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Wood. Method for determination of residual stress
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AnnapaTypa U MaTepuaJibl

[IOOTOTOBKA K MCIEITAHUSIM

[IpoBeIeHME MCIOBTAHUNA

ObpaboTka pPe3yIabTaTOB

NpunoxeHme 1. [IPOTOKOJ ONpeleSIeHMS OCTATOUHEIX HANPIXEHUNM
[IpunoxeHve 2. [IPOTOKOJ ONpeleJieHMd IMNOCJIOMHOTO MOOYJIS VIPYITOCTHU

I (OV [ N3 =)

Hactoawun crtaHgapT pacnpocTpaHseTcs Ha [JApeBecuMHy W yCTaHaBnvMBaeT MeTO4 onpedeneHus
OCTaTOYHbIX HaMpPSHKEHUA B OPEBECUHE C BblpaBHEHHOW BMNAXHOCTbK. MeTon BKMOYaeT U3MepeHue ymnpyrmx
nedopmauun, onpegeneHme nocsionHOro Moayns ynpyrocTu, BbIYUCIEHME HANPSKEHUIA Y MOCTPOEHNE UX 3NH0PbI.

1. AnnapaTtypa un matepuansbl

1.1. Mpubop onsa mamepeHus ynpyrmx gedopmaumii ¢ nHamMkatopom 4Yacosoro Tuna no NOCT 577, c
NOrpeLlHoOCTbi0 n3MepeHus He Gonee 0,01 mm. lMpubop BkNOYaeT OBE CTOMKM, CMOHTMPOBaHHble Ha obLuen
noacrtaBke. Ha ogHOM M3 CTOEK YKpenneH MHAMKaTop, Ha OPYron - HEMOABWXKHbLIA WTUAT. HakoHeYHKM Wwtudta
nHoukatopa (4ept.1) M HenmogBwKHOro LWTU(TaA npeacTaBnstoT cobor ocTpuss anuHon 1,0 MM U OMaMeTpoMm
ocHoBaHus 0,8 MM ¢ 3anneyrMkamu BeicoTon 1,1 MMm.

(N3meHeHHasa pegakumsa, Nam. N 1).
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"YepT.1 HakoHeYyHuK wTtndgta nHankartopa”
1.2. CtanbHas vrna c octpuem anvHon 4,0 MM 1 guaMeTpom ocHoBaHua 1,5 MM Ana HaHEeCeHUs1 HaKkonoB

Ha KPOMKaXx CEeKLMA.
1.3. MNpucnocobneHne, BkNtovatroLLlee HOX AnNvHon He MeHee 100 MM, ONs packanbiBaHUS CEKLUA Ha CIoW.



1.4. CtpybumnHa c XeCTKMM OCHOBaHWEM, NAAaCTUHYATOM NOAKNAAKOW U ABYMSI CbEMHbIMU BUHTOBbIMU M4
3axuMamy ans BeinpsaMmneHns cnoes. OCHOoBaHWE U NOAKMagka AOMKHbI UMETb WMPUHY 15 MM 1 ANVHY, paBHYHO
ONnHE namepseMbix crnoes. [JonyckaeTcsi NPUMEHATL YKOPOYEHHbIEe, He Bonee Yyem Ha 10 MM, cTpyOUUHBL. [leTanu
CTPYOLMHBI, 32 MCKIIOYEHWEM BWMHTOB W raek, OOSMKHbI ObiTb BbINOMHEHbI U3 nerkux cnnasoB. O6wasa macca
CTPYOLUUHBI He gomkHa npesbiwaTh 0,1 Kr.

1.5. YcraHoBKka Anst onpefeneHns NoCnoMHOr0 MoAyns yNpyrocT Npu UCNbITAHWUAX Ha CTaTUYECKUA n3rmob,
obecneyvBalolLlasi U3MeEpEeHNe Harpyskum C MorpewHocTelo He Gonee 1 H u umamepeHue crpenbl npornba c
norpeLuHocTbio He 6onee 0,01 MM. HaXkKMMHbIe HOXW UIK NOJble Banuky pagnycomMm 6 MM U3roTOBMSKOTCA M3 NTErKNX
cnnaeoB. O6Laa macca HOXeN UM BanuMkoB He OormkHa ObiTb 6onee 0,1 kr. CTtanbHble ONOpbl OOIMKHbI MMETb
paguyc 3akpyrneHuns 6 mm.

1.6. Ckoba c umHgukaTopom uyacosoro tuna no [OCT 577, wnn wrtaHreHumpkynb no MOCT 166 c
NOrpeLUHOCTbIO0 M3MepeHus He 6onee 0,1 Mm.

1.7. SkeukaTtop no NMOCT 25336 ¢ HaCbIWEHHBIM PacTBOPOM XIOPUCTOro HaTpus.

1.6, 1.7. (MN3ameHeHHas pepakums, Nam. N 1).

2. MNoarotoBKa K UCNbITAHUAM

2.1. Tpobbl 6epyT M3 OOCOK M 3aroTOBOK paauarnibHOW, TaHreHTarlbHOW WM CMELUaHHOW pPacnuiioBKM
TOMWWUHON He MeHee 25 MM n wnpnHon He meHee 100 Mm. B mecTe B3ATUS NpoObl HE OOMKHO ObiTb TPELUWH,
CY4YKOB, CEepOUEBMHbI, CMOMSIHbIX KapMAaLUKOB W APYrMX MOPOKOB, BAMSIIOWIMX HA MPOYHOCTb ApeBecuHbl. Cxema
oTbopa npobbl AaHa Ha u4ept.2. lpoba [omKkHa COCTOATb U3 Tpex cekuun: [ - Ans M3MmepeHus ynpyrux
nedopmaunin, M - ona onpegeneHns NOCNOWHOrO MOAynNs ynpyroctu, B - ana onpegeneHuns snaxHoctu. Cekuuu
BbIMMNNBAIKOT M3 OOCKM Ha paccTosiHum He meHee 300 MM OT ee KOHLUa 4YeTbipbMs nocregoBaTenbHbIMU pe3amMmu
nepneHauKynapHoO AnvHe OOCKW. TonwiMHa Kaxaow cekumu BOOoNb BONOKOH b coctaBnsgeT 15 mMm. OTKNOHeHus
TOMNWMHbI b He AomMKHbI NpeBbiwaTb +-0,5 MMm.

Cekuusim, BbINUMEHHBIM N3 HEOOPE3HOW JOCKM AOoMmkHA ObITh NpugaHa npsmoyronbHasa dopma. [Anst atoro
y BCEX TPEX CEKLMIA OTKamNbIBalOT 00630MbHbIE YHaCTKM.

Cxema orGopa npobnl

"YepT1.2 Cxema otbopa npobw!"

2.2. Cekumio B HemeneHHO B3BeLLMBAIOT M onpeaenstoT maccy m_1 ¢ norpelwHocTbio He 6onee 0,01 .

2.3. Bce Tpu cekuumn Ons BblpaBHMBAHUSA BIaXXHOCTW BbIAEPXKMBAOT B MoMeLleHnn nabopaTtopuu npwu
Temnepatype (20 +- 5)°C u cTeneHu HacbiweHHoCcTU Bo3gyxa 40 - 65%. MNpoaomKMTenbHOCTb BblAEPKKM NMpob u3
ApPEBECUHBI MEPBOW rPyNMbl NOPOA, BKMIOYAIOLLENA XBOMHbIE, KDOME NTUCTBEHHULLbI, U MSITKUE NNCTBEHHbIE NOPOAbI, -



He MeHee [BYX CYTOK, @ W3 BTOpOW rpynnbl, BKIHOYAOLLEN TBepAble NMUCTBEHHbIE MOPOAbl W JIMCTBEHHULY, - He
MeHee YeTbIpex CYTOK.

(M3meHeHHasa pegakumsg, N3m. N 1).

2.4. [onyckaeTcsa BblpaBHUBATbL BNaXXHOCTb CeKUMW B ABa npuema. BHayane cekuuu, nomelleHHble B
3KCMKATOP Haj HacCbILEHHbIM PacTBOPOM XJIOPUCTOrO HaTpusi C U3OLITKOM KPWUCTamnmnoB Ha OHe, BbIAEPXMBAOT B
cywunbHoM Wwkady npy Temnepatype 60°C, a 3aTem ux U3BMEKaT U3 3KCUKaTopa M BbIAEPXKMBAOT B MOMELLEHWN
nabopatopwun. NpogomKNTENBHOCTE BbIAEPXKKM CEKLMM B CYLUMITBHOM LIKady A58 rpynn nopogd, ykasaHHbIX B N.2.3,
COCTaBIsIET: ANA NepBov - 4 4, anga BTopon 6 4. O6Wwasa NpooOIMKUTENBHOCTb BbIOEPXKKN B CYLUUIIBHOM LIKady 1
nomMeLleHmn nabopartopum AomkHa ObITh: AN NEPBON rpynnbl MOPO4 - HE MEHEE OJHMX CYTOK, AJ1S BTOPOW rpynmbl
- He MeHee ABYyX CYTOK.

2.5. llocne okoH4YaHMA BbIOEPXKKM onpenenstoT maccy m_2 cekumn B ¢ norpewHocteto He 6onee 0,01 T,
3aTeM MnoMeLlalT 3Ty CeKuuo B CylWMUmbHbIA WKkad ¢ Temnepatypom (103 +- 2)°C gnsa BbICylIMBaHUSA OO
noctosiHHon maccel m_0.

(N3meHeHHaa pegakumsg, N3m. N 1).

3. NpoBeaeHune ncnbiTaHUM

3.1. OnpemesieHue VIOPYIUX IebopMalui
3.2. OnpemesieHMe [OCJOMHOIO MOIOVJIS YVIPYIOCTU

3.1. OnpepeneHue ynpyrux gedopmaumm

3.1.1. PasmeTka cekumii n yctaHoBKa M3MepuTenbHOro npubopa.

Cekumto [1 paameyaroT Ha Crou-nosiocKkM No cxeme, n3obpakeHHon Ha YepT.3a. [nst 3Toro AnvHy nuHum KS
pa3bmBaloT Ha LEenoe YUCHO OTPE3KOB, pPaBHbIX NPUMEpHO 4 MM. Yepes rpaHuubl 3TUX OTPE3KOB MPOBOAAT
KapaHdalUHble NMHMM napannenbHO LWMPOKMM CTOPOHaM CEKLUU,

Ecnn cekuusa BbinMneHa wu3 nokopobneHHom p[ocku (4ept.36), To ee Toukm [0 mn C coeguHaoT
BCMOMOraTenbHON NpsiMOr, K KOTOPOW BOCCTaHaBNUBAOT nepneHavkynap KS, npoxogdawimm yepes Touky S pebpa
AD, 6nvmxanwyto k nuHum BC. MpaHuupbl CNnoeB HamevatoT NIMHUSIMU, NPOBeAEeHHbIMM napannensHo nuHum BC. Mpwu
3TOM KpaWnHWe Crion cekummn 6yayT MMeTb HEpaBHOMEPHYIO TOSLLMHY.

Cnou MapkupyrtoT NOpsiOKOBbIMM HOMEPaMX Ha TOPLIOBOM MOBEPXHOCTU CEKLMU N €€ KOPOTKUX KPOMKax
(cm. yept.3a, 6). KopoTkue KpOMKM CeKLMM NPpeaBapuUTENbHO Crierka 3a4ynlatoT WwnndosanbsHON Gymaron.

Cxema pazverxkn cexunn 1
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"YepT1.3 Cxema pasmeTtkm cekuum 1"



3.1.2. TonwwmHy gockn H umamepsitor no cekuumn O y nuHum KS ¢ norpewHocTbio He Genee 0,1 MM u
pes3ynbTaT 3aHOCAT B MPOTOKON (CM. MpunoxeHue 1).

3.1.3. lNpubop Ons m3mepeHus ynpyrux gedopmauuin nepemelleHMeM €ero CTOeK HacTpauBalT Ha
yCTaHOBOYHbIN pa3mep a_0, BennymHa KOTOPOro A0MmMKHa ObITb Ha 2 - 3 MM MeHbLUe ANWHbI cekuun. BennumHy a_0
N3MEpPSIOT LUTAHrEHUMPKYieM C NorpewwHocTolo He 6oree 0,1 MM NO paccToAHMIO Mexay 3annedmkamm WTndToB
Npy MONIOXEHUU CTPenku WHOUKaTopa Yy HyneBoro AdeneHus wkanbl. [lonyyeHHoe 3HauveHve a_0, koTopoe
COXpaHSAETCH NOCTOSAHHbLIM MPU UCTbITAHUM OAHHOW CEKLUMU, 3aHOCAT B MPOTOKON (CM. npunoxeHue 1).

Cxema m3MepeHHR HAYANBHON JARHM CNOEB
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Yepr. 4

"YepT.4 Cxema nsmepeHus HayanbHOM AnnHbI cnoes”

3.1.4. [Insa kaxgoro criosi Ha o6enx KOPOTKUX KPOMKaX CEKLUWU B LEHTPE AenatoT CTanbHOW UITION HaKosbI
rnyouHon 1,5 - 2,0 mm.

3.1.5. VIamepeHne HavanbHOW AnvHbl cnoes cekummn [ (cm. yept4).

Mpu namepeHun HavanbHOW ONuHbI cnoes a_1 cekummn [ ocTpusa WTUATOB BBOAAT B HAKOMbl, M CEKUMS
3aHMMaeT B npubope OoTBeCHOe MoroxeHue. Vamepsas Kaxablid crnomn, onpedensoT pasHuuy |1, mexagy anvHon
cnos a_1 1 ycTaHoBOYHbIM pasdmepom npubopa a_0. Cekumio ABaxabl OTKNOHSAOT HA HEKOTOPbLIW Yron, BbIBOOAT U3
OTBECHOr0o MOSOXEHMUS, U OTCUUTLIBAKOT |1 ¢ norpelsHocTelo He Gonee 0,01 MM. 3aTeM cekuMo BbIHUMAOT U3
npubopa u cpasy xe BHOBb U3MEPSIIOT TEM Xe NpUBOPOM AaHHbIN CMOWM Nocne OOHOKPaTHOrO OTKIIOHEHMWS CEKLMN.
O6a oTcyeTa 3anucbiBaloT B COOTBETCTBYHOLLYIO rpadpy npoTokona (cm. npunoxenune 1). Ecnn pasHuua B otcyeTax
coctaBut Oonee 0,01 MM, TO nNpPoOBOAAT [OMNOMHUTENbHOE wu3MepeHue. [lpomMep croeB BedyT B
nocneaoBaTenbHOCTM, COOTBETCTBYIOLLEN NX HyMepauuu. Nepea n3amMepeHnem CroeB B HDKHEN NMOSIOBUHE CEKLMM
ee nosopaumeatoT B npnbope Ha 180°C.

(N3meHeHHas pegakums, Nam. N 1).

3.1.6. PackanbiBaHue cekumm [1 Ha crown.

lMocne nsMmepeHus HayanbHOW ANUWHLI BCEX CroeB cekuuio [1 packansiBaloT rno pasmeTke. JlesBne Hoxa
yCTaHaBnMMBaKT Ha COOTBETCTBYIOLLEN NMHUM 1N OBYMS-TPEMS yaapaMu OepeBSHHOro MONOTKa CRoW OTAensT oT
cekumn. CHavana oTAenstoT NepBbIv U NOCNEAHUI MO HyMepaLumun Crioun, 3aTeM BTOPOW U NpeanocneaHun n T.4.

3.1.7. VIamepeHne KoOHe4YHOW AnvHbI cnoes cekummn [ (CM. 4ept.5).

Cnou u3mepsil0T nocne npeasapuTENbHOMO BbINPAMIEHNS UX B CTPyOuuHe. Kaxabli Cnon npwxumatoT K
OCHOBaHWIO ABYMSI BUHTOBbLIMW 3axxuMamun. Mexay BUHTaMun 1 ApeBecrHON NoMeLLaoT nogknaaky. Kaxabii 3axum
pasMeLlaroT Ha paccTostHumM 15 MM OT KOHLa crosi.



CxeMa H3MepeHNA KOHeYHOH JUTHHM cA0S
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"YepT1.5 Cxema n3mMepeHus KOHeYHOn AfiMHbI crios”

B cTpybumHe 3axmMmaloT BCce Cron He3aBMCMMO OT CTEMNeHM ux u3orHytoctu. Crnor nomeLLaroTt B cTpybumHe
Takum o06pasom, 4Tobbl ero CTopoHa, obpalleHHas K LEHTpYy CeKuMM [0 packposi, okas3anacb MnpwxaTom K
OCHOBaHWMI0, a Undpbl, HAHECEHHLIE HA ero Topue, bbinn y Grivkanwmx Kk Habnogartento pebep. Namepsiembin crion
CO CTpyOUMHOW [OMMKEeH 3aHuMMaTb B npubope ropusoHTanbHoe nonoxeHve. OtcyeTbl | 2 3aHOCAT B
COOTBETCTBYHOLLYIO rpadpy npoTokona (CM. npunoxeHue 1).

3.1.8. Ecnun Henb3si M3MepuTb KOHEYHYH ANMHY OOHOro M3 KparvHUX CroeB BCReacTBUE MOSIOMKWU €ro npu
packanbiBaHUU ceKLuun Mnn nocneayroLmnx onepaumsx, To 6epyT HOBYO Npoby.

3.1.9. ®dakTnyeckylo TOMWMHY KaZoro crosi M3MepsitoT No NuHUMKM KS uHOukaTopHol ckobon wnu
LUTAHreHUMpPKYJEM C NOrpPeLLHOCTLI0 He Gonee 0,1 MMm.

3.2. OnpepeneHve NOCIOMHOro MOAYNA yNpyrocTtu

3.2.1. Packpon cekumn M Ha obpa3subl (CM. 4epT.2).

Cekumio pacnunmBaloT B HanpasfieHMU OCK Y Ha NOMnockn-obpasubl Ans onpegeneHns mogyns ynpyroctu.
Yuncno Takmx obpasuoB OOMKHO ObiTb B TpW pa3a MeHblUe Yucna croesB B cekumn [1 (okpyrmeHwe Ao uenoro
nponseoadaTt B 60nbLUyto CTOPOHY). BeicoTy h obpasLioB ycTtaHaBnuBaloT No AnvHe nuHun KS, NnpoBoanMON Takum
xe obpasom, kak B cekuun [1, ncxoga nsa HameyeHHoOro Yncna obpasuos 1 ¢ y4etom nponunos. LnprHa obpasuos
b cootBeTCcTBYET TOMWMHE (BOOMb BOMOKOH) cekumn M, a anuHa - wuprHe gocku a. OTKINOHEHMS YCTaHOBIEHHON
BbICOTbI 0Opasua Ha BCEM MPOTSXKEHWUM €ro AJNTUHBI HE AOMKHbI NpeBbiwathb +-0,2 MM.

3.2.2. [JonyckaeTcs packanbiBatb cekumio M Ha o6pa3subl No npeaBapuTernibHO HAaHECEHHBIM KapaHaallHbIM
puckam.



Cxema pa3mMeTKH 00pa3noB M3 cexnru M
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"YepT1.6 Cxema pasmeTku obpasuoB 13 cekuum M"

3.2.3. ObpasLbl MapKkMpyloT NOPSAKOBBIMU HOMEPaMu B HamnpasfieHWKU, COOTBETCTBYIOLLEM HanpaBneHuo
Hymepaumm cnoes B cekumm [.

3.2.4. PasmeTka 1 nsamepeHume obpasuoB Ansi onpeaeneHns Mogyns yrnpyroctu (Cm. 4ept.6).

KapaHgawwHblie puckn 1 1 5 HaHoCAT Ha paccTtosHum 10 mm OT TopuoB obpasua. PacctosHve mexay atumm
puckamyn OensaT Ha 4eTblpe paBHbIX Yy4yacTka. Bce usmepeHus npu pasmveTke o6pasuoB npou3BodsaT C
norpeLuHocTbio He Bonee 0,5 mm.

3.2.5. lpy nomoLLM LUTAHFEHUMPKYNA WM MHOUKATOPHOW CKOObl C norpelHocTeio He 6ornee 0,1 MM
n3MepsioT pakTnyeckyto BelcoTy h 1 WwnpuHy b obpasuoB B Tpex Todkax y pucok 1, 3 n 5. PedynbTtaThl namepeHus
3aHOCAT B COOTBETCTBYHOLLME rpadbl NPOTOKoNa (CM. NpuroxeHue 2).

3.2.6. UcnbiTaHne obpasLoB.

Mogaynb ynpyroctu onpeaenstoT nyTem UCnbiTaHUSA Kaxagoro obpasua Ha ctatudeckun nsrnd. VcnbitaHus
NPOBOAAT Ha YCTaHOBKe, CXeMa KOTOpOW rnokasaHa Ha yept./. Obpasel pa3meLyaloT Ha onopax Tak, Y4Tobbl ero
puckm 1 n 5 coBnaganu C puckamu, MNpoBedeHHbIMW Yepe3 LeHTpbl onop. Mexagy onopamu n 06pasuom
npoknaabiBaloT MeTannnyeckne nnactmHkm pasmepom 20 x 20 x 3 mm. WUTnT nHankaTopa ynuparoT B BEPXHIOKO
nnockocTb obpasua y pucku 3. Harpyska nepegaetcst Ha obpasel B ABYX TOYKax y PUCOK 2 1 4 yepe3 HaXXMMHbIe
HOXMW cTyneHyato. KomuyecTBO CTyneHen HarpyxeHuss OOrmkHO ObiTb He MeHee wecTn. BenuumHa cTynenu
Harpy>xeHust Npyn ncnbiTaHum obpasuoB U3 ApeBecrHbl XBONHbIX MOPoA ¢ nponetom | go 14 cm coctaenset 2,5 H, a
npu Gonbwux nponetax - 1,0 H. MNpu ucnbitaHmax obpasuoB u3 ApeBeCUMHbl TBEPObIX MUCTBEHHbIX MOPoA U
NUCTBEHHULbI BEMUYMHA CTYMNEHU Harpy>xeHnsi COOTBETCTBEHHO paBHa 5,0 Hin 2,5 H.



Cxema mcnmmaHEs o6pasns Ha craTHiecKmil
H3rub 115 olpefleNeHHA MOXYAR YIPYTOCTH
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Yepr. 7

"YepT.7 Cxema ucnbiTaHMs obpasua Ha cTaTuieckuin n3rnb ans onpepeneHns Moayns ynpyroctu”

3.2.7. [onyckaeTca HarpyxaTtb o0Opa3sel 4epe3 HaXWMHble Banukm C MOMOLWbB Mpb. [vpu
nocnegoBaTenibHO M NMABHO YKaAbiBalOT Ha FPY30MPUEMHYI0 MIOLWAAKY, CBA3AHHYH TAramMuM C HaXKUMHbBIMM
Banukamu. Kaxxgas ryups AOrmkHa COOTBETCTBOBATb OAHOW CTYMEHU Harpy>KeHusl.

3.2.8. HemepgneHHo Bcrieq 3a NpUoXKeHUEM KaXOoW CTYMEHU HarpyXeHust Mo UHAMKATOPY, M3MepPSIoLLEMY
BEMMYMHY nNpornda, CHUMaT OTCYET C NorpeLlHocTbio He 6onee 0,01 Mm. Pe3ynbTat 3aHOCST B COOTBETCTBYHOLLIYIO
rpady npoTokona (CM. NpunoxexHve 2).

3.2.9. Ecnn oavH 13 kpanHux obpasLioB crioMaeTcs Npu BbINUIMBaHUM U3 cekLmn M unu npexxaeBpeMeHHo
paspyLUMTCS NMPU UCMbITAHUSX N3-3a CKPbITbIX TPELLMH, TO BepyT HOBYLO NPoO6y.

4. O6paboTKka pe3ynbTaToB

4.1. OnpenmesyieHye BJIAXHOCTU

4.2. OmnpenmesieHuye cpenHer nedopMaluy MO IJIMHE CJIod
4.3. BuUMCJIEHME MOIYJS YIPYIOCTU 00paslioB

4.4. OnpepesieHVEe HaANPSIXEHUS U NOCTROEHUE DIIOPHL

4.1. OnpepeneHne BraXHOCTH

4.1.1. BnaxxHoCTb B MOMeHT B3ATMA nNpobbl (W_1) n nocne Bbiaepxumsarus (W_2) B npoueHTax BbIYMCNASIOT
no ¢popmynam:

(m - m ) x 100

1 0
W = ’
1 m
0
(m - m ) x 100
2 0
W =




4.2. OnpepneneHue cpeaHen aecopmaunm no AnvHe cnos

4.2.1. Ons kaxpgoro cros cekuun [1 nepemelteHne (densta [) B MM BbIYUCTISIOT N0 hopmyne

OenpTa 1. =1 -1,
1 2
roe 1 - BTOPOM OTCUET IO MHIMKATOPY IPM M3MEPEeHUM HadaJIbHOM  IOJIMHEL,
1 MM ;
1l - oTcueT NO MHOMKATOPY [IPU MU3MEPEHUM KOHEUHOM IJIMHBI, MM.
2

Bbluncnenme npounssogat ¢ TouHocThbio Ao 0,01 mm. Ecrm |1 > | 2, 10 [enbta | npucBamBaroT 3Hak (+),
ecnm |_1>1_2, 7o fenbta | npucBansatoT 3HaK MUHYC (-).

Pesynbtathl BbluncneHu fenbta | 3aHOCAT B NpoToKon (CM. npunoxenue 1).

4.2.2. ledopmaLmio Kaxxgoro cnosi (KCu) BbIMMCRAT no dopmyne

HOenbTa 1 HOenbTa 1
KCHU = = ’
a a + 1
1 0 1
rme a - HadaJlbHas OJMHa CJIOfA, MM;

1

a — YCTAHOBOUHBI pasMep npmbopa, MM.
0

Dedopmauuio Keu Bbl4MCNAT ¢ TodHOCTLIO A0 0,0001. MonyYeHHble 3Ha4YeHNsA KCU C COOTBETCTBYHOLLMMMU
3HaKaMm 3aHOCAT B NPOTOKON (CM. npunoxeHune 1).
4.2.1, 4.2.2 (UsmeHeHHasa pegakums, N3m. N 1).

4.3. BbluncneHue mogyns ynpyroctu o6pasnoB

4.3.1. BHauane Bbl4MCIISAOT NpupaLleHne npormba Ha Kaxayto CTyneHb Harpyskv 1 nonyvyeHHble 3HaYeHNs
3aHOCAT B NpoOTOKON (CM. npunoxeHwe 2). B pganbHenwem MoAynb YNpPYroctu BbIYMCIASOT TOMbKO AN Tex
CTyNeHew HarpyxeHus, Ans KOTOPbIX HabnogaeTcs nNpakTUYecku MOCTOSIHHas BenuuuHa npupalleHuns nporuba.
Ecnv npy HeKoTOpoK CTyneHn HarpyXeHns HabmogaeTcsa peskoe yBenmyeHvne npvpaileHns npornbos, To AaHHbIE,
OTHOCSILLMECSH K 9TON U NocneayloLwwyM CTYNEeHAM Harpy3ok, He yYnTbIBatoT.

4.3.2. 3a HavyanbHOE HarpyxeHue, oOXuM, NPUHUMAIKOT NEPBYIO CTYMEHb Harpysku. BelumMTtasa ns otcyeTos
Harpy3kv u npornboB mx 3HadeHus npu obxume, MONyYalT BEMNMYMHbI NPUBEAEHHbIX Harpy3ok P un npornbos f,
KOTOpble 3aHOCAT B COOTBETCTBYHOLLME rpaddbl NPOTOKONa (CM. Npunoxexue 2).

4.3.3. BblumcnsaioT cpegHune 3HadeHus h n b n pesynstaTtbl 3aHOCAT B NPOTOKOS (CM. NpUNoXeHue 2).

4.3.4. Ins KaXgon YeTHOM CTyneHu HarpyxeHus moayns ynpyroctu (E) B MNa BbiumcnsioT no dopmyne

3
11 P 1

3
64 b h £

- HNpuBeOeHHad Harpyska, H;

- paccTofHMEe MexIy ollopaMu, M;
mMpuHa obpasua, M;

- BEHICOTa ObOpa3ua, M;

— NPMBEIEHHHM Opormd, M.

Lo T o ol e
I

BbluncneHme nponseogdaTt ¢ TouHocTblo o 1 x 10(7) Ma.



N3 nonyyeHHbIX BENWYMH BbIMUCASIOT cpefHee 3HayeHue E ans paHHoro obpasua, KOTopoe 3aHOCHAT B
NPOTOKON (CM. NpUNOXeHne 2).
(N3meHeHHasa pegakuusa, A3m. N 1, 2).

4.4. OnpepeneHuve HanpsikeHUs U NOCTPOeHue 3NpPbI

B1m0pa OCTATOMHMX Hanpiaenuid

é,””d 6'

161
. H&R
S 4 0,006
& 06 ]

4 0,004
T gt 4
e a2,
3§ w2ty ] H“ e 40001
2045 O s 6 1Y
g feer -{a.001
S 0,604 qo0z2
« Ermf
d— 0:7_\
a5F £
03 4
0”_9’; - L ! ! _0”
r 2z 3 4| X
Tonuwung docxu H,mM

a — KpHBHE HANPITKeHUA ¢ H nedopMaumi ¢;
6 — XpHBasg MOMYf YNpyrocTu E.

Yepr. 8
"UYepT.8 Ontopa ocTaTouHbIX HanpshkeHnin"

4.4.1. XapakTepuCTUKON HaMNPsPKEHHOIO COCTOSIHWUSI OPEBECHMHbI CAYXUT 3Mopa HanpsbkeHun. Inopy
HaMpsPKEHUN CTPOAT creayolwmm obpasom (cm. 4ept.8). Ha ropusoHTansHom ocn O' - O' oTkNagbIBaloT OTPE3OK B
MacwTtabe 2:1, cooTBETCTBYHOLWMI TonwmHe gockn H (cMm. yept.8a). N3-3a wepoxoBaToCcTh NOBEPXHOCTU CrOEB
CyMMa BCeX TOMWMWH CrOEB OKa3blBAETCH HECKOMNbKo 6Oornblie BenuuuHbl H. 3TOT wusnuwek paBHOMEPHO
pacnpefensioT Mexay BCeMM CMosiMy U onpeferieHHylo Takum o6pa3oM nonpasky, paBHyto 06bl4HO 0,2 - 0,4 MM,
BbIYMTAIOT M3 3aMEPEHHON TOMLLMHBI KaXXOoro cnosi. NonyyYeHHble HOBbIE 3HAYEHMS TOMLMHBLI CIOEB OTKNaabiBaloT
B MoOpsiike MX Hymepauum Ha oTpeske H. Ha opguHaTax, npoxogswmx yepes cepeauHy ydactkoB ocu O' - O',
COOTBETCTBYIOLLMX ToMnWmHam croeB (cM. Yept.8a umdpsbl 1; 2; ...; 12 0603Ha4ar0T HOMEpa CroeB), OTKMNaabIBaT
BENUYMHbI Aeopmanmi Kcu.

Macwtab npuHMMaloT cnegylowmn: 1 cM opavHaTbl COOTBeTCTBYeT aedopmaumu, pasHon 0,001.
BennuuHbl gedopmaumii co 3HakoMm nntoc (+) OTKNagbiBalOT BHM3, @ CO 3HAKOM MUHyC (-) - BBeEpx OT
ropuaoHTanbHon ocu O' - O'. 1o nony4yeHHbIM ToYKaM CTPOSAT KpuByto ken = f_1 (x).

(N3meHeHHas pegakums, Mam. N 2).

4.4.2. B HkHen yacTu rpaduka (cm. 4epT.86) Ha yvacTke ropmsoHTanbHon ocu O" - O", a Takke paBHOM
BenumunHe H B macwtabe 2:1, 0TKNagbiBalOT 3HA4YEHUS BbICOThI 06pasLoB cekumm M, yunuTbiBas Npu STOM LLUMPUHY
nponuroBs. Ha opamHaTax, Npoxoasilimx Yepes TOYKM, COOTBETCTBYIOLLME cepeanHe BbICOThI kaxaoro obpasua (cm.
4epT.860 umudcpbl 1; 2; 3; 4 Ha ocu O" - O"), oTkNagbIBaOT 3HAYEHUS MOAYNSA YNpyroctu B macwTtabe: 1 cm
cootBeTcTByeT 1 X 10(8) MNa. No nony4eHHbIM Toukam cTpoAT kpusyto E =2 (x).

4.4.3. Tlo To4ke nepeceyeHns opamMHaThl Kaxaoro cros cekumm [0 ¢ kpmeow mogyna ynpyroctn E = f 2 (x)
onpegensitoT 3HavyeHne E ans gaHHoro cros. MNMony4veHHble 3HadeHusa E ans Bcex croeB cekuun [1 3aHoCAT B
COOTBETCTBYIOLLYIO rpady NpoTokona (CM. npunoxexve 1).

4.4.4. HanpspkeHue (curma') B lNMa BbluMCnAOT no oopmyne

curma' = E x kcu,

roe E - MOIYJb YINPYyT'OCTM HAHHOTO cJjios B Ila;



KCK - nmedpopmalmda CJIOA.

BbluncneHve nponsBogaT ¢ TodHocTbio Ao 1 x 10(4) Ma.

3HakK HanpspKkeHW curma' COOTBETCTBYET 3HaKy AedopMauum.

lMony4YeHHble 3Ha4YEeHUS HAMPSXKEHUA 3aHOCAT B MPOTOKON (CM. npunoxenune 1).

(N3meHeHHasa pegakumsa, Nam. N 1).

4.4.5. 3HavyeHuNs HanpsbkeHW curma' oTknagbiBatoT (CM. Yepr.8a) Ha opguHaTax Kaxgoro crnos B
3aBMCUMOCTM OT UX 3HaKa BBepX unu BHU3 oT ocn O' - O' B macwTtabe: 1 cm coorBetcTtByeT 2 X 10(5) MNa. Mo
HaHeCEeHHbIM Ha rpadomke To4Kkam CTPOAT Kpusyto curma’ = f_3 ().

4.4.6. Ncxoosa 13 ycnosuin paBHOBECUST HAMPSHXKEHUI, HYMNEBYIO NMHUIO 3NOpbl NepeHoCcHT 13 noroxeHus O
- O' B nonoxexne O - O ¢ Takum pacyeToM, 4TOObI NnoLaam antopbl ¢ pa3HbIMK 3Hakamu 6binn paBHbl. [Nnowaam
anopbl  U3MEPSAT  NMaHMMETPUPOBAHMEM UMW APYrMM  CMOcoBOM C MOrpellHocTbio He Gonee 1 MM2.
CoOTBETCTBEHHO HOBOMY MOJIOXKEHUIO HYNIEBOW JIMHWUM NEPEHOCAT U LKAy HanpsbkeHun. OKoHYaTensHO BENNYUHY
HaMpsHKEHU cUrMa onpenenstoT No BTOpon NeBow Lwkane (cMm. 4ept.8a).

Ona onpegeneHust MakCUMarnbHbIX HaMpPsPKEHWI MO LUMPUHE [OCKM HeobxoOMMO HanpshKeHust curma
yBennunTtb B 1,3 pasa.

4.4.7. Hagnucb K rpadmnky C 3Mopor HanpshkeHu AofKHa codepaTb Mapky npobbl, HasBaHMe nopoasl,
BnaxHocTb W_1 B MOMEHT B3ATMS Npobbl 1 BNaxxHocTe W_2 nocne BbiAepXMBaHUS.

MpunoxeHwue 1

PekomeHayemoe
MpoTokon
onpeneneHnsa OCTaTOYHbIX HanpPsHKeHUN
Mpoba . BnaxkHocte W_1 = % W_2 = %
YcraHoBoOuYHbIV pa3mep a_0 MM. TonwmHa gockn H = MM
Homep |TosumHa OTcueTH IO [lepemenie- | DepopMmauma| MonmyJsib Hanpaxe-
cJiod cynosa h, |MHOMKaATOPy, MM, |HME CJIOS |[CJIos, KCU |yIOpyI'OCTHU HME B
MM npu maMepeHuu |JernbTa 1, cnosag B 1 |cmoe B 1
MM x 10(8) x 10(5)
HadvaJlb— | KOHeu-— [Ia E [Ia curMma'
HOM HOM
IOJIVIHBL IOJIVIHBL
CJIOEB CJIOEB
11 12
" " 19 T. [loonuchb
MpunoxeHue 2
PekomeHayemoe
MpoTokon
onpeaeneHusi NOCIIOMHOro MoAynA ynpyroctu
Mpoba . PacctosiHue mexay onopamu | = MM

Homep | Homep |Harpy3—| [Ipornd
Pasmeprl ceueHusa obpasla,
o@pasua|CTyHeHm|Ka B lO|

B MM

(oTcueT |

|HpMpame— |HpMBeneH— |HpMBeneH—|Monynb YOPYyIT'OCTU |

HUe

| HaAd

| HEIVL

|E B

1 x 10(8) Ia



|Harpy3—| H | o | nporuda |Harpy3Ka P|nporM6 f | |

BEHICOTA MYPMHA
| KM | |MHnMKaTo—|Ha Kamnym| B 10 H | B MM | |
| | | | | | py) B | crynmens | |
[ I I I I
| | | 0,01 MM |Harpy3KM | | | 1o |cpenHMﬁ |
B |CpeﬂHHH| B |CpeﬂHHH
|B 0,01 MM| | |CTyHeHHM| oyis
|mecrax | |MecTax |
| | | | |Harpy3KM|o6pa3ua
|M3Mepe— MBMepe—l
| | | | | |
HUSA | | HUSA |
| | | | | | | | |
| I | I | I I I I I I I
I I I
| | | | | | | |
| | | | | | |
|
" " 19 T. ITomnmuceob

(N3meHeHHasa pegakuusa, N3m. N 1, 2).
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