMerpa. Paccro-
SHUE MEXIy HOXXKaMU HasbIBaeTcs Oaszou npubopa, paBHo 20 mM. Tenzometp
IPUKPEIUISETCS K 00pa3ily IpH MOMOIIY CIEHHUAIBLHOTO 3aKUMa.

A A
1 é“

y
A

hy

~N
=

hy

basza

A

»
g

Pucynok 2.2 — Cxema pbl4aKHOTO TEH30METpa
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Koaddunuent yBennuenus npubopa paBeH:
_ AA _ hz 'h4
s
rie  AA — npupaiieHne MoKa3aHui TCH30METpPa;
Al — abGcontoTHas nedopmaliys Ha 6a30BOM JJIUHE.

2.2 Meroanka BbINOJHEHUs Pad0ThI

[Tocne 3akpernieHus: 00pa3iioB B 3aXBaThl pa3pbIBHON MAlTUHBI IPOU3BOIUT-
Csl YCTAaHOBKA JIBYX TEH30METPOB (PUCYHOK 2.3 @), UTO UCKIIIOYAET BO3MOKHOCTh
BIIUSIHUS HEPAaBHOMEPHOTO pacTsKEHUsI 00pasiia, BCISACTBUE HECOBEPILICHCTBA 3a-
XBaTOB MAIIMHBI U BO3MOXHBIX OTKJIOHEHHUH OT MPOEKTHBIX pa3MEPOB 00pasIia.

113 IP

Pucynok 2.3 — Cxema ycTaHOBKH TE€H30METPOB Ha o0Opasiie

[Tpy Hamuuum ABYX TPUOOPOB, UBMEPUB C MX MOMOUIBIO YJJIMHEHUE JIBYX
IPOTUBOIIONOKHBIX BOJIOKOH Af; u Al, (pucyHok 2.3 6), MOKHO HAaWTH yAJIMHEHUE
ocu oOpasna:

Al + Al

2

[Ipexxnie ueM NpUCTynuTh K OMBITY, I 00’KaThs B 3aXBAaTax KOHIIOB 00pa3-
Ua U JJIs BbIOOpa 3a30pOB B MalIMHE, JaeTcs HadalbHasg Harpy3ka Py oT 2 10
10 kH B 3aBucHMOCTH OT MOMEPEUHOro cedeHus oOpasia. HauanpHas Harpyska
BbIOMpAeTCsT TakuM 00pa3oM, 4TOOBI BO3HHUKAIOIIEE MPU ATOM HANPSHKEHHUE HE
npesbimano 20...30 MIa.

[Tpu 3TOM Harpy3ke MPOBOASTCS MEPBbIE OTCUETHI MO MPUOOpaM, KOTOpbIE
3allMChIBAIOTCS B JKypHai HaOmoneHuid. B nanbHeliieM Harpy3Ky yBeIWYHBAIOT
paBHbIMU CTyneHsMu (mpumepHo 1o 5...10 xkH), TeM caMbiM yBenuuuBas B Mate-
puane HanpspkeHus Ha 20...30 MIla npu kaX10M HarpyXeHUU.

Al
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[Tocne kaxaoro Harpy>Ke€Hus MPOU3BOAATCS OTCYETHI MO MPUOOpPamM U BbI-
YUCJISIFOTCS PUPAIICHUS] OTCUETOB, BhI3BAHHBIE MMPUPAILICHUEM Harpy3Ku Ha BEJIH-
yuHy AP. Tak kak npupaiieHue oOTCYeTOB M0 MPUOOpaM MPONOPIUOHAIBHBI YN~
HEHUsM 0o0pasma Ha ydacTke £, paBHOM Oa3e mpubopa, TO OJMHAKOBBIM MpHUpAIIle-
HUSM Harpy3ku Ha BEJIMYMHY AP JOJKHO COOTBETCTBOBATh OJMHAKOBOE IMpHUpa-
IIEHUE OTCYETOB, B Mpeeax MPornopIuOHAIbHOCTH.

3anuch T0JKHA BECTUCH TaK, YTOOBI 0OPaOOTKY JaHHBIX OMBITA YJI0OHO ObI-
J0 OBl MPOU3BOAUTH B MPOIECCEe UCHBITaHUS. B >kypHan HaOmrofAeHUN BHOCSTCS
3HAUEHHUS HArpy30K, COOTBETCTBYIOIIUE MOKA3aHUSM MPUOOPOB MPHU KAXKIOU CTY-
MIEHU HArpy3KHU. DTO MO3BOJISIET HAWTU BEIMYMHY YJUIMHEHUS 00pa3lia Ha y4acTKe
{, paBHOM 0a3e mpuodopa.

JIefCTBUTENBHO, €CIIM MTPU HEKOTOPOI HArpy3Ke OTCYET MO NMpudopy ObLT A,
a TocJie YBEJIMYEHHs] CHIIbI Ha BenuuuHy AP nokasanue npubopa craio A", To
npupaienue orcueta AA = A"-A' npencrapiuser co6oil abCOTIOTHOE yAJIMHEHUE
y4dacTka oOpasua ¢ yBeanueHueM B «K» pas, rae K — koahPuiuueHT yBennyeHus

npudopa.
CrnepnoBatellbHO, €CJIM YAJIMHEHHE BOJIOKOH I10 JIEBOM KPOMKE oOpa3ua:
AA
Al =—1,
K
a 0 MPaBOU KPOMKE:
Al =—2,
K

TO YJIJIMHEHHE OCcH o0pasia OyJeT paBHO:
Al = Al + AL, _ AA +AA, .
2 2-K
3aKOHYMB HCHBITAHUS, O0pa3zell HEOOXOOUMO pa3rpy3uTh 1O BEIWYUHBI
HayalbHON Harpy3ku Py 1 mpoBepUTh 0OOPATUMOCTH Ipoliecca (OTCYTCTBHE OCTaTOY-
HbIX neopmanmii). [Tocne 3Toro ciemyer NpucTynuTh K 00paboTKe pe3yibTara.

2.3 O0paboTKa JaHHBIX ONbITA

Bnauane HE00X0UMO yCTaHOBUTH XapaKTep 3aBUCUMOCTH MEXIY paCTATH-
BaIOIUM ycuiaueM P 1 BenmnuuHON abcomtoTHoro yanuHeHus AL. Jlns sToi nenu
cTpoutcs rpaduk B koopaunarax P — Al (pucyHok 2.4).

A

P

e 1
Q:A
<

A 4

<

A
a AL
A

A\

Pucynok 2.4 — I'paduk, numroctpupyronuii 3akoH ['yka
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OTknaapiBasi IO OCHM OpJAMHAT BEJIUYMHBI CTYNEHEN Harpy3sku AP, a mo ocu
abcuucc cooTBeTcTBYOIUE Aepopmanuu Al U COEIMHUB NOCIEAOBATEIbHO BCE
TOYKHU MEX]y COOOM, MOoaydaeTcs npsmas JIMHUS. Y CTAHOBUB, YTO MaTepuai Moj-
YUHAETCSA 3aKOHY I 'yka, onpenesnsercs BeJIMYnHa MOAYJIS YIIPYTOCTH:

AP -1
E=—,
A AL
rae AP — CTylleHb HarpyKeHus,
{ — 6a3a mpubopa;
A,— n01aab NONepeYyHoro ce4eHus 0opasua;

AA
Al = ch — yJIMHEeHHE o0paslia, MPOUCXOSIIEE MPU YBEIUUYCHUH HArPy3KH

Ha OJIHY CTYIICHb;
AA., — cpennss apuMETHIECKas pa3HOCTh OTCYETOB, IONYYEHHBIX I BCEX
CTYIEHEN HarpyKEeHUs.

2.4 KoHTpOJIbHBIE BONIPOCHI

1. Yto Takoe MOIYJIb YIIPYTOCTH IIEPBOI0 poaa?

OtBer: Moayne ynpyroctu neporo poaa E, ninu moayns FOHra nepsoro
pola — 3TO KO3(PQPUIMEHT NPONOPLUUOHAIBHOCTH, CBS3BIBAIOLIUMN HOPMaJIbHOE
HaIpsHDKEHUE, BO3HUKAIOLIEE B IONEPEYHOM CEUEHUU Opyca, U OTHOCUTEIBHOE
yJIMHEHUE TIPU €ro pacTsbkeHuu (cxatuun). Yem Oosbiie BenmrunHa Moayis FOHra,
TEeM MEHbIIIe pacTiaruBaetcs (cxxumaetcsi) 6pyc. Monyns FOnra E xapakrepusyer
COMPOTHUBJISIEMOCTh MaTepualia ynpyrom aeopmarmi.

2. Kakoii ¢pu3nyeckuii 1 reoMeTpUUYECKUH CMBICJ MOYJIsl ypyrocru?

OtBer: OU3NYECKUN CMBICT MOAYJIA YIIPYTOCTH COCTOUT B TOM, YTO OH Xa-

pakTepusyeT CIocOOHOCTh MaTepuana CONPOTUBIATHCA YNPYruM JedopManusM

o
MPOMOPIIMOHAIBHO HOPMAJIbHOMY HAIPSKEHUIO G, TO €CTh & =5 Yem Oombiie

€ro BEeJIMYMHA, TEM MEHbILIE PACTATHBAETCS (COKMMAETCS) CTEPKEHb.

['eomeTpuieCcKUil CMBICII MOJIYJISl YIPYTOCTH 3aKJIFOYAETCS B TOM, YTO Ha Jua-
rpaMMe pacTsKeHUs (CKaTusl), IOCTPOCHHON B KOOpAHWHATaxX G-g, E :%:tga —
TAHI'€HC YIJIa HAKJIOHA MPSMOI0 ydacTKa Iuarpammsl K ocu “0-g”.

3. Uto Takoe TeH30MeTP?

Oteer: TeHzoMeTp — 3TO MpUOOP 1T U3MEPEHUSI OYEHb MaJbIX JAedopma-
UH, KOTOpPbIe HEBO3MOXHO OMPEJEIUTh C TOMOIIBI0O OOBIYHBIX MPUOOPOB — JIH-
HEWKH, ITAaHTEHIIUPKYJISA U T.11. Takue npuOopsl UMEIOT YCTPONCTBA, MEpeaarolne
U yBenuuuBaronue mMacmrad nedopmanuu. [loatomy Ha ycTpoiicTBax oTcueTa u
peructpanuu nedopmaruu oTpakaroTcs yBennueHHbIMU B “K” pa3. Koadduim-
et “K” HazpBaoT KOAGOUIIMEHTOM YBEIUYCHUS, KOTOPBIN IS KaXKI0TO TEH30-
MeTpa 3apaHee U3BECTEH.
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4. llouemy nJjist u3MepeHust AepopManu NPUMEHSIOT IBa TeH30MeTpa?

Oteet: [Ipu m00bIX M3MEpEHUIX HEU30EKHBI MorpemHocTu. Kpome aroro,
M3-32 HETOYHOM YCTAaHOBKHM 00pasiia B 3aKUMax U JPYrux (PakTopoB JABe OOKOBbIE
MPOTUBOIIOJIOXKHBIE CTOPOHBI OOpa3lia OyayT UMETh paslinyHble AepopMaluu.
UToOBl yMEHBIIUTH OIIMOKY OIbITA, MPUMEHSIOT JBa TEH30METpPa, U PE3yJbTar
OTPEEISIOT KaK cpe/iHee apuhMeTHYECKoe MEX Iy MOKa3aHUsIMU JABYX MPUOOPOB.
S. llouemy npu ompenesennu moayyas FOHra HanpsiskeHusi He JOJIKHBI Ipe-
BBILIATH Mpeaes] NPONOPUHOHATBHOCTH?

OrtBet: Ilpu pactspkenun oOpasia BHaYajae aAuarpaMMa UAET M0 HaKJIOHHOM
IPSAMOM, YTO COOTBETCTBYET MPONOPLUMOHAIBHON 3aBUCUMOCTH MEKIY Harpy3Kou
U yJyiuHeHueM. JIjis JaHHOro ydacTka Moayiab ynpyroctd (kodd@uiueHt mpo-
NOPLIMOHAJIBHOCTH) — 3TO YroJl HAKJIOHA JMarpaMmbl K ocu abcuucc. Jlanee mpo-
NOPLIMOHAJIBHOCTh HApYyIIAETCS U Ha AWarpaMMme CleAyeT KpUBOJMHEHHBIN yya-
ctok. [loatomy npu onpenenennun E HanpsKeHUs] HE JOJIKHBI MPEBBIIATH MTPEAEIT
IPOIIOPIIMOHAIIBHOCTH.

6. Kak Biausier BesimunHa moayJasi FOHra Ha sKéCcTKOCTh Ce4eHUsl NMPHU PacTH-
JKeHHHU UJIM CKATUM ]

Oteert: IIpoussenenue E-A Ha3bpIBaeTCs KECTKOCTBIO CEUEHUS NPU PACTSDKE-
HUWA WU CKATHHU. 3aBUCUMOCTb MEXIY XKECTKOCThIO W monayieM FOHra mpsiMo
IPONOPLHUOHAIIbHAS, T.€. YeM Oosblle Moayiab FOHra, TeM Oosnblie kECTKOCTh ce-
YEHUSI PACTSDKCHUU WU CKATUU CTEPHKHSL.
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JABOPATOPHAS PABOTA Ne 3
OIIPEAEJIEHUE KOOODUIIMEHTA ITOIIEPEUHOU JE®OPMALINN

Leabp paGoThl: omperneneHrne BEIWYHHBI Kod(hduIMeHTa MmonepeyHon Je-
dbopmarnuu (ko3¢ dunmenta [lyaccona) mpu pacTsKEeHUH.

3.1 O01ue moJI0:KeHHusA

Oopa3zey 0nsa ucnvimanuii
Jlnst ynoOGcTBa pasMertieHus mpuOOpoB Ha oOpasiie eMy mnpumaetcs ¢popma
TOHKOHM M IIMPOKOM miacTUHKU. Ha o0pasne 3akpemiaroTcss TeH30MeTphl. Pazmepsl
oOpa3ua moaduparoTcs TakKUM 00pa3oM, YTOObI NMPU MAKCHUMaJIbHOM Harpys3ke
HaANpsDKEHUs, BO3HUKAIOIINE B HEM, HE MPEBBIIIANTHN Tpeieia IponopIHOHaIbHO-
CTH.

IIpooonvnvie u nonepeunvie oeghopmavyuu

CrepxHu, paboTarolye Ha pacTsDKEHHWE WM C)KaTHE, UCHBITHIBAIOT IPO-
JOJIbHBIE U monepeuyHble aedopMauuu. Jlepopmamuss 1o HampaBiICHUIO JIMHUU
JEHCTBUS CUIIBI HA3bIBAETCS MPOAOIBHOMN, @ B IEPIEHANKYIIPHOM HaIlpaBICHUU —
nonepevyHoil. OmbITEl MOKa3bIBAIOT, YTO MpoJoJibHasA nedopmanus B 3—4 pasa
OOJIBIIIE MTONIEPEYHOM.

AOcomntoTHas npoaoiabHas Al u abcostoTHas nonepevHas Aa aepopmanuu
OTIPEMETSIOTCS AKCIIEPUMEHTAIbHO. TOorma OTHOCUTENbHBIE MPOJOIbHAS U TOTIe-
peuHas negopManuu onpenensaTes no GopMynam

Al
E=—1,
l
, Aa
g=—
a

rae ¢, a — 6a3pl TEH30METPOB.

OTHOIIICHNE OTHOCUTEILHOU MOMEPEYHON &' K OTHOCUTEIBHOM MPOI0JILHOM

€ nedopmariiu, B3sTOE MO aOCOJMIOTHON BEJIMYMHE, HA3bIBACTCS KOI(PPUIIUEHTOM
[Tyaccona, nnu ko3¢ HULIreHTOM MonepeuHoi aepopmanuu

_l

H="—.
g

[ToaTOMy Ha ero 3Hau€HWE HE BIMSIOT HU 3HAK JepopManuu (pacTsKEHUE
WJIU CKATHUE), HU BEJIMUMHA HArPy3KHU.

Benuunna xoaddunuenta [lyaccona sBiseTcs: XapakTepUCTHUKON YIIPYTUX
CBOMCTB MaTepHaia.

3Has 4, MOXHO BBIYHMCIUTH 00BeM oOpasiia mpu aedopmanuu. JnmuHa 00-
pasna B J1e(pOpMUPOBAHHOM COCTOSIHMM paBHa /-(/+¢), a TUIOMAab MONEPEYHOTO
cedyeHus oopasia mnocie aedopMalvii paBHa:

A-(1-p-ef,

rie A — iomanb MonepevyHoro ceueHus: oopasia mnocie nedopmaiuu.
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Torna o6bem oOpasna B 1epopMUPOBAHHOM COCTOSIHUM PaBEH:
Vi=A-(1-p-6)*0-(1+¢).
Ho A-/=V — o6bem o6pasna o aedopmariuu. CienoBaTeIbHO:
Vi=V-(1-p-6)*(1+9).
Y4uThIBas TO, YTO € — MaJIasi BEJIMYMHA U MIPpeHeOperas BETMIMHAME BTOPOI
CTENICHU MAJIOCTH, MOJYYHM:
Vi=VI(+e1-2-p].
OTHOCHTENIbEHOE U3MEHEHHE 00heMa PaBHO:
V.-V V- l+e&-(1-2-w)]-V
Vv Vv
W3 storo BeIpakeHUs cienayer, uyTo ecim kodddunuent Ilyaccona pasen
0,5, To 06beM obpasia mpu aedopmaiuu He meusiercs. [Ipu =0 &'= 0, T.e. 00B-
€M TeJla U3MEHSIETCS 3a CUET MPOJI0JILHOM e(popMaliuu.
Takum oOpazoM, HaJisi peajbHBIX MaTEpUAIOB 3HaYeHUE KOAI(PUIIUECHTA
[Tyaccona 3akmoueno B npeaenax i = 0...0,5.
Tak kak u < 0,5, TO IpU pacTSHLKEHUU O0OBEM Tejla YBEJIMYMBACTCS, a MPU
C)KaTUHM YMEHbIIIAETCA.

=¢-(1-2-p).

Anexkmpuueckuii meH3zomemp

DNEKTPUUECKUMH TEH30METPAMM HAa3bIBAKOTCS JIEKTPUUYECKHUE YCTPOICTBA,
MO3BOJIAIOIINE U3MEPATh Maiible (yrnpyrue) aegopmaiiu TBEpIbIX TeJl, BO3ZHUKa-
IOLME TIOJT ACHCTBUEM CHIIOBBIX (DAKTOPOB. DJIEKTPUUECKUE TEH30OMETPHI UMEIOT
pSA MPEUMYILECTB IO CPABHEHHUIO C IPYTUMU TEH30METpaMU (pbIYaKHBIMU, 3€p-
KAJIbHBIMH): BBICOKYIO TOYHOCTb, YYBCTBUTEIBHOCTb, BO3MOKHOCTh NPUMEHEHUS
IpU TUHAMUYECKUX HMCHBITAHUAX, MaJlble radapuTHBIE pa3Mepbl, MPOCTOTY Kpem-
JICHUS K JIETAJISIM, BO3MOKHOCTh JTUCTAHIIMOHHBIX U3MEPEHU, BO3MOKHOCTb PETrH-
CTpalMH OBICTPO MPOTEKAIOIIMX MPOILIECCOB, BO3MOKHOCTh MPOBEJIEHNUS MHOTOTO-
YEYHBIX U3MEPEHUN U1 BCECTOPOHHETO MCCIIEIOBAHUS KOHCTPYKLIUU.

DNEKTPUYECKU TEH30METP COCTOMT M3 BOCIPUHUMAIOIIETO YCTPOWCTBA
(1laT4MKa OMMYECKOTO CONPOTUBIICHUS ), HCTOYHHUKA MTUTAHUS U PETUCTPUPYIOIIETO
npubdopa (M3MEPUTEIILHBIN MOCT C TAJIbBAHOMETPOM).

['maBHOM 4acThIO BOCIIPUHUMAIOIIETO YCTPOMCTBA SIBIIAETCA JaTYUK OMHYE-
CKOTO COINpPOTUBIEHUS — TeH3ogaTuuk. OH mpeacTaBisgeT coO0H OUYeHb TOHKYIO
(10...40 MKM) TIpOBOJIOKY WJIM (OJIBTY C BBICOKHM YJIEJIBbHBIM COMPOTHUBIICHUEM.
B kadectBe Marepuana A TEH304aTYUKOB MCIOIB3YIOT KOHCTaHTaH (CIUIaB MEIU
C HHUKEJIEM), HUXpOM (CIUJIaB HUKEJId, *keje3a U Xpoma) U psAll APYTHX CILJIaBOB.
[IpoBosioka unu osbpra 3aKiIerBaeTCs B BUJE MIIOCKON PEIIETKH M3 HECKOIbKUX
neTenb MEXAY ABYMS JIMCTAMH TOHKOW OymMaru Wi CUHTETUYECKOHN TUIeHKU (pu-
cyHOK 4.1).

bazoit natunka (' HazpiBaeTcsa asivHa netiu (cMm. pucyHok 3.1). Beimycka-
I0TCSI TeH30pe3ucTophl ¢ 6azoit 0,8...120 MM, HO HamuOoOJbIIIEE PACTPOCTPAHEHUE
MOJTYYMJIN TaTYUKH ¢ 6a30ii 5, 10, 20 mMm.
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Tak kak pemeTka TEH30pe3UCTOpa U3rOTOBIEHA U3 MaTepuaa, obanaromie-
ro OOJNBLIUM YJEJIBbHBIM CONPOTUBJIEHHEM, TO HMX COINPOTUBICHUE COCTABIISET

10..1000 Om. Yame  BCTpeYarOT  TEH30PE3UCTOPbl  CONPOTHUBICHUEM
R=150...250 Om.

l? !
1 — pemeTka natunka; 2 — MOJIOKKA; 3 — MEJTHBIE BBIBOABI; 4 — 1€Talb
Pucynok 3.1 — CxemMa TeH30COnpOTHUBIICHUS

<
<

Jlisa u3mepenus aeopmanuii TEeH30JaTYUK MPUKIEUBAETCS K MOATOTOBJIECH-
HOW MOBEPXHOCTH (TILATEIbHO OUMILIEHHOW M 00€3)KUPEHHOMN) UCCIeyeMOM eTa-
JM C MOMOIIBIO CTIEHUATIBHBIX KJIEEB TaK, UTOOBI €ro peuieTka Mocje BhICHIXaHUs
KJIesl TIOJTHOCTBIO BOCIIPMHMMAJIa Bce AeopMmaiuu aerainu (T.e. paboTana ¢ aera-
JbK0 COBMECTHO). TEH30pe3UCTOPHI ABISAIOTCA NTPpUOOpaMU Pa30BOI0O MOJIb30BAHUS
(MX HeNb3s MEePEeKJIEUTh Ha APYTYIO JleTalb). BhIBOJIHBIE KOHIBI TEH30pE3UCTOpA
MOJICOESAUHSIOTCS K PETUCTPUPYIOLIEMY YCTPOICTBY.

[Tpu nepopmannu uccneayemMon aeTanu NpOUCXOIUT Takas ke aedopmarius
PELIETKH TEH30PE3UCTOPA, B PE3YJbTATE U3MEHSIOTCS €€ TeOMETPUUYECKUE pa3Me-
PBI, UTO MPUBOANT K U3MEHEHUIO COMPOTHBIICHHUS.

ConpoTuBiieHHE MPOBOJIOKU UK (HOJBIU A0 AeopMaliviv paBHO:

/
R=p-—,
A
Om - mm?
rie 0 — yACJIbHOE CONMPOTUBIICHUE MaTepuasia pemeTku, ——;
cM

{ — nnuHa npoBOAOKH ((POJBIH), CM;

A — TIOIIA/1b TTOTIEPEUHOTO CEUECHHS TIPOBOJIOKH, MM

OCHOBHBIMH XapaKTEPUCTUKAMU TEH30PE3UCTOPOB SBIIAETCS €r0 aKTHUBHOE
conpoTuBieHue R, 6aza {' u Kk03hHUIMEHT YyBCTBUTEIHLHOCTH K nedopmaruu 3.
CoBepIIeHHO OYEBHJIHO, YTO YEM BhIIIE [3, TeM OOJIbLIEH YyBCTBUTEIBLHOCTHIO 00-
nanaet aatyuk. CienoBaTeinbHO, HEOOXOAUMO CTPEMUTHCS MPUMEHSTh JATYUKH C
OonpmuM KO3 GUITMEHTOM YyBCTBUTEIHLHOCTH. Hampumep, y matuuka ¢ COmpo-
tuieHueM 100 OM, HaKJIEEHHOrO Ha CTAJbHYIO AeTanb (£ = 2,1-10°MIla), mpu

o= 210 MIla Bennunna % COCTaBUT:
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Al o 210
¢ E 21-10°
AR=p-R-&=£-100-0,0001= £-0,01.
Takum o6pazom, AR OyaeT paBHO:
AR = f-0,01.

IIpu =2 AR = 0,02, a npu =3 AR = 0,03. D10 m03BOIUT O0JIEE TOUHO
OTpeNeNuTh AePOpMaAllUd U HAMPSHKESHUS. Y COBPEMEHHBIX TEH30COMPOTUBICHUI
p =18...2,6.

UtoObl U3MEPUTH TAaKHE MaJllble M3MEHEHHS COMPOTHUBIICHUSI TEH30PE3UCTO-
pa, HEOOXOIMMBI COBPEMEHHBIC M3MEPHUTENIbHBIE TTPUOOPHL. J[s perucrpanuu us3-
MEHEHHUS COMPOTUBJICHUS AR TPHUMEHSIOT MOTEHIIMOMETPHI M MOCTOBBIC CXEMBI
MOJAKJIIOYEHUST TeH30pe3ucTopoB. Haubosnblliee pacnpocTpaHeHHe MONYYHIIA U3-
MEPHUTENbHBIE MOCTBI, 00JIaat0II1Ee BHICOKON YYBCTBUTEIBLHOCTHIO K M3MEHEHUIO
COMPOTHUBJICHUS OJTHOTO U3 ILJIeY MOCTA.

MocTt coctout u3 4-X 1Ied — CONMPOTUBICHUH (PUCYHOK 3.2), COeTMHEHHBIX
MEXTy coOOOM B BUJIE YETBIPEXYTOiabHUKA, (R}, Ry, R3, Ry).

=0,0001;

Ry R;

Pucynok 3.2 — I3MepuTenbHbIil MOCT

B oany u3 auaroHaieit MOCTa BKJIFOUEH CTAaOWUIIM3UPOBAHHBIN UCTOYHUK T0-
CTOSIHHOTO TOKa, B IPYTYIO — PETUCTpUPYIOIIHi nmpubop — ramsBanometp (I).
Tok, mpoxoasmuii yepe3 raJibBAHOMETP, MOKHO OIPENIEIIUTh MOJIb3YACH 3a-
koHoM Kupxroda:
I,=U- KRk & N CAY
R.,-R, R, +R ‘R,-R,+R‘R, R, + R ‘R, - R,
rae U — HanpsipkKeHUue HCTOYHHMKA TOKaA.
U3 dhopmymsl cienyeT, 9To eciiu conpotuBiieHus R;, R,, R;, R, yI1OBIETBOPSI-
I0T COOTHOIIEHUIO R;-R;= R,-R,, TO TOKa B IIeNH TajibBaHOMeETpa He Oynet. B aTtom
CJIydae MOCT SIBJISIETCSI cOalaHCUPOBAHHBIM M YPABHOBEIICHHBIM.
B kauecTtBe conpotuBiieHUus R; U R, UCNOJB3YHOTCS TEH30PE3UCTOPHI. JlaT-
YUK C CONMPOTHUBIICHHEM R; HaKJIEMBAETCS Ha UCCIEAYEMYIO JeTallb U AehOpMUpY-
€TCS COBMECTHO C Hel. DTo pabouuit gaT4yuk. (s MCKIHOUEHUs] BO3ZMOXKHOTO M3-
MEHEHUS CONPOTHUBJICHUS JATUUKA R; W3-3a U3BMEHEHHS TEMIIEPATYpPbl JI€TAJIN BO
BTOpPOE IJIEYO BKIIFOYEH JATYMK C COMPOTHUBJIECHHUEM R, HAKIICCHHBIA HA OTIEIIb-
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HYIO TUIACTUHKY W3 TOTO K€ MaTepHalia, HO HE MOJBEPTaroNyrocs aeGpopMaIiniu,
WM Ha JeTanb B HenedopmupyeMoit 3oHe. [lerans ¢ naTyukoM R; U MacTUHA C
JAaTYUKOM R, HOJDKHBI HAaXOAUTHCS B OJMHAKOBBIX TEMIIEPATYPHBIX YCIIOBHSIX.
B sTtoM cimydae temnepaTypHbI€ W3MEHEHHS CONPOTUBIICHUN NATYMKOB PaBHBI U
paBeHCcTBO coxpaHnsercsa (3.1). Moct ocTtaeTcsi ypaBHOBEIIEHHBIM. JlaTuuk ¢ co-
MPOTUBJIEHUEM R, Ha3bIBAIOT KOMIICHCUPYIOIIUM, T.K. OH KOMIIEHCUPYET TEMIIEpa-
TypHbIE U3MEHEHUS COITPOTUBIICHUS R;.

Conporusiienus R;, R, BBIIOJHEHBI B BHJIE peocTara (peoxopia co CKOJIb-
3siIMM KOHTakToM). [lepemernieHne KOHTaKTa peoxop/ia MO3BOJISIET U3MEHSTh CO-
MPOTUBJICHUS R;, Ry, ¥ TEM CaMbIM BO3HHKAET BO3MOXKHOCTh OAIAaHCUPOBKH MOCTA.
Peoctar BMecTe C ragbBaHOMETPOM YCTAaHOBJIEH B OJHOM flIUKE (0OObEIMHEH B
OJMH OJIOK-KaHall).

Jns peructpauru 3HAaUYCHUM HAIPSHKEHUA BO MHOTMX TOYKax JI€Taldu B
AIEKTPUUECKOM TEH30METpPE YCTAHOBJIEHBI Cpa3y HECKOJIbKO BIMCAHHBIX OJIOKOB
(xananoB). U3Bectusl 10-kananbHbie, 20-kaHabHbIE U 40-KaHAJIbHBIE PETUCTPU-
pYyIOIIHE YCTPOKCTBA.

Jns onpenenenus aedopManvii HYJIEBbIM METOJOM TEpel HarpyKeHUEM
JIeTaI U3MEPUTEIBHBIM MOCT JIOJDKEH ObITh cOallaHCUpOBaHHBIM. J[Jis 3TOTO Me-

HAIOT COOTHOIICHUE COIIPOTHUBICHUSA R—3 A0 TCX IIOp, IIOKa HE 6y,Z[GT BBIIIOJIHCHO
4

ycioBue (3.1) (ctpenka raapbBaHOMETpa ycraHaBiuBaeTcsi Ha otMerke “07). ITlo
mKajue npubopa 6epercst nepBuiit orcuet /7;. Jlanee nHarpyxaercs netaib, KOTopas
nedhopMHUpyeTCcsi COBMECTHO ¢ AaTuukoM. CompoTuBIIeHUE naTyuka R; MEHSETCs.
VYcnosue 3.1 HapyiiaeTcsi, B ©3BMEPUTEIIbHOM IHAaroHaly MOsIBISETCS TOK, U CTPE-
Ka TasibBaHoMeTpa oTkIIoHsieTcs oT “0”. [IpousBoauTcs BTOpas GalaHCUPOBKA MO-
CTa Y 3alMChIBAeTCsl BTOpoi oTcuet /1, mo uikane npudopa.

Pasnocts nenenus 11,-11, = I1 nponopuuroHanbHa aeopManuy 1aTdyuka u
nedopmaruu getanu. TakuM oOpa3om, 3Has LIEHY JieJieHus: npubopa, Harnpumep, B
OTHOCUTENIbHOU AedopMmanuu (&) HA OaHO JeieHue K, MOXKHO BBIYMCIIUThL BEJIH-
YUHY OTHOCUTEIILHOM Je(opMaliiy JETall B HAMPABICHUN HAKJIIEEHHOTO JaTYMKa

e=K,-Ah.

3.2 MeToanka BbINOJIHEHHSI padoThI

[Tocne u3Mepenust pazMepoB 0Opasiia ero 3aKpervisiioT B 3aXBaTax pa3phiB-
HOW MAaIlIMHBI U 3aT€M MPOMU3BOAAT YCTAHOBKY M3MEPUTEIBHBIX MPUOOPOB (PUCY-
HOK 3.3).
[Tpexxne yeM MPUCTYNMUTH K HAarpyXeHHIo oOpasla, HeoOXOAMMO ompese-
JUTHh HAUOONBIIYI0 BEMYHHY CHJIbI, KOTOPYI0 MOXKHO MPWJIOXKHUTb K 00pasily He
BBI3BIBAS B MAaTEpHUAJIC HANPSIKEHUW, NPEBBIIAIOIINX MPEAE MPONOPLMOHAIBHO-
CTH, T.€.
P max<o-nu 'A7
rae Pua.x — AOIyCKaeMasi Harpyska;
A — momajbs MONepeyHoro ceYeHus 00pasia;



28

Oy — IPENET MPONOPLUOHAIBHOCTH, IS CTAJIM MOYKHO UCIIOIB30BaTh
3Ha4YeHue o, = 200 Mlla.

Jis oOxaTust obpaslia B 3axBaTax JalOT HEOONBIIYIO MPEABAPUTEIHHYIO
Harpy3Ky, 4ToObl HaNpsoKeHUsT B oOpasie He npeBbimany 15...20 MIla. B xypnan
HaAOJIOICHUM 3aMMChIBAIOTCS MOKA3aHUSI CUJIOM3MEPUTENISI U TEH30METPOB. 3aTeM,
MOCJIEA0BATENBHO YBEJIMUNBAIOT HANPSHKEHUS B MAaTEPUAIIE PaBHBIMU CTYIICHSIMU
(mopsinka 20...30 MIIa). [ns xaxaol CTyNmeHU HarpykeHusl oOpasia MoKa3aHus
TEH30METPOB 3aIlKUCHIBAIOTCS B >KypHai HaOmoaeHud. YTOObI OonpenenuTh Mpo-
JIOJIBHYIO U TOTIEPEUHYIO0 JIe(popMaInio BOJIOKOH, HY>KHO TOJICUUTATh IPUPAILEHUE
MOKA3aHUM MO Ka)XJAOMY TEH30METPY.

ip P
i |
| [
|
A i JA
|
| [
i |
| |
— i.
1 B | B
|

| !
P I
1 — oOpaselr; A — TeH30METp JJIs1 UBMEPEHUS MPOI0IBHON nedopmanuu;

B — TeH3oMeTp a5 u3MepeHus MonepevyHon AepopMainu
Pucynok 3.3 — Cxema ycTaHOBKHM TE€H30METPOB Ha 00pasiie

[Ipy mOCTaTOYHOM TIIATENBHOCTH MPOBEICHUS OIBITA IPUPALLIEHUS MTOKa3a-
HUW TEH30METPOB A M B, COOTBETCTBYIOIIME PaBHBIM CTYIIEHSM HArpy3KH, JOJIK-
HbI OBITH MPUMEPHO OJIMHAKOBBIMU. ITO OyAET CBUIAETENHCTBOBATH O TOM, UTO Ma-
Tepual nogyuHsercs 3akony I'yka. I1o OKOHYaHMM onbITa PEKOMEHYETCs pasrpy-
3UTh oOpasel] 10 HayaJIbHOM Harpy3KH U CHSTh KOHTPOJIbHBIE MOKA3aHUs MO MpH-
oopam. Ilockonbky oOpazeln moaBepraercsi pacTsHKEHHUIO B Ipeaenax YIpyrocT,
KOHTPOJIbHBIE TIOKA3aHUs JOJKHBI COBIIACTH C IEPBOHAYATILHBIMU 3HAYEHUSMU.

3.3 O0padoTKa TaHHBIX ONBITA

[Ipn 00paboTKe JaHHBIX OMbITa HEOOXOAUMO 3HATH pa3Mepbl 0a3 U 3Haye-
HUSA KOA(Q(DUIIMEHTOB YBEIMYEHHUS MPUMEHSIEMBIX TEH30METPOB. DTHU BEITUYUHBI
OepyTcs U3 macnopra TEH30METpa W 3aHocATcs B xypHai. Jisa moacuera nedop-
Malui CIYKUT 3aBUCUMOCTb:
A

k-0’

rae A — mpupanieHue oka3aHuil TEH30METPOB;

k — k03 GUTIMEHT yBETHUYCHHUS,

g
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¢ — 6aza mpubdopa.

Torna xoaddunmenT nmonepedanoit Aedopmanmu OyaeT PaBEH:
/J_il_ABCP .kA.gA

& My ky-ly

HNupexcel A u B 0THOCATCS K COOTBETCTBYIOIIUM TeH30MeTpaM. OTHOIIEHUE
k, -,
kB L B
npuOopoB (0a3za u KOd3PPUITUEHTH! YBETUUCHHS ).

Ecnu npononbHbie U nonepeyHsie aehopMalui U3MEPSIOTCS OIMHAKOBBIMU

— IIOCTOsdAHHAsI BCJIMYMHA, 3aBUCAIIAA OT IIapaMCETPOB YCTAHOBJICHHBIX

-/
—4 4 =], Torga ko3dppunuent Ilyaccona ompene-

B ‘B

HpI/I60paMI/I, TO OTHOLICHUC

JIUTCS CIICTYIONIIAM 00pa3oM:

H= :
A14CP

3.4 KouTposibHbIE BONPOCHI

1. Yto Takoe ko3¢pPpunuent Ilyaccona p?

OtBet: Koaddunment I[lyaccona, wim ko3¢ dunireHT nomnepeyHon nedopma-
LUHU, L OTPa)KaeT 3aBUCHUMOCTb MEXIY OTHOCHUTEIIbHOM IONEPEYHOM M OTHOCH-
TeIbHOW mpononbHON Aedopmanusamu. OnpenensieTcss Kak OTHOILIEHHWE OTHOCH-
TEJIHLHOW TMOMNepevyHo negopMaliui K OTHOCUTEITHLHON MPOJOJIbHON nedopmanuu
1o a0COTFOTHOM BEJIMUMHE.

2. Kak 3aBUCHT U OT BeJIMYHUHBI U 3HAKA HATPY3KHU?

Orteer: [Ipu yBenuueHuu Harpy3ku aegopManuu yBennuuBaroTcs. [lockosib-
Ky KO3(DPUIUEHT L OTPaX]aeT 3aBUCUMOCTb MEXIY OTHOCUTEIbHBIMU MTONIEPEUHON
U TIPOJIOJIbHON JehopmarusiMu, TO HECMOTpPsI Ha yBEJIIMUEHUE HArPY3KU U, COOT-
BETCTBEHHO Jedopmarinii, BeJIuunHa | (OTHOIIEHHWE OTHOCUTEIBHBIX Aedopma-
uui) He u3MeHuTtcs. Kpome Toro, ko3@(puuueHT | paBeH OTHOUIEHUIO OTHOCH-
TEJIHLHOM MOMEPEYHON K OTHOCUTENIBHOW MPOAOJbHON nedopmaruu mo abCcomoT-
HOU BEJIMYUHE.

[Toatomy koapduruent [lyaccona He 3aBUCUT HH OT BEJIMYUHBI, HA OT 3HaKa
Harpy3KH.

3. Kakue 3j1eKTpruYecKue yCTPOiicTBa HA3bIBAKTCH TeH30MeTpaMu?

OtBer: DIEKTPUYECKUMH TEH30METpaMu (TEH30JaTYUKAMH) Ha3bIBAIOT
AIEKTPUYECKUE YCTPONUCTBA, TO3BOJISIIOLIME U3MEPSATh Malible JeopManuu TBEp-
JIBIX TEJL.

4. Kakue npeumMyiiecTsa MMeOT TEH30AaTYUKM ?

Oteet: K npenmyniecTBaM 31€KTPUUECKUX TEH30METPOB OTHOCSTCS:

— BO3MOYHOCTb JIUCTAHIIMOHHBIX U3MEPEHUI;

— OE3MHEPIMOHHOCTh aNMapaTyphl, YTO BAXKHO MPHU TUHAMUYECKUX UCIIBITA-

HUSAX;
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— MaJble rabapuTHbIE pa3Mephl;
— MPOCTOTA KPEIJICHUS K JIETaJIsIM;
— BO3MOXHOCTb PETHCTPALMU OBICTPO MPOTEKAIOIINUX POLIECCOB;
— BO3MOXHOCTb MPOBEJAEHUS MHOIOTOYEYHBIX M3MEPEHUMN Il BCECTOPOH-
HEro MUCCIEA0BAHUS KOHCTPYKIIUH.
S. Kak yCcTpoeH TeH30JaT4YuK?

OtBer: TeH30aTYUK (IATYUK OMUYECKOTO COMPOTHUBIICHHS) COCTOUT (CM.
pucyHoK 3.1) U3 HECKOJIBKUX IMETeNb TOHKOW KOHCTaHTaHOBOM MpoBoJIOKH 1, Aua-
MetpoM 10...40 MKM, BKJICEHHBIX MEXIY JABYMS IOJIOCKaMU Oymaru 2 W BBIBO-
noB 3. Iletnu npoBosokH 00pa3yroT U3MEPUTEIbHYIO pelieTky. Paccrosinue {° siB-
asieTcst 6a30i TeH3omeTpa. BMecTo KOHCTaHTaHOBOHM MPOBOJIOKH HM3MEpPUTEIbHAS
penieTka MOXKeT ObITh BBIMOJHEHA U3 TOHKON (PoJibru (PosIbroBbie TaTYUKHU) C BhI-
COKUM OMMHUYECKUM COMPOTUBIICHUEM.

6. U3 4yero cocTouT 3JIeKTPUYECKUNA TeH3oMeTp?

OTBer: OIJIEKTPUYECKH TEH30METP COCTOMT W3 BOCIHPUHUMAIOLIETO
YCTpOMCTBA (JaTYMKa OMHUYECKOTO CONPOTUBIICHUS), ICTOUYHUKA MTUTAHUS U PETH-
CTPHUPYIOUIETO MpUOOpa (M3MEPUTENIBHBIA MOCT C FalbBAHOMETPOM).

7. Kak noAroToOBUTH TEH30JATYUK AJI51 u3Mepenusi nedopmanmia?

OtBer: TeH301aTUMK JOJDKEH OBITh 3aKpEIUIEH Ha MOBEPXHOCTH UCCIIETye-
MOU JieTanu TakuM o0pa3oM, 4ToObl jAedopMalvu ASTalld U TMPOBOJOKH JaTYHKA
OBLTM OJJMHAKOBBIMU. MECTO yCTaHOBKHM JaTuMKa TIIATEILHO 0OpabaThiBacTCs U
o0e3xkupuBaeTcs aneToHoM. [[oBepXHOCTh AeTaIM M JATUYUKH TTOKPHIBAIOT TOHKUM
cinoeM kies (tuma bd-2), a 3arem nmatumk npuxienBaroT. [locie Bbaepxkku (He
MEHEee CYTOK) JaTYMK rOTOB K padote. [lyisl 3auThl JaTYMKa OT BO3JECUCTBUS Bila-
I'Ml €r0 MOBEPXHOCTh MOKPHIBAIOT 3aLIUTHBIM CJIOEM Ba3esiMHA WK napadpuHa. Bei-
BOJHBIE KOHLIBI IATYMKA MPUCOEAUHSIIOTCA K U3MEPUTEIIBHOMY YCTPOMCTBO.

8. B uém 3akirouaercst NPUHIUI PA00THI TEH30AaTYUKA?

Otser: Ilpu nedopmanuu uccineayeMon J1eTaau COBMECTHO ¢ Hel aedop-
MUpyeTcsl W pemérka TeHzonaTuuka. [lpum nedopmanuu pemeTku H3MEHsSIeTCs
JUIMHA U TUIOLIAAb MOMEPEYHOro CeYeHUs! MPOBOJIOKU. BenencTeue 3Toro u3MeHsi-
€TCsl CONTPOTUBJICHUE JaTYMKA.

9. OT 4ero 3aBUCHUT YyBCTBHUTEJIbHOCTh IaTUYNKA?

OTtBer: UyBCTBUTEIBHOCTh TEH30JaTUMKA 3aBUCUT OT AKTUBHOTO COIPO-
tuBnieHus R, 6a3e1 £ u ko durmenta gyyBcrButenbHocTH 3. C yMeHbIieHueM Oa-
3bl KQUECTBO JIaTUMKA YXYAIIAETCS, TAaK KaK YMEHBIIIAETCSI aKTUBHOE COMPOTHUBIIE-
Hue R, mostomy TpeOyroTcs 4yBCTBHUTENbHBIE perucTpupyromue mnpuodopst. [lpu
Majioit 0aze HeoOXOAMMO CTPEMHTBCS HCIIOIb30BaTh JATUYUKU C OOJBIIMM KO3 (]-
(ULIMEHTOM YYBCTBUTEIBHOCTH f3.



31

JIABOPATOPHAS PABOTA Ne 4
NCIIBITAHUE CTAJIN HA CPE3

He.]'ll/l pa60T1>1: OIIBITHOC OIIPCACICHUC IIPCACiIa ITPOYHOCTH CTAJIM HA CPC3;
CpaBHCHHC CI'0 C IIPCACIIOM IIPOYHOCTHU HA PA3PLIB.

4.1 O01IHe MoJI0KeHHus

Oopa3zey u npucnocodienue 01a e2o0 nepepe3vléanu
B naboparopHoil paboTe UCHBITHIBACTCS HWJIMHIPUYECKUN 00pa3el] Kpyriio-
0 MONEPEYHOr0 CEYEHHUsI, N3TOTOBIICHHBIN U3 YIJIEPOAUCTON cTanu. [{ns ucnbita-
HUsI oOpaslia Ha Cpe3 MPUMEHSETCS CIelUalbHbIII KOHAYKTOp, cXeMa KOTOPOTro
MpEJICTaBICHA HA PUCYHKE 4.1.

l
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Pucynok 4.1 — Cxema koHIYyKTOpa

Konnykrop cocrout u3 kopmyca 1, HOka 2 M JIBYX OIIOPHBIX KoJjen 3.
OnopHbIE KOJIbLIa U HOK U3TOTOBJIEHBI U3 UHCTPYMEHTAJIBHON CTAJIA U MOJABEPKE-
HbI 3aKkayike. Kombla yaepKuBatoTcs B KOPIIyCe OT CMEIIEHUM, 4 HOXK MOYXET CBO-
00IHO MepeMeIaThesi MeXay OOKOBBIMU CTEHKaMHU KoJiell. Bo BHyTpeHHUE oTBep-
CTHsI KOJIEI] M HOXKa ycTaHaBlMBaeTcsi oOpaszel]. HeHarpy)XeHHbIN HOX OT cMellle-
HUIl ylepkuBaeTcs o0pas3ioM, a oopaser — KosiblaMu. [Ipu HarpyxeHuu HOXa OH
NepPEeMEIIAeTCs] BMECTE CO CpelHEN 4acThlo 00pasiia MeX/ly KOJbLIaMU U CABUTAET
CPEIHIOI0 YacTh 00paslia 1Mo JBYM IUIOCKOCTSIM, PACIIOIOKEHHBIM MEX1y OOKOBBI-
MU CTEHKaMH HOKa M OMOpHBIX Kojel. Cpe3 oOpas3na NpoucXoguT Mo OOKOBBIM
MOBEPXHOCTSM LIWJIMH/IPA, 3AKIFOUEHHOTO MEXIY HOKOM U ONIOPHBIMH KOJIBLIAMH.

OcHogHble nonamusa u pacuemuie 3a86UCUMOCHU

Hetanu, cinyxamue s COeAMHEHUS OTAEIbHBIX 3JIEMEHTOB KOHCTPYKIIUU —
3aKJIETIKH, MTUQPTHI, OONTHI U T.JA., BO MHOTHX CIy4asix BOCIPUHHUMAIOT Harpy3Ku,
JICUCTBYIOIIME TMEPNEHAUKYISIPHO K UX MpoaoibHOU ocu. [lonepeunas Harpyska
BO3HUKAET, B YACTHOCTH, IPU PACTHKEHUN WA CKATUH COCAUHSIEMBIX JIEMEHTOB.

MeTonuka pacuera 3JIeMEHTOB, pabOTaIONIUX Ha CPe3, B 3HAYUTEIHHOU Mepe
ONUPAETCS HA TEOPUIO YUCTOTO caBura. Kak m3BeCcTHO, B Cilydyae 4MCTOrO CABHTa
TEOPETUYECKAS BEJIMYMHA JOMYCKAEMOT0 HAIPSKEHUS HAa CPe3 ISl YTIIEPOIUCTOU
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CTaJIM JOJDKHA COCTaBIATh MpuMepHO 60% OT 10mycKaeMoro HanmpsiKeHUs Ha pac-
TsDKEHUE (PHEpreTudecKas Teopusi MPOYHOCTH).

OpHako OObIYHBIE AJIEMEHTHI, paboTarolue B KOHCTPYKIUAX Ha cpe3 (0oi-
Thl, 3aKJENKH WU T.1.), OJHOBPEMEHHO IIOJIBEpraloTcs JEHCTBUIO HOPMaJbHBIX
HanpspkeHuil. CreoBaTeNbHO, MaTepual TaKUX 3JIEMEHTOB HaXOAMUTCS B OoJjee
CJIOXHBIX YCJIOBHUSIX PaOOThI, 4YeM YHCTBIA CIBHUT. B 3TOM ciydae cokumarouue
HOpPMAJIbHbIE HANPSDKEHUS CHIDKAIOT, a PACTATUBAIOIINE — MOBBIIAIOT d()PEKTUB-
HOCTb KacaTelIbHbIX HampspkeHuid. /[Ba BHma HampsikeHH CIOCOOCTBYIOT IBYM
BUJIaM pa3pyuieHus. HopmanbHble — IyTeM OTpbIBa, KacaTeJIbHbIE — IyTEM CJIBHIA.
Ho oCHOBHYIO pOJIb IIPHU Cpe3€ UrparoT KacaTelbHble HanpsbkeHus. [loaTomy kaca-
TEJIbHBIE HANPSKEHUS ABIISIIOTCS YCIIOBHOM XapaKTEPUCTUKOW MaTepuaia cpesy.

[Ipyn HarpyXeHMM MaTepHalia HAKaIJIMBAEMYI) UM MOTECHLUHAIBHYIO SHEp-
TUI0 MOXHO PAacCMaTpUBaTh KaKk CYMMY SHEPIHii, HAKAIIMBAEMbIX 3a CUET U3Me-
HeHus o0bema U Gpopmsl. [Ipu pactsxenun uzmensiercs popma u oowveM. [loatomy
€ro IMOJHAsl SHEPTUsl COCTOUT U3 SHEPTUU U3MEHEHHs] 00beMa U SHEPIUU U3MEHe-
Hus popmsbl. [Ipu uncToM caBUre 37€MEHTapHBIA KyOUK U3MEHSET TOJIBKO (hopmy.
[TosTomMy mpu cABUre MOTEHIUANbHAs HHEPrust OyAeT HaKaluIMBaThCsl TOJIBKO 3a
c4yeT GOPMOM3MEHECHHUS.

[Tpu pacTspkeHHH CTabHOTO OOpaslia pa3pylIeHHEe MaTepraia MpPOUCXOIUT
B MOMEHT OTpbIBa, KOI/Ia HauOOJbIlIEe IJIABHOE HAIPSKEHHE JOCTUTHET MaKCH-
MaJbHOW BETMYUHBI — MpeJena NpoyHoCcTH op. [Ipu caBure paspyiieHne mMaTepua-
J1a IPOUCXOAUT, €CIIM KacaTelIbHbIE HAINPSKEHUS IOCTUTHYT MAKCUMAaJIbHOUM BEJIU-
YUHBI T, I cTanmm teoperndecku G:(O,375...0,4)-E . N3 3akoHa I'yka: npu

o T
PACTSKEHUU & = Bk a IpU CIABUTE ) = G [Ipruem, eciiv PUHSATH, YTO MIPU CPE3E

U pacTsOKCHUH HauOobIue aeopManuu paBHbL, T.€. y = &, TO C YYETOM TOTO, YTO
£ . 2-0
4 ZE Y paHee NPUBEICHHBIX 3aBUCUMOCTEH, MOJAyYuM 7=y -G = G-T. [Ipu
G=04E7,=08-0,,anpu G=0,375-FE 7, =0,75-0,. Takum obpazom, mpenen
MPOYHOCTH HA CABUT 73 AJis cTanu coctariset (0,75...0,8)- o3, T.€.
7B :(0,75 .. 0,8) OB.
[Ipenen npoyHOCTH Ha cpe3 onpeensercs no Gopmye

T, = - 4.1)
C
rjae P — pa3pymaroias (repepesbiBaroiiiasi) Harpy3Ka;
A — nomaak cpe3a, paBHasi YIBOCHHOM IJIOMIAAH MOTMEPEUYHOT0 CEUCHUS
obOpa3ria.
st mpuOIM>KEeHHOTO OMPEICNICHUs TIpeiesia MPOYHOCTH Ha Pa3pblB MOXKHO
HCIIOJIb30BAaTh 3aBUCHMOCTb:
oz=1(0,3...0,36)-HB, 4.2)
rae  HB — tBEpmocth o bpunemnmro.
B GonpimHCTBE CiiyuaeB cpe3 00pasiia COMPOBOXKIACTCS CMSITHEM IMOBEPX-
HOCTEH compukacaromuxcs aerane. CMUHaeMbIe TIJIOMIANA MPEICTABISIOT MOJY-
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UUJMHIpUYECKUE TTOBEepXHOCTU. [IpnuéM cmuHaThcsi OyAeT Ta MOBEPXHOCTh, Ha
KOTOPYIO JIEHCTBYET HAUMEHbIIIAsi CyMMapHasi TOJIIMHA 3JIEMEHTOB, CIBUTAEMBIX B
oJIHy ctopoHy. Ilo cMuHaeMoil MOMYUUIUHIPUYECKON MOBEPXHOCTH, BO3HUKAIO-
[I1Me HOPMAaJIbHBIE HANPsDKEHUS] CMATUS PACTIPENEISIOTCS HEPAaBHOMEPHO, YTO 3a-
TPYJIHSAET UX BbIYUCIIEHHE. [[03TOMy IPHUHITO CUMTATh, YTO CMUHAETCS HE IMOJIO-
BUHA IWIMHJIPA, a €ro MPOAOJIBLHOE CeYEHHUE, MPEACTABISIONEE MPIMOYTOIbHUK.
OTa IIoIaAb Ha3BaHa YCIOBHOM IIJIOMIAABI0 CMATUSA A, @ JEHCTBYIOIIUE HA OTY
IJIOIIA/Ib HANIPSIKEHUS G, UMEIOT MAKCUMAJIbHYIO BEJIIMUUHY U PACTIPEIICIAIOTCS
paBHOMEpHO. [103TOMY B IPaKTHUYECKUX pacueTax YCIOBHbBIC HAIPSKECHUS CMSTHUS
OMPENIEIIAIOT, UCIIOIb3YS 3aBUCUMOCTD:

__r (4.3)

yen
rae P — cuna cMaTus;
A e, — YCIIOBHAS IJIONIA/Ab CMSTHUSI, paBHAsI TPOCKIIMK TOBEPXHOCTH CMSTHUS
Ha OCEBYIO TJIOCKOCTb.

yCa

4.2 Meroanka BbINIOJHEHUs Pa00ThI

Jlo Havayia MCIIBITAHUM C LIENBI0 OMpeeeHUsT TBEPOCTH 00pasiia Ha mpec-
ce bpuHeis mpoBoIMTCA BIaBIMBaHUE IIapUKa B TOPIIEBOE CEUEHUE 00pasiia.

[Tocne obmepa oOpazenr ycraHaBiauBaeTcsi B KOHAYKToOp. [Ipuuém nuamerp
oOpasia BeIOMPAIOT TaKUM, YTOOBI 00ECTICYMTh TUIOTHOE KacaHWE K CTEHKaM OT-
BEPCTUSI OMOPHBIX KOJEI U HOXka. 3allyCTUB MAllIMHYy B XOJI, CO3AETCA CKUMAO-
as Cuja, BhI3bIBaIOIas nepepes3biBanne oopasia. [1o mkane cumonaMepuTebHO-
ro YyCTpOWCTBAa MAIIMHBI BeAETCS HAOMIOJCHHE 3a BO3PACTAaHUEM Harpy3KHU.
B >xypHan HaOmIOIEHUI 3aHOCUTCS MaKCHMAaJlbHas Harpyska, mpu KOTOpOM mpo-
M30IIJI0 pa3pylleHue odpasiia.

4.3 O0paboTKa JaHHBIX ONbITA

3Hasl BEJIMUMHY pa3pylIarollei Harpy3Ky U IUIONIaAb CPe3a, PaBHYKO YABO-
SHHOM TUTOIIAAM TOTIEPEYHOTO ceueHus oOpasiia, mo ¢popmye (4.1) onpenensiercs
BEJIMYMHA MpeJiesia MPOYHOCTH MPU MepepE3bIBAHUU.

[Ipu ompenenenun mpenena MPOYHOCTH MaTepuaia oOpas3lia Ha pa3phiB
MOJIb3YIOTCSI OTHOUIEHUEM TIpeAesia MPOYHOCTH CTAIM K YUCTY TBEPJOCTH 1o bpu-
Hewmo. [lo quamerpy oOpaszoBaBiiieiics OT BAaBIMBaHUS ITapuka Ha npecce bpu-
HEJUIS JIYHKH 10 CIIPABOYHUKY OIpENEsAeTCs] 3HAYEHUE YKciia TBepoCcTH no bpu-
Hemwmo. [Ipenen nmpodyHocTH ctanu npu AedopMalMK PACTSKEHUS ONpeeseTcs
o ¢opmyie (4.2).

6

o}

[

COIrl1IaCOBAaHHOCTH OIIBLITOM C YCTAHOBJICHHBIM HOpMaMH OTHOIICHHEM OdOITYCKac-
MBIX HaHpH)KGHI/Iﬁ Ha CpE3 U paCTAKCHUC.

Brraucnsercs oTHoOIIeHHUE U TI0 ATOM BEJIUYUHE BBIIOJIHSICTCS OLICHKAa
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4.4 KoHTpOJIBHBIE BONPOCHI

1. ITo kKaKMM IVIOCKOCTAM NPOUCXOAUT CABHUI NMPHU UCNIBITAHUHA 00pa3la B BbI-
NoJIHsieMOi J1abopaTopHoii padorte?

Otset: Cpe3 (cnBur) odopasiia mpoUCXoUT MO OOKOBBIM MOBEPXHOCTSM 11U~
JIMHJPA, 3aKIF0YEHHOTO MEXK/1Y HOKOM M OIIOPHBIMHU KOJIBLIAMH.

2. Kakue BHIbI HANPSIKEHUI BO3HUKAKOT B MaTepuaJie npu cpese?

Otsert: [Ipu HarpyxeHHn Matepuana B HEM BO3HHMKAIOT HOPMAJIbHBIE U Ka-
caTelIbHbIE HalpsDKEHUsA. B 3TOM cilydae CokMMaronue HOPMAaJIbHBIE HAIPSKEHUS
CHIDKAIOT, @ PACTATUBAIONIUE — MOBBIMAIT 3()()EKTUBHOCTh KacaTeIbHBIX HArpsi-
eHui. JIBa BHJIa HaNpsHKEHUH CIOCOOCTBYIOT JIBYM BHAaM paspyuieHus. Hop-
MaJbHbI€ — IIyTEM OTPBIBA, KacaTellbHbIE — ITyTeM cABUra. Ho oCHOBHYIO poJib Mpu
Cpe3€ UTPparoT KacaTelIbHbIE HAIIPSHKEHMUS.

3. JlaiiTe 3HepreTn4ecKy0 OLEHKY pa3pylleHHUsi CTAJM NPH pa3pbiBe U YH-
CTOM CIBHIeE.

Otset: [Ipu HarpyxeHUH MaTepHaia HAKAILIMBAEMYIO UM MOTEHIHAIbHYIO
SHEPIUI0 MOXKHO PAacCMaTPUBATh KAK CYMMY JHEPTHil, HAKaIUIMBA€MbIX 3a CUET
u3MeHeHus1 oobeMa u Gopmsl. [Ipu pactsokenun nsmenserca gopma u oowvem. Ilo-
TOMY €ro MHOJIHAsl 3HEPIUs COCTOUT U3 HSHEPTrUM U3MEHEHMsI 00beMa U SHEPrUU
u3MeHeHus: ¢Gopmbl. [Ipu yucTom ciBUre sneMEeHTapHBIN KyOUK U3MEHSET TOJIbKO
¢dopmy. IlosTomMy mpu cABuUre MOTEHUMANIbHAs 3HEpPrus OyneT HaKarIMBaThCA
TOJIBKO 32 C4ET (POPMOU3MEHEHHS.

4. Iloyemy KacaTe/ibHbIe HANPS/KCHUS SIBJISIOTCH YCJOBHON XapaKTepHCTH-
KO CONPOTHUBJICHUS MATEPUAJIOB cpe3y?

Otger: [Ipu nedopmanuu cpesa pazpyiieHue MaTepraia MTPOUCXOIUT IMyTeM
OTPbIBA, BHI3BAHHOTO HOPMaJbHBIMU HAMPSKEHUSMH, U MyTEM CIIBUTa — OT Kaca-
TEJIbHBIX HamnpspkeHU. PacueTsl HA cpe3 BeAyTCs TOJIBKO MO KacaTeIbHBIM Harpsi-
eHusM (0e3 yuera HOpMaIbHBIX HanpsbkeHui). [loaToMy kacaTenbHbIe HaMpsoKe-
HUS SIBJISIFOTCS YCIIOBHOM XapaKTEPUCTUKON MaTepuania cpesy.

5. KakoBo COOTHOLIEHHE MeXAY NnpeaejaMu MPOYHOCTH CTAJIM Ha Pa3pbiB U
caBUr?

Oteet: [Ipu pacTspkeHHH CTaIbHOTO oOpaslia pa3pyllieHHe MaTepuaia Mpo-
UCXOJIUT B MOMEHT OTpPBIBA, KOTJ]a HAaUOOJbIIEe TJIABHOE HAIPSKEHUE JOCTUTHET
MaKCUMaJIbHOW BEJIMYMHBI — MpeJieNia MPOYHOCTH G. [Ipu cnBure paspyiienue Ma-
Tepuasna MPOUCXOJUT, €CIU KacaTeIbHbIE HAMPSKEHUS TOCTUTHYT MAaKCUMAJIbHOU
BEJIUYHUHBI Ty IS cTamm TeopeTquCKHG=(O,375...0,4)-E . I3 3akona I'yka:

o T
IIPU PACTSIKEHUU & = £’ a IpU CIABUTE ) = G [Ipuuem, ecnv NpUHSATH, YTO TIPU

cpe3e U pacTsHKeHUU HauOoJbIIue AeopMalliK paBHbL, T.€. Y = €, TO C YYETOM TO-
ro, 4to y = g Y paHee MPUBEACHHBIX 3aBUCUMOCTEH, motyuuM 7=y -G =G - 2-70.
[Mpunsie G = 0,4-FE, umeem 7, =0,8-0,. Eciu G = 0,375 E, nonyuum 73 = 0,75-03.
Takum oOpa3zom, mpenen MPOYHOCTH HA CIABUT T, JJIA CTald COCTaBIsET
(0,75...0,8)-c5.
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6. Kakyw XxapakTepucTHKY MaTepuajia oOINpeNeasiioT NPU MCNOBITAHMH HA
cpes?

OtBer: KacaTenpHble HAPSKEHUS UTPAIOT OCHOBHYIO POJIb B pa3pyLICHUU
Marepualia Ipu Cpe3e, MOATOMY B OMNBITE B KAUECTBE OCHOBHOUW XapaKTEPUCTHKHU
ONPEEIISIIN MPEAET IPOUYHOCTU HA CPE3 Tpax-

7. Kak onpenesisieTcst yCJI0BHAA IUIOMIAAbL CMATHS 00pa3na?

Otger: Ilox neiicTBUEM CTAaTUYECKOW HArpy3Kd B OOJIBIIMHCTBE CIIy4acB
Cpe3 COMPOBOXKIAETCS CMIITUEM MOBEPXHOCTEN compukacaromuxcs aeraiei. Cmu-
HaeMbl€ IUIOIIAN MPEACTABIAIOT MOJYUWJIMHIPUYECKUE MOBEPXHOCTU. [Ipnuém
CMUHATBHCA OYJIeT Ta MOBEPXHOCTh, HA KOTOPYIO JECHCTBYET HAMMEHbIIIAsi CyMMap-
Has TOJIIMHA 3JIEMEHTOB, CABUTAEMBIX B OJHY CTOpOHY. [Io cMuHaeMol mosyuu-
JUHJIPUYECKOW IMOBEPXHOCTH, BO3HUKAIONIUE HOPMAJIbHBIE HANPSIKEHUS CMSTUS
pacrnpeensoTcss HEPaBHOMEPHO, UTO 3aTPyIHSET UX BbluucieHue. [loatomy npu-
HATO CUHUTATh, YTO CMHHAETCA HE MOJOBHUHA LUJIUHJPA, a €ro NPOJ0JIBHOE ceve-
HUE, IPEICTABIAIONIEE MPSIMOYTOJbHHUK. JTa MIOMAAb Ha3BaHa YCIOBHOM IUIOIIA-
IBbI0 CMATHUSA Ay

A, =t -d,

yen min
rne ¢, . — HaluMEHbIIas CyMMapHas TOJILIMHA 3JIEMEHTOB, CABUTAEMbIX
B OJIHY CTOPOHY;
d — nuameTtp obpasiia.
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JIABOPATOPHAS PABOTA Ne 5
OINPEAEJIEHME OCHOBHBIX ITAPAMETPOB 3YBUATBIX IIEPEJIAY

Lean padoThl: onpeieieHUE reOMETPUUECKIX U KHHEMAaTUYECKUX MapaMeT-
POB 3yOUaThIX Map MyTEM MX 3aMepa U pacuera; onpeesieHue MEXaHMUYeCKUX Io-
Teph (MOILTHOCTH) B 3aneruieHuu u pacuet KIT/I.

5.1 OcHoBBI TEOpHUH 3y04AaTOr0 3aLeNJICHUS

3ybuaras mepenaya-3To MEXaHWU3M, KOTOPBII C IOMOIIbIO 3y0UaToOro 3amen-
JIEHUS IEPENAET WU IPeo0pa3yeT IBHKEHHUE C N3MEHEHUEM YTJIOBBIX CKOPOCTEN U
MOMEHTOB.

3yOuaTble mepeAadyd OCYIIECTBISIIOT Meperadyy M MpeoOpa3oBaHUE Bpalla-
TEJIBHOTO JIBH)KCHMUSL:

— MEXJy NapajuleJIbHBIMUA BaJlaMU LUJIMHAPUYECKUX KOJIEC BHEUIHETO 3a-
LEIUIEHUSI C MPSMBIMH, KOCBIMU U IIEBPOHHBIMHU 3yObsMHU (pUCYHOK. 5.1 a—6) u
BHYTPEHHETO 3aleruieHus (pucyHok 3.1 2);

— MEX]ly BajJaMHU U MEPECEKAIOIIMMHUC OCSIMU KOHUYECKUX KOJIEC C MPSIMO-
JUHEHHBIMU (PUCYHOK 5.1 0) M KpUBOIMHENHBIMH (PUCYHOK 5.1 e) 3yObsiMu.

Pucynok 5.1 — OcHOBHBIE BUJIBI 3y0O4aThIX KOJIEC

Pa3HoBUAHOCTBIO 3yOuaToil mepenayu CIyXUT peeyHas mneperada (pucy-
HOK 5.1 orc), mpeoOpasyroiasi BpanaTesibHOE JIBH)KEHHE IIECTEpPHU B BO3BPATHO-
MOCTYIAaTEIbHOE JIBMXKEHHE PEHKH U HA000pOT.
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JlocTtonHcTBaMK 3y0uaThIX TMepeaad SBISIFOTCS: Malible Ta0apuThl, BHICOKUN
KII/JI, mOCTOSSHCTBO MNEPEAATOYHOTO OTHOIIEHUS, BBICOKAs JIOJTOBEYHOCTh U
HaJIe)KHOCTh B paboTe, BO3MOKHOCTh MIPUMEHEHHS B IIIMPOKOM JIMANa30HE MOIIHO-
CTEM, CKOPOCTEU U MEPEAATOUYHBIX OTHOIIEHUM.

K HemocTaTkam 3THX Iepeiad OTHOCAT TpeOOBaHMUS BHICOKON TOYHOCTH H3T0-
TOBJICHUSI U IITYM TIPH OOJIBIIIMX CKOPOCTSX

[TocTOSIHCTBO TIepEaTOYHOTO YKciia 3y04aToro 3aleruieHUs] I0CTUraeTcsl uc-
MOJIb30BAaHUEM HBOJIBBEHTHOTO Tpoduiis 3yOheB IIECTEpHH U Kojeca. Hapesaror
Takue 3yObsi MPOCTHIM UHCTPYMEHTOM.

B 3y0uaThix mepenadax ABIKCHHE MEPEIACTCS C TTOMOIIBIO 3aICTUICHUS TTaphl
3yO4JaThIX Kojec. MeHbiee 3y0uaToe KOJeco Ha3bIBAIOT MIECTEPHEH, a OoJbIee —
koJiecoM. [lapameTphl mecTepHu 0003HAYAIOT ¢ UHAEKCOM —1, a Kojeca ¢ UHIECK-
com — 2. IloBepxHOCTH 3yOBEB MIECTEPHU U KOJIECA, TOOUEPETHO COMPUKACAIOIIEC-
Csl IPYT C APYroM, Ha3bIBAIOTCS pabOYMMHU U UMEIOT ABOJILBEHTHYIO (popMy (pHCy-
HOK 5.2).

I'omoBka 3}’63 Hoxka 3y0a 3y6

Bnagnna

[Tar oxpyxHOU

p Pabouas nosepx-
HOCTh 3yObeB
(?BOJIbBEHTHAS)

[ToBepxHOCTH BN IUH 8 '
(OKPY>KHOCTH BIAJIMH) /

[ToBepxHOCTH BEPIIMH

JlenurenpHas MOBEPXHOCTH (OKPYKHOCTH BEpIIHH)

(nenutenbHas OKPYKHOCTH)

Pucynok 5.2 — DneMeHThI 3y6uaToro kojeca

PaccTosiHue Mexay OJHOMMEHHBIMU CTOPOHAMHU JBYX COCEIHHUX 3yObeB IIe-
CTEpHH M KOJI€Ca, B3STOE MO JAEIUTEIbHOW OKPYKHOCTH, HA3bIBAIOT OKPYKHBIM
iarom — p;

JlenuTenbHON HA3bIBAETCS OKPYKHOCTh, HA KOTOPOUW IIAr p W yroJi 3arervie-
HUS 0, COOTBETCTBEHHO PABHBI LIAry U Yrily Npouisi HHCTPYMEHTAIbHOU pPEeUKH.
JlenutenbHast OKPYKHOCTb JEJUT 3y0 Ha roJIOBKY, UMEIOIIYIO BBICOTY /i, U1 HOXKKY
C BBICOTOH /.

O61mast BeicoTa 3y0a h ecTh moypa3HOCTh TMAMETPOB OKPYKHOCTEHN BEPILINH
d, Y BIAOVH dy.

B kauecTBe OCHOBHOI'O mapameTpa 3yOuaroro 3aueIyieHus OPHUHAT MOAYJb
3yObEB paBHBIIL:
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m=L_ (vm), (5.1)
T
I7Ie p — OKPYXHOU mar 3yObeB (MM) — 3TO PacCTOSIHHE MEXKTY OJHOMMECHHBIMU
CTOPOHAMH COCETHHUX 3yObEB, B3STOE IO JIyre ACTUTEIHHON OKPYKHOCTH.
W3 aHanmu3a OIMHBI JEIUTEIBHOM OKPYKHOCTH MOJy4€HO PaBEHCTBO ITPOU3-
BGIIGHI/Iﬁ cC I[I/IaMeTpa de HAa 7 U 11iara 3Y6BCB Ha UX 4YuCJIO T, U3 KOTOpOFO CJ'Ie,ZIyeT:

den:pz,:d—e=£=m. (5.2)
< T
Jliia obecrieueHrst B3aMMO3aMEHSIEMOCTH 3y0UaThIX Kojiec ¥ yHU(DUKAIIN 3y00-
PE3HOr0 MHCTPYMEHTA 3HaueHue MoAyJ sl cranaaptusupoBansl o 'OCT 9653-80:

1-ipsan: 1,0; 1,25; 1,5; 2,0; 2,5; 3,0; 4,0; 5,0; 6,0; 8,0; 12; 16; 20; 25.
2-ni psan:1,125; 1,375, 1,75; 2,25; 2,75; 3,5, 4,5, 5,0; 7; 9; 11; 14; 18; 22; 28.
Ilpumeuanue. 1lepBblii psa ciienyeT NPeANOYUTATh BTOPOMY
B ko0co3y0ObIx mepegayax UMEET MECTO OKPYXKHOU p, U HOPMaJIbHBIN p,, 1Iaru

(pucyHoxk 5.3)

o Pt

—\/:/ L
H L;// =,
i - B
] pi??\\\;épn

i

a — psiMo3yoas 6 — Koco3ybas 6 — IIEBPOHHAS
Pucynox 5.3 — Cxembl pacniosioxkeHus 3yObeB

Okpy)HOMY IIary COOTBETCTBYET OKPYKHOU MOZYJIb:

_ e
m, =—. (5.3)
4
HopmanbHblil miar p, — 3T0 KpaTyaiiiiee paccrosinie (1o HopMaiau n-n, pucy-

HOK 5.3 6, 6) 10 AETUTENBHOMY MHJIMHAPY MEXYy OJHOMMEHHBIMU MPO(UIBHBI-
MU TOBEPXHOCTSIMH JBYX CMEXKHBIX 3yObeB. OH 3aBUCHUT OT OKpPY>KHOT'O IIara p, u

yrja HakJIoHa 3yObeB f: DPn = PCOSL. (5.4)
COOTBETCTBEHHO HOPMAJIbHBII MOJTYJIb PABECH:
m, = m,cosp. (5.5)

OH 0JKEH COOTBETCTBOBATH CTAHAAPTHOMY PSIY.
Jliis mpsiMo3yOBIX mepeaayd OKpy>KHbIE U HOpMaJibHbIE IIard (PUCYHOK 5.3 a)
Y MOJyJIU COOTBETCTBEHHO COBIMAJIAIOT.
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Hununopuueckue 3youameote nepeoayu
Pa3mepbl MUIMHAPUYECKUX 3yOUaThIX MPSAMO3YObIX KOJIEC OMPENEsIioT Ye-
pe3 MOyJIb U YUCII0 3yObeB (PUCYHOK 5.4):

JICTIATENBHBIN TUaMETP: d,=mz; (5.6)
JTUAMETP BEPILHH: d,=d+2h,=d +2m=d~+2h; (5.7)
JTUaMETP BHAIUH: d=d—2h=d,~2,5m=d;2h. (5.8)

O2

- _ A o

Pucynok 5.4 —3nemMeHThI 3y04aToro 3arerieHus

Tak Kak OKpY>KHbI€ CKOPOCTHU IIECTEPHU U KOJIeCa PaBHBI, TO 3aBUCUMOCTH (2)
MOKHO 3aIiCaTh B BUJIE:

u= b2 2 (5.9)
wy dep 7

MeskoceBoe paccTOsSTHUE — IJIaBHBIN MapamMeTp 3y0uaToro 3aleryIeHHs, OTpe-
JEJSIONTUi TabapuTHBIE pa3Mephl epeiadu B BUJIE:

4 :d61+d62:dez(u+1):mZ1(u+1):mZZ (5.10)
@ ) 2u 2 2

r€ Zs=Z7;+Z2 — CYMMapHOE YHCIIO 3yOheB.

<
3Hasl 7y — ONPEAECIAIOT YUCIIO 3yObEB IECTEPHU 7| = —21
u—+

1 KoJIeca 2> = Zy-7; (5.11)
Y KOCO3yOBIX M IIEBPOHHBIX KOJIEC 3yObsl PacIiOIOKEHBI HAKJIOHHO H, B OT-
JUYHE OT MPSAMO3YOBIX, BXOJAT B 3allCIUICHHE HE Cpa3y IO BCEH JTMHE, a TOCTe-
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neHHo. [Ipu 3ToM yBennuuBaeTcsi BpeMsi KOHTaKTa OJJHOM Maphl 3yObeB, B TEUCHUE
KOTOPOTO BXOJSIT B 3alleTVICHUE HOBBIE Maphl 3yObeB, Harpyska nepefacrcs Mo
OOJbIIEMY YMCIy KOHTAKTHBIX JIMHUW, YTO CHUXACT IIYM W JIMHAMHYECKHE
Harpy3ku (pUCyHOK 5.5).

[Ipu yBenuueHuu yria HakJIoHa 3yObeB [ BO3pacTaeT MJIaBHOCTh 3allCTUICHUS.
Yron B IpUHAMAIOT: IS KOChIX 3y6bes A= 8+18° s meBponHbIX — £ = 25+40.
VY koco3yboro koseca (pUCYHOK 5.6) paccTOsSHUE MEXKIY 3yObsIMU H3MEPSIOT B
TOPIIOBOM WJIM OKPY>KHOM (7-f) U HOpMaJIbHOM (n-n) HampaBieHUsx. B mepBom
cllydae Mojay4yaroT OKpY>KHOU 1Iar p,, a BO BTOPOM — HOPMaJIbHBIH 1Iar p,,.

A n pt A
\4
Pn
ol
da df‘ _ _Cig_ — s - . ] . _d;
n

\\I | el L v

Pucynok 5.5 — Cxema koco3y0oi Pucynok 5.6 — I'eomeTpuueckue pasmepbl
nepeaadu KOC03y0oro koiieca

Pazmepsl 3y0UaThix KOCO3yOBIX KOJIEC MOTYT OMPENEATHCSA KaK yepe3 TOPIIo-
BbIl, TAK U Y€PE3 HOPMAJIBHBIN MOYJIN:

JICJIUTEIIbHBINA THAaMETP: d,=mz= M ; (5.12)
cosf

JMaMEeTp BEPIIHH: d,=d,+2m,; (5.13)

JTMaMeTp BOAJUH: di=d~2,5m,. (5.14)

Koco3yboe kojieco Hape3aroT TeM >X€ HHCTPYMEHTOM, 4YTO MpsiMO3ydoe.
Hakiion 3y0a mosiyyaroT moBOopoToM HHCTpymeHTa Ha yron f. Ilpoduns kocoro
3y0a B HOPMaJLHOM CEYCHHUH n-1 COBMAaeT ¢ mpodusieM nmpsamoro 3yda oJIMHAKO-
BOT'O MOJYJIS M, = M.

MexoceBoe paccTosiHue KOCo3yOoH mepeadyn OmpeessioT MO0 CIEIYIONUM
3aBHCHUMOCTSIM:

a, = mn(zl + Zz) _ m,2y _ dez(u +1) -
2cos 3 2cos 3 2u
B koco3y0oii nepenade, MeHsIs 3HaAYCHUS yria [f, MO)KHO HE3HAYUTEIbHO M3-
MCHMUTD A .

(5.15)
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[TpsiMo3yOyt0 TIepenady MOXHO pacCMaTpUBaTh KaK YaCTHBIA CITydail KOCO-
3y0oit mepenaun, y kotropoit = 0.

Konuueckue 3youamole nepeoauu

Konnueckue 3y04aThie Kojieca MPUMEHSIIOT B MEpeaadyax MEXy BajllaMu, OCU
KOTOPBIX MepecekaroTcs noa yriom. Hanbomnee pacnpocTpaHeHbl nepeayu ¢ yr-
oM mMexny ocsimu 90°

Pa3Mepbl KOHUYECKHUX KOJIEC OMPENEIIOT Yepe3 MOYJIb U YUCIIO 3yObEB IO
TeM ke (opmysiaM, 4TO U UUIMHAPUYECKUX 3yOuaThix Kosiec. Ho B oTimume or
HUJIMHAPUYECKOT0, 3y0UaThlii BEHEI] KOHMYECKOT0 KOJieCa OrpaHUYMUBACTCS] BHEIII-
HUM U BHYTPEHHUM Topiamu. [loaTroMy paznuuarot BHeniHee — 3, BHyTpeHHee — 1,
a TaKXe cpeHee — 2 cedeHus 3yObeB (PUCYHOK 5.7).

Pa3mepsl o BHELTHEMY TOPILY YI0OHEe sl U3MEPEHHs], TIOATOMY MX yKa3bl-
BAIOT HAa YEPTEkKaxX M COMPOBOXKIAIOT HMHICKCOM “‘e”’, Hanpumep d,, my, , My, U Jp.
Pa3Mepsbl B cpeiHEM CEUEHUU HCIOJIB3YIOT B CUJIOBBIX PAcU€TaxX M COMPOBOXKAAIOT

WHJIEKCOM “m”, HanIpuUMep, d,,, My, My

90’
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Pucynok 5.7 — CxeMa KOHM4YECKOHU nepeauun

AHanmoramMy Ha4aJdbHBIX U JICTUTEIBHBIX IMIHHAPOB MUIUHAPUIECKUX 3y0Ua-
THIX MEpe/lad B KOHUYECKUX Iepelavax sIBISIOTCS HadalbHbIE U JEIUTEIbHBIE KO-
Hycbl. [Ipu BpalieHuu Kojec HayaibHble KOHYChl KaTATCA APYr Mo Apyry, 0e3
CKobXeHus. JlJinHa oTpe3ka 00pasyrolle AeNUTEeNTbHOTO KOHyCa KOHHUYECKOTO
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3y04aToro KoJjieca OT €ro BEPIIHUHEI J0 MEPECEUCHHsI C 00pa3yroIIeil AeTUTEILHOTO
JIOTIOJITHUTEJILHOTO KOHYyCa Ha3bIBACTCS KOHYCHBIM paccTosiHueM. Pazauyaror
BHEIIIHEE R,, BHyTpeHHEE U cpeqHee R, KOHYCHBIE pacCTOSHUS (PUCYHOK 5.7).
Takum 00pa3om, pazMephl 3y0UaThIX KOHUUECKUX KOJIEC PaBHBI:
— BHEIIHUM ACTUTENIbHBIN AuaMeTp d, = m,,z; (5.16)
— CPEIHUI JETUTENbHBIN AuaMeTp d,, = m,Z; (5.17)
— AWaMeTPhl BEPIIMH U BMaJUH 3yObEB HA BHEIIHEM JICIUTEIILHOM JUAMETPE
(mpu ko3P dunuente cmemienus y = 0)
d,.=d,+2m,,coso, (5.18)
dr=d, — 2m,,cos 7, (5.19)
— BHEIIIHEE KOHYCHOE PacCCTOSTHUE

R = d,  myz _mte\/zlz"‘Z%_dez u’ +1
© 2sinSd 2sind 2 2 u

— IIMpUHA 3y04aToro BeHIa

; (5.20)

b =K,.R,, (5.21)
rine K, = 0,285.
[lepenaToyHoe OTHOIIIEHHE KOHUYECKOW Iepeauyd OMPEACIAIOTCS TaK JKe,
KaK U Y MUIHHIPUICCKUX

dy z
u=-2=22 (5.22)
dy 7
Ecnu BeIpa3uth d; u d, 4epe3 KOHYCHOE PaCCTOSIHUE M YIJIbl JCIUTEIbHBIX
KOHYCOB O; B &, ,TO TIepeIaTOYHOE OTHOIIICHHE OYACT PaBHO:
sin &
u=_—2=tg52 =ctgd]. (5.23)
sin O
O1r HOpPMYITBI UCTIOTB3YIOT JUIsl ONIPECIICHUSI YTIIOB O; U Os.

CKoavoicenue u mpenue 6 3ayenyieHuu

B nporecce 3arernsieHus paboune y4acTKu OOKOBBIX MOBEPXHOCTEH 3yOheB
LIECTEPHHA M KOJIECA OAHOBPEMEHHO NEPEKATHIBAIOTCA M CKOJB3SIT APYr OTHOCH-
TenbHO apyra. CorjaacHO pUCYHKY 5.8 B KpalHMX TOUYKax 3aleryieHus (Ha HOXKKax
U TOJIOBKaX 3yObeB) OTHOCUTENbHASA CKOPOCTh V; MIMEET MaKCUMaJIbHbIE 3HAUCHMUS.
B nomtoce 3anemnenus II Vi = 0 u mocie 3T0ro M3MeHsAET CBOE HalpaBJICHUE.
CKoJIb)KEHUE CONPOBOXKAAETCS TpeHUEM. TpeHue sBIsSeTCS NPUYMHON NOTEpPhH B
3alIeTJIEHUH U U3HOCA 3yObEB.

Bonbiemy u3HoCy nojBep:keHa HOKKa, MEHBIIIEMY — F'0JIOBKA, UTO TPUBOIUT
K MCKaXeHUI0 npodulis 3yda, 0COOEHHO B OTKPBITHIX Mepeaadax. HepaBHoMepHoe
CKOJIBKEHHE SIBJISIETCS KPYIHBIM HETOCTATKOM 3BOJIbBEHTHOTO 3alCIIICHUS.

MuHuManbHble 3HAYEHUS CKOPOCTU CKOJIbKEHUS B OKOJIOIMOJIOCHON 30HE
YBEIMYMUBAIOT KOAOUIIMEHT TPeHUsI B 30HE, YTO CHOCOOCTBYET BBIKpPAIIMBAHUIO
paboymx MoBepXHOCTEN 3yObEB.
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Pucynok 5.8 — CkoJibkeHHE TTPU B3aUMOJCHCTBUM 3yOhEB

CKOpOCTB CKOJIBXKCHUSA YBCIIMUYNBACTCA C YBCIIMYCHUCM BBICOTEHI 3}763 n MO-
AYyJId 3alCIITICHUA. v MCJIKOMOAYJIBHBIX KoJIEC ¢ OOJIBIITUM YHMCIIOM 3Y6BCB CKOJIb-
KCHHUC MCHBIIC, 4 3HAYNUT U MCHBIIIC IIOTCPU HAa TPCHUC.

KIIT 3y6uamuix nepedau

[ToTepu MOIIHOCTU B 3yOUaThIX Mepeadax CKIIAJbIBAIOTCS U3 OTEPh HA Tpe-
HHUE B 3alICTUIEHWHM, HA TPEHHE B MOAIIMIIHMKAX W TUAPABINYECKUX IMOTEPh HA
B30aIThIBaHUE U pa3OphI3rMBaHUE Macia (3aKpbIThIE TIepeayn).

[Torepu B 3allENJIEHUM COCTABJISIOT IJIABHYIO YacTh MOTEPh MEPEAAYU U BbI-
3bIBAIOTCS] CUJIAMU TPEHUS MEXAY 3YObSIMHU. DTHU MOTEPHU 3aBUCAT OT TOUHOCTH M3-
TOTOBJICHUS, IIEPOXOBATOCTU PAOOUMX MOBEPXHOCTEH 3yOhEB, CKOPOCTH KOJIEC,
crnoco0a CMa3Ku U CBOMCTB CMa30YHBIX MAaTE€pPHANIOB, a TAKXKE OT yuciia 3yObeB,
ocobenno mectepau. C ypennuenueM uncia 3yoreB KIIJ] nepenaun Bo3pacraer.

[Ipu mepenaye HemosHOM MomHocTH KIIJ[ cHmkaercs. Takum oGpazom,
cymmapnyto BenuuuHy KIIJ[ 3yOuaroit mepenaun ¢ yd4€ToM BCeX MOTEPh MOXKHO
npeacraButh B Buae npousBeneHus KIIJl 3aunennenus, mMOgMMIIHUKOB U THIPaB-
JIMYECKOT0

0=y T 7 (5.24)

Cpennue 3nadenust KI1J[ 3y0uareix mepegad Ha MOAIMIMITHAKAX Ka4CHUS TIPU
nepeaayue MmoJIHON PacueTHON MOIIIHOCTH MPUBEICHBI B Tabmie S.1.
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Tabmuma 5.1 — Cpennane 3nauenus KI1J] omHo# mapsl 3y04aThix KOJIEC
Ha TOJIIAITHAKAX KadCHHSI

KoHcrpykuus nepenauu Tun nepenarin
UIMHAPUYECKAsI KOHUYECKasI
1. 3akpsITasi cpegHECKO-
POCTHAS C KHUJIKON CMAa3KOMN 0,98 0,97
2. 3akppITasi BBICOKOU
TOYHOCTH C KUJIKOU 0,99 0,98
CMAa3KoM, OBICTPOXOTHAS
3.OTKpBbITas C MIACTUYHON
CMa3KoM 0,96 0,95

Tounocmb u3zeomoeieHusn u eé eIuAHUE HA Kauecmeo padomol nepeoayu

[TokazaTensaMu TOUHOCTH 3y0UaThIX Mepeiay sSBIISIIOTCS:

1. Kunemamuueckas mounocms — XapakTEPU3yeTCsl MOTHON MOTPEUIHOCTHIO
YIJ0B MOBOPOTA, CUEIUISIOIIMXCS KOJIEC 32 OAMH 000poT. Omnpenensercs HaKoM-
JICHHOM OIMOKOM 11ara u OUeHUEM.

2. Ilnasnocms pabomsi — XapaKTEPU3yeTCs] MHOTOKPATHO MOBTOPSIONTUMUCS
3a 000pOT KoJieca KOJEOAHUSIMU CKOPOCTH, BBI3BIBAIONIMMH JTUHAMHYECKUE
Harpy3ku u mym. Onpenensercs omuoOkamMu 1mara u mpoduis.

3. Ilamno xonmakma 3y06be6 — XapaKTEPU3YETCs KOHIEHTpAIMEeH Harpy3Ku
Ha 3yObsi. OnpenensieTcss KaueCTBOM M3TOTOBJICHUS M COOPKU TIEpelayun.

TounocTs u3roroBneHus 3youatsix nepenad pernmamentupyercs [OCT 1643-81.
B cranpapre npemycmotrpensl 12 creneneit TouHoctu. CTeneHbh TOYHOCTH BBHIOU-
paroT B 3aBUCUMOCTH OT Ha3HAYEHUS M YCIOBUM padoThl nepeaaun. Haubomnbiee
pacnpoCTpaHEHUE UMEIKOT 6, 7 1 8 CTENEHN TOYHOCTH.

Buowt pazpywenus 3yoves

[ToBTOpHO-TIEpEMEHHBIEC HAMPSHKEHUS, BO3HUKAIOIINE B MIOTIEPEYHOM CEUEHUU
3y0a OF M Ha €ro MOBEPXHOCTH Oy, SIBISIOTCS MPUINHON yCTAJIOCTHOTO paspyliie-
HUS 3yObEeB.

1. IToiomka 3yObeB siBIsieTCsl HanOoJiee OMacHbIM BUAOM Pa3pyIICHUs, MPHU-
BOJISAIIAS K BBIXOJY M3 CTPOsI MEpeIaun U MOBPEKICHUIO APYTUX JieTaliel (BaJioB,
MOAIIMITHUKOB U JIp.) U3-3a MOMaJdaHusl B HUX BBUIOMUBIINXCS KYCKOB 3yObeB (pHU-
CYHOK 5.9 a). ITosioMKa MOXET BBI3BIBATHCS: OOJBIIMMH MEPETPy3KaMU YIapHOTO
WU JTaK€ CTATUYECKOro JEeWCTBUS;, MOBTOPHBIMH IMEPETPy3KaMH, BBI3bIBAIOIIUMU
yCTaJ0CTh MaTepuaia (yCTaloCTHasl MOJIOMKa).

JIist ipeoTBpanieHus MOJOMOK 3yObsl paCCUMTHIBAIOTCS HA W3rHO, a TaKKe
YBEIIMYUBAIOT TOYHOCTh U3TOTOBJIEHUS U MOHTaXa MEpeIayun.

2. YcTanmocTHOE BBIKpAlTUBaHUE PAOOUYUX MOBEPXHOCTEH 3yObeB — OCHOBHOMU
BUJI pa3pylieHus 3yObeB OOJBIITMHCTBA 3aKPHITHIX Tepenad. Bo3nukaer, Bciend-
CTBUE JICUCTBUS MOBTOPHO-TIEPEMEHHBIX KOHTAKTHBIX HAIPSIKEHUN Oy.
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Pucynok 5.9 — Bunsl paspyuienus 3yObeB

Ha moBepxHoCcTH 3y0a MOSIBISIOTCS HEOOJbIINE YriayOJIeHUsl, KOTOPhIE yBe-
JUYUBAIOTCA U MPEBPAIIAlOTCS B PAKOBUHBI (PUCYHOK 5.9 6). PazpyiieHue HaunHa-
€TCsl Ha HOKKE 3y0a B OKOJIOMOJIOCHOM 30HE, TJI€ UMEET MECTO HauOOoJbIIas cuiia
TPEHUs, CHOCOOCTBYIOLIAs MJIACTUYECKUM JedopMalusM U 00pa30BaHUI0 MHUKPO-
TPEIIMH HA TIOBEPXHOCTH 3yObeB. Pa3BUTHIO TpEIIMH CIOCOOCTBYET pPACKIMHUBA-
1oIUK 3PPEKT CMa3Ku, KOTOpasi 3alpeCcCOBBIBAECTCA B 3TU TPELUUHBI IIPU 3allerlie-
HUU 3yOb€B U CIOCOOCTBYET BBIKPAIIMBAHUIO YacTHIl MeTaia. [lpu BeikpamumBa-
HUM HAPYLIAIOTCS yCIOBUS 00pa30BaHUs CIUIOIIHOW IUIEHKH (MAacio BbIKUMAETCS
B PAKOBUHBI), MOSBISIETCS METAUIMUECKUNA KOHTAKT C MOCIEAYIOUIUM OBICTPHIM
W3HOCOM M 33JIMpOM MOBEPXHOCTH. Bo3pacTaroT IMHaMHYECKHE Harpy3kH, LIyM,
TeMIIepaTypa.

[Tpu TBEpHOCTH MOBepxHOCTH 3yObeB < 350 HB MokeT uMeTh MecTo orpaHu-
YeHHOE BBIKpalmuBaHue. OHO MOSIBISETCS B MECTaX KOHUEHTPALMHM HArpy3ku U
CBS3aHO C HETOYHOCTBbIO M3TrOTOBJICHMSI WJIM MOHTaxa mnepenauu. [locne mpupa-
00TKM 3yObeB, HArpy3Ka pacnpenesnsieTcs paBHOMEPHO MO UX MOBEPXHOCTH U BbI-
KpalIMBaHUE MpEeKpaliaeTcs.

[Tpu tBEpIOCTH MoBepxHOCTH 3yObeB > 350 HB o0Opa3oBaBiviecs: pakOBUHBI
OBICTPO PacTyT, BEIKPAIIMBAHUE TTOPAXKAET BCIO MOBEPXHOCTh HOXKEK 3yOhEB.

[IpenynpexaaroT yCTaIOCTHOE BBIKpAlIMBaHUE pacuéToM 3yOhEeB Ha MPoU-
HOCTh IO KOHTaKTHBIM HaIpPSKEHUSIM, TOBBIIIEHHEM TBEPAOCTU IMOBEPXHOCTH
3yObEB U CTENEHU TOYHOCTH, a TAKXKE MPaBUIbHBIM BEIOOPOM COpTa U MacJia.

3. U3HamuBanue 3y0beB — OCHOBHOM BUJ| pa3pylleHUs 3yObeB OTKPBITHIX TTe-
penay. B 3akpbITBIX mepenadax 3TOT BUJA Pa3pylIeHUs 3yObeB UMEET MECTO MpHU
HEJOCTATOYHOW 3aIUIIEHHOCTH OT 3arpsA3HEHUs Macia adpa3sMBHBIMU YacTHUIIAMU
(IBLIB, NPOAYKTHI U3HOCA U T.I1.).

VY W3HOLIEHHOW Nepeaayn yBEIUUYMBAIOTCA 3a30pbl B 3alICTNIEHUH, HOSBIISIET-
Csl IIIyM, BO3pACTalOT AUHAMUYEeCKUe Harpy3ku. [lo mepe n3HalMBaHusi yMeHbIIa-
€TCsl MPOYHOCTH 3y0a, BCJIEICTBHE YMEHBIICHUS IJIOIIAIN €ro MONEPEYHOTo ceue-
HUsA (PUCYHOK 5.9 6), UTO MOKET IPUBECTHU U K MOJIOMKE 3yObeB.

M3HammBaHue yMEHBIIAIOT 3allIUTON OT MOMNaJAaHus aOpa3uBHBIX YaCTHIL; MO-
BBIIIICHUEM TBEPJOCTH U TMOHUKEHUEM IIEPOXOBATOCTH PabOUYUX MOBEPXHOCTEH
3yObeB, IPUMEHEHUEM CIIELUATIBLHBIX Macedl.
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4. 3aemanue 3yObeB 3aKIIOYAeTCs B MPHUBAPUBAHUM YACTHUI] OJHOTO 3y0a K
JpyroMy BCJIEICTBUE MECTHOT'O MOBBIIIEHUSI TEMIIEPATyp B 30HE 3auerieHus. O0-
pa30BaBIIKECS HAPOCTHI HA MOBEPXHOCTIX 3YObEB 3aJMPAIOT paboune MOBEPXHO-
CTH IpYI'uX 3yObEB B HAIIPaBJICHUU CKOJIBXEHUS (PUCYHOK 5.9 2).

3aenaHue 3yObeB MPEAYNPEXKIAI0T MMOBBIILIEHUEM TBEPIOCTH U MOHUKEHUEM
IIePOX0OBaTOCTEH 3yObeB, a TaKkkKe MPaBUIbHBIM MOAO0OPOM MPOTUBO33AUPHBIX Ma-
cell.

Kpome oTmMeueHHBIX BBIIIE€ BUAOB Pa3pylIeHUs 3yObeB UMEIOT MECTO, XOTS U
3HAUUTEIBHO pEXe, IUIACTUUECKUE CIBUIU, KOTOpPbIE HAOIIOMAIOTCA y TSAXKEIo-
Harpy>KeHHBIX, THXOXO/IHBIX 3y0UaThIX KOJEC, U3TOTOBICHHBIX U3 MSTKOM CTajH, U
OTCJaNBaHHE MOBEPXHOCTHOTO CIIOsI 3yObeB, KOTOPHIN HAOMIOJACTCS] IPU HU3KOM
Ka4yecTBE TePMUUECKOI 00pabOTKH 3yOuaThIX KOJIEC U Meperpy3Kax rnepeaayu.

Mamepuanst u mepmooodpadomka

OCHOBHBIMU MaTepUaJlaMU 3yOuaThIX KOJIEC SBJISIOTCS, TEPMUYECKH 0Opada-
THIBAEMBIE CTAJIH.

B 3aBucuMocTy OT TBEPAOCTH pabOUMX MOBEPXHOCTEHN CTaNbHBIX 3yObEB pas-
JNYAIoT:

— 3y0Ouatble konéca TBEpAocThi0O < 350 HB, HOpManu30BaHHBIE, YIIydIlIEH-
HBIC WJIY 3aKaJIEHHEBIC,

— 3y0Ouarsie KoJiéca TBEpAOCThIO > 350 HB ¢ 00hEMHOM 3aKanKoi, 3aKaaKkon
TBY, uemeHTanuen, a30TUPOBAHUEM U JIP.

[Tpu tBEpaOCTH MaTepuana < 350 HB uuncroBoe Hape3anue 3yObeB MpPOU3BO-
JIT TOCTe TepMOOOPabOTKH, ToJTydas 00Jiee BICOKYIO TOUHOCTh 0€3 MPUMEHEHUs
JOPOTHX OTACJIOYHBIX onepauuid — numdoBku, nputupku u ap. Konéca stoi
IpynIbl XOpOUIO MPUPadaTHIBAIOTCS U HE MOJBEPKEHBI XPYNKOMY Pa3pyIICHHUIO
IpU TUHAMUYECKUX Harpy3Kax.

[Tpu > 350 HB TBEépmocth MaTepuana BbIpakaroT OOBIYHO B enuHuUIAax Po-
kBesuia — HRC. [Ipu aTom Bo3pacTaeT Harpy3o4yHasi ClioCOOHOCTh Tiepeaadn, U3HO-
COCTOMKOCTb U CTOMKOCTb IIPOTUB 3a€IaHHUS.

Hapesanue 3yObeB npu BHICOKOW TBEPAOCTH 3aTPYJHEHO, TO3TOMY TEPMOOO-
paOOTKy BBIMOJHSIOT MOcie UX Hape3aHus. OJIHaKO HEKOTOpbIe BUIbI TEPMOOOpa-
OOTKH BBI3BIBAIOT OT/IEJIOYHBIE ONEpaIiu;: MUTM(POBKY, MPUTUPKY, OOKATKY U Jp.

3HAUUTENBHO PEXE M3rOTABIMBAIOT 3yOUaThie KoJEca U3 YyryHa — 3TO THUXO-
XOJIHbIE KOJIECA U KOJIECA OTKPBITHIX 3yOUaThIX Mepeaay.

OCHOBHOI HEAOCTATOK YyT'yHa — MOHWKEHHAs! MPOYHOCTH MO HAMPSHKEHUSIM
OT u3ruda, 0COOEHHO MPH yJIapHBIX HArpy3Kax.

YyryHHble 3y04aTble KoJiéca, B OCHOBHOM, U3TrOTAaBIMBAIOT U3 CEPOrO0 U MO-
TU(ULIHPOBAHHOTO YyT'YHA.

Koncmpyxkuuu 3y6uamelx nepeoay
B 3aBHCHMOCTM OT Ha3HAY€HHsI, Pa3MEPOB U TEXHOJOTMU TOJYYEHHs 3aro-
TOBKH, 3yOuaThle KoJ€ca UMEIOT pa3inuyHyl0 KOHCTpyKuuio (pucynku 5.10, 5.11,
5.12,5.13).
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KoncTpykuun 3y0uaThix Koéc
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Pucynok 5.12 — KoBannsle konéca
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Pucynok 5.10 — MoHonuTHBIE 3y0OUaThie KoJéca, MM
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Pucynok 5.13— bannaxupoBBanHbie (a) U CBEPTHHIE (0) 3yOuaThie KoiEca

HAE
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5.2 O0beKT u3yveHus, NpuOOPHI U 000PYI0BAHHE

Jlst BbITIOJIHEHUST PaOOThI HEOOXOJIMMO UMETh: 3yOdaryro napy (UUIUHIPU-
YECKYI0 WJIM KOHMYECKYIO C MPSMBIMU UM KOCBIMHU 3yObSIMH); MacIITaOHYIO JIH-
HEWKy; ITaHTeHIMPKYJb; IITaHreH3yOoMep; yriiomep; HabOp clecapHOro HH-
CTPYMEHTA.

5.3 llops10K BBINOJHEHUSI PA0OTHI

[Tpu ompeneneHny mapamMeTpoB 3yOUaTOro 3aIETUICHUSI WCMOJB3YIOT HUIHH-
JIPUYECKYI0 WM KOHWUYECKYIO TMapy C 3BOJBBCHTHBIM MPOGUIEM MPSMBIX WU
HAKJIOHHBIX 3yObEB U BBITIOJHSIOT CJICTYIOITUE OTepaIliu:

1. IloicYUTHIBAIOT YUCIIO 3yOBhEB MIECTEPHHU Z;, U KOJIECa 2.

2. Ucnonb3ysl IMTaHTEHIUPKYJb, 3aMEpPSIOT Cpa3y AHaMeTp OKPY>KHOCTH
BEPIINH d, 3y0UYaThIX KOJEC C YETHBIM YUCIIOM 3yObeB, MPU HEUETHOM YHCIIE 3yOb-
€B 3aMepSIOT quaMeTp Bana d, u paccrosinue [; (pucyHok 5.14), a d, onpenensitor
o gopmyiie

d,=d+2l,. (5.25)
JluameTp BHaJMH OMPEACIISIOT 110 (hopMyJie
dﬂ =d3+2lg. (526)

Wcnione3ys d, u dy U1 D5BONBBEHTHOTO 3aLEIUIEHU U HCXOJHOTO KOHTYpa I10
['OCT 13755-81 HaxoiuM OpUEHTUPOBOYHO MOAYJIb 3alleTUIEHUs 110 hopMyIie

h
m, =—, 5.27
" 25 ( )
d —d
rae h= f .

: (5.28)
HOHy‘leHHOG 3HAQUYCHUEC mi, CpaBHI/IBaIOT CO CTaHI[apTHBIM U OKOHYATCIIBHO
MIPUHUMAKOT MOAYJb 3aleruieHus. Ecnu m, NMpuMepHO PaBHO CTaHAAPTHOMY 3Ha-
YEHHIO TO 3yOuaThie KoJiéca Hape3aHbl 0€3 CMEIIeHHsS] HHCTPYMEHTA.
3.1lo monmynio W Yuciay 3yObeB PACCUMTHIBAIOT JUAMETPHI JEIUTEIbHBIX
OKPY>KHOCTEH KoJieca U IecTepHH 1o Gopmyre 5.6.



Pucynok 5.14 — Cxema onpezneneHus napaMmeTpoB 3yOUaThIX KOJIEC

4. Y3 bopmynsl 5.28 onpenensior BHICOTY 3y0a h.

5. C nmoMoIpto mTaHreH3yooMepa 3aMepsitoT TOJIIMHY 3y0a S Ha JeNuTeNb-
HOM JHaMeTpe (OHa OAMHAKOBA AJI1 LIECTEPHH U KOJIeca).

6. LlITaHreHUUpKyIeM 3aMEPSIOT JJIMHY 3yObeB (IUMPUHY BEHIIA) MIECTEPHU b,
" Kouseca b,.

7. C nmoMoIIp0 yrioMepa 3aMepsitoT yroJl HakjoHa 3yObeB [ KOCO3yOBbIX ITU-
JUHIPUYECKUX U KOHMUYECKUX KOJIEC C HAKIIOHHBIMU 3yObSIMH.

Pe3ynbTarhl OACUETOB U 3aMEPOB 3aHOCST B TaOJIMIIBI )KypHasIa HAOII0JCHUI
(Tabmuret 5.2 u 5.3).

Henocratonie napameTpsl 3y0UaThiX KOJEC PACCUMTHIBAIOT C UCIIOJIb30BaHU-
€M TIOJYYeHHBIX JaHHBIX MO GopMysiaM, IPUBEIECHHBIM B paszzaene “OCHOBBI TEO-
puM 3y04aToro 3alerieHus’’, B COOTBETCTBUHU CChUIKAMU, YKa3aHHBIMU B TaOIUIaX
52u53.

[Tocne onpenenenus napaMeTpOB U3y4aeMOM MEPEeIadyr COCTABISIOT OTUYET IO
YCTaHOBJICHHOM (hopMe B sKypHaJe JJabopaTOPHbBIX padoT.

KonTposabHbIe BONPOCHI

1. Kakurie OCHOBHBIE JJOCTOMHCTBA M HEIOCTATKU 3yO4YaThIX IMepeaad Mo CpaB-
HEHUIO IPYTUMU TIepeadaMu?

2. Tlo kakuM mIpU3HaKaM KJIacCU(UIMPYIOT 3yOUaThie epenadn’?

3. Uto Ha3bIBaeTCS TMOJIFOCOM 3allCTICHUS, TMHUEH 3alleTUICHUs W YIJIOM 3a-
HETICHUS?

4. Yto Ha3bIBAETCS IIATOM M MOJTyJIEM 3y04aToro 3arerieHus?

5.UYto cnenyer moHuMMaTh MojJ KOA(D(UIMEHTOM TOPLIOBOIO MEPEKPHITHS?
Kak BnusieT ero BenuunHa Ha paboTy 3youaroi nepeaaun’?

6. KakoBo BiusiHue ynciia 3y0beB Ha UX GOpMy U MPOYHOCThH?
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7. Korna BO3HUKAeT moape3aHue 3yObeB MpPU HApPE3aHUU MX MHCTPYMEHTOM
pEEeYHOoro Tumna?

8. Kakue (akTopsl BIMAIOT Ha BBIOOpP CTENIEHW TOYHOCTU M3TOTOBJICHUS 3y0-
yaTbIX Kosi€éc? Kakue creneHu TOUHOCTH IMPUMEHSIOT B Iepeayax OOIIero Malim-
HOCTpPOCHMUS?

9. C kaxoil LeIbI0 IPOU3BOAAT CMa3blBaHUE 3yOUaThIX nepeaayd’?

10. B 4éM cyImHOCTbh KapTEpHOrO CMa3bIBaHUs 3yOuaThIX nepenay’?

11. HazoBute ocHoBHBIE (hakTopbl, Biusomue Ha KI1/] 3y6uaroit nepegauu.

12. Kakue matepualisl IPUMEHSIOT 711 H3TOTOBJICHUS 3yO0UaThiX Konéc?

13. Ilouemy Bce cranbHble 3y0uaThle KOJECa B 3aBUCUMOCTU OT TBEPOCTH
3yObEB JIEJSATCS HA IBE TPYIIIIHI?

14. B uém CyImHOCTh YCTaJIOCTHOM MOJIOMKH 3yOheB? Mepbl mpeaynpexaa-
IOLIME BBIKpAIIMBAHUE.

15. KakoBbl IpenMyIIecTBa KOCO3yObIX Mepeaay M0 CPaBHEHHUIO C MPSAMO3Y-
ObIMuU?

16. [ToueMy 3aenaHue NPEeUMYIIECTBEHHO HA0JIO1aeTCs B BBICOKOHATPYKEH-
HBIX U B BBICOKOCKOPOCTHBIX Il€peAaydax, B YeM €ro CyIHOCTh? Mepsl 1o npeny-
IPEXKICHUIO 3acJaHusl.

Tabnuma 5.2 — OCHOBHBIE MTapaMeTpbl 3y0UaToi nepenavu
(muIMHAPUYECKON PsMO3y00H UiTu KOC03y0o0il)

HaumenoBanue napamerpoB | O6o3HaueHue u crocob onpeaenenust | Benmnunna mapamerpa
Yucno 3y0beB:

— IIeCTEePHH Z;— COCUUTATH
— KoJieca Z2 — COCUNTATh
JnameTpbl IECTEPHHU:
— BBICTYIIOB d,;
— BIAJIUH d;
— ICIUTEIbHBIN d,;
JlnameTpsl Koseca:
— BBICTYIIOB daz
— BIAJIUH dp
— OEIIUTENbLHBIN d,»
Bricora 3y6a d, —d
a “f

T = h, MM
Moayinb 3alnereHus my, MM (¢. 5.27)
BricoTa rojoBku 3y6a h, MM (¢. 5.28)

Tonmuna 3y6a

S, MM — U3MEPUTH

JlnuHa 3y6a
— [IECTePHH
— KoJeca

b;, MM — U3MEPUTH
by, MM — U3MEPUTH

VYron HakiioHa 3yObeB

A’ — m3meputs

Hepe;[aTquoe OTHOIIICHHEC

<2

u=——
1]

MesxoceBoe paccTosiHUE

o (. 5.10)
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Tabnuna 5.3 — OcHOBHBIE MapaMeTphl 3y0UaToil KOHMYECKOH nepeaadn

HanmenoBanune napaMeTpoOB

O6o03HaYeHUE U CIIOCOO ONPEICTICHUS

Bennunna napamerpa

Yucno 3yOneB:

— IIECTePHH Z;— COCUHTATh
— KoJieca 72 — COCYHTATh
[lepenarounoe oTHOIICHHE 79

U=—=

<1

VYTIbl IeTUTEIBHBIX KOHY-
COB: — &, arctg(u)
-3 90°-5,
Jlnuna 3y6a by, MM HU3MEPUTH

JnamMeTpbl ECTEPHHU:

— BBICTYIIOB d,; — U3MEpUTH
— BIIQJUH dfj— N3MEPUTH
— OeNIUTEeNbHBIN do;=MyeZ4
Juamerpsl KoJeca:
— BBICTYIIOB d,» — U3MEpUTH
— BIIQJUH dp — I3MEPHUTH
— JIeUTEIbHBIN d, =My 7
Bricora 3y6a d,—d 2
————==h, um
2-cos9,
Monayns 3anerniesus:
h
— BHEILIHUU OKPYXKHOM Mye="_""» MM
2,5
— CPEIHUM OKPYKHOU R
Mye= Mye. n
RE
KonycHnoe paccrosinue:
_ del _ deZ MM
— BHEIIIHEE e= - = . )
2-sino,  2-sing,
— CpeHHee Rm =Re_0,5b

17. Kak nposiBiisieTcst u3HOC 3yObeB Ha padore nepenayu? [IpuynHbl MOBBI-
HIEHHOTO U3HOCA U MEPHI €0 MpeynpesKICHU.
18. KakoBbl nmpenMyIecTBa Koco3yObIX Mepenay Mo CpaBHEHHUIO C MPSIMO3Y-

ObIMU?

19. Kak Bausier Ha paboTy Koco3yOoil mepenayd U3MEHEHHE YyIiia HaKJIOHA
3yObeB? PexoMeH1yemMble 3HaUeHHsI 3TUX YTJIOB.
20. Kakue Moaynu 3aleryieHus] pa3inyaroT AJisi KOcO3yObIX KOJIEC M KaKoBa
3aBUCUMOCTb Me&X 1y HUMU? Kakoil MOJyJib CTaHAAPTU30BAH U MOYEMY?
21. B kakux ciiydasx OPUMEHSIOT HIEBPOHHbIE 3yOuaThie Kojéca U KaKUMU
JOCTOMHCTBAMM OHM 00JIaal0T [0 CPaBHEHUIO ¢ Koco3yObimu? HegocraTku mies-

POHHBIX KOJIEC.
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22. SBnsercs a1 MOAYJb 3aLETUIEHHs] TOCTOSHHOM BEJIMYMHOM JJI1 KOHUYe-
CKUX 3y04aTbIX Koiéc?

23. Ilo xakoMy MOJYJIIO MPOU3BOJAT pacdeT Ha U3rM0 3yObeB KOHUYECKUX
KOJEC?

24. Kakoe MakCUMaJIbHOE NEPENATOYHOE YMCIIO PEKOMEHIYETCS I OJHOMN
napbl pa3JIMYHbIX BUJIOB 3yOUaThIX nepeaay?
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JIABOPATOPHAS PABOTA Ne 6
OINPEAEJIEHME OCHOBHBIX ITAPAMETPOB UEPBAYHLIX IIEPE/IAY

Lean padoThI: ONpeaeIcHue TEOMETPUUECKUX U KHUHEMAaTUYECKUX MTapaMeT-
POB 4UEpBsKa M YEPBAYHOIO KOJeca MyTEM HMX 3aMepa U pacyera; ONpeIciICHHE
YCWJINH, IEUCTBYIOIIMX B YEPBSIYHOU MEpPEIAUeE.

6.1 OcHoOBBI TeopuM YepBAYHOM NMepeaavn
YeppsiuHas nepegaya OTHOCUTCS K MepegayaM ¢ NepeKpelnBatonMMuUcs Ba-
JaMH U K 9UCITy 3y04aTo-BUHTOBBIX, UMEIOIINX XapaKTEepHbIE YepThl 3y0uYaThIX
Y BUHTOBBIX T€penay.
Yeppsunas nepegava (pucyHok 6.1) coctout u3 uepBska 1, T.e. BUHTa C OJJHO-
VI MHOTOBHUTKOBOM pe3b00H, U YEepBSIUHOTO Kojieca 2, T.€. 3y04aToro Kojeca ¢
3yObsiMU 0C000# (HOPMBI.

Pucynok 6.1 — UepBsiunas nepenada

PaznuyaroT uepBsuyHbIE Nepeayl ¢ HWIMHIPUUECKUMU U TJI000UIHBIMU Yep-
BAKaMH.

B 3aBucuMocTu oT npoduiist pe3bObl MITMHAPUYECKUX YEPBIKOB, PA3INIatOT
YEpPBIKH C apXUMEIOBBIM, KOHBOJIOTHBIM, SBOJIbBEHTHBIM U C BOTHYTHIM Tpodu-
JieM pe3bObl, TOCIEAHIE Ha3bIBAIOTCS — TII000UTHBIC YEPBSIKH.

Apxumedos uepssx (pUCYHOK 6.2 @) B OCEBOM CEUECHUM UMEET Tpanelenaab-
HBIN PO UL pe3bObI.

Konsonromuwiti uepeax (pucyHok 6.2 6) UMeeT TpanenenIaabHbIi MpoQuiIh
pe3b0bl B HOPMAJIbHOM CEYEHUU BUTKOB.

Deonbeenmubli uepssik (PUCYHOK 6.2 6) XapaKTepU3yeTcCs 3BOJIbBEHTHBIM
npoduiiem 3y0a B TOPIIOBOM CEUCHUH.



54

ApXyUMeJ0BBI YEPBSAKH MPUMEHSIOT 00bIYHO 0e3 numdosku. [Ipu HeoOxoau-
MocTH IUIM(GOBKU pabounX MOBEPXHOCTEH BUTKOB pe3bObl MPEANOYNTAIOT KOHBO-
JIOTHBIE U YBOJILBEHTHBIC YEPBSKH.

['moGouaHble YepBAKH MPUMEHSIOT MPH TSDKEIBIX HArpyskax, T.K. M3-3a BO-
THYTON MOBEPXHOCTH OOJIbIIIEe YMCIO 3yOhEeB KOJeca U BUTKOB PE3bOBI UepBSKa
HaXOJIUTCS B 3alICTUICHUH.

//é%//// Wt //f’/

a — apXuMeJIOB; O — KOHBOJIIOTHBIN; 8 — SBOJIbBEHTHBII
PrucyHOK 6.2 — OCHOBHBIE TUIIBI HUIUHAPUIECKAX YEPBIKOB

JlocToMHCTBaMH YEpPBSYHBIX TEpeaad SBISIOTCS: BO3MOXXHOCTh MOJyUYCHHUS
Oompiioro nepegatToyHoro otHotreHus (okosno 100, a mrorna u 1000), mIaBHOCTH
1 OECIIyMHOCTh paOOThl, BO3MOXXHOCTh TOUHBIX JCIUTEIBHBIX TTEpEMEIICHUH.

K wmemocratkam stux nepemad otHocsaT Huskuii KIIJI, meo6xommmocTs
MPUMEHEHUS [T KOoJleca JOPOTroCTOAMUX aHTUPPUKIIMOHHBIX MAaTEpUAJIOB.

T'eomempuueckue napamempul uepeaunou nepedauu. B yepBsiuHOU niepe-
Jlaye pacueTHBIM SIBJIIETCS OCEBOM MOYJIb YEPBSKA 11, PAaBHBIA TOPLIEBOMY MOJY-
JII0 YEPBSIYHOTO KOJeca:

m= P , MM, (6.1)
/4
II€ P — pacyeTHBIA OCEBOH 1Iar yepBsika (pUCyHOK 6.3).

Monyns — cTanmapTHbeI mapamerp. 3Hadenust m BoiOuparoT (mo I'OCT
19672-74 n TOCT 2144-76) u3 psana: 1,05 1,25; 1,65 2,0; 2,5; 3,15; 4,0; 5,05 6,3;
8,0; 10,0; 12,5; 16; 20; 25 gonyckarorcs, Tak xe pasueie: 1,5; 3,05 3,55 6,05 7,0;
12,0 u 14,0.
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PucyHok 6.3 — OcHOBHBIE pa3Mepbl HWJINHIPUYECKOTO YEPBSIKa

JlenuTenbHbIA TUaMETp YepBsiKa CBS3aH C MOAYJIEM Ko3(puiueHToMm aua-

d
METpa YepBsKa: q= Zel (6.2)
m
3HaueHue g Kak U M Takxe cTaHaapTuupoBanbl. Hanbonee yacto BcTpeya-

OTCs 3HAYCHU A

m =2,0; 2,5; 3,15; 4,0; 5,0; 6,3; 8,0; 10,0; 12,5 mm
q = 8,0; 10,05 12,5; 16; 20.
B yka3aHHOM quanaszoHe M1 ¥ ¢ Ui KaXA0ro 3HAYCHUs. MOAYJS MPELyCMOT-
peHbl YepBsUHbIE (Ppe3bl IPU BCEX yKA3aHUAX 3HAYEHUI ¢ MpPH YHUCIE 3aXOJ0B
uepBsika 71 = 1, 2, 4.

Yron HOI[’béMa BHHTOBOM JTMHUH }/ OnpCaACIIAIOT 110 3aBUCUMOCTHU!

tgy = L. (6.3)
q
Pa3Mepbl depBsika ompeAessioT uepe3 MOAYJb M KOd(PPHUIMEHT auamerpa
4yepBsKa (:
® JICIINTEIBHBINA TUAMETP
dej=qm (6.4)
e JMaMETPbI BEPIIUH U BIAJVH YEpPBIKa
da]=de]+2m, (6.5)
d/]:d1-2,4m. (6.6)
JlnvHa HApe3HOM YacTH YepBsKa b; 3aBUCHUT OT €r0 YKCJia BUTKOB
Ipu Z; = 1;2 b;Zm(l 14+0,062>),
npu z; =4 b;>m(12,5 +0,092,). (6.7)

Pasmepsl 4EPBIYHOIO KOJIECA PABHEIL:
® JICIIUTENLHEIN JUaMETP
d.=mzy, (6.8)
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¢ NMaMCTPbl BCPIIWH U BIIAJIMH KOJICCA

dyp=dy+2m, (6.9)
d/QZd 62-2,417’1. (6.10)
MexoceBoe pacCTOSIHUE YePBIYHOM Mepeadul ONPEACIITIOT o hopmyrie
m
aa):E(ZZ +q). (6.11)

JIns BIUCBIBaHUS YEPBSIYHOW MEPENAYN B CTAHAAPTHOE MEXKOCEBOE PACCTOs-

HHUC MMPHUMCHAIOT CMCIICHNC MHCTPYMCHTA IIPH HAPC3aHHWU 3arOTOBKH HYCPBAYHOTO
KoOJIecCa.

[Ipu 3a1aHHOM MEXOCEBOM PACCTOSHUU d 4, ONIPEASSIOT KO3hUITUEHT cMe-
ICHUSI THCTPYMCHTA:
_am q+2p

= 6.12
X - 2 (6.12)

[To ycnoBuio HEMOIpe3aHUsl M HE3a0CTPEHMS 3HAUYEHUE Y BBIOMPAIOT B IIpejie-
max +1,0.

CKonvorcenue 6 uepeauHoil nepeoaue
Bo Bpemsi paboThl yepBAUHON NEepeaayr BUTKH YEPBAKA CKOJIB3ST MO 3yObIM
KoJieca, Kak B BUHTOBOM mape. CKOpoCTh ckoJibxkeHust Vs (pucyHok 6.4) Harpas-
JIEHA T10 KACATENbHOU K BUHTOBOM JIMHUU YEPBSIKA

Pucynok 6.4 — Cxema onpeaenaeHnsi CKOPOCTH CKOJIbKEHUS

Y ONIPEJICIIACTCS U3 MapajuiejorpaMmma CKOPOCTEH:

V
V,=—1 wm tgy=22. (6.13)
cos ¥ 4

BoJIbIIOe CKOBKEHNE B YEPBAYHBIX Mepeaadax CIy:KUT TPHUHNHON TTOHMKE-
aust KIT/I, moBbImenHoro u3Hoca u CKJIOHHOCTH K 3a€aHUIoO.

KII] uepsaunoit nepedauu. Cymmapuas Benmunna KIIJ[ gepsstunoii mepe-
Ja4d OMpeessieTCsl MO0 TOW K€ 3aBUCHMOCTH, YTO W JUIS 3y0YaThiX Mepemad
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(cm. JIa6. pa6. Ne 5). Pasnuuaror Tonbko Gopmyssl s onpenenenus KIIJ1 B 3a-
nemtennd. Bexmanna KII/I B 3anennennn uepBsunoii nepeaaun onpeaessieTcs mo

t
AHAJIOTUX C BUHTOBOM Napou M, = i, (6.14)
te(y + o)
I7€ () — YyroJl TPEHUS.
Cunul 6 3auenieHuu
B depBsiuHOM 3anierieHuH (pUCYHOK 6.5) NeUCTBYIOT:
— OKpY»KHasl cuia Ha yepBsike F;; u oceBas cuia I, Koeca
2T
F,=—==F,; (6.15)
el
— paauanbHbIe CHIIBI Kojieca u uepBsika F,, =F,, =F, tgatgy; (6.16)
2T
— OCeBasi CUJIA YepBsKa W OKpY)KHas cwia koneca F, 1 =Fy;p = =2 (6.17)
e2

Pucynok 6.5 — CxeMa cuil B 3all€TUICHUH

Mamepuansl u KOHCIMPYKYUA YEPBAKOE U UEPEAUHBIX KOJleC

Marepuansl 4YepBSIYHOM Mapbhl H3-3a BBICOKMX CKOPOCTEM CKOJIBXKECHUS
JIOJDKHBI 00J1a7aTh aHTU(GPUKITMOHHBIMU CBOMCTBaMH, M3HOCOCTOMKOCTHIO, TTIOHU-
YKEHHOW CKJIOHHOCTBIO K 3a€JIaHuI0, XOpoliel npupadaThiBAEMOCThIO U TTOBBIIICH-
HOW TEIUIONPOBOIHOCTHIO.

Yepsaxku B CUJIOBBIX YEPBSUHBIX Mepeaadax U3rOTaBIMBANOT W3 YIIEepOIU-
CTBIX WJIM JIESTUPOBAHHBIX CTaJIel U MOJBEPratoT TEPMOOOPAOOTKE C MOCIETYIOITIM
nutdOBaHUEM.
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YepBsky 4epBAYHBIX N€pead U3 YIYUILIEHHbIX 1 HOPMAJIM30BAaHHBIX CTaJEH
MIPUMEHSIIOT B TUXOXOJHBIX U MAaJIOHATPYKEHHBIX MEepelayax, a TaKKe MpU OTCYT-
CTBUHU 000PYOBaHUS ISl UX HUTHU(POBKHU.

B OonbIIMHCTBE CiTydaeB YepBAK BBIMOJIHSIOT KaK OJHO LIEJI0€ C BAJIOM.

Bri6op matepuana uepesaunoeo xoneca, B OCHOBHOM, 3aBUCUT OT CKOPOCTH
CKOJIBKEHHSI BUTKOB pe3b0bl UepBsika Mo 3yObsiM Koseca (pucyHok 6.4). Ilpu cko-

M .
POCTAX CKOJIbXKCHUA VS >5 — BCHIIbI YCPBAYHBIX KOJICC U3IOTABIMBAIOT M3 OJIO-
C

BAHUCTBIX OpoH3 BpOdO-1 u bpOH®. Heob6xoquMocTh B TpUMEHEHUU OPOH3BI C
BBICOKHM COJIEp>KaHUEM 0JI0Ba TE€M BbIIIE, YeM Ooibliie Vs U OTHOCUTEINIbHAS MPO-
JOJDKUTENBHOCTh PA0O0THI Mepelayun.

M
[Ipu cpeaHuX CKOPOCTAX CKOJIbKEHUs1 Vg= 2+5 — s U3roTOBJIEHUS BEH-
c

IIOB YEPBSIYHBIX KOJIEC UCIIOIB3YIOT MEHEE JIOPOrHe O€30JI0BIHUCTHIE aTIOMUHHE-
BO-kelne3ucToie Oponssl bpAXK 9-4J1, BpA9 XK3JI u narynu. Ux npumeHsoT B na-
pe ¢ 3akaneHHbIMU 10 TBEpaocTH > 45 HRC, nundoBaHHBIMU U MOTUPOBAHHBIMU
MTOBEPXHOCTSIMU BUTKOB UEPBSIKA.

M
[Ipu ManbIX CKOPOCTSAX CKOJIbKEHUS Vg < 2 — U npu OOJbIIMX JUaMeTpax
c

YEPBSYHBIE KOJIECA MOYXKHO M3TOTABIMBATh U3 cepbix uyryHoB CH-25, CY-20.

[IpakTuka mokaszasna, 4To CpOK CIy>KObl OPOH30BBIX BEHIIOB, YEPBSYHBIX KO-
JIeC CWJIbHO 3aBUCUT OT CIOC0o0a OTIMBKM 3aroTOBKH. boiiblliee conmpoTHBIEHUE
W3HAIIMBAHUIO OKA3bIBAIOT 3yObsl BEHLIOB, OTIUTHIX HEHTPOOEHKHBIM CIIOCOOOM.

UYepBsuHble KOJIECA, B LEJSIX YKOHOMHM LIBETHBIX METAJIJIOB BBITOJIHSIOT C
BEHIIOM U3 aHTU(PPUKIMOHHBIX MaTEPHUAJIOB, BHIOUPAEMbIX B 3aBUCUMOCTHU OT CKO-
POCTH CKOJIbXKEHUSI Vi, U CTaIbHBIM WJIM YyTYHHBIM LIEHTPOM.

[Tpu HEOOMBIIMX AMAMETPAX KOJIEC, HE TIOJBEPrarOIIUXCsl CUJILHOMY Harpe-
BY, OPOH30BBIM BEHEIl HACAKWBAIOT HA LEHTP ¢ HaTAroMm. Jlyis mpemaoTBpamieHus
B3aMMHOT'O CMEIIEHHUS BEHIIA U CTYNUIbI B CTBIKYEMbIE TOBEPXHOCTH BBEPTHIBAIOT
BUHTHI WJIM YCTAHABIUBAIOT KPYIJIbIE MITIOHKH (PUCYHOK 6.6 a).

B xonecax 00nbpIIMX U CPETHUX JTUAMETPOB OPOH30BBIN BEHEI] CKPEILISIOT C
IIEHTPOM BHUHTaMH (PUCYHOK 6.6 0).

Haubonee panmoHaibHash KOHCTPYKIMA — OuMeTayinyeckasi, OpOH30BBIN
BEHEIl, KOTOPBII OTJIUT B (pOpMY C IIPEABAPUTEIHLHO BCTABICHHBIM B HEE LIEHTPOM
(pucyHOK 6.6 6). DTy KOHCTPYKIMIO NPUMEHSIOT B MalIMHAX CEPUHHOTO MpPOMU3-
BOJZICTBA.

6.2 O0beKT n3yveHusi, npuOOPHI M 000PYAOBaAHME
Jlis BbImonHeHUsT paboThl HEOOXOAMMO MMETh: YEpPBSIUYHYIO IMepenavy; Mac-

MITa0HYIO JIMHEHKY; HITaHTeH3yOOMep; yriioMep; Ha0op ciecapHOro MHCTPYMEHTA,
a TaK)Ke CTeH]I JIJIsl ONPEACIICHUS YCWIHI B YEPBAYHOM niepeaade (pUcyHoK 6.7).



8
PucyHnok 6.6 — TunoBbie KOHCTPYKIMH 3yOUYaThIX BEHILIOB YEPBSYHBIX KOJIEC

Cmeno ona onpeoeneHus yCuauil 6 4epeAYHbIX nepeoauax TpPE/CTaBIIACT
co0oii cTaHuHy 1, Ha KOTOPO CMOHTHUPOBAHBI YEPBSIUHBIM PEIYKTOP 2, HATPYy304-
HBI TOPMO3 3, IPUBOJIHOM AJIEKTPOABUraTENb 4 U IyJIbT YIPABICHUS 5 .

[TpuBOIHOMN 3JEKTPOABUTATENDL BBIIOJHEH OAJaHCHUPHBIM, €T0 CTAaTOP UMEET
BO3MOYKHOCTh ITOKaYMBaThcs Ha onopax. K craropy npukperiés ynop 6, KOTOphbIii
YIUPAECTCS. B U3MEPUTENBHYIO MPYKUHY 7/, BOCIPUHUMAIOUIYIO PEAKTHUBHBIA MO-
MeHT ctaropa. [Iporud nsmepsercs MHAMKATOPOM YAaCOBOTO TUIIA & C IIEHOU Jerie-
Hus 0,01 mm. J{ns crabunmn3anny NoKa3aHU MHIMKATOpa NPeIyCMOTPEH THIpaB-
andeckuit gemndep 9, 3anoaHsAeMblil CMECHIO Macja ¢ KEPOCHHOM.

C npuBOAHBIM 3JIEKTPOABUTATENIEM COEAMHEH depe3 My(Ppry 10 depBsUHBIN
Bas 11 penykropa. Onopsl 4epBAYHOTO KOJIECA CMOHTHUPOBAHBI HA KOJIBLEBBIX JH-
HaMoMeTpax 12 ¢ HakJIIeeHHBIMU TeH30pe3ucrtopamu 32. J[nHaMoMeTphl MO3BOJIA-
10T MIPOBECTU U3MEPEHUE PAJTUAIBHBIX YCUIIMI HA onopax Baja 13 4epBAYHOTO KO-
Jieca 1o BEPTUKAIBHOW U TOPU30HTAIIBHOM COCTABJISFOILICH.

M3mMeHeHne OceBOW CUJIbI Ha Bally KoJieca MPOM3BOJAMTCS MPYKUHOU 14 c
HAKJICEHHBIMU TEH30pPE3MCTOPaMH, B KOTOPYIO YIHpaeTcs Bajl. Ero onopsl BbINOJI-
HEHbI 0€3 0CeBOM (uKcanuu, s Yero Hapy>KHOE KOJIbLIO MIAPUKONOIIIUITHUKA 15
nepenuindoBaHo — JIMKBUIUPOBaHa OeroBas nopoxkka. JuHamoMeTpsl o0iIagaroT
JI0OCTaTOYHOM >KECTKOCTBIO, YTOOBI HE HAPYLIUTh YCJIOBHS pabOThI YEPBSHOTO 3a-
uerieHus. x TaprpoBKa NpOU3BOAUTCS HArpy>KEHUEM C MOMOIIbIO phlyaros 16 u
17 u rpy3oB 18, 19, koTOpBIE 3aKPEIIISAIOTCA B PA3JIMYHBIX BapUAHTAX C MOMOIIBIO
kpoHwTerHoB 20, 21, 22 Ha xopnyce peaykropa. JlJisi BOCIPUATHS YCUIIUN OT Pbl-
yara BaJl YEPBAYHOTO KOJECA UMEET TOPU3OHTAIBHBIE U BEPTUKAIBHBIE CTEPKHU
23, 24 Ha BTyJKax 25, a TakKe YIJIUHUTEIU 26 U KOPOMBICIO 27, BXOISIIUE B
KOMIUIEKT YCTAaHOBKH.
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Pucynok 6.7 — Ctenp ajist onpeAeiaeHusl yCUInK B YEPBAYHBIX ITepeaadax

OnuuM U3 pbryaroB 17 MOXXKHO MPOW3BOAUTEL TAKKE HArpy>KEHHE peayKTopa
BpAIAlOIIMM MOMEHTOM B CTaTUKE, JIJISI YeTO OH MOJKET 3aKPEIUIsAThCSI Ha CBOOOI-
HOM KOHIIe yepBsiuHOro Bajna 11. Ban yepBsuHOro koseca noBoAKOBOM MydToit 28
COCIMHEH ¢ BaJIOM Harpy3o4Horo Ttopmo3a 3. KoHcTpykius MyQdThl UCKITIOYAET
(hUKCcalMio Baja YEPBIYHOTO KOJIeCa B OCEBOM HaIpaBJICHUH M 00CCIIEYNBACT CBO-
00HYIO Tepenady OCeBOro ycuiaus Ha auHamometp. [Ipu pabote ycTaHOBKM Ha
OTOpPHI BaJIa TOMUMO HU3MEPSEMbBIX YCUIIUN JIEUCTBYET paguaibHOE YCUIIUE CO CTO-
pOoHBI My(ThI, U3MEHSIONIEECS M0 CUHYCcOuIe. [ almenne nepeMeHHOl COCTaBISIO-
el curHajga TUHAMOMETPOB OT ATUX CUJ mpou3BoautTcs GuiabTpoM (trma RC),
Pa3MEIICHHOM B U3MEPUTEIIBHOM ITYJIbTE.



61

B kadecTBE Harpy304HOro TOpMO3a NPHUMEHEH MOPOIIKOBBIA 3JEKTpOMar-
HUTHBIM  TopMmo3 KoHCTpykuuu OHUMC (OkcnepuMeHTalbHBI  HAy4YHO-
UCCJIEI0OBATENbCKUI MHCTUTYT METAJUIOPEXKYIUX CTaHKOB). PerymupoBanue Bpa-
HIAIOIIEr0 MOMEHTA MPOU3BOJIUTCA U3MEHEHUEM ToKa BO30yxaeHus. OXIaKaeHue
TOPMO3a BOASIHOE, PAaCXO/l BOJIbI KOHTPOJIUPYETCS Yepe3 MPO3PAUYHbINA IIa30K U pe-
TyJIUPYETCS KPAHOM, paclojioKEHHbIM Ha Bojopacnpenenurene 30. B ero Teuib-
HOM 4YacTH MMEIOTCS LITyUEepa Mg NPUCOCOUHEHUS OXJIaXICHUS K BOLOIPOBOJ-
HOW CETH Y KaHAJIN3alluHu.

[TynbT ympaBiaeHus 5 conepkuT B cede aekTpoanmaparypy. [IpemycmoTpeno
NOJKIIOYEHUE YCTAHOBKM K CETH MAaKETHBIM NEPEKII0YATENEM C CHTHaJIU3aluen
HEOHOBOM JIAMIIOW; EPEKITIOYEHNE OOMOTOK JBYXCKOPOCTHOTO 3JEKTPOJIBUTaTENs
OapabaHHBIM MEPEKITIOYATENEM, TUTAHUE OOMOTOK Harpy304HOr0 TOPMO3a C pery-
JUPOBAHUEM HAIPSHKEHUS aBTOTPAHCPOPMATOPOM U TIOCJICIYIOIINM BBIPSIMIICHU-
eM. BIIOKMpOBKY BKJIIOUEHHS JIEKTPOABUTATENS MIPU CHATOM KPBILIKE PEAYKTOPA U
CTaTUYECKOM Harpy»eHHH penykropa. Ha nuneBoi maHenu mylibTa KpOME pydeK
YIOPaBJIEHHUS AIEKTPOANIapaTypoid UMEIOTCS KJIEMMBI C BBIBOJAMU OT TE€H30pE3U-
CTOPOB JTMHAMOMETPOB YCWUJIUH. B 3ajHeil yacTu CTaHMHBI MPETYCMOTPEH OOJT
3a3zemiieHus 31.

W3mepuTtenbHblil MyabT, BXOASIIUNA B KOMIUIEKT YCTAaHOBKHU, BKJIIOYAET B ce0s
CTPEJIOUHBIN U3MEPUTEIbHBIN MPUOOP; PUIBTP JIJIS TAIICHHUs IEPEMEHHOM COCTaB-
JSIOLIEN paauaIbHOrO YCUIMS U KJIEMMBI JUJISl TMOJKIIOUEHUS K U3MEPUTENIO Jie-

dopmarmit UJILI-1(2).

6.3 Ilopsinok BbINOJIHEHHSI PadOTHI

OnpeneneHne reOMETPUUYECKNX U KHHEMATHYECKUX MapaMETPOB YEPBIYHOU
Iepeayu BBIIOJIHSIIOT B CIIEAYIOLIEN MOCIEI0BATENBHOCTH:
1. OnpenenstoT TN YEPBSIKA CPABHUBAS €T0 C PUCYHKOM 6.2, MOICUUTHIBAIOT

YHUCJI0 3aX0/I0B UEPBSIKA 7 ; M ONMPEIEIAIOT €ro nmapaMmeTpsl (PUCYHOK 6.8 a):
*C IOMOLIBIO IITAHTeH3y0OMEPa 3aMEPSIOT BLICOTY BUTKA /1 /;
" [ITAHT€HLIUPKYJIEM 3aMEPSAIOT HAPYKHBIA TUaMETp uepBska d,;, b; v dy;

" IMaMeTp BMAJWH YEpBSKa YEPBAYHOW NEpesaud ONpeAessiioT PacyeTHbIM
nyTeMm 1o opmyse

df] = da[— 2h (618)
"MOAYJb YCPBAKaA I-IG}Z)B)I‘-IHOI‘/'I nepcaadn paCCUYUThIBAIOT 110 (bopMyne
hl
m-=——
+h,, " (6.19)

rac hf] — KOB(l)q)I/ILII/IeHT BBICOTBI HOXKH. I[J'ISI APXUMCIOBBIX 1 KOHBOJIOTHBIX

YEPBSAKOB h_f] = 1,2, a 151 9BOIBBEHTHBIX /2 1 =1+0,2cosy.
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Pucynok 6.8 — Cxema oOMepa uepBska (a) 1 yepBIYHOTO KoJseca (6)

[lomy4yeHHBIH pacUETHBIA MOAYJIb CPABHUBAIOT C BEJIMYNHOW MOJYJISI B3ATOTO
U3 cTa”aapTHoro psiaa (crp. 54). OcranpHble MapaMeTphbl YepBsIKa: ETUTEIbHBIN
nuametp d., Ko3PpGUUUEHT TuaMeTpa YepBsiKa ¢ U yroj noabéMa BUHTOBOM JIMHUU
¥ PaCCUUTHIBAIOT MO (popMysiaM yka3zaHHbIM B Tabsuiie 6.1.

2. [loacunThIBalOT YUCIIO 3yObEB YEPBSIUHOTO KOJIEca Z, U OINPEAEISIOT €ro
napameTpbl (pUCYHOK 6.8 0) ¢ TOMOIIBIO TAHTCHIIMPKYJIS 3aMEPSIIOT ITUPHUHY KO-
neca by, a nuamMeTp BIAJUH dj U BBICTYIOB d,» ONPEAEISAIOT TAKKE KaK U I 3y0-
JaThIX KoJiéc (cM. j1ab. pad Ne 5) B 1abopaTOpHOM MPaKTUKYME.

OcTtanbHble MapaMeTpbl KoJieca PaCCUUTHIBAIOT MO (popmysiaM, yYKa3aHHBIM B
Tabmnurie 6.1.

Pe3ynbpTaThl pacy€TOB M 3aMEPOB 3aHOCST B TaOJIUIY KypPHAJIOB HAOIIOICHUN.

Yeunus, AedCTBYIOIIME B 3alCIUICHUHM, OMNPENEISOT Ha CcTeHae (pucy-
HOK 6.8).

ITopsnok onpeneneHnst yCUInM B YEPBSIYHOU Iepeaade CiaeIyOIuu.

1. TapupyroT AMHAMOMETPHI YCUJIUH (BBIMOIHSET JIaOOpaHT Nepe] MpoBeie-
HUEM J1abopaTopHOI paboTHI).

2. OnpenenstoT yCuiInsl, J1eHCTBYIOIME B YEPBSYHOW ITEpeaade B CTATHUKE:!

" JOJKJIFOYAIOT YCTAHOBKY K CETH, BPAILICHUEM PYKOSTKH «HArpy3Kka» MOJHO-
CTBIO 3aTOPMAXMBAIOT HArPy304HBIN TOPMO3. BIOKHpYyIOT OajaHCHUpPHYIO CUCTEMY
JIBUTATeJIsl, BCTABUB B IIEJIb CTATOPA W BUJIIKA POTOPA KIIHH;

" 07IeBalOT Ha uepBsiUHbIM Ban 11 Harpyzounsiii peryar 17 ¢ rpyzom 0,5 kI’
(Bun I);

* GUKCUPYIOT NOKa3aHUs AMHAMOMETPOB U BeIMUYMHY Harpyxkenus. [Ipu stom
YUUTBHIBAIOT M BpPalIAIOUIMI MOMEHT OT COOCTBEHHOM MAaccChl pblyara, KOTopas co-
cTaBiseT (B mepecuere Ha mecto ycraHoBkH rpy3oB) 0,3 kI' (L = 0,25 m). Takum
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o0pa3oM, CyMMapHbIi BpAILAIOIIMI MOMEHT IpPH HarpykeHuu Basia 11 paseH:
T1=(0,5+0,3) 9,81 0,25 = 1,96 Hm. [TonyueHHbIe JaHHBIEC CBOIAT B TaOIUILy 6.2.

Ipumeuanue. I1py BBITIOJIHEHUU KaXK0M MOBTOPHOCTH (OombIT 1, 2, 3) Ha3Ha-
YaloT pa3IMYHBIX HAOJI0IaTeNIeH JI1 OTCUeTa MoKa3aHUuH H3MepseMbIX BEJIUUYWH, a
nepes Kaxja0M MOBTOPHOCTHIO MPOBOJAT JIETKOE MOKAYMBAHUE HATPY30YHOTO PHI-
gara 17).

"HCMOJB3Ys PACUCTHYIO CXEMY YEpBSYHOM mepeaadyu (pUCYHOK 6.9) u momy-
YEHHBIC B PE3YyJIbTaTe U3MEPECHUM TaHHBIC ONIPEICTSIOT:

- 0CEBOE€ YCHUJIME Ha KoJiece (OKPYKHOE YCUIIME HA YEPBSKE)

(R, —R»,)l
Fup = Fy = Ry, =—1——2¢=; (6.20)
de2
- OKpPYXKHOE yCUJIME Ha KoJjiece (0CEeBOE yCUIIME Ha YEPBSIKE)
th = Fal = Rle +R22 ; 6.21)
- paauabHbIC YCUIIUS Ha KOJIECE U YEPBIKE
Frl = Frz = R18 + Rzg; (6.22)

3. OnpenensioT ycuius, ASUCTBYIOIIME B UEPBAYHOM Tiepeiaye npu ee padoTe:

-0 YKa3aHUIO MPENoJiaBarelil YCTaHABIMBAIOT TPEeOYyEeMYyI0 CKOpPOCTb Bpa-
IICHUS IBUTATEIS;

- BKJIIOYAIOT JIBUraTeNb U BPALICHUEM PYKOATKH «HArpy3Ka» yCTaHaBIIMBAIOT
psI HAarpy3ok, Harpumep, 7, = 25, 50, 75 n 100 Hwm;

- UKCHUPYIOT U 3aHOCAT B TaOaUIly 6.2 BEIMUYMHBI BpAUIAIOIIMX MOMEHTOB Ha
JIBUTATelie, TOPMO3€ U TIOKa3aHus JuHaMoMeTpoB Ha Tadio M/ILI-1;

- OTIPEJIETISAIOT YCUIINS B 3aLIETUIEHUU 10 SKCIIEPUMEHTAIBHBIM JaHHBIM;

- ONIPEACIIAIOT YCUIUS B 3alCIUICHUH, UCXOIs W3 BEJIMYMHBI BPAILAIOIIETO
MomeHTa 71 pacdeTHbIM myTeMm 1o dhopmynam (6.15, 6.16, 6.17, 6.24);

- ONPEAEISAIOT PACUETHBIM ITyTEM, YCHUJIUS, ACHCTBYIOIIME B 3aLEIUICHUH, HC-
noJs3yst hopmyel (6.15, 6.16, 6.17, 6.24), B kotopeix 77=1,96 Hm, 7,=2, g =12.

Tabnuua 6.1 — ITapameTpsl uepBAYHON Nepenadu

HaumenoBanus O603Ha- Criocod Pe3ynb-
napameTpa nepeiadu YeHHe ONPEACIICHHA TaThl Hpumeuarue
M3MEpEeHUi
1 2 3 4 5

Tun yepBsika BU3YaJIbHO  [apXUMENOB)

Huciio 3aXx010B YepBsKa 71 Cocuurars

Uwcno 3yObeB KoJieca 7, Cocunratp

Ilepenatouynoe uncno u ¢.5.9

Huametp BepunH 3yObeB | d,;, MM N3mepurn

KoJjeca

BricoTta 3y0a (BUTKA) h;, MM W3meputhb

JlnameTp BnaivH 4epBsika dg;, MM ¢. 6.18

JUinHa Hape3HoW uyactu | by, MM N3meputs

YepBsIKa
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OxoHyanue Tadauus! 6.1

1 2 3 4 5
Moayns 3auemieHus m, MM ¢. 6.19 OkpyriuTh A0
CTaHJ. 3HaY.
Huamerp nenurtenbHOM | dep, MM ¢. 6.4
OKPYKHOCTH
Koadounuent nuamer-| ¢, MM ¢. 6.2
pa uepBsKa
VYron noaséma Y, MM ¢. 6.3
BHHTOBOH JINHUH YEPBSIKA
JnameTtp BepuivH Koiie- | d,p, MM ¢. 6.9
ca
Huametp BnaguH koie- | dp, MM ¢. 6.10
ca
Juametrp nenutenbHoOu | dep, MM ¢. 6.8
OKPYHOCTH KoJIeca
[[Iupuna BeHIA KOJIECA b,, MM Nsmeputs
MekoceBoe pacCTOSIHUE |  a, MM ¢. 6.11
Koabdunuent cmeme- | y, mm ¢. 6.12 + 1,0 MM
HUSI MHCTPYMEHTA
TIpU Hape3aHUHU

Tabnuua 6.2 — Pe3ynbTaThl UBMEPEHUI U PACUETOB Harpy30K B CTaTHKE

Bennunna Harpy3ok PacuerHas
HaumenoBaHue Harpy3ok Ousrr | Omsrr | Omsit — BEJIMYMHA
Nel | Ne2 | Ne3 | POMICE] Harpysox
OceBas Ha KoJiece
¢. 6.15
F32 = Ftl, H
Papnanshas B onope 1:
BepTukaiibHoe  R;B, H
ropuzoHTaibHoe Ryr, H
PagnansHoe B onope 2:
BepTUKaiibHOE  R;B, H
ropusoHTaibHOe R,r, H
OKpy’KHOE Ha KOJIece
Py b. 6.17
Ft2 = Fal, H
PagnanbpHble
Fr, =Fr,, H ¢. 6.16
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4. Onpenensirot KIII uepBsuHOro penykropa.
4.1. ITo nomy4yeHHBIM 3KCIEPUMEHTANBHBIM AaHHbIM onpenenstor KIIJ[ npu
pa3IMyYHBIX Harpy3kax 1no gopmyie

T,
n = . (6.23)
Tl ‘U
4.2. PacuetnbiM nytem onpeaeisitoT KII/, ncrnosnb3yst 3aBUCUMOCTD
tgy
n=———_ 6.24
te(y + @) 6.2

rJ€ @ — YroJl TPE€HUsI, KOTOPBIN 3aBUCUT OT CKOPOCTH CKOJIbKEHUS
Y ONIPEACIISICTCS 10 CIIPABOYHBIM Ta0IHIaM.
Jns m3ydaembIX yCIOBUH TIpuU Ny = 1450 mun T ¢ =1°5, a npu
n,, =2850 mun ' — ¢ = 1°24' .
[Tocne onpeneseHus mapaMeTPOB YEPBSIUHOM MEPE/Iavn COCTABISAIOT OTUET I10
yCTaHOBJICHHOHU (hopme Tabmulr 6.1, 6.2.

AR1s 0] Tl

\&__r
Omopa 1 N\ =
F

t2

Pucynok 6.9 — PacueTHas cxema 4yepBsIYHOM Nepeiaun
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KoHTpoabHBIE BONPOCHI

1. TloueMy uepBsAYHBIE NEepeayd HE PEKOMEHAYETCS MPUMEHSTh MpU OOJb-
IITX MOIIHOCTAX?

2. HazoBuTe OCTOMHCTBA U HEAOCTATKHU YEPBSUYHBIX MEpead M0 CPaBHEHHUIO
C 3y04aThIMH.

3. Kak BBITIOJIHSIOT KOPPUTUPOBAHKE YEPBAYHBIX TIepeaay?

4. 13 kakux cooOpaKeHUi BEIOMPAIOT YHCIIO BUTKOB YepBsIKa?

5. KakoBO MUHUMAaJIbHOE YHCIIO 3yOhEB UEPBSIYHOTO Kojeca?

6. [Touemy B 4epBsSIUHOI Mepenaye BOZHUKAET CKOJIbKEHUE, KaK OHO HaIpaB-
JICHO M KaK BIUSET Ha paboTy nepenayn?

7. 3 xakuX MaTepualioB M3TOTABIMBAIOT YEPBSKH M BEHIbI YEPBIYHBIX KO-
néc? HazoBure pakTopsl, BIUSIONIME HA BEIOOP MaTepuUara.

8. KakoBbl OCHOBHBIE BU/IbI Pa3pyIICHUS 3yObEB UEPBAYHBIX KOJIEC?

9. Kak Beraucisiior KITJI geprsunoit nepenaun? HaszoBute ocHOBHBIE (hak-

topsl, Biusronme va KITJI.
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JIABOPATOPHAS PABOTA Ne 7
N3YYEHUE KOHCTPYKIIMN PEJYKTOPOB U OIIPEAEJIEHWA
NX OCHOBHLIX ITAPAMETPOB

Lean padoThl: U3yuyeHUEe KOHCTPYKIIMH PETYKTOPOB M Ha3HAYEHUE €ro JIeTa-
JIei; onpeiesieHne OCHOBHBIX MTapaMeTpOB PEAYKTOpa U COCTaBICHUE €ro KUHEeMa-
TUYECKOM CXEMbI; U3yUYE€HUE CIIOCOOOB PEryJIMpOBKHU 3alICTUICHUS KOHUYECKUX U
YEPBSIYHBIX TIap.

7.1 O0uue cBeieHNs 0 PeAyKTOPax

PenykTopoM Ha3bIBaeTCS MEXAaHM3M, MOHWKAIOIIUN YIJIOBYIO CKOPOCTh M
YBEJIMYUBAIOLIUHN KPYTAIINA MOMEHT, BHITTOJIHEHHBIN B BHJIE OT/IEJIHHOTO arperara,
BKJIFOYAIOLIYIO OJHY WJIM HECKOJIBKO Mepeiad U TepMETUYHBIN KOpITYC.

Knaccupuuupyror peaykropbl mo: THIY nepenayu (3yOuaTble, YEpBSUHBIE,
3yOuaTO-4epBIIUHbIE U Jp.), YUCIY CTYNEHENH — OJHOCTyNeHuYaThle (pUcyHok 7.1 a,
0, 8), IByXCTyIeHuatTeie (pucyHok 7.1 2, 0, 3, €) ¥ T.J., TUITY 3y04YaThIX KoJiec (I111-
JUHIPUYECKHE, KOHUYECKUE, KOHMUYECKO-IIMJIMHIAPUYECKUE), OTHOCUTEIBHOMY
PACIIOJIOKEHUIO BAJIOB PEIYKTOPA B IPOCTPAHCTBE (TOPU30HTAIBHOE, BEPTUKAIIb-
HO€ U T. II.), 0OCOOEHHOCTSIM KMHEMATUYECKOM CXeMBbl peyKTopa (pa3BepHyTas, Co-
OCHasl, C Pa3/IBOCHHON CTYNEHbIO U T.J. (PUCYHOK 7.1)).

OpHoctyneHyaTsle 3yOuaTble PEAYKTOPHl MPUMEHSIOT IPU MajblX Mepena-
TOYHBIX unciax (00b19HO U < 6,3). UepBAUHBIE OJJTHOCTYIIEHYATHIC PUMEHSIOT MPU
u = 8...63 u mepemadye HEOOIBIIUX 3HAYCHUUW MOITHOCTH, T.K. MMEIOT HH3KHUI
KIII.

JIByxctyneHnyaTbie 3yOuarbie pemyKTopsl (pucyHok 7.1 2, 0) wumeror
HauOosbllee pacnpocTpaHeHue. [ HUX Hambosee XapaKTepHbl NepeJaTOYHbIe
yucaa U = 6,3...40.

JIByxcTyneH4aTble 4epBIUHO-3yOuaThie (pUCyHOK 7.1 3) U UepBAYHBIE PEAYK-
TOPBI UCTIOJIB3YIOT MPHU OOJBITUX MepeaaTouHbIX yuciax u > 400.

W3 NBYXCTYNEHYAThIX UMUIMHAPUYECKHX 3YyOUaThIX PEAYKTOPOB HambOoJiee
pacnpocTpaHeHbl MPOCTbIE MO KOHCTPYKIUU TPEXOCHBIE PEAYKTOPHI (PUCYHOK
7.1 2, 0). IByxcTyneH4aTble COOCHbIE (IBYXOCHBIE) (pUCYHOK 7.1 e) KoMIakTHee
TPEXOCHBIX, HO HECKOJIBKO CJIOKHEE 10 KOHCTPYKIIUH.

B IByXCTyneHUYaThIX peyKTOpax ¢ pa3JBOECHHON CTyINeHbto (pUCYHOK 7.1 orc)
3yOuaThle Kojieca Ha BCEX Bajax pacCIOJIOKEHbl CHMMETPHUYHO OTHOCHUTEIBHO
OTIOp, U KOHIIEHTpAIMs HAarpy3Ku MO JUIMHE 3yObEeB MEHbIIIE, YEM MTPH MPUMEHEHUH
OOBIYHOM Pa3BEPHYTOM CXeMbI (pUCYHOK 7.1 2).

Ecnu BXOHOW ¥ BBIXOHOM BaJIbl JOJKHBI OBITH B3aUMHO TIEPIICHIUKYIISPHBI,
TO NpH U < 6,3 NPUMEHSIOT KOHHUYECKHE 3yOuaThie peayKTopbl (pucyHok 7.1 6);
anpu u > 12,5 — KOHUYECKO-IIMIIHHIpUIecKue (pucyHok 7.1 0).
OJIHOCTYTICHYATBHIE:
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s ynoOctBa cOOpKH KOpITyca PeAyKTOPOB BBIMIOJHAIOT pa3bEMHBIMU. OT-
JIEJIbHBIE I€TaIM KOPITyca CKPEIIIOT MEX 1y co00i OonTamu.

Jlist ocMoTpa nepefad M 3aJIMBKM Macja B KpBILIe KOpIyca IpeaycMaTpuBa-
I0T CMOTPOBOE OTBEPCTHE, 3aKPHIBAEMOE CAMOCTOSATEIBHON KPBILIKOM.

Kopmyc penykropa 10y1eH ObITh IPOYHBIM U KECTKUM, T.K. €r0 AepopMaIiuu
MOTYT BBI3BaTh IIEPEKOC BAJIOB M, CIEAOBATEIBHO, HEPABHOMEPHOE PACIIPEIEICHUE
Harpy3Kku 1o JuimHe 3yobeB. Kopiyca penykTopoB U3roTaBIMBAIOT OOBIYHO U3 UY-
ryna CY 15-32 u CY 18-36 nutbem.

CMmaska 3y04aThIX KOJEC PEeAYKTOPOB MPH OKPYXKHBIX CKOopocTsax V < 15 m/c
OCYILECTBISIETCA OKYHAHHUEM KOJIEC B MACISIHYKO BaHHY. BMecTHUMOCTh MacissHOU
BaHHbI puHUMaeTcs u3 pacuera 0,35...0,7 1 Ha 1 kBT nepenaBaeMoil MOITHOCTH
(MeHbllIee 3HaUYCHUE - TTPU MEHBIIIEH BSI3KOCTH Maciia, U Hao0opoT). Pekomenayer-
csl 3y0uarble KoJi€ca MOrpyKaThb B BaHHY JJIs LWJIMHAPUYECKUX Mepenay Ha IIy-
ouny ~ 0,75 BbICOTHI 3yObeB, AJI1 KOHWYECKUX NEpPeIay BCs NOBEPXHOCTh HUKHETO
3y0a OJKHA HaXOJUTCS B Maclie.

Ecnu ypoBeHb Maciia B UEpBSAYHOM PEAYKTOPE YCTAHABIMBAIOT MO ITOIINI-
HUKAM W YEPBSK HE OKYHAETCs B MACJIO, TO Ha BAILy YEPBSIKa YCTAHABIIMBAKOT MacC-
J0pa30pbI3ruBaroLIie KoJbla (KpbUIbUaTKN), KOTOPBIE U MOIAI0T MACIIO Ha YEPBSIK
1 KOJIECO.

B penykropax c OblcTpoxoAHbIMU mepenayamu V > 15 m/c NpUMEHSIOT
CTPYHHYIO WIH LHUPKYJISAUUOHHYIO CMA3Ky MO/ AaBICHUEM.

CMa3Ky penyKTOpPHBIX MOJIIMITHUKOB MPU OKPYKHOM CKOPOCTH 3y0daThIX
kojiéc V > 4 M/c 4acTo OCYIIECTBIISIIOT TEM K€ MacjoM, YTO M 3yOuaThiX KOJEC,
nyTéM pa3opeisruBanus. [Ipu okpyxHOI ckopocTH Koiéc V < 4 M/c npenycmaTpu-
BaIOT CAMOCTOSITENBHYIO CMa3Ky, 0OBIYHO KOHCHCTEHIIMIO.

OCHOBHBIMH MapaMeTpamM PEAYKTOPOB, [0 KOTOPBIM MPOU3BOIAT UX BBIOOD,
SBIIFOTCSI:

— IIEpPEeIaTOYHOE YHCIIO;

— BpaIIaroNil MOMEHT Ha TUX0oXxoaHoM Baiy (kHwm); KII/I.

JIONOTHUTENBHBIMA [TAPAMETPAMM SIBIISIIOTCS:

— MaKCHUMaJIbHO, KPATKOBPEMEHHO JEUCTBYIOMINI MOMEHT (7 40);

— JIOIyCTUMAs paJiialibHas KOHCOJIbHAS Harpy3Ka Ha KOHI[aX BaJIOB;

— MEXOCEBOE PACCTOSIHUE;

— Macca peiyKkropa.

7.2 O0beKT U3y4eHusi 1 U3MepHUTeIbHbIe PUOOPBI

JInst BIOJHEHUsT pabOThl HEOOXOIMMO UMETh: LIUIMHIAPUUECKUN OJHO- WIH
JIBYXCTYNEHYATBIA PEyKTOP C MPSIMO- WIH KOCO3yObIMU KOJIECAMU; KOHUYECKUMN
OIHOCTYIIEHUYATHIN PEIYKTOP; YEPBAYHBIM OJHOCTYIIEHYATBIM PEAYKTOP; IUTAHIE€H-
HUPKYJIb; KPOHUUPKYJIb; IITaHreHpeilcMac; MacIiTaOHYIO JIMHEWKY; KpacKy s
IPOBEPKU MSITHA KOHTAKTa; CJIECAPHBIA HAOOP; UepTEXK peayKTOpa.
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7.311opAAOK BBINOJTHEHHUSA PA0OTHI

1. ITpon3BecT BHEMIHUN OCMOTP PEAYKTOpPA, CBEPUTHh COOTBETCTBHUE PEHAYK-
TOpa U €ro 4epTeka, U3y4uTh KOHCTPYKIMIO KOpIlyca U Ha3HaueHue jaetanent (c
HAaMMEHOBAaHUEM JeTallell 03HAKOMUTHCS MO Clielu(PUKaluyu yepTexa), HAMETUTh
I1aH pa300pKU peayKTopa.

2. 3aMepuTh PACCTOSIHUE MEXIY OCAMM (ISl IMJIMHIPUYECKUX M UYepBSU-
HbIX). BennunHy MEXIIEHTPOBOTO PACCTOSIHUSI d, 3aHECTH B COOTBETCTBYIOLIUE
tabmuuel 7.1 u 7.2.

3. Pa3bopky peaykTopa MpOU3BOAUTH B CIEAYIONIEM MOPSJIKE: OTBUHTUTH
OOJTHI, COETUHSIONINE KPBIIIKY C KOPITYCOM; 3aBUHUMBAsI ChEMHBIE BUHTBI, CHSITh
KPBIIIKY CO IITU(TOB; CHATH KPBIIIKH MOIIUITHUKOBBIX Y3JI0B.

4. O3HaKOMHTHCSI C BHYTPEHHUM YCTPOUCTBOM peaykTopa. Ocoboe BHUMaHUE
ClIelyeT 0OpaTUTh Ha CIOCOO PETYIUPOBAHUS MOAIIUITHUKOB U MPABUILHOCTH 3a-
LEIUICHUS] KOHUYECKOW U YEepPBSIYHOM Map.

5. Cocuutath YUCIO 3yOhEB MIECTEPHHU Z; U KOJIeCa Z».

6. [IpousBectu cOOPKY peayKTOpa B MOCIEIOBATEIBHOCTH OOpaTHON pa3dop-
KeE.

7. Y KOHMYECKUX M YEPBAYHBIX PEAYKTOPOB PETYIUPYIOT MPABUIBLHOCTH 3a-
LEIUICHUSI IIECTEPHU U KOJieca.

st aToro Ha ouuIieHHbIe 3—4 3y0a MeCTepHU TOHKUM PaBHOMEPHBIM CJIOEM
HAHOCAT KPacKy U, MPOBOpavyrBas IIECTEPHIO 3a Bajl, HAOIIOIAIOT MITHO KOHTAKTA
Ha 3yObsix koJieca. Eciu oHO cMelIeHO BJIEBO WJIM BIPAaBO, TO COOTBETCTBYIOIIUM
noAOOPOM PEryJUpPOBOYHBIX MPOKIIAIOK JOOUBAIOTCS CHUMMETPUYHOTO PaCIOio-
JKEHUS TISITHA KOHTaKTa. ITUM 00eCleuynBaeTCs HOpMAJIbHOE 3alleTNIeHne KOHUYe-
CKOU WJIM YEPBSIYHOM NaphI.

[Tocne onmpenenenus nmapaMmeTpoB peayKTopa W 3amojaHeHus: tabmnun 7.1, 7.2,
7.3 COCTaBIISIIOT €T0 KUHEMATUYECKYIO CXEMY.

Tabnuma 7.1 — [lapameTphl MIIMHIPUIECKOTO PEIYKTOpa

HammeHoBaH e napamerpa O6o3HaueHune Crnoco0 PesynLTaTI:I [Tpumeuanus
omnpesieNIeHUs: | U3MEpeHui

UYucno 3y0beB IeCTEPHU 77 COCUUTATH

Urcrno 3yObeB Koseca 22 COCUUTATH

IlepegaTouHoe 4ncio:

1-if crynenu Uj d. 5.9

2-1i cTyneHu U ¢.5.9

OO6miee mepeaaToyHOE YHUCIIO u Uy U

peaykTopa

MesxoceBO€e pacCTOsIHUE:

. Ayl A3MEPUTH CpaBHUTB C
1-i1 crynenu FOCTom
2-i1 cTyneHu A2 WU3MEPUTH
PEAYKTOpa a a=0a1+aw
KIIJI pemykTopa n ¢.5.24 Cwm. Tabm. 5.1
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Tabmuia 7.2 — [lapamMeTpbl OJHOCTYTIEHYATOTO KOHUYECKOTO PEIYKTOpa

HaumenoBanue O6o03Haye- Cnoco6 PesynbTarsl
[Ipumevanus
napameTpa HUS onpeJieIeHus HU3MEPEHUS
Uwuco 3yObeB HIECTEpHA 77 Cocuurarb
Uwuco 3yObeB Kojieca 2 Cocuurarts
[lepenarounoe YHCIIO0 u b. 5.9 Tabnuua 5.3
peayKTopa e
Buemnuii nuamer d
A p al2 W3meputh
BBICTYIIOB KoJieca
Hlupuna 3y6a b W3meputh
Bremnee konycHOE R
y ¢ Cwm. Tabm. 5.3
paccTosiHue
KIIJI pexykTopa n ¢b.5.24 CwM. Tabm. 5.1

Ta6nuna 7.3 — [1apaMeTpbl OJTHOCTYIIEHYATOI'O YEPBSIYHOTO PEIYKTOpa

Crioco6 Pesynbrarhl
HaumenoBanue napamerpa| O003HaueHus . ITpumeuanue
onpezeseHus U3MEPEHU
Hucno 3ax00B YepBsKa 77 Cocuurath
Yuco 3y0beB kojeca 2 Cocuuratb
IlepegaTouHoe 4nCIIO U ¢.5.9
MexoceBoe pacCTOsIHUE 4 VismepHTh CpaBHUTH C
I'OCTom
KIIJI penykropa n ¢.5.24

KounTpoJsbHbBIE BONIPOCHI

1. ITo xakuM nmpu3HAKaM KJIACCUPUIUPYIOT PEAYKTOPHI?

2. Io xakuM mapameTpaM NpoU3BOISAT BHIOOP peaykTopa’?
3. Kak onpenenuts nepelaTouHoe OTHOLICHUE PEAYKTOpa?
4. TpeboBaHUA K KOPIYCY PEAyKTOpa.
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JABOPATOPHASA PABOTA Ne 8 .
OIIPEAEJIEHUE OCHOBHBIX ITAPAMETPOB LIEITHOW 1 PEMEHHOU
INEPEJAY U3YYEHUE KOHCTPYKIIMU X SJIEMEHTOB

Ilenu padomper: onpeneieHNe reOMETPUIECKUX U KUHEMATUYECKUX MMapaMeT-
pOB LIEMHOM M PEMEHHOW MEpeaad, MyTéM UX 3aMepa M pacy€ra; U3y4eHHUE KOH-
CTPYKILHH 3JIEMEHTOB LIEMTHOW U PEMEHHOM TIepeaay.

8.10cHoBBI TEOpHUY LIENTHOM NepeAavYn

Ilennaa nepegada OTHOCUTCS K TepefadyaM 3alleTJICHUS] C THOKOU CBS3BIO.
CocTouT U3 BeAyllel U BEIOMOM 3BE3IOUEK U LIEMH OXBATHIBAIOIICH 3BE3OUYKH U
3aleTUIAIONICH 3a UX 3yObs.

KpoMe nepeunciaeHHbIX OCHOBHBIX 3JIEMEHTOB, LIEMTHbIE NIEPEAAYN BKIIOYAOT
HATSDKHBIE YCTPOMCTBA, CMa304YHbIE YCTPOMCTBA M OTPaKACHUSI.

JloCTOMHCTBaMU EMHBIX NEpeaay ABISIOTCS:

— B CpPaBHEHMHM C 3yOuyaThIMHU IepeayaMu MOTYT Tepe/laBaTh JBUKEHUE
MEXIy BaJlaMU [IPU 3HAYUTENbHBIX MEKOCEBBIX PACCTOSHHUSX;

— B CpPaBHEHUU C PEeMEHHBIMU IepeaadyaMu 0ojiee KOMIIAKTHBI; MOTYT Iepe-
JaBaTh OOJIBIIME MOLIHOCTH; CHJIbI, IIEPEAABAEMbI€ Ha Bajibl, 3HAUUTEIbHO MEHb-
1I€; MOTYT NEPEAABATh OJHOM LIENBIO BPAllEHUE HECKOJIBKUM BEIOMBIM 3BE3104-
Kam.

K HemocTaTkaM OTHOCAT: MOBBIIMICHHBINA IIIyM TpH padbore; ObICTpOE W3Ha-
IIMBAHUE IIAPHUPOB B 1IENHU; YIJIMHEHUE B LIETIN U3-3a U3HOCA €€ IIApHUPOB.

['maBHBIN AIEMEHT LENMHOMN Mepenadyu — MPUBOAHASA LEIb, KOTOPas COCTOUT
13 COCIMHEHHBIX IIAPHUPAMHU 3BEHBEB.

B kadecTBe mpUBOMHBIX IIETIEH MPUMEHSIIOT POJIUKOBBIE, BTYJOYHbBIEC U 3y0-
YaThl€ LIEMH.

Ponukossie nenn no ['OCT 13568-75 pa3nuuaror: OTHOPSAAHBIE PUBOIHBIC
posuku (ITP) (pucynok 8.1 a), onnopsansie nnmuuHo3BeHHbIe(IIP/]), oOneryennsie
(ITPJI), onnopsanubie ycunenusie (ITPY), nByx- (2I1P), Tpéx- (31IP), ueTbIpéx psn-
Hbie (411P) u ¢ uzornyteimu miactuakamu (I11PN).

Ponukoeana onHopsgHas 1enb (pucyHok 8.1 @) COCTOMT W3 BHYTPEHHUX
IacTUH 1, HampecCOBaHHBIX HA BTYJKHU 4, ¢ MPEIBAPUTEIHbHO YCTAaHOBJICHHBIMU
Ha HUX W CBOOOJIHO BpaIlaronmMucs poiaukamu 5. Brynku 2 ¢cBoOOIHO BpaiaroT-
Csl Ha BallMKax 3, Ha KOTOPBIX HANPECCOBAHBI HAPY)KHBIE TUIACTHHBI 4, 00pa3ys
mapHupbl. HapyXHble 1 BHYTpEHHUE 3BEHbS B LIENN yepeaytorcs. Ponuku S, Bpa-
HIAIOIIMECs] Ha BTYJKaxX 2, 3aMEHSIIOT TPEHUE CKOJBXKEHUS MEXKIY BTYJIKAaMHU U
3yObsIMM TPEHHEM KaueHHsI. DTO YBEIUUMBAET U3HOCOCTOMKOCTD LIETIH M MO3BOJIS-
€T MCTIOJB30BaTh €€ MPU OKPYKHBIX CKOpOCTsX 70 20 M/c.

N3 ponukoBBIX OAHOPSAHBIX IeNed HanboJsiee pacHpoCTpaHEHbI HOPMAITh-
Heie [1P. O6neruénnnie nenu [1PJI u3roraBnmBaroT ¢ MOHWKEHHOU pa3pyliaronien
Harpy3Kou; gomyckaemasi CKopocTh Jjisi HuX 10 3,0 M/c. Ycunennsle nenu [1PY
W3rOTaBIMBAIOT MOBBIIMIEHHOW MPOYHOCTH U TOYHOCTHU; UX MPUMEHSIOT NpU 00Jb-
IIMX U IEPEMEHHBIX Harpy3Kax, a TaKyKe MPU BBICOKMX CKOPOCTSIX.



B) IEPEXOTHOE 3BEHO

Pucynok 8.1 — IIpuBogHas posiMKoBas LieNb

Bmynounaa oonopaonas nens (tuna [1B) otnuyaeTcst OT poJIMKOBOH OTCYT-
CTBHEM Ha BTYJIKaX 2 POJUKOB 5. JTO MO3BOJSAET YIPOCTUTh KOHCTPYKLHUIO LIETH,
YMEHBIIIUTh €€ Maccy U CTOUMOCTh. Ho BTyJOuHBIEC LI MEHEE M3HOCOCTOMKH,
TPeOYIOT XOpOoIlIel CMa3KH, MOITOMY UX MPUMEHSIOT IIPU OKPYKHBIX CKOPOCTSAX 10
10 mM/c. DTU 11enn U3roTaBIMBAIOT TOJBKO C ImaroM 9,525 MM U MPUMEHSIOT B MO-
TOIMKJIAX U aBTOMOOUJISIX.

Mmuozopaouwvie ueny, KaK POJUKOBBIE, TAK U BTYJOYHBIC, MMO3BOJISIOT YBEIIU-
YUBaTh Harpy3Ky MPOMOPIUOHATIBLHO YUCIY PSAOB, MOITOMY MX MPUMEHSIOT MPHU
nepeadye OOJbIINX MOIITHOCTEH.

3ybuamasn uienb (pUCyHOK 8.2 a) COCTOUT M3 Habopa IIacTUH 1 ¢ IByMS BBI-
CTYNaMH Y BIIAJUHOW MEXIy HUMH i 3y0a 3BE3M0UKK. Uncio miacTuH onpene-
JISIeT MHUpYHA 1enu B, KoTopas 3aBUCUT OT nepeaBaeMoil MOIHOCTU. Pabounmu
PAHSMH MIACTHH SBJISIOTCS IUIOCKOCTH 3yObEB, PACIIONOKEHHBIX 0 yrioM 60°,
KOTOPBIMHU Ka)KJI0€ 3BE€HO IIETH CaIUTCA Ha JBa 3y0a 3BE30UYKH .

Jns ycTpaHeHHs: OOKOBOTO CHaJaHUs IEMU CO 3BE3NOYKU MPUMEHSIOT
HaIpaBJISIIOIIME TUIACTUHBI 2, PACHOJIOKEHHBIE MOCEPEIUHE e U COBMAIAIOT C
nasaMu Ha 3yObsiX 3BE37104KH (pUCYHOK 8.2 6). Bo3MokHa ycTaHOBKA HaIlpaBlis-
IOIIKUX TJIACTUH 2 TI0 OOKaM LIeTH, JJIsl OXBaThIBaHUS 3y0a ¢ TOPIIOB, IO aHAJIOTHUHU
C BTYJIOUHOM U POJIMKOBOM LIETISIMU.

Cmazka npueoonvix ueneii. J{1ns OTBETCTBEHHBIX CUJIOBBIX IIEMHBIX Nepeaay
MIPUMEHSIIOT HETIPEPBIBHYIO KAPTEPHYIO CMa3Ky , OCYIIECTBISIEMYIO MPU CKOPOCTHU
Ienu 10 8 M/C ¢ OKYHAaHHEM IIeTH B MACJISIHYIO BaHHY Ha TIyOWHY HE CBBIIIE IITH-
puHbl TUTacTUHBL. [Ipy OosbIIel CKOPOCTH MENH MPUMEHSIOT TPUHYIUTEIHHYIO
HUPKYJSLHOHHYIO CMa3Ky.
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PucyHok 8.2 — DneMeHTbl 3y0uaToil IIeNHOM nepegaun

OTKpBITHIE TIETIHBIE TIEpPEeIayu MPU CKOPOCTH LIETH JI0 8 M/C CMa3bIBaIOT Iie-
puoamyecku, yepe3 120...180 4 myTéM morpykeHusi NENU B HarpeTyro A0 Pa3Ku-
YKEHUSI KOHCUCTEHTHYIO CMa3Ky.

[Tpu ckopocTu 1ienu MeHee 4 M/C UCTIONB3YIOT KarelbHYI0 CMa3Ky.

OcHOBHbIE TapaMeTpPhl LEMHBIX nepenad. OCHOBHBIMA F€OMETPUUYECKUMH Xa-
PaKTEPUCTUKAMU MPUBOJHBIX LENEN SBISIOTCS 1Iar, T.€. pACCTOSHUE MEXKIY OCs-
MU JIBYX OJIMDKAUIIMX MIAPHUPOB LEMH, U TUPUHA.

OcHOBHasi CUJIOBasl XapaKTepUCTUKA — pa3pyllarolias Harpy3ka Lenu, ycTa-
HaBJIMBAa€Masl ONBITHBIM MyTEM. B COOTBETCTBUU C MEXIyHAPOIHBIMU CTaHJapTa-
MU MPUMEHSIOT 1IEMH ¢ Iarom, KpaTtHeiM 25,4 Mum (T.€. 1 mroiimy): 8,0; 9,525; 12,7;
15,875; 19,05; 25,4; 31,75; 38,1; 44,45; 50,8 MM.

OnTuManbHOE MEXOCEBOE PACCTOSHUE TMEpeaaud MPUHUMAIOT U3 YCIOBUS
JIOJITOBEYHOCTH LIETIH:

a=(30...50)p,,, (8.1)

rae pu — 1Iar nemnu, Mm.

HwxHue 3HaUYeHHUS MEPEMEHHOTO YHCJIOBOTO MHOXKHUTEIS TPUMEHSIOT IS
nepenad c u = 1...2, a Bepxuaue miga u =6...7.

[TepemaToyHoe OTHOIIICHHE IECITHOM Iepeayd PacCUMTBHIBAIOT TAKXKe, KaK U
JUTst 3yOUaThIX mepeaay.

CpenHIor CKOPOCTH IIEMHU OMPEEISIOT 1o GopMyie

e L (8.2)
27103

rae P, — Iar Uelu, MM;

Z; — 9uCIo 3yObeB BeAyIel 3BE30UKH;

(0] — yTII0OBas CKOPOCTh BeAyIEeH 3BE3IOUKH, pajy/C.

CKOpOCTh 1€ HETOCTOSTHHA B TIpeiesiaX YIJIOBOTO IIara, Mo3TOMY IIEeTHas
nepeaada OrpaHuICHHO MTPUMEHSIETCS B 103aTOPAX.

HepaBHOMEPHOCTH ABMKEHUS IEIH, TIEPEMEHHOCTh MEPEIaTOYHOTO OTHOIIIE-
HUS TIepEeAadd U yAaphl 3BEHBEB TN O 3yObs 3BE3I0UKHU TP BXOJIE B 3aIlCTUICHHE
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BBI3BIBAIOT B IEMTHBIX NIEpenadax TMHAMUYECKHE HArPy3KH, KOTOPBIC TEM OOJIbIIIe,
YeM BBIIIIE€ CKOPOCTh JIBUIKEHUS LIETIH U YeM OOoJbIIe e€ 1mar.

Kpumepuu pabomocnocoonocmu u pacuéma. OCHOBHON KpUTepuid paboTO-
CIIOCOOHOCTH MPUBOJHBIX IIEMEeH — H3HOCOCTOMKOCTh WX IapHUpoB. Hecymas
CIIOCOOHOCTh HEMHOM MepeAadyn ONpeaessieTcsl 3HAYUCHUSIMU JIOIyCKAaeMbIX KOH-
TaKTHBIX HANpPsDKEHUH B mapHupax nenu. [loaromy npu paboTte 1enu onpeaesior
pacy€THOE JIaBlICHUE B IIAPHUpPAX MU U CPABHUBAIOT C JAOMYCKAEMBIM YEIbHBIM
JTABJICHUEM.

F,K

p=WS[po], (8.3)

I7ie p — pacy€THOE AaBJICHUE B IIapHUPAX LIEIH ;

F, — okpyxHnas cuna, (H);

K, — xo3pdunmenT sKcryaranmy;

B — mupuna uenu, (M);

d — nuameTp Banuka, (M).

Jlormmyckaemoe JTaBJ€HUE B MIAPHUPAX LEMU [Po] 3aBUCUT OT 1Iara LEnu U 4a-
CTOTBI BpaIllCHUs Beayliei 3B€3104Kku (Tabnuna 8.1).

Kosddumment skcrmmyaranuu K, y4UTHIBA€T OTKIOHEHUE YCIOBUU pabOThI
paccuMThIBAEMOM Mepenadn oT cpeanux [1, 2, 3].

[IpoBEpOYHBIM KpPUTEPUEM SBISIOTCS JTOIMYCKAaEMOE YHUCIO YNApPOB LENH O
3yObst 3Be37j0ueK. J{JIs1 orpaHMYEHNs BPEIHOTO BIMSHUS YMCIa yIapOB MOJIb3YIOT-
Csl PEKOMEHAALMAMU IO OTPAHUYEHHIO YACTOTHI BPALIECHUS BEAYIIEH 3BE3IOYKHU
[2].

[Io Mepe M3HAIIMBaHUS IAPHUPOB LEIb BHITATUBAETCS, CTpEia MPOBUCAHUS
BEJIOMOW BETBU YBEJIIMUMBAETCS, YTO BBI3BIBAET 3aXJIECTHIBAHUS 3BE310UYKHU LENBIO.

JInst ycTpaHeHus 3TOTO SBJICHUS MPEIyCMaTPUBAIOT HATSXKEHHUE LI MYTEM
nepeMeIIeHHs Baja OJHOU 3BE310UYKHU, HATSHKHBIMU WIIA OTTSDKHBIMU 3BE3/I0UKAMMU.

HaTsikHble ycTpoicTBa TOKHBI KOMIIEHCUPOBATh yIJIMHEHUE LIENH B TpeJie-
Jax IBYyX 3BEHBEB, MMPU OOJBIIECH BBITSDKKE 1IEMH JIBa €€ 3B€HA yAAJSIOT.

JlanbHeilliee yBelIMUYEHUE 11ara LeNnd B pe3yjbTaTe M3HOCAa B IIAPHUPAX HE
KOMIIEHCUPYETCSl HAaTsDKEHHEM LeNH, T.K. Lelb OylnerT pacrnojararbcsi ONuxe K
BEpIIMHAM 3yObEB M BO3HHMKAET ONACHOCTh COCKaJIb3bIBaHUS €€ CO 3BE3IOYEK.
B sTOM ciydae 1enb BEIOPAaKOBBIBAIOT.

Koncmpykuyua u mamepuan 36€300ueK. 3BE3I0OUKU 110 KOHCTPYKIIMHM OTJIH-
4aloTCS OT 3y04aThix KoJiéc Nk mpodunem 3yda, pazmepsl U popMa KOTOPHIX
3aBUCAT OT THUIA 1enu (pucyHku 8.1 u 8.2).

JlenurtenbHass OKPYKHOCTh 3BE30YEK MPOXOAUT 4YEpe3 LEHTPhbl LIAPHUPOB
Lenu

P
d, =~ 130" (8.4)
sin —
Z
JluaMeTp OKpy>KHOCTHU BBICTYIIOB OIpeessieTcs no popmyne

d, = p05+ ctg@) ) (8.5)
Z
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upuna 3y6uaToro BeHIa 3BE30UKH JJIs1 OAHOPOTHON 1IENU paBHA —
b;=0,93b,-0,15, (8.6)
rae by — paccrosHue MKy BHYTPEHHUMH TUIACTUHAMH LIETIH.

Tabnuna 8.1 — JlomyckaeMoe JaBiieHHe B MIApHUPaX POJUKOBBIX IIETei

Jonyckaemoe nasiienue [p,], MIla npu uacrore Bpamenus
MaJioi 3B€3M04YKH N, MUH

[Iar nenu, Mm
50 200 |400 600 | 800 1000 | 1200 | 1600

12,7 ...15,875 35 31,5 | 28,5 | 26 24 22,5 21 18,5

19,05...25,4 35 30 26 (235 21 19 17,5 15
31,75...38,1 35 29 24 21 18,5 | 16,5 15 -
44,45...50,8 35 26 21 17,51 15 - - -

Pucynok 8.4 — Ilpoduib 3BE31049KH POJIMKOBOM IIETTHON MEPETadn
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[IpeamoyTuTebHO MPUHUMATL HEUETHBIE Ynclia 3yObeB 3BE30UYEK B COUETA-
HUH C YETHBIM YHCJIOM 3BEHBEB IIENU. JTO ITOBBIINIACT M3HOCOCTOMKOCTH IIETH U
3BE3I0UCK.

3BE3/I0YKHM U3TOTABIMBAIOT U3 CPEIHEYTIECPOAUCTHIX cTalie cT. 45, 40X u mp.
C 3akankoii 10 TBEpaocTU 45...65 HRC wim u3 neMeHtupyembix craineu 15, 20X ¢
neMeHTamuen Ha rioyouny 1,0...1,5 mm 1o tBépoctu 55...60 HRC.

[Ipyn HEOOXOAMMOCTH OECIIyMHON M IIJIABHOM pa®OTHI Mepenad MOIIHOCTHIO
P <5 kBt. u v < 8 M/C MO)KHO M3rOTaBIMBATh BEHI[BI 3BE310YEK U3 ILIACTMACC,
TEKCTOJINTA, TTOJIMAMHJIOB.

BcnencTBue HEBBICOKOW MPOYHOCTH IUIACTMACC MPUMEHSIIOT TaK)K€ METaJlIo-
IUIAaCTMAaCCOBBIC 3BE3OUYKH.

8.2 OcHoOBBI TEOpHU PeMEHHOH NEepeIaYn

Peménnas nepegaya OTHOCUTCS K MepeiadyaM TpeHUueM ¢ THOKoH cBs3bio. Co-
CTOMT W3 BEAYLIEr0 U BEJAOMOIO IIKHWBOB, OrHO0aeMbIX peMHeM (pUCYHOK 8.5).
Harpyska nepena€rcsi cuiaMu TpeHUs, BOSHUKAIOIIUM MEXIY ITKMBOM U PEMHEM
BCJICJICTBUE HATSXKEHUS TTOCJICIHETO.

e
f

L Lo

Pucynok 8.5 — CxeMa peMEHHOM nepenauu

B 3aBucuMocTH OT (OpPMBI TOMEPEYHOTO CEUYCHUS PEMHS pPa3IuvaroT:
MJIOCKOPEMEHHYIO (PUCYHOK 8.5 @), KTHHOpPEeMEHHYIO (PUCYHOK. 8.5 6), Kpyriope-
MEHHYIO (PUCYHOK. 8.5 8) U MOJUKINHOBYIO (PUCYHOK. 8.5 2) nmepenayu.

JlocTonHCcTBaMH PEMEHHBIX TIepeaad SBISETCS: MPOCTOTa B KOHCTPYKIIUU H
Maja CTOMMOCTB; BO3MOKHOCTh TI€peaurd MOIIHOCTA Ha 3HAYUTEIILHBIE PACcCTOsI-
HUA (70 15 M); MIaBHOCTH U OECITYMHOCTh pa0OTHI; CMSITYEHUU BHOpAIIUU U TOTY-
KOB BCJICJICTBHE YIIPYTO# BBITSHKKHA PEMHS; BO3MOXKHOCTh PabOTHI C BHICOKOM 4a-
CTOTOM BpalieHus mpu ckopoctu pemus 10 100 m/c.

K HenmocTaTkaM peMEHHBIX TIepeaad OTHOCAT:

— OoJibllive rabapuTHBIE pa3Mephl MPH Mepeiade O0bIINX MOIIHOCTEH;
— HEU30€KHOCTh YIPYTOoro CKOJIbKEHHS PEMHS;

— TIOBBINIIEHHBIE CUJTBI, IEHCTBYIONTNE HA BaJIbI U OTIOPHI,

— MaJtasi IOJITOBEYHOCTh PEMHS B OBICTPOXOIHBIX MIepeaavax;
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— HENPUMEHUMOCTb BO B3PBIBOOMACHBIX MECTAX M3-3a JJIEKTPU3ALNN PEMHSI.

B coderanuu c Ipyrumu nepepadyaMu, peMEHHYIO NMPUMEHSIOT Ha ObICTpoO-
XOJHBIX CTYIEHIX IPUBOJA.

Paznosuonocmu peménnvix nepedau. Ha npakTke NPUMEHSIOT OOJIBIIOE
KOJIMYECTBO PA3JIMYHBIX CXEM Iepesiad KaK IUIOCKUM, TaK U KIMHOBBIMH PEMHSMHU.
[IInpoko pacnpocTpaH€Ha OTKpBITas Nepenada ¢ napauieIbHbIM PacloOIOKEHUEM
BaJIOB M C OJMHAKOBBIM HAIPABJIEHUEM BpalleHUs IIKUBOB (PUCYHOK 8.5, 8.6 a).
Kpome Toro, mpumeHstoTCs: NepeKkpeCTHas Mepeaaya, B KOTOPOM IIKHUBBI Bpallia-
I0TCSI B 0OpaTHBIX HampaBieHUsAX (pUCYHOK 8.6 0); momynepekpécTHasi, B KOTOPOU
OCH BaJIOB MEPEKPEIINBAIOTCS MOJ HEKOTOPHIM YIJIOM (pPHUCYHOK 8.6 6); yrioBas
nepeaaya, B KOTOPOM OCH BAJIOB MEPECEKAOTCS MOJ HEKOTOPBIM YIJIOM (PHUCYHOK
8.6 2); perynupyemasi — co CTyleH4YaTbIMU IIKUBaMU (PUCYHOK 8.6 0) U mepenaya c
HATSHKHBIM POJIMKOM (PUCYHOK 8.6 €).

Ham HatsxHOU posuk

Pucynok 8.6 — CxeMbl peMEHHBIX TIepeaay

Mamepuansl u KOHCMPYKYUA NPUBOOHBIX pemHeil. [IpuBoaHbIE pEMHU ObI-
BAIOT 3-X TUIIOB: KJIMHOBBIE, TOJIMKJINHOBBIE U TIJIOCKHE.

Knunoevie pemnu — 310 peMHU C TpamnelMEBUIHOTO CEYEHUS C OOKOBBIMU
pabouuMu CTOpOHAMH, pabOTAIONTUE HA IMKUBAX ¢ KaHABKaMU COOTBETCTBYIOIIETO
npoduis (pucynok 8.7 a, 0).

Pemuu, Gmaromapsi KITMHOBOMY JEHCTBUIO, OTJIMYAIOTCS TOBBIIICHHBIMH CH-
JaMU CIEIUICHUS CO IIKUBAMU U, CJIEIOBATEIHHO, MOBBIIICHHON TATOBOW CIOCO0-
HOCTBIO. [[71s1 mpuBOMOB 0O0IIEro Ha3HAYEHUS M3TOTABJIMBAIOT KJIMHOBBIE PEMHU
JIBYX KOHCTPYKIIMH: KOpJTKaHEBble (PUCYHOK 8.7 @) W KOPAIIHYpPOBbIE (pHUCY-
HOK 8.7 0).

Kopn BBITIONHSIOT U3 XUMHUYECKUX BOJIOKOH: BUCKO3bI, KallpOHA, JIAaBCaHa.

B xopaTtkaHeBbIX peMHSIX (pUCYHOK 8.7 @) KOpJ BBIIIOJIHEH B BUJE HECKOJIb-
KUX CJIOEB KOPJTKAHU C OCHOBHOM (MPOJ0JIbHBIE HUTH) U3 KPYYEHHBIX IIHYPOB U
TOHKUX PEJIKMX HUTEH yTKA (MONepeyHbie HUTH).
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B kopamHypoBbix peMHsX (pUCYHOK 8.7 6) KOpJ COCTOMT U3 OJHOTO CIOS
KOpJLIHYpa, 3aKJII0YEHHOIO CBEPXY B CJIOM pacTsSKEHUS U3 PE3UHbI CpeHEN TBED-
JIOCTU ¥ BHU3Y CJIOU cxaTHsl U3 OoJsiee TBEPIOM pE3UHBI.

N
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Pucynok 8.7 — KimnHOBBIE 1 TOJTUKIMHOBBIE PEMHH

KIIMHOBBIE pEMHU M3TOTaBIMBAIOT 3-X THUIIOB: HOPMAJIbHOTO CEUYCHHUS, Y3KUE
U IIUPOKUE (BapUATOPHBIE).
KimHOBBIE peMHM HOPMaJIBHOTO CEUEHUs, Y KOTOPBIX OTHOIIEHUE OOJIBIIETO

b,
OCHOBAHHS K BBICOTE ;0=1,6. .. 1,7, n3roTaBnMBaOT CEMU pa3IUUHbIX ceueHuii: O,

A, b, B, T, I u E (tabnuna 8.2). 3Tu peMHHU BBIIOJIHAIOT OCCKOHEUHBIMU, pa3Iny-
HBIX CTaHJAPTHBIX JIJTUH.

b
KiIMHOBBIE pEMHU y3KOTO CEYEHUS UMEIOT ;0:1,2...1,3 U TIO3BOJIAIOT Tepe-

naBath B 1,5...2,0 pa3a 00JbllIe MOITHOCTH M3-3a MOBBIIMICHHOW MPOYHOCTH KOP-
Ja. DT pEMHU MOTYT paboTaTh MpH 00Jiee BHICOKUX CKOPOCTSIX U ¢ OOJBIION Ya-
cToTOoM neperuooB. 1103ToMy OHM OyAyT BBITECHSTH KIMHOBBIE PEMHU HOpPMajb-
HBIX CEUYECHUI. Y3KHE€ KIIMHOBBIE PEMHH M3rOTABIMBAIOT 4-X Pa3IMYHBIX CEUCHUMN:
YO; YA; Vb; VB (tabnuma 8.2).

[TonMMKIMHOBBIE PEMHU MO KOHCTPYKIIUU MOJOOHBI KIMHOBBIM (PUCYHOK 8.7
8), HO UMEIOT OOIIUIA JUIsl BCEX KIMHBEB HECYIIUU CIIOW B BUE IUIOCKOTO PEMHS,
BKJIFOYAIOLIYIO KOPJALIHYP U3 XUMUYECKUX BOJIOKOH; BUCKO3bl, CTEKJIOBOJIOKHA UIIH
JaBcaHa. DTH PEMHU COYETAIOT JIOCTOMHCTBA TJIOCKUX PEMHENU — (MOHOJIUTHOCTD U
T'MOKOCTh) — M KJIMHOBBIX — (TTOBBIIIEHHYIO CUITY CIEIJICHUs cO MKuBaMHu). M3ro-
TaBJIMBAIOT 3 ceueHUs MOJUKIMHOBBIX pemHei: K, JI, M (Tabnuna 8.3).

[lepenaun ¢ MOJUKJIMHOBBIMU PEMHSIMH HMEIOT MEHBIIIME Tra0apuThl, 4YeM
Ipyrue peMEHHBIE NIEpEIayn.

Ilnockue npopesunennvie pemuu — ObUIM CaMbIMU PaclpOCTPaHEHHBIMU B
MalnHOCTpoeHnU. X n3roraBimBaroT TpEX TUIoB: A, b u B.
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Tabnuna 8.2 — Pazmepsl ceueHuit, IIMHBI KJIMHOBBIX PEMHEH; MUHUMAaJIbHbIE
JUMETPBI IIKUBOB

00603- [IpenenvHbIE
Tumn pemus | Hayenue | by, | bo, | h, | yo, | A, | pacuérbie | dpin, T,
ceueHust | MM | MM | MM | MM | MM® | UTHHBL MM | MM Hwm
0(2) 8,5 | 10 6 2,1 | 47 400...2500 63 <25
A(A) 11 | 13| 8 | 28] 81 | 560...4000 90 | I1...70
Kﬂ?g’é‘;e B(B) 14 |17 | 105 | 40 | 138 | 800...6300 | 125 | 40...190
10
1284.1-80 B(C) 19 | 22 | 13,5 | 4,8 | 230 | 1800...10600 | 200 | 110...550
' 450...
u I'OCT (D) 27 | 321 19 | 6,9 | 476 | 3150...15000 | 315 2000
1284.3-80 110
J(E) 32 | 38 | 23,5 | 83 | 692 | 4500...18000 500 450'(')'
E 42 | 50 30 11 1170{ 6300...18000 800 >2200
Knunosbwie YO 8,5 | 10 8 2 56 630...3550 63 <150
y3KHE TI0 YA 11 13 10 | 2,8 | 93 800...4500 90 90...400
TV 38- Vb 14 | 17 13 3,5 | 159 1250...8000 140 | 300...200
40533-75
TV 38- VB 19 | 22 | 18 | 48 | 278 | 2000...8000 | 224 | >1500
105161-84

Ilpumeuanue. B ckobkax naHbl 0003HAYEHUS] PEMHEW B MEXKIYHApPOJHOU CHCTEME.
T| — MOMEHT Ha OBICTPOXOJIHOM LIKHUBE; A — IJIOIIA/h MOMEPEUHOr0 CEYEHUS] PEMHS

Hapesnbie pemuu tumna A (pucyHOK 8.8) COCTOSIT U3 HECKOJIBKHUX CIIOEB (IIPO-
KJIQJIOK) KPYIMHOIUIETEHHOE XJI0Mm4aToOyMaxHOW Tkanu 1 (OenTuHra), MEeXIy KO-
TOPBIMU JIJISl TIOBBITIICHUS] THOKOCTH PEMHEH MOMENIAIOT MPOCIONKNA U3 BYJIKAHU-
3UPOBAHHOM PE3UHBI 2.

2
— 1
Pucynok 8.8 — [Inockuii mpope3nHEeHHbI pEMEHB
Tabnuua 8.3 — Pa3zMepbl NOJMKIMHOBBIX PEMHEN U MapaMeTphl epeaayd
o TY 38105763-84

Obosnase- [IpenensHbIe Yucno KIMHBEB

HHE P, | H, h, pedl N dmins | T4,
pacuéTHbIe
CEUYECHUS MM | MM | MM Pexomen- MM | Hwm
. JUTAHBI HauOomnsiee

peMHei JyeMoe
K 24| 4 | 2,15| 400...2000 | 2...36 36 40 | <40
JI 481 9,5 | 4,68 1250...4000 | 4...20 50 80 [18...35
M 9,51 16,7| 9,6 | 2000...4000 | 4...20 50 180 | >130
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Tkanp MPOKIAAOK OOECTICUMBAET ITUM PEMHSIM JOCTATOYHYIO MPOYHOCTH U
JIOJITOBEYHOCTD, a PE3MHA CIIYXKHUT CBS3YIOIIUM BEIIECTBOM PEMHS, MKy PEMHEM
n mkuBamu. Illupuna mpope3anHbix pemHend 20...1200 MM, yuciao IPOKIIAI0K
2...9 TommuboM 1,24...2,0 MM kaxkaasi. MIX u3roraBiamMBaioT B BUAC JINHHBIX JICHT,
KOTOpbIE TOTOM COCIUHSIOT IMyTEM CKJIEHWBAHUS, CIIMBKA WM METaJUIMYECKUM
ckperienneM. [Ipu BbICOKUX cKOpocTsax peMHu (>10 M/c) ux nenaroTr OeCKOHEU-
HbIMU (B BHje Kojblia) mupunon 30, 40 u 50 mm, TommumuoM 1,75; 2,5 1 3,3 MM u
qumHoM 500...2500 Mmm.

Ocnoenvle napamempol peménnvix nepeoau. Ilpu npoeKTUPOBAaHUU PEMEH-

HBIX TIEepelay OMpEeNeNsIoT: Yyroid oO0xBaTta peMHEM BEAYIIEro IIKUBA — (fj; yroll
MEXKIy BETBIMH peMHs — [F; muameTpbl IKUBOB d U d; nmvny pemus — L u me-
KOCEBOE PacCTOAHUE — d (PUCYHOK 8.9).

Vron [ onpenensercs u3 tpeyronsauka A O;CO, (pucyHok 8.9)
dy—dy dp—d;

2a a

L =2arcsin (8.7)

VYros 06xBaTa peMHEM MEHBIIIETO IKUBA

a=180-f (8.8)

MeskoceBoe pacCTOssHHE PEMEHHOUN Nepeaadd ONpEeaeseTCs] KOHCTPYKIUEH
MaIlIMH WK €€ MPUBO/IA.
B peME&nHBIX nepeaadax ¢ HATSHKHBIM POJMKOM (pUCYHOK §.10) mprUHUMAIOT:

d,=(0,8+1,0)d,. (8.9)

Pucynok. 8.9 — 'eoMeTpruueckue napaMeTpbl peMEHHOM Niepeaadn

PaccTosHre MEXIy POIMKOM U MEHBIIUM IIKMBOM JOJDKHO OBITH
a,>0,5d; npustoma, > a; a2@>120°. (8.10)

HarsokHOM pONMK yCTaHABJIMBAKOT HA BEIOMOM, MEHEE HATAHYTOM BETBU
PEMHSL.
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[Ipu 3TOM B MEHBIIEN CTENEHU CHUXKAETCS JOJITOBEYHOCTh PEMHS OT JOMOJI-
HUTEJIBHBIX €r0 MEPEern0OB Ha POJIMKE, a CUjla MPUKATUS POJIMKA HE3HAYUTEIbHA.
E€ onpenensitor 1o hopmyiie

Fp=2F, - coso. (8.11)

Yrona ¢ onpenenstor rpaduIecK.

T R s

Pucynok 8.10 — PeménHas nepenada ¢ HaATSHKHBIM POJIMKOM

OKpy>XHBbIE CKOPOCTH Ha IIIKMBAX PABHBI:
mdn diw mdon drow
_Eim _dioy o, many  daop (8.12)
60 2 60 2
Tak Kak B pEeMEHHOU Mepelaull UMEET MECTO YIIPYTO€ CKOJIbKEHUE PEMHS, TO
V,> V, uim

Vi

Vo= Vi(1-¢), (8.13)
r7e & - KOOPOUIUEHT CKOIbKCHHUS.
Torma nctTuHHOE 3HAYEHHUE MTEPEAATOYHOTO OTHOIIICHHUS OTPEACIISIOT 10 PopmyIie

n, @y Vady dl (I-¢)

(8.14)

[Tpu HOpMabHBIX pabounx Harpyskax & =0,01+0,02.

Kpumepusamu pabomocnocoonocmu u pacuéma pemeénnvix nepeoay sipiis-
I0TCS:

— TSroBas CIOCOOHOCTh WM MPOYHOCTh CUEIJICHUSI PEMHS CO IIKMBOM;

— JIOJITOBEYHOCTh PEMHH.

Ecnu He Oyaer Bblep:kaHO MEPBOE YCIOBUE, peMeHb OylieT OyKCOBaTh; €Ciu
He OyAeT BbIAEPXKAHO BTOPOE YCJIOBHE, PEMEHb CIHUIIKOM OBICTPO BBIMACT U3
CTpOS.

OCHOBHBIM SIBJISIETCSI pacu€T MO TATOBOM CIOCOOHOCTH, a Pacy€T Ha JOJIrO-
BEUHOCTH BBINOJHAKOT KaK TPOBEPOYHBIN.

Cronvocenue 6 peménnoil nepedaue. llpu pabore peMEHHON mepegadu
HaTSDKCHUE peMHEN B BeAyIlled BETBU OOJIbIIE, YeM B BeJIoMOH (pucyHOK 8.11).
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[Tpu oGnerannm peMHEM BEIyIIETO IIKKWBA, HATSHKEHUE €ro majgaet ot F| 1o
F,. OT0 npUBOIUT K MOCTENIEHHOMY YKOPAUYUBAHUIO PEMHS U OH OTCTA€T OT IIKH-
Ba — BO3HUKACT yIPYroe CKOJIbLKCHUE PEMHS MPOUCXOIUT He 1O BCel ayre o0XBa-
Ta, a JINIIb HA €€ YaCTU — JyTI'€ CKOJBXEHUS ¢, KOTOPAasi BCErJa pacIoiaracrcsi co
CTOPOHBI COEraHusi PEMHSI CO HIKUBA.

JInMHA Nyru CKOJIBXKEHUSI ONPENEISIETCSl YCIOBUEM PABHOBECHUS OKPYKHOU
cuibl Fy = F\— F, v CWAJI TPEHUS HA 3TOU JIyTeE.

Co cropoHbl HaOeraHusi pEMHsI Ha IIKUB UMEETCS Jlyra MOKOs Ha KOTOPOU CH-
Ja B peMHE HE MEHSETCS, OCTaBasCh PaBHOM HATSKEHUIO HaOerarolied BETBH, U

pEMEHb JIBIKETCSI BMECTE CO IMIKUBOM 0Oe3 ckoyibkeHus. Cymma ayr o, 4 Oy

paBHa yriry o0XBaTa o

Ha Be1oMOM IIKMBE MPOUCXOAUT aHAJIOTUYHOE CKOJBKEHHE, HO 3/1€Ch HATS-
YKEHHE peMHs Bo3pacTaeT oT F, no F, oH yInuHsSeTCs U onepexaer mkuB. Jlyra
CKOJIBXEHHS () U B 3TOM CIIy4ae pacrojaraercsi Co CTOpOHbI COETaHus PEMHS CO
IIKKBA, & CO CTOPOHBI HAOETaHUsI PacIoIaracTcst Ayra MoKosl Q.

CkopocTu peMHsI Ha TPSMOJIMHENHHBIX BETBSAX V| U V, paBHBI OKPY>KHBIM CKO-
pOCTSIM IIKMBOB, Ha KOTOpbIe OHM HaleraroT, T.e.V;>V, Iloteps ckopoctu V-V,
OMPENIEINIAECTCS CKOJIBKEHUEM HA BEIYIIEM LIKUBE, TI€ HAMPABICHUE CKOJIBXEHUS
HE COBIIQJIa€T C HAIPABJICHUEM JIBIDKCHHS IIKMBA (CM. MEJIKME CTPEJIKM Ha Jyre

1 pucyHok 8.11).

Pucynok 8.11 — Onropa ycunuii B BETBSIX pEMEHHOW Mepenadn

Takum oOpa3oM, ynpyroe CKoJIb)K€HHE PEMHS MOCTOSSHHO UMEET MECTO IMpHU
pabote peMEHHON nepenaun. OHO BO3HUKAET B PE3yJIbTATE PA3HOCTU HATSHKEHUN
BEIyLIEH U BEAOMOW BETBEU. YIPYroe€ CKOJBKEHHE NPUBOAUT K CHUKEHUIO CKO-
pPOCTH, a CJIEA0BATENBHO, K IIOTEPU YaCTH MOIIHOCTH, a TAKXKE BBI3BIBAET DJICKTPH-
3a1110, HATPEBAHUE U U3HAIIMBAHKUE PEMHS, COKpaIlas €ro 10JArOBEYHOCTD.



84

IIo Mepe pocTa OKpYKHOU CWIIbl [, yMEHBIIAETCS Ayra MOKOS (f77; CIIEN0BA-
TEJIbHO, YMEHBIIAETCS U 3anac cuil TpeHus. [Ipu 3HaunTenbHOU Neperpyske ayra

CKOJIBYKEHUS (. ; NOCTUTaeT BEJIMYUHBI yriaa ¢/; 00XBaTa peMHEM IIKUBA, 1 PEMEHb
CKOJIB3UT IO BCEW MOBEPXHOCTU KacaHMs C BEAYLIUM IIKUBOM, T.e. OykcyeT. [lpu
OyKCOBaHMM BEAOMBIN IIIKUB OCTAHABIMBAETCS.

[Ipy X0I0CTOM XO0Z1€ yIPYro€ CKOJBKEHUE U IyTd CKOJIbKECHUS MPAKTUYECKU
PaBHBI HYJIIO.

Yrpyroe CKOJNbXEHHE PEMHS & KOTOPOE MOXHO IMPEJICTABUTh KaK Pa3HOCTh
OTHOCHUTEIIbHBIX YJJIMHEHUN BEAYIIEH £], U BEIOMOU & BETBEU PEMHS:

E=E1—& (8.15)

Ecnm BeIpaszuts & U & 1o 3akoHy ['yka, dyepe3 HaTshHKeHHE BeTBeW F| u I, ,
IJI0IIaAb ceueHust peMHs (4) U MOAyJb ynpyroctu marepuana (E) peMHs MOy-
YUM:

F _
gfi=f (8.16)
EA

Koncmpykuyua u mamepuan wmikugoe pemeénnvix nepeoay. I11IKUBbI UMEIOT:

a) 00071, HECYIIIUI peMeHb; 0) CTYNUIly, HACaKMBAEMYIO Ha BaJl; B) IUCK WJIH
CHMIIbI, COSAUHSIONINE 000 CO CTYNULEH.

[IxuBbI peMEHHOM TIEpeIaun OBIBAIOT:

a) yyryHHsie nuthie pu V < 30 m/c;

0) cTajbHbIE CBApOYHBIE OOJIBLIOTO AMAMETPA WM TOUEHBIE TTpU V < 60 M/c;

B) JIUTHIE U3 JErKUX (ATFOMUHUEBBIX) Cu1aBoB mpu V < 100 m/c;

') U3 HEMETAJUIMUYECKUX MaTepuasoB (T1acTMaccChl U Ip.).

[[IxuBbl OONBIIUX aUaMeTpoB > 350 MM M3roTaBIMBAIOT CO CIUIAMH, a
< 350 MM — CO CIUIOLIHBIMU JUCKAMU WUJIU C OTBEPCTUAMM.

[IIxuBbI U3 NETKUX CIUIABOB MEPCIIEKTUBHBI ISl OBICTPOXOIHBIX TIEpenay Mmpu
V = 60...100 M/c uxX U3roTaBINBaOT METOJAMU TOYHOTO JUTHA. [ HagEKHOTrO
COEIMHEHUS C BaJaMU CTYIHIy U3rOTaBIMBAIOT CO BCTABKOW U3 CTaju, B KOTOPOW
BBITIOTHSIIOT IUTMIIBI MJIU IITIOHOYHBIE TIa3bl U OHA YCTAaHABJIMBAETCS Ha BaJl.

ITnockopeménnasa nepeoaua. Jlnametpsl (HapyKHbIN) ONPENCIISIOT U3 pacye-
Ta peMEHHOM nepeaauu, a 3areM okpyrisitor o R 40. lllupuny mkuBoB B BbIOU-
pParoT B 3aBUCUMOCTH OT ITUPUHBI pEMHEH:

B=b+(8...10), mm.

Jlnst mpenoTBpallleHus COJA3aHUusl PEMHS CO IIKKMBAa pabOuyl0 MOBEPXHOCTD
OOJBIIOr0 UIKKMBA JENAIOT BBIMYKION CO CTpenkoi BhIMykJIocTH A = 0,5+1,0 mm
(pucyHok 8.12).



Pucynoxk 8.12 — [1IkuBBI 1JIs1 INIOCKUX pEMHEN

Knunopeménnana u nonukiunoeas nepeoauu. Y 1MKABOB KIMHOPEMEHHBIX U
NOJIMKJIMHHO-PEMEHHBIX Tepefad pabodell MOBEPXHOCTBIO SIBISAIOTCA OOKOBBIE
CTOPOHBI KIIMHOBBIX KaHABOK (pUCYHOK 8.13). Iuamerp d,;, 10 KOTOPOMY OIpee-
JSI0T PacU€THYIO JUIMHY PEMHS, Ha3bIBAlOT PacuyETHBIM JMAMETPOM ILKHBa. Pasz-
Mephbl LIKUBOB 3THUX NEpe/iay MpUBEACHBI B Ta0nuie 8.4.

a _HedmpanbHas nunuA_pemus
-Zp e f =—j | / P
—t . | . N
J ! L\ L T 1 p |
L/ i A X
= oS
]
___ B -

Pucynok 8.13 — [1IkuBbI KIMHOPEMEHHON W MOJUKIWHOBOW Mepenay
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Tabnuna 8.4 — PazMepb! IKUBOB KIMHOPEMEHHBIX U MOJUKIMHOBBIX NEpeaad

3HayeHue o, rpaj
Ceuenme| be|op | Sk 34 | 36 | 38 | 40
MM (puCyHOK 8.13) PacuérHbie tuaMeTphl MKUBOB d, MM

O 2,5 8,5 12 8 7 63...71 80...100 112...160 | >180
A 33 11 15 10 8,7 90...112 | 125...160 | 180...400 | >450
b 4,2 14 19 12,51 10,8 | 125...160 | 180...224 | 250...500 | >560
B 5,7 19 25,5 17 14,3 — 200...315 | 355...630 | >710
YO 2,5 8,5 12 8 10 63...80 — >80 —
VA 3,0 11 15 10 13 90...118 — >118 —
Vb 4,0 14 19 12,5 17 — — >190 —
VB 5,0 19 26 17 19 224...315 — >315 —
K 1,0 — 2,4 3,5 2,35 — — — —
JI 2.4 — 4.8 5,5 4,85 — — — —
M 3,5 — 9,5 10 | 10,35 — — — —

Jns obecrieueHHs] MPaBWIHLHOTO KOHTaKTa KJIMHOBOTO PEMHSI CO IIKUBOM
YTOJl KAaHAaBKH 0L HA3HAYalOT B COOTBETCTBUU C YIJIOM Je(POPMUPOBAHHOTO yIJia B
3aBUCUMOCTH OT AMaMeTpa KuBa (Tadiuna 8.4).

Hamsosicuvle poauku. Ponuku 0OBIYHO HM3rOTaBIMBAIOT M3 2-X IMOJOBUHOK
ITAMIIOBKOM U3 JIMICTOBOTO MaTepHalia ¢ MOCIEAYIOIECH KOHTAKTHON CBapKou. Po-
JIMKW BPAIAlOTCA B MOJAMIMITHUKAX KAYEHUS C pa30BOM CMa3KOM.

Pe3ynpTarsl n3MEpeHNn 3JIEMEHTOB BPEMEHHOW U LIENTHOW NIepeayd 3aHECTU B
TabmuIk! 8.5 U 8.6 COOTBETCTBEHHO.

Tabnuua 8.5 — Xapakrepuctuka peMEHHOU Nepeaadu

HanmenoBanue
3HaueHue
napametpa nepenaun | O6o3nauenust | Criocob onpeneneHus N [Ipumeuanue
pa3MepHOCTh
N3meputs nonepeynsie
a3Mepbl, ONIPENEIUTh
Tun pemus Enomap B’I/I CpaBHHI/ITI) c Y0 BATH M3
p & p Ta0IHUIE! 8.2
TaOJIMYHBIM, YCTAHOBUTD
THUI PEMHSI
MexoceBoe paccTosiHue a N3meputs
JlnameTpel IIKHBOB, MM
Benymmii:
— HapY>KHBII dm N3mepursb
. Paccuuntath
— pabouwmit d;
di=du —2yo
Benowmslit:
— HapY>KHBII dm W3meputh
. Paccuuratp
— pabounii d>
dr = dm — 2y
Ilepenaroynoe 4ucio u Paccuuratp
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Tabnuna 8.6 — [TapameTpsl LIeTIHOM epenayn

HaunmeHnoBanue BennuuH, O6o3Haue- Crnioco6 3nauenue Be- | Ilpumedanue
pa3MEepHOCTh HUE onpeJieIeHus JTUYUHBI
MesxoceBoe pacCTosIHUE, MM a 3aMepuTh
Yuciio 3yObeB BeIOMO
.. 21 Paccunrath
3BE3/10YKU
Yucio 3yObeB Be en
.. Y Ay 2 Paccunrath
3BE310UYKU
[[Iupuna 3y0a 3BE371049€K, MM b 3aMepuTh
<2
Ilepenarounoe uncio u u=—
<]
Yuciio 3BEHbEB 1MUY, IIIT. Zn Paccuurath
Iar ey, Mm 3aMepuTrs Cpasmuts ¢
: Py P TOCTom

Paccrosinue MCIKAY:
BHYTPCHHUMMU IJIaCTUHAMU

LeMH, MM b 3amMepuTh

Hapy>KHbIMU IIACTUHAMU -/1-

LEMH, MM b, 3aMepuTh

Junamerp ponuka, MM d; 3amMepuTh -//-

JnameTp BTYJIKH, MM d 3amepuThb -/1-

TomnmyHa MIacTvH Heru, MM t 3amMepuTh -//-

JlnameTtp Bana 3BE3004KH, MM d, 3aMepuTh -//-

Paccrosnus, Mm L 3amMepuTh

JnameTp BriaiviH, MM dr di=2L+d;

JnameTp nenurenbHOn d

OKPY>KHOCTH, MM ¢ ¢. 8.4

Ycunue B uenu, H F; 3amaéres

VY enpHOE 1aBIICHHE B CpaBHUTH
p ¢.8.3

mapHupax nenu, Mlla ¢ [pol

KouTpoJsbHBIE BONIPOCHI

1. KakoBbI JOCTOMHCTBA M HEJIOCTATKH LIETHBIX Mepejiay M0 CPaBHEHUIO C pe-
MEHHBIMU? '€ OHU TPUMEHSIIOTCS?

2. HazoBuTE OCHOBHBIE THUIIBI MPUBOAHBIX lieneil. Kakue W3 HUX MOIy4YWIIH
HanOOJIbIIIEE PACTIPOCTPAHCHUE U TTOYEMY?

3. B kakux ciaydasix MpUMEHSIOT MHOTOPSTHBIE POJIMKOBBIE 1IENTH?

4. IloueMy mpu BBICOKHX CKOPOCTSIX PEKOMEHAYETCS MIPUMEHSThH LENHU C Ma-
JIBIM I1arom?

5. Uem 00ycnaBIMBaIOTCSl OrpaHUYECHUE MUHUMAJIBHOTO YHClia 3yOheB MaJloi
3BE3/I0YKH U MAKCUMAaJIbHOE YHUCIIO 3yObeB OOJBIION 3BE3I0UKU?

6. [louemy mpu onpeneneHuu JJIUHBI IIENH PEKOMEHIYETCSl MPUHUMATh YET-
HOE YMCJIO 3BE€HLEB IIeNH?

7. YTo sBIAETCS OCHOBHBIM KPUTEpUEM PaOOTOCIOCOOHOCTH IIETHBIX Tepe-
nayq?
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8. Kak npoBouTCcs mpoBepKa MPUBOJHOM 1IENU HA U3HOCOCTOUKOCTH?

9. Yem BbI3BaHa HEOOXOJMMOCTh B IPUMEHCHHH HATSHKHBIX YCTPOWCTB B
nenHpIx nepegavyax? CrocoObl HATSHKCHUS TSTIH.

10. Kakue cnocoObl cMa3Ku MPUMEHSIOT B IIEMTHBIX Mepeaadax?

11. KakumMu JOCTOMHCTBAMHM M HEJAOCTaTKaMH 00JajaeT KIMHOPEMEHHas Tie-
pellada no CpaBHEHUIO C MIJIOCKOPEMEHHOU nepegayeii?

12. HazoBuTe THIBI KIMHOBBIX PEMHEUN U TANTE UM XapAKTEPUCTHUKY.

13. I[louemy B KJIMHOBOM PEMHE KOPJ PAaCIOJIAraeTcs B 30HE HEUTPAIbHOIO
cIos?

14. Tloyemy npu orubGaHUM MIKUBOB PABHBIX JMAMETPOB HANPSDKEHUS B KITU-
HOBOM PEMHE 3HAUUTEILHO OO0JIbIIIE, YEM B IIIOCKOM peMHe?

15. TloyueMy OrpaHM4MBAIOT YUCIO PEMHEW B KOMIUIEKTE KIMHOPEMEHHOM Iie-
penauun?
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