1. OO6mmue BONpPOCHI NPOEKTUPOBAHUS MAIIUH

1.1. Ocnosnule nonsmus. Ilpeomem Kypca

MaimHa — yCTpoHCTBO, CO3/1aBa€MOE C LIEbI0 00serdyeHust (GU3NIecKoro u yM-
CTBEHHOT'O TPY/a, YBEJIIMUEHUS €r0 MPOU3BOAUTEIBHOCTH ITyTEM YaCTUYHOMN WK
MTOJTHOM 3aMEHBI YEJIOBEKA B €T0 TPYAOBBIX M (PU3HOJOTUUECKUX (YHKITHSX.

MarHbl MOTYT OBITh: SHEPTETHIECKUE, TEXHOJIOTHIECKHE, TPAHCTIOPTHBIE,
KOHTPOJIHO-YTIPABIISIONINE, TOTHICCKUE; KHOCPHETHIECKHUE.

Bo Bcex 3Tux MammHax (Bo BCSKOM cliydae, y OOJBIIMHCTBA NEPBBIX TPEX
TPYII) €CTh 3JIEMEHTHI, COBEPIIAIONTUNE MEXaHNIeCKue ABMKeHUs. J[111 obecrieueHus
ATOTO JBWKEHUSI MAIlIMHA CTPOUTCS U3 MEXAHU3MOB.

MexaHu3M — cuctema Tell, peiHa3HadeHHas JJi peoOpa30BaHUsl IBHKECHUS
OJIHOTO MJIM HECKOJIBKUX TeJl B TpeOyeMoe IBMKEHUE JIPYTUX Tell.

MexaHn3M COCTOUT U3 3BEHBEB. 3BEHbSI MOTYT COCTOSITh U3 OTHAEIIbHBIX JAETalei
WK U3 COOPOYHBIX €IUHUII.

JleTanb — uzzenune, U3roTOBJICHHOE U3 OJJHOPOAHOTO 10 HAMMEHOBAHUIO M MapKe
MaTtepurala 0e3 mpuMeHeHUsI COOPOYHBIX OTEepaITUii.

COopoyHas eAMHUIIA — U3JIeTTUEe, COCTaBHBIC YACTH KOTOPOTO MOJJIeKAT COeaU-
HEHUIO MEXKIy COO0M Ha MPEANPUATUA — U3TOTOBUTENIE COOPOUYHBIMU OIEpaIUSIMHU.

Ecnu npoananu3upoBath GyHKIIMN MEXaHU3MOB U 3BEHBEB, TO B KAXKI0M Ma-
IIMHE OOHAPYKaTCSI:

1) paGouwii opraH, HEMOCPEACTBEHHO BBIMOIHAIONINI Ty padoTy, pajid KOTOPOi
co3/7]aHa MallllHa;

2) nBUraTeNb, IBUKEHNE KOTOPOTO 00ECIIEYUBAET IBUKEHNE pab0uero opraHa;

3) mepeaaToYHbIi MEXaHU3M, C IIOMOIIbIO KOTOPOTO ABUKEHUE OT JBUTATEIIS
nepeaaeTcs pabouemMy opramy.

[Tpu 3TOM OKa3bIBAETCS, UTO B 3BEHBSIX MEXAHU3MOB CaMbIX Pa3HbIX MAIIUH
MMEETCSI MHOTO JIeTalIel, BBITIOJHAIONINX OJIMHAKOBBIE (PYHKITUU U 9aCTO TOI0OHBIX
o ¢opme. bosnbiiie Bcero OTHOTUIHBIX AeTallel B epeAaTOYHbIX MEXaHU3MaX.
3HAYUTEIBHO MEHBIIIE B MAIlIMHAX CHEUUATbHBIX J€TaJleH, OTINYAIOIIUXCS IPYT OT
JpyTa 1o Ha3HaueHuIo u 1o ¢popme. Takue neranu cocpeoTOYCHBI TIIaBHBIM 00pa-
30M B JIBUTATENSAX U B pabOUMX OpraHax.

JleTanu v cOOpOYHbBIE €AMHUIIBI, KOTOPHIE BBIOJHSAIOT OJJUHAKOBBIE (DYHKLIUH,
1o700HbI 110 (hOpME U BCTPEUAIOTCSA BO MHOTHUX MEXaHMU3MaX pa3IMYHbIX MAIIIWH,
Ha3bIBAIOTCS JCTAISIMU MAIIIMH OOIIEro Ha3HAYEHUS.

MeTobl co3aaHus U palliOHAIbHON AKCIUTyaTalluK JAeTaje MalluH 00111ero
Ha3HAYCHUS SBJISIOTCS MIPEAMETOM U3YUYEHHUS B Kypce «JleTain MalH ¥ OCHOBBI
KoHcTpyupoBanus» (M u OK).

B kypcax TeopeTnueckoil MEXaHUKH, COIPOTUBIICHHS] MATEPUAJIOB, MaTEpUaJIO-
BEJICHUS, TCOPUH MEXAHU3MOB U MAIIUH U APYTUX U3YYaIUCh MPUHIUNHAIbHBIC
BO3MO>KHOCTH M METO/Ibl PEUIECHUS Pa3IMYHbIX HHKEHEPHBIX 3a1a4. [Ipu aTom Kax-
JbIM UX 3TUX KypCOB pelniaji TOJIbKO CBOM, Y3KO cnienrainbHble 3a0auu. B kypce IM u
OK Ha oCHOBE MPUHIUMHUAIBHBIX MMOJOKEHUN ATUX JTUCIUTUIMH 0000IIEH OTBIT



MHOTHUX TTOKOJIEHUI MaIlIMHOCTPOUTENEH MO CO3JaHUIO U SKCILTyaTalluy JIeTalen
MalIH O0IIero Ha3HaYeHUsI.

1.2 llonsmus «npoexmuposanue» u «kkoncmpyupogaruey. Cmaouu

KOHCMPYUPOBAHUSL MAUUH

[Ipexne yeM U3roToBUTHh MAIIMHY B METAJUIE, €€ HY’KHO CIIPOEKTUPOBATh U
CKOHCTPYUPOBATb.

[IpoexTupoBanue — Mpolecc COCTaBICHUS OMUCAHUS, HEOOXOIMMOTO ISl CO-
3/1aHUS B 33JJaHHBIX YCIOBUSAX €IIE HE CYIIECTBYIOIIETO U3EIHS.

KoncTtpyupoBanne — co3nanue KOHKPETHOW OJJHO3HAYHOW KOHCTPYKIUU U3J1e-
TS

KoncTpyknus n3aenust — yCcTporucTBO, B3aUMHOE MOJI0KEHUE YaCTEN U DIIEMEH-
TOB KaKoOro — 1u00 MexaHu3Ma, Ipudopa, MaIluHbI, ONPEACIIAIONICECs €ro Ha3Haue-
HUEM.

KoHcTpyrpoBaHre MHOTOBAPUAHTHO. DTO 3HAYUT, YTO MPUHIUI pabOThl Ma-
IIMHBI UM MEXaHU3Ma MOXKET OBITh OJIUH U TOT K€, a8 KOHCTPYKTUBHOE UCIIOJIHEHUE
paznuyHo. ONTUMANIBHBIM CUMTAETCS] BAPUAHT, KOTOPHIA 00€CTIEUNBACT HYKHBIC
nokasaresy paboThl MPU HAUMEHBIIUX 3aTpaTax Ha U3TOTOBIIEHUE U 00CTYKUBaHUE
MAaIlUHBI.

O4eBUHO, YTO Ccpazy Ke MOCIe KOHCTPYUPOBAHUS 1EI€CO00pa3HO CAeNaTh
OTIBITHBIN 00pa3ell MaluHbl U IOCMOTPETh, YTO KE MOTYyUUIIOCH, BBISBUThH OIIMOKH U
BHECTHU U3MEHEHUS B KOHCTPYKTOPCKYIO JOKYMEHTAIIHIO.

Nrak, mpoiiecc cocTaBiaeHUs OMUCAHUS, HEOOXOIUMOTO JIJIsi CO3/IaHKsI MAITUHBI-
T.€. IPOEKTHUPOBAHUE, IPEACTABIISIET COOOM PE3YNbTAT TPEX MPOLEAYP: pa3pabOTKu
(MHOT1a ATOT ATAN HA3BIBAIOT MPOEKTUPOBAHUEM ), KOHCTPYUPOBAHUS, UCTIHITAHUIA.
Bce aTu npouienypsl BIUSIOT ApYyT HA pyra. bosblie Toro, 4acto nepebie 1B€ BOOO-
1€ TPYAHO Pa3JeiuTh, TEM 00JIee YTO 3a4aCTYIO0 OHU BBITIOJHSAIOTCS OJJHUM CIIEeLHa-
JIMCTOM — KOHCTPYKTOPOM.

OmubKM B KOHCTPYUPOBAHUY TTPUBOMST K OOJIBIIIMM MOTEPSIM BpEMEHH, TpyAa U
cpencts. [ToaTomy mpoiiecc pa3pabOTKH KOHCTPYKTOPCKOM JOKYMEHTAIIMH MTOCTPOCH
TaK, YTOObI MOKHO OBLIIO MMPOBOJIUTH KOHTPOJIb U YTOUHEHUE €€ BO BpeMsl pa3padoT-
KU U CO3JaHUs MAllIHbI.

Crannapt (I'OCT 2.103-68), 06s13aTenbHBIM 7151 BCEX OTpacyieil HApOIHOTO XO-
3sICTBA, IPElyCMATPUBAET TISITh CTaINI pa3padOTKH.

I craaus - TeXHUYECKOE 3a/1aHue. Y CTAaHABIIMBAIOTCS HAa3HAYCHUE, TEXHUYECKUE
XapaKTePUCTHUKHU U MOKa3aTeNId KaueCTBa, a TAK)KE TEXHUKO — IKOHOMUYECKHUE TPeOOo-
BaHUSs1, KOTOPBIM JI0JKHA COOTBETCTBOBATh pazpadaThiBaeMas maiuHa. [locre co-
IJIACOBAHUS CO BCEMU 3aMHTEPECOBAHHBIMU CTOPOHAMHU, SBJISIETCS OCHOBAHUEM IS
pa3paboTKH.

2 craaus — TexHuueckoe npepioxkenue. [popabaThiBaloTCsl BO3MOXKHBIC ITyTH
peanu3aly TEXHUYEeCKOTO 3aJaHusl, CPABHUBAIOTCS IMOKA3aTEH pa3padaThIBAEMOM
KOHCTPYKITUH C CYIIECTBYIONUMHU aHAJIOTUIHBIMU, OTOMPAIOTCS BAPUAHTHI JISI CJIe-
IYOUIEN CTaJIuM - SCKU3HOTO MPOEKTUPOBAHUS.

3 craaus — 9CKU3HBIN TIPOEKT. [[7151 0TOOpaHHBIX BapUaHTOB MPOPaOaTHIBAIOT-
Csl KOHCTPYKTHBHBIE pelIeHuUs1 00X BUJAOB U OCHOBHBIX COOPOYHBIX €IMHUIL
00BEKTa C TEXHUKO — SKOHOMUYECKUMH MTOKA3aTEISIMU KaXKI0TO BapUaHTa JJIs



CpPaBHEHUS U aHAJIN3a, ONIPEICIISTFOTCS BOMIPOCHI, TPEOYIOIIHE SKCIIEPUMEHTATBHON
MIPOBEPKH, BBIMOJIHAIOTCS OPUEHTUPOBOYHBIE pACYETHl OCHOBHBIX 3JIEMEHTOB, BhI-
OupaeTcsl BApUAHT PEILICHMUS.

4 cTaaust — TEXHUYECKUM MpoeKT. J{Jia BrIOpaHHOTO BapraHTa pa3padaThIBalOTCS
TEXHUYECKHUE PEIICHUS OOIIMX BUAOB M COOPOUYHBIX €IUHUIl 00BEKTa, IPOBOSTCS
MIPOCKTHBIC U YTOUHEHHBIC pacueThl AJIEMEHTOB, HEOOXOIUMbIC SKCIIEPUMEHTAJIbHBIC
HCCJICIOBAHMUS.

5 cranust — pabouas jokymeHTanusi. Ha o0CHOBaHMM TEXHUYECKOTO MTPOEKTA BbI-
MOJTHSIOTCSL paboure YepTeKu COOPOYHBIX €IUHUIL U JIETAJIe MAIlIMHBI JIJIs1 U3TOTOB-
JieHUsI onbITHOTO 0Opa3ia. [lo pe3yapTaraMm ero UCIbITAaHUM TOKYMEHTAIMs YTOUYHSI-
€TCS ¥ BBIITYCKAETCS KOMIUIEKT JOKYMEHTOB JIJI1 IPOU3BOJICTBA YCTAHOBOYHOM Map-
iy u3aenun. [locie yrouHeHui JOKYMEHTOB B ITPOLECCE €€ N3rOTOBJICHUS U UCTIbI-
TAHUU, BBIIAETCA KOMILUICKT JOKYMEHTOB JIJI1 MAaCCOBOT'O MPOU3BO/ICTBA.

1.3. Obwue ceedenus no npoekmupo8aruio u KOHCMpPYUPOBAHUIO MAWUH U
oema.eti

1.3.1. TpeGoBaHus K KOHCTPYKIMSIM MAIIMH U UX JACTAJISIM

Hu onna netans He MOXKET ObITh CKOHCTpYHpOBaHa 0e3 yuera e€ B3auMo,1ei-
CTBUSA C CONPSDKEHHBIMU AJieMeHTaMu. [109ToMy KOHCTpYyHUpOBaTh JIeTajdb MOKHO
TOJBKO TOT/Ia, KOTJIa y>Ke mpopaboTaHa MallluHa U cCOOpOYHas €AMHUIIA, B KOTOPYIO
BXOJIMT 3Ta AeTallb. TO €CTh, TPEOOBAHMS K KOHCTPYKITUH JCTATN BBHITEKAIOT U3 TPe-
OOBaHMI K KOHCTPYKITUU MAIITHHBI.

JIro0ast mammHa J0JKHA YIOBIETBOPSITH YPOBHIO pa3BUTHSI OOIIECTBA U HAPO/I-
HOT'O XO3SMCTBa MO TPEM KaTerOpusiM TPEOOBAHUI: TEXHUYECKOU, COIMATILHOM, IKO-
HOMHWYECKOU.

B TexHUYeCcKOM OTHOIIEHUU KOHCTPYKIIUS MAIINHBI JOJIKHA COOTBETCTBOBATH
cBoeMYy (DYHKITMOHAJLHOMY Ha3HAYCHUIO, T.€. OBITh PAOOTOCITIOCOOHOM M HAIC)KHOM.

B colmansHOM OTHOIIEHUH MAalllMHA JTOJDKHA 00€CTIeUYnTh YPOBEHb 3aTpat (pu-
3MYECKOT0 TPY/1a, COOTBETCTBYIOIINI JAHHOMY 3Tamy pa3BuTHs odmiecTBa. [lpu
ATOM 0c000€ BHUMAaHHE JIOJDKHO OBITH 00paIeHo Ha 6€301acHOCTh TpyAa, KakK Mpu
BBITIOJIHEHUH OCHOBHOT'O TEXHOJIOTHYECKOTO TPOoIecca, TaK U IPU 0O0CITyKUBAHUH U
peMoHTe MamuHbl. Kpome Toro, MaimHa J0KHa ObITh BHITIOJTHEHA B COOTBETCTBUU
C TpeOOBAaHUSAMH TEXHUYICCKON ICTCTHUKH.

B 5KOHOMHYECKOM OTHOIIEHWH HOBAas MaIlliHA JOJHKHA TI0 CBOUM TEXHUKO-
YKOHOMHUYECKHM ITOKa3aTeJISIM MPEBOCXOIUTH CBOIO MPEIICCTBCHHUILY.

J1y1st TOro 9YTOOBI MaIlIMHA MOTJIa COOTBETCTBOBATH ATUM TPEeOOBaHUM, e€ JeTa-
JIM TOJDKHBI OBITHh PaO0TOCTIOCOOHBI, HAJCKHBI U TEXHOJIOTUIHBI.

1.3.2. OcHOBHBIE IPUHLUITBI KOHCTPYUPOBAHUS MaIINH

1.3.2.1. CucteMHBIN TOIXO

JleTanb paccMaTpuBaeTCs Kak AJIEMEHT CUCTEMbI «MAaIllMHAY, a «MAIIUHa» — BO
B3aMMOCBSI3H C OKPYXKAIOIIUMU €€ 00BEKTaMU, B TOM YHCIIC U C OKPYXKAIOIIeh cpe-
nou. Kaxnoe nmpuHSITOE penieHne pacCMaTpuBaeTCsl B TECHOM CBSI3U C APYTUMU pe-
IIICHUSIMU.

1.3.2.2. KoHCTpyKTHBHAS PEEMCTBEHHOCTh




DTO UCIOJIb30BaHUE MPU MTPOCKTUPOBAHKUH OIBITA MAIIIMHOCTPOCHUSI TAHHOTO
npoduiiga U cMexXHbIX oTpaciell. He cienyeT B morone 3a HOBU3HOM pa3padaThIBaTh
HOBBIE KOHCTPYKIIUHU, €CIIM MOYKHO JIOCTUYb HYKHBIX LI€JIEH, UCTIOIB3Ys XOPOIIIO
3apEeKOMEH/]I0BaBIIIKE Ce0s CTaphIe.

1.3.2.3. IIpuHIuIm S5 KOHOMUYECKON HAMPaBJICHHOCTH

Heo6xoaumo cTpeMUThCs K YMEHBIIEHHUIO CTOUMOCTH U3TOTOBJICHUSI MAIIMHBI U
pPacxoJI0B Ha €€ pEMOHT U OOCITYKUBAHHUE. DTO MOXKET ObITh JOCTUTHYTO 32 CUET
MIPUMEHEHUS CTAaHIAPTOB, HOPMAJIM3AINHN ¥ YHU(DHUKAIIMNA COOPOYHBIX €IUHUIL U
JeTanel, arperaTUpPOBaHuUs, CHIYKEHUSI METAJUIOEMKOCTH 3JIEMEHTOB.

1.3.2.4. CranmapTu3anus 1 HOpMaIu3alus

CrangapTuzanus 3TO yCTaHOBJICHHE U TIPUMEHEHUE MPABUJI U HOPM, OTIPEeis-
IOIX KOHCTPYKTHBHBIE (POPMBI, ITapaMeTphl, HOpMBI kKadecTBa. CTaHIapThl OTPaHU-
YUBAIOT MHOTO0Opasne 3a CYET COKpAILEHUsI KOJIMYECTBA TUIIOPA3MEPOB JCTaJICH.

CoburofieHre CTaHIapTOB SBJSIETCS 3aKOHOM JIJ1s1 KOHCTPYKTOPOB U MPEIPHS-
TUH, BBIMTYCKAIOLIUX pa3padaThIBAEMYIO IPOTYKIIUIO.

CrannapTtu3zanus o0ecrieunBacT:

-COKpallleHHe TIpoliecca KOHCTPYUPOBAHUS, TaK KaK Ha CTaHIAApTHbBIC U3ETHS
YEepTEKU HE pa3zpabaThIBaIOTCS;

-CHIDKEHHE 00111ei CTOMMOCTH MAIIIMHBI 33 CYET UCTIOJIb30BAHUS JICTIIEBBIX
CTaHAAPTHBIX U3/ICNIUNA, U3TOTOBIIEHHBIX B MACCOBOM KOJIMYECTRBE;

-YIPOIICHNUE U YJEIIEBICHNE PEMOHTA, TaK KaK 3aMeHa BBIIIEAIIETO U3 CTPOs
CTaHJIAPTHOTO 3JIEMEHTA BBIMOJHAETCS OBICTPO U 0€3 MOTEPH KauecTBa.

PecryOnukanckue cTaHaapThl pa3padaThIBAIOTCS MPUMEHUTEIHFHO KO MHOTUM
OTpaciisiM HapOJHOTO XO35ICTBA U MMO3TOMY OHH OXBATHIBAIOT OOJIBIIION IHANa30H
TUTIOPA3MEPOB U3IETUN.

OTpacneBsie CTaHAAPTHI UMEIOT OTPAHUYEHHBIN IMANa30H TUIIOPA3MEPOB.

JJ1st KOHKPETHOTO MPEANPUsITHS 00BEM CTaHAApTa MOXKET OBITH e1ié OoJiee cy-
*eH. Takoe orpaHnueHue TUIIOPA3MEPOB Ha3bIBACTCSA HOpMamM3auuen. Ecim Hop-
MaJIi BBITYCKAIOTCS TPEANPUATAEM, OHU 00s3aTENIbHBI AJI JAHHOTO TPEANPUSTHS.
Ecnu oHu BeITTyCKaIOTCS OTPaciibio, OHU 00513aTEIbHBI JIJIS1 POJCTBEHHBIX MPEANPHSI-
THUU OTPACIIH.

1.3.2.5.Yuudukanus u arperaTupoBaHue

VYHudukaiuys 3To NIpUMEHEHHEe OJTHUX U TeX e JeTaliel Wi COOPOYHBIX e/u-
HUII B PA3TUIHBIX U3IETHUAX. DTH U3ACIHS MOTYT BBIITYCKAThCS Pa3TNIHBIMHE MIPE/I-
TIPUSTUSIMHA OTPACIH I JIaXKe Pa3HBIX OTPACIIEH.

YHaudukanus pacnpocTpaHsIeTcsl He TOJIBKO Ha [eJbIe U3/ISNNs, HO TaXe U Ha
OTJICBbHBIE DJIEMEHTHI JeTajeil. DTO MPUBOANT K COKPAIIEHHUI0 HOMEHKIATYPhI HH-
CTPYMEHTA U TIPUCTIOCOOTICHUIA 11 U3TOTOBJICHUS M KOHTPOJISI IETaJICH.

Coznanne OgHOTUITHBIX COOPOYHBIX SAMHHMIL, IS OHOM M TOH K€ 1eNn, HO OT-
JTUYAIOTUXCS TTapaMeTpaMu, Ha3bIBaeTCA arperaTupoBanreM. Takum oOpazoM, MOXK-
HO COOMpPaTh U3JENHsI, BHITYCKaeMble SAMHUIIAMU WA MAJIBIMU CEPUSIMH, U3 arpera-
TOB, U3TOTOBJISIEMBIX OOJIBIIMMHU CEPUSIMHU WITH JTa3KE€ MaCCOBBIM TIPOU3BOJICTBOM.

Bce 310 mpuBOIUT K COKpAIIEHUIO BPEMEHU MTPOSKTUPOBAHUS, CHIDKEHHIO CTO-
MMOCTH M3TOTOBJICHUS M PEMOHTA MAIIIVH.

1.3.2.6.CHmxeHuEe MaTEPUATIOEMKOCTH KOHCTPYKITUH



3arpaThl Ha MaTepuaibl B MAIIMHOCTPOEHUHN COCTABISIOT 0K0JIO 45-50% cTou-
MOCTH MalliHbl. [l03TOMYy CHU)KEHHE MaTepUaIOeMKOCTH U3/IeNIMI OUYE€Hb BasKHASI
3a/iaya. ITO JIOCTUTAETCS MPUMEHEHHEM 00Jiee TOUHBIX METOJIOB pacuera JeTayien
MaII1H, TPUOIKeHUEM (OPMBI IeTalli K PAaBHOIIPOYHOM B pa3IMYHBIX CEYCHUSX,
IPUMEHEHUEM COBPEMEHHBIX BUJIOB Mepeiay, 0eccTyneHYaToro peryanpoBaHus
CKOpOCTU paboyero opraHa v IpyruMu MoA00OHBIMU METOIAMHU.

Oc00EeHHO Ba)KHO CHIDKEHHE MATEPUATIOEMKOCTH U3EINA MAaCCOBOTO MTPOU3-
BOJICTBA.

1.4. Haepy3xu na oemanu mawun

CriocoOHOCTD AE€TaNu BBIMOIHITH CBOM (DYHKIIMH B MAIlTUHE 3aBUCUT OT Xapak-
Tepa U peKMMa Harpy>KeHus, a TAKXKe OT BIUSHUS OKPY>KaIOIIEH CPeIbl.

Harpy3ku Ha geTany MamuH MOTYT OBITh CTATHYECKUE U TUHAMUYECKUE.

Cratudeckue Harpy3Ku — OCTOSIHHBIC HJIM MEJIEHHO M3MEHSIOIINECs Harpy3-
KM, HE BBI3bIBatOIIME Kojebanuii neranei (puc.1l.1). K crarmueckum MoryT ObITH
OTHECEHBI U IEPEMEHHBIE HAarPy3KH, YaCTOTa U3MEHEHHS KOTOPhIX KAK MUHUMYM Ha
HOPSAZOK MEHbIIIE COOCTBEHHON YaCTOTHI AE€TaJIH.

F, H

Puc.1.1. Craruueckue Harpy3ku
JlnHaMu4eCcKne Harpy3Ku 3TO Harpy3KHu, 4aCTOTa U3MEHEHNS KOTOPBIX TAKOTO
e TopsAJIKa WM 00JIbIIE COOCTBEHHOM.

N3meHeHue Harpy3ku MOKET IPOUCXOIUTh M0 KaKOMY-HUOY b 3aKOHY MPO-
CTOMY WJIH CIIOKHOMY. B Takux ciiydasix TOBOPAT O MEPUOANYECKON TUHAMUYE-
ckoi Harpy3ke. E€ BenuumnHa v HampaBiieHWE MOTYT ObITh OMPE/IEICHBI MO U3-
BECTHOMY 3aKOHY M3MEHEHHUS, BHIPQXKCHHOMY B MaTeMaTudeckou popme, Js Jiro-
00ro MOMEHTa BPEMEHHU.

N3meHenust Harpy3Ku MOTYT ObITh citydaitHbiMH. [IpecTaBuTh Takyro
Harpy3ky B popMe MaTeMaTUYeCKOro 3aKOHa HeJb3s. B Takux ciydasx TOBOpSIT,
YTO Harpy3Ka IpeICTaBIsgeT COOON CIIy4alHbIN MPOIECC WM UMEET CITydalHbIN
xapakrep. 3a7ar0T €€ CTATUCTUYECKUMU XapaKTEPUCTUKAMU, MTOJTY4YEHHBIMU B pe-
3yibTaTe 00pabOTKH SKCHEPUMEHTAIBHBIX JAHHBIX. DTO CpeHEe 3HAUCHHE, JUC-
nepcus, pacrpeesieHue, KoppeasaluuoHHas (PyHKIMS, CIEKTpabHAas NIOTHOCTD U
JpyTHe.

Ecnu cratucTruyeckne XapakTepUCTHKHU ITOCTOSTHHBIE, TO MPOLIECC HATPYXKe-
HUS SIBJIAETCS CTAllMOHAPHBIM, YCTAaHOBUBIIMMCS. Eciin xoTst Obl 0JJHa CTaTUCTHYE-
CKasi XapaKTEPUCTUKA U3MEHSETCS BO BPEMEHU, TO IIPOLIECC HATPYKEHUS SIBISCTCS
HECTAIIMOHAPHBIM, HEYCTAaHOBUBILIUMCSI.

B ycnoBusIX 3KCIUTyaTaiuu Mporecc Harpy»KeHusl MallliH U UX JeTajlel vaie
BCETO HECTALIMOHAPHBIN CIIyYalHBbIN.

Ecnu 3apeructpupoBath NMpouecc U3MEHEHNUS Harpy3KHU B TEYEHUE BCETO CPO-
Ka CITy>KObI MaIlIMHbBI WJIH JIETAJIH, a 3aTE€M BBIUUCIUTH BEPOSITHOCTD MOSBIICHUS
KaXXJIOT0 YPOBHS HArpy>K€HUs, MOJTYYUM CIIEKTP SKCIUTyaTallMOHHBIX HAarpy3o0K.
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OrnpenenuB MOJAILHOE 3HAUEHUE HATPY3KH, €0 MPUHUMAIOT KAK HOMUHAIBHOE.
Bce Harpy3ku 60Jibliine HOMUHAIBHOTO 3HAYEHUS] IPUHUMAIOTCS KaK BO3MOXHBIE
neperpys3ku. BennunHa neperpy3ku onpeaesnseTcs OTHOIIEHUEM MEPErpy304HOro
3HAYEHUS K HOMUHAJILHOMY.

Kpome cniektpa Harpy3ok 00JibllIoe 3HaYEHUE UMEET MPOJOJIKUTEIHHOCTD
HKCIUTyaTallM MallluHbI — TpeOyeMbli pecypc. s ero onpeneneHuss HEOOX0AUMO
3HAaTh TpedyeMoe KOJIMYECTBO JIET dKCIUTyaTauuu (£ - JeT), NPOI0IKUTEIbHOCTh
WCIIOJIB30BaHUs 110 BPEMEHHU B TEUEHUHU ro/1a

k = Zpa6

" 365

U B TCUCHUU CYTOK
_ tpa6

c

24

3neck Zps - IPOJOIKUTEIBHOCTD pabOTHI B TeUEHUE Toa (B AHAX) U lpa6 -
B TEUCHHE CYTOK (B Hacax).

3Has BCE TO, peCypc MOKHO OTIPEIEIUTh TAKUM 00pazoM

t = 365xZxkx24xK. , gac.
WNHorma pecypc 3a1at0T HETIOCPEACTBEHHO B yacax paOOThI MIM B MOTOYACaX.

3Has pecypc U CIEKTP HArpy30K, MOXKHO ONPENEIINUTD IO BPEMEHU JEH-
CTBUS KaXJIOTO YPOBHS Harpy»€HUs 3a BpeMsl padOThl MallIMHbI

k

c =l
"t
3nech ti - MPOJODKUTEIILHOCTD JACUCTBUS | - TOTO YPOBHS Harpy3KH 3a

BECH MIEPUO/I IKCIUTyaTallu MAIllIUHbI. ECIIM TaKuX ypOBHEN HECKOJIBKO, TO IMOJY-
yaeM I'MCTOTpaMMy HarpykeHusi. Hanpumep, 115 mpuBoga MallliHblI HArpy3KOU

ABJISIETCA MOMEHT. [ 'McTorpamMMa HarpyKeHus IpuBoJia MpeACcTaBiieHa Ha puc.1.2.
a

al

a’

as

ab

cl cZ fa} c4 c

Puc. 1.2. I'ucrorpamma HarpyxeHus
Ha rucrorpamme

a =" c.:t‘,
| T | t
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rie | - HOMUHAQJIBHBII MOMEHT;
Ti - MOMEHT, ACHCTBYIOIINI B TEUEHHUE JIOJIU pecypca
t - pecypc;
tj - BpeMs JeHCTBYSI HATPY3KH YPOBHS T
Boo01ie B MaImHOCTPOCHUH TIPUHATO BBIJCIICHNE TAKUX PEXKUMOB HarpyKe-
Hus (puc. 1.3):
BT- BechbMa TspKeTBbIN: HArpy3Ka MOCTOSTHHAS M BECh CPOK CITY>KOBI paBHA
MaKCHUMaJIbHOM;
T — TspKenpIi: Harpy3Ka nepeMeHHas, I3MEHSETCSI BECh CPOK CITY>KOBI B TIpe-
nenax 0.5-1.0 oT HoMHHAIBEHOM;
C — cpennuii: Harpy3ka usmensiercs B npezaenax 0.0 -1.0 o HoMUHAIBHOM;
JI — nerkuii: Harpy3Ka nepeMeHHas, B TeueHue 1/3 cpoka ciry:k0bl MOXKET J10-
CTHTaTh MaKCUMAJIbHBIX 3HAUCHUH, HO B OCTAIBHOE BPeMsI paOOThI HE TIPEBHIIIACT
1/3 HOMHHATLHOM.

a
10 B7
[
05 05
033
033 10 G

Puc.1.3. Pexxumbl HarpyxeHus

JJ1st HEKOTOPBIX TPYMI A€Talell peKUMbl HAarpy>KEHHs UCCIIEI0BaHbI OoJee
TUIATENBHO U TJIyOOKO. DTH JJAHHBIE MPUBOJIAT K 00Jiee JETaIbHOMY Pa3eICHHIO
YKa3aHHBIX BBIIIE PEKUMOB, UTO, KOHEUHO )K€, YTOUHSAET PaCUEThI.

Bce paccMoTpeHHbIE TapaMeTphl XapaKTepU3yIOT peXUM HarpyxeHus. Oue-
BUJTHO, YTO OOJIBIIYIO POJIb UTPAIOT TAKXKE YCIOBUS pabOThl MaInHbl. OJ1HA CUTY-
aIysi, €CIM MalluHa paboTaeT B CyXOM, 3aKpbITOM, OTAIUIMBAEMOM OMEIEHUH U,
HaBEpHOE, COBCEM Jpyras, KOTJla MallliHa YyCTaHOBJIEHA Ha Nayly0e Cy/lHa U Ha Heé
NEHCTBYIOT U MOpCKas BOJla, M BUOpalys NanyObl, U epenaibl TeMIepaTyphbl
OKpyXkarolei cpensl. [loaToMy npu onpeneneHuy ypoBHS HarpyKE€HHOCTH J1€TalIn
JIOJKHBI OBITh YUTEHBI HE TOJIBKO XapaKTep U PEKUM Harpy>KeHHUs, HO U YCIOBUS
€€ DKCIUTyaTaluu.

1.5. Pabomocnocobrocms oemaneu mawutn. Kpumepuu pabomocnocobrnocmu.

PaboToCcrnocoOHOCT 3TO COCTOSIHUE U3EIHUS, IPU KOTOPOM OHO CIIOCOOHO BBI-
MOJIHATH 3aJaHHbIe (PYHKIIMH, COXpaHssl 3HAUEHHUs] CBOMX IMapaMeTpoOB B Mpejesax,
YCTaHOBJICHHBIX HOPMATHBHO-TexHHYecKor gokymenTarueit (OCT 27.002-83).

Jjist TOro 4yTOOBI IeTaah MOTJIa BBINOJIHATD 3a/1aHHbIEe (DYHKIIMKM OHA JOJKHA
VUMETH OIIPEEIICHHbIE CBOKCTBA.
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CBoiicTBa, KOTOPBIMH JIOJDKHA 00J1a71aTh A€TAIb JJIS BHITOJTHEHHS CBOMX (DYHK-
UH, Ha3bIBAIOTCS] KPUTEPUSIMHU pabOTOCIIOCOOHOCTH.

Takux KpuTEepHeB MIECTh: MPOYHOCTh, KECTKOCTh, U3HOCOCTOMKOCTD, TEIJI0-
CTONKOCTh, BUOPOYCTONIMBOCTh, KOPPO3UOHHASI YCTOMYHNBOCTD.

[To ofHOMY UM HECKOJIBKUM U3 3TUX KPUTEPHUEB BEJETCS pacueT JAeTalu Mpu
IPOEKTUPOBAHUH.

1.5.1. Kpurepuit paboToCcriocoOHOCTH MPOYHOCTh

[IpoyHOCTH 3TO CHOCOOHOCTH JIETAN COMPOTHUBIIATHCS PA3PYIICHUIO IPU
JIEHCTBUY BHEIITHUX HATPy30K.

PaboTocnocoOHOCTh MO 3TOMY KPUTEPHUIO 00ECTIEUNBAETCA pacueTaMy Ha
MIPOYHOCTH IO HOPMaM M MPaBUJIaM COTIPOTUBIICHUSI MaTEPHAIOB, BEIOOPOM MaTe-
pHuana u ero TePMUYIECKON 00pabOTKH JIJIsl TTOJTYICHHS HY)KHBIX MEXaHUYECKHUX Xa-
PaKTEPUCTHK.

PacueTrsl MOTYT OBITH OPUEHTUPOBOYHBIEC, MPOCKTHBIEC (TPOSKTUPOBOUYHBIE),
IPOBEPOYHBIE.

OpHUEHTUPOBOYHBIEC PACUETHI BHITIOJHSAIOTCS B TEX CIy4asx, KOT/la HET MOJHOM
uH(OPMAIUU O HarpyKEHHOCTH M YCJIOBHIX paOOTHI I€Talu, HO HEOOXOAUMO I0-
JYy4YUTh OPUEHTUPOBKY 10 €€ pa3MepamM Ui, HAa00OpOT, €CTh JIeTalb U HEOOX 0 I1-
MO, XOTs ObI IPUMEPHO, YCTAHOBUTH KaKyIO HArpy3Ky OHA MOYKET BBIJICPKATh.

[Ipu npoBeieHnH TPOEKTHBIX PACUETOB BCE BHEIIIHKE HATPY3KHU HA JIETallb U
yCIJIOBUS €€ padOThl U3BECTHBI, HEOOXOIUMO ONPEEIUTH €€ pa3Mep B ONTACHOM ce-
yeHur. OTaCHBIM CUNTAETCS CEUCHUE, B KOTOPOM JICUCTBYIOT HAMOOJIBIIIHE
HarpspkeHus. YacTo, Mpu MPOEKTHBIX pacueTax, ONMPEACIITIOTCS pa3Mephl HE TOJb-
KO B HanOoJiee HAarpy>KEHHBIX MECTAaX, HO M B CEUCHUSX, OTMPEACIISIONINX Pa3MEPhI
OTJENIbHBIX YUYaCTKOB JICTaJH.

J1st mpoBeIeHUST OpPUEHTUPOBOYHBIX U MMPOCKTHBIX PACUETOB OOBIYHO HC-
MOJIB3YETCSI pACcyeT MO JOIMYCKAeMbIM HAIMPSHKEHUSM B (hopMe

GS[GJ WIN rS[r

rie o u T - ICUCTBYIOIIIME HAIIPSKEHUS;

[6] wu [t] - momyckaemble 3HaUEHHMS HANPSHKEHWH IS JAHHOTO
MaTtepuana B opMe pacCUUThIBAEMOM AETalld ITPU BRIOpaHHOUM TepMOOOpadboTKe.

Jlns1 onipeniesieHust EUCTBYIOMIMX HAMPSHKEHUM COCTABIISIFOTCSI U3BECTHBIE U3
Kypca CONPOTHBIICHHUS MaTEPHAIIOB ypaBHEHHS NMPOoYHOCTH. [[puHUMaeTcs , 9to
JefCTBYIOIIEE HAMPsDKEHUE TOCTUTIIO TIpeiesia U paBHO nomyckaemomMy [loaTomy B
ypaBHEHUS TIOJICTABIISTFOTCS BMECTO JACHCTBYIOIIMX 3HAYCHHS TOITYyCKAEMbIX
HANPSDKEHUH M OHU PEIaroTCsl OTHOCHTEIBHO TpeOyeMOoro reOMeTpHIecKoro ma-
pamertpa. [1o moslydeHHOMY 3HAYEHHUIO 3TOT0 NapaMeTpa 3aTeM ONPENEIIIIOTCS
JPYTHE pa3MepPhI JCTaIIH.

[Tpu BBIMOTHEHUN OPUEHTUPOBOYHBIX PACUETOB, YTOOBI KOMIIEHCUPOBATH OT-
CYTCTBHE IMOJTHOW MH(POPMAIIUU O HATPY>KEHHOCTH, MPUHUMAIOT 3aHMKEHHBIC 3HA-
YEHUS JOMMYCKAEMbIX HANPSDKCHUM WM 3aBBINICHHBIE 3HAYEHUST HATPY30K.

[TpoBepoYHBIA pacyeT BBHIMOIHSACTCS B TE€X CIIy4asiX, KOT/Ia pa3Mephl IeTalld U
Harpy3ku Ha He€ u3BecTHHI. Ero mpoBoasT B hopme pacyeta no koddduimentam
3araca MpoYHOCTH
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(0
5,=%mexsfs, ] wm 5 Ty
G T
rme O u T - HalnpsDKEHUs, JEUCTBYIONINE B ACTAIIN;
lSGJ u [S’CJ - TonycKaeMble 3HaueHus1 Ko PUIreHToB 3anaca npoy-

HOCTH,

u T - IPEACIIBHBIC HAIIPSKCHUA )11 JaHHOT'O MaTCpHalia.
npen npen pel p AL A p

K MOMeHTY npoBeicHHs IPOBEPOYHOTO pacyeTa BCE pa3Mephl ICTallN U3-
BECTHBI, TO3TOMY 3TOT BHJ] paCUCTOB JlaeT HAaKOOJIee TOUHBIC PE3yJIbTATHI.

[Tpu nepeMeHHOM Harpy>KEHUH pacueThl BEAYT B (hOpMe MPOBEPOUHBIX pac-
4eTOB M0 KO3 (UITMEHTaM 3aaca MPOYHOCTH, MTOJTYUYCHHBIM IIPU CHMMETPUIHOM
3HAKOIIEPEMEHHOM PeXUMeE HarpyxeHus (naaekce - (-1))

s, =-mwaxfs } s =mexfs ]

61 1
Gnep T ep

rac Gnep n THep - BOSHUKAOIIUC B ACTAJIN IICPCMCHHBIC HAIIPAKCHU .

[Ipn mepuoANYECKOM HArPYKEHUU HTO (PYHKIIMHU CPETHETO Gm , ’Cm U aM-

nauTyaHoro G, v T, 3HaYeHMI HanpspkeHui. [Ipu coydaitHoM npouecce Harpy-

JKCHM DTO SKBUBAJICHTHBIC HAIIPSKCHUS GSKB U ’CaKB .
OKBUBAJICHTHBIC HAMIPSKEHUS ATO HANPSHKEHUSI, BOSHUKAIOIIUE TP CUMMET-
PUYHOM 3HAKOIIEPEMEHHOM HATPYKEHUH, JCUCTBUE KOTOPBIX HA JI€TaJb, C TOYKHU
3peHHs e€ MOBPEXKIACHHUS, TaKOe JKe, Kak peallbHOro mnporecca. CriocoObl UX BbI-
YHCJICHUS 3aBUCAT OT XapakTepa mpolecca U Buaa AeTalu.
Jlonmyckaemble HaNpsHKEHUST ONTPEACIISIIOTCS JIMOO Ha OCHOBAHUM OTIbITA MPO-

CKTUPOBAHMA U 3KCILTyaTallun HO)IO6HBIX I[CT&J'IGfI, MO0 10 BBIPAKCHUIO

0) T
[G ] = Tped W [’E ] — TP
S S
rne O pen " ’Cnpe)1 - [IpeACIbHbIC HAIPSDKCHUS AJI1 JAHHOTO MaTepualia

pyU BRIOpaHHOM TepMOOOpaboTKe;
S - koa(durmeHT 3amaca NPOYHOCTH.

B kxadecTBe npenenpHbIX HAMPSHKEHUH TPU pacdeTax Ha MPOYHOCTh UCTIOb-
3YIOTCS:

- O u T - s IIACTHYHBIX MATEPHAIOB MIPU CTATHYCCKOM HArPYKCHHM;

- O, u T_ - Iy XPYIKAX MAaTEPHANOB PH CTATHYECKOM HArPY)KCHHH;

-0 m1,

KoaddurmenTst 3anaca mpoyHOCTH MOKHO OTIPENIETISATH MO TaOIUIaM, Co-
CTaBJICHHBIM Ha OCHOBAHUH OTBITA IKCILTyaTauu moJo0HbIX netaneit. [Ipu mo-
CTOSIHHOM Harpy»eHWH! WX 0OBIYHO MPUHUMAIOT B TIpeIesiax:

S=1.2— 1.5 nns nIaCTUYHBIX MaTEPUAITIOB (OJHOKPATHBIC MEPETPY3KH BHIIIIEC

- Ip1 AMHAMHUYCCKOM HArpy>XCHHHU.

14



npeesia TEKy4eCTH HE BbI3bIBAIOT OTKA3a JETANH);
S >3 nis XpynkuX MaTepuanoB, T.K. JaxKe OJJHOKPATHOE MPEBBIIICHHUE Mpe-
JieJ1a TPOYHOCTH MPUBOJIUT K Pa3pyLICHUIO JETaly U3 TAKOI0 MaTepHaa.

[Ipu nepemMeHHOM Harpy»eHuu Ko3hPUIIMEHT 3amaca MPOYHOCTH Ha3HAYAIOT
00bryHO S=1.3...2.5. DT0 CBsA3aHO C TE€M, OJTHOKPATHBIE MEPErPY3KH, XapaKTepPHbIE
JUIS1 IEPEMEHHOTO HArpyKEHUsl, HE MPUBOJAT K Pa3pyIICHUIO JIETAJIH.

Korzaa noctoBepHbie JaHHBIE U3 OIBITa SKCIUTyaTallud OTCYTCTBYIOT, KOA(-
burueHT 3anaca MpOYHOCTH MOKHO YCTaHABIIMBATH HA OCHOBE AU PepeHnanb-
HOro merona. B atom cinyuae

3251X82><Ss><. XSy

Takux COMHOXKUTEIEH MOXKET ObITh MHOTO. VX KOJIMYECTBO 3aBUCHUT OT YUCTA
(bakTOpOB, KOTOPHIE AOKHBI OBITh, IO MHEHUIO KOHCTPYKTOPA, YUTCHBI.

OO6bI14HO:

S1=1.0...1.5 — k03 dULUEHT, yYUTHIBAIOIINUNA JJOCTOBEPHOCTH OIpeEIeIie-
HUS paCUETHBIX Harpy30K;

S2 - KO3 PUIUEHT, YIUTHIBAIOLIUN OJTHOPOJHOCTh MEXAaHUYECKUX CBOMCTB
JeTanu uiy 3arotoBku. [lpuaumator Sy = 1.2...1.5 nns getane U3 miacTUYHO-
ro Matrepuaia KOBaHHOTO WJIA MTPOKATaHHOTO, Sy =1.5...2.5 1Is IUTBIX U XPYTI-
KHX MaTepHUasoB.

S3=1.0...1.5 — k03 duLUeHT, yUUTHIBAIOIINNA crienupuiecKkue TpedoBa-
HUs 0e30nacHOCTH. UeM Tshkesiee BOZMOXHBIE MOCIEACTBUS OJOMKH JI€TaI, TEM
OOJIbIIIE BEJIMUYMHA 3TOW COCTABISIOIIEH.

OpHako HYKHO IOMHHTb, YTO BBIOOP YACTHBIX KOA()(PHUIIMEHTOB TOCTATOYHO
npou3BoJieH. [103TOMYy MOKHO MOJIYYHTh B pe3yJbTaTe TAKUE 3HAUCHHS UX ITPOU3-
BEJICHUS, KOTOPbIC JAJIEKHU OT BEJIMUMH, TPEOYEMBbIX U OMPAB/IaHHBIX MTPAKTUKOM.
[To sToit npuunne qudpepeHnrnanbHbIil METOT HE HaIlesl ITUPOKOTr0 MPaKTUYECKO-
ro MPUMEHEHUS.

JIns1 KOHCTPYKIMH, pa3pyLIEHUE KOTOPBIX ONACHO JUJIS )KU3HU JIFOJEU — Ipy-
30I10/TbEMHBIE MAIIUHBI, COCY/Ibl, PA0OTAOIIKE N0 IABJIIEHUEM, MOPCKHUE U peU-
HBIE CyJla, CAMOJIETHI U BEPTOJIETHI — KOA(PPHUITMEHTHI 3am1aca MPOYHOCTU U METOJIbI
pacueTa perjiaMeHTUPYIOTCS HOPMaMHt CeUMaIbHbIX opranu3aiui. K Hum oTHO-
csiTest 'ocyapcTBEHHBIM KOMUTET 110 HA/30py 3a O0€30MacHbIM BeZieHHEeM padoT B
MIPOMBIIIUIEHHOCTH U TopHOMY Haa3opy (I"ocroprexnanzop), Mopckoit u Peunoit
perucTpsl u T.1. HopMaTuBel 3TUX OpraHoB 00s3aTEIbHbI JJIsI IPEANPUITHI BCEX
oTpaciieil He3aBUCUMO OT (POPMbI COOCTBEHHOCTH.

1.5.2. Kputepuii paboToCIOCOOHOCTH KECTKOCTh

KectkocTh — CHOCOOHOCTH JI€TaIU COMPOTUBIISATHCS U3MEHEHHIO (DOPMBI O]
JeWCTBUEM BHEIITHUX CHIL.

KectrocTh xapakTepuszyercs: Kod(PphUIMEHTOM )KECTKOCTH

c= _ Harpyska
nedopmarus
WK OOpaTHOM BETUYMHON — KO3 (OUIIMEHTOM MOAATIUBOCTH
- nedopmarus
Harpyska
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O1r KOdDPUITUEHTHI ONIPEETISIOT BEIMUNHY HATPY3KH JIJIS1 CO3AAHUS €/IH-
HUYHOU AedopMaliiy Wik BeIMYUHY JeopmManuu nIpyu eIMHUYHON Harpy3Ke.

Jl1s1 HopMalTbHOM pabOoThI IeTAIM HEOOX0AMMO, YTOOBI €€ neopmMarim He
IPEBBIIAIN JIOMYCTUMBIX IPEAEIIOB, HHAYE HAPYIIAIOTCS YCIOBUS HOPMAJIbHON
PabOThI COMPSIKEHHBIX 3JIEMEHTOB KOHCTPYKIIMHM.

B psine ciiyyaeB TpeOoBaHMs )KECTKOCTU OMPENEISIOT BHIOOp MaTepuaa Jie-
Tanu. Hanpumep, BaJl MOKHO U3rOTOBUTH U3 BEICOKOKAYECTBEHHOM JIETUPOBAHHOMN
ctanu. Torna ero nuamerp Oyaer HeGonbmuM. Ho nipu aToM aedopmariin Takoro
TOHEHBKOTO BaJjia OyAyT OOJBIINMH, TaK KaK OHU 3aBUCAT TOJBKO OT €r0 AUaMeTpa.
YtoObl X yMEHBIINTH, HAJIO TUAMETp Baja caenarb 6onasimmmM. Ho Toraa ero He
HY>KHO JIEJIaTh U3 BBICOKOKAYECTBEHHOM BBICOKOIIPOYHOM CTaNIH.

WNuoraa pazMepsl KOHCTPYKLIUN HA3HAYAIOTCS, UCXO/Is U3 TpeOOBaHMIl TocTa-
TOYHOM X’ecTKocTu. Hampumep, eciiv cTaHrHa METAJUIOPEXKYIETO CTaHKA HE OyIeT
JIOCTaTOYHO KECTKOM, TO TOUHO 00paboTaTh JeTalb HE yAAcCTCs.

B MaccoBOM IPOU3BOACTBE OKOHYATEIIBHBIE PA3MEPHI AETAJIEH ONPEIEIAIOT-
Cs1 YaCTO TEXHOJIOTMEN TPOU3BO/ICTBA: HE KECTKUE AETAIN HENb3S 3aKPEILISITh HE
nedhopMupysi, HeJIb3s1 00pabaThIBaTh C OOJIBIIMMH CKOPOCTSIMU U MOJIa4aMHu.

PaboTocniocoOHOCTH 10 ATOMY KpUTEPHIO OOECIeUnBaeTCs pacueTaMu Ha
KECTKOCTh IO HOPMAaM U MpaBUJIaM COITPOTHUBJIEHUS MaTEPUAJIOB WM TEOPUU YIIPY-
TOCTHU B ClIyyae pEIICHUs 3a7a4 KOHTaKTHOU (ITOBEPXHOCTHOM) )KeCTKOCTH. PacueTsl
MPOBOJATCA B JOpME MPOBEPOUYHBIX IO YCIOBHIO: AEHCTBUTENbHAS AePOpPMALIHS
JOJIKHA OBITh MEHBIIE JOMYCTUMOM.

Jlonmyckaembie 3Ha4YeHHs 1epopManuii OnpeaeNsitoTCsa U3 OIbITa dKCIUTyaTa-
MU. B HEKOTOPBIX CITydasiX OHU PETIaMEHTUPYIOTCS COOTBETCTBYIOIMMHU CTaHIAp-
TaMHU.

1.5.3. Kputepnii paboTOCIIOCOOHOCTH: U3HOCOCTOMKOCTD

M3HOCOCTOMKOCTH - CIIOCOOHOCTH JETaJIA MTPOTUBOCTOSITH N3HAIIIMBAHHUIO.

M3HammBaHue 3TO MpoLEecC MOCTENEHHOTO U3MEHEHHSI pa3MEPOB Tena pu
TPEHUU, IPOSBIIAIOIIMICA B OTJIEJICHUH C IIOBEPXHOCTHU JI€TAIU YaCTHUIl MaTepHaa.

JTo 85% mamuH BBIXOJAT U3 CTPOSI BCIAEACTBUE U3HOCA JETaJECH.

BcenenctBue TOro, 4To conpsAraeMble MOBEPXHOCTH KOHTAKTUPYIOLIUX AE€Ta-
Jel JajeKko He WealibHbIe, COIPUKACAIOTCA OHU JIUIIb B OTAEIBHBIX TOYKAX MUKPO-
npoduiisa. 31ech BOHUKAIOT M HAPYIIAIOTCS (PUKIIMOHHBIE CBs3H. B 3aBHCHMOCTH OT
TOT0, KaKH€ MPOILECCHI MPOTEKAIOT B 3TUX MECTaX, pa3andaroT BUIbI u3Hoca. Hanbo-
Jiee pacTpOCTPAHEHBI CIEIYIOLIHUE.

Mexanunueckoe uzHammBanue. OHO MPOUCXOIUT BCIAEACTBUE LAPATAIOIIETO
NENUCTBUSI HEPOBHOCTEM JieTajeil Wik TBEpAbIX NOCTOPOHHHUX YaCTHI] — aOpa3uBOB,
MONABIIKX B CPely, B KOTOPOM paboTaroT aeTanu (abpa3uBHOE U3HAIIMBAHUE).

MouiekyJIIpHO-MEXaHUYeCKOe U3HAIIMBAHUE PU cXBaTbiBaHWU. CXBaThIBA-
HUE 3TO MOJICKYJIIPHOE CIIETUICHHE MAaTepUaJIOB MPU OOJBITUX MECTHBIX JIaBJICHUSIX.
Ecnu B TOukax KOHTaKTa MUKPOIIPO(UIICH eTaneii MECTHOE JIaBJIeHNE TT0 KAKUM-TO
MPUYMHAM BO3PACTAET, TO B 3TOM MECTE TPOOUBAETCS MACIISHBIN CJIOH, BOZHUKACT
HETOCPEACTBEHHBIN METAJUIMYECKUN KOHTAKT TOBEPXHOCTEN U BO3MOXHO IMOSIBJICHUE
MOJIEKYJIIpHOTO cueruieHus. [locnenyromee OTHOCUTENBHOE IEPEMELLICHHUE ITOBEPX-
HOCTEM BBI3BIBAET Pa3pyIlICHUE y3JI0B CXBATHIBAHUS U OTPHIB CXBATUBILIUXCS YACTHUII
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OT OJIHOM U3 moBepxHOCTe. OOpa30BaBIIMICSA HAPOCT MPH JaJbHEHIIEM ABHKEHUN
NOBPEXKAAET CONPSHKEHHYIO MOBEPXHOCTh. HapocT yBenuuuBaercss 40CTaTOYHO
OBICTPO U MOKET BBI3BATH MOJIHYIO OCTAHOBKY 3JIEMEHTA. TaKoi Mpoliecc Ha3bIBaeTCs
3aenanreM. OHO HaOJIO1ae€TCsl MPU BHICOKUX CKOPOCTSIX M JIABJICHUSAX U TIPH IIOXON
cMmaske. OCOOEHHO OIMACHO ISl HE3aKAJIEHHBIX TPYIIUXCSl TOBEPXHOCTEM, H3rOTOB-
JIEHHBIX U3 OJHOTO MaTepuala.

Koppo3HoOHHO - MExaHWYecKoe U3HalBaHue. B 3ToM citydae mpoIyKThl
KOPPO3UH UCTHPAIOTCSI MEXAaHUYECKUM IYTEM BCIIEICTBUE KOJEOATEIbHBIX MIEpEME-
IIEHUI KOHTAaKTUPYIOIIKX MoBepxHOCcTeN. KonebaTenbHble epeMelieHus OsIBIsI-
I0TCS B pe3yJibTaTe BUOpAIMil UK MEPUOINIECKUX JedopMaIiil 3eMEeHTOB. DTOT
BH/JI M3HAILIMBAHUS XapaKTEPEH [l COEUHEHNUM C HATATOM JETAJIEN Iepenay ¢ Bajia-
MU.

N3namumBaHue - MHOTrOCTaIUMKHBIN Iponecc. Mi3MeHeHne BeInYruHbI U3HOCA
3a BECh CPOK CITY’KOBI JIeTajli MOKHO TIPEJICTaBUTh KPUBOI, OTpaXkarolieil Tpu cra-
JMH W3HaImBaHus (puc.1.4).

Cragus 1 — npupaboTouHblil u3HOC. B 3TOT neproa HayanbHbIA (TEXHOIOTH-
YeCKUI) MUKPOpEIbe() KOHTAKTUPYIOIIUX TOBEPXHOCTEH JieTanel NepexoIuT B dKC-
ryataiuoHHbIi. CkopocTh u3Hoca (yroa Ol ) MOCTENEeHHO, 10 Mepe MpUupadoTKH,
YMEHBIIAETCS IO TOCTOSHHOM BEJIMYUHBI, XAPAKTEPHOU IS IEPUOAA HOPMAIIbHOM
AKCIUTyaTal|H.

B nepuoa nipupa®oTku pexxuM pabOThl MAIIMHBI IOJKEH OBITH 00JIETYeH-
HbIM. Hy»HO MCKJIIOYMTh NOBBILLIEHHBIE 1aBICHUS MEXKTY

)
MKM

a, 20mads Jomadus

—

0

= ] %‘f

/L

Puc.1.4. Craguu nponecca n3HaIIMBaHUA
KOHTaKTUPYIONTUMHU TOBEPXHOCTSIMHU, YTOOBI HE TTPOU3OIILIIO BIJABIUBAHNE
CMAa3KU U 3a€aHUE JACTaJICH.
Cranus 2 — U3HOC neprojia HOpMaabHOM AKcIuTyaTauu. CKOpOCTh U3HAIIU-
BaHUs (yroi OLZ) MOCTOSIHHA U YEM OHA MEHbIIIE, TEM OOJIBIIE CPOK CIY>KOBI J1eTa-

.
Cranus 3 — katactpoduueckoe uzHammBanrne. CKOpoCTh U3HAMUBAHUS (YTOJT
OL3) PE3KO BO3pACTAET, YBEJIMUUBAIOTCS 3a30Pbl B COMPSDKEHUSIX, YMEHBIIIAETCS

TOYHOCTD (I)YHKHI/IOHI/IpOBaHI/ISI MalIrWHbI, BO3PACTAOT JTUHAMHUYCCKUC HAI'PY3KH,
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CHUKAETCSl MPOYHOCTH, MOBBIIIAETCS ITyM, CHUXKAETCA K.11.1. B KOHeUHOM UTore
MallliHA BBIXOJIUT U3 CTPOSI.

N3HOCOCTOMKOCTH 0OECTIEeYnBaETCSl BHIOOPOM MAaTEpHAJIOB U UX TePMOOOpa-
00TKH, TOAOOPOM CMa3Ku, pacueTaMu. Bcemu 3TMu Bormpocamu 3aHUMaeTCst Tpubo-
HUKa (Tpubosorus).

Ha nporiecc u3nammBanus BIUSIET OY€Hb 00IbIIOE Ynciio ¢hakTopoB. Orpom-
HYIO pOJib Urpaet ko3 duireHT TpeHus. Pazpaborka MeTo10B pacueTa TpeOyeT
OOJIBITIOTO KOJIMYECTBA 0OBEMHBIX M CIIOKHBIX IKCIIEPUMEHTOB. ITO 3aTPYIHSICT
CO3JIaHUE METOJ0B HEMOCPEACTBEHHOIO pacueTa U3HOCOCTOMKOCTH AeTalien. Yaiie B
MAaIIMHOCTPOEHUH MOJIb3YIOTCSI KOCBEHHBIMU METO/IaMH pacueta. [Ipu 3ToM orpanu-
YUBAIOTCA YIEIbHOE JaBJICHNE Ha KOHTAKTUPYIOIIUX [MOBEPXHOCTSAX U MPOU3BEICHUE
YAECIBHOTO JABJICHUS HA CKOPOCTh. DTH MapaMeTPbl HE JOJKHBI IPEBHIIATH JIOMY-
CTUMBIX 3HaUYCHHM, KOTOPbIE TPUHUMAIOTCA HA OCHOBAHUU OMBITA SKCILTyaTalUu.

p<|p} pxV <|pxv]|
VY nenbHbIE JaBICHUS 3[1€Ch MOACIUPYIOT CHIIBI TPEHHUSI, 3TO OTPAHUYHUBAET BE-
TUYUHY M3Hoca. [IponsBeeHne yieapHOro AaBiIeHUs Ha CKOPOCTh MOACIIUPYET
paboTy CUII TpEHUS, 3TO 00ECTIEUNBAET HOPMAJIbHBIN TEMIIEpaTypHBI pexuM. Cpas-
HEHUE C IPUHATBIMA Ha OCHOBAHMHM OIIBITA JIOITyCKa€MbIMHU ITApaMETPAMU FapaHTH-
pyeT HopMaJbHYIO pab0Ty KOHCTPYKUUU. [10 3TUM yClIOBUSIM ONpeAensoTcs pa3me-
PBI J€TaJIEH.

1.5.4. Kputepuii paboTOCIIOCOOHOCTH TETIOCTOMKOCTh

PaboTta MammHbI CONTPOBOXKIAETCS BbIIEICHUEM TEIlIa. DTO pPe3yibTaT BhIIOJI-
HEHUs MallMHOW paboyero npoiecca 1 TPEHUs B CONPsDKEHUAX 31eMeHToB. Harpes
BBI3BIBAET MOHMWKEHUE HECYIEN CTOCOOHOCTH MaTepUasoB JAeTalel, N3MEHEHHE
3a30pOB B CONPSDKEHUSX, MOHMKEHUE HECYLIEH CTOCOOHOCTH MACISIHOTO CIIOS, U3-
MEHEHUE CBOWCTB TPYLIUXCS MIOBEPXHOCTEN.

TernnocToiiKoCTh MAIIMHBI - 3TO €€ CHOCOOHOCTh COXPAHSTh 3aJaHHBIA TEMIIE-
paTypHBIN peKUM B Mporiecce padoThl.

TennocToiKoCTh AeTaNu - 3TO €€ COCOOHOCTh BBIMOIHATH TpeOyemble (PyHK-
LMY TIPH [TOBBIIIEHUH TEMIIEPATYPHI.

Jlnia obecriedenust paboTOCIIOCOOHOCTH MO STOMY KPUTEPUIO BHIIOJIHSIOTCS pac-
4yeThl Ha HarpeB. OOBIYHO 3TO HECKOJIBKO YIPOILEHHBIH pacueT Mo ypaBHEHUIO Tell-
JIOBOTO OajiaHca: KOJIMYECTBO BbIpadaThIBAEMOT0 MAIIMHON Teria Qpyp JOTHKHO OBITH
MEHBIIE WIK PABHO KOJIMYECTBY TEIUIA, KOTOPOE MAIIMHA MOXKET OTAATh B OKpYXa-
oyt cpeny Qora

QBLIp S QOTL['
B pe3ynbTaTe 3TUX pacueToB onpeesseTcss pa3Mep He0OX0IMMOM MOBEPXHO-

CTH OXJIQXJICHUS UJTU PEILAeTCs BOIPOC O MPUMEHEHHUH CIeIMAIbHBIX CUCTEM OXJIa-
KACHUS, 4YTOOBI JOOUTHCA PAOOTHI MAIIMHBI IPU IOMYCTUMOM TeMIlepaType.

1.5.5. Kputepuii paboTocrocoOHOCTH BUOPOYCTONIMBOCTD

BubpoycroitunBoCTh 3T0 CHOCOOHOCTh KOHCTPYKLIMU pab0TaTh B HYKHOM
JMana3oHe PeKUMOB 0€3 Upe3MepHBIX KOJCOAHU.

BuOpauuu BbI3bIBAIOT JOMOJHUTENIbHbIE HAIPSHKEHUS, KOTOPBIE, KaK MMpaBU-
J10, IPUBOJAAT K YCTAIOCTHOMY Pa3pyIUEHUI0, BO3PACTAET IIYM MAILHHBI, CHUKAETCA
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TOYHOCTH (pyHKIMOHHPOBaHUS. OCOOCHHO OIAaceH Pe30HAHC, KOT/1a YacTOTa U3MEHe-
HUSI BHEITHUX HArpy30K COBMAAAET C COOCTBEHHOM yacToTol aetanu. B cBs3u ¢
MOBBIIIEHUEM PAOOUYUX CKOPOCTEHN MAIIMH OMAaCHOCTh BUOpAIIHil BO3pacTaer.

PaboToCcrnocoOHOCTh 10 3TOMY KPUTEPUIO 00ECIIEYMBAETCS pacueTaMH Ha KO-
nebanusi. B pe3ynbrare pacuyera onpeaenstoTcss HEOOXO0IMMBIE J1J11 HOpMaJIbHOU
paboThl MOMEHTBI HHEPIIMH U MOJATIMBOCTH JIETajIeil 1 KOHCTPYKIIUH.

WNuorna, npu He0OX0UMOCTH pabOTHI B 3apE30HAHCHON 30HE, TPUMEHSIOTCS
CHelHalbHbIE YCTPOICTBA — BUOPOTACUTEINH.

1.5.6. Kputepwuii paboTOCIIOCOOHOCTH KOPPO3NOHHAS YCTOWNIUBOCTh

Koppo3us — mpotiecc NOCTOSTHHOTO MOCTENIEHHOTO pa3pyLICHUs TOBEPXHOCT-
HBIX CJIOEB METAJlIa B PE3yJIbTATE OKUCICHUS OKpYKatoen cpenoi. Kopposus sasist
€TCs PUYMHOM MPEXKAECBPEMEHHOIO PA3pPYyLICHUsI MHOTMX KOHCTpYKumid. M3-3a xop-
po3uu Tepsietcs exeroano 10 10% BeimiaBisieMoro Mmetauia. OcoO€HHO onacHa OHa
JUTSl IOBEPXHOCTEH TPEeHUs U JeTaliel, paboTaronuX Mpy NepeMeHHOM Harpy>KEHUU.

J1J1st 31U THI OT KOPPO3UU IPUMEHSIOTCS AHTUKOPPO3UNHBIE MOKPBITHUS, U3-
TOTOBJISIIOT JIETAIH U3 CIEIUATBHBIX, YCTOMYUBBIX K BO3JACHCTBUSIM JaHHOU OKpY-
JKaIoIEel cpelibl MaTEepHUAaIOB, OBBIIIAIOT KA4€CTBO 00PaOOTKU TOBEPXHOCTEH.
Hamnpumep, noiaupoBanue pe3ko MOBHIIIAET KOPPOIUOHHYIO YCTONYUBOCTD.

1.6. Haoeosicnocmov demaneti mawun

DTO CBOMCTBO O0BEKTA BBHIMOJIHATH TpeOyeMble HYyHKIIUU, COXPaHssS BO Bpe-
MEHHU 3HAYCHMSI SKCIUTyaTaIlMOHHBIX TTAaPaMETPOB B TIPEIeiax, YCTAHOBICHHBIX HOP-
MAaTHBHO — TEXHUYECKON JOKYMEHTAIINEH, PY 3aIaHHBIX YCIOBHUSIX TEXHUIECKOTO
oOCIy>KUBaHUS, PEMOHTA, XpaHEHUS U TPAHCTIOPTUPOBAHUSI.

OcCHOBHBIC MPUYUHBI, OTIPEICTSIOMNE HATE)KHOCTh, UMCIOT BEPOSTHOCTHBIN
XapakTep. DTO OTKIOHCHUSI OT HOMHHAIBHBIX Pa3MEPOB, pa30poC XapaKTEPUCTHK
MIPOYHOCTH MATEPUAJIOB, OTKJIOHEHHUS OT PACYETHBIX PEKUMOB dKCIUTyaTaIluu U TI0-
TOOHBIC IpyTHE.

[Ipu npoekTpoBaHUY 3aKJIaABIBAIOTCS OCHOBBI HAJCKHOCTH: TIJIOXO MPOAY-
MaHHbIE, HEOTPAOOTAHHBIE 110 PA3TUYHBIM KPUTEPHUSIM pabOTOCTIOCOOHOCTH KOH-
CTPYKIIMH, HE MOTYT OBITh HaJICKHBIMH.

[Tpu npounsBoicTBE 0OECTICUNBAIOTCS BCE (PAKTOPHI, BIUSIONINE HA HATCK-
HOCTb, 3JI0KEHHBIE KOHCTPYKTOPOM B MPOEKTHOM JIOKYMEHTAIIUU.

[Ipu sxcrTyaTaniuu peanu3yercsi HaIe)KHOCTh U3/EIHS.

HaznexxHoCTh 9TO crokHOE, KOMIUIEKCHOE ToHsTHe. OHa ornpenesnseTcs 0e3-
OTKa3HOCTHIO, TOJITOBEYHOCTHIO, PEMOHTONPUTOAHOCTHIO U COXPAHIEMOCTBIO H37e-
TSI,

OTka3 310 oTepst paboTOCIIOCOOHOCTH.

be30TKa3HOCTh — CIOCOOHOCTD U3/IEIUS COXPAHATh PaO0OTOCIIOCOOHOCTH B
TEYEHUU HEKOTOPOI HapabOTKHU.

Hapa6oTka 370 Ipo0KUTENHHOCTh PA0OTHI U3ETHS WJIH 00HEM BBITIOJ-
HEHHOU UM palOTHI.

OCHOBHBIM MOKa3aTeaeM 0€30TKA3HOCTH SBIIIETCS BEPOSATHOCTH O€30TKA3HOU
pabotel P(t), T.e. BEepOSITHOCTH TOTO, YTO B Ipe/eiaX 3aJaHHON HapaOoTku t oTKa3
W3JIeNUs HEe HACTYNUT. 3HAYCHUS BEPOSITHOCTH O€30TKa3HOU pabOThI MOTYT OBIThH B
npeaenax
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0<Pt)<1

Hanpumep, eciiu BeposTHOCTH Oe30TKa3Hoi padoTel P(1000) = 0.95, To 310
03HAYaeT, YTO U3 BCEX MAllIMH JaHHOU nmaptuu 95% orpabdortator 1000 yacos, a 5%
HE CYMEIOT 3TOT0 CIeNaTh.

O4eBUHO, YTO 3HAYCHHE BEPOSTHOCTH 0€30TKa3HON pabOThl U3HOIICHHON
MalIMHbI MEHbIIIE, Y4EM HOBOM.

BepositHOCTE 6€30TKa3HOM pabOTHI CJI0KHOM MAIIIMHBI, COCTOSIIEH U3 OT-
JEJBbHBIX 3JIEMEHTOB C Pa3JIM4YHBIM YPOBHEM HAJIEKHOCTH, ONIPEIEISAETCS B 3aBUCH-
MOCTH OT crioco0a ux coequHeHus. B nmpocreiiem ciydae, mpu NOCIEI0BATEIHHOM
COCTUHEHUH N 3JIEMEHTOB, BEPOATHOCTH 0€30TKAa3HON pabOThI OMpeesieTCs
IIPOU3BEIECHUEM

P(t) = Pa(t) x Pa(t) x... x Py(t)

rae Pi(t) - BeposTHOCTH O€30TKa3HOM pabOTBI | - TOTO AJIEMEHTA.

DTOT ciydail Hanbosee XapakTepeH AJis1 MalllMHOCTpoeHus. Yale Bcero mMa-
IIMHA 9TO MOCIEA0BATEIbHO COCIMHEHHBIE arperaThl

AHnanuzupys 3Ty GopMyiy, MO)KHO OTMETUTh CIIEAYIOLIEE:

- HaJIS)KHOCTh TOJIOOHOM CII0)KHOM CHCTEMBI BCETJ]a MEHbIIIE Ha/I€)KHOCTU
caMoro cJIadoro 3JIEMEHTA;

- yeM OOJIbIIIE 3JIEMEHTOB UMEET CUCTEMA, TEM HUXKE €€ HaJeKHOCTD.

BeposiTHocTh 6€30TKa3HOM pabOThl BHOBB CIIPOEKTUPOBAHHOM MAIIIUHbI
onpenensieTcs MO0 aHATUTUYECKUMHU METOJIaMHU, JTMO0 IKCIIEPUMEHTAIBHO-
aHAIUTHYECKUMU. B mociienHeM ciayyae aHaTUTHUYECKUE METO/IbI TIONOJIHAIOTCS U
KOPPEKTUPYIOTCA 10 pe3yIbTaTaM UCIIBITAHUI OMBITHBIX 00pa3I[0B U3ACTUH.

J10JITOBEYHOCTH 3TO CHOCOOHOCTh U3/EIUSI COXPAHSITH paOOTOCIIOCOOHOCTD
710 HaCTYIUIEHUS PEJIETbHOTO COCTOSIHUS IPU YCTAHOBJIEHHON CUCTEME TEXHUYECKO-
ro 00CIIy>KMBaHUS U PEMOHTOB.

[IpenenbHOE COCTOSTHUE — COCTOSTHUE, ITPU KOTOPOM 3KCIUTyaTalus 00beKTa
JI0JKHA OBITH TIPEKpallleHa U3-3a HEYCTPAHUMOT0 HapyIIeHUs TPeOOBaHUHN TEXHUKHU
0€30MacHOCTH UM HEYCTPAHUMOTO yX0/a TEXHUYECKUX MTapaMeTPOB 3a MPEJIebl,
YCTaHOBJICHHBIE HOPMATUBHO-TEXHUYECKOMN TOKYMEHTAIIUECH.

OKCIuTyaTalys MalluHbl 3T0 MHOTOKPATHOE MOBTOPEHHE TPEX MEPUOIOB:
AKCIUTyaTaIusl — 0TKa3 — PEMOHT (BOCCTaHOBJIEHHE pab0TOCIIOCOOHOCTH). [lonroBey-
HOCTh XapaKTepPU3yeT BO3ZMOKHOE KOJMYECTBO TAKUX IUKIOB. OCHOBHBIM MOKa3aTe-
JIEM J0JITOBEYHOCTH 3JIEMEHTA WUJIU JIETAJIU SIBJIIETCA €r0 CPOK CIIY X ObI (HapaboTka
WJIM pecypc) 10 oTkasa. [locne 3Toro nerans H0MKHA 3aMEHATHCA UM PEMOHTUPO-
BaThCA.

[IpenenbHOE COCTOSIHKE BCEW MAILIMHBI ONPEAEIISIETCS] 3KOHOMUYECKUMU (paK-
TOpPaMH: MOPaJIbHBIM U3HOCOM WJIU 3aTpaTamu, 3aBUCSIIUMH OT (PU3UUYECKOT0 U3HOCA
MAaITUHBI.

MopanbHbIil H3HOC MAIlIMHBI BEI3BIBACTCS TEM, YTO OHA MEPECTAET COOTBET-
CTBOBATH COITMATBHBIM U TEXHUYECKUM TPEOOBAHUSIM: MAIIMHA HE JOCTATOYHO aBTO-
MaTU3MPOBaHA, HE 1aeT HEOOXOAMMOM TOYHOCTH, HE 00ECTIeYNBACT HY)KHON IIPOU3-
BOJIUTEIBHOCTH, €€ O(POPMIIEHHE HE COOTBETCTBYET COBPEMEHHBIM ICTETUYECKUM
TpeOOBAHUSIM.
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Pu3N4eCKni N3HOC MAILHBI IPUBOJAUT K TOMY, 4TO 3aTpaThl HA €€ BOCCTa-
HOBJICHUE CTAHOBATCS OOJIbILIE 3aTpaT HAa IPUOOPETEHNE HOBOM MallIHBI.

COOTBETCTBEHHO 3TOMY IIPUMEHSIOTCS IBE CHCTEMBI ITOKA3aTeNIeld J0JIrOBeY-
HOCTHU: BO — IIEPBBIX, PECYPC (MIIM CPOK CITY’KObI), CBSI3aHHBIN C BBIXOJIOM 32 JI0IY-
CTUMBIE MPEENBI OCHOBHBIX TEXHUYECKHUX XAPAKTEPUCTHK, BO — BTOPBIX, IIOKa3aTe-
JIM, OLICHUBAIOIINE COOTHOIIEHNE BPEMEHU PaOOThl MAIIMHbBI U BpEMEHU, HE00XO011-
MOT0 Ha €€ BOCCTAHOBJICHHUE (@ [0 BPEMEHU MOKHO OLIEHUTh U 3aTpaThl HA PEMOHT).
Hanpumep, k03 PHUIMEHT TEXHUYECKOTO UCTIONb30BAHMS, KOTOPBIM XapaKTepu3yeT
BEPOSITHOCTh TOT'0, YTO MAalIMHA B JAHHBIA MOMEHT BpEMEHU PabOTAET, a HE PEMOH-

k = Tpa6
TUpYETCS =
"T, +T
pab pewm;
rne  Tpas - Bpems paOOThl MAILLIUHBL;
TpeMi - IIPOAOJDKUTEIIBHOCTE | -TOr0 pEMOHTA.

JI1s1 MHOTHX MaIllFH OOJIbIIIOE 3HAYCHUE UMEET PEMOHTONPUTOIHOCTD. DTO
CBOMCTBO M3/IEJIHsI, KOTOPOE 3aKIIF0YACTCs B €r0 IMPUCIIOCOOICHHOCTH K IIPEayIIpe-
KIEHUIO0, OOHAPYKCHUIO M YCTPAHEHHUIO OTKAa30B U HEUCTIPABHOCTEH IyTEM IIPOBE/Ie-
HUS TEXHUYECKOTO 00CITYKUBAHUS U PEMOHTOB.

KoncTpykius momkHa o0ecrneunBaTh JETKY0 TOCTYITHOCTD K y3JIaM | JieTa-
JISIM JIJ11 OCMOTpa WK 3aMeHbl. CMEHHbIE JIeTalu JOJKHBI ObITh B3aMMO3aMEHSIEMBI C
3amacHbIMU YacTaMHu. JKenaTeabHO MpU KOHCTPYUPOBAHUU BBIJCISATH PEMOHTHBIE
y3JIbl. 3aMeHa MOBPEXKIEHHOTO y3J1a pa00TOCTIOCOOHBIM 3HAYUTEIBLHO COKpAIaeT
BpEMsI IIPOCTOS.

PemonTONpUrogHOCTH OOECIEUMBACTCS HA CTAJANKN IPOCKTUPOBAHUS COOTBET-
CTBYIOUIEH KOMIIOHOBKOM COOPOYHBIX €TMHUL] MAILIUHBI.

CoxpaHsieMOCTh 3TO CIIOCOOHOCTD U3JICNINS COXPAHATh pab0TOCIIOCOOHOCTD B
poriecce XpaHeHUs U TpaHCITOPTUPOBKU. ObecrieunBaeTcs B Mporecce KOHCTPYUPO-
BaHUA CO3JJaHUEM KOHCTPYKIIMH COOTBETCTBYIOIIEH KECTKOCTH U KOPPO3UOHHOM
YCTOMYUBOCTH.

1.7. Texnonocuunocmos demaneu Mawiun

TexHOJIOrHYHOM Ha3bIBACTCS KOHCTPYKIIHUS, KOTOPas U3TOTAaBIIMBACTCS C MU-
HUMaJIBHBIMU 3aTpaTaMy TPyJa U MaTepUaioOB B YCIOBHUAX JAHHOTO MPOU3BOJICTBRA.

Konmponvnwie sonpocsi
1. 1. Ilonamus: mawuna, mexaHuzm, oemav, coopounas eounuya. Cmpykmypa
mawunsl. [lonamue oemanei mawun ooweco naznauenusi. OcHogHvle 2pynnvl Oe-
maneu Mawur oouje2o Ha3Ha4eHusl.
1.2. Cmaouu pazpabomxu MauiuHs.
1.3.Ilousmus: npoekmuposanue u KOHCMpYuposarue, CMaHoapmu3ayus u yHugu-
Kayus, azpecamuposanue. llpeemcmeennocms npu npoeKmupo8anuu U KOHCmMpyu-
POBAHUU.
1.4.Kpumepuu pabomocnocobnocmu demaineti MAuiuH.
1.5.Haepysku, deticmgyrowue Ha 0emany MAuuH.
1.6.IIpounocms Kak kpumeputl pabomocnocooOHOCmu.
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1.7.2Kecmkocmy, 8ubpoycmotuuusocms, meniocmoukocms u KOPpO3UUHAsL YCMou-
YUBOCMb KAK Kpumepuu pabomocnocooHoCmu.

1.8.M3nococmotixocms Kak kpumeputi pabomocnocoOHOCmu.

1.9./lonywenus, 603M0H#CHbIE NPU UHICEHEPHBIX PACUemax.

1.10. Buowt umoicenepuuvlx pacuemos.

1.11. Ocnognbie npunyunst cocmasieHus pacuemHuvlx cxem.

1.12. Memoowi onpedenenus ko puyuenmos 3anaca npu UHIHCEHEePHLIX pacie-
max.

1.13. Kosghghuyuenmoi 3anaca npu nocmosHHOM U nepemenHOM HA2PYIHCEeHUU,
OJ151 XPYNKUX U NAACTMUYHBIX MAMEPUATIOS.

1.14. Haoesxcnocmv 0emaneu mawun.: ocHoguble noHamus. 1TexnonocuuHocms oe-
manev MawuH.
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2.CoennHeHud AeTajied MallIuH

2.1.Knaccugpurxayus coeounenutl

Jetanu u cOOpovHbIC €AMHUIIBI B MAIIMHE B3aUMOJICUCTBYIOT, CBSI3aHbI APYT
C Ipyrom.

CBsi31 MOTYT OBITH MOABUKHBIC - IAPHUPBI, MOAMIUITHUKY, 3alEIJICHUS. DTO
pa3nuYHbIC KHHEMATHYECKUE Tapbl. B KHHEMaTHYECKUX Mapax JeTalu IepeMe-
HIAIOTCSL OJIHA OTHOCUTEIBHO APYTOil.

CBsi3u MOTYT OBITh HEMOABUXKHEIE. B 3TOM ciiydae neranu, 00pa3yroiue
CBsI3b, HETIOJIBI)KHBI OTHOCUTENBHO JPYT Apyra. Takue cBsi3U B MAIIMHOCTPOSHUHN
Ha3bIBAIOTCS COCTUHCHUSIMHU.

YcnoBue paboTOCITOCOOHOCTH COSTMHEHUN — HETIOIBIPKHOCTh COCTMHSIEMBIX
JeTane OTHOCUTENBbHO ApYyT apyra. CMeleHre XoTs Obl OJHOM JeTanu — 0TKa3
COECTMHEHUSI.

CoeauHeHust MOTYT OBITh Pa3bEMHBIE U HEPA3bEMHBIC.

PazbemHbIe cOeMHEHMS ITO TaKKUE, KOTOPbIE MOXKHO pa3odpath 0e3 pa3py-
IICHUS] COCTABJISIIOIINX COCAMHEHHE JIeTaliel U MOBTOPHO coopath. K HUM OTHO-
CSITCS: PE3b0OBBIE, KIIEMMOBBIC, KIIMHOBBIE, IITTIOHOYHBIE, 3y0UYaThie WU IILTUIIE-
BbIC, IITU(TOBBIE COCTUHEHUS.

HepaszbemHublie coeirHeHus 0e3 pa3pylieHus: o0pa3yronmx ux aeraien pazo-
Opath HENb3sl. DTO: CBAPHBIE, 3aKJIENOYHbIC, KIIEEBbIE, MasHbIE, COCMHEHUS C ra-
PaHTHUPOBAHHBIM HATSATOM.

2.2. Pe3vbosvle coedunenus

DTO pa3beMHbIE COCIMHEHUSI, 00pa30BaHHbBIC C MOMOIIBIO JIETANICH, UMEIOIINX
pe3n0y. Pe3p0a MoxeT ObITh HaHECEHA HEMOCPEICTBEHHO Ha COCIMHSIEMBbIE JIeTa-
JIM, HO YacTo JUIsl 00pa3oBaHus Pe3bOOBBIX COCTMHEHHUM MPUMEHSIOTCS CIICITUAITb-
HBIC DJIEMEHTHI: OONTHI, BUHTHI, IITUIBKH, TAKU, TIa0bI, pa3IMYHbIE CTOIIOPHBIC
JIETaH.

2.2.1. Pe3nba

Pe3nba 0Opa3zyeTcs mpu nepeMeIIeHUH MIOCKOTro KOHTYpa 10 BUHTOBOM JIH-
HUWU.

BunTOBas TMHUS 9TO HAKJIOHHAS TIOCKOCTh, 00€PHYTAast BOKPYT MOBEPXHO-
CTH, UMEIOIIEN OCh BPALLICHUS.

MO’KHO CKa3aTh, 9YTO BUHTOBAS JUHUS 3TO HE YTO MHOE KaK KJIMH, O0CPHYTHIH
BOKPYT KaKOH-TO MOBEPXHOCTU. TOJILKO y KJIMHA JIBa HEIOCTATKA: HY>KHO MHOTO
MecTa JiJis €r0 YCTAHOBKU U €70 HYKHO 3a0MBaTh. Y pe3bObl 3TUX HEJIOCTATKOB
HeT. Pe3p00ByI0 feTanb 3a0MBaTh HE HY)KHO, €€ Hy»KHO BpamiaThk. [loaTomy mecta
JUTSL He€ HYKHO 3HAYMTEIIBHO MEHBIIIE, YeM JIS KIUHA.

Ecnu moBepxHOCTH, Ha KOTOPYIO HAHECEHA BUHTOBAS JIMHUS, IUJIUHAPUYC-
CKasi, TO pe3b0a — MWINHAPHUYECKas, €CJIM MOBEPXHOCTh KOHMYECKasi, TO pe3pba —
KOHUYECKAs.

Ecnu BuHTOBAs JIMHUS HA HAPYKHOU TTOBEPXHOCTH, TO pe3b0a Hapy»XHas, Ha
BHYTPEHHEH — BHYTPECHHSISI.

[1o HanpaBJIEHUIO BUHTOBOM JIMHUH PA3JINYAIOT:
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- TIpaByIo pe3b0y, KOT/1a BUHTOBAS JIMHUS UJIET BBEPX CJIEBa HAIPaBO;

- JIeBYIO pe3b0y, KOT/Ia BAHTOBAS JIUHUS UCT BBEPX CIpaBa HaJICBO.
Hawubosee pacnpocTpaHeHa mnpasasi pe3boa.

Ecnu Ha MOBEpXHOCTH UMEIOTCS JIBE MM OOJIbIIIC BUHTOBBIX JIMHHUM U TI0 KaX-
JIOW IBHIKETCS TUIOCKUH KOHTYP, TO 3TO pe3b0a, MMerolasi, COOTBETCTBEHHO, JBa
1 OoJiee 3aX0/1a — MHOT'03ax0/{Hasl pe3boa.

[Tockuit KOHTYp onpezaenseT npoduib pe3sObl. B 3aBHCHMOCTH OT GOPMBI

npodwist pa3nuyaroT pe3bosl (M. puc.2.1):

D

o/

: G 7
0 b 2 ad

Puc.2.1. ®opmbl ipodusis pe3bObl
a) TpeyroJbHas; eciau yroi 3aoctpeHus o =60° - pe3pda MeTpudeckas,
ecnu o =55° - pe3p0a nroitMoBast; 0) TpaneneruanbHas; B) YIOpPHas; T) IpsiMo-
yroJibHast; 1) KpyrJias.

[To Ha3HAYEHUIO PA3TUYAIOT PE3bOBI KPETIEKHBIE - 3TO TPEYTOIbHBIC U
KpyTJias pe3b0bl ¥ XOI0BBIE — TpanenenaibHas, yiop-
Hasl, IpsMoyToJibHas. Bee kpenéxabpie pe3b0nl, Kak
MPaBUJIO, OJTHO3aXOAHBIC, XOJOBBIE — MOTYT OBITH C
Pa3HBIM YHCJIOM 3aXO0JIOB.

Kpome ykazaHHOTO, pe3b0bl XapaKTepU3YIOTCS
CIEAYIONIMMU MapaMeTpamu (puc.2.2.).
Jnamerpamu:

-d (D) — HapyXHbBIM (B CKOOKaXx JJIsl TAHKH);

- d1 (D1) — BHYTpEHHUM;

- d2 (D2) — cpenumm;

- P - marom; miar — paccrosiHue Mexay OJHO-
MMEHHBIMU TOYKaMH MPOGUiis pe3bOsbl.

Puc. 2 2/ laparempel pessoe Ecnu pe3pba MHOr03axoHass, BMECTO Imara Jjis
XapaKTEPUCTHKHU PE3bOBI NCITONB3yeTcs xoa H
H=Pxz
/1€ Z — YUCJIO 3aX0JI0B PE3hObI.

Ecnu pa3BepHYTh NOBEPXHOCTh C HAHECEHHOM Ha HEE BUHTOBOM JIMHUEW Ha
IJIOCKOCTh, TO MOJYYUM HAKJIOHHYIO TUIOCKOCTh, KOTOPYIO paHbIIe HAaBEPHYJIH Ha
ATy MOBEPXHOCTh. TakuM 00pa3oM, pa3BEPTKA OJHOTO BUTKA BUHTOBOW JIMHUM HA
MJIOCKOCTh JACT TPEYTOJIbHUK (CM. pHuc. 2.3).

B aToM TpeyrosbHUKE yroJ o IbeéMa BUHTOBOMW JIMHUH ONPEICIISICTCS U3 BbI-
pakeHUs

I
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V(o)

Puc.2.3. Pa3BepTka BUHTOBOM JIMHUH HA INIOCKOCTh

-

P
R
2

DTO ele 0ANH napameTp, XapaKTePU3YIOIUi pe3noy.

[TapameTpsl pe3b0d CTaHAAPTUIUPOBAHBI JJISI BCEX pe3b0, KpOME MPSMOYTOJIb-
HOM. /{7151 mpsiMOYTONIEHO# pe3bObl BCE TEOMETPUUYECKUE ITapaMeTPhl OMPEAEIISIOT-
CSl UHKEHEPOM.

OcHoBHas kpernexHas pe3boa B PO — metpuueckas.

2.2.2. Moaenb pe3r00BOTO COSTUHECHUS

Htak, pe3p0a 3T0 BUHTOBAs JIMHUS HA IOBEPXHOCTU BpaIIEHUSs, IO KOTOPOU
JIBIKETCS TIOCKUHN KOHTYp, onpeestonmi e€ npoduis. Pa3BepTka pe3nObl BUH-
Ta Ha IJIOCKOCTh a€T TPEYTroJbHUK. [109TOMY €CTECTBEHHO B Ka4€CTBE MOJICIIN

2.4. Monenb pe3b00BOro COeTMHEHUS 2.5 OkpyX)HO€ yCHIIHE, ICHUCTBYIOIIEE
Ha raikKy

pe3bObl BUHTA MPEIOKUTh TPEYTOJIbHUK, & B KAYECTBE MOJICTH TallKU — MOJ3YH,

KOTOPBIN IBUKETCS 10 HAKJIOHHOMW MJIOCKOCTH, T.€. 10 pe3bde (cM. puc 2.4).

[Ipu 3aTskKe raiiku OHa BPAIAeTCs OKPYHCHOU cuioul Ft, mpuiioxkeHHOM! 110
CpeaHeMy auameTpy pe3nosnl (cM. puc.2.5). [Ipu sTom nmoysyH (raika) moJHUMaeT-
Cs1 110 HAKIIOHHOW IUIOCKOCTH. ECin raiika OTIyCKaeTcs - MOJI3YH CITyCKAeTCsl BHU3.
Tak kak raiika BparfaeTcs, To Ha MoJIeNu ycuine Ft TOMKHO OBITh IPHIIOKE -

HO K MOJ3YHY (CM. puc 2.4) B COOTBETCTBYIOIIYIO CTOPOHY.

2.2.3. CuoBble COOTHOIICHHS B pe3b0€: CHITBI
[Tpu 3aTsKKe pe3pbO0OBOTO COSTMHEHMSI BUTKU PE3bObI TaliKM 1aBsIT HA BUTKU
pe3nObl BUHTA. Eciiu Ol ralika Oblia HEMOABUXKHA, TO YCHIIME B3auMoaeicTBus Q
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BUHTA Y Taiiku ObLIO ObI HAMPABJICHO IO UX 00Ie HopManu N-N Ho raiika npu 3a-
TSDKKE BPAIaeTCsl ¥ MOATOMY YCHIINE B3aMMOJCHCTBHS Q OTKIIOHSETCS OT 001Iei
HOpMaJH N-N B CTOPOHY JIBIKEHUS Ha yroJi TpeHus p ( puc.2.6).

/1

Puc.2.6. CuiioBbie COOTHOIIEHHUSI B pe3b0€: CHIIbI
N3 tpeyronpauka OAB nosiydaem, 4to
Fe=Fx1g (¢ +p).
To ecTh, AJisl TOTO, UTOOBI MOJMYUUTH YCUIUE 3AMAHCKU VITU 0Ce8oe yCuiue
Fx, HYXHO raiiky BpaliaTh OKpyMcHbim ycuiuem Fr.
[Ipenmnonoxxum, 4To yroia noabEéMa ¢ paBeH Hy-
mo, T.€. ¢ =0, Torma

F,=F xtgp=F xf = FTp

tak kak tg p =f, rae f — ko duitueHT TpeHus MeKIy
BUTKAaMHU pe3bObl BUHTA U Tailku.

To ecTb cocTaBisrOIIas, onpeaesieMas yrioM Tpe-
HUS P, 3TO CHJIa TPEHUSI MEXIAY BUTKaAaMU pe3bObl BUH-
Ta U FalKH.

Ho cuna tpenust — 310 npou3BeieHre HOPMaIbHOTO
naBieHus Ha koddduurent Tpenus. Ecnu padouas
IpaHb pe3b0bl HE MEPIEHIUKYIISIPHA CO3/AAI0IIEMY
TPEHUE YCHIINIO 3aTsDKKH Fy (puc.2.7), To cuiia TpeHwus

F =Nxf.
TP

Fuc.2 7 0npedenerue cuis mpeHus

F
U3 tpeyronsauka ABC (em.puc.2.7) N = —X— ¥ TOT/Ia

a
COS —
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N I L

a a
COS CoS
2 2

aTak kak f'=1tgp’, To moxy4aem ;I 0OIIETO CITyJast
Fo=Fxtg (¢ +p).

OOparuTe BHUMaHKE, B 3TO BBIPAXKEHUE BXOJAT BEIMUMHBI, YIUTHIBAIOLIUE
noabEM pe3bObl @ U TpeHue B pe3bde - p'. [loaTomy BennunHa ycuiusi, He06Xo-
JTUMOTO JJI BpallleHUs! Tailku, 3aBUCUT OT ABYX MapaMeTPOB: MO IbeMa Pe3bObI U
TPEHUSI MEXKTy BUTKaAMU pe3bObl BUHTA U TailKU.

2.2.4. CunoBble COOTHOIICHUS B pe3b0€: MOMEHTBI

J{nst 3aTsKKH pe3b0OBOTO COEAMHEHUS HY>KHO BpalllaTh raiiKy. DTO JiejaetT
pabounii ¢ MOMOIIBIO, Yallle BCEro, PO>KKOBOro kitoua. Kirouom oH co3aaét mo-
menm 3amsadxcku Tsar (puc.2.8). MOMEHT 3aTsDKKH

T =P _xL
3aT pab KJT
ZK 7
=l —
CEPETLUHT WLTUHY ATTTH
pacoyezo Ty

Puc 2.8. 3arskka coeIMHEHHS POKKOBBIM KITFOUOM
C momoI1pio 3TOro MOMeHTa pabo4rii Mpeo10IeBaeT COMPOTUBICHUE B PE3b-
0e T, 1 Ha onopHOi moBepxHOCTH raiiku Ty, OnOpHAast MOBEPXHOCTH 3TO Ta, KOTO-
poii raiika MpUKUMAETCS K coeuHsIeMon aetanu. Takum oOpazom
Taar= Tp +Ton.
[TockonbKy ycuiive AJisi ABUXKEHUS TAKKU TPUII0KEHO HA CPEIHEM JUAMETPE,
MOMEHT COINPOTHUBIICHUSI B pe3b0€ paBeH

T =F xdzz =F, xdzzxtg((p+p')
MOMEHT TpeHHs Ha OIOPHOU MOBEPXHOCTHU T,y ONIPENETAETCS TPEHUEM HA
OTIOPHOM MOBEpPXHOCTHU Taiiku. CyIIeCTBYET JIBa CIOc00a €ro OnpeaesieHus : TOY-
HBIM ¥ IPUOTM>KEHHBIH.
Cuibl TpeHUS MOSBIISIIOTCS BCIEACTBUE MPUKATHS TAMKHU K IETAIA YCUITUEM
3aTsKKH Fy. OnopHasi TOBEPXHOCTh FaiKy — KOJIBIO C HAPYKHBIM JuaMeTpoM Dy,
PaBHBIM pa3Mepy MO KU Sy, U BHYTPEHHUM 0, paBHBIM HOMHUHAJILHOMY JTHa-
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MeTpy pe3bObl (cM. puc.2.8). Torma ynensHOE 1aBJIeHUE HAa TOBEPXHOCTH KOHTAKTa
(mpeamosaraeM, 4To CUJIBI TPEHUS PABHOMEPHO PaclpeaesieHbI M0 MOBEPXHOCTH
KOHTAKTa)

p= X =X p2-42). @
Aon 7T
TouHBIH CIIOCO0.
Bo03bMéEM 3i1eMEeHTapHOE KOJIBLIO paguycoM I | mupuHoi dr (puc.2.9).
[Timomans Takoro koapma dA = 2mrdr.

Cuia TpeHHS Ha 3JIEMEHTAPHOM KOJIbIIE
dFyp = 2rdrX pX f.

OnopHBI MOMEHT 3JIEMEHTAPHOU CHJIBI
tpeHust dToq = AR X 1 = 2mrdrpfXr.

Jy1st 'HTETpUPOBaHMS 3aMEHIEM (PUKCH-
POBaHHOE 3HAUCHHUE I Ha TEKyIlee MepeMeH-
HOE P, KOTOPOE MOXKET U3MEHSATHCS B IIpejie-
nax ot d/2 no Du/2 (puc.2.9 ). Takum oOpazom
oJIy4acM

D/2 D,/2 p® D2
T = 2npfp’dp= 2npf | p?dp= 2npf " (75°)
o d2 d/2 3 a2

[ToacTamsist B 3TO BeIpaXKeHHE 3HAUCHHE P U3
dbopmynsl (1), u, 3aMeHsAsT  p €r0 BO3MOXKHbI-
MU HKHUM U BEPXHHUM 3HAYCHUSMU, TIOJTY-
YUM OKOHYATEIHHO JIJISi OTIOPHOTO MOMEHTA

DS g3 ”
om X '
3" p2_g3
[TpubGanxeHHbIi Crroco0.
[Tpeamnonoxum, 94TO ATH CUIIBI TPSHUS TIPHUIIO-

’KEHBI Ha CPEAHEM JTMAMETPE OMOPHOI MOBEPXHOCTH
raiiku (puc.2.10). Beanunna 3tux cui

Puc.2 89 UnpedensHue MOMBHTA CLr MOEHLA
Ha OROPHOL ROBEoXHOCTY ZauKi

FTp =Fy xT .
Torna MOMEHT CUJI TPEHHUS
d C
Puc 210 Fpudmixerresid vemod onpedenequa T, T — F xf X Y (3)
OoI1 X 2 !
od_-Pn +d
He C .
P2

[To cpaBHenuro ¢ dopmymnoit (2) ¢opmyna (3) mpu TEXHHUECKUX pacueTax
AT BITOJIHE TOCTATOYHYIO TOYHOCTD.
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2.2.5. CaMOTOpMOKEHUE PE3bOOBBIX COSAMHEHUN

CamoTOpMOXKeHHE PEe3bOOBBIX COCTUHEHHUM MPOSIBISETCS B TOM, UYTO 3aTSHY-
Tas Tailka caMONpPOU3BOJLHO HE OTITycKaeTcs (T.e. He oTKpyuuBaercs). s toro
qTOOBI €€ OTKPYTUTh HYKHO NMPHIOKUTH ycuiue Fr.'Takum obpazom, ecinu pe3bda
CaMOTOPMO3SIIAsCs, TO HE00X01UMO uT00BI F>0.

[IprMEHUTENBHO K MOJICNIM PE3hOOBOTO COCIMHEHHUS BCE ATO O3HAYAET, UYTO
JUUISL TOTO, YTOOBI TIOJI3YH, KOTOPBIN MOJEIUPYET raiKy, CIloja3ajl BHU3 MO HAKJIOH-
HOM TUIOCKOCTH, K HEMY HYXKHO TPHIIOXHTHh OKpykHoe ycunue F>0. Tak kak co-
CAVMHCHUE 3aTSHYTO, HAa €ro JeTald JEUCTBYeT BEpPTUKAIbHOE ycuiaue Fy
(puc.2.11).

I Veumuem Fy > 0 3acraBisgeM
ramky ABurarbcs. Toraa paBHO-
JEUCTBYIONAs BUTKOB BUHTA U
raiiki OTHOCHUTEJIBHO HOpMaJIu
I’ N - N cMemaercas B CTOPOHY
Q JBYDKCHUS Ha yroia TpeHus p. 13
< Q Tpeyroabanka ABO mnonydaew,

4YTO
! ’Y Fe=Fxtg (p - ¢) >0.
g F 1 Tak xak Fy Bcerga moJoXu-
X

) y TEJIHHO, 3TO HEPABEHCTBO OyIET

Puc.2 11 LaromaproxeHue pesboobex coeduHeryy  BPITOTHATBCS HPU yCJIOBAH, UTO

tg (p' - ¢) >0. Takum oOpazom,

YCIIOBHE CAMOTOPMOKECHUS p>0.

s meTpuueckux pe3bd ¢~2.5°. OObIYHO BUHT U TaliKa CTaJbHbBIC, TTOITOMY
KO3 GUIMEHT TpeHus Mexay Humu  f=0.1, 4TO COOTBETCTBYeT yIJy TpEHUs
p=5.7°(yron TpeHus 37eCh MPUBOJNTH HE HY)KHO). Kak BHIHO M3 ATHUX 3HAYCHHI
YCJIOBUE CAMOTOPMOKEHUS JUIsl METPUUECKON PE3bOBI BHITTOTHSIETCSI.

[IpuBeneHHYI0 pa3HUILy MEXKIY yriaMu MOXKHO €II€ yBEJIUYUTh, €CIU TpH-
MEHHUTh Pe3b0y C MEJIKHM IIaroM. JTO YMEHBIIUT Yroj MoabeMa pe3bObl (CM.
puc.2.3) u ycrunt 3¢ dEeKT caMoTopMOKeHUs. IMEHHO ¢ 3TOH LeJbI0 TPUMEHSIOT-
Csl pe3b0bI C YMEHBIIICHHBIMHU IIaTaMU B MAIIMHOCTPOCHHH.

2.2.6.KoadunipeHT mojie3HOro ACHCTBHUS BUHTOBOM ITaphbl

KoadduumeHT moie3noro AelcTBUS 3TO OTHOIICHHUE MOJIC3HON padOThI Anon
K 3aTpadeHHoil A n= A A :
3aTp I10JI 3aTp

[Ipu 3aTaruBanuu raifku rmosiezHas padboTa 3aKJIF04aeTcsi B TOM, YTO YCHIIAE
3aTSDKKU MEPEMECTHIIOCH Ha ar P, T.e.

A =F xP=F xnd, xtge
3aTpaueHHast pabota - 3T0 paboTa, KOTOPYIO Mpojaeiall pabouuii, Bpaias rai-

Ky, T. €. Amp:thndZ:Fxxtg((erp')xndz.

Takum 00pa3om, K.1.J1. BAHTOBOM Hapbl

29



_ Rxmd,xtge  _ tge
Foxtg(e+p)xnd, tg(p+p’)

OO6paTuTe BHUMaHUE, B 3HAMEHATEJIE 3TOT0 BBIPAKEHUSI YUUTHIBAIOTCS TOJIb-
KO IMOJEM Ha IIar pe3b0bl U TpeHHUe B pe3bde. [ Toro, 4ToObl yuecTh HOTEPH Ha
TOpIIE TaliKu MpHY €€ 3aBUHYUBAHUHU, HYKHO YBEJIIMUUThH 3HAMEHATE b, BBECTH B HE-
ro MOTEepHY Ha TPEeHHE Ha TopIie raiku . [loaToMy K.I1.JI. BAHTOBOM Mapbl BCeTria
BBIIIIE, YeM K.II.JI. 0OJITOBOI'O COCIUHEHUS.

2.2.7. Knaccudukarus pe3b00BbIX COSTUHESHUM

1.ITo KOHCTPYKIIMH pa3IN4aroT:

a) 0ONTOBBIE COCTMHEHUS 0) BUHTOBBIE COCTUHCHHUS

7 2 32

< g

Suns 4\\\\

1- 6omrT; 1- BuHT;

2 — raika; 2 — maitba npy>KuHHa;

3 - maiba npy>KuHHAa; 3,4 — coequHsEMbIC CTAIH;
4,5 - coenuHsAEMbIE JIETAIH; I') COeIMHEHUS CTIIeIMaTbHBIMUA PE3BOO0 -
B) COCMHEHMS LIMIIbKAMU BBIMH JI€TASIMU

/
o
— ]ﬁz

| ) —

’ \\\K\\ L

1 — mmuneka; 2 — raiika; 3 — mai0a npyxuH. Hanpuwmep, peim — 6ot
Puc.2.12. KoHCTpYKTHBHBIE PAa3HOBUIHOCTHU PE3OOBBIX COCTUHECHHMA
bonToBbie coeaunenusi(cm puc.2.12.a) npuMeHsIOTCS TOT1a, KOTJa TOJIIIUHA
COEIMHSIEMBIX JeTalell NpUMEPHO OJIMHAKOBAS.
Ecnu ogHa u3 neranei 3HaUMTENbHO TOJIIE APYTOU WIIM HYKHO IPUKPENUTD
KaKyr-HUOY/b J€TaJlb K MACCUBHOMY KOPITYCY, TO IIPUMEHSIIOT BUHTOBBIE COC/TU-
HeHus (cm.puc.2.12.6).
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Ecnu nerans, NpUKPEIUIIEMYIO K KOPITYCY, HY’KHO 4aCTO CHUMAaTh, TO IIPUMeE-
HSIOT COeUHEHUs NIbkaMu. OCOOEHHO B TEX CIIydasiX, KOT/1a KOPITYC BBIMOJI-
HEH U3 I[BETHOro MeTasuia (cMm.puc.2.12.B).

JI71st TpaHCTIOPTUPOBKH TSKEIBIX U3JIETTUN B HUX BKPYUUBAIOTCS PHIM — 0OJI-
ThI(cM.puc.2.12.1), B OTBEpCTHE KOTOPHIX 3aTEM MPOJEPTUBACTCS KaHAaT.

B03MOXHBI 1 IpyTHe KOHCTPYKTUBHBIE PA3HOBUIHOCTH.

2. Ilo unciy 60NTOB B COEAMHEHUU PA3THYAIOT OJHOOOITOBBIE U MHOTO0OJI-
TOBBIC COCUHEHUS.

3. Tlo crocoby cOOpKH BBIIEISAIOT HAMPSKEHHBIE M HEHANIPSKEHHBIE COe/TH-
HEHUS.

HamnpsixkeHHble 3TO TakMe COEIMHEHUS, B 2JIEMEHTAaX KOTOPBIX €€ 0 IpH-
JIOKCHUS BHENIHEH (ITOJIE3HO) HATPY3KH yKE CO3JIaHbl KAaKUe-TO HAMIPSDKECHUS B
pe3yJibTaTe MpeABaAPUTEIbHOMN 3aTsKKU. [Ipr co3pannu npeaBapuTENbHON 3aTAXK-
KU JIETAJIN PUKAMAIOTCS IPYT K APYTY U HAa CTBIKE UX BO3HHUKAIOT CUJIbI TPEHUS.
To ecTp, 3TO Takue COEAUHEHHUs], B KOTOPBIX HEIOABUKHOCTh COCIUHAEMBIX JI€Ta-
Jeil 0ObecreunBaeTCsl CUJIaMU TPEHUS MEX]Ty HUMH.

HeHarpsokeHHBIE - 3TO COEAMHEHUS, KOTOPBIE HE HYKIAKOTCS B IIPEABapU-
TeNbHOM 3aTskKe. HemoJBMKHOCTh COETUHAEMBIX JIeTajlel B 3TOM ciydae obec-
I€YUBAETCS IPOYHOCTBIO CTEPKHS OonTa. Takue coeMHEHNs HE 3aTSArMBaloTCA, a
JMILb MOATATUBAIOTCS, YTOOBI COEANHSIIEMbIE I€TATN HE Pa3beIUHSIUCH.

4. Ilo xapakTepy neperaBaeMon Harpy3Ku pe3p0OBbI€ COEAMHEHUS MOTYT
OBITh MTPEIHA3HAYEHBI JIsl BOCIPUATHS IOCTOSIHHOM, CTATUYECKOM, UIIA NTEPEMEH-
HOM, IMHAMHWYECKOM, HATPY3KHU.

2.2.8. CtanmapTuzanus 3JIEMEHTOB PE3bOOBBIX COETMHEHUI

zo/obka CranaapTU3UpOBaHbl HE TOJIBKO PE3BOBI,
7 7 oonma HO U JIeTaJIX, 00pa3yrolire pe3b0oBbIe COo-
CmepxeHs  €IWHEHUS: 00JITHI, BUHTHI, TAlKH, IIIaHOBI.
! ! oonma CraHaapTU30BaHbl TAKXKE JIEMEHTHI JIETaNICH:
3 peafofas  TOJIOBKU OOJITOB MOTYT OBITH HIECTHIDAHHBIE,
I 2 b KpYTJbIe, KBAJpATHBIE, C
171 BHYTPEHHUM LIECTUTPAHHUKOM U JP.; TOPLIBI
g ﬁu OOJITOB MOTYT OBITh: IFIOCKUE, TIOJIYKPYTIILIE,
| KOHUYECKHE, IIIOCKHE C KOHMYECKOH (hacKoil
mopey S W JIp., CTEPIKHU GOJNITOB MOTYT OBITH HOP-
donma MaJIbHBIMH, ¢ IUJIUHAPUYSCKUM WIIA KBaI-
PaTHBIM MTOATOJIOBHUKOM.
Puc.2.13. Dnementsl 60aTa [Tpu 3aTsikke 60aTa €ro roJoBKa

MOXET Cpe3aThcs Mo ceyeHuto 1-1, a B
cTepkHe (ceueHue 2-2) BOZHUKAIOT HAMPSHKCHHUS PACTSHKEHUS U KPYUCHHS
(puc.2.13).

Pazmepsl 601TOB 10/100paHbl Tak, 9TOOBI 00ECTIEUNTh PABHOTIPOYHOCTH
CTEP>KHS ¥ TOJIOBKH 0OJITA.

Hccnenosanusamu H.E. JKyKoBCKOro ycTaHOBJIEHO, UTO OCEBast HArpy3Ka Ha
pe3b00BOE COCTMHEHNE PACTIPEIEISETCS IO BUTKAM PE3bObl TallKi HEPaBHOMEPHO.
Kak BugHO u3 pucyHnka 2.14 nanbosnee HarpyxeH (110 34% oceBoil Harpy3Kku) nep-
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BbII1 BUTOK pe3b0bl raiiku. Ho yxe Ha mectoM BuTke He 6osee 7% oceBoit Harpys3-
ku. [TosToMy Aenath raiiku ¢ OOJIBIIMM YUCJIOM BUTKOB Hellesnecoo0pa3Ho. O0bIu-
HO BBICOTA CTaHAAPTHOM Traiiku HopMmaibHo# H, =~ 0.8d.

e " CraHgapToM MPeayCMOTPEHBI TAKXE
bumka HU3KHE FaliKd C BEICOTOM
6 g 007, H; =~ (0.5...0.6)d, BeicOKHE raiiku ¢
54 BbicoTOl H; =~ 1.2d 1 0co60 BeIcOKHE
H, =~ 1.8d.
4 [TockoJbKy npH CTaHAAPTU3ALUN
3k 01, O6€CIEGQHBaeTCH PaBHOIPOYHOCTH Jie-
Tajel, HET CMbICTIA TPU IPOCKTUPOBA-
21p HUU COCJIMHEHUI BECTU UX PACUET IO
. o OJF BCEM BO3MOKHBIM BUaM AedopMa-
uuil. J10cTaToOuHO MPOCUUTATH OJUH
M = o L = o £ KakoH-HHUOYJIb 2JEMEHT 110 OJHOMU U3
Hazpyaka bumka BO3MOXKHBIX Aedopmanuid. [Ipore

Puc.2.14. Harpy3ka Ha BUTKU Tailkl  BCETO 3TO CAENATh, OIPEAEIss
JIUaMEeTp CTepXKHs Oonra.

Pa3mepsl OCTAIBHBIX 3JIEMEHTOB COEIMHEHUS] IPUHUMAIOTCS 10 COOTBET-
CTBYIOLLIUM CTaHAapTaM IO MOJIYYEHHOMY JUAMETPY pe3bOBbI.

2.2.9. HanpsixeHus, BO3HUKAIOIUE B CTEPKHE 00JITA IIPU €r0 3aTSKKE

B nporecce 3aTsxkn pe3b00BOro COETMHEHHS B BOZHUKAET OCEBasl CHUJIA,
CKUMarolas AeTaiu. Peakius getanel Ha 3TO CKATUE PACTATMBAET CTEPKEHD
oonTta. [Ipy 3TOM BUTKH pe3b0bl raliKi MPUKUMAIOTCS K BUTKaM pe3bObl 00JiTa Ha
y4YacTKe, IJIe OHU KOHTAKTUPYIOT (TOBOPSAT - Ha JIJIMHE CBUHYMBaHUA). Pa3 ecThb
nprxarie (HopMaJlbHOE AaBJICHUE OJJHON MOBEPXHOCTH HA JPYTYyI0) 3HAYUT MOSB-
JS0TCS CUITbl TpeHus. [Ipu BpalleHny raiik B pOoLECCe 3aTKKHU, BO3SHUKAET MO-
MEHT ATUX CUJI TPEHHUSI, KOTOPBIN yBJIEKaET 3a cOO0U cTepkeHb 0onTa. Takum 00-
pa3oMm, cTep>KeHb 00JITa HE TOJIBKO PAaCTATUBAETCS BO BPEMsI 3aTSKKH COSAMHEHMUS,
HO U CKPYYMBAETCS MOMEHTOM CHJI COITPOTUBIICHUSI IBUYKEHUIO B pe3boe. B coot-
BETCTBHM C YETBEPTOU TEOPHUEN MPOYHOCTU CYMMapHOE HAIIPSKEHUE B ITOM CIIy-

qac
_[2,n2
G=4,/0,+3T;, ,
4F,

2 )
nd;

II€: HAPSDKEHUS PacTsKeHUus O b

d :
T |:x 72tg ((P+p )
HampspKCHUSA KpYy4YCHUS ’L'Kp =—P = 2 .

W,  nd;
16

[ToaTOMy TOSTydaem mocie moCTAaHOBKH U MPe0Opa30BaHMIA
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2 ’ 2 4F !
4F, | o 8Rdatg(et+p) | =" 2d,t9(p+p) =6 K

c=.|| — 5 1+
a2 d? nds d, P
2d,tg(o+p’
roe K = 1+ 2 gd((P P ) - KO3 PUITUEHT, YIUTHIBAIOIINN JOTIOTHH-
1

TeJIbHBIC HAMIPSDKEHUS OT KpyueHus. Kak BUTHO U3 BbIpaKEHHUS, OH 3aBUCHUT OT
reoMeTprUecKOi (hopMbl pe3nObI (B BhIpaxkeHue BXoaAT d1, Oz, @) U, B HEKOTOpOW

) 4
CTETeHH, OT MaTepuaina aetaneil (B BelpaskeHue BxoauT P ). Hampuwmep, s met-

puueckoit pe3robr K=1.25...1.35.
Taxum oOpa3om, Tpy 3aTSHKKE COCTUHEHUST HAPSHKCHUS B CTEPIKHE

O0=0_ K
p

3HAUUT HANPSOHKEHHBIE (T.€. MPEIBAPUTENBHO 3aTSIHYThIE) COEIUHEHUS BCEraa
pPacCCUMTHIBAIOTCS HA PACTKEHUE C YUETOM KPYUEHHUS.

2.2.10. Arroputm pacyeTa OJJUHOYHBIX PE3bOOBBIX COSTUHEHUHN TIPU

IOCTOSIHHOW Harpyske

1.AHanu3 KOHCTPYKILIHH C 1I€JIbI0 YCTAHOBUTH HAIPSKEHHOE MJIM HEHATpsiKe-
HOE 3TO COeIMHEHUE (T.€. Hy>KHa MIpeIBapUTENbHAs 3aTsKKA UM HET). BecnoMHMM:
coeMHEeHHEe paboTOCIIOCOOHO, TOKA €0 3JIEMEHTHI HETIOABM)KHbI, HAPYILIEHUE 3a-
30pa — OTKa3, T.K. J€TAJIH CIBUHYJIHCH.

Ecny npunuy K BBIBOJLY, YTO COEJIMHEHNE HAIPSHKEHHOE.

2.CocTaBuTh ypaBHEHHE, CBSI3BIBAIOIIEE YCIOBUE paOOTOCTIOCOOHOCTH CO-
EANHIEMBIX JeTaJIe U yCUIINE NMPEABAPUTEIILHON 3aTSHKKU COEIMHEHNUS (T.€. YCHU-
Jue TIPUKATUS OJJHOM AeTanu K Apyroil). M3 aToro ypaBHeHus: HallTU TpeOyemoe
yCUJIUE TIPEABAPUTEIBLHOMN 3aTSIKKH Fxo.

3.BeiOpate MaTepuan u onpeaeNuTh A0MycKaeMoe HanpsoKeHHe.

4.0npenennTs pacyeTHbI MUHUMAIbHO BO3MOKHBINA BHYTPEHHHUM TUaMETp

pe3bObI 60Ta d’l

4F, K

o]

5.I1o cTanaapTy Ha NpUHATYIO pe3b0y HAUTHU Ty pe3b0y, Y KOTOPOH BHYT -
PEHHUI THAMETDP d1 OJv>Kal Uil 00BN K TOJIyYEHHOMY Pacu€THOMY d'1

D710 1 OyAeT UCKOMBII pe3yibTarT.

Eciv npunuiy K BBIBOAY O TOM, YTO IPOSKTUPYEMOE COSIMHCHUE HeHAIIPSI-

KEHHOE.

2. CocTaBUTH YCIIOBHE TTPOYHOCTH, IIPU KOTOPOM 00ECIICUMBACTCS HETIO-
JBUKHOCTH COCTUHSICMBIX JICTAJICH.

3. BeiOpaTh MaTepualt 1 ONpeaesuTh TOMyCKacMble HAIPsKSHHUS.

4. W3 ypaBHEHHUS TPOYHOCTH ONPEACTUTH PACUCTHBIN TUAMETP CTCPIKHS

! o
Oonta d c? CCJIM YCJIOBUC HCITOABMIKHOCTH COCANHACMBIX NCTAJICHU - IIPOYHOCTDH
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o !
CTEpP>KHS [P Cpe3e; BHYTPEHHUHN TUAMETP PE3bObI dl’ €CJIM YCJIIOBUE HEMOIBHK-

HOCTH COCIMHSEMBIX JIETAJEH - MPOYHOCTh CTEPKHS MPU PACTIKECHUU.

5. Ecnu onpenensiics iuaMeTp CTEPKHS d; , TO HEOOXOJIUMO MPHUHSTH €r0
BEJIMYUHY dC Oykaiiiieit 6oJbIel 1eI0N K MOJy4eHHOMY 3HAaYEHUI0 d::I/I OCJIe
ATOT0 MPOBEPUTH €TO U COCAMHSAEMBIE JETAI HA CMATHE

_F
c™M dCXS < [GCM]

rac 8 — MHUHHMAaJIbHaA TOJIIITHMHA OI[HOﬁ N3 COCANHACMBIX I[eTaJ'ICI\/'I.

)

HomuHanbHbIi (MM HAPYKHBIN) TUAMETpP Pe3bObI d B sToMm ciy4dae IIpUHU-
MaeTcs

d= d_-(1..2)mm

B COOTBETCTBUM CO CTAaHJapPTOM Ha pe3b0y.
Ecnu mpou3Boamics pacyeT Ha pacTsHXKEHUE, TO OMPENeTseTCs] paCUeTHBIH
BHYTPEHHHI TUaMeTp pe3b0bl 0oTa

a- [
,

! IO ]

a 3aTeM MIPUHUMAETCS IO COOTBETCTBYIOLIEMY CTAHIAPTY Takas pe3p0a, y KOTOpon

BHYTPEHHHI TUaMeTp OJIrKaumii 00BN K OTyYEHHOMY.

2.2.11. Ilpumepl

Omnpenenuts AuaMeTp O00JITa B COSTMHEHUH, TPUBEACHHOM Ha puc. 2.15.

JlelicTByeM B COOTBETCTBHUH C aJITOPUTMOM.

1. AHanu3 KOHCTPYKILUH C LIETBI0 YCTAHOBUTH HANPSXKEHHOE 3TO COE/INHE-
HUE WIH HET.

Bont ycranoBieH ¢ 3a30poM. UToObI 3TOT 3a30p HE HAPYILIUIICS [TOCIIE IPU-
JIO’KEHHUSI BHEIIHEW CIBUTAOIIEH HArPy3KH, 10 3TOTO HYKHO NPUXKATh AETAIN OJ-
HY K IpyTro# Tak, YTOOBI cIBUTAIOIINE ycriinsl P ObUIM MeHbIIIe, 4eM AeHCTBYIO-
M€ Ha CTBIKE JeTasiell cuiibl TpeHus F.p. [loaTomy 31O coenunenue tpedyet
NpEeIBAPUTENLHOMN 3aTSKKH U, CJIEA0BATENBHO, 3TO HAIPSHKEHHOE COEMHEHUE.

2.CocTaBuTh ypaBHEHHE, CBI3bIBAIOIIEE YCIOBUE PAOOTOCIOCOOHOCTH CO-

g €ANHSIEMBIX JeTaNe U yCUIIHe MpeBa-
— PUTENBHON 3aTSHKKU COETMHEHHS.

| ] | Jeranu HenoaBuxHbI, ecinu Fr,, > P. Ho
cwiibl TpeHus Frp, 310 mponssenexnne
HopMasibHOTO faBieHust N Ha koaddu-

vacKocms cmsKa 7 nueHT Tpenus f . B kauectBe HopMaiib-
L I HOTO JABJICHUS 31€Ch JEUCTBYET YCUIIME
A 3aTsDKKA (OHO TIEPIICHANKYJISIPHO TUTOC-
KOCTH CThIKa Aetanieid). [loaromy
Puc.2.15. K mpumepy Nel Frp=Fxf>P
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OTO U €CTh YpaBHEHHUE, CBA3BIBAIOILIEE YCUIIUE TPEABAPUTEIBHOM 3aTKKU
Fx u cauraromee ycunue P. Orcroga

3.IlockonbKy MaTepuaibl U YCIOBHs pabOThI COEIMHEHUS B IPUMEPE HE KOH-
KPETU3UPOBAHBI, IPOITYCKAaEM TPETUH Al AJITOPUTMA.
4 MuHUMAaIbHBIN pacyeTHBIN BHYTPEHHHUM quaMeTp pe3rObl 60iTa

, AR K
di= |~ X7

o]

rae K — koapurmenT yanThIBaromuii JOMOTHUTEIBHBIC HATIPSHKEHUS OT
KPYYCHHSI.
5.Teneps Mo cTaHAAPTY U IO OJIYYEHHOMY BHYTPEHHEMY JTUAMETPY PE3bObI
HaxO0JUM €€ HOMUHAJIbHBINA TUaMETP
2.2.12. Ilpumep 2.
OnpenenuTs AuaMeTp 00JITa B COCTMHCHUH, TPUBEICHHOM Ha puc.2.16.
£ 1. AHanu3 KOHCTPYKIUU C
A LIEJIBIO YCTAHOBUTD HAIIps-
YKEHHOE ATO COCIMHECHUEC
WJIA HET.
BonT rmocraBnen 0Oe3 3a-
P 30pa. CoequHsIEMbIM JeTa-
JISIM MEIIAeT CABUHYTHCS
TIOCKOCITIE CIMbIKG /\\& CTCPKCHDb oonra. Ecin Obl
| | €ro Hpoqriocn, ObLIa HEO-
CTaTOYHOM, JIETAJIN CMe-
| A CTHJIHCH OBI, IIepepe3aB
ero.
Puc.2.16. K nmpumepy No2 OueBUAHO, YTO B ATOU
CUTyaIliU TIpeIBapUTEIIbHAS 3aTsDKKA HYKHA JUIIb JJIs1 TOTO, YTOOBI JICTAJIN HE
pacnaganrch. ITO HE 3aTSHKKA, a CKOpee MOJATITMBAHUE JeTaliel APYT K APYTY.
CrnemoBartenibHO, ATO HEHAIIPSKEHHOE Pe3b00BOe coennHeHne. HemoaBmkHOCTh
COCIMHSEMBIX JeTaIel 00ecIeunBaeTCs MPOYHOCTHIO CTEPIKHS Ha Cpe3 IO III0C-
KOCTH CThIKA JICTaJICH.
2.YpaBHEHHE MPOYHOCTHU TIPU Cpe3e

P
Tcp :K = [TCP]

3.ITockoabKy MaTepHalibl U YCIOBUSI paOOThI COEAMHEHUS B TPUMEPE HE KOH-
KPETU3UPOBAHBI, IPOITYCKAEM TPETUH LAl AJITOPUTMA.

o

TCd2c
4

!
4. Haxoaum u3 ypaBHEHHUS IPOYHOCTH dc‘ Tak kak A=
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4P

d = ﬁ
c :
TUYT cp
5.Heo06xoaumMo NpUHATH BEIMYUHY dC Onmvoxaifieit OobIIeH enoi K moy-

/
YCHHOMY 3HA4YCHUIO dC H II0CJIC 3TOI'O IIPOBCPUTH €T0 U COCAUHACMBIC NICTAIN HaA

CMSTHUC
CM
d,s

HomuHanbHbIi (MM HAPYKHBINA) AUAMETP PE3bOBI d B sToMm ClIy4ae NpUHHU-
MaeTcs

o < [GCM]

d= dc— (1...2)mm

B COOTBETCTBUU CO CTAHIAPTOM Ha pe3b0y.

2.2.13.Pacuet rpynnoBbIX pe3b00BBIX COETUHEHUN

W3 ananu3a HarpyXeHHOCTH OOJITOB OIpeesnseTcs: Hauboliee HarpyKEHHBIH.
Jliis Hero BeAETCs pacyeT Kak JUIsl OJMHOYHOro 6onta. Pasmepsl ocTaibHbIX 6071
TOB COEAMHEHUSI IPUHUMAIOTCS TaKUMHU ke. KonndyecTBo 60aTOB 3a/1aéTCsl KOH-
cTpykuueil. IHorna noctynaroT Ha000pOT: 3aJal0TCs AUAMETPOM O0JTa, a KOJIU-
4eCTBO OOJITOB ONPEACIISAIOT U3 pacuera.

2.2.14. Onpenenenne AOMYCKAEMbIX HAPSDKEHMIM IPU pacd€rax Ha

CTaTUYECKYIO IPOYHOCTh PE3bOOBBIX COETUHEHHM

[TockonbKy OOATHI Yallle BCErO M3rOTABIMBAIOT U3 INTACTUYHBIX MAaTEPHAJIOB,

JOIMYCKAaeMO€ HAIMPSKEHUE ONPEEISIETCS IO BBIPAKEHUIO

o}

IIpenen Texydect O_ ONPEIENsETCs 1O CIPABOYHHKY, B 3aBUCHMOCTH OT

MaTepuana.

Koo uiuent 3anaca S Ha3HagaeTcst B CISIYIONINX MPEIeIax:

-TIpU KaTacTpO(UUECKUX TTOCIECTBUSIX BOZMOXKHOTO 0TKa3a pe3b00BOTO CO-
CAMHEHUS - 110 HOPMATHBAM CIICIIHAIbHBIX OPTaHU3AIUH;

-J1JIs1 HEHANPSIKEHHBIX COCTMHEHUM S=15.. 3

-JI7Is1 HATTPSHKEHHBIX COCIMHEHUN MTPU HEKOHTPOJIUPYEMOH 3aTsDKKe (TIpU
cOOpKe He KOHTPOJIMPYETCS MOMEHT 3aTSDKKH TMHAMOMETPUYCCKUM KITFOUOM)

S=4..6 JU1s1 O0JITOB IMaMeTpoM 110 16 MM 1 S=15..4 1151 O0JITOB TUaMETPOM

16MM 1 Gonbiie. Takoe pasziesieHre BBEICHO IMTOTOMY, YTO OOJITHI Majoro AUaMeT-
pa JIErKO NMEePErpy3uTh yKe MPHU 3aTHKKE CTAaHIAPTHBIM KITFOUOM;

-JUISl HATPSDKEHHBIX COCIMHEHHIT PU KOHTPOIMPYeMoii 3aTskke S=1.5...2.5.

[Tpu HEOOXOIUMOCTH pacu€ToB Ha Cpe3

[t~ (0.2..0.4)5_~(0.6...0.8)|c, |

[Tpu HEOOXOIUMOCTH pacuéTa Ha CMSITHUE CTATBHBIX OOITOB U JeTaNeH
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[GCMJz 080 ,
JUUISL 9yTYHHBIX JIeTalIei

lGCMJz 0.4 G,y
uig 0etoHa |O CMJ% 1...2 MIla,
TJ1s1 IepeBa GCMJz 2...4 Mlla.

2.2.15. BnusiHME 3KCLIEHTPUYHOCTH HArpy3Ky Ha HAIPSHKEHHOE COCTOSIHUE
CTEpkHsI OonTa
OKCLIEHTPUYHOE HATPYKEHHE MOJIy9aeTCsl B CIIydasiX MPUMEHEHUs OOJITOB C
I'- o6paznoii (puc.2.17) wim 4acTUUHO CPE3aHHOM roJI0BKOM (puc. 2.18), unu npu
HenapaJuIeTbHBIX OMOPHBIX TOBEPXHOCTAX COSAMHIAEMBIX JIeTalel, o0pasy-
romux yroa y (puc.2.19).

o

xM

Fﬁ; \

- t\_/'/f /

Puc.2.17. bont ¢ ['-06pa3Hoii ronoBkoit  Puc.2.18. boat ¢ wactuyHo cpe-
3aHHOW I'OJIOBKOM

—\
i
!

=

— ] |
|
i |
f \

~/
' |
r—‘ { i
Puc.2.19. HenapamiensHOCTB Puc.2.20. Ananu3 Harpy>k€HHOCTH
OMOPHBIX TOBEPXHOCTEN CTEepakHs 00Ta

Bce atu coenriHeHMs IpeIBAPUTEIBHO 3aTATUBAIOTCA YCUINEM Fy, Tak Kak Be3/e
OOJTHI YCTAHOBJIEHBI C 3a30POM.

Oco0EeHHOCTh COETMHEHHI B TOM, YTO Harpy3ka (peakiusi COeIMHIEMbIX Jie-
TaJeil Ha UX CKATHE MPHU 3aTSHKKE COCIMHEHHSI) CMEILIEHa OTHOCUTEIIBHO OCH
cTepxHs 00JITa U MOATOMY €€ He0OX0IMMO TEePEeHeCTH Ha 3Ty ock. [lepenoc, BbI-
MOJIHSAETCS 10 ITpaBUiIaM TEOPETUUECKON MEXAHUKHU: B TOUKE NIEPEHOCA TPOBOIUM
JIMHUIO, NapaJUIETbHYIO0 IEPEHOCUMOMY BEKTOpY (Ha puc.2.20 asis ynpolieHus pu-
CYHKa OHA CMEILIEHA), a 3aTEM B 3TOM TOUKE MPUKJIAABIBAEM JIBE CHJIbI, HAIIPAB-
JICHHBIE B POTHUBOMOJIOKHBIE CTOPOHBI 10 MPOBEACHHOW JIMHUU. MI3MEeHEeHnH B 3a-
I'PY>KEHHOCTH CTEP>KHS HET, HO ATOT MPUEM MO3BOJISIET IPOAHAIM3UPOBATh HArpy-
YKEHUE CTepkHs Oonta. B pe3ynbpTaTe moiydyaem, 4yTo cTepKeHb 00aTa u3rudaercs
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BCJIEJICTBUE AeCTBUSI MOMEHTOB M=Fy0 u pactsiruBaetcs cunamu Fy. To ecThb B
CEUEHUAX CTEPXKHs 00JITa IEUCTBYIOT OJHOBPEMEHHO HAIPSHKEHUS OT Jieopma-
Ui pacTsokeHus U u3ruda. Kpome toro, npu 3aTsKKe COCTUHEHUS CTEPKEHb 00JI-
Ta cKkpyuuBaeTca. CyMMapHbI€ HAMPSHKEHUS B MIOTIEPEYHOM CEUCHUU CTEPKHS

Oonra O =0,K + O..
4F,
3neck: HanpsoKeHns pactxenus Op= — 7
nd;
M 32F, o
HaNpsHKCHUS M3ruda Oo,= = X3 :
W nd;
4F 32F,o _4F o
CymMapHble HanpsokeHuss Omax = ); K+ )é = ); K+87) =90,.
nd; ndy  md; d,

[Tomy4yeHHO€E BBIpa)KEHUE CHPABENIUBO JJIS CIy4aeB, IPUBEACHHBIX HA PU-
cyHkax 2.17,2.18. Pacuér coequHeHns B Cilydae HENApaJLIEIbHOCTH ONOPHBIX I10-
BepxHocTel (cM.puc.2.19) npoBoasT ¢ yuéTom nedopmanuu, 10MycKkaeMou yriaiom

Y. 31ech 5TOT pacueT He npuBoauTcsa. Ho Bo Beex ciyyasx, 04€BUIHO, YTO IKC-
LEHTPUYHOE HArPy>KEHUE MOKET 3HAYUTEIILHO MOBBICUTH HAIIPSKEHUS B CTEPIKHE
0onTa, T.€. CHU3UTh €0 MPOYHOCTh. [103TOMY HEOOXOIUMO TPUHUMATH MEPHI,
YCTPaHSIOIIUE TaKOE HArpy>KeHUE: JTMOO MIaHUPOBATh HEPOBHBIE TOBEPXHOCTH,
100 MOAKIAABIBATH MO TalKy KOCYIO 1Iaii0y, TMO0 MEHSATh KOHCTPYKIIUIO CO-
€IUHCHUS.
2.2.16. Pacu€t pe3p00BBIX COETMHEHUI, HATPY>KEHHBIX IIEHTPATHLHOMN
OTPBIBAIOIIEN CHIION

Takue coenMHEeHNs 10 NPUIOKEHUS BHEIIHEHN MTOJIE3HON HArPY3KH 3a-
TaruBaroTcs. [locne npuimoxeHns BHENTHEN MMOJIE3HOW HArpy3KH MOSIBIISIETCS 10-
MOJHUTEJIBHOE YCUJINE, CTPEMSILIEECS OTOPBATH OJIMH AJIEMEHT COCIUHEHUS OT
npyroro. Hanpumep, KpbIlIKy HUIMHAPA OT HUIUMHApPA (puc.2.21.a) oTphIBaET AaB-
JIEHUE KUJKOCTH, TOJAHHOW B HWJIUHAP, a4 HOAIIMIHUK OT OCHOBAHUSA, HA KOTOPOM

OH 3aKkperui€H (puc.2.210), oTprIBacT BEpTUKAIbHAS COCTABJISIFOIIAS QB HAaTsKe-
HUs KaHata. E€ 10BOIBHO JIeTkO OOHAPYKUTh, €CIIM MEPEHECTU HATSHKEHNE KaHaTa

Ha OCb BpalllCHUA
al KpblKa o) HOMIXEHLIP
bapadar

yuALHaa Kanama

LITIBIK KDBILLUKL

X e
U yumHgon ApoKAacka

O0/mbl KOENAEHUA

[nockocme

CiTbIka 1 v I

bOAmb KDENACHLS ﬁaéfuunw«
MOGUILITHUKG K OCHOBOHLG JapadaHa

YLD

KObILUKY

Puc.2.21. Cutyaruu, npuBOSIINE K HATPYKEHUIO OOJITOB IIEHTPATBHON
OTPBIBAIOUIEH CUJION: a) KPEIJIEHHUE KPBILIKY [UINHAPA;
0) KperuieHre MOAIIMITHUKOB OapabaHa
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GapabaHa 1 3aTeM PasliokHUTh ero Ha BepTukanbHyio Q, u ropusontamsuyo Q,
COCTABJISFOILIHE.

B 00oux nmpuBeIEeHHBIX TPUMEPAX COCTUHEHUE OyaeT paboTOCIIOCOOHO TOTh-
KO B TOM CITy4ae, €CJIM Ha TOBEPXHOCTH CThIKA COCIMHSEMBIX JeTalCH OCTaHeTC s
KaKoe-TO JIaBjieHue. Eciu 3Toro ocTaToYHOTo JaBieHUs He OY/IET, TO U3 1O/
KPBIIIKY OWIHHpPA Oy/IeT YTeuKa )KUIAKOCTH, a MOAIIUITHAK ITPH MaJeHIleM n3Me-

HEHUH TOPU30HTAILHON COCTaBIISIIOLIEH Qr OyJlleT nmepeMeniaThCss OTHOCUTEIBLHO
OoCcHOBaHMs. TakuM o0pa3oM, yciaoBue pabOTOCTIOCOOHOCTH COSTMHEHHUM TaKOTO
THUIIa — OCTATOYHOE JaBJICHUE HAa IIOBEPXHOCTH CTHIKA AIEMEHTOB, T.€. Fx > 0.

Kak y>ke roBopuiioch, COEAMHEHHUE TIPEBAPUTEIBHO 3aTATUBACTCS YCUITUEM
Fxo. B pe3ynbrare 310 3aTsKKH 60AT yanuHseTcs Ha Als, a 1eTalld CKUMAIOTCS
Ha Al (ecnu ecTh MPOKIIAJIKA, TO CKaTa MPOKIIAJIKa). BoAT CkuMaeT aeraiu ycu-
aueM Fyo, a AeTanu 1aBsAT Ha OOJT TOXKe ycuiaueM Fyo.

Tenepp HArpy3uM COCAMHEHUE TTOJIE3HOM BHEITHEW Harpy3kou P. [lox neu-
CTBUEM ATOU HArpy3Ku OOJIT JOMOIHUTENBHO yITUHUTCS Ha O, @ 1epopManus Je-
Tajgeil yMEeHbIIUTCA Ha O,. [loka MaTepuaibl 2JIeMEHTOB COEIMHEHUS pabOTarOT B
npenenax yupyrocTH, CThIK HE JOJKEH PACKPBIThCA, T.€. 0 = 0,. Tak Kak mociie
MPUIOKEHUS BHEIIHEN NOJIE3HOW HAarpy3Ku AeopMaliis CoKaTblX JeTanei
yMEHbIIWIACH (00T BEb JOTOJHUTEIHHO YIJIMHUIICS Ha Op), ACHCTBUE UX HA
OOJIT TOXKE TOJIKHO CTaTh MEHBIIIE IOTOMY, UTO yIpyrue aedopManuu mpornopiu-
OHaJILHBI HArpy3Ke, TENeph

Fx<Fxo+P

O06o03Ha4uM Y — k02((HULMEHT BHEIIHEHN HAarpy3ku. OH IOKa3bIBAET OO

BHEIIIHEN HArpy3KH, KOTOpasi B COeIMHEHUH NMPUXO0UTCs Ha 60aT. Teneps gomod-

HUTeNbHas Harpyska Ha 6ont Y P, a ma neramu — (1 - ()P.

Eciu no/1aTimBOCTh 6071Ta Ag, a feTaseii - Ay, TO JOHONHUTEIbHAs Aehop-
Marys 0onra g = MXP, a neraneit 8,= Ay (1 - Y)P. Tak xax cTbIk HE packpbuI-
cs, 10 AP = Aq (1-Y)P. Orciona

X= Ha
Aeth,
13 5TOro BHIPAXKEHHS CIISAYET: YeM OOoublie Ag ¥ 4eM MEHbIIE Ag, TeM
MEHBIIIE JI0JIs1 BHEIIHEW Harpy3Ku, IpUXoasuiascs Ha OOIT.
[TonatnuBocTy 60/1Ta U COEUHAEMBIX JIeTaNel ONpeeaI0TCsl HA OCHOBAaHUU
BBIPAKCHUU

¢ b
hg=—5— u A=A
E Aq EA,
31E€Ch €6 ~ bI[ - JJIMHa 0oaTa u CyMMapHas TOJIKUHA COCIUHACMbBIX I[eTaJ’Ieﬁ

U IIPOKJIa0K, Ei — Moaynu ynpyroctu 60Ta U COEIUHSEMBIX IeTaneu, Aj — mio-
I1a]11 TIOTIEPEYHOT0 ceueHus 00ITa U, C PSAOM HOMPABOK, COSAUHIEMbIX JeTalIeH.
Jlis mpuOIMKEHHBIX Pacu€TOB MOXKHO MPUHUMATH!
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- IPU COEIMHEHUY CTalIbHBIX AeTanel 6e3 npoknagok Y =0.2...0.3;

- Ipy Hanuuuu npoknagok Y = 0.4 ...0.5, monaTiauBOCTHIO IeTaNeH B 3TOM
cllyyae MOYKHO MPEHEOpeyb.
PacueTtnas Harpy3ska Ha 0ot
Fx = Fxo + %P.
OcTaTo4HOE JTaBJICHUE B CTHIKE MOCIIC MPUIIOKCEHHS BHEIITHEH TI0JIC3HOM
Harpy3Kd

FX = Fx() - (1' X)P.
Ilo YCJIIOBHIO pa60TOCHOCO6HOCTH COCOANHCHUA

Fxo— (1- X)P>O

[ToaTomy
Fx() > (1' X)P

OOBIYHO MPEABAPUTEIBHYIO 3aTSKKY BBIIOJIHSIOT C 3al1aCOM
Fxo=p (1- X)P

rae B=1.3 ... 1.5 npu noCTOSIHHOM Harpy3Ke;
B=1.5...5 npu nepeMeHHOMN Harpy3Ke.
3Has Harpy3Ky Ha OOJT, ONPEACNIIeM pacueTHBIN BHYTPEHHUN AUAMETP Pe3b-
Obl OonTa

1 [AFEKP)
'V de]

a 3aTeM, 10 COOTBETCTBYIOIIEMY CTaHJIAPTYy, 1O di noadupaeM pe3noy.

2.2.17. Pacu€t pe3b00BBIX COCTMHEHUN TTPU TTIEPEMEHHOM HArpy3Ke

[Tpu neiicTBUM MEPEeMEHHBIX HArPY30K Pe3b0OBBIE COSAMHEHUS 00I3aTEIHHO
BBITIOJTHAIOT C MIPEIBAPUTEIBHOM 3aTHKKOW M PACCUMTHIBAIOT HA YCTAJIOCTD.
ITpu cOopke Takoro COeAMHEHUS B pe3yJibTaTe MPEABAPUTEILHON 3aTIKKHU B
CTepKHE 00JITa BOZHUKAIOT HanpsikeHus (puc.2.22)

g [Ipwm nelicTBuM nepeMeHHON HAarpy3ku P mosBiis-
I0TCSl aMILIUTYAHBIE HATIPSIKEHUS

f P
/\ | / \ G, = X0
VARV -
- L 5 Torma cpenune HanpsoKeHUs 00ITa IIPH EPEMEH-
& p p pu miep
k:,ES (o HOM HaFI)Y)ICCHI/II/I

S C_=0.+0C ,
m 0 a

4 A MaKCHMMAJIbHBIC HAIIPSKCHUS
Omx=0,_+ O_.
max m a

Puc.2.22. Hanpsbxkenust B ctepHe 0oaTa
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Pacuet HocuT mpoBepouHslii xapaktep. Onpeaenstorca KodhUIMeHTH 3amnaca
MPOYHOCTH MO AMIUTUTYIHBIM 3HAYEHUSIM HANPSHKEHUN U TT0 MAKCUMAJIbHBIM.
KoaddummenT 3anaca mpoyHOCTH 1O aMIUIUTYIHBIM 3HaYEHUSIM HaIPSKEHUN

sa:SKG—lpz[sa],

rIe Sa - IEUCTBUTEIbHBIN KOA(PGUIIMEHT 3armaca IpOYHOCTH 10 aMILIUTYI-

GGa

HBIM 3HAYCHUSIM HaNpsHKESHUH;
|_SaJ = 2.5 ... 4 — nomyckaembiii KOA)PUITMESHT 3amaca MPOYHOCTH 110 aM-

ININTY AHBIM 3HA4YCHHAM HaHpHX(eHHﬁ;

o _1p " TIPENIET BHIHOCMBOCTH MaTepHala 00JTa NpU pacTsHKEHUH MpU

CUMMETPUYHOM ITUKJIE HAMPSHKEHUIT; 0OBIYHO MPUHUMAIOT O - 0.350; , a 3Ha-
—ip
YeHUE npejiesia IPOYHOCTH Gy NPUHUMAIOT IO CTAHJAPTY JUIsl BBIOpAaHHOTO MaTe-
puaina;
£

29 € — macmtaOHbIN KO3 (DULIMEHT; Xa-
05 \ paKTEpU3yeT BIUSHUE pa3Mepa CTepxKHs 0oyTa

N Ha BEJIMYMHY Ipeesia BBIHOCIMBOCTH. 3HAUE-

a7 \\ HUsl 3TOro KodhduimenTta st 60JITOB Mpe/i-
06 \\ CTaBJIEHBI B BUE rpaduka Ha puc.2.23.
el

05 ~~— K6= 4...6 —>ddextuBHbIl  KO0IPPU-

04 [IMEHT KOHILIEHTPAIUX HANIPSDKEHUH 7151 O0NTOB
B 2 2 4048 5% 64 72 9™ y3 yruepoAuCTON CTANM ¢ METPHUECKOH pe3bOoil
Puc.2.23. MacmraOHbIit [IPU HEKOHTPOJIUPYEMOU 3aTSIKKE;

KO3 HUIIEHT KG =1.5...2.5 npu KOHTPOIUPYEMOU 3aTIKKE.

KoaddumnmenT 3anaca o npejeinry TeKy4ecTH MaTepralia onpeaesisoT 1o
dbopmyie

S=c_lc,__ 2|
GT Gmax —Lr
rae O - - IPCACII TCKYUCCTH MaTCpHalla 6OJITa, IMPUHHUMACTCA 110 COOTBCT-

CTBYIOIIIEMY CTaHIAPTY;
S|=1.25...2 — nomyckaemslii K03 UIHEEHT 3araca MPOIHOCTH IO
npeeny TeKy4eCTH.

KoumponvHuie 6onpocul
2.1.Knaccugpuxayus coedunenuui. Ocnognoe mpebosaHue K coeOUHeHUsIM.
2.2. Pe3bbbl: pazHo8uOHOCMU U OCHOBHbLE XAPAKMEPUCTNUKU.
2.3.Cunosvle 3a8ucumocmu 8 pesvoe: Cubl.
2.4.Cunosvle 3a6ucumocmu 8 pesvbboe: MOMEHNbL.
2.5.Venosue camomopmodicenus 01 pesvouol.
2.6. Cmanoapmu3zayusi 31eMeHmos pe3bb08020 COeOUHEHUs.
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2.1. Onpeodenenue HanpsiceHUll 8 cmepaicHe 6OIMa NPU 3aMsHCKe COCOUHEHUS
2.8. Knaccuguxayus pe3o606bix coeOuHeHuUll.

2.9. Aneopumm pacuema HAnpsdiceHHbIX pe3bO0BbIX COCOUHEHU.

2.10.Ancopumm pacuema HeHaANPANCEHHBIX Pe3bOOBHIX COCOUHEHULL.

2.11. Pacuem pe3v606bix coeOuHenuil, Ha2pyiCceHHbIX YeHMPATbHOU Ompblealouleli
CUIOU.

2.12. K uemy npuooum skcyenmpuyHoe Hazpyicerue ooima?

2.13.Pacuem pe3b606bix cOeOUHeHUll NpU nepemenHOM HA2PYHCEHUU.
2.14.Onpeoenenue 0onycraemvix HANPAXCEHUU NPu paciemax pe3bbo6vix coeou-
HeHUU.

2.3.Knemmosvie coedunenus
DT0 pa3bEMHBIE COCIUHEHUS, TTPEAHA3ZHAYCHHBIC /I 3aKPETUICHUS AeTaneil
Ha BaJlaX, OCSIX, KOJIOHHAX U T.II. €CJIM ATH JCTalIu TpeOyIOT MepecTaHOBOK UIIH
JPYTUM CIIOCOOOM MX MPOCTO HEIb3S YCTAHOBUTD.
Kiiemma nipeacraBiiser co0oit AeTanb Co CTYIUIICH, HMEIOIIEH mpopeshb
(puc.2.24.a), unu ¢ pazbéMHOU cTynuieit (puc.2.24.0).

al o)
CmaxHOL cmyuya Pa30e3HAT
oo/ C Npapesbe cmynuya
KX
A
X \
Dbz > Db402
Ban Ban
CIMAXHIU
oaam

Puc.2.24. CxeMbl KJIEMMOBOT'O COEIMHEHUS: a — CTYIUIIA C POPE3bIO;
0 - ¢ pa3pe3Hoil CTynuIeH.

[Ipu 3aTsKKe OOITOB CTYMHIIHI €€ MOJOBUHBI MIPHUKUMAIOTCS K ITUIUHIPUYIC-
CKOM IMOBEPXHOCTH, Ha KOTOPYIO CTaBUTCS KiiemMMa. B pe3ynbrare 37ech MosBiis-
I0TCS CHJTBI TpeHUs. MOMEHT CHIT TpeHHs o0ecIieunBaeT repeaady BHEITHETO Kpy-
TSAIIETO0 MOMEHTA WJIH OCEBOW CHJIBI, UJIM TOTO U APYTOr0 BMECTE.

VY Takux COCTMHEHHWI Harpy304Has CIIOCOOHOCTh CHIIBHO 3aBUCHUT OT TEPBO-
HAYaJIbHOTO 3a30pa MEXK/Ty BaJIOM U CTYNHIICH KiaeMMbl. Eciu 3a30p OyneTt 601b-
IITMM, TO KJIEMMa MOXKET IMPOCTO CIOMAThC. B COBpeMEHHOM MaIIMHOCTPOSHUN
pa3Mephl IeTajaeii KIEMMOBOTO COSIMHECHHUS BBITTOTHSIOT TIOJT MIOCAKY THIIA
H&/h8. I1pu Takoii mocaake odecrneynBacTcs cBOOOHAs cOOpKa 0€3 M3JIUIITHHUX 3a-
30pOB.

JIOCTOMHCTBO COETMHEHUI — BO3MOKHOCTh YCTAHOBKH JIeTajeil B JIIOOOM Me-
CTE 32KUMAEMOTO CTEPKHS, B JIIOOOM YTJIOBOM Mo0XKeHuu. Hepocraroxk - mo-
CKOJIBKY COEIMHEHNE TIepeaaéT Harpy3Ky 3a CUET CHIT TPEHHMSI, OOJIBIIINE HarPY3KH,
0COOCHHO TTIepEeMEHHbIE, ITepe/IaBaTh HEIb3.

OpuEeHTUPOBOYHBIN pacueT COSTMHCHHS 3aKII0YACTCs B ONPEICIICHUN pa3Me-
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pa Oouta AJsl CTSHKKHM KJIEeMMBI. PaccMOTpUM coelMHEHUE ¢ MPOPE3HON CTyMHIIeH
(puc.2.25).

2, O
-
A

0
a N [

Puc.2.25. KinemMoBoe coeqnHeHne
[Tpu 3aTspKke 6osTa cUIoi Fy TTOJIOBUHKY CTYITHIIBI KJIIEMMBI TTIOBOPAYHBAOT-
cst BOKpyT Touku O u mprkuMaroTcs K Baimy cuitoit N. Benenctsue nprkatus Bo3-
HUKAIOT CUIbl TpeHus Frp,. O4eBuaHO, 4TO yciioBUe pabOTOCIIOCOOHOCTH TAKOTO
COEIMHEHHS

S

M

Frp d>PL
rae Fr, 0 — MOMEHT mapbl CHIT TPEHHS;
PL — BHEIIHUI Iepe1aBaeMblii MOMEHT.
Ho F,p,= Nf. A N mM0HO cBsi3aTh ¢ TpeOyeMbIM YCUIIUEM 3aTsDKKH Oouita Fy.
N3 ycnosus paBHoBecus peryara XM(O) = 0 mosrydaem

d d
Fx(@+—)=N-—.
@) =N,
Orxkyna N= FX @ , a C Y4ETOM YyCIIOBUS pabOTOCIIOCOOHOCTH
F= b
(2a+d)f

Tak Kak coeIMHEHHE MPEABAPUTENBHO 3aTSIHYTO (4TOOBI CO3AaTh CUIIBI Tpe-
HUS), TO CTEP>KEHb 00JITa CKPYYUBAETCS MPU 3aTAKKE U TOITOMY TpeOyeMbIii

BHYTPEHHHI TUaMeTp pe3bObl 0oJiTa di
4F K

o]

[To 3TOl BenMUYMHE B CTaHJAPTE HAXOAUTCS pe3b0a, y KOTOPOl BHYTPEHHUI

9 o o !
AUaMCTp — OM KaMIIKA OOJIBIITUH K IMOJIYIYCHHOMY paCYCTHOMY 3HAYCHHIO dl.

[Tpu HEOOXOIMMOCTH Mepeladyl OCEBOr0 YCUIIMS ICUCTBUS aHATIOTUYHBI.

Ecnu oqHOBpEMEHHO JEHCTBYIOT MOMEHT U OCEBOE YCHIIME, TO HAXOATCS
pa3enbHO YCUITUE 3aTSKKU HEOOX0IUMMOe 7Sl TIepe/layd MOMEHTa U YCUJIUE 3a-
TSKKH HEOOXO0IMMOE JIJIsl Iepeiaun oceBoil Harpy3ku. CyMma 3TUX yCUIIMN JaéT
HEO0OXO0IMMOE YCUJIUE 3aTsKKUA  Fy.

[Tpu pacuerax Takux coeqMHEHUN OOBIYHO BBOIUTCS KOd(hPHUIMEHT 3amaca
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no BHemHe# Harpyske 3 =1.2 ...1.8 nis yuéra TMHAMHUYHOCTH HAarpy3KHU U 0CO-
OEHHOCTEN CoelMHEHUs. Y CIIOBUE pabOTOCIIOCOOHOCTH B 3TOM CIy4yae MPUHUMAET
BUJ

Frp d>p PL.

KoHTpoJsibHBIE BOIPOCHI
2.15. Ha3naueHue 1 pa3HOBUIHOCTH KJIEMMOBBIX COEMHEHUIA
2.16. Yem obecrieunBaeTCs U OT YETrO 3aBUCUT PabOTOCIIOCOOHOCTH KIIEMMO-
BOT'0 COECIMHEHUS?
2.17. JlocTOMHCTBA M HEAOCTATKH KJIEMMOBBIX COCTHHCHUM.
2.18. Kak onpenenuts auametp 001Ta KIEMMOBOTO COSIUHEHUS?

2.4. IlInonounsie coeounenus

[IImoHka — 3IeMeHT, KOTOPBIH 3aKJIaIbIBAETCA MEXK/y BaJIOM U CTYIHIIEH CH-
nsneit Ha Hém netanu. [InoHku ciaykaT, raBHBIM 00pa3oM, s iepeaadu Kpy-
TAILIETO MOMEHTA. B MOABMKHBIX COETMHEHUSX OHU MOTYT CIIY’KUTh HaIllpaBJIsiio-
M. KIMHOBBIE HITTOHKH, KPOME TOTO, BBITIOJIHAIOT OCEBYIO (PUKCAIIMIO I€TaJICH.
Pa3Mepsbl MINOHOK U AOMYCKU HA HUX CTaHJAPTU30BaHbI.

PaznuyatoT HanpsHKEHHBIE M HEHANIPSKEHHbBIE IITTOHOYHbIE COEIMHEHMS. B
MIEPBOM ClIydae Mpu COOpPKE COSAMHEHUS 0 MPUIIOKEHUS BHEIIHEH HATPY3KH B
€ro JIeTaJsIX CO3/Ial0TCsl HAMPSKEHUS, BO BTOPOM — MPU COOPKE HAMPSHKEHUS B Je-
TaJISIX HE MOSBIISIIOTCS.

HanpskeHHBbIE COSTMHEHUS.

Takue coeMHEHUs CO3AAI0TCS KJIMHOBBIMU IITIOHKaMH, Y KOTOPBIX TIO CIIO-
coOy pacroyIoKEeHHs MEXy BaJIOM M CTYMHIEH paznuyaroT (puc.2.26) Bpe3HbIe —
KJIMH, KOTOPBIN 3a0UBaeTCs B MPOPE3b Ha Bajy U Ma3 B CTYIHUIIE, HA JIBICKE — Ha
BaJly 00€CIIeYrBAETCs TUIOCKAs TUIOMIAIKA - JILICKA, (DPUKIIMOHHBIE — JIbICKA HA
HIMoHKe 1o (popMme Bajia U TaHreHnuanbHele. [locneaaue oOpa3yroTes 1Byms
IITIOHKaMU, KaXK7asi U3 KOTOPBIX, B CBOIO OYepe/b, COOMPAETCS U3 ABYX KIMHbBEB.

W22 % y .

/4
. el L7
Puc.2.26. lllnoHo4HbIE COEIMHEHHUS: a) BpE3Hasi KIIMHOBAs IITIOHKA;
0)mImoHKa Ha JIbICKE; B)(PUKIIMOHHAS [ITIOHKA; T')TAHT€HIIMAIbHAS IIITTOHKA
Bce 311 mmnoHKM BBINOJIHAIOT ¢ YKJIOHOM 1:100. DTOT € yKiIoH npeaycmar-
PHUBAIOT JJIS Ia3a CTYIHULBI Y BCEX IIMOHOK, KPOME TAHT€HLIUAIBHOM. 31€Ch KIIN-
HOBBIMH BBIINOJHEHBI 3JIEMEHTBI, U3 KOTOPBIX COCTOST IIMOHKHU.
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VY KIMHOBBIX MITIOHOK paboyne — MHUPOKKE TPaHH, & IO OOKOBBIM MPEITyCMOT-
peHbI 3a30pbl. HanpsokeHHOCTh COeIMHEHUM TTPU COOpKE BOSHUKAET BCIICACTBUE
HaTsra MEX/ly BAJIOM M CTYIUIIEH B paiiaIbHOM HAIlPaBJICHUHU.

HenoctaTku Takux COeIMHEHUMN:

- OKCIIEHTPUYHOCTh COCIUHSIEMBIX JETaJCH;

- HeoOX0AMMa 3arpecCcoBKa Mpu cOOpKe (IIPOIIe rOBOPs, IPUXOIUTCS OUTH
IO IITMOHKE MPH COOpKe);

-BO3MOXEH MEPEKOC JCTAIEH;

- TEXHOJIOTHYECKHE CII0KHOCTH, TaK KaK HEOOXOMM YKIIOH T1a3a, KOTOPHIi
TpeOyeT MHANBUIYATbHON TIOITOHKH.

N3 KTMHOBBIX MIMOHOK CaMbI€ PaCIPOCTPaHEHHBIE — BPE3HBIE, TaK KakK MO
CPaBHEHUIO C OCTAILHBIMU OHH 00Jiee HaIEKHBI, a TT0 CPAaBHEHUIO C TAHTCHIIHATb-
HBIMU — 00JIe€ TEXHOJIOTUYHBI. BeeacTBre yKa3aHHBIX HEIOCTATKOB KIIMHOBbBIC
IITTOHKY MPUMEHSIOTCS PEAKO B OCHOBHOM B TUXOXOJHBIX MEpeaayax.

HenanpsiykeHHbIC IIMOHOYHLIC COSIMHECHUSL.

OO6pa3yroTcs IpU3MaTHIECKUMHU U CETMEHTHBIMHU IIITTOHKAMHU.

[Tpu3maTuyeckas MIMOHKA U3TOTOBIISIETCA U3 MPyTKa HYKHOI'O MaTepuaia
MPSIMOYTOJILHOTO MOMEPEUYHOI0 CEUCHMS, OT KOTOPOT'O OTPE3aeTcs KYCOK HE00X0-
nuMoi JTuHBI. OHA MOXKET OBITh CO CKPYTVIEHHBIMH TOPILIAMH, C OJTHUM CKPYTJIEH-
HBIM, @ BTOPBIM IJIOCKMM TOPILIAMH, C IBYMSI INIOCKUMU Topiiamu (puc.2.27).

Hecronmexue Hcnonkerue 2 Hcnoedue 3

O
( \
S ) \\

Puc.2.27. Bo3MOHbIE HCTIOJHEHUS IPU3MATUYECKON IITTOHKH
[Inonka 3aknagbiBaeTCs B a3 Ha Bajly, a 3aT€M Ha HEe€ HAJBUTAETCs CTYIH-
11a Haca)KMBaeMoi Ha Baj metanu (puc.2.28).
b [r:m

Z4
h

Y
X

N\

29

= |

Puc.2.28. CoeauHenue npu3MaTuieCcKoil MIMOHKON
[Tpu nepenaye KpyTAIIEro MOMEHTA Ha OOKOBYIO MTOBEPXHOCThH IITIOHKH, TTO-
IPY’)KCHHYIO B BaJl, JABUT BaJl, @ HA BRICTYIAOIIYIO YacTh — cTynuia. [loatomy
BO3MOKHBI CMSITUE OOKOBOM MOBEPXHOCTH U CPE3 M0 MIOCKOCTH A-A (puc.2.29a).
B cBs13u ¢ Hen30€KHBIM TIEPEKOCOM IITIOHKHU ACHCTBUTENBHOE JaBJICHUE TIO OOKO-
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BBIM IpaHsiM e€ pacnpezensercs HepaBHOMEPHO (puc.2.296). OgHako 11st pacue-
TOB OHO IIPUHUMAETCS] PABHOMEPHO PaCIpeeIEHHBIM.

Pacuét Ha cmsaTue: c =—bt< [G ] X
CM A CM
CcM
OKPYKHOE€ YCHIIHE Ft =—— TwIomaab cMATUSA (CYUTAs], YTO MITIOHKA IT0-
rpykeHa B Baj Ha 0.5h) ACM = —|. Ioxcrasisis B ucxomuyro Gpopmyiy, moiy-
9UM c =< [G ]
 dhl "™
Pacuér Ha cpe3 ’Ccp =1 < [T Cp]; IJIoIIaab cpe3a Acp =Dl . Moncrasnss
cp
B MCXOJIHYIO (hOPMYITY, TOTYyIUM
’ 2T
— T - S T .
< AL HAE= ? dp| -
Ny Pa3mepsl monepevyHoro ce4eHus ImoH-
KH TTPU3MATHIECKOH IIMTOHKON cTaHaap-
~ ] THU30BaHbI TAKUM 00pa3oM, 4TOOBI 00ec-
: MIEYUTH PABHOIIPOYHOCTD MIPH CMATHUU U
cpese. [loaTomy mpu MpOEKTUPOBAHUH CO-
a) CIMHEHUH CTaHIAPTHBIMH INITOHKAMHU
‘ OOBIYHO pacyeT Ha CPe3 HE BBITIOTHSICTCS.
1 %; [Topsimok moadopa Npu3MaTUYECKUX
*i _ ILTIOHOK.
| 1.Ecnu quameTp Basia He onpeaenéx
| paHee, TO OH OIPENEeIsAeTCs M0 KPYTSIIie-
%) My MOMEHTY U3 YCJIOBHS POYHOCTU
Puc.2.29. K pacuéry coequHeHunit BaJIa MPU KPYUYEHUH.

2. ITo cranmapty mj1s TpeOyeMOro auaMeTpa Bajia OIpeaesiOTCs pa3MephI
MIOMEPEUYHOI0 CeueHus ok b u h.
3. JlnuHa IIMOHKYU OMpeaesseTCs Tu00 U3 pacueTa Ha CMSATHE

4T
l=———:
dhlo.,]
7100 MO JIJTUHE CTYIHUIIbI

I=1_—(5...7)mm,

a 3aTeM IPOBEPSETCS HA CMSITHE.
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B koHeyHOM uTOre mpuHUMaeTcs Oirkaiiinee OoJbliee CTaHIapTHOE 3HAUE-
HUE JIJIUHBI.

Ecnu HanpsKeHHs CMATHS OKa3bIBAIOTCS YPE3MEPHBIMU, TO HYXKHO IIPOBE-
PUTHh BO3MOXHOCTb YBEJIMYEHHUSI IMAMETPA Baja U 3HAUYNAT Pa3MeEPOB IIMOHKHU. Ec-
JI TaKOW BO3MOYKHOCTHU HET, TO MPUXOJUTCS CTABUTD JBE MIMOHKU OOBIYHO MO/
yrioM 180° unu 120°, 9T0 3HAYUTEIBHO YCIO0KHSIET TEXHOJIOTHUIO U3TOTOBJICHUS,
TaK Kak TpeOyeT MHANBUIYaTbHON MOJTOHKU. JTO CUTYallUsl, KOTOPOU HYKHO U3-
oerarts.

B kauectBe MaTepuana A IIMOHOK NPUMEHSIOT CPEIHEYTIIEPOIUCTHIE CTa-
.

Jlonmyckaemble HANPSHKEHUSI CMATHSI B HEMOJIBHYKHBIX IITOHOYHBIX COEANHE-
HUSX IIPU CIIOKOWHOW HATrPy3KE U CTAJIbHOM CTYIHUIE MOXXHO IPUHUMATD
100...150 MIla, nmpu uyrynsoii ctynuiie 60...80 MIIa. ITpu nocaakax aeraneil c
HATArOM MOYKHO TIOBBICUTB JOIyCKaeMoe HanpspkeHue cMsatus 1o 200MlIIa.

[Tpy NOABMIKHBIX COEAMHEHUAX U IIEPEMELIEHUSX 101 HAIPy3KOU

|_G oM J: 5...20MI1a , IpY TIEpEMEIICHUIX 0€3 Harpy3Ku I_G oM J= 20...70MIIa

Yem TsiKenee peskuM padboThl, TEM HUKE JIOMTYCKAEMOE HAIPSIKEHHUE.
CerMeHTHBIE IIMOHKH — BPE3HbIE U, MOJJOOHO MPU3MaTUYECKUM, paboTaoT
060koBoI rpanbio (puc.2.30). OHM XapaKTepU3yIOTCs IBYMS MapaMeTpaMu: IIHpHU-
Hol b u nuameTpom 3arotoBku di. OT MOMYKPYTIIOi 3arOTOBKK OTPE3ar0T KYCOK
toJmuHoM D. ITa3 Ha Bay dpe3epyroT crenuanbHON Gpe3oi, COOTBETCTBYIOIIETO
nuametpa. BeicoTa mmonku npumepro h =~ 0.4 d;. Jlnuna L — Onm3ka k d.
5 L

T -
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0 : ////f////é
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Pnc.2.30. CoennHenne CerMEHTHON IIITTOHKON

CerMeHTHBIE IIMOHKU — CaMbI€ TEXHOJIOTMYHBIC U3-3a JIETKOCTU U3TOTOBJIE-
HUSI CaMUX IIIMOHOK M Ma30B JiJis1 HUX. HemocTaTok CerMeHTHBIX MIMTOHOK - HE0O-
XOJIMMOCTB TJTyOOKOTO 1Ma3a Ha Bajly, 4YTO CHJIIBHO CHIKAeT MPOYHOCTH Baia. [1o-
ATOMY MIPUMEHSIOT UX JIJIS TIepeaadn HeOOIbIITUX MOMEHTOB.

CerMeHTHBIE IIMOHKU PACCYUTHIBAIOT TaK ke, KaK U MPU3MATUYECKUE, TPU-
aumas K =h —t. Pasmep t npunumaercs o cranaapty. Ilopsgok moadopa u mpo-
BEPKH PabOTOCTIOCOOHOCTH IIMOHOK aHAJIOTHYCH MPU3MATHIECKUM.

KonTponbHbIE BOIIPOCHI

2.19. Ha3zHaueHue MMNOHOYHBIX COEIUHEHUH.
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2.20. Pa3HOBUIHOCTH MITTOHOYHBIX COCTMHECHHM.

2.21. HampsiKeHHbIE MITTOHOYHBIE COSTUHEHHUS.

2.20. Henamnpsi>Ke€HHbIE IITTOHOYHBIE COCAUHECHMUS.

2.22. Ilon6Gop u npoBepka paboTOCIOCOOHOCTH MPU3MATHIECKUX IITTOHOK.

2.23. CerMeHTHBIC IITTOHKH.

2.24. JloryckaeMble HAINPsHKEHUSI IPU MPOBEpKe pabOTOCIIOCOOHOCTH IIIITO-
HOK HEHAIPSKEHHOTO IMIIMOHOYHOT'O COCAMHECHHUS.

2.5. 3ybuamule (wauyesvle) coeounerus
CoenuHenne oOpaszyercs BEICTyaMu - 3yObsiMu (IIUIMIIAMU) HA Bally, KOTO-
pBI€ BXOIST B COOTBETCTBYIOIINE TIa3bl CTYMHIIBL. B 3aBUCHMOCTH OT (pOpPMBI IITH-
IIE€B Pa3INYAIOT COCTMHECHUS C IPSIMOOOYHBIMH, YBOJILBEHTHBIMU U TPEYTOJIBLHBIMU
nutuiamu (puc.2.31).

0) 0) 6)
Puc.2.31. IIpoduin 3yObeB NUIHIIEBBIX COEAMHEHUN: a — MPIMOOOYHBIE,
0 — DBOJIbBEHTHBIE, B — TPEYTOJIbHBIE.

DT COeTUHEHUS IPUMEHSIIOT JIJIsl Tiepeadyl MOMEHTOB. [IpsamMoOouHbIe U
ABOJILBEHTHBIE — CUJIOBBIE COCAMHEHUSI, KOTOPbIE MOT'YT OBITh HEMOJBUKHBIMU U
noABWKHBIMUA. COeTMHEHUS CTaHapTU30BaHbl. TpeyrojibHbIE TIEpPeIatoT HEOOTb-
IO MOMEHT B COSJIMHECHMAX TOHKOCTEHHBIX JieTaliel. Yrou npoduis y Hux 60°.
CoenvHeHMs HE CTaHIapTU30BaHbl. B HacTosIeM Kypce He pacCMaTPUBAKOTCHL.

3y0bs Ha Bajlax MOJTy4yaroT Ppe3epoBaHUEM, CTPOTAHUEM UJTM HAKATHIBAHUEM.
[1a3bl B OTBEPCTHUSAX CTYMUIIBI — IPOTATUBAHUEM WIIN JOJIOJICHUEM.

[To cpaBHEHHIO CO MITTOHOYHBIMH 3y0UaThie COSTUHEHUS 00J1aa0T PSAOM
JIOCTOMHCTB:

- OoJIbIIast HEeCylask ClIoCOOHOCTD;

- XOpolliee IEHTPUPOBAHUE COSANHSIEMBIX JACTaleil U XOpolllee HalpaBIeHHe
MIPU OCEBOM TEPEMEILICHUH;

-BBICOKAs HaJIEKHOCTD MPU NMEPEMEHHBIX Harpy3Kkax.

HenocraTkom 3y04aThix COEAMHEHUN SBISETCS CIIOKHOCTh U3TOTOBJICHUS, a
3HAQYUT BBICOKAsI CTOUMOCTb.

[IpsiMo6oYHBIC 3y0UaThie COSAMHEHUS TIOTYUUITH HAanOOJIbIIIEe pacpoCTpa-
Henue. [Ipoduis 3yda ouepunBaeTcs qTuaMeTpaMu BbICTYIIOB U BIIaJUH, a COOKY -
MPSIMBIMU OOKOBBIMHU TTOBEPXHOCTAMU. CTaHIAPT MpeycMaTpUBAET COSTUHEHUS
TPEX cepuil: NETKOi, cpenHelt u TskeEno. Cepuu OTIMYAIOTCS pa3MeEpPaMu U YU C-
joM 3yObeB. KpoMe Toro, coemnHuenns pa3audaroTcs 1o Coco0y eHTPUPOBAHUS.
[{enTpupoBaHre MOXKET OBITH IO HAPYKHOMY TUAMETPY, 110 BHYTPEHHEMY JHa-
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METpYy 1 110 OOKOBBIM TpaHsaM. [Ipu BEICOKUX TpeOOBaHUSIX K COOCHOCTH JIeTajeit
MPUMEHSIOT LIEHTPUPOBaHUe 1o AuameTpam. [lo kakomy quameTpy HEeHTPUPOBAThH
3aBUCHUT OT TBEPAOCTU CTYMHIIBI U TEXHOJOTUYECKUX BO3ZMOXKHOCTEH MPOU3BO/I-
ctBa. LleHTprpoBaHue 1o OOKOBBIM I'paHIM OOecrieYrBaeT 00Jee paBHOMEPHOE
pacrpeesieHde Harpy3ku 1o 3yOobsm. [ToaToMy ero npuMeHsIoT npu nepeaaye
OOJBIINX HAPY30K WM MPU X BBICOKOW TMHAMHUYHOCTH.

DBOJILBEHTHbIE 3y0UaThle COCIMHEHUsI 001a/1at0T 00Jiee BHICOKOM Harpy304-
HOM CIOCOOHOCTHIO, 00JI€€ TEXHOJIOTHYHBI TI0O CPABHEHUIO C MPSIMO3YOBIMHU COCTH-
HeHnusmu. [Ipoduns 3yda odepyeH nuaMeTpaMy BBICTYIIOB U BITaJIWH, a COOKY —
ABOJIbBEHTAMU. B oTiimume ot 3y04yaThiX KOJIEC Yroil 3alelyIeHUs 3/1eCh YBETUICH
1o 30°, a BeicoTa 3y0a ymenbieHa (h = m).3y0 nomyuuics 6oJiee IPOYHBIM Y OC-
HoBaHusA. CTaHIapTOM NpeaycMOTpeHo npuMeHenne Moaydis 0.5...10 Mm u uucio
3yObeB Z = 6...82.

[IpumeHsieTcs EHTPUPOBAHKE 110 HAPYKHOMY JUAMETPY, Yallle Mo OOKOBBIM
TpaHsM.

[TpsiM0OOYHBIE U PBOJIBBEHTHBIE COSTUHEHUS YACTO UCIIONIB3YIOTCS B Kade-
CTBE HAIPABJIAIONIUX P OCEBOM MEPEMEIICHUHN JIeTajleil, HACA)KEHHBIX Ha BaJl.

Kpurepuu paboTocrnocoOHOCTH COSIMHEHUN . COTTPOTUBIICHHE PAOOUYUX MO-
BEPXHOCTEN CMATHUIO ¥ X U3HOCOCTOMKOCTH. [Ipy MpOEKTUPOBAHUH PACUET BbI-
MOJIHSETCS 110 HAMIPSHKEHUSIM CMATHUS TIPU JACHCTBUU HAUOOJBIIETO KPYTSIIETO
MOMEHTA B TIPEAIOI0KEHUN PABHOMEPHOTO pacipeIesieHNs Harpy3KH 110 MOBEPX-

HOCTH 3yObeB (puc.2.32).
A Pacuer coeMHEeHU HA CMSITHE.
Hanpspoxkenust cMmstus
G
AN 2T
44§\§\/; GCM - S |.GCM J’
zd hly
d rae T — nepenaBaeMblii MOMEHT;
Z - 4HCIIO 3yObeB,
| — mMHA COnpsHKEHUS;
Y — KO3 PHUIIUCHT, YIUTHIBAO-
M HEPAaBHOMEPHOCTh PaCTIpeICICHUS
Harpy3Ku MEXIy 3yObsIMU.
Pa3mepsr dc - CpeAHUN IUaMETp U
h - BeicoTa MOBEPXHOCTH KOHTAKTa 3yOheB
OTIPENICIISIFOT 0 CJICAYIOIINM BhIpaKEHHU-
SIM.
JInst mpsiMO3YOBIX COSTMHEHUI
d_=05(D+d); h=05(D-d) -2f.
Puc.2.32. K pacuery 3y0uaThix JIJ1s1 5BOJIBBEHTHBIX COCAUHEHUMN
COEJIMHEHU N C IIEHTPUPOBAHUEM 10 OOKOBBIM I'pa-

HsM:
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d
dC= dﬂ=mz; h=m=711.

JI71s1 5BOJIbBEHTHBIX COCMHEHHI C IIEHTPUPOBAHUEM IO HAPYKHOMY JTHAMET-
py-
d=d =mzz h=09m.
¢ n

JlonyckaeMble HanPsKCHMS MMPUHUMAIOT: IJI1 HCIIOABHUIKHBIX COCI[I/IHCHI/Iﬁ C

TepMUYECKO 00pabOTKOM NUIUIIEB! |_G oM J= 100...140 Mlla, 6e3 Tepmuueckoi
00paboTKH |_G ch = 60...100 MIla; nyist TOABUAKHBIX COCTMHEHUI TIPU TIEpeMenie-
HUSIX 0€3 Harpy3Ku I_G oM J=30. ..60 MlIa, npu nepeMeIeHus X no1 Harpy3Koiu

o ey JF10...20 MITa.

B nociennee BpeMs CTaiy MPUMEHATh MAPUKOBBIC 3y0UaThie COCTUHCHHMS
(puc.2.33).

Puc.2.33. IllapukoBoe 3yOuaTtoe coeJuHEHNE
Ha Bany u cTynuiie U3roTaBiIuBaiOT CIICHUAIbHBIE KAHABKU, KOTOPBIE 3aI10JI-
HAIOT IapuKkaMu. Bo3Bpat maprukoB MPOUCXOIUT IO CIEIUAIBHBIM [1a3aM B CTY-
MUIax. DT COCAUHEHUS TPEOYIOT OU€Hb MaJIbIX YCUJIUM IS IEpeMEleHUs Haca-
JKEHHBIX Ha BaJl jetaneil. [Ipu nepemenieHusx noj Harpy3Koi HecyIias crocoo-
HOCTb UX B HECKOJILKO Pa3 BbIIIE, YeM y 00bIYHBIX. HO mprMeHeHne noka orpaHu-
YEHO U3-3a KOHCTPYKTHUBHBIX U TEXHOJIOTUYHBIX CIIOAKHOCTEH.

Koumponvnuie sonpocul

2.1. Haznauenue 3y6uamuix (uiiuyesolx) coeOuHeHull u Kpumepuu ux paoo-
MOCnOCcoOOHOCMU.

2.2. Pasnosuonocmu 3y04amulx (UWIUYEBHIX) COCOUHEHULL.

2.3. Jlocmouncmea u Hedocmamiu 3y04amolx (WAUYeBblX) COeOUHEeHUI.

2.4. [Ipsamobounbie uinuyesvie coeOuHeHUs.

2.5. Dsonveenmuvie wiuyesvle coeOUHeHUs.

2.6. Pacuém npsamo60uHbIX UWLIUYEBbIX COCOUHEHUI.

2.7. Jlonyckaemule HANpsdiceHUst NpU pacuémax uiuyesbix coeOUuHeHull.
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2.6. 3axnénounvle coeourenus
3akIEnovyHOe COeIMHEHNE ATO Hepa3bEMHOE COSTMHEHHIE, KOTOPOE 00pas3yeT-
Cs COCIMHIEMBIMHU DJIEMEHTAMHU U CIIELUATIBHBIMY ACTASIMHU — 3aKIEKAMUA.

0; 3akiénka mpeacTaBisieT co0oi
— CTEP>KEHb KPYTJIOrO MOTepey-
] FAMbIKOOLY O HOI'0 CEYCHHUSA C T'OJIOBKAMU I10
> B K 200K xoHnam(puc.2.34).
! OnHa roJIoBKa Ha3bIBaeTCS 3aK-
027 0(/7 nmagHor. OHa BBITIOHSAETCS 3a-
T = paHee Ha 3aroTOBKE.
N\ [ 3akJI€nKka BCTaBIISIETCS B
\/— COBMEIIIEHHBIE OTBEPCTHS B CO-
zo/obka E€IUHAEMBIX IETAIIAX
Puc.2.34.3akn€no4yHoe coeqMHEHNE U packi€nbiBaeTcs. CTepKeHb

e€ oCa)kMBAETCs M TIOJIHOCTBIO 3aMOJIHIAET OTBEPCTHE B JETAJISAX, KPOME ITOT0, 00-
pazyercs U GOpMUPYETCsl BTOpasi F0JIOBKA — 3aMbIKAIOIAsl, IIPOUCXOIUT CHKATHE
COCIUHSIECMBIX JCTaJICH.

OTBepcTHUs B AETANISIX MOTYT:

- IPOCBEPJIMBATHCS,

- IPOJABJINBATHCS;

- IPOJIABJIMBATHCS, @ TOTOM MTPOCBEPJINBATHCSL.

Knénky cranbHbIMM 3aKIENKAMU 10 8MM JUAMETPOM, a TAKKE 3aKJIENKAMU U3
[BETHBIX METAJJIOB MPOU3BOSIT XOJIOIHBIM C1I0cO00M. CTalbHbIC 3aKIIENKU
0O0JIbIIIETO TUaMETpa CTaBAT ropssuuM criocodoM. [Ipu s3ToM 3akn€nku pazorpena-
10T J10 cBeTJIo-KpacHoro kanenus (=1000...1100°C).

3aknénku 00111ero Ha3HAYeHUs CTaHAApTU30BaHbl. OHU MOTYT UMETh pa3-
JIMYHBIC TOJIOBKH (TTONYKPYTJIbIE, MOTAHbIE, TOIYyHOTalHbIEC U JIp.), CTEPKHU 3a-
KJIETIOK MOTYT OBITh CIUIOIIHBIE, TTOIYITYCTOTEbIC, ITyCTOTEIBIC U JIP.

Knaccudukanus 3akIEMOYHBIX IIIBOB.

ITo Ha3HAYECHUIO PA3INYAOT IPOYHBIEC U TPOYHOIUIOTHBIE IIBHI.

[Ipounbie MBI TPEIHA3HAYCHBI )11 BOCITPUSITHS BHEITHUX Harpy3ok. [Ipu-
MEHSIOTCS B PA3JIMYHBIX METAIUIOKOHCTPYKITUSX.

[IpoYHOIIOTHBIE IIBBI OOECIIEUUBAIOT HE TOJIBKO MPOYHOCTH, HO U Te€PMETHY-
HOCTb COOPYXEHUI. B COBpEMEHHBIX KOHCTPYKIUAX TOYTH MTOJTHOCTHIO BHITECHE-
HBI CBapHbIMU 1IBaMHU. [103TOMy paccMOTpHUM TOJBKO MPOYHBIEC HIBHI.

[To KOHCTPYKIIMYU PA3IMYAIOT IPOYHBIC 3AKIEMNOYHBIE MIBBI MO CICAYIOIUM
0COOEHHOCTSIM:

- TI0 PACMOJIOKEHUIO COEUHAEMBIX JETAIEH: BHAXJIECTKY, C OJHOW HAKJIA/I-
KOM, ¢ IByMsI HakJaakamu (puc.2.35);

- 10 YHCITY PAJOB 3aKJIENOK: OOHOPSAIHBIC, U MHOTOPSIHBIE;

- TI0 PACMOJIOKEHHIO 3aKJIENIOK B PsAIaX: MapauieIbHOE U IAXMaTHOE.

JlocTOMHCTBA 3aKJIENOYHBIX COCAUHCHUM

1. Bricokast HaIEKHOCTb.

2. Y100CTBO 1 MPOCTOTa KOHTPOJIS IIIBA.

3. Xopolio BOCIPUHUMAIOT YapHbIC U BUOPAITMOHHBIEC HATPY3KHU.
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al 0/ b

& 2 1 &M

7 = coedumserve demany 2 - 3aK/ENKL, 3 = waknacku

Puc.2.35. 3aknénoynbpie cCOeIMHEHUS: a) BHAXJIECTKY; 0) C OJTHOM HAKJIAIKOM;
B) C IBYMS HaKJIaJKaMH1

Henocratku 3akiaEn04YHbIX COEAUHEHUN
1.Bricokasi crouMocTh (pa3MeTka, 00padoTKa OTBEPCTUI, HArpeB 3aKJIETOK,

3aKJIaJIKa 3aKJIETOK, KIETKa).

2.bonpIm10i pacxo MaTepHania.

[IprumeHeHne 3aKJIENOYHbIX COCIMHEHU

B HacTosiiee BpeMs 3aKJIENOYHbIE COEAMHEHUS IPUMEHSFOTCS:

- B KOHCTPYKIHMSIX, paOOTAIOMUX MPU MIEPEMEHHBIX HArpy3Kax;

- B KOHCTPYKIHSIX U3 HECBAPUBAEMbIX MAaTEpPUAJIOB;

- B T€X ClIy4asix, KOTr/1a HEJOMYCTUM HarpeB COCIUHIEMBIX IETAIEH;

- B 0000 OTBETCTBEHHBIX COCAMHEHUSX, HAIPUMED, YHUKAIBHBIE MOCTBI, MO-
CTOBBIE KpaHbI TPy30M0ILEMHOCTRIO Oosiee 200T.

KoHCcTpyrpoBaHKEe MPOYHBIX 3aKJIENOYHBIX COSTMHEHUI

JnameTp 3aKJIENKU MPUHUMAETCS B 3aBUCUMOCTH OT TOJIIUHBI COCTUHSIEMBIX
neTaner o (pevb HAET O AMAMETPE OTBEPCTHUS MO 3aKIENKYy): do = 20.

Jy1s oOpa3oBaHus 3aMbIKaIONIeH rooBku (cM.puc.2.34) o= (1.5...1.7) do.

[lar mBa P =(3...6) do.

PaccTostHue oT kpast 1ucTa J0 OCU 3aKJIENKU:

- TP MPOJIABJICHHBIX OTBEPCTHAX € ~ 2 do;
- IpH CBepIEHBIX OTBepCcTHAX € ~ 1.65 do.

Ecnu moB MHOTOPSAIHBIN, TO pacCTOSIHUE MEXy psaamu a > 0.6P.

TonmuHa HaKIAg0K Oy ~ 0.8 0.

Heobxoanmoe uncio 3akia€nok onpeaesieTcs: u3 pacuera.

Pacuer npoYHbIX 3aKJIENOYHBIX [IBOB

OCHOBHOM Harpy3Kou JJis 3aKJIEMNOYHBIX COCAMHEHUN CUUTAIOTCS TTPOI0JIb-
HBIE CUJIbI, CTPEMSIIIUECS CIBUHYTh COCJIUHSIEMBIE ICTAJIH.

i pacuéra npuHUMAIOTCA CIEAYIOIME NOTYIICHUA

- CWJIBl TPEHUS B CTBIKE JCTajleii HE YUUTHIBAIOTCS, CUUTACTCS, YTO BCS
Harpy3ka BOCIPUHUMAETCS 3aKIENKaMUu;

- pacY€THBIN IUaMETP 3aKJIENKA IPUHUMAECTCS PABHBIM 1MaMETPy OTBEPCTHS;

-Harpy3Ka MexJy 3aKkjJIEnKamMu pacipeaesieTcsi pPaBHOMEPHO.

52



Y BS 3aknénka paboTaeT Ha Cpe3 MO MITOCKOCTH
< R £ _ creIka geraneii (puc.2.36). YpaBHeHue
r 7 7 IIPOYHOCTH B ITOM CiIydae
I N , AF ,
e |
| indgz
T __
/ T 31eCh | — YHCJIO0 IUIOCKOCTEH cpe3a OHOM
3a- ) KIETKH (€CITi COSMHEHNE BHAXJIECTKY
[ I=1; eciu ¢ 0JIHOM HaKJIAAKOM | =1; eciu ¢
| JBYMsI HaKJIaJIKaMu | =2);
‘ Z — YUCJ0 3aKJIETOK.
- I tpuxu y 0003HaYE€HUI HAIIPSIKEHU I
| 03HAYAIOT, YTO ATH HAMPSHKCHUS OTHOCITCS
K 3aKJIEMKaM.
Bo3MmoskHO Takke cMsATHE 3aKIENOK
J U CTEHOK OTBEPCTHUS, TOATOMY IIPOBEPSIOT-
cst L 3aKJICTIKY 110 HAMPSHKCHUSAM CMSITHSI
Puc.2.36. K pacu€ty 3aKJIENOYHBIX IIBOB
G;M - L -
odyz
JleTanu Toxe MPOBEPSIIOT HA CMATHE 10 ITOH ke GopMmyiie
0] —<|o
oM 8doz o
Kpome Toro, coeuHsieMbIe 1eTay IPOBEPSIOT HA Cpe3 OAHOBPEMEHHO 10
JIBYM TIJIOCKOCTSIM 2-2
Tc - " S [TCP ]’
P 2(e-0.5d,)3

¥ Ha pa3pbIB M0 TWIocKocTH 1-1

%= . <0}

rae Ap- Ionaab CeYeHMs JUCTa Ha JJIMHE OJHOTO 11ara, ocjaadjaeHHas OTBEPCTH-
IMHU noJ 3akiaenku. Ha ummHe oqHOro mara

OtHomenue (P = 0 yaspBaercs K02 (PUIIMEHTOM MPOYHOCTH IIBA. ITOT

KO3 PHIIMEHT MMOKA3bIBAET BO CKOJIBKO Pa3 MPOYHOCTH HA PACTSHKEHHE JETaH C
OTBEPCTHUSIMHU TI0/1 3aKJIENKY MEHBIIIE IPOYHOCTH TOH K€ JeTanu 6e3 OTBEPCTHIA.
OO6b1yHO @ =0.65...0.85. Uem Oounblie @, TEM JTy4llle UCIOJIb3YETCSl MaTepua Je-
Tayu. BennunHoit 3Toro ko3 duimenTa 3aqar0Tcs Mpyu MPOSKTUPOBAHUH 3aKJIE-
TIOYHOTO IIBA, & 3aTeM OTIPEEIISIOT BCE OCTAIBHBIEC €ro MapaMeTphl.
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Marepuansl U Jo0yCcKaeMble HAPSHYKSHUS

[Ipy MpoEeKTUPOBAHKUM 3aKJIENOYHBIX IIIBOB HEOOXOIUMO BBITIOJIHATH CIICTY-
I0III1e TPeOOBaHMS:

- TeMIepaTypHbie KO3 OUIIMEHTHI JIMHEHHOTO pacIIupeHus 3aKIENOK U CO-
CAUHSAEMBIX JeTajeH JOJKHBI ObITh OJJTUHAKOBBIMU WJIH, B KpailHEM ciiydae, OJIu3-
K1 JpYyT JpYyTY;

- 4TOOBI U30€XKaTh XUMHUUYECKON KOPPO3UHU B COSTUHCHUSIX, 3aKJIENKH CTaBAT
U3 TOTO K€ MaTepuaia, YTO U COCAUHSIEMbIE JIETalu: CTAJIbHBIC JE€TaTU COCAUHSIOT
CTaJIbHBIMU 3aKJIENKaMU, JaTyHHbIE — JIATYHHBIMU, aJTFOMUHUEBBIC - aTFOMUHUE-
BBIMU H T.JI.

CoenunsieMble 1eTaau OOBIYHO N3TOTOBJICHBI U3 MAJIOYTJIEPOIUCTHIX CTaNIeh
mapok Ct.0, Ct.2, C1.3 win U3 IBETHBIX METAJIOB.

3akJIE€NKU BBITIOIHSIOT U3 aHAIOTHYHBIX MaTepuanoB — Ct.2, Cr.3, 10kn,20kn
WJIA U3 IIBETHBIX METAJLJIOB.

[Tpu pacu€Tax TpOYHBIX IIBOB MPUHUMAIOT JOMYCKAEMbI€ HAIIPSKCHUS:

714 feTaneit [GPJ =140....160 MITa; |7, |~ 90....100MTIa;

|0cy [F240...320 MITa;
s cranbmsix saxiénoi: [Ty [=100...140MIla; |oh,, [-240...320MITa.

KoHTponbHbIE BOIPOCHI

2.32. 3aki€nKa: 3J€MEHTHI 3aKJIENKU U Pa3HOBUIHOCTH 3aKJIENOK.,

2.33. Kak obpasyercs 3aki€nouHoe coequHenue?

2.34. Kakue MOTYT OBITh KOHCTPYKIIUU 3aKJIEMTOYHBIX IIIBOB?

2.35. JIoCTOMHCTBA M HEJOCTATKU 3aKJIENOYHBIX COCIMHCHHMIA.

2.36. IlpumeHeHune 3akIENOYHBIX COSTUHEHHU B HACTOSIIEE BPEMs.

2.37. PacuéTr NpoYHBIX 3aKJIEMNOYHBIX IIBOB.

2.38. Marepuaisl 1 OIyCKaeMble HAMPSHKEHHS SJIEMEHTOB 3aKJIEMOYHBIX CO-
eIVMHEHNH.

2.39. Koapurment npoyHoctu misa.

2.7. CeapHule coeOuHeHus.

2.7.1. CapHble COEIMHEHUS U BUJIBI CBAPKHU

CapHble COeTMHEHUS 9TO HEPa3bEMHBIC COSTMHEHHS, OCHOBAHHBIE Ha MOJIE-
KYJISIPHOM CLETITIEHUU MaTepuasioB. [lomy4aroTcst oHM myTEM MECTHOTO HarpeBa
JeTanei B 30He COCTMHEHHS IO PACIIJIaBJICHHOTO WJIM TECTOOOPa3HOTO COCTOSIHHUSI.
B HacTosee Bpemst 5T0 OCHOBHOM BU/I HEPA3bEMHOTO COCTUHEHUS IETaICH.

J11st moTydeHrst CBapHBIX COSAMHEHUH MOTYT HCIIOIB30BAThCS Pa3INYHBIC
BU/IbI CBapKH:

- Ta30Bas CBapKa,

- py4YHas WJIM aBTOMaTHYECKas 3JICKTPOIyTOBasi CBapKa;

- DJIEKTPOIIIAKOBasI CBAPKA,;

- KOHTAKTHAas CBapKa;

- CBapKa TPEHUEM;
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- CIIe[MabHbIE BUABI CBapkH: MU Py3noHHAas, SIEKTPOHHO-TTy4eBas, JJa3ep-
Has, yIbTPa3BYKOBasi, CBapKa B3pPBIBOM, TJIa3MEHHas!.

2.7.2. KOHCTpYKTUBHBIE PA3HOBUIHOCTH CBAPHBIX COCIMHEHUN

[To B3aMMHOMY PACMOJI0KEHUIO COCTMHAEMBIX 3JIEMEHTOB B CBAPHBIX COEIU-
HEHUSX MOKHO BBIICTTUTH CJIEAYIOIIUE TUIIBI.

CrbikoBble coeinHeHus. CoeIMHAeMbIe AIEMEHTBI SBIIIOTCS TIPOJOJKEHUEM

al

o T

I/AS

Puc.2.37. CThIKOBBIC COCTUHCHHUS pI/I pa3IMYHOMN MOATOTOBKE KPOMOK:
a) 0 < 8mm; 0) 6 < 16Mm; B) & =12...40mMMm.

OJIUH JPYTOTro, CBapKy MPOU3BOIAT MO TOpiiaM coeauHenus (puc.2.37).

B 3aBHCHMOCTH OT TOJIIMHBI COCTUHAEMBIX JIeTaJel & COCIMHEHUE MOKET
BBITIOTHATHCS 0€3 MOATOTOBKU KPOMOK (0 < 8MM) WJIM C OJITOTOBKOM KPOMOK,
CBapKa MOXXET ObITb OJJHOCTOPOHHSISI WJIU IBYXCTOPOHHSIS.

D10 Hanbojee MpocThie U Hanbosee MPUOIKAIOIIKUECS MO MPOYHOCTH K OC-
HOBHOMY MeTaJLTy coenuHeHus. [10 HanéXHOCTH OHU BBIIIE APYTUX BUIOB
CBApHBIX COCIMHEHUHN U PEKOMEHIYIOTCS TIPHU BUOPAIIMOHHBIX HArPY3KaXx.

Coenvnenust BHaxJaécTky. CoeAMHsAEMbIC JIETalld HAKPBIBAIOT OJIHA JPYTYIO
Ha JyinHe He MeHee a = 49. CoeMHEHNE BBIMOIHAETCS YTIOBBIMU (BATMKOBBIMHU)
mBamMu. OCHOBHOM XapaKTEpHUCTUKOMN TAaKOTO IIIBa SABIIIETCS ero kateT (puc.2.38a).
Jns TonmuH 10 20MM KaTeT 1IBa NPUMEPHO PABEH TOJIIUHE COEAUHAEMbBIX JeTa-

neit K= 6.
o ﬂ— 5
s}
|
a

Uoh Budurend
Upb rebudumel

lob Budumeni
Lok Budsiv '2/‘

( ?'
i N_F
— / R / -
\ F ( ) )
| | \‘I 3

| 4 - -
\ h . . Uil vebudursn
AN ~._ LloB Budwed

. i

Puc.2.38. CoennHeHrs BHAXJIECTKY: a) YII0OBbIE (BaJMKOBBIE) BB
0) 1000BbI€ 1IBBI; B) (DJIAHTOBBIE LIBBI; T') KOCHIE IIBHI.
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B 3aBucuMoOCTH OT pacmoyioKeHus IBa OTHOCUTEIbHO HAIIPABIICHUS JEH-
CTBYIOILICH HA HErO CHJIBI Pa3JIM4aloT: JI00OBbIE MIBHI (cM.puc.2.380) IrHUS 1mIBa
HepreHANKYIpHa HAarpy3Ke; JIaHTOBbIC BBl (CM.pHUC.2.38B) JIMHUS 111Ba Tapaj-
JNeJbHA HAarpy3Ke, MaKCUMallbHas JUTHHA ()1aHroBBIX MBOB — 50K; Kockie MIBEI
(cM.puc.2.38r) nuHUS mBa MO YIIIOM K Harpy3ke; KOMOMHUPOBAaHHBIE IIBHI MPE/I-
CTaBIISIOT COOOH pa3IMyHOE COYETAHUE B OAHOM COSIMHEHHH CBAPHBIX IIBOB MPU-
BEICHHBIX BBIIIE TUIIOB.

B nmonepeynoM cedeHnu BBl OBIBAIOT HOPMaJibHbIC, BHITYKIIbIC, BOTHYTHIC U
B BUJIE HEPAaBHOOOKOTO MPSIMOYTOJILHOTO TpeyroyibHuKa (puc.2.39).

b) 2/

Puc.2.39.®@opma ceyeHuit yriioBbIX 1IBOB: a) HOPMaJIbHBIE IIBBI; 0) BHIMYK-
JIbI€ IIBBI; B) BOTHYTHIC LIBHI; T') B BUJI€ HEPABHOOOKOTO MPSMO-
YTOJIBHOTO TPEYTOJIbHUKA

[IpumMeHeHne BBIMYKIIBIX IIIBOB HEIIEIECO00pa3HO, TaK KaK OHU JAI0T 0O0JIb-
Y10 KOHIIEHTpaluio HanpspkeHuid. [Ipu nepeMeHHoOM Harpy»eHuu HauboJiee 1ie-
Jeco00pa3HO MPUMEHSTh BOTHYTHIE IIBBI, TAK KaK OHU 00€CIIEYMBAIOT MUHUMAJb-
HYIO KOHIIEHTPAIMIO HaNpsKeHU (HanboJiee MIaBHbINA Mepexo K OCHOBHOMY Me-
Tajuly). B OCHOBHOM IPUMEHSIIOT BBl HOPMAJIBHOTO CEUEHHUSI. ITO K€ CEUCHUE
MIPUHUMAETCSI BO BCEX MMPOYHOCTHBIX pacyeTax.

TaBpoBbIE COEUHEHUSI. ITU COSUHEHUS IPUMEHSIOT B T€X CIydasx, Korja
AJIEMEHTHI PACTIONOKEHBI IO YTIIOM JPYT K npyry. Yacto atot yroa 90°. Coenu-
HEHHS MOTYT OBITh BBIITOJTHEHBI CTHIKOBBIMH HMJIH YTJIOBBIMHU IIBamMu (puc.2.40).

Puc.2.40. TaBpoBbie COETMHEHUS: a) YTIOBBIMH IIBaMH; 0) CTHIKOBBIM IIIBOM
C IBYXCTOPOHHEH pa3/eIIKOii; B) CTHIKOBBIM IIIBOM C OJHOCTOPOHHEW pa3/eiaKoi

YrioBele coelMHEHUs. YTIIOBBIE coeiuHEeHUS (puc.2.41) BBIMOTHSIOT, KaK
MPaBUJIO, pyYHOU AYyroBoi cBapkoil. OHU MOTYT OBITH OTHOCTOPOHHUE U JBYX-
CTOpOHHHUE, 0€3 MOJATOTOBKH KPOMOK U € MOATOTOBKOM KPOMOK.

7 ﬁ "’ﬁ ) F
Puc.2.41. YrioBsie cBapHbIE COCTUHEHUS: a) OTHOCTOPOHHUE O€3 TTOITOTOB-

KH KPOMOK; 0) TBYXCTOpPOHHUE 0€3 OJITOTOBKH KPOMOK; B) OJTHOCTOPOHHUE C
MOJITOTOBKOM KPOMOK.

56



YTri10BbI€ COETMHEHUS IPUMEHSIOT MPEUMYILECTBEHHO JJIsI IEPEeIadun MajibIX
HArpy30K U MO3TOMY UX OOBIYHO HE PACCUUTHIBAIOT.

Kpome npuBeieHHBIX CYIIECTBYIOT TaK)Ke TOUEUHas CBapKa, cBapka npodou-
Hasl, IPOILJIABJICHUEM U JIp.

J11s1 IBOB BCEX TUIIOB, IPUMEHSEMBIX B CBAPHBIX COSAMHEHUSX, XapaKTepPHbI
cienyroume a1eeKThl:

- HETIPOBAp — MECTHOE OTCYTCTBUE CUEIUJICHUS MEX/1y HAIUIaBICHHBIM U OC-
HOBHBIM METaJJIOM;

- IOJIp€3 — MECTHOE YTOHEHUE COCIMHSIEMOTO JIEMEHTA Y TPAHUIIBI 111Ba
BCJICJICTBUE OILIABJICHUS;

- IOPUCTOCTH 111BA;

- IJTJAKOBBIC BKIIFOUCHUS;

- TPEILUHBI.

2.7.3. JIOCTOMHCTBA U HEJOCTATK! CBAPHBIX COEIMHEHUI

JlocTrouncraa:

- MaJ1asg TPYAOEMKOCTD, a4 3HAYUT U MaJlasi CTOUMOCTb;

- He0OJIbIIIast Macca KOHCTPYKIUY;

- OZIHOBPEMEHHOE 00ECIIEUeHNE T€PMETUUYHOCTH U IPOYHOCTU KOHCTPYKIIHH;

- BO3MOKHOCTb aBTOMAaTHU3alMH POLECCA;

- BO3MOXKHOCTb CO€IMHEHMSI PO uiiel OO0IbIION TOIIIUHBI.

Henocrartku:

-IPOYHOCTh U Ka4€CTBO IIBA 3aBUCAT OT KBATU(UKALIMK U COCTOSIHUS CBap-
UK,

-KOpOOJIeHHE JeTanel u3-3a HEPaBHOMEPHOI'O HArPEBa;

- HEJIOCTAaTOYHAsl HAJEKHOCTh MPU IEPEMEHHOM HArpY>KEHUU.

ITo mepe pa3BUTHS TEXHOJIOTUU CBaPKU BIIUSHUE 3TUX HEIOCTAaTKOB Ha Ka-
YECTBO IIBA ITOCTENEHHO CHUKAETCS.

2.7.4. Pacu€r cBapHbBIX COCIMHEHUN

OcHoBHOE TpebOBaHKE MTPU MPOESKTUPOBAHUM CBAPHBIX KOHCTPYKIIMM - o0ec-
IIEYUTh PABHOIIPOYHOCTH CBAPHOIO 1IBA U COCIUHAEMBIX JIETAJICH.

CTBIKOBBIE IIIBBI.

OHU UMEIOT MPOYHOCTH OJIM3KYIO K MPOYHOCTH OCHOBHOI'O METajlia, ooecre-
YUBAIOT MEHBIIYIO MAaCCy U KOHLIEHTPALUIO HanpspkeHUuM. [Ipu kauecTBeHHOM
CBAapKE pa3pyILIAIOTCS MPEUMYLIECTBEHHO B 30HE TEPMHUUYECKOTO BIUSAHUSA, TO €CTh
B IIPUJIETAIOIIEM KO IIBY y4acTKe. [[03TOMy pacyeT CThIKOBOrO COETMHEHUS ITPH-
HATO MTPOU3BOJIUTH MO pa3MeEPaM CEYEHHUs ETANIN B 3TOM 30HE. PacyeT CThIKOBBIX
IIBOB IPOU3BOJSAT MO BBIPAKCHUSIM:

- Ha PaCTHKEHUE o =—X< [G ' ];
P A p
!

F ,
- Ha C)KaTHe o= <04l
oA

S7



M
- Ha U3THO o =—X G;];

! W
- Ha U3rU0 C pacTsHKECHUEM c'=— -I- — [G p]

rae F - pactsaruBaromias Win CKUMArOIIasi CHIIHI,
A - mromanp pacy€THOro ceueHus mBa, A = €0, 31ech { - niuHa 1IBa, a
0 — TOJIIUHA COEANHIEMBIX JETAJCH, T. €. pa3Mep IIBa,;

08*,
o

, |_G ;) J, |_G ’ch - IEUCTBYIOIIEE U AOMYyCKaeMble HANPsHKEHUS B IIIBE.

W — MOMEHT CONPOTHBIICHHS pacueTHOro ceueHus msa, VW =

CoennHeHus YriaoBbIMU (BAIMKOBBIMHU) IIIBAMHU.
JlrHy 1000BBIX M KOCBIX LIBOB HE OTPaHu-
A yuBaroT. JlJinHa (PJIaHTOBBIX IIBOB PEKOMEHIYET-
cst He 6ouee (50...60)x > 30mMm. Takoe orpanuye-
> HUE MUHUMAJIHOM JJIMHBI 1IBA CIIETaHO BCIIE-
CTBUE HEN30EKHBIX €ro 1e(eKTOB — HEMpOoBap 1
T.I1.
¢ Pa3pymienue yrioBbIx IBOB MPOUCXOIUT MO
HAaUMEHBIIEMY CEUYEHHIO, T.€. IIIOCKOCTBIO, MPO-
XOJ1IeN yepe3 OMCCEeKTpUCY NPSIMOro yria
(puc.2.42). ®akTHYECKOE HAIPSKEHHOE
Puc.2.42. PazpymeHnue COCTOSIHME METajula B LIBE — CJIOKHOE. Y CJIOBHO
yIJI0BOTO IIBa CUMTAETCS, YTO YIJIOBbIE BBl pabOTAIOT
TOJIBKO Ha cpe3. B pacueTHOM cedeHuu TONIIMHY 1IBa NPUHUMAOT paBHO# 0.7k,
Ir7ie K — KaTeT MONEepeYHOro ceueHus mBa. TakuMm 00pazoM, oAb MOMepeyHOro
CEYEeHUs 1IBA, 110 KOTOPOU npoucxoaut cpe3, A= 0.7kl. Pacuér yrioBsIx 11BOB
IIPOU3BOJUTCS MO yHH(bHLH/IpOBaHHLIM dbopmynam

= <[’C] win < O7K€|_’CJ
0.7x/

O1u HopMyIbl HEOCPEACTBEHHO OTHOCSTCS K (DJIIAaHTOBBIM IIBaM, a K J1000-
BBIM IIPUMEHSIOTCS YCIOBHO.

Boo011ie mpuHATO cUMTaTh, YTO:

- BBl PabOTAIOT HE3aBUCUMO;

- (hraHTOBBIC MIBBI TIEPEIAIOT HATPY3KY TOIBKO BIIOJIb CBOCH OCH;

- KaTeT I11Ba MaJl, IO CPAaBHEHMIO C JVTMHOM IIIBa.

Ecnu mBbI pacnonararoTcsi CHMMETPUIHO OTHOCHTEIILHO JIMHUM JICHCTBUS
CHJIBI, IPUHUMAIOT, YTO HANPSDKCHHUE pacIipeieiieTcsl pPABHOMEPHO I10 BCEH JTHHE
IBOB. J[JTMHBI ()JTAHTOBBIX MIBOB IIPH 3TOM TOJTYYarOTCS OJTMHAKOBBIMH.

B cnydae acHMMeTpHUYHOTO pacIiooKeHus (PIIAaHTOBBIX IITBOB, KAXIBINA 13
HUX PaCCYUTHIBAIOT IO CBOEH Harpy3ke. [Ipu 3ToM cuuTaroT, 4To Harpy3ka Ha IoB
MIPOITOPITMOHAIEHA €TI0 PACCTOSTHHUIO OT MPOCKIINK IIEHTPA TSHKECTH CEUSHUS Ha

58



COOTBETCTBYIOIIYIO TIJIOCKOCTh M UE€M BBHIIIIE JKECTKOCTh MPUCOCTUHIEMOTO dJIe-
MEHTa B MECTE IIIBa, TEM BBIIIE HATPy3Ka Ha HETO U, 3HAYHT, TEM OOJIbIIE TODKHA
OBITH €70 JUTHHA.

[Tpu BBITIOTHEHUH TaBPOBOTO COSIUHEHUS YTIIOBBIM IIIBOM, IIOCIIETHUHN pac-
CUMTHIBAIOT HA Cpe3. A B cllyyae MPUMEHEHUS CTHIKOBOTO II1Ba - B 3aBUCUMOCTHU OT
JICHCTBYIOIIEH HArpy3KH: Ha pacTshHKeHHE (C)KaThe), M3TU0 WM COBMECTHOE JIeH-
CTBHE M3ruda C pacTsKEHHUEM (CIKATHEM ).

2.77.5. JlommyckaeMble HaNpsHKEHUS IPU pacd€Tax CBapHBIX COCAUHEHUN

[Ipu pacuére MaIMHOCTPOUTENIBHBIX KOHCTPYKLIHIA U3 HU3KOYTJIEPOIUCTHIX,
CPEIHEYTJIEPOIUCTHIX U HU3KOJIETUPOBAHHBIX CTAJIEH JOMYCKAaeMble HAMPSKEHUS
CBapHBIX IIBOB MPH CTATUYECKUX HArpy3Kax MPUHUMAIOT B 3aBUCHUMOCTH OT JI0-
IIyCKAaE€MOTI'0 HaIPsKEHUS Ha pacTsXKEHHE OCHOBHOTO MeTaiia. OOBIYHO MPUHU-
MaloT:

-JIJIs1 aBTOMATHUYECKOM CBAPKHU MO/ (PIIFOCOM WU PYUHOM dJIeKTpoiamMu D42 A

i D50A B 3aIIMTHOM Tase - [G;JZ |_G:3)KJ:1 |_GpJ; |_’C;pJ=O.65 |_GpJ;
-JIJI1 PYYHOU IyrOBOM CBapkH 3JiekTpoaamMu 342 wium D50, 11t ra30BOM cBap-
a [0 [=08[o, | lot | =1l0, | |56y [06[o, |

2.77.5. Pacyér cBapHBIX COEIMHEHUN ITPU ITIEPEMEHHON HArpy3Ke

[Ipu nepeMeHHOM Harpy»€HUHU CBApHBIE BBl OKA3bIBAIOTCS 3HAYUTEIBHO
ciiabee MeTajula COeIMHAEMBIX JeTajeil. DTO CIEACTBUE TOTO, UTO:

- CBAPHOM 11I0B — CUJIbHBIA KOHLIEHTPATOP HaIPsSKEHUN;

- B 30HE CBApKU JEHUCTBYIOT OCTATOYHbIC HAIIPSIKCHU;

- B 30HE HarpeBa MEHAETCA CTPYKTypa MeTajla U BBITOPAIOT JIETUPYIOLIUE
DJIEMEHTHI.

[Ipu mepeMeHHBIX HAarpy3Kax 3HAYEHUs JOMyCKAEMBIX HANPSKEHUN CHUKAIOT

YMHOKE€HUEM Ha K0d(punnent Y:

_ 1 g
= [(aK_ £b)—(aK Fb)R]|"

rae KG - 3 pexTuBHBIN KOIDPUIMEHT KOHIICHTPALIUU HATIPSKEHUM;

1,

R - kospdunuent acummerpun mukna;
a u b — gncnoBeie KOdDPHIMEHTHI, 3aBUCSINNE OT MaTEpHaja COCIH-
HAEMBIX JeTaned. Harpumep, 1uis yriaepoaucThIX cTajieil mpuHUMaroT, a = 0.58 u
b= 0.26, a s Hu3KosnerupoBanusix a=0.65 u b=0.3.
D dexTuBHBIC KOIDPUITUEHTHI KOHIICHTPAIIUN HATIPSKECHUN PUHUMAIOTCS B
3aBUCUMOCTH OT COCIMHSIEMBIX MaTEpHUAJIOB, TUIA IIIBa ¥ BUIa cBapku. Hampumep,

3HAYCHUS KG JUTSL DJIEKTPOIYTOBOM CBApKH MpUBEEHbI B Tabuie 2.1.

Ecnu nonyvaercs ’y>1, TO NPUHUMAIOT Y =1. Tak 06bIuHO MOMyUaeTCS IPH
BBICOKON aCUMMETPHH IIMKJIA. DTO 03HAYAET, YTO JJIs1 JAHHOTO LIUKJIA HArPy>KEHUS
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pemaroniee 3Ha4CHUC UMCCT HC COIIPOTUBJICHUC YCTAJIOCTH, @ CTaTUYCCKaAs IPOY-

HOCTB.

Taomuma 2.1

DddekTuBHBIN KOIPPUIUEHT KOHIEHTPALIMY HANPSKEHUN

IIPU DJIEKTPOTYTOBOM CBapKe

Pacuérnblii ameMeHT Huskoyrnepoaucras HuskonerupoBanHas
CTaJIb CTaJlb
CTBIKOBBIE IIBHI C TT0JI- 1.2 14
HBIM IIPOBAPOM KOPHS
YTJIOBBIE LIBBI:
J1000BBIC 2.0 2.0
dbaaHrOBBIC 3.5 4.5

Koaddumment acummerpun nukia
R = O min — Tmin .

Omax  Tmax
[Ipu mepeMeHHOM HarpyXKE€HUHA PEKOMEHAYETCSI pACCUUTHIBATH HA YCTAJIOCTh
HE TOJIbKO CBAPHBIE IIBBI, HO M CaMU JETAIM B 30HE 3TOro mBa. /Jomyckaemoe

HalpspKEHUE A7 JeTalled TakKe yMHOKAOT Ha KO3 pUIUeHT Y.

[ToBbIIIEHNIO BEBIHOCTUBOCTH CBAPHBIX IIIBOB CIIOCOOCTBYIOT: aBTOMAaTHyYe-
CKas cBapka noJi (bpJIr0cCOM U CBapKa B Cpejie 3alUTHBIX T'a30B, TepMO0OpaboTKa
CBApHOM KOHCTPYKIIUU, HAKIIEM JPOOBI0, YeKaHKa CBAPHBIX IIIBOB.

TepmooOpaboTKa CBAPHOI KOHCTPYKILIMH 3TO OTKUT C MOCIEAYIOIIHUM ME/I-
JICHHBIM OXJI&XKJIEHHEM (MCKYCCTBEHHOE cTapeHue). Peko NpuMeHsoT ecTe-
CTBEHHOE CTAPEHUE — BBIIEPIKKY IOCIIE CBAPKHU B TeUeHHe 1.5...2 Mecsues.

KonmponvHuvie 6onpocul

2.40. Ha3nauernue c8apHbix coeOUHeHUll U 8UObL CBAPKU.

2.41. KoncmpyxkmugHvle pasHo8UOHOCIU CEAPHBIX COCOUHEHULI.

2.42. Buowl w1606 c8apHvix coeOuHeHull.

2.43. Jlocmouncmea u He0ocmamku C8aAPHbIX COCOUHEHUI.

2.44. Pacuém coeduneHuti cCmviKo8bLMU UUBAMU.

2.45. Pacuém coeournenutl yeno8bimu ueamu.

2.46. /lonyckaemvble HANpsajiceHUs npu pacuémax C8APHbIX COeOUHEHU.

2.47. Pacuém ceaphvix coeOuHeHull npu nepemeHHOM HA2PYHCeHUU

2.8. Coedunenus ¢ eapaumupoB8anHbiM HAMsA2oM
DTO Hepa3bEMHBIE COSAMHEHUS JIJIs TIepeladi OCEBOM CUJIbI U (MJIK) Bpallia-
rorero MomeHTa. [Ipu cOopke 3a cuét ynpyrux aedopmanuii iuameTp Baja
YMEHBIIUTCS, a IUaMETP BTYJIKH — yBeTUUUTCs. (puc.2.43).
Takum 00pa3zom, mociie COOPKU CO3AAETCS HATAT 3a CUET PAa3HOCTH Pa3MEpPOB
COEIMHAEMBIX JeTaner. Ha moBEpXHOCTH KOHTAKTA AETAIIEH BOZHUKAIOT CUJIbI
TPEHMUS, MIPEISITCTBYIOIINE B3aUMHOMY CMEILICHUIO 3JIEMEHTOB COEAUHEHMUS.
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CoeanHeHust MOKHO Pa3AeIUTh HA IBE TPYIIIIbL:
- COCIMHEHUE ACTalIeH N0 WIMHAPUIECKUM U1 KOHUYECKUM IOBEPXHOCTAM
0€3 MPUMEHEHUS CIIELUAIbHBIX COEAMHUTEIbHBIX JIETANIEH;

al flo coedurerus a flocrne coedurers
44 4-4-1

—

Ll
s

4
#d

T
—

Puc.2.43. CoequHeHue ¢ HaTATOM: a) 10 COEAUHEHHUSI; 0) MOCIe COeAUHEHUS

- COEIMHEHUE AETANEN MO MIOCKOCTIM € MTOMOIIBIO CHENUATIBHBIX CTSIAKHBIX
KOJIeIl WJIY TIJIAHOK (aHKEPOB).

OCHOBHOE PUMEHEHHE HMEIOT COEIMHEHNS IIEPBOM TPYIIIBI 10 UUIUHAPHU-
YECKOM ITOBEPXHOCTH.

I[To criocoOy cOopkU pa3nUyaroT HWIMHAPUYECKUE COETUHEHMSI C HATATOM,
coOupaeMble 3apecCOBKOM U ¢ HATPEBOM OXBaTHIBAIOLLEH WM OXJIAXKIACHUEM
oxBaTbeIBaeMoH aetanu. HanéxHocTh coequHeHns, coOMpaeMoro ¢ HarpeBoM WJjIu
OXJIQXKJIEHUEM, IPUMEPHO B 1.5 pa3a BblllIe, YEM y COEUHEHUA, COOMPAEMOTO 3a-
MPECCOBKOI. DTO MPOUCXOAUT MOTOMY, YTO MPU COOPKE 3apeCcCOBKOM HEPOBHO-
CTH KOHTaKTHBIX MOBEPXHOCTEN YACTUYHO CPE3AIOTCS U CTIKHUBAIOTCA, YTO CHU-
KAEeT HECYILYIO CTOCOOHOCTh COEIMHEHHS.

JlOCTOMHCTBA COCIMHEHMU.

1.ITpocToTa KOHCTPYKIIMH.

2. Xopoliio paboTaroT npu OOJIBIINX TUHAMUYECKUX Harpy3Kax.
3. OGecneunBarOT XOpoIlee IEHTPUPOBAHUE.

HenocraTtku coeqMHEHUN.

1. CrioxHOCTh COOPKH — pa300pKH U BO3MOKHOCTH MOBPEKICHHS TIOCAT0Y-
HBIX MIOBEPXHOCTEH Mpu pazdopke.

2. KoHIleHTpauus HanpsH>KEHUM OT MOCAAKK C HATATOM COMPSIKEHHOM IeTalu,
a 3HAYUT CHM>KEHUE YCTAJIOCTHOM MMPOYHOCTH Baja.

3. TpyIHOCTh KOHTPOJISI CTENIEHU HAJIEKHOCTH COEIMHEHUS B Ipoliecce cOop-

KH.

4.boJibI1I0€ pacceMBaHUE MPOYHOCTH COEUHEHUS B CBSI3U C PACCEUBAHUEM
MOCAI0YHBIX Pa3MEPOB B MpeAeIax AOMYCKOB.

[Tox mPOYHOCTHIO COETMHEHUS 31€Ch TIOHUMAETCS CITIOCOOHOCTD Iepe1aBaTh
BHEIIHIOIO HArpys3Ky.

I[IppMeHenne CoOeIMHEHUIA.

CoenrHEeHMS IITUPOKO MPUMEHSIOTCS JJIsl COOPKH KPHUBOIIMIIOB, KOJICHYATHIX
BaJIOB, KOJIECHBIX IIEHTPOB U OaHIa)KeH KEJIe3HOIOPOKHOTO COCTaBa, BEHIIOB 3y0-
YaTbIX U YEPBSIYHBIX KOJEC, MOAMINUITHUKOB KQUEHUS U APYTUX AETAJICH MAIVH.
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Pacuér coenHeHUN.

3anaya pacuéra yCTaHOBUTH TpeOyeMoe Ul Nepeiauu 3a1aHHOI BHEIIHEH
Harpy3Ku COIpsDKeHHE JeTanel (T.€.110CaJKy) U IPOBEPUTH BBIIEPKAT JIU COEU-
HsIEMBIE IETAJIN CO3aBAEMbII IIPU CONPSLDKEHUM HATST.

Pacuér BeIMOIHAETCSA 110 CIEAYIOLIEMY AJITOPUTMY.

1. OmnpenenuTs AaBJIEHUE HA IOCA0YHON IIOBEPXHOCTH, TpEOyeMoe MpH Co-
CAVHECHUM JIeTaJeH I [Iepeaady 3alaHHON Harpy3KHu.

Hcxoms u3 TOro, 4To NaBieHUE P AOJDKHO ObITh TAKUM, YTOOBI CHIIBI TPEHUS
Ha [MOBEPXHOCTH KOHTAKTA ITOJTHOCTBIO MPOTUBOIECHCTBOBAIN BHEIIHUM CUJIaM,
HaxOJIMM:

-pY HAarpy»KEHUU COECIMHEHHS BHEIIHEW 0CeBOM cuion F:

F
F<frdlp orkyma P=——

fndf

- IIPHU HAIr'py>KCHHUHU COCAUHCHUS KPYyTAIIUM MOMCHTOM T:

2T
frd?¢’

- IPU HArPy>KEHUU COEAUHEHUSI OJTHOBPEMEHHO OCeBOM criion F u kpyTsaium
MOMEHTOM T;

JFAH(2T 1 d)? < frdp oy

rne f - xoaddunment tpenus;

d u - tnamerp u JyIMHA MTOCAIOYHON TTOBEPXHOCTH.

Jlnis yaéra ocnabieHus 1aBIeHuUs IIEHTPOOEKHOW CHUIION TIOTYyYEHHYIO BEIU-
YUHY YBEJIUIUBAIOT.

KoaddunuenT tpenus npunumaetcs: npu coopke 3ampeccoskoii f = 0.08,
npu coopke ¢ HarpeBoM (oxnaxkacHuem) = 0.14. Eciu oqHa U3 COeAMHICMBIX J1e-
TaJiell cTajabHas (4yryHHas ), a Bropast Opon3oast (marynnas) f = 0.05.

2. Omnpenenuth TpeOyeMbli pacUETHBIN HATHT.

Pacu€THbIil HATAT HUIMHAPUYECKOTO COEAMHEHNUS CBA3aH C TPeOyeMbIM IO-
CaJIOYHBIM JIaBJICHUEM BBIPAKCHUEM

C
_d 1_|_
p(E E)

3neck. Ej m E; -Moaynu ynpyroctu mMarepraioB OXBaThIBAGMOM U OXBAThI-
BaIOIICH JIeTaJICH;

T < frdepd/2 otkyma P =

\/F2+(2T/ d)?
fred/

koddurmenter: C

rae d - mocamouHbIN AMAMETD;
d; - gmameTp OTBEpPCTHS OXBATHIBAEMOM JeTanu (/1 Baja CIIOMIHOTO
nornepeuHoro ceuerus d;=0);
d; — Hapy)KHBIN AHMaMETP OXBATHIBAIOIICH JCTANIM;
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u1, M2 - kKoaddummentst [Tyaccona coequHsIeMbIX eTanei: A cTaau
= 0.3; ns yyryna = 0.25; nns 6ponssr p = 0.35.

3. Onpeaenuthb NeHCTBUTETBHBIN HATSIT COCAMHEHMUS.

JI71st KOMIIEHCAIU CTIaXKUBaHUS MUKPOHEPOBHOCTEH npodusieil comnpsirae-
MBIX JieTaneu nedcTBuTeNbHbIN HAaTAT N, coenMHeHus N0KeH ObITh O0JbIle Tpe-
oyemoro N,. [TosTomy

N = Np +1.2(R+R_,),

rie Rz u Ry - BRICOTBI MEKPOHEPOBHOCTEH Mpoduiieii, MpUHUMAEMbIC 10
COOTBETCTBYIOILIEMY CTaHAAPTY.

4.ITon6op cTaHaapTHOM MOCAJAKU

[To 3nauenuto N, monOupaeTcs U3 cTaHAapTa COOTBETCTBYIOINIAs MOCaIKa Ta-
KM 00pa3om, 4TOObI HAMMEHBIINK €€ HATAT ObLI paBeH Win 030K N .

Hauboinee pacnpocTpaHeHbl CIeAyIONIME MOCAAKU C HATATOM JIJIsl KBAJIMTETOB
6 u 7 (B mopsiake yobiBanus Hatsara) : H7/u7; H7/s6; H7/r6; H7/p6.

S.1IpoBepka MPOYHOCTH COECTUHSAEMBIX JIETAICH

Heobxoaumo npoBepuTh NPOYHOCTh COEANHIEMBIX JETaNeH, TaK Kak co3/a-
BAaEeMbIi Mpu COOPKE HATSAT MOXKET BBIBECTH UX U3 CTPOosi. [Ipu 3TOM HYKHO UCXO-
JUTh U3 HAaUOOJIBIIIETO BO3MOKHOTO HaTsira Ny BEIOpaHHOM MOCAKU U COOTBET-
CTBYIOILIETO €My HauOOJIBIIIETO PACUETHOTO HATATa

NMp =N -12(R_ +R_,),

a TaK)KC BO3MOKHOI'O MAaKCHUMAJIbHOT'O JaBJICHHUA Ha KOHTaKTHOM IIOBCPXHOCTHU CO-
CANHICMBIX I[GT&JICI?I

p= N
d(c,/E;+c,/E,)

JIns oXBaThIBAIOIIEH IETAIN, KAK U3BECTHO U3 KypCa CONIPOTUBIICHUS MaTe-
pHAJIOB, OMIACHBIMU SIBJISIIOTCSI TOUKHM Ha €€ BHYTPEHHEN IMOBEPXHOCTU. B 3THX TOU-
KaX BO3HUKAET IJIOCKOE HAIPSYKEHHOE COCTOSTHUE, ITPU 3TOM TJIABHBIE HAITPSIKE-
HUS 61=0y, 62=0; 63= G;. 37€Ch G- OKPY>KHOE U G — paualibHOEe HOpMaJIbHbIE
HanpspkeHus. [1o runore3e HanOOJIBIINX KacaTeNIbHBIX HAMPSXKEHUN (TPeThel Teo-
pHUH IPOYHOCTHU) JAJIS I€TAIH U3 IJIACTUYHOTO MaTepI/Iana

GZ)KB :Gt _Gr [Gp]
1—(d / d 2)
JlJ1s1 oXBaThIBa€MOM JI€TaI KOJIBLIEBOTO MOMEPEYHOTO CEYEHMS OMTACHBI TaK-
’K€ TOYKW BHYTPEHHEN MOBEPXHOCTU. B 3THX TOUKaX BOZHUKAET OJHOOCHOE CiKa-
THE. Y CJIOBUE MPOYHOCTH JJIsI OXBATHIBAEMOM J€TaIM, COCTABIICHHOE MO TPEThEU
TEOPUH MPOUYHOCTH, UMEET BU/L

Gy =03 = —[ ol

4
3nech 0003HaUeHO O ISl TOTO, YTOOBI BBIICTUTH 0003HAUEHUE HATIPsIKe-
HUH IJIS1 OXBAaThIBAEMOM JETaJIH.

63



Ecnu oxBaTeiBaemasi 1eTaib MpeACTaBisieT COOON CIUIONIHOM BaJl, TO B TFOO0M

4 !
€TI0 TOYKC BO3HHUKACT ABYXOCHOC CKATHC. I'maBHBIE HaIpsKCHU S 62 = 63 = 'p

[

OJIMHAKOBHI, a Gl= 0. YcnoBue NpOYHOCTH B 3TOM ClIy4ae

/ [ [

c =—0,=p< |_G J
JKB 3 p p
KonTposbHbIE BOIPOCHI

2.48. Ha3znaueHue v MpUHIMN 00pa30BaHUs COSTUHCHHUS.
2.49. Knaccudukaiys COeTMHEHUH 0 KOHCTPYKIIMU U 10 CITOCO0Y COOPKH.
2.50. JlocTOMHCTBA U HEJOCTATKH COCIMHCHUM.
2.51. Pacuét coequHeHn
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