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MNpepncnosune

1 PA3PABOTAH O6wWecTBOM C OrpaHUM4eHHON OTBETCTBEHHOCTbID «Hay4yHO-cepTUMUKALNOHHBIN
yuyebHblii LleHTp maTepuanosefeHus n pecypca KOMMOHEHTOB SilepHON TexHUkn «LleHTp maTepuanosepe-
HUA8 un pecypca» (000 «HCYL «UMuP»), OTKpbITbIM akuuMoHepHbiM obuwecTtBom «Hay4yHo-
nccnepoBaTenbCkuii LEHTP KOHTPOS U AUArHOCTUKM TexHuuyeckux cuctem» (AO «HULL KO»)

2 BHECEH TexHunuyeckuMm KomMuTeToM no ctaHgapTtusaumm TK 132 «TexHuyeckas gunarHoctuka»

3 YTBEPX/JEH W BBEJEH B IENCTBUE Mpukasom defepanbHOro areHTCTBa No TEXHNYECKOMY
perynnposaHuio n metponorun ot 11 Hos6pa 2014 r. Np 1580-cr

4 BBEJEH BMNEPBbIE

5 NEPEN3AAHUE. CeHTabpb 2016

MpaBuna NpuMeHeHNs HacTOSALW ero cTaHgapTa ycTaHOB/EHbl BCcTaTbe 26 ®efepasibHOTO 3aKoHa
«O cTaHpgapTusauum B Poccuiickoit Pepepauuny». WVHcbopmauma 06 W3MEHEHUSIX K HacToslwemy
cTaHAapTy nybnukyeTcs B exerogHomM (No coCTOSHWIO Ha 1 AHBaps Tekyu,ero roga) MHopMauoHHOM
ykasaTtene «HauuoHanbHble cTaHfapTbl», a oduunanbHbli TEKCT W3MEHeHWld W nonpaBoK - B
eXeMecsiYHOM VHMOPMaLMOHHOM YykasaTene «HauuoHanbHble cTaHAapTbi». B cnyvae nepecmotpa
(3aMeHbl) WM OTMEHbl HacToAWw,ero cTaHjapTa CcoOTBeTCTBylliee YyBegoMmieHune 6GyaeTt
ony6nukoBaHO B 6GnvkaieM BbiMycke WHOPMAaLMOHHOTO ykasaTens «HauuoHanbHble CTaHAapTbl».
CooTBeTcTBYylOW aA MHhopmaums, yBefoMIeHne N TeKCTbl pasmelLalnTca Takke B MHOPMaLMOHHOM
cucteme obLLero NonNb3oBaHNs - Ha oduuynanbHOM caiTe PefepasbHOTO areHTCTBa N0 TEXHUYECKOMY
perynmpoBaHuio M MeTponornn B cetn WHTepHeT (wvm.gost.ru)

© CraupgapTuHdopm. 2016

HacToswmii ctaHgapT He MOXeT 6biTb MOMIHOCTBI WM YACTUUYHO BOCMPOU3BEAEH, TUPAXMPOBaH U
pacnpocTpaHeH B kKauecTBe ohuLManbLHOro nsgaHus 6e3 paspeleHns defepasnbHOro areHTCTBa MO TEXHU-
YecKoMy perysimpoBaHui0 U METPOOTUK
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BeepeHne

MeTo4 WMHCTPYMEHTaNlbHOT0 WHAEHTMPOBAHMA Lapa OTHOCUTCH K Yucny meTofoB 6e306pasLoBoro
N3MEepPEHNA XapakTepuCcTUK MPOYHOCTU U NAACTUUYHOCTU KOHCTPYKLMOHHbLIX MaTepuanoB. MeTos OCHOBaH Ha
3anucu guarpammbl BAaBAWBaHUS ynpyroro wapa (WwapoBoro MHAEeHTopa) B MOBEPXHOCTb KOHTPOMPYEMOro
mMatepuana B KoopauHaTax «Harpyska - rnybuHa» Ha ynpyronnacTuyeckoin ctafuv Harpy>xXeHus u pasrpysku
C BblGpaHHOl CKOPOCTbI0 AehOpMUPOBaHUSA.

HacTtoAwwmii cTtaHaapT NOCAYXWUT MeTOLMYEeCKOW OCHOBOIM MCMNONb30BaHWMA AaHHOrO MeToja npu pe-
LWEeHUN LMPOKOTO Knacca MHXeHepHbIX 3ajay, Tpebylowmnx onepaTuBHON HepaspyLllalLleil oLeHKN NPoYHOo-
CTHbIX XapakTepUCTUK U3fennii, BbINOHEHHbIX U3 MeTaNAN4Yecknx MaTepuanos.
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HAUMWOHANBbHbBIMW CTAHAAPT POCCUMCKOW SEAJZEPALUNUMN

ONPEJENEHVE ANATPAMMDBI
«HAMNPAXEHWE - AE®OPMALNA»
METOAOM MHCTPYMEHTANIbHOTO MHAEHTUPOBAHWA WWAPA

O6uwune TpeboBaHus

Determination of «stress - strain» diagram in the course
of ball instrumental indentation.
General requirements

Jarta BBefeHns — 2016—01—01

1 06nacTtb NpUMEHEHMNA

HacTosiwuii cTaHaapT ycTaHaBmeaeT o6uue Tpe6oBaHns K UCMOb30BAHUI0 METOAA NWHCTPYMEH-
TafbHOro MHAEHTUPOBAHUS Lapa Ans ONpefefieHUs auarpaMMbl «HanpsxeHve - gedopmalusi» MeTanios
W CniaBoB.

2 HopMaTuBHbIE CCbIJIKM

B HacTosueM cTaHgapTe UCNO0/b30BaHbl HOPMATUBHBIE CChIJIKWM Ha criefyolwne cTaHaapTbl:

FOCT P 8.563 - 2009 lNocypgapcTBeHHas cucTema obecneyeHus efWHCTBa W3MepeHuin. MeTognku
(MeToAbl) BbINO/THEHUA U3MEPEHUNT

FOCT P 8.748 - 2011 Martepuansl metannnyeckme. OnpeneneHne TBepaocTv U Apyrnx napameTpos
mMaTtepuanoB MHCTPYMEHTabHbIM METOLO0M BAaBnmBaHusa. Yacte 1. MeTog ncnbiTaHns

FOCT 7.32 - 91 Cwuctema cTaHAapToB no nHopmaymm, 6ubnnotevyHomy n nsgatensckomy geny. OT-
4yeT 0 Hay4yHO-uccnegoBaTenbCkoil pabote. CTpykTypa u npaeBuna opopmaeHms

FOCT 12.1.004 - 91 CucTtema cTaHgapToB 6e3onacHocTu Tpyaa. MoxapHas 6e3onacHocTb. O6uwune
TpeboBaHus

FOCT 12.1.019 - 79 Cuctema cTaHgapToB 6e3onacHocTu Tpyga. dnekTpo6e3onacHocTb. O6uwue
TpeboBaHMA U HOMeHKNaTypa BUAOB 3aluThl

FOCT 12.1.038 - 82 Cuctema cTaHfhapToB 6e3onacHocTu Tpyga. dnektpobesonacHocTb. MNpenensHo
[ONYyCTUMble 3HAYEHUS HaNPSXXeHW i NPUKOCHOBEHUSA U TOKOB

FOCT 12.2.003 - 91 Cuctema ctaHgapToB 6e3onacHocTn Tpyga. Ob6opyaoBaHue Npon3BoACTBEHHOE.
O6buwmne TpeboBaHUA 6e30MacHOCTH

FOCT 12.3.002 - 75 Cwuctema cTaHgapToB 6e3onacHocTtu Tpyga. lNpoueccbl NPOM3BOACTBEHHbIE.
O6wune Tpeb6oBaHUA 6e30MacHOCTH

FOCT 25.506 - 85 PacuyeTbl 1 UCMbITAHMA HA MPOYHOCTb. MeToAbl MexaHU4YecKuX UcnbiTaHuii meTan-
noe. OnpegeneHne xapakTepucTuK TPELMHOCTOWKOCTN (BSA3KOCTK paspyLleHns) Mpu CTaTU4eckoMm Harpyxe-
HUK

FOCT 1497 - 84 MeToabl UCNbITaHWUA HA pacTsXeHune

[FOCT 2789 - 73 LLlepoxoBaToCTb NOBEPXHOCTU. MapaMeTpbl U XapakTepucTuku

FOCT 3722 - 81 MoAwunnHWKN KavyeHusa. Wapukn. TexHuueckue ycnosus

FOCT 9012 - 59 Metannsl. MeTo usmepeHus Teepaoct no bpuxennio

FOCT 22761 - 77 MeTannsl u cnnasbl. MeTog nsmMmepeHua TBephocTn No BpuHenno nepeHocHbIMuU
TBEPAOMEPAMU CTATUYECKOro AeiicTBumA

FOCT 28840 - 90 MalunHbl 418 UCMbITAHUA MaTepuanoB Ha pacTsXeHue, cxaTtue u usrné

M3paHne ohuumnansHoe
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MpumeyaHune - MNpy NONb30BAHUN HACTOALLMM CTAHAAPTOM Liesiecoobpa3Ho NpoBepUTL AeiiCTBME CCbIIoY-
HbIX CTAHAAPTOB B MHPOPMALIMOHHONM cucTeme 06LLero nob3oBaHns — Ha ouLManbHOM caiite defepasibHOro areHT-
CTBa MO TEXHWYECKOMY PETY/IMPOBAHIO N METPOJIONN B CeTU VIHTEPHET U MO eXeroAHoMy UHhOPMaLMOHHOMY ykasa-
Teno «HauyuoHanbHble cTaHAapTbl», KOTOPbIA ONY6/MKOBAH MO COCTOSHMIO Ha 1 sHBaps TekyLlero roga, 1 rno Bbinyckam
€XeMeCsYHOro NHOPMaLMOHHOTO ykasaTens «HaunoHabHble CTaHAapTbI» 3a TeKyLmil rof ECin 3aMeHeH CCbINOYHbII
CTaHAapT, Ha KOTOpbI AaHa HefaTMpoBaHHasA CCblka, TO pekoMeHAyeTCsl NCMob30BaTh AelCTBYIOLLYI0 BepCuio 3TOro
CTaHAapTa C y4eTOM BCeX BHECEHHbIX B JAHHYI0 BEPCUIO M3MEHEHWIA. ECn 3aMeHeH CCbITOYHBIV CTaHAapT, Ha KOTOpbIN
[aHa jaTvpoBaHHas CCbifika, TO PeKOMEHAYeTCs UCMOo/b30BaTb BEPCUI0 3TOTO CTaHAapTa C ykasaHHbIM Bbille rofoM
yTBEPXAEHUA (MPUHATUS). ECin nocne yTBepXAeHNst HaCTOSALLEro cTaHAapTa B CCbIIOYHbIA CTaHAapT, Ha KOTOpbIA AaHa
[laTMpoBaHHas CCblfika, BHECEHO U3MEHEHMe, 3aTparmsatollee MosIoKeHNe, Ha KOTOpoe AaHa CCblika, TO 3TO Nosioxe-
HUe peKoMeHAyeTCs NpUMeHATb 6e3 yueTa AaHHOro U3MeHeHus. ECnn cebifoyHbIi cTaHAapT OTMeHeH 6e3 3amMeHbl, TO
MonoXeHne, B KOTOPOM [jlaHa CCbllka Ha Hero, pekoMeHAyeTCsl NPUMEHATb B YacTy, He 3aTparusaroLLein 3Ty CCbIKy.

3 TepMuUHbI 1 onpeaeneHns

B HacToAwem cTtaHfapTe npuMeHeHbl TepMuHbl no FOCT P 8.748. a Takxke crefywuwme TEPMUHBbI C
COOTBETCTBYHLWUMN OnpefeneHnsmu:

3.1 gnarpamma «HanpsxeHue - gedopmaumsa»: 3aBUCUMOCTb HanpsXeHus oT gedopmauum, no-
CTpOeHHas ¢ yyeTom gecopmayuy obpasya B Xo4e UCNbITaAHNA HA OAHOOCHOE pacTsKeHue:

3.2 MeTo4 UHCTPYMEHTaNbHOT0 MHAEHTUPOBAaHNA: MeToA UcnbliTaHWiA, OCHOBAHHbIN Ha HenpepbIB-
HOl pervcTpauuu Harpysku W rny6uHbl BAABAVBAHUS WHAEHTOpPa Ha 3Tanax HarpyXeHusi, BblLEepXKu nog,
Harpyskoi n pasrpyskun MHAEHTopa;

3.3 gnarpamma BAaBAUBaHUA: 3aBUCUMOCTb MeXAy npunaraemoin K UHOAEHTOpY cunoi u rnybuHomn
BAABMNBAHUS, HENPEPbLIBHO perucTpupyemMasi B Xofe UCnbiTaHWii METOAO0M UHCTPYMEHTaNIbHOTO MHAEHTUPO-
CEGTER

3.4 HannbiB: VI3ameHeHne hOopMbl MOBEPXHOCTM 06pasua no NnepumMeTpy NyHKU BCNefCcTBUE BbiTeCHe-
HUA UCMbITYEMOro Matepuana UHAEHTOPOM.

4 O603HauYeHuns

D -AnamMeTp MHAEHTopa. MMm;

a - paguyc oTrneyartka (CM. pUCYHOK 1), MM:

d - AnameTp oTrnevarka.mMmm;

c - pedopmauus;

b,, - adhpekTUBHAA nnacTuyeckan gedopmanuns noj UHAEHTOPOM.

ey - ycnosHasa gecopmauuns Npu pacTAXEeHUU, paccyuTbiBaeMass B NPUOGAMXEHUN NNHEAHOCTU n3Me-
HeHWii pasmepoB o6pasua;

e0 - TOYKa HOPMUPOBKW /11 pacyeTa npejena TekyyecTu.

(€3] - ahpekTMBHAA fedopmauma nog UHAEHTOPOM;

tT™* - MakcumanbHasa adhdexkTuBHasa geopmauns nog MHAEHTOPOM:

® - KO3 M ULMEHT OTHOCUTE/NLHOTO [aBNeHNs:

R’ - YCNOBHOE HanpshXKeHue npu pacTsXeHun, paccunTbiBaeMoe 6e3 yyerta NnonepeyHoro CyxeHusa 06-
pasua. H/Mm2;

Ra, - adphekTMBHOE HaNPsXeHWs nog UHAEeHTopoM. H/iMm2;

RB - 3anac nnacTUYHOCTM MaTepuana npu sBgaeBnusanun. H/Mm2
- npegen Teky4vyecTu (YCNOBHbIN) npu pacTsxeHun no FOCT 1497. H/mm';

0 - BpPEMeHHOoe conpoTusneHve npu pacTtsxeHun no F'OCT 1497. H/mm2;

e - YNCNO LMKNOB HarpyXeHus;

o - adh(pekTMBHOE HanpsxeHue, cootTseTcTByowee ro, H/mMm2,

nb - WHAEeHTauMOoHHasa cTeneHb YyNnpouyHeHUs (CTeneHHoli nokasartenb feOPMaLVOHHOIO YNPOYHEHNUs
maTepuana npv BaaBnuBaHun);

6 - KoathdhununeHT HanIbiBa;

cu - CTauuoHapHoe 3HayeHne KoauymeHTa HanabIBa;

U - KoathumumneHT NyaccoHa obpasua:

V. - Koa(pduumeHT MyaccoHa MHAEHTOPA;

E, - Moaynb ynpyroctu obpasua. H/mMm2;

E, - MOAY/b yNpyroctn uiaeHTopa. H/mmz,

1
E, - MpuBEJEeHHbI MOAYNb yNpyroctu, , Himm2,
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K03(hpuMuMeHT NofAaTINBOCTM UcnbiTaTeNbHOM ycTaHoBKM no TOCT P 8.748. mm/H;
rnybuHa MMAOHTUPOBaHUA (rnybuHa BAaBINBAHUA UHAEHTOPA). MM;
0 - HyneBas Touka (TOYka MepBOro KOHTakTa MHAeHTopa € 06pasLom), MM;

>
'

hc - paccumTaHHas rnybuHa KoOHTakTa MHAeHTopa (CM. PUCYHOK 2). MM;
hbM - MakcumanbHoe 3HaueHue rny6uHbl MHAEHTUPOBANUSA. MM;
F - TeKyllee 3Ha4YeHue CUbl, NPUNOXEHHON K MHAEHTOPY (Harpyska Ha uHaeHTop), H;
PTn. - makcumanbHoOe 3ajaBaemoe 3HavyeHue CUbl, mpunaraemon K uHageHTopy. H;
T - CTerneHb YyNPOYHEHUs yyacTka pasrpysku
ac - pajuyc nonepeyvyHoro ceYeHMs HakoHeYHMKa Ha paccTosHuM hCoT BeplwnHbl (CM. pUCyHOK 1). MM;
dc - AMameTp NonepevyHOro cevyeHms HakoHeYHuKa Ha paccTosiHum JIc OT BEPLUMHBI, MM;
np - naouwajb NonepeyHoro ceyeHns ¢ gnametpom dc, Mm™:
En - MOoAynb ynpyroctu npu nugentuposanum (FTOCT P 8.748 ). H/mm™:
Ca - nonsyvectb npu nHgentuposauun (TOCT P 8.748 ),
Hn - TBepAocTb nHgeHtuposaunma (FTOCT P 8.748 ), H/mm2;

HBn - TBepaocCTb MHAeHTUpoBauus no bpuHennwo. H/MMZ;

S - KOHTaKTHas XeCTKOCTb - TaHreHC yTNa HaknoHa KkacaTe/bHON B BEPXHEW TOUKe KPUBOW pasrpysku
(cMm. pucyHoK 2), H/mwm;

PT - cpefiHee No Npoekuumn oTneyaTka KOHTaKTHOe faB/ieHUs noj LWapoBbiM NHAEHTOPOM (TBEpPAOCTb
no Maiepy), H/mm2.

Gce - yaenbHas paboTa paspylleHus (BA3KOCTb paspylieHuns). H/mm;

W, - yaenbHasa paboTta nHgeHTupoBauusa (Bgasnmeanus). H/mm;

ha - KpUTM4eckas rnybuHa BAaBIVBAHUSA, MM.

MpumeyvaHunsn

1 lonyckaeTca UCnosib3oBaHne KpaTHbIX WK A0/bHbIX eAUHULL.

2 1 H/mm* =1 MMa.

3 BepxHuii uHaekc / 0603Ha4yaeT Homep Lukna.

4 BerHI/IVI I/IH,quCj o603HavaeT HOMEP TOYKU Ha yHaCTKe HarpyxeHusa gnarpamMmmbl BaaBIMBaHUA.

5 3Hak O 0603HavaeT, YTO 3HaYeHWe paccUnTaHo C y4eTOM 06pa3oBaHNA HanbiBa.

6 BonHa (') Hag CMMBO/IOM O3HaYaeT pesy/ibTaT KOCBEHHOIO onpeenieHns 3HadeHus (B cooteeTcTeum ¢ (1J)

5 O6uwure nonoxeHuns

5.1 MeToa onpefeneHus auarpaMmbl U3MEPEHUs «HanpsxeHue - gedopMmauusa» ¢ nocnepywouwei
OLeHKON MexaHW4Yeckux CBONCTB OCHOBbIBAETCA Ha HenpepbIBHOW perncrpayum n aHanuse npowuecca Baas-
NMBAHMUSA WApPOBOro MHAeHTopa B obpasey wnun nsgenve (ganee - obpasel) nof AeiCTBUEM Harpysku, npu-
NOXEHHON nepneHAnKyNAPHO NOBEPXHOCTU obpasLa.

5.2 B xoAe ucnbiTaHWii 3anucbiBaeTCcs AnarpamMmma BAaBIvMBaHWA, npejcrasnstwowas coboil 3aBucu-
MOCTb Harpysku Ha UHAEHTOp OT ry6uHbl BHEAPEHNUS UHAEHTOpAa B UCCNeAyeMblii MaTepuan.

5.3 MeToa MOXeT 6bITb ONO/IHEH ONTUYECKUM U3MepeHueM pasMepa oTneyartka v )OopMbl HansbiBa
C Le/ibl0 MOBbILWEHNS €r0 MHPOPMATUBHOCTH.

5.4 Mo pesynbTaTam UCNbITAHWA MOJyYeHHas guarpamma HenpepbiBHOIO BAAB/MBaHWA nepecTpau-
BaeTCA B AMarpammy «HanpsxeHue - gedopmaunsi» OJHOOCHOro npouecca fetopMUPOBAHNA MO YHUBEP-
canbHOW heHOMEeHO0rM4eckon meToauke.

5.5 deHomeHon0rMYeckas MeToAuKa OCHOBaHa Ha 3MNUPUYECKOM cooTHoweHun Telbopa [2], co-
rNacHO KOTOPOMY KOHT@KTHOE Hamps)XeHue noj UHAEHTOPOM /IMHEWHO CBSI3aHO C OnpeAeeHHbIM Hanpsxe-
HWEM Ha AguarpaMmMme «HanpsxeHue - gedopmauusa» nNpu ofHOOCHOM pacTsXeHUn/cxaTum npu cooTBeTCT-
BylOLWeEN achhekTUBHOW penpeseHTaTMBHOI gedopmauumn. Mpu aTom ahdekTuBHaA gedopmaunsa 3aBUcuT
OT yrna sfasnvBaHus nuaeHtopa [3]. [4].

5.6 HenocpeacTeeHHO MeToamnKa Telibopa MOXeT 6bITb NPUMEHEHA /11 BOCCTAHOBNIEHUSA TOYEK Ha
AvarpamMmme «HamnpsbkeHue - gecdopmauunsa» AAa UCMbITYEMOro Matepvana Ha OCHOBaHUW M3mMepeHuii Benu-
Y/MH AMaMeTpoB OTNevyaTkoB ONTUYECKUM METOLOM.

5.7 MeTo/ MHCTPYMEHTa/ILHOTO MHAEHTUPOBanns NO3BOJAET NPON3BOAUTL OLEHKY M3MEHeHusa gua-
mMeTpa WHAEHTMPOBaNMA KOCBEHHO. [pu 3TOM [O/XHbI 6bITb NPOBEAEHbl eyl e AeicTBUS;

- BblJje/ieHne ynpyroi coctasnsowwei rny6uHbl MHAEHTMPOBaNUS;

- yyeT NON3y4ecTn NHAEHTNPOBaNNS;

- yyeT achpekTa o6pasoBaHMa HannbiBa.

5.8 Bblgenexune ynpyroii coctasnsoLLei raybrnHbl MHAEHTPOBaNUS NPON3BOANTCA B COOTBETCTBUM C
NooXeHUs MK, copMynnpoBaHHbiMU B paboTte Onusepa n Pappa [5] n BkaoveHHbiMn B FTOCT P 8.748. Ha
OCHOBaAHMMW aHann3a gnarpammbl BAaB/IMBAHWUA Ha 3Tane pasrpysku.
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5.9 3ddekt nonsyyectn MHAEMTMpOBaMUA O06YCNOBMEH BA3KO-NIaCTUYHbIMWU CBOMNCTBAMW matepua-
na. CornacHo N'OCT P 8.748 ero xapakTepucTuKoil iBNsSieTCA BeIMYNHA OTHOCUTE/IbHOTO U3MEHEHUS TNy6u-
Hbl MHAEHTMPOBAHMA NPW NOCTOSAHHOM ycunuu. CnepgctBveM adpdpekTa MHAEHTALWOHHOW NON3y4yecTn ABNA-
eTCcs 3aBUCMMOCTb POPMbI AnarpaMmbl UHAEHTUPOBAHUS OT BPEMEHW.

5.10 MeToa uHTepnpeTayum guarpamMMm UHAEHTUPOBAaHUA. pernameHTuposaHHblii TOCT P 8.748 no-
3B0JISET NPOU3BECTMN OLLEHKY AMamMeTpa KOHTakTa B NpefnosioXeHun o6 oTCyTCTBUU HanbiBa.

5.11 B npouecce WHAEHTMPOBaAHWUA MPOUCXOAUT BblAaB/NBaHWe maTtepuana W3-nof WHAEHTopa.
BCNeACTBME Yero noj MHAEHTOPOM obpasyeTcsa OTmeyaTok, a BOKPYr oTneyatka - NOAHATUE MmaTepuana
(HanneiB). CneAcTBUEM 3TOMO ABNAETCSA U3MEHEHME NOMOXEHUS Kpas oTrneyatka Mo OTHOLIEHUIO K MOBEPX-
HoCTM obpasua, BeIYMHY KOTOPOro HYXHO y4yecTb Npu pacyeTe guameTpa UHAEHTUPOBaHWUS (CM. PUCYHOK
D-

PucyHok 1 - Cxema hopmMbl NOBEPXHOCTEN 30HbI OTMEYaTKa LapoBoro NHAeHTopa AnameTpom D
(cnaowHasa NMHWA) NPYU MakCUMasIbHOM HarpyXXeHum (a) 1 nocne CHATUS Harpysku (6).
KpynHbIM NyHKTMpOM 0603HaYeHa ngeanbHas chepa gnametrpom D. npoxogsiuas yepes kpaii 0651acTv KOHTaKTa

5.12 lMpu oueHke Bknaga oT ahdekra obpasoBaHns HanabiBa cnefyeTt yyecTb, 4To 408 cnabo yn-
POYHSAIOLWMNXCA METas/IOB XapakTepPHO CU/IbHOE NOAHATME MaTepuana B6/U3N rpaHul otnevartka, a Ans
CUMbHO YNPOYHALWNXCA Matepmanos B6AN3N rpaHnul, otnevatka Habnwgaetcs nnbo cnaboe nogHaTue,
nnéo nporuné.

5.13 MNpu MHAEHTUPOBaHUY LWAPOBOro UHAEHTOpPa Aedopmauns B 30He oTneyaTka - HeromoreHHas,
npu koTopoit Aedhopmauna pasHbix 30H MaTtepvuana noj NHAEHTOPOM COOTBETCTBYET pas/INyHbIM ToUKam
AnarpamMmmbl «HanpshkeHme-gedopmaymsa» n. BCaeAcTBne 3Toro, CONpPoTUB/IeHNe BAaBAMBaHWO 6yaeT on-
pefenaTbCs BCell KPUBONM «HanpsixeHue-gedopmaymsa». TakuMm o6pa3om onpefefnieHne MexaHuyecknx
CBOWCTB [O/IXHO OCHOBbIBATbLCA TakKXe Ha 3HaYeHWAX BCell AnarpaMmbl HEMPEPbLIBHOTO BAAB/NBAHUSA, @ He
Ha 3HaYeHuaAx TBEepAOCTU Npu PUKCMPOBAHHON Harpyske.

5.14 TMocne yyeTa BCex MONpaBOK MOXeT 6biTb HaiifjeHa 3aBUCUMOCTb JuameTpa BAaBIUBaHUS OT
CWMbl, @ MO Heil. ¢ nomoubio nogxoda Talibopa BOCCTaHOBMNEHA 3aBUCUMOCTb I (PEKTUBHOIO HanpshkeHns
OT a(phekTUBHON Aedopmauny Nof MHAEHTOPOM. KOTOpas MOXeT CYMTaTbCs annpokcumalmeil gnarpaMmbl
«HanpsxeHve - gedopmauuns», nosyvyaemoii Npu UCNbITAHUN Ha OJHOOCHOE pacTsXeHue B COOTBETCTBUM C
FOCT 1497.

5.15 Mo napameTpaM BOCCTAHOBJIEHHOI AnarpaMMbl «HanpsxeHue - gedopmauyna», MOryT 6biTb on-
pegeneHbl MexaHnyeckue CBOWCTBa MaTepuana: npegen TekyyecT 1 BpeMeHHOe CONpoTUB/IEeHMe.

5.16 lMpepgen Teky4yecTn OLEHMBAIOT HA OCHOBE aHa/iun3a ero KoppensiuMoHHON 3aBUCMMOCTM OT 3Ha-
YeHuii athheKTUBHOTO HaNPsXXeHWs B BbiIGpaHHON TOUYKM Ha AuarpamMmme «HanpsxkeHue - gedopmanus».

5.17 BpemMeHHOe CONpoTMB/EeHNE OLEHMBAIOT Ha OCHOBE aHann3a ero KoppensauvoHHON 3aBUCMMOCTH
OT 3HaYeHUn MakCumMymMa NepecTPOeHHON B MHXEHepHble KOOpAWHAaTbl AnarpaMmbl «HanpshxeHue - aedop-
Maumna».

5.18 AnbTepHaTUBHbIN BapuaHT OL,EHKN BPEMEHHOI0 COMPOTUB/IEHNA NpejAnonaraeT Hanuumne kKoppe-
NALUNOHHOI 3aBUCMMOCTU 3HAYEHNIi BPEMEHHOTO COMPOTMB/IEHUS OT 3HAYEHWUi MakcuMyma 3HauvyeHuii TBep-
[ocTh no BpuHennto (M3MeHsALWencs B 3aBUCUMOCTU OT FMy6UHbI UHAEHTUPOBAHUA B UCMNbITyeMblii o6pa-

3eu) [6].



F'OCT P 56232—2014

5.19 KoppensunoHHble 3aBUCUMOCTY YCTaHaB/IMBAIOTCA HAa OCHOBaHWW COMOCTaB/IEHUA pe3y/bTaToB
WHTepnpeTayum gnarpamm BAABAMBAHWA C pe3y/bTatamMy WCMbITaHWi MaTepnanoB Ha pacTsHkeHne B COOT-
BetcTBum ¢ FTOCT 1497 un (1].

5.20 Kpome cheHOMeHONOrM4yeckoii METOANKN CYLLECTBYIOT Takxe pacyeTHas MeToAuKa, OCHOBaHHas
Ha uyMCNeHHbIX MeToAax MOAeNupoBaHWs npouecca WHAEHTUPOBAHWA LWapa W HelipoceTeBas MeToAMKa,
npeacrtasfieHHble B npuioxeHuax [ un E.

5.21 B npunoxeHunn X onucaHa MeToAuKa OLEHKN TPELLMHOCTONKOCTM MaTepuasia Ha OCHOBaHuUN pe-
3yNbTaToOB UCMNbITAHUA METOAOM WHCTPYMEHTA/IbHOIO0 MHAEHTUPOBAHMSA.

5.22 PernaMeHTUpyeMblii HACTOALWMNM CTaHLAPTOM MeToZ MOXET CNYXUTb OCHOBOW AN cOCTaBNeHNUs
MeTOAVKMN BbINONHEHUS n3mepenunii no FOCT P 8.563.

5.23 Mpu pa3paboTke MeTOAMKW BbINOMHEHUSA U3MepeHunii Heobxoamma ee Bepudukaunsa Ha ocHoBa-
HWM NpeAcTaBUTEsIbHON 6a3bl MCMbITAHHbIX 06pa3LoB.

6 TpeboBaHus 6e3onacHoOCTuU

6.1 K BbINOSIHEHMIO MCNbITAHWUIA gonyckalT onepaTopoB, o6najallnx HaBbikaMy 3Kcnayatauum umc-
nosb3yemoro obopyfoBaHus, yMewLWmnx nonb30BaTbCA COOTBETCTBYHOLMMU HaLMOHaNbHbIMU W OTpacne-
BbIMV HOPMaTWBHLIMU U TEXHUYECKU, Npoweawnx obyyeHme paboTe ¢ NpUMEHAEMbIMU CpeAcTBaMu UCNbI-
TaHWi M aTTeCTOBaHHbLIX Ha 3HAHWE npaBun 6e30MacHOCTN B COOTBETCTBYHOLWEN OTPACN NPOMbILLIIEHHOCTH.

6.2 Mpun npoBeAeHWU UCNbITAHWIA onepaTop [AOMXeH pykoBoacTBoBaTthbca FOCT 12.2.003. TOCT
12.3.002 u npaBuiamMu TEXHUYECKOI 6€30NacHOCTM NpU 3KCMyaTauun 3M1eKTPOYCTaHOBOK nNoTpebutenei no
FOCT 12.1.019 n FOCT 12.1.038.

6.3 VicnbiTaHNA NPOBOAAT B COOTBETCTBUM C TpeboBaHUAMM 6e30MacHOCTMU, YKadaHHbIMU B UHCTPYK-
LUK No akcnayatauuu annapaTtypbl, BXOAALWEN B COCTaB UCNO/Ib3YEMbIX CPEACTB UCMbITAHWIA.

6.4 Mpw opraHusaumm paboT No NPoBeAEHNI0 UCNbITAHUA A0MKHbI 6bITb CO6NI0AEHBI TPEGOBAHMA MO-
XapHoit 6esonacHocTn no FOCT 12.1.004.

7 TpeGoBaHUs K cpeacTBaM UCNbITaHWi

7.1 PekomeHayeTca npuiepxusarbca TpeboBaHM K yCcTaHOBKE [ANA WUCMbITAHWA, W3N0XEHHbIX B
FOCT P 8.748.

7.2 YcTaHOBKa ANA UCNbITaHU AONXHA o6ecneynBaTb BO3MOXHOCTb U3MEPEHUI U 3anncu 3HavyeHui
npuknagbiBaeMoi Harpy3ku, nepemeLleHa v BpeMeHN Ha BCEM LiMK/Ie UCTbITaHuiA.

7.3 KOHCTPYKUMS YyCTAHOBKM A5 UCMbITAHWIA f0/MKHA o6ecneymBaThb:

- nogsefeHvie MHAeHTOpa K obpasuy U 0TBOJ OT Hero,

- NPUIOXEHMe UCMbITaTeNlbHbIX HArpy30Kk Ha MHAEHTOP C 3alaHHO CKOPOCTbio u3ameHeHus h nnm F,

- nogfepxaHue pexuma BblAepXKKU nof NOCTOAHHON Harpy3Kkoi.

- NPWIOXEHNE MCNbITATENbHbIX HArpy30K Ha UHAEHTOP C 3afaHHOW CKOpocTblo M3MeHeHnus h vnm F
npu cKOpocTaX AedopMUPOBaHUA MaTepuana, CXoA4HbIX CO CKOPOCTAMU AehOPMUPOBAHUA NPU  UCMbITAHUN
Ha ofHOOCHOe pacTsxeHusa no FOCT 1497.

7.4 B KayecTBe VMHAEHTOPOB MUCNO/b3YIT LWAaPUKN U3 TBEPAbIX CN/IABOB C HOMUHANbHBIMU AnameTpa-
Mu 1. 2. 2.5. 5 1n 10 mm. NMOMUMO LWIAPUKOB MOTYT 6bITb NCMNOIb30BaHbI LAPOBLIE CETMEHTbI, NGO CTEPXHU C
3aKpyrneHnem Ha KoHue. Paguyc 3akpyrneHus, TBepAocTb M MOAY/b YNPYrocTu JO/HKHbI COOTBETCTBOBATH
Tpe6oBaHuam FOCT 3722 ana 3-eil cTeneHn TOYHOCTY.

Lapukn He AOMKHbI MMeTb fedeKToB, BUANMbIX C MOMOLLbIO NyNbl NPU 5-KpaTHOM YBENUYEHUN.

KpenneHne nHaeHTopa n 4aTynkoB B MU3MEPUTENBHOM Y3/1€ AO/IKHO GbITh XXECTKMM U HO foNycKaTb
nogTa.

7.5 [,omKHO 6bITb YycTaHOBNEHO 3HaueHne CT B cooTBeTcTBUM ¢ TOCT P 8.748.

7.6 ViamepuTenbHasa ycTaHOBKa A0/HKHA UMeTb cneayioline 0OCHOBHbIE TEXHUYEeCcKMe 1 MeTponorunye-
CKMe xapakTepucTukn:

- npeAen [onyckaemoi MOrpelwHoCcTV 3ajaHusa cpefHeil ckopocTu B paboyem gmanasoHe +1.0% ot
3HayeHnsa 3ajaBaeMoii CKOpoCTH;

- npegen fonyckaemoil NOrpelwHoCcTn U3MepeHns Harpyskun +1.0% oT usmepsieMoii Harpysku, 4To co-
oTBeTcTBYeT rpynne 1-Y no FOCT 28840;

- npegen gonyckaemoi norpewHocTn namepeHua gedopmaunn obpasua +1.0% oT nsmepsemoli se-
NnyunHbl gecopmauymn, 4yTo cooTseTcTByeT rpynne 1-41 no FOCT 28840.

7.7 [aTunkn n3MepuTenbHON YCTaHOBKU AO/KHbI ObITb MOBEPEHbl U MMETb AelicTBYOWMe CBUAETE b
cTBa O NoBepkKe.

7.8 PekomeHAayeTcsi npuaepxumBaTbcs TpeboBaHWIA K YCTAHOBKE A1 MUCMbITAHUNA, W3/I0XKEHHbIX B
FOCT P 8.748.
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8 MoaroToBKa K NpoBeeHN0 UCMbITaHWUIA

8.1 TonwmHy obpasya, NoABEPraemMoro UCnbITaHNo, BbIGUPAKOT Takum 06pa3om, YTo6bl Ha MPOTMBO-
NOMI0XHOW CTOpOoHe o6pasua nocse UcnbiTaHA He 6blIN0 3aMeTHO cnefoB Aedopmayun. MuHuMManbHas
TonwmHa obpasua fo/mkHa 6biTb He MeHee 10-kpaTHOW rny6uHbI oTnevarka.

8.2 MNoBepxHOCTb 06pasua Ao/MKHA 6biTb POBHONI, rnafko U CBOOGOAHON OT OKWCHOI nneHku. Mpu
NOAroTOBKE MOBEPXHOCTM o6pasua Heo6Xo4UMMO NPUHSATH Mepbl, UCKIOYalolwme U3MEeHeHWe CBOWCTB Me-
Tanna u3-3a Harpeea WM Haknena.

LlepoxoBaToCcTb NOBepxHOCTM o6pa3ua Ra gomkHa 6biTh He 60onee 1 Mkm no FOCT 2789.

8.3 PaccTosiHMe MexAay LeHTpaMu ABYX COCefHMX OTneyaTKoB [AO/KHO ObiTb He MeHee 40. a pac-
CTOSIHME OT LeHTpa oTneyaTtka A0 Kpas o6pasua (u3genuns) - He meHee 2,50.

Mpu n3amepeHnn TBEpPAOCTU Ha o6pasuax C KPUBOJIMHENHON NOBEPXHOCTbLIO ANIMHA U WMPUHA NOATO-
TOB/IEHHOV NM0CKOl/ MOBEPXHOCTN A0/MKHA 6bITb HEe MeHee 20.

8.4. OvnameTpsl NOAYyYeHHbIX oTnevyaTkoB [OSIKHBI HaxoaMTbCs B npegenax
0.30 <d <0.60.
8.5 PekomeHayeTcs BbiGupaTh B Ka4eCTBE MakCMManbHOW Harpy3kn 3HadeHune Harpysku 6113Kol K

pekoMeHA0BaHHOW Npu namepeHun Teepaoctn no BpuHennio (FTOCT 9012).

9 NpoBegeHne ncnbliTaHni

9.1 N3mepeHune TBEPAOCTU NPOBOAAT NpM TeMmnepaType okpyxatwei cpeabl ot 5 °C go 40 °C.

9.2 Bo BpeMs MpoBeAeHUs UCMbITAHUS U3MEpPUTENbHbIA y3en A0o/MKeH 6biTb 3alulieH OT yAapoB U
BMGpauuii.

9.3 OnopHble NOBEPXHOCTK paboyero cTonunka u obpasua AOMKHbI GbiTb OUYULLEHbI OT MOCTOPOHHUX
BeLLecTB.

Obpasel AoMKeH pacnonaratbCs YCTONYMBO, UCKIOYas BO3MOXHOCTb €ro CMelleHns u npornba Bo
BpeMSA MCMbITaHWA.

9.4 flonyckaeTca npoBeAeHNe Kak O4HOLUKNOBbIX, TaK U MHOTOLUKNOBbLIX UCMbITAHWIA.

9.5 lMpouecc 04HOLMKNOBOIO UCNLITAHUA MUMEET YeTblpe cTagun (PUCYHOK 2): npeaBapuTesibHas Ha-
rpy3ka. HarpyxeHue, BblAepxKka noj Harpyskoi, pasrpyska.

1- yyacTok npefKarpyskus; 2 - y4acToK HarpyXeHusi; 3 - y4acToK YacTUUHOl pasrpysku: 4 - y4yacTOK NOBTOPHOMO
HarpyeHus; 5 - y4acToK BblAepKKU NOA HarpysKoid; 6 - y4acTok pasrpysku

PucyHoK 2 - Cxema gnarpaMmbl HeNpepbIBHOTO BAABMMBAHNS LLIAPOBOr0 UHAEHTOpa
C NPOMEXYTOUHOI Pasrpy3Kkoi U NOBTOPHLIM Harpy)XeHMem

9.6 lMpouecc MHOrOLMKNOBOro UCMbITaHUA (PUCYHOK 3) AOMycKaeT Hanuyme O4HOro WU HECKOJIbKUX
NPOMEXYTOUHbIX 3Tan0oB BbIAEPXKN W YACTUUYHON pasrpyskn C NocneAylowWwmnm HarpyxeHuem uHgeHTopa Ao
LOCTUXEHNSI CNeAyrLlWwero rpaHuyHoro 3aHayenusi F unu h. npesblwanlero npeasigyliee He MeHee YeM Ha
10% .

9.7 MNMoporosble 3HAYEHUA Harpy>XeHUa MOryT ycTaHaB/IMBaTbCA Kak Mo cuse, Tak U No nepemeLLeHnio.
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PucyHOK 3 - Bug, MHOTOLMK/OBOIi AnarpaMmbl BAAB/IMBAHUS

9.8 MakcuMManbHble U NPOMEXYTOUHbIE TPAHUUYHbIE 3HAYEHUS CUMbl UIN NepeMeLLeHunsl, BpEMEHA Bbl-
[AEPXKU, CKOPOCTU U3MEHEHUS CUMbI WU NEPEMELLEHUS HA KaXKAOM dTane MCMbITAHUS 40/KHbI GbiTb 3aja-
Hbl.

9.9 MNepBoHayanbHOE COMPUKOCHOBEHME W fafbHelilee BAABNMBAHME WapWKa B UCTLITYEMbI MaTe-
puna [OMXKHO NPOWCXOAUTL B HanpaBieHWU, NepneHAuKysipHOM K MOATroTOBAEHHOW nnowaake. OTKAOHE-
HWE OCMW HarpyXeHus oT NepneHAnkyaspa K NoBepxXHOCTH o6pasya He [O/IKHO NpeBbiwaTth 2°.

9.10 HauanbHblii aTan HarpyxeHus (npeaBapuTenbHas Harpyska) oT MOMeHTa KacaHusi HAEHTOPOM
NnoBepxHOCTM o6pasua 40 AOCTVXEHUS NOPOroBOro 3HAYEHUS CU/bl UCMONL3YT AN M36aBNeHUs OT BAUA-
HUS| MUKPOCKOMWYECKUX HEPOBHOCTE NOBEPXHOCTU o06pasua.

9.11 Bo BpeMsi UCMbITAHWSI NPOU3BOAAT 3aNnUCb C NOCTOSIHHOI YacTOTOlW pe3ynbTaToB M3mepeHuit F u
h.

10 MpaBuna 06paboTKM pe3ynbTaToB UCNbITAHUSA
10.1 NpepBapuTenbHaa o6paboTka pe3ynbTaToB UCMNbITAHUSA

10.1.1 B cooTBETCTBMM C pe3ynbTataMn KannbpoBKU AaTUYUKOB ANA BCEro MaccusBa AaHHbIX OCYLecT-
BNSAIOT NepeBof, pe3ynbTaToB U3MEPEHN, NOMYYEeHHbIX C 4aTYUKOB, B 3HAYeHUs Punn h.

10.1.2 BHOCSIT NonpaBKy Ha ynpyryi nojaT/iMBOCTb MexaHusma, A4/15 Yero 3HauyeHuss h 3ameHsoT Ha h
* OmF.

10.1.3 hopaccunTbiBaloT akcTpanonsaynein pyHkLUKM, annpokcumupytouiein 3aeucumoctb h ot F Ha Ha-
YasZIbHOM y4yacTke Harpysku fo goctuxexHuns 1% - 2% ot FX,.

PekomeHgyeTcs cneayoLwmnii B annpokcuMmupyowein yHkymum

y =a3eB,X +a2x2 (1)

raoe 30 . a2 - uMcKomble napamMmeTpbl.

3HaveHne =30 nNpPMHMMAIOT 3a TOUKY oTcyeTa.

Lns wapoBoro nHaeHtTopa y =h,x =F1\z =2/3.

10.1.4 3ameHsnAT 3HayeHus h Ha h - hQ.

10.1.5 NMpumep NonyvyeHns HyNeBOl TOUYKN NPeAcTaB/IeH Ha PUCYHKe 4.

Cn/ioWwHas IMHUA - Y4acTOK AnarpammMbl BAABAVBAHUSA, NMYHKTUPHASA IMHUS - NIMHUSI perpeccuy;
* - HalijeHHas Touyka oTcyeTa

PucyHok 4 - HaxoxaeHvne HyneBoi Touku b
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10.2 PacuyeT xapakTepucTuk gunarpaMmMbl UHOEHTUPOBAHUA

10.2.1 PacueT XxapakTepucTuk AuarpamMmbl WHAEHTUPOBAHUA MNPOBOAAT B cooTeBeTcTBUU ¢ FOCT
8.748.

MpumMmeyaHue-B HacToAwWweM pasgene He yunTbiBaeTca ahhekT 06pa3oBaHNa HanbIBa.

10.2.2 PaccuutbiBatoT F . m
[na MHOrouunknoBoli guarpaMmMbl paccuMThiBAT 3HAUYeHna A***1n h ana/=1.NC
10.2.3 CTpOSIT KpUBYIO, annpoOKCMMUPYOLWYH 3aBucuMocTb F oT h Ha yyacTke pasrpy3ku (CM. pUCYHOK
2) B NpeAnosioXeHUn, 4To BEPXHAS YacTb KpuBoi (0T 100% oT Fne<go 20%-50% oT Frex) MOXeT 6bITb
npeactasneHa B BuAe cteneHHol dyHkumm (cm. [5])
F=K (?-M)T. 2)
rape K . hDu T - napameTpbl. B kauecTBe NpUGAMKEHHOIO MOXET 6biTb MCNOMNbL30BAHO TEOpPeTUYecKoe 3Ha-

yeHne napameTpa T. paBHoe 3/2.
10.2.4 S B cootBeTcTBUM Cc TOCT P 8.748 paccunTbiBaloT no hopmyne

dF|
3
« dhIhh 3)
10.2.5 hcpaccuntbiBaloT no hopmyne
hc=himkt- 0,75 (1 ~ - ht). @)

rae h,=/)mex-Fne/S .
10.2.6 AB paccunTbiBaloT No opmyne
Ap= nac2=nadp24, ()
acpaccuuTtbiBaloT no popmyne (cm. (9))

ac="heD -*c’' - 6)
10.2.7 Hn B cooTBeTcTBUM ¢ TOCT 8.748 paccunTbiBaloT no hopmyne
—Fnu/Ap. 7)
10.2.8 HB,paccunTbiBalOT No hopmyne
HB,r=m ®)
nxi xl)

10.2.9 E, paccuutbiBatoT B cootTBeTcTBUM ¢ TOCT 8.748 no chopmyne

9)
10.2.10 E,;rB cootBeTcTBUM c TOCT P 8.748 paccuuTtbiBaloT no popmyne
' (10)
n £-£(!-,;)
10.2.11 C,tB cooTBeTcTBUM Cc TOCT P 8.748 paccuuTbiBaloT No hopmyne
=V zal .ioco%
(11)

h,
rae hi - rny6uHa BAaBnMBaHUS N0 OKOHYAHUKM pexuma Harpysku. h2- rny6uHa BAaBAUBaHWA N0 OKOHYaHWU
pexuma penakcauum.

10.2.12 B kayecTBe HayasnbHOro 3HauyeHus h, cnepyeTt BblGUpaTbh TOUKY MepeceyeHns NPofo/HKeHUs
hyHKLMKN, annpokcuMupyrowed Kpueyl 3aBucuMocTu F(/>) Ha yyacTke nepefj HayasoM TOPMOXEHWUS A0
[OCTMXeHUA 3HayeHua F = Fma.

10.2.13 MpumMep annpokcUMaLny KpUBOWR Harpysku npefcraBieH Ha pucyHke 5.
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ny6uHa h, Mkv

PucyHOK 5 - Mpumep annpoKcMMaLmm BepXHel YacTu KpUBoii Harpysku

10.2.14 LnAa MHOTOLWKNOBOWN gnarpamMbl pacyeT XxapakTepucTuk guarpammMmbl MHAEHTUPOBAHUS MpPoO-
nspogsatT ansa/ = 1..NC

10.2.15 NS OAHOUMKIOBbLIX U MHOTOLMKNOBBIX AuarpamM MOXeT 6blTb NPOBEAEH NOTOYEYHbI pacyeT
3HaA4YEeHU TNYBUHBI KOHTaKTa Ha UHTepBasie CTauMOHapPHOro HarpyXeHusa gunarpammMmbl UHAEHTUPOBAHUS.

MpumeyaHue - VIHTepBan CTaLMOHAPHOIO HarpyXeHus NpeAcTaBaseT co60i YacTb HTEpBasa HarpyXeHus
13 KOTOPOTrO UCKNIOYEHbI:

- HayasbHbIV uHTepBan (1% -2% ot F,,,), N0 KOTOPOMY BeAeTcsi onpeAenieHne HyeBoli TOUKY;

- UHTEpBa/ibl TOPMOXEHUSA MPW NEpexofe OT aTana HarpyXXeHust K atany BblAEPXKU NOA Harpyskol ANA Kakaoro
umkna (1% - 2% ot Fm 9;

- MHTEpBa/Ibl OT Hayana BbIAEPXKM i-r0 MpomMexyTouHoro uvkna (i = 1 0,0 [JOCTMXKEHUS TNYOUHbI /W
(1+2CuY100%).

10.2.16 MOTOYEYHbI pacyeT 3HAYEHUI TTyOUHbI KOHTaKTa NPOM3BOAAT B NPEANO/IOXKEHUMN, YTO Ha 3a-
faHHOM uHTepBane h 3HaueHna E, u Cn He M3MEHATCSH C USMEHEHUEM [yOUHbI.

10.2.17 Mpoueaypa pacyeta TeKyUMX 3HAYEHWIA TNyOMHbI KOHTaKTa MHAEHTOopa C UCMbITyeMbiM MaTe-
puanom MAaKCTPUPyeTCss PUCYHKOM 6.

1- ucxofHasa AvarpaMma BAas/IMBaHUS;
2 - Touka (F.A ) Ha yyacTke HarpyxeHus guarpaMmmbl BAAB/INBAHWS;
3 - rny6buHa HAEeHTUpoBaHus h'. paccunTaHHas ¢ y4eToM MomnpaBky HA NOM3yYecTb;
4 - pesynbTart BbluncneHus Jic'
5 - TOouka, COOTBETCTBYHOLLAs 3HaYeHMo he Ha anarpamme
6 - pe3ynbTUpyoWas avarpamma 3asucymMocTyn

PucyHoK 6 - Mpoueaypa pacyeTa TEKYLMX 3HAUEHUI y6UHbI KOHTaKTa UHAEHTopa
C MCMbITYEMbIM MaTEPUASIOM Y MOCTPOEHUS AUarpaMmbI
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10.2.18 3HaueHue JllpaccuuTbiBaloT No popmyne
n'-Ag41+Cbn (12)
rae MHAeKc j CooTBeTCTBYeT HOMepy TOYKM Ha yyacTKe CTauMOHApHOro HarpyXeHus guvarpammbl UHAEHTU-
poBaHus. J1,'0603HavaeT 3Ha4YeHne rnybuHbl B TOUKE, COOTBETCTBYIOLLEN 3TOMY UHAEKCY.
10.2.19 AnA kaxAolh TOYKM MHTepBana CTauMOHAPHOro HarpyXeHus guarpammbl MUAEHTUPOBaHUA

paccunTbiBalOT TekylWMe 3HauyeHWUs ry6uHbl MMAEHTUPOBAHUS Nof Harpyskoii hcl kak peleHue cucTemsl
ypaBHeHuli

si- 2E'Ne

V=*(OAg-(V)2), (13)
hj=b'-aF ‘/S.

MpumeyaHune - Cuctema ypaBHeHuid (13) 1 BCe NPEACTAB/IEHHbIE HKE CUCTEMbI HENIMHENHBIX YpaBHEHUI
MOTYT 6bITb PEeLLeHbl METOAOM NOC/eA0BATE NbHbIX NPUGAVKEHNIA.

10.2.20 Mo 3HavyeHuAM Jic' paccunTbIBalOT 3Ha4YeHusa ac', H ,\ H6,T', ucnonbsys dopmynsbl (7) -
(9).

10.3 BoccTaHoBNeHWe anarpaMmbl O4HOOCHOTO e OpMUpPOBaHNSA NO Anarpamme UHAEHTUpPO-
BaHWA wapa no peHoMeHoNorM4eckon meToamnke

10.3.1 BoccTaHOB/MeHME TOYKM Ha guarpamme OAHOOCHOrO AedOpMuMpOBaHWA MO pasmepy OT-
nevyartka WapoBOro MHAeHTOpa
10.3.1.1 3Ha4yeHue P,, BbIYNCAAIOT MO hopmyne

P =— . (14)
" ™mr
10.3.1.2 GpBbM/C/AT MO hopmyne

ena*ft (d/D), (15)

B KOTOPOWA BUA 3aBUCUMOCTM /EyCcTaHaBNMBAETCS IKCNEPUMEHTaNbHO.
PekomeHpyeTcs ncnonb3osatb hopmyny Telibopa (cm. [2])

Q= Crax d/D, (16)

MapameTp cTa,, B dopmyne (16) moxeT BapbupoBaTbCcsa. [ maTtepuanos, YNpOYHEHUE KOTOPbIX MO-

XeT 6bITb ONUCAHO CTEMEHHON 3aBUCMMOCTbLIO HanpsXeHns oT gedopmaLlun, pekoMeHayeTca NCNonb30BaThb
3HavyeHune Era»=0,2.

MpumeyvyaHue - [lonyckaetcsi, ecim 310 060CHOBAHO, UCMONb30BaTb BMeCTO (15) yHKUMIO OT 6onbLIero
yncna napameTpos (cm. [6). (8). [14]. [20]).

10.3.1.3 CBA3b PT n 3HaueHMs HanNpaXeHWs Ha guarpamme «HanpsxeHue - gedopmauma» <(e) 3a-
[laeTcs COOTHOLWEHNEM

/>,= 4" cr(i=irf). (17)

10.3.1.4 3HayeHue y* 3aBUCUT OT TeKYyLEN PUKCUPOBAHHOI BENUYUHBI . nonyyaemolii n3 akcnepu-
MeHTa Ha 0JHOOCHOE pacTaxeHue/cxkaTue.

BbigensoT Tpu cTeneHn gecopmaumm matepvana noj UHAEHTOPOM:

- ynpyrasa gecopmauuna nog uHgeHTopom. korga PT S 1.075 £(&,«):

- pasBuTas nnactuyeckas gedopmauns, npu JOCTVKEHUN KOTOPO KO3 PULMEHT Y* CTAHOBUTCSA NO-
CTOSIHHbIM Y* = 4W (KOHTaKTHOe faBfieHne He pacTeT Mo Mepe pocTa Harpysku Ha uHgeHTop): PT =
Yrax'C (Car)

- nepexofHas 06n1acTb, Korga 30Ha naacTuyeckoi geopmauumn matepmana noj MHAEHTOPOM orpa-
HMYeHa 30HOI ynpyroi gecdopmaumei.

10.3.1.5 B kayecTBe xapakTepucTuku cteneHun gecdopmauymn matepvana noj UHLEHTOPOM PEKOMEH-
AyeTca Ucnonb3oBaTtb 6e3pasmepHyto yHkuuio (cMm. [3])

= (r//0)E /< (GF). (18)

rae £ - HanpshkeHue, COOTBETCTBYOLee 3Ha4YeHno achhpeKkTMBHOW gechopmanm nog UHAEHTOPOM.
10
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10.3.1.6 y*cumTtatT pyHKumen d(cm. [3]. [4])

= Md>- (19)
10.3.1.7 'paHuua obnacTu ynpyroi gedopmaunn n nepexofHoin obnacTu onpegensetca ycnosuem
3apoxaeHnsa nnactuyHoctun: ¢ A 2.5; fv(p™,) = Tmin2 1-075.

10.3.1.8 Pexumy pa3BuToii nnactnyeckoii gecopmaymy cooTBETCTBYET yCcnoBUe d=d"*,. Haun-
Has C KOTOPOro MHoOXuTenb Y' MOXHO cunTaTbh MOCTOAHHBLIM ‘U (b > 4%,,,)= UTax.
3HaueHus y-na*, a Takxe xapaktep nsmeHeHusa Y B nepexofHO o6nacTu yctaHaBnAMBawT ANS

KaXJoii MeToAUKM BbINOTHEHUS 3MEPEHMUIA.
Ona matepnanos, yNpoYHEHME KOTOPbIX MOXeT 6biTb OMUCAHO CTEMEHHON 3aBUCUMMOCTLIO Hanpsxe-
HUS OT Aedpopmayuu pekomeHayeTcs BoiGpatb 4 W pasHbIM 3.

10.3.1.9 B nepexofHoi o61acty peKoMeHayeTca BbloupaTb cneayolwmii Bug yHkumnmn £o(d)

y'tn  d/lbn, ecnu d<d,lo.
4W -C,. W2d/dTag). ecnu it A, (20)
Y'Tak. eCNMpNdTa,.

rfe C.y = (47tak * Y,71n)/1N (dpnax/ dmn)-
PekomeHayeTcs BblGpaThb =90.

10.3.1.10 XapakTepHblii BUg hyHKUMM () Ha pasnmuHbIX aTanax npouecca MHAEHTUPOBaHUA npea-
CTaBJ/IeH Ha pucyHke 7.

PI/ICyHOK 7 - VI3MeHeHne 3HauYeHuin V Ha Pas3nIMyHbIX 3Tanax npouecca MHAEHTUPOBaHNA LWapoBOro UHAEHTOP3

10.3.2 O6paboTka guarpamMmbl MHAEHTUPOBaHMA 6€3 yyeTa HannbiBa

10.3.2.1 ns BOCCT@HOB/IEHUN AuMarpammbl «HanpshxeHue - gedopmauusa» UCNoNb3yT npoueaypy,
onucaHHyt B 10.3.1. HO npu 3TOM AnameTp 061aCTU KOHTaKTa OLEHWBAlOT Ha OCHOBaHWUW Auarpammbl UH-
OeHTupoBaHusa B cooTeetcTeun ¢ 10.2.4 - 10.2.6.

10.3.2.2 PacueT nNpou3BOAAT ANSA KaXAOro Lukna npu nposegeHun o6paboTKM MHOrOLMKNOBON fua-
rpamMmbl UAN ANS KaXAO0W TOYKM yyacTKa CTalMOHAPHOrO HarpyXeHus oAHOLMKN0BOW AnarpaMmbl YACNEHHO
MeToAOM UTepauuii.

10.3.2.3 Ha i-M uuK/ie MHOrouMKN0BOM gnarpamMmMbl MHAEHTUPOBAHNUS NPU UCNOMb30BAHUN NOLUKI0BO-
ro NoAxoAa Unu B i-i TOUKe yyacTka CTaLMOHaPHOTO HarpyXXeHus O4HOLMKNO0BONM gmnarpammbl BAAB/IVBaHNUA
npv NCNoNbL30BaHUM NOTOYEYHOro NoAX0o4a NPOM3BOAAT creayoune aeicTna:

- paccuuTbiBatloT 3HaueHus he. un acl,

- M0 3HAYEHUAM 3C pacCUUTLIBAKOT 3HaYeHua t<niv WT;

- paccunTbiBalOT 3HAYEHUS pelnB cuCTeMy ypaBHEHHUI
Ren' = Hn '/f,r (b), (21)
®'"c'/OHET/AN). (22)

rae 3HaueHue f4.ft) paccuuTbiBaloT no gpopmyne (20);
1
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- N0 pPaccuMTaHHbIM 3HAYEHWUAM CTPOAT rpauKk 3aBMCUMOCTU
- CTPOAT annpoKcMMaLnio 3aBUCUMOCTH /2<* OT CM B BUAE CTENEeHHOW (yHKLUN

Ran~fa (Cefl) = Rb (23)
roe Rb- 3anac nnactuuHocTw.
10.3.3 YueT HannbiBa npu obpaboTke AnarpamMmbl MHAEHTUPOBAHUSA
10.3.3.1 KoathpuumneHT HannbiBa [ paccynTbiBaloT No hopmyne

B

3HauyeHnsa 6 > 1 coOOTBETCTBYIOT MOAHATUIO Kpas oTneyartka, ¢ < 1- onyckaHuioo kpas oTnevyaTtka no-
CNe CHATUA Harpysku.
10.3.3.2 6 cuutatoT hyHkumeii napameTpos ¢ d/D
6= d/D). (25)
3HauveHus yHkuun fc (b d/D) nameHsTca oT 1 Ha HayasbHOM 3Tane 40 HEKOTOPOro CTaLMOHAPHOTO
3HAYeHNsA Npu AOCTATOYHON CTENEHN HarpyXeHus.
10.3.3.3 PekoMeHayeTcsi B cooTBeTCTBUM C (9] BbIGUpaTh cnepytowuii Bug yHkuum fc

1 ecnm " deTu.
fc@p d/D) = 1+ (¢, - In(d/ d8 ) / In(dcrax Yderln). ecnu qoan < p< (26)
| c, ecnu ®- O*

roe napameTp Cﬂ HaxogAaT Kak MMHUMabHOe 3HayYeHne napameTpa Ct] yaoBnetTeopAwlee ycnoBusam:

@ *cpcrax. 27)
d/DS 6e
napameTp C paccuuMTbiBaloT No hopmyne

¢ = 1+ (c,, - 1)In(cp' Yder*) YUpO™ [ b ~). (28)
napameTpsl deTy, .gra*, 6eycTaHaBIUBAOT U3HAYANLHO.

10.3.3.4 XapakTepHblii BUA yHKUMN N3MEHeHMs 6 Ha pas3nyHbIX 3Tanax npouecca UHAEHTUPOBAHNSA
npejcrasfieH Ha pUcyHke 8.

PucyHoK 8 - Tpumep dyHKLMM U3MEHEHUs 3HadYeHuil 6 Ha pasnnuHbIX 3Tanax npouecca
VHAEHTUPOBAHMS LLAPOBOro MHAEHTOPA

12



F'OCT P 56232—2014

10.3.3.5 3HauyeHue napameTpa c,,, 3aBUCUT OT CTeMNeHW YNPOYHEHUA UCNbITyemoro martepuana. Cy-
L ecTByeT ABa cnocoba ero HaxoXxeHns: NPAMO N KOCBEHHbIA.

10.3.3.6 Mpwu peanusaynmn nNpsAMoro Metoja NPoBOAAT U3MEpPeHMe OCTaTOYHOro oTrneyaTka c onpeje-
NleHneMm 3HauyeHns 6 B cOOTBETCTBUM C (24), a TakkKe paccyuTbiBaloT 3Ha4YeHuss napameTpoB ¢u d/D . cooT-
BETCTBYIOLME KOHEYHOW TOUYKE HarpyXeHus WHAEeHTopa U HaxoAAT pelleHne ypaBHeHUs (25) oTHOCUTEsNbHO
csl.

10.3.3.7 MNpu peanusaunn KOCBEHHOro Metoja npefBapuTesibHO HaXoAMTCA KOppenAunoHHas 3aBu-
CUMOCTb 3HayeHna 6 oT napameTpoB gnarpamMbl BAABNMBaHWSA, B NEPBYIO ovyepedb, OT Nb

10.3.3.8 CKoppeKTupoBaHHble Ha o6pa3oBaHue HannbiBa 3HaueHus d'cu ¢ paccumTbiBaloT No gop-
mysiam

«'mfcfo'.cfevD), (29)
d'~-6'dj, (30)
Bon' =M<**c'/0). (31)
10.3.3.9 3HaueHus d'm R'an c yueTom HannbiBa paccumTbiBaloT no oopmynam
RW*Hn'4Q")2w ")), (32)
* 5 (</'70)(E r/S'dH. (33)

10.3.3.10 Mo nonyyYeHHbIM 3HaYeHnAM e*»1n R'Q' cTpoAT annpokcuMaunio B BUAe CTeneHHon yHk-
Lum
=rR(c's,) = ', *(e V/w)" b- (34)
10.3.4 HaxoxpaeHue o ,.

10.3.4.1 Mpun HaxoxAeHun <IT UCMONL3YIT NpeacTaBneHne gnarpaMmmbl 3 EKTUBHbBIX HANPSHXKEHWNI
nog WHAEHTOPOM B BMAE CTENEHHON 3aBUCMMOCTK (34).
10.3.4.2 Ha gnarpamme 3t eKTUBHbIX HANPsHXXeHW BbIGMPAOT TOUKY HOPMUPOBKK C = £0.
10.3.4.3 PekomeHayeTcs Bbl6GupaTb 3HayYeHue g, Takum obpas3om, 4Tobbl OHO npesbiwano 0.01 u co-
OTBETCTBOBA/IO PEXWUMY PasBMTON NAACTUYHOCTM NNGO TOW YacTh nepexofHoro pexuma, rge Y mano otnum-
yaetca oT 4W -
10.3.4.4 BbluncnatoT 3HaveHne Rc.
Ro=M*>). (35)
rae dyHkuua fRonpegensetca hopmynoii (34).
10.3.4.5 Mpwn BbIGOpPE 3HauYeHusa co, ygosnetsopstowemy 10.3.4.3. pekomeHAyeTcs 3ajaTb yCnoBue,
ceasbiBawee ROn & nuHeiHoi yHkumnei
Ro=UDb) (36)
10.3.4.6 Mpumep HaxoxaeHunss RO nokasaH Ha pucyHke 9

PucyHok 9 - Mpumep HaxoxaeHus R:

13
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10.3.4.7 a, HaxoAAT kak dyHKuuio ot Rc.
0,=1/,n, (37)

MpumeyaHune - Bug 3asucumocTtu 4 yctaHaBnmMBaeTcs 418 KOHKPETHOTO Marepuana Ha OCHOBaHWW Conoc-
TaB/IEHNSA pacyeTHbIX 3HAYEHUI C IKCMEPUMEHTA/IbHBIMU JaHHBIMW B COOTBETCTBMUM C [1].
10.3.5 HaxoxpgeHue oa

10.3.5.1 Mpwn HaxoxAeHun CB Anarpamma «3cdekTnBHoe HanpshxeHne - adpekTuBHas gedopma-

uMs» nepecTpamBaloT B Auarpammy «yC/0BHOE HanpshkeHue - ycnosHas gecdopmaymsa» (10) no coopmynam
Ay= HAa, B4-"’ 38>

ey=e iff-1. (39)
10.3.5.2 HaxogaT MakCUMyM YCMOBHbIX HanpshkeHuwit. [Jns aToro guarpammy «yc/ioBHOe HanpshkeHue
- ycnosHas gedopmauunsax» ona yactu gnarpammbl BaasnusaHusa oT (0,2 - 0,5)'FTX go Fmyannpokcumu-
pylOT NOSIMHOMUABbHOV 3aBUCUMOCTbIO
1?'=1* (ey), (40)
NMpumeyaHne - PekomeHayeTca NCMOMb30BaTb KBAAPATUYHbIV MOMHOM.

10.3.5.3 HaxoasT makcumym RN doyHkumm f (cy).
10.3.5.4 Mpumep HaxoxgeHua F P~ nokasaH Ha pucyHke 10.

PucyHok 10 - Tpumep HaxoxaeHus HA1™*
10.3.5.5 N 1 HaxoAAT Kak PyHkuno oT R’ max
«B=J11*W1, - (41)

MpunmeuyaHune - Bugsasncnumoctu fimi yCTaHaB/IMBaKT A1 KOHKPETHOro Matepuasia Ha OCHOBaHUKM conoc-
TaB/IeHNA pacyeTHbIX 3HaueHul ¢ aKcnepumMeHTasibHbIMX AaHHbIMW B COOTBETCTBUN C [1]

11 MpaBwna ohopMaeHnsa pe3ynbTaToB UCMNbITAHWU

11.1 B npoToKofne ucnbiTaHWi yKasblBatoT:
- CCbINIKM Ha HACTOAWMIA cTaHaapT;
- MaTepuan obpasua;
- Martepuan u gnameTp uHgeuTopa,
- YAC/IO LUKNOB;
- napaMeTpbl KaXA0ro n3mepuTenbHOro Luknia, Bkaoyas:
- CKOPOCTb Harpyskut 1 pasrpysku;

14
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- MakcumasbHble 3HAYEHUS Harpysku:
- CTeneHb pasrpysku AN NPOMEXYTOUHbIX LUK/IO0B:
- BpeEMs BblepXK1 Noj Harpyskoi;
- CBEAEHUSA O MeToAax UHTepnpeTaynm amarpaMmMbl UHAEHTUPOBAHUS. BKIKOYas.
- MeTof, NPUMeHseMblii ANA onpeseneHns HyneBoi TOUKK:
- MeTof, NpUMEHSsIeMblii ANA onpefeneHus HayanbHOW TOUKU BblAEPXKKY;
- MeTog aHanu3a KpuBoWi pasrpysku:

- MeTo/, BOCCTaHOB/IEHUA KPUBOI aecopMnpoBaHnsa (NOLMKNOBLIA AN NOTOYEYHbINA):
- 3HayeHue CT:

- MeTo/ yyeTa nonpasok;

- MeTo/[, HaxoXAeHus npegena TeKy4eCTU U BPEMEHHOIO COMPOTUBJIEHUS;
- MOJly4YeHHble pe3yfbTaThbl, BKIOYASA:

- napameTpsbl rny6uHbl /w . hc

- 3HauyeHue H6,T;

- napameTpbl AnarpaMmbl 3 EKTUBHLIX HanpsbkeHuii Rb, N Rb. n's;
- napameTpbl pacyeTa MexaHu4veckux cBoiicTs et- Ro- Rimax,

* pe3ynbTaTbl pacyeta MexaHW4eckux CBOWCTB ar.oa;

- faTta v Bpems NpoBefeHUs UCMbITaHUiA.

11.2 Ecnun ucnbitaHnsa ABAAITCA HacTbio Hay4yHO-UCC/eoBaTeIbCKUX paboT, To pe3ysibTaTbl UCMbITa-
HWIA cnefyeT ohopMNATL B COOTBETCTBUU € TpeboBaHuamu FTOCT 7.32.

15
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MpunoxeHne A
(cnpaBouHoe)

O630p MeToANK MHTepnpeTaynn anarpamm BaaBivBaHunsa

MHCTpyMeHTa/lbHOe MHAEHTUPOBaHNE SIBSETCA B HACTOsLLEee BPeMs OAHUM W3 Hambonee NepcrneKkTUBHbIX He-
paspyLuatoLmx cnocoboB 6e306pasLoeoii OLEHKN MEXaHUYEeCKUX CBOMNCTB MeTaslsioB U UX cniasoB. MeTof no3sonset
nofy4nTb, B OT/IMYMB OT TPAAMLMOHHLIX METOLOB TBEPAOCTH, 3aBUCUMOCTb U3MEHEHUS HanpsxXeHwin n gecdopmaumnii B
30He oTneyartka oT MaslbIX YNpPYro-naacTMyecknx 4o 60bLUMX NPUBEAEHHBIX NaacTuyeckux fedopmalunii u no Heil oue-
HUTb XapaKkTepuUCTUKM NMPOYHOCTK, NoAyYaemble NPy 04HOOCHOM PacTsHKeHUU 06pas3LoB.

MepBble NOMbITKVA ONpefeneHnst MexaHU4Yecknx CBOINCTB NyTem BAAB/VBAHWS XECTKOro UHAeHTopa 6blan caena-
Hbl B KOHUEe 19-ro - Hauvane 20-ro BekoB. BpuHennb paspabotan MeTof n3mepeHuss TBepAOCTV BAaBNVBaHUSA wapa npu
MOCTOSIHHOI Harpyske, BNOCAEACTBUM MOMYYMBLUWIA €ro ums. B npouecce CBOWX 3KCMEPUMEHTOB BpuHennb 3ameTun,
4YTO TBEPAOCTb NpUMeEpPHO B 3 pasa 60/blue BPeMEHHOIro CONPOTUBEHNUSA AR OOMbLUMHCTBA KOHCTPYKLUMOHHBIX CTasiei
1101.

BrnocneActsuy BONPOC O BO3MOXHOCTU HaXOX/AEeHNSI BPDEMEHHOIO COMNPOTUB/IEHNS MaTepuana no ero TBephocTu
uccnefosanacb MHOTMMM aBTopaMu U Aaxe 6blna BHeCeHa B MeXAyHapoAHbli cTaHaapT [11] AnsA wupokoro knacca
CTaneid, a Takke B 0TeYeCTBEHHbI cTaHgapT TOCT 22761 A5 KOHCTPYKUMOHHBIX CTaseli Nep/nTHOro knacca. OfHako,
Kak 6bl21 0TMeYeHO B [12]. BO3MOXHOCTb pacnpocTpaHeHWs Takoro NoAxoAa Ha Apyrne MexaHuueckve CBOCTBa SBNseT-
¢ Npo61eMaTnyHOA.

PassuTMem meToga BpuHenns sBnseTca MeTof Noc/nefoBaTeNbHOro BAABAMBAHWA LLAPOBOrO WHAEHTopa. B
1908 Meliep [13] BBEN anbTepHaTUBHOE MOHSATVE TBEPLAOCTY, A€ Cuia OTHOCUTCS He KO BCeli MOBEPXHOCTU YHKU, Kak y
BpuHenns, a K nnowaan npoekumMn oTneyarka Ha ropu3oHTaslbHY0 MAOCKOCTb W MOKasasl, YTo onpefenieHHas Takum
obpa3om TBepAoCTb (TBEpAOCTb N0 Meiiepy) ¢ yBenuyeHnem rnybuHbl BAaBAMBaHWS BefeT cebs kak HekoTopasi cTe-
NeHb OT AnameTp NyHKU, NpuyeM, 3HauYeHne 3Toli CTeneHn (NoyumBLLEN NO3AHee Ha3BaHue «uHaekc Meiepa*) 6m3ok
Nno 3HAYEHWIO K NokasaTento CTeneHy ynpovHeHus maTepuana. ocne 3Toro MHorve yyeHble paboTanu Haj 3ajaqeint
MOJTyYEHNST MEXaHNYeCKNX CBOWCTB MO XapakTepucTukam TBepAocTu. Hambonee 3HauMMblii BKag B 3TOM HanpaBneHun
6bin caenad [. Teibopom [2] n M.M. MapkosLom [6].

B 1951 Taii6op [2] nokasan, 4To No pesynbTaTam MUCMbITaHWUI C NOCNef0BaTENbHO YBEIMUMBAKOLLEACS TyOMHON
BAAB/MMBAHNA LUapa A/19 LMPOKOro Knacca MaTepuasioB MOXEeT 6biTb BOCCTAHOB/EHA AMarpaMmMa «HanpsxeHue - fe-
dhopmauus». TBepaocTb Mo Meliepy okasblBaeTCsi MPU 3TOM MPOMOPLMOHA/IbHA HaMPSHKEHNI0 B HEKOTOPOI TOYKe Ha
KPUBOW «HanpshxeHve - aecopmauus», nonyyaemoil npu UCMbITaHUU MaTepuana METOAOM OLHOOCHOTO PacTsHKEHUS.
KoadhhnumeHT nponopuyoHanbHOCTM (MONYUMBLUMM Ha3BaHWe KoadduLmMeHTa OTHOCUTENbHOTO AaBNeHNs) OKasasics
613KMM K 3Ha4YeHuo 3. B [2] npea/ioxeHa Takke hopmyna A5 HAXOXKAEHWS COOTBETCTBYIOLLErO Takoli TOUKe 3HaYeHus
aphekTnBHOW Aedhopmaumm (16). AnbTepHaTuBHble DOPMY/bl HaxoXaeHUs adheKkTUBHON Aedhopmaumn Nog MHAEHTO-
pOM B AasibHeiiweM npegnarasimce pasnnyHbiMu asTopamm [16]. [14]. [20]. Ho chopmyna Taiibopa nucnonbayetca Hanbo-
nee yvacto. B pa6otax Mapwa [15] u DxoHcoHa [3] 6bi10 OTMEYEHO, YTO KO3h(IULMEHT OTHOCUTENBLHOIO AaB/EHMUS
MOXHO CUMTaTb NOCTOSIHHBIM TO/IbKO NOC/1e JOCTVDKEHUS pexnmMa pas3BUTON MIacTUYHOCTK, a B NPOMEXYTOUHO obnac-
TN MeXZyY PEeXMMOM YNPYrocT! N peXxmMom pasBuUTOl NIACTUYHOCTY OH U3MEHSETCH Kak NnHelnHasa dyHKumsa norapudma
oTnevatka. B uenom, noaxod, cBA3aHHbI ¢ MMeHeM Telibopa XOopoLlo cebs 3apekoMeHAoBasl, HO caM MeTof, OCHO-
BaHHbI/ HA ONTUYECKOM WM3MEPEHUN MOC/ef0BaTe/IbHO N3MEHSIOLMUXCS OTNeYaTkoB OKas3asiCs C/ULLIKOM TPYAOEMKUM 1
He NpUrofeH ANA NPakTUYecKoro MCNonb30BaHus.

BbIXOAOM V3 CMOXMBLUENCA CUTyauun SIBASAETCA HenpepbiBHOE M3MepeHue yOuHbI U CUMbl BAABVBAHWS UH-
neHTopa. MepBas Takas guarpamma 6bina 3anucaHa MapTteHcom [16]. PasBuTue 3TOT METOZ, Noayyns B KoHUe XX Beka
C NosiIBNIEHNEM KOMMbIOTEPOB, MO3BOMAILYMX 3anucbiBaTb AvarpamMbl BAaBAMBaHWA. HOBbIi METOA, OCHOBaHHbIA Ha
3anncn KMHeTUYeCKol avarpaMMbl BAABAVBAHMA MO3BOIMM UCKIOUNTL CYOBEKTMBM3M NPU U3MEPEHUN OTnevaTtka, npe-
[OCTaBWUN 3HAYUTENbHO 60/bLUe (haKTUYecKol MHGopMauum 0 npouecce NTIOKasIbHOW Ynpyro-naactuyeckoin gedopma-
LMK 1 obecneymnn NosHbI KOHTPO/Ib 33 NPOLECCOM WUCMbITaHWs, NPUGN3NB ero Kk 06pasLoBbIM UCTbITAHUAM Ha 04HOOC-
HOe pacTshkeHue. Pe3ynbTaToM MHOrOUYMCAEHHbIX UCCEA0BaHUI C UCMO/b30BaHNEM KMHETUYECKOW Anarpammbl, cpeam
KOTOpbIX cnefdyeT oTMeTUTb cTaTbn bynbiuesa [17]. Onusepa n ®appa [5] n Xartara [18] siBnseTca co3gaHve mexayHa-
poaHoro ctaHgapTa [19] (KoTopoMy COOTBETCTBYET OTeHeCTBEHHbIV cTaHaapT TOCT P 8.748). rae aToT MeToA nonyyun
HaVMEHOBaHNEe «MEeTO[, MHCTPYMEHTa/IbHOr0 MHAEHTUPOBaHUSI». B 3TOM cTaHgapTe nponvcaHa npoueaypa nposeje-
HWS UCMblTaHWii Ha BAABNMBAHWE OCHOBHbLIX TMNOB UHAEHTOPOB. @ Takxe OnucaHbl METOAMKA HaXOXAEHUS XapakTepu-
CTVIK yNpyrocTu, TBepA0CTU U MHAEHTALMOHHO NoN3y4ecTn MaTepuasios.

BaxHOn 0cO6eHHOCTbI0 MeTOAa MHCTPYMEHTa/IbHOrO MHAEHTUPOBaHWA SIBMISETCA TO. YTO OH NO3BOMSAET OLEeHU-
BaTb U3MEHeHWe AnameTpa 06/1acTy KOHTaKTa nog UHAEHTOPOM.

370 N03BONAET OTKa3aTbCA OT MHOXECTBEHHbIX ONMTUYECKNX U3MEPEHWIA, XapaKTepHbIX A5 noaxoaa Talibopa, n
orpaHNynNTbLCS aHaNM3oM AgvarpaMmbl BaasnmeaHus. C cepefmHbl 80-x rofos XX Beka 3ToMy BONPOCY 6blan NOCBALLEHbI
MHOr1e nccrnefoBaHus. B nepBylo ovepefb HYXHO OTMeTUTb paboTbl MccnepoBatensckux rpynn [18]. [20], [21], co3-
[aBLUMX U BHEAPVBLUMX OpUrMHaibHOEe 060pyAoBaHne AN NPOBEAEHWS UCMbITaHWUA, ¥ HaKOMMBLUMX BoraTblli akcnepwu-
MeHTasIbHbIl MaTepuan. Takke crnegyeT OTMETUTb UCC/ef0BaHNs, NpoBefeHHble B paboTax [7]. [22], [23]. [24].

YHudmkaumsi metoank obpaboTku gvarpaMm BAABAMBaHUS MOXET ObiTb NPOBeAeHa Ha OCHOBe nogxoga Tainbo-
pau FOCT P 8.748. Mpu 3TOM JONONHUTENBHO CriefyeT yyecTb crefylolime Asa BaXHbIX ahdiekTa: nonsyyecTtb UHAEH-
TMPOBaHWA W 0bpasoBaHve HanblBa NPU MHAEHTUPOBaHUW. TN adhheKTbl CNabo cKasblBATCA NP ONTUYECKOM U3Me-
peHUM 0TNeYaTkoB 1 3HAYMMO BAVSIOT NPU U3MEPEHUN MO ybuHe.
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MonsyyecTb MHAEHTUPOBAHUA HaKNAAbIBAET 3HAUNTENIbHOE B/USHWE Ha (hopMy Auarpammbl. 3TO 06YCNOBIEHO
adhhekTom BSI3KO - NIACTUYHOCTU MaTepuana [24]. KOTOpbI MOXeT HabnwaaTbCs ANA BCEX TUNOB MeTasl/IoB, Harpy-
XEHHbIX Bbllle npefena TekyvyecTn. BnvsaHue ckopocTy fedhopMUpoBaHUa Ha hopmy Auarpammbl BAaBMMBAHWA MPO-
aHa/M3npoBaHbl B NPUIOXeHnn B HacTosLero ctaHgapTa.

Ha adhchekT obpasosaHus HarnsbiBa Brepsble obpatuiv BHUMaHve Hop6opn n Camioans [25]. OHM ykasasim Ha
X CBSA3b CO CMOCOBGHOCTLIO MaTepuasna K ynpouHeHuto. Xun ¢ coasTopamu [26] Been B ynotpebneHve napamerp Ha-
nnbiBa ¢'= a'/D/i n Ha OCHOBaHUM aHaNUTUYECKOTO MOAE/IMPOBaHNA NPoLecca BAAB/MBAHWA CBA3a/l €ro CO CTENneHblo
ynpouHenus. (CnefyeT oTMETUTb, YTO NapamMeTp C OT/IM4aeTcs OT napameTpa 6, 1 OCHOBHOE OT/IMUMB 3aK/IlovaeTcs B
TOM. 4YTO B 3HAMeHaTesie OfHOr0 BbIPAXEHWS CTOUT NoNHas rny6rHa BaasnveBaHus h. a B Apyrom - dyHKUWst OT paccuu-
TaHHON rny6uHbl KoHTakTa hG HanGonbLuee pasnnune Mexay HUMKM - B ynpyroii o6nacTu, rae ¢ = 0.5a ¢ =1). Uccne-
[l0BaHNA U3MeHeHns1 napameTpa c3Ha OCHOBaHUW YNC/IEHHOTO MOAENMPOBaHMA NpoBefeHbl B paboTe [9], rge. B yacT-
HOCTW. MOKa3aHO CyLLeCTBOBaHWE MEPEXOAHON 06nacTh 40 AOCTMKEHWS napameTpoM C* CTauyOHapHOrO 3HaueHus,
npuyem ata 06/1acTb 3HaUMTENLHO GoMblUe, YeM onpefeneHHas [)KOHCOHOM nepexofHast 061acTb OT ynpyrux gedop-
Maumii K n1acTUHecknm.

Hapspgy ¢ deHoMeHonormyeckum noaxogom Taibopa passuBaiMCb Takke W Apyre MeTofbl, OCHOBaHHble Ha
YMCNEHHOM MOJEeNMPOBaHMK npouecca BAasBMBaHus. OAHO U3 NepBbIX UCCNef0BaHWA N0 MOAEIMPOBaHNIO 6blo Mpo-
BefleHo B paboTe [27]. Bnocneactsum 6blIM pas3BUTbl METOAbI BOCCTAHOB/EHUS [AuarpaMmbl  «HanpshkeHue-
fedopmaLysi» Ha OCHOBaHUM COMOCTABNEHNSI UX C 9KCNEPUMEHTa/IbHO MOJTyYEHHbIMU AnarpaMmu BAaennsaHus [28] -
[31].

MockosnbKy Npu pacTsxxeHun obpasua, 1 Npu BAABAVBAHWM LLAPOBOrO MHAEHTOpa B MeTaslfie nccnefyemoro ma-
Tepuasna NpPoxXoAAT CXOXWe Yrpyro-niactuyeckne U3MeHeHUs HanpskeHHO-AeopMYPOBaHHOIO COCTOSIHUS, MOXHO YT-
BEPXJATb. YTO B AnarpammMax pacTsXeHus U BAABNVBAHWUA COLePXMUTCS NofobHas nHdopmaums o cBoicTBax maTepuma-
na. CneposatenibHO, CYLLECTBYIOT HEKOTOpble BO3MOXHOCTM NepeBoda OAHOr0 Tuna Auarpammbl B Apyroi. OpHako,
BBU/Y HErOMOTEHHOCTY NMOJIA AehopMauuii Nos UHAEHTOPOM B OT/IMUME OT OAHOOCHOIO PaCTSXKEHUS, NOCTPOEHNE TaKoi
YH/BEPCA/IbHON 3aBUCMMOCTY B @Ha/IMTUYECKOM BUAEe He NpeACTaBiseTcsl BO3MOXHbIM. B CBA3M € 3TUM nepcnekTus-
HbIM METOJOM peLleHNs SBASETCA UCMONb30BaHWE HepoHHbIX ceTell [32]. [33] - yHMBepcaslbHbIX MaTeMaTUHecKux
npeo6pasosareseli, CNOCOOHbIX BbISB/IATL CTATUCTUKM BbICOKMX MOPSAKOB NPY Ha/IMuMm JOCTATOUHON 6a3bl COOTBETCT-
BV BXOHBIX U BbIXOJHbIX JAaHHbIX.
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MpunoxeHune b
(pekomeHgyemoe)

AI'IbTepHaTI/IBHbIIZ cnoco6 pacyeTa BpeMeEHHOro conpotueaeHunda

B.1 AnbTepHaTMBHbI BapuaHT oueHkn OB OCHOBaH Ha Nnoaxoae, NpeaokeHHoM MapkoBuom [6J 1 ncnonblyet

KOPPEeSSAILMOHHYIO 3aBUCUMOCTL <?'} OT 3HAYEHUI MakCUMyMa 3HaueHuli TBephocTn no BpuHennio (koTopas U3MeHseT-
CSl B 3@BUCVMOCTM OT Ty6UHbI MHAEHTMPOBAHUS B UCTbITYEMbI 06paseL).

MpumMeyaHune - [JOCTOMHCTBO TAKOro cnocoba COCTOUT B €ro "thn3MUYHOCTM": Kak v Npy 06pasLioBbIX UCMbITa-
HUAX Ha OJHOOCHOE pacTshKeHMe y4acToK Auarpammbl 4ethopMUPOBaHNS, ONpeaensiowmnii BpeMeHHOe COnpoTUB/EHNE,
CBsi3aH C uUcyeprnaHvem LedopMaLVoHHO CNoCcOBHOCTU MaTeprana, Tak U y4acToK 3KCTPEMyMa 3Ha4YeHuii TBEPAOCTM
no BpuHensio cBs3aH ¢ ucuepnaHnem AedopMaLoHHO CNOCOGHOCTV MaTepuana nog uHaeHTopoM. OfHako, AN psaga
KOHCTPYKUMOHHBIX MaTepunasioB C BbICOKO/ VICXO,CI,HOI7I n1acTUYHOCTbHO He Ha6mo,qaeTc;1 MakCumMmymMa Ha rpanMKe TBEP-
foctv no BpuHennto. C yyeToM 3TOTO PEKOMEHAYETCS MCMO/b30BaTh Takol cnocob pacyeTta Ans META/VIOB C pPaBHO-
mMepHoli fechopmauueii He 6onee 20%.

B.2 CTpoAT nonvHoMyasIbHY0 anmnpokcUmMaunio 3aBUCMOCTH ). Mpy nocTpoeHnn annpokcUMaLn BbiGK-
paloT BEPXHIO YacTb Anarpammbl MHAEHTUPOBaHUS, HaunHas ot (0.2 - 0.5)A™ .
B.3 HaxoAaT MakcrmasibHoe 3HaveHue TBepaocTu Him,.

B.4 [ina onpepenexnnsa <ty UCNO/b3YOT COOTHOLLEHNE

(6.1)

MpumeuaHue - Bug3saemcumocTu fim yctaHaBnMBaIOT 4151 KOHKPETHOrO MaTepuaia Ha OCHOBaHUM COMOC-
TaB/EHUs! PACUETHBIX 3HAYEHMIA C AKCNEPUMEHTAbHBLIMU AaHHBIMU B COOTBETCTBUM C [1].

B.5 Ha pucyHke B.1 npepcTasieH npyMep HaxoXAeHNs MakCMmyma TBepAoCTU.

2000 —-=----
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Cepas NMHnA - faHHble U3MEPEHNs;
yepHaa NMHUA - annpokcnmauma ksagpaTtuiyHbiM NOSIMHOMOM

PucyHok B.1 - TMprmMep HaxoxaeHnsa Makcumyma TBePA0CTM NHAEHTUPOBaHMA Wapa
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MpunoxeHne B
(PekomeHayemoe)

MpuMep NCNoNb30BaAHUA METOAUKN ONpeAeneHuns amarpaMmel
«HanpsxeHue - gedopmayna» 40 KOHCTPYKLMOHHbBIX CTaneid n NX CBapHbIX WBOB

B.1 O6wue nonoxeHus

B.11 Mpu BbIGOpE pexmma NpoBefeHWUs UCMbITaHuii yuTeHbl pekomeHaauun FTOCT P.748. cornacHo KOTOpbIM
TUMNYHLIMWU ABIAIOTCA UCMbITAHWA, NMPU KOTOPbIX A/IMTENIbHOCTL 3TarnoB HarpyXeHusi, pasrpyskv 1 BbiAEPXKN Npyu Mak-
CMManbHOM cune ofuHakoBo 1 coctasnseT 30 cekyHa.

B.1.2 YuTeHbl Takke pekoMeHAauun mexayHapoAHoro ctaHaapra [34J, rae ykasbiBaeTcs, YTo 415 TOro, 4Toobl
pexum NpoBeAeHNs UCMbITAHUA He OKasblBasl CYLLECTBEHHOrO BAMSAHWUA Ha DOPMY KPUBOW pasrpysku, AOHKHO BbIMO/-
HATLCA yCrioBue

gv>10* gc S. (B.1)
roe Qf - CKOpOCTb CHATUS CUJIbI; OC - CKOPOCTb MHAEHTALUMOHHOW NOM3yyYecTW MaTtepuana B KOHLE 3Tana BblAepXKU ne-
pej MOMEHTOM CHATUSA Harpy3ku.

Vcxoas 13 aToro NOMOXKeHUs,, CKOPOCTb CHATUA Harpy3ku ANs ctanei 6bina yBenvMueHa, a. cnefosatefibHo, Bpe-
MSl CHATUSI HArpy3Kky YMEHbLLIEHO M0 CPaBHEHNIO C PEKOMEHAALMAMY, U3N0XKEHHbIMK B B.1.1.

B. 1.3 VickaxkeHne thopMmbl KpMBOLE pasrpyskn 06ycnoBneHo athdhekTom non3yyectv UHAEHTUPOBaHUS.

B.1.4 DdhdhekT NoN3yyecT MHAEHTMPOBaHNA OKa3blBaeT B/IUSIHUE Takke Ha (hopMy yyacTka Harpysku gvarpam-
Mbl BAAB/IMBaHWA.

CyLecTByeT HECOOTBETCTBME MeX/y CKOPOCTAMM AechopMaLMi Npy UCMLITAHUSX Ha PacTsHKeHUe U CKOpPOCTSAMM
n3MeHeHus ahdheKTUBHON fechopMaLn MpU UCAbITAHUAX METOAOM MHCTPYMEHaIbHOTO MHAEHTUPOBaHUS.

Ha pucyHke B.1 npeacTtaBneHbl M3MEHEHUs CKOPOCTU aphekTUBHOW Aedhopmaumm nog MHAEHTOPOM ANS Tpex
06pasLoB CTa/IM C pas/IMYHON TBEPAOCTLIO. M3 pucyHka B.1. BUAHO, 4TO CKOPOCTW Aedopmaumn U3MeHseTCs B Xoae
UCNbITaHWS B LUMPOKOM Anana3oHe U Ha HayanbHOW hase OHW 3HAUMTE/IbHO NPEBbILLAIOT CKOPOCTW M3MeHeHus aedop-
Mauuii npu pacTsbkeHun, coctasnswoweli 25.1CM4 c - 2.5-10'1 c¢'lnpu onpegeneHun npegena TeKyyecTu COorfiacHo
FOCT 1497.

PucyHok B.1 - /i3meHeHue ckopocTy adhdheKTMBHONM Aedopmaumm nog UHAEHTOPOM
AnameTpom 2.5 MM Npun BAaBAMBaHUM B TpU 06pasLa ¢ pasnyHoli TBEPAOCTLIO NPV OAHOLMK/IOBOM PEXUME WCMbITaHUs

B. 1.5 Ha pucyHke B.2 npuBefeHbl rpadimkn n3mMeHeHns ckopocTy adhdhekTMBHOM fechopmaumm nog UHAEHTOPOM
AvameTpom 2.5 MM npy MHOTOLMK/TOBOM PEXUME UCTbITaHWSA C yYETOM BPEMEHU BbIAEPXKN
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PucyHoK B.2 - M3amMeHeHne CKopocTu apheKTUBHOM AechopMaLmy nog MHAEHTOPOM
AMamMeTpoM 2.5 MM Npu MHOTOLMK/IOBOM PEXMME UCTbITaHUS C YHETOM BPEMEHN BbIAEPXKM

B.1.6 [ina npoBeAeHWs1 UCMbITaHUii Ha BAABMMBAHWE U PACTSHKEHME B CXOAHbIX AnanasoHax ckopocTteit aedop-
Mauum pekoMeHayeTCcs UCNOoNb30BaTh CeAytoLime Noaxoabl:

- YMEHbLUUTL CKOPOCTb HarpyXXeHs Ha Ha4yasIbHOM y4acTKe A/151 O4HOLMK/IOBOrO pexuMa UCnbITaHuii.

- NPOBOAUTL MHOTOLIMKNOBbIE UCMbITAHWS C NPOMEXYTOUHbIMU BbiAepXKaMU. SKcnepyMeHTaslbHble HabnaeHNs
NOKa3bIBaKOT, YTO K KOHLY BbIAEPXKKM MPOAOMKUTENbHOCTLIO 30 CEKyH[ CKOPOCTb AechopMaLn yMeHbLIaeTcs Ha ABa
nopsgka. Mposefa Kpusyo Mo YrioBbIM Toukam (7 mu, «I7 TM.) nepexoga OT BbIAEPXKKMN K Pasrpyske, MOXHO MOy4nTb
AvarpaMmy BAaBNMBaHWA NPaKTUYECKM He 3aBUCSLLYH0 OT CKOPOCTW (caenatb Monpasky Ha MHAEHTALMOHHY0 BSA3KOCTb,
Ha OCHOBaHWK Npoueaypsl, onucaHHoi B 10.2). [Ins 060CHOBaHWA 3TOI npoueaypbl crefyeT NpoBeCcTV CONOCTaB/IeHNs
C pe3ynbTaTamu, NosyYeHHbIMU NPU MHOTOLMK/IOBbLIX UCMbITAHNAX.

B. 1.7 PekomeHayeTcs BbIGMpaTb B Ka4eCTBE MaKCUMasIbHOM Harpy3kv Ha MHAEHTOP 3HAYeHWe Harpysku, 6/11M3Koi
K peKkoMeHA0BaHHOM Npu n3mepeHun TBepgocTv no Bpuxennto (FOCT 9012).

B.2 Pexumbl ucnbiTaHui

B.2.1 PexuM OAHOLMKIOBOrO UCMbITaHUSA:

- Bpems HarpyxeHus 30 cekyHA,;

- Bpems BblAepxkn npu FT.He30 cekyHs.

- Bpems pa3rpy3kun 10 cekyHA.

MakcumasibHas cuna onpegensieTcsi COOTHOLLEeHEM

=400 Hiinm2 B.2)

B.2.2 PeXvM MKOroLmMKnoBOro ncrnbiTaHns

MapameTpbl MHOTOLMK/IOBOTO pexvuMa UCMbITaHW ANsi cTasieil U UX CBapHbIX MaTepuasioB BbiGpaHbl COrnaco-
BaHHbIMM C NapameTpamy O4HOLMKIOBOrO peXuMa UCrbITaHWi:

- YXC/O LUMKNOB 7,

- MakcumasnibHasa cuna F,,,,, onpegenserca cooTHoweHveMm (B.2);

- MPOMEXYTOuUHbIE TOUKM Bblaepxku: 0.8 Frmt 0.6 Fm.,. 0.4 Fm,,. 0.2 Frex* 0.1 Fm»¢0.05 F ,,,;

- MPOMEXYTOUHbIE Pa3rpy3Kn NPOU3BOAATCA [0 3Ha4YeHus, pasHoro 0.2 oT Fnii, Ha TekyLleM LuKne;

- CKOPOCTb Harpy)XeHus NoCTOsIHHA U paBHa CKOPOCTU HarpyXXeHUs Npu OLHOLMKI0BOM UCTbITaHWK;

- BpEMS BblAepXKu Ha Bcex uuknax 30 cekyHz,

- BPeMs pasrpys3ku HanpoMeXyTOUHbIX LuKnax 8 cekyHs,;

- BPEMs OKOHYaTe/IbHOl pasrpy3kn 10 cekyHa.

B.3 O6paboTka pe3ynbTaTtoB UCNbITAHWI

B.3.1 MpepgapuTencHyto 06paboTKy pesyibTaToB UCMbITaHWs MPon3BoAsaT B cooTBeTcTBUM ¢ 10.1.

B.3.2 YueT ynpyrux cBOWCTB 1 MHAEHTALMOHHON NONI3yyYecT Npou3BoAAT B cooTBeTCTBUM ¢ 10.2.

B.3.3. Onpegenexune guarpaMmbl «HanpsbkeHve - gedopmaums» no pesynbrataM UCMbITaHUs Matepuana MeTo-
[OM MHCTPYMEHTA/IbHOTO MHAEHTVPOBaHMS Lapa NPoBOAAT No heHoMeHoNornyeckoli metToauke B cootsetcTaum ¢ 10.3.

BblbpaHa hopmMyna pacuyeTta ah(pekTMBHOW Aedhopmaumm nog uHaeHTopoMm (15). npu 3Tom urypupytowwmii B
37Ol chopmyne napameTp Cpx pasnuuaeTcs AN ayCTEHUTHbIX U HeayCTEHUTHbIX MaTepuanoB. 3TO 0ObACHAETCSH TeMm.
YTO ayCTEHUTHble CTa/IM OTHOCSTCA K MeTacTabu/ibHbIM Matepuanam, No3TOMy Mpu niaactuyeckoli gecopmaumn He
TOJIbKO YNPOYHAKTCA, HO Y MOAUMULMPYIOT CBOK KPUCTaIIMUECKYO CTPYKTYPY, U3MEHSA NPU 3TOM XapakTep auarpam-
Mbl AehOpMMPOBaHMS.

[N HeayCTEHUTHbIX MaTepuanos, y KOTOpbIX hopMa AvarpaMmmbl BAAB/IVBAHWUA B 3HAUUTENbHON CBOEN YacTu
MOXeT ObITb ONMcaHa CTeNeHHbIM 3aKOHOM, BblGMpaeTca CTaHAapTHoe 3HadeHune (16).
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[na ayCTEHWTHBbIX MaTepuasios, y KOTOPbIX hopMa Avarpammbl BAABMBaHWS GaVKe K MMHEHON 3aBUCMMOCTH,
BblbMpaeTcs 3HayeHue

£*.,=0.3. (B.3)
Bbi6upatoT chopmyny pacuyeta Y (20) ¢ koadhduymeHTamm
=25 =54, dpaw = 1.075. Yum» =3.
YyeT HannbiBa Npou3BOANTCS B COOTBETCTBUM € N. 10.3.4 C NCNONb30BaHMEM KOCBEHHOr0 MeTofa HaxoXAeHus
napametpa CT,, B cootBeTcTBMmM ¢ 10.3.3.4.
Bbi6rpatoTcs cnegyolime 3HadeHns napameTpos:A*.*3 3. 6Bx= 400. 6Tax=0.3.

dopmyna 418 onpegeneHust c*i, HalfeHHas Ha OCHOBaHWW COMOCTAB/IEHUS PE3yNbTATOB 3anvcy Auarpamm
BAB/MIMBAHUA C pe3y/ibTatamm M3MepeHnst AMamMmeTpoB 0TnedarTkoB (CM. pucyHok B.3). umeet Buga;

c*=1.13-0.3 0, (B.4)

Ha pucyHke B.4 npefctasneH NpuMep BOCCTAHOB/IEHUS AMArpaMMbl PACTSHKEHUS MO AnarpaMmme MHOrOLMKI0BO-
r0 BAABNMBAHMS

PucyHok B.3 - ConoctasneHve pe3y/ibTatoB U3MEpPEHNs napameTpa Hannbisa c**,
1 koadpcpuupmeHTa Mbans 6a3bl 06pasLOB CTaIN U CBaPHbIX LUBOB

@) ©)
- pesynbTaT BOCCTAHOB/IEHNS NO AnarpaMme BAAB/IMBAHUA:
* - pe3ynbTaT BOCCTAHOB/IEHUSI TOUKW Ha AnarpaMme Ha OCHOBaHUU
ONTUYECKOTO M3MEPEHUs oTnevaTka:
— - 9KCMEPVMEHTA/IbHO MOJTyYeHHasi AuarpaMma OfHOOCHOTO PaCTSHKEHUA

PucyHok B.4 - Mpumep BOCCTAHOB/IEHUA AuarpammM «HanpsbkeHve - gedopmams»
ansa o6pasyos ctanm 20 (a) u aycTeHUTHol cTanm (6)

B.3.5 HaxoxaeHune NpoBOAAT B cooTBeTCTBUM ¢ 10.3.4.
HaxoxaeHune To4KM HOpMUPOBKK B cooTBeTCTBMM C 10.3.4.2 paccuuTbiBatoT no hopmyne
A:=0.1(Cc-0.01)£. (B.5)
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YpaBHeHue (B.5) coBMecTHO ¢ (35) cOCTaBAsAT HeIMHEHYI0 CUCTEMY, KOTOPYIO CliedyeT peLunTb OTHOCUTENbHO
Co, Ro-
®yHKuMA (C. onpegeneHHasn B 10.3.4.5. nmeeT Bug,

fo(Ro) =-0.00015 Ro* + 0.94 Rs. (B.6)
B.3.6 HaxoxgaeHue MOXeT NPOBOAUTLCA Kak B cCOOTBeTCTBUM C 10.3.6. Tak U B COOTBETCTBUW C MPU/IOXKEHU-
em b.
®yHkuma M. onpegenerHas B 10.3.5.5. umeet Bug,
i'mitRm.») = 0.98 Rns, AN1A HeayCTEHUTHbIX CTanei. (B.7)
/,2(R™,)=0.65 A™. + 250 H/MM' ANs ayCTEHUTHbIX CTaNEN. (B.8)

MpumeyaHune - [Ina ayCTEHUTHbIX CTasIell ONpeeneHo CneLyanbHoe ypaBHEHNE B CBA3W C TEM. YTO 3Haye-
HMe BPEMEHHOro COMpPOTUB/IEHNS AN 3TUX MaTepuasioB JOCTUraeTca MpU 3HauveHusX gechopmaumy MHOK GOMbLUKX,
YeM 3Ha4YeHNe MaKCUMaslbHO AOCTVKIMON 3hheKTUBHOW fedhopMaLy Nog UHAEHTOPOM.

B.3.6 AnbTepHaTVBHbIN CNOCO6 HaxXoXAeHWs MOXET NPOBOAUTLCA Kak B cooTBeTcTBUM € 10.3.6, Tak 1 B Co-

OTBETCTBUM C NpUNoxeHnem b.
®yHkuua f,,i, onpegenenHasn B b.4. nmeet Bug,

fmi(HirX) = 0.3 H,u, Ans HeayCTeHUTHbIX CTasel. (B.9)
fnj{Hr<#*) ~ 0.165 Hmx + 300 H'mmj 419 ayCTEHUTHbIX CTaNEe. (B.10)
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Mpunoxenve I
(cnpaBou4Hoe)

Bepudgukaumsa MeToanku onpeaenieHns guarpammbl
«HanpsxeHue - gedopmayna» 419 KOHCTPYKLMOHHbBIX CTanei n nX CBapHbIX WBOB

[ns Bepudmkaumm METOAMKN OnpefeneHne amarpaMmmbl «HanpsixeHue - aedopmMaumsi» no pesynbtatam Uchbl-
TaHWa matepuana MeToAoM VMHCTPYMEHTaUTbHOTO MLAEHTUPOBAaHMS Liapa B COOTBETCTBUM 0f06peHHoi MATATS npo-
rpammoli (35] 6bina cosgaHa 6asa 06pasuoB 4718 CPaBHUTENbHbLIX UCNbITAHUA METOAOM MHCTPYMEHTA/IbHOTO UHAEHTU-
poBaHVA 1 METOAOM OHOOCHOrO pacTskeHus no FOCT 1497.

Bbin BbIGpaHbl KOHCTPYKLMOHHbIE CTa/lM U MX CBapHble COEAMHEHUS, UCMO/Mb3yeMble Ha aTOMHbIX CTaHLMUSX,
cnegyrowmx mapok; ¢t 20. 08X18H10T. 15X2HM®A. 10MH2M®A. 16I'C B pa3/iMyHbIX COCTOSIHUAX.

Bbina npoBefeHa cepusi KOHTPOJIbHBLIX 1ab0paTOPHbIX HE3aBUCUMBIX WCMbITAHWA HA OGHOOCHOE PacTsXeHue U
WHCTPYMEHTaNbHOE WHAEHTUPOBAaHWE C LieNblo OLEeHKN MOrpeLuHocTel npeacTas/ieHHOoM MeTOAMKM pacyeTa MexaHude-
CKMX CBOICTB MO XapakTepucTkam TBepAoCTy.

Mpy conoctaBneHuy pesynbTatoB, NOMYYEHHbIX C UCMNONb30BaHMEM Pa3fiMyHbIX UHAEHTOpOoe (aAnameTpom 2.5
MM 1 1 MM), @ TaKke Npu conocTaBneHne pesybTaTtoB, MOMyYEHHbIX PasMyHbIMKU MeToaMKamm (MOTOYEUHOW 1 NOLMK-
NI0BOWA). 3HAUYUMbIX PaCXOXAeHWUli He nosyyeHo. VICKYeHne COCTaBMAT 3aBbllleHHble pesy/bTaTbl U3MepeHus npe-
[ena Teky4ecTu C CNo/b30BaHMeM MHAEeHTopa AnaMeTpoM 1 mm.

CphenaH BblBOA, YTO AN MaTepuasioB C KPYMHbIM HEPerynspHbIM 3epHOM (ayCTEHWUTHas WM NuTas CTPYKTypa)
AN nonyyYeHns AOCTOBEPHON MHhopMaLuy cnefyeT UCnoNb30BaTb UHAEHTOPbI AnamMeTpoM 2.5 MM 1 BbiLLe.

B ta6bnuue 1 npefcTaBieHO coMocTaB/ieHNe pe3ybTaToB MUCMbITaHWiA Ha BAaBIMBaHWe Lwapa gnameTpom 2.5
MM C pe3ynbTaTamu UCMbITaHuii Ha pacTsxxeHne. O6paboTka AvarpamMM BAABIUBAHWUA NPOM3BOAMIACHE NOTOYEYHO. Bbli-
YMCNISNOCh CpefHee 3HauyeHve No pesynbTataM 5-TW MCMbITaHWiA. PesynbTaTbl COMOCTaBAEHUS WAMOCTPUPYIOTCA rpa-
hvkamun. npegcTasnieHHbIMU Ha pyucyHKe IM.1.

PacxoxaeHvie 3HaYeHNi MexaHn4ecknx CBOWCTB Npu onpegenenun £8 1 £T He npesbiwaeT 10%.

Ta6nuuya I.1- ConoctasneHne pe3ynbTaToB UCNbITaHWA HA BAAB/MBaAHME LWapa AuamMmeTpoM 2.5 MM 1Mo heHOMEHO-
NIOrMYeckoin MeToauke ¢ pesynbTaTamy UCNbITaHW Ha pacTsxxeHne

PesynbTathl ncnbitaHuii. MMa

Marepuan ND CocTosHme Ha pacTsxeHve Ha BAaBNMBaHue
(e} 3r <B
1 McxogHoe 294 449 320 433
2 Hopmanusauus 335 453 341 443
Cranb 20 3 OKur 275 420 277 401
4 3akanka 466 704 515 664
5 3akanka+oTnyck 386 503 409 515
1 McxogHoe 1 182 532 198 519
n VcxogHoe 2 307 606 293 557
08X18H10T 2 TepmogethopmaLmoHHas obpaboTka-1 487 639 445 666
3 TepmogedopmalmoHHasa obpaboTka-2 395 604 371 629
4 TepmopedopmaLmoHHas obpaboTka-3 393 633 360 631
1 3akanka+otnyck. 1 957 1102 951 1081
15X2HM®A 2 3akanka+oTnyck, 2 954 1154 982 1132
3 ornyck 486 624 520 636
npoBonoKa 4 CBapHotZl wos, 1 659 777 684 801
09XFHMTA-BU 5 CsapHoli LWoB. 2 686 860 757 901
6 CaapHoli wos. 3 528 612 555 671
1 VcxogHoe 464 580 507 604
16rc 2 3akanka+oTnyck 893 941 834 966
3 TepmogechopmalnoHHas obpaboTka 577 615 549 653
Onektpogpl YOHN- 4 CBapHoii LwoB
13/55 605 680 587 705
1 VcxopHoe 335 537 371 511
10MrH2M®A 2 3akanka+oTnyck 797 903 806 939
3 Linknnyeckoe Bo3aeiictTemne 420 551 407 552
4 TepmogedopmauoHHas obpaboTka 690 705 628 693
OnekTpogpl YOHN- 5 CBapHoii LwoB
13/55 465 542 448 548
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o.. MMa o, MMa

@ ©

PucyHok I".1 - ConoctaBneHve pesynbTaToB onpeaenieHns npeaena TekyuyecTu (a) 1 BpeMEHHOro conpoTmanexus (6)
no (heHOMEHOI0TMYECKO METOAMKE C pe3y/ibTaTaMu UCTbITaHWA Ha PacTsXeHue.
LLITpxoBaHHOI NMHKERn 0603HaYeH fOBEPUTENbHbIN nHTEpBan 10%
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MpunoxeHune [
(pexomeHgyemoe)

UucneHHas MeToAVKA MHTEPNpPEeTaLUM pesy/ibTaToB UCMbITAHWUA METOAOM
MHCTPYMEHTa/IbHOTO UHAEHTUPOBAaHWSI LLapa

[.1 BeepeHue

0.1.1 YucneHHas MeToavKa, OCHOBaHHAA Ha NMPUMEHEHWUN pacyeTHOW KOHEYHO-3/1EMEHTHON Mogenu npolecca
WHIOEHTUPOBaHUSA Lapa No3BosISeT pelarb cnegytoLve 3agadn:

- paclumpeHune 6asbl guarpaMmM pacTsXeHVUs U BAABAMBAHUA A8 NOCTPOEHWS KOPPENALMOHHbIX 3aBUCUMOCTeN
Ana (heHOMEHONOrMYeCcKon MeTOANKY;

- NepBMYHan 0T6paKoBKa HekaueCTBEHHbIX Anarpamm BAaBMBaHUS;

- paclumpeHue 6a3bl guarpaMmM pacTsHXeHNs U BAABMBAHNA A1 HEAPOCETEBOI METOAVIKM;

- KO/IMYECTBEHHAA OLieHKa pacnpeeneHns noneli HanpsxeHnin n gedopmauuii Nog MHAEHTOPOM Ha BCex aTanax
Harpy>xeHus.

[.1.2 YucneHHas meToanka No3BONSET CyLECTBEHHO CHU3UTb HE06X0AUMOE KOIMYECTBO IKCNEPUMEHTOB, HEO6-
XOAMMBIX ANS1 NOCTPOEHUSI KOPPENALMOHHBIX 3aBUCUMOCTEH, MCNOMb3yeMblX B (DEHOMEHONOrMYECKON MeToauKe, a Tak-
ke MPOM3BECTY IKCMNPECC-OLEHKY JaHHbIX 3aBMCUMOCTEN LWL NO Npejnonaraemoli AuarpaMme pacTskeHust matepua-
Na. elle He BBEAEHHOrO B 6a3y AaHHbIX.

[1.2 Tpe6oBaHuAa K pacyeTHO mogenu

[.2.1. OCHOBHbIM Pabo4MM UHCTPYMEHTOM, WCMO/b3yeMbIM MPU pacluMpeHn 6asbl 4aHHbIX, ABASETCA MOAeNb
MKQ. oTBeuarowas cnefytolwmm OCHOBHbIM Tpe6oBaHUAM:

- BO3MOXHOCTb pacyeTa nmpouecca UHAEHTMPOBaHUA LLAPOBOro MHAEHIOpa B ynNpyronaactuyeckunii matepman B
BblIGPAHHOM AnanasoHe Harpysok:

- BO3MOXHOCTb 3aiaH1si MexaHN4ecknux CBONCTB MaTepuana obpasLa B BbibpaHHOI hopme annpokcumaumy gua-
rpammbl pacTsxeHusi (napameTpbl annpokcumaummn E, o,, oB, eB);

- BO3MOXHOCTb MOJTy4EHNS1 B KAYeCTBE BbIXOAHbIX JaHHbIX CMeAyloLmMX napameTpoB AuarpaMmbl BAABMBAHUSA:
F, h. d.

[.2.2. MpeanouTUTeNbHLIMN BO3MOXHOCTAMK KOHEYHO-3/1EMEHTHOI MOAENN SBASIOTCS:

- BO3MOXHOCTb pacyeTa npouecca pasrpyski (HECKOIbKIX AOMOHATEbHbIX Pa3rpy30K);

- BO3MOXHOCTb rpacpuueckoii MHTepnpeTauuy npolecca BAABAWBAHUA C Ha/IOXEHVWEM Moneii pacnpefeneHns
KOMMOHEHT HanpshkeHuit/gedopmauyuii (pucyHok [.1);

- BO3MOXHOCTb BbiBOZa Npochua o6pasLa B NPOLECCE U NOC/e BAABMBAHUA C LE/bl0 YTOUHEHUS pasaena de-
HOMEHO/OMMYECKOro MeTOAA, YUUTLIBAIOLLETO BAIMSIHWE Hansbia (PUCYHOK [.2).

PucyHok [1.1 - PacnpefeneHvwe UHTEHCUBHOCTM NnacTuyeckmx gedopmannii
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PucyHok [1-2 - dopma npodmns ob6pasLos nocse BaasnvsaHus

[.2.3. Vicxoaa n3 onucaHHbIx TpeboBaHWii U 0cOBGeHHOCTEN npolecca BAaBAMBaHWA, MOXHO BbibpaTb cCrefyto-
Wwme napameTpbl mogenn MK2:

- UCMO/b30BaHNe M/I0CKUX OCECUMMETPUYHbIX 3/1IEMEHTOB, UYTO MO3BOJIAET CYLIECTBEHHO CHU3WUTL BPems pacye-
Ta

- MOAENNPOBaHNE KOHTaKTa MeTOA0M U3MEHEHUSI MaTPULLbl XXECTKOCTH;

- peLleHne ynpyronnacTUyeckoi 3afaum METOA0M HauaslbHbIX HaMpPsHKeHWA.

[.3 Npouepypa pacwimpeHns 6asbl gaHHbIX

[.3.1. NMononHeHve 6a3bl faHHbIX Pe3y/bTaToB UCMbITaHU 06pa3LoB METOAOM OAHOOCHOIO PACTSHKEHWSI U Me-
TOZ,0M UHCTPYMEHTa/IbHOro ULAEHTUPOAaHNs NPOBOAAT CrieflyoL MM 06pa3oMm:

- TEHepUPYIOT AnarpaMmmbl O4HOOCHOTO PACTSKEHUSA B OKPECTHOCTU SKCMEPUMEHTa/IbHO MOJyYEHHbIX Anarpamm
(Hanpumep. E £5%; ffT, «qud +10% . OTHOCWUTE/IbHO 3HauYeHuli aKCMepuMeHTa/IbHbIX guarpamm, kak nokasa-
HO Ha pucyHke [1.3):

- MPOBOJAT pacyeT MEeTO[0M KOHEUHbIX 3/IEMEHTOB COOTBETCTBYIOLMX 3TUM JuarpaMmam auarpamm BAasvnBa-
HuA (pucyHok [.4).

PucyHok [1.3 - Mpumep 6a3bl Anarpamm pacTsXeHVs CO Cy4aiHbIMU OTK/IOHEHUSIMM
napameTpoB AN OAHOro U3 cOCTOAHUI cTanm 15X2HM®A (cnnoLwHol NnHWeli 0603HaveHa annpokcuMaLms
3KCNepVMEHTa/IbHO MOJTyYeHHO AguarpaMmbl)
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PucyHok [1.4 - Mpumep 6a3bl pacueTHbIX AUarpamMm BAABAMBAHUA 415 AUarpamMmmM pacTsHKeHUs, NPeacTaBNeHHbIX Ha
pucyHke [.3 (CNOLWHOA NMHKel 0603HaveHa auarpamMa, CoOTBETCTBYIOLLLAS annpoKCMMaLMK SKCEePUMEHTasIbHO
Nosy4eHHO AnarpamMmmbl PacTsHKEHNST)

[.3.2 O6paboTka NonyyeHHbIX guarpaMm heHOMeHONornyeckoin Metoamkoi (cMm. 10) ¢ yyeTom ocobeHHocTeld,
HaknagbiBaembix MK2:

- OTOpacbIBalOT aTan yyerta ynpyroi nonpasku npuéopa (B c/iydae MOAe/IMPOBaHNA UHAEHTOPa abCoMOTHO XKeCT-
KMM Tefom);

- OTOpAacLIBAIOT 3TaN NOyYEHUs HYNEBOM TOUKM AuarpaMmbl;

- oT6pacbiBalOT 3Tan yyeta MonsyvyecTn marepuana (BAasnvBaHWe MOAENMPYeTCs KBasucTaTU4eckum npoLec-
COM. YTO CHUMAET He06X04MMOCTb [JaHHOTO yueTa);

- oT6pacbiBaloT 3Tan nepecTpoeHus AvarpaMmbl BAABAMBAHWSA, CBS3aHHbIN C OonpegesieHnemM WCTUHHOrO, a He
pacyeTHOro AnameTpa KOHTaKTa, MOCKOJ/IbKy pacyeTHas MoAesb NO3BOSET MOYYUTb €ro B 11060/ MOMEHT BpeMeHH;

- 06paboTKa 3aBepluaeTcs nosyyeHnemM napameTpos Ru u R’ m« (unu HT,, ana anbTepHatBHOro crnoco6a pac-
yeTa BPEMEHHOIO COMPOTUB/IEHNST), KOTOPbIE WCMOMb3YIOTCA 415 OnpefenieHns 3asmucumocTeit /p u /n>(n*)- (pucyHok

0-5).
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PucyHok 4.5 - Mpoueaypa Haxoxaexue pyHkumin fp fm Tl ana keayCTeHUTHbIX cTanei.
NOCTPOEHHas Ha pacuyeTHOl 6a3e guarpamm

[.4 Vicnonb3oBaHne paclUMpeHHoN 6a3bl AaHHbIX guarpamMmm Aas 0T6pakoBKU fuarpamm BAABAVBaHUSA

[0.4.1 0ONOMHNTENbHLIM NPENMYLLECTBOM paclUMpeHnsi 6a3bl AaHHbIX ABASETCS BO3MOXHOCTb NMOCTPOEHUS 3aBU-
CUMOCTEl Mex/y napameTpamn guarpamMmm BAABMMBAHUS, C LE/bI0 UX AasbHEliLLero Ncnosb30BaHns 4s oTCeBa Heka-

YECTBEHHbIX peasibHbIX Anarpamm. [1s aToi Lesu NoaxoAaT HOPMUPOBaHHbLIE NapaMeTpbl annpokcuMaumi guarpamMmbi
CTENneHHbIM 3aKOHOM C mapameTpamut /?b, Sib, 3aBUCUMOCTb MEXAY KOTOPbIMW [OCTATOYHO TOUHO OMMUCLIBAETCS /in-
HEMHbIM 3aKOHOM. 3a YMC/IEHHbIV NapaMeTp KauyecTBa peaslbHOM AuarpaMmbl P MPUHUMAETCS PACCTOSIHUE OT TOUKU C

KoopAMHaTamu, paBHbIMV HOPMMPOBaHHLIM NapameTpam Rb, MNb AgaHHoOl Avarpammbl, [0 NpsiMeli, annpoKcyMupyto-
Ll 3aBMCMMOCTb pacyeTHbIX NapameTpoB (PUCYHOK [.6).
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PucyHok 1.6 - OnpefeneHne napameTtpa kayecTsa AuarpaMmmbl.
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MpunoxexHune E
(pekomeHgyemoe)

Heﬁpoce‘resaﬂ MeToAuKa MHTepnpetTaynm pe3ynbtaTtoB ncnbliTaHUA MeTo4oM
WHCTPYMEHTaNIbHOI0O MHAEHTUPOBaHUA Wapa

E.1 BeegeHue

E.1.1 HelipoceTeBas MeToAMKa NO3BONMSET BOCCTAHAB/MBATL 3HAYEHUSI MEXaHNYECKUX XapaKTepucTuk matepua-
JIOB Ha OCHOBaHWM 3anucu AuarpammMbl BAABAMBAHUA LIAPOBOr0 MHAeHTOpa. OCHOBHOW uaeeil MeTOAWKM ABMsSieTCH
CXOACTBO MPOLLECCOB, NPOTEKAIOLLMX B MeTas/le 06pas3LioB NpU KCNEPUMEHTAX Ha OAHOOCHOE PaCTSXEHWE U KUHeTUYe-
CKoe BAas/mBaHuve: B 060X c/iyyasax marepuan obpasua npoxoauT CTagun ynpyroro, ynpyro-naactmyeckoro u passuTo-
ro nnactuyeckoro gedopmupoBaHus. Ha pucyHke E.1 cxemaTnyHO nokasaHbl AnarpaMmbl O4HOOCHOIO pacTsxeHus (a) u
BJAaB/IMBaHWSA LLIAPOBOr0 MHAeHTopa (6) 1 nokasaHbl cTagun dedopmupoBanus. Mpobnema NocTpoeHus anroputma
npsSIMOro nepesofa 3TUX Auarpamm Apyr B Apyra 3akiioyaeTcs B CYLLEeCTBEHHO 60/iee CMOXHOM pacnpefeneHun Ha-
NPsSXeHHO-Ae(OPMMPOBAHHOIO COCTOSIHUS NP BAABIMBaHUN U OTCYTCTBUM SPKO BbIPaXEHHbIX Ha AguarpaMve BAaBv-
BaHMWSA y4acCTKOB ynpyroro AetopMmMpoBaHua 1 yyacTka nepexofa B niactuyeckoe coctosHue. OfHako, Tak kak B npo-
Lecce 3anucu obenx guarpamMm B obpasuax U3 O4HOrO maTepuana npoTekalT OAHW W Te e MpoLecchl ynpyro-
nnacTUYecKoro AedopMUpPOBaHNS, MOXHO YTBEpXAaTb, YTO CyLUecTByeT HekoTopas (PyHKUMOHasbHas 3aBUCUMMOCTb
napameTpoB AuarpammMbl pacTsHXeHUs 0T NapaMeTpoB Ayarpammbl BAaBVBaHWUSA 1 HA060POT.

PucyHok E.1 CxemaTtnyHoe n3obpakeHue guarpamm: (a)pactskeHus. (6)sgasnmBaHnsa cepuyeckoro MHAeHTopa.
1- yyacToK ynpyroro AethopM1MpoBaHus; 2 - 30Ha 3apOXeHUsi NepBbIX MaacTuyecknx gedopmaLimii;
3 - y4acTOK pasBuTOro ynpyro-naactmyeckoro 4edopMupoBaHusi; 4 - y4acToK pasrpysku

E.1.2 HeoueBMAHOCTb BbibOpa K/lacca aHa/IMTUYECKUX OYHKLUMIA 415 MovcKa BO3MOXHbBIX (DYHKLIMOHA/IbHBIX 3a-
BUCMMOCTeli NepecyeTa BO3MOXHO NPeoAoseTb C UCMO/b30BaHUEM YHMBEPCA/IbHOTO MaTeMaTuyeckoro npeobpasoBa-
TeNst - MHOFOC/IOMHOrO HEWpPOHHOro MepLenTpoHa. CrnoCO6HOTO 06YYaTbCsl BOCMPOU3BOAUTL CIOXKHbIE HeNMHeliHble
npeobpa3oBaH1s Ha OCHOBE CTaTUCTUUECKUX AAHHbIX.

E.2 MpumMep NocTpoeHnst HEMPOHHOI ceTu ANA BOCCTaHOB/EHUSI Npejena TekyyecTn

E.2.1 MNpuBoautca npumep NOCTPOEHUs HelipoceTeBOVi MeTOAMKU WU ee WCMOJ/Ib30BaHWs A5 BOCCTAHOBNEHUA
3HaveHus npegena TeKyvyecTu Mo AKCNepuMeHTaslbHbIM AvarpamMmMam BAaB/IMBaHUS.

E.2.2 MNepepn Tem Kak HelipoHHas ceTb (HC) 6yaeT ncnonb3oBaTbCA A1 BOCCTAHOB/EHMS 3HAUYEHUSA npejena Te-
Ky4yecTv HeobXxoAyMO BbINOMHWUTL MpoLeaypy HacTpoiikn HC. (mpoueaypy obyyeHnst HelipoHHOI ceTu). Mpu 3TOM Heob-
XOAUMO MMETb A0CTaTOYHYH CTATUCTUKY COOTBETCTBMWIA Avarpamm BAABAMBAHWA W MeXaHWYecKux CBOWCTB MeTanina.
OnbIT ucnonb3oBaHust HC s BOCCTAHOB/IEHUS MEXaHM4eCKMX CBOMCTB MokKasbiBaeT, YTO A/ YCMEeLIHOro obyyeHus
Heobxo4YMO MCMOo/b30BaTh BLIGOPKY M3 He MeHee 200 nap Npu AOCTaTOYHOV BapuaTMBHOCTU CBOWCTB MeTasnoB. Co3-
[aHve Takoli BbIOOpKM NO pesy/nbTatam 3KCneprMeHTaslbHbIX MCCNeA0BaHNiA CONPSXEHO CO 3HAYMTENbHbIMU TPyA03a-
Tpatamu. Mo3ToMy, Kak NpaBuno, 415 NOCTPOEHUS CTaTUCTUYECKOW BbIGOPKM NCMOMb3YeTCs METOA KOHEYHbIX 3/1EMEHTOB
(MK3).

E.2.3 B HacTosileM npumepe 415 nposefeHns npoueaypbl 06ydeHns HC Gbina ucnonb3osaHa Bblbopka n3 515
AvarpaMm BAasnMBaHWA, nonyyveHHbix o MK (pucyHok [1.4). B npouecce pacyeta MexaHudeckme XxapakTepucTuki
BapbVPOBA/INCL CNy4aiiHbIM 06pa3oM. [ns npegena TeKy4yecTu UCMONb30Ba/ICA MHTepBa BapbupoBaHus oT 157 Mrla
no 1097 MMMa. Bca pacyeTHasi Bbibopka Gblla NofgeneHa Ha ABe HepaBHble YacTu. OTo6paHHble ciyyaiiHbiM 06pa3oM
70% puarpaMm cocTasuin obydalollyto BbIGOPKY, ocTasibHble 30% - TecToByto. O6yyarolas BblGopka MCNONb3yeTcs
0719 MpoBeAeHNs NpoueAypbl 00YyYeHNs C Lenblo MUHUMKU3aLMM CpefHeli owmbkn noyvaembix B npolecce paboThbl ce-
TN BbIXOAHbIX NapamMeTpoB MO OTHOLUEHWIO K LieneBbiM. TecToBas Bbibopka Heobxoauma Ana oueHkn cnocobHocTn HC
paboTaTtb C flaHHbIMW, HENCMNO/Ib3yeMbIMU B Npolecce obyyeHnsa. B gaHHOM npumepe A8 NPOBeAeHUs Nnpo-
ueaypbl 06yyeHns HC ncnonb3oBanca anaropuTm o6paTHOro pacnpocTpaHeHns OWnbKu.
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E.2.4 Tax kaK HelipoHHble ceTu, Kak npasu/io, paboTarT C 4OCTATOYHO MasibiM KOSIMYECTBOM BXOZHbIX MapamerT-
poB. a Avarpammbl BAAB/MBaHUA NpeAcTaB/ieHbl NOTOYEUHbIMU rpadrkaMn 3aBUCUMOCTU «TlybuHa-cuna», cogepxa-
LWYIMN COTHU 1 6oflee Touek, He06XO0AMMO BbIGpaTh NPoLEeypy OHO3HAYHOro ONUCaHVA Avarpamm BAaB/IMBAHUA C UC-
no/sib30BaHMEM Masloro Konyectsa napameTpos. OHON U3 BO3MOXHOCTEV SABNSIETCA UCMOMb30BaHUA NOMHOMUaIbHOM
3aBYCUMOCTU /18 annpokcuMauuy avarpamm BAAB/IMBAHWSA, OJHAKO MPakTUKa MokasblBaeT, YTO JaHHbIA nogxon faeT
CyLLleCTBEHHbIe MOrpeLHocTu. B gaHHoM npumepe Ana dopmanmsauum guarpaMm BAaB/MBaHUA UCNOb3yeTCs CrnaiiH
chyHKLWSA, COCTaBeHHasA U3 NOMHOMOB 3pMura BTOpOli cTenexu. Mpu 3ToM napameTpamm annpokcuMaLun guarpavMmel
ABMIAOTCA [yOUHbI BAABNVBAHWUA U YI/lbl HAKNOHA B y3/1aX CrifaiiH MyHKUUW - AUCKPETHLIX 3HAYEHWUAX CUMbI BAB/MBA-
HUSA.

E.2.5 B HacToAlLeM MpuMepe 419 annpoKCMMauuii pacyeTHbIX U 3KCNepYMEHTaIbHbIX AuarpaMM BAABMBaHWA
6b111 BbiGpaHbl YpoBHM cunbl 10. 50. 150. 300. 500 H B kauecTBe y310B cniaviH hyHKLMKW, @ NOUCK ONTUMasIbHBIX 3Ha-
YeHuii BbINOJHACA MO MEeTOAY MUHMMU3ALWUN CpeAHeKBaapaTuyeckoii owmbkn. BxogHeimm curHanamm HC HasHavamnch
rNy6uHbl  BAABNMBAHMA  OTHOCWUTENIbHO  MepBOro  y3fa:  BEKTOP  BXOAHbIX  3HayeHuii  HC  6yget

S= llpepn Illpeppl/ineM  [{aepn, >pepn  llpepn, lipenn  Apep . BbixogHbiM 3Havenvem HC B gaHHOM ciy-

yaB ByeT SBNATLCA 3HaYeHue npegena Tekydect. CTOMT OTMETUTb, 4TO B HC. Kak npaBu/io, NCMoMb3YTCA BXOAHbIE 1
BbIXOJHblE CUrHa/Ibl, HOPMMPOBaHHble Ha MHTepsas [0; 1]. MoaTomy Npu padoTe CeTn BXOLHbIE CUTHASTbI MacLLTabupy-
I0TCA [0 UHTEPBANIOB, WCMOMb3YEMbIX MPU 06yYeHWUW, a BbIXOLHON curHan npeobpasyeTcs no obpaTHoMy maclutaby Ao
BbIXOHOr0 VHTEpBasia npu 06y4eHuu.

E.2.6 Bblna nocTpoeHa HelpoHHasa ceTb, cofepxallast BXOAHOW Cnoii ¢ 4 HellpoHamu, BbIXOAHOM cnoil ¢ 1 Hei-
POHOM 1 TPU CKPbITbIX pabounx cnos no 5. 5 1 4 HelipoHOB COOTBETCTBEHHO. Oby4yeHne 1 TeCTUPOBaHMA NPOBOAUIOCH
Ha BbIGOPKe, NONyYeHHON ¢ ncnonb3osaHnem MK3D. a nposepka paboTocnoco6HOCTU GbIN0 NPOBEAEHO HA IKCNEePUMEH-
TaNbHbIX AMarpamMmmax KMHETUYEecKOro BAaBnvMBaHus B ob6pasubl n3 ctanein 08X18H10T. 10MH2M®A, 15X2HMOA wn
16I'C npu pasnnyHbIX TEPMO-MexaHnyecknx obpaboTkax. Lienesble 3HavyeHVs nNpefenos TeKy4ecTy 6bln NonyYeHsl B
nabopaTopHbIX YCNOBMAX NO pesy/bTatam MCMbITaHW Ha pacTsaxeHns obpasLoB U3 3TUX MaTepuasioB. Kak U B OCHOB-
HO MeToAvke nepecyeTa, HEOOXOAMMO BbINOMHATL NpefBapuTesibHYl0 06paboTKy 3IKCMEePUMEHTA/IbHLIX Auarpamm
BAABMMBAHUA C LieNbi0 HAXOXAEHNA HYNEBOIN TOUKM U n3baBneHns ot adychekTa nonsyqecTy.

E.2.7 B Tabnuue E.1 npeAacTtaBneHbl pesynbTaTbl BOCCTAHOBNEHUS HEWPOHHON CeTbio MpefesioB TeKy4ecTn u
pacxoXaeHns no OTHOLLEHWIO K BEIMYMHAM, MOYYEHHBIM NPU pacTsKeHUn obpasLioB.

Ta6nuua E.1- Pesynbtathl 06paGoTK/ IKCNEPUMEHTANLHBIX AUarpaMM BAAB-MBaHUS C MOMOLLbI0 HEViPOHHOI ceTu

3KCnepUMeHTaNbHOE 3Hade- BOCCTAHOB/IEHHOE 3Hade-

Marepuan Hue Cr, Mna Hue o0 . Mna Pacxoxpaetme

08X18H10(ncxonHoe) 182 165 9%
08X18H10 (TepmoobpaboTka 1) 495 468 5%
08X18H10 (TepmoobpaboTKa 2) 377 383 2%
10rH2M®A(ncxoaHoe) 456 470 3%
10MH2M®A (TepmoobpaboTka) 577 615 7%
15X2HM®A(ncxogHoe) 659 628 5%

16 C(ncxogHoe) 690 661 4%

E.3 HelipoceTeBas MeToauka B 06Leil cxeme 06paboTkn AnarpamMmm BAaBAnBaHUA

E.3 MpenmyLLecTBOM HelipoceTeBoil METOAUKN SBNSETCA TO. YTO pacyeTHas npoueaypa MoXeT 6biTb YHUMLUU-
poBaHa 6e3 NpuBs3KK K knaccy matepuana. C uesbio NoslyyeHns npeactaBuTesIbHOl BbIGOPKU 4711 HEpOCeTeBo Me-
TOLVKW B KAYECTBE UCXOAHbIX JaHHBIX UCMOb3YIOTCA AaHHble, NOSlyYeHHbIe No heHOMEHONOrMYECKON pacyeTHO cxeme
1 NyTEM YUCNEHHOTO MOAENUPOBaHWA. [Na pacueTa pekoMeHAyeTCs WMCNosb30BaTb asiropuTM, MpeAcTaBNeHHbIi Ha
pucyHke E.2.
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PucyHok E.2 - ANITopuTM NOCTPOEHNS! YHUBEPCA/ILHON HEPOCETEBOI METOoAWKM
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MpunoxeHune X
(pexomeHgyemoe)

MeToauka OL,eHKN BA3KOCTU pa3pylleHns ctaam Ha OCHOBe MeToja
WHCTPYMEHTA/IbHOTO MHOEHTUPOBaHUA Wapa

K1 OnucaHne mMeToankun

>K.1.1 B ocHOBE METOAMKMN OLIEHKM BA3KOCTU pa3pyLUeHus Ha OCHOBe MeTofa WHCTPYMEHTa/lIbHOro UHAEHTMPOBa-
HVS Wwapa [36) NexuT NpeanonoXeHne o CyLLLeCTBOBaHUN CBA3W YAeNbHON paboTbl paspyLUeHns (BS3KOCTU pa3pyLUeHNs)
6¢ [37] c yaenbHoli paboToii BAaBNMBaHWUA uHaeHTopa WJh). onpegensemoii no coopmyne

m () :J> rIA. 0K.1)
0
BsAskocTb paspylieHusi 6 Cu paboTa ynpyro-naactmyeckmx gedopmaumnii Nnpu BAABAVBAHWM WHAEHTOPA WMEKT
O/IHAKOBYI0 pasmMepHoOCTb [H/MM].
X.1.2 C poctom h 3HaueHne Whx(h) gocturaeT 3HaueHusi GCnpy HEKOTOPOM 3HaYEHUM ry6uHbl h=h-;:
Wutha) = Gt. (K.2)
Takum 06pa3om, Ans onpegeneHns BA3KOCTU paspyLUeHnst He06X0AMMO OnpeAenTb 3HaveHne hc,.
XK. 1.3 Ans HaxoxaeHws h,, ucnonb3yoT MeTos, TapupPOEOYHOW IMHUKM, KOTOPbIV CBOAMUTCA K TOMY, YTO B pe3y/ib-
TaTe ONbITHbIX PAbOT HAXOAAT KOPPENSALMOHHYH 3aBUCMMOCTb MeXay 3HaveHnsMu 6 Cun ha :
G: =fa (h,) (0K.3)
XK. 1.4 PekomeHayeTcs Bblbpath fa B BUAE NMHEHONM (hyHKLMM, NPOXOASLLEN Yepe3 Havyaio KoopauHar.
XK. 1.5 Mocne Toro, Kak BUA PyHKUMM fa ycTaHOBNEH, MpoLeaypa OLEHKN BA3KOCTU paspyLUeHUst CBOAUTCA K cre-
AyloLwmm waram (prcyHok XK1.):
- NPOBOAAT UCMbITAHNA METOAO0M MHCTPYMEHTA/IbHOTO UHAEHTVPOBaHUS:
- N0 pe3ynbTataM UHAEHTUPOBaHKA HaxoAaT 3aBucuMocTb [Vx(h);
- HaxoAAT 3HaueHue /1., kak pelleHne oTHocuTeNnbHO h ypaBHeHus (CM. puUcyHok XK1)
W2h)= fa (hf, (K.4)
- no chopmyne (MK.3) HaxogaT Gc.
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.2 MeToavka NoNy4yeHUs TapupoBOYHON NNHUN

XK.2.1 ins Bepudmkaumy MeToAnKM NPOBOAMAN UCCeA0BaHMS Ha NONHOMACLUTa6HbIX TecT-obpasyax obeyalikm
Kopnyca peaktopa BB3OP-1000 u3 ctanm 15X2HM®A. Bbisio ©3roToB/eHO 6 Npo6 co CBapHbIM LUBOM W Harn/aBKoii Ton-
WrHoi 150 MM. WwmpuHoii 400 MM, gainHoi 1200 - 1500 mm. Mpon3BoauaoCh BapbMpOBaHNe pexnuMoB TepMoobpaboTku
C LieNblo MoslyYeHns pasiMiyHoro YpoBHSA MPOYHOCTM U BA3KOCTU Kak OCHOBHOro MeTasina, Tak U metansa wwsa. [ins aTo-
ro B cxemax TepMoobpaboTkm Npo6 1CNosb30BaHbl Kak 3aKasika C OTNYCKOM, Tak W BbICOKUIA OTNYCK B pas/IMyHOM guana-
30He Temnepartyp. VcnbiTaHne KOMNakTHbIX 06pa3LoB AN onpeAeneHns XapakTepucTuK CTaT4ecKol TPeLLHOCTONKO-
CTV NpoBoauIn B cooTBeTcTBUM ¢ TOCT 25.506-85. 3HayeHusi 6 C nonyyeHHble B pe3ysibTate UchbiTaHWii OCHOBHOTO
MeTasina u MeTasna Lwea LWeCTW cBapHbIX Npob, npeacrasneHbl B Tabnuue X.1.

Tab6nunuya X.1- 3HayeHns BA3KOCTU paspyLLeHus A1s uccrefoBaHHOV 6a3bl 06pa3LoB 13 KOPMYCHON CTan U ee
CBapHbIX LIBOB

O603HayeHune Matepuann G( . H/Mm
A OcHOBHOI meTann 39.7
AC CBapHoii wos 12.3
01 OcHoBHOI MeTann 80.9
oicC CBapHoii Wwos 52.7
02 OcHOBHOI mMeTann 73.5
02C CBapHoii Wwos 50.9
03 OcHoBHOW MeTann 35.1
03C CBapHoii Wwos 15.0
04 OcHoBHOI MeTann 79.6
04C CBapHOi Wwos 75.3
05 OcHoBHOI MeTann 77.8
05C CBapHOi Wwos 57.2

)K.2.2 inarpammbl BAaBNMBaHWA NONyYaIn Ha NOMOBMHAX pa3opBaHHbIX 06pasLoB, 418 KOTOPbIX U3BECTHA BA3-
KOCTb paspyLueHust. MicnbiTaHua Ha BAaenvMBaHve NpoBOAUN LAPOBbIMUA UHAEHTOPaMU guameTpom 1 MM 1 2.5 mm.

>K.2.3 Ha pucyHke XX.2 npepcrasneHa nosyvyeHHasi akcneprMeHTaslbHass 3aBUCUMOCTb, COOTBETCTBYOLLAA OX-
PYNYEHHbIM U NAACTUYHLIM COCTOSIHMSIM OCHOBHOINO MeTasifla U CBapHOro wWsea. Bce akcnepumeHTasibHble TOYKM NO-
CTPOEHbI Kak TOUKM MepeceyveHnst TapypoBOYHON NMHUK € rpadiukammn yaesbHol paboTbl BAABNMBAHWUSA NPW pasHbIX CO-
CTOAHUAX MeTanna. NMokasaHa aKCnepuMeHTaslbHas TapypoBOYHas NpsAMas NuMHUA. [nA yeTbipex COCTOAHWI MeTanna
01 1 02 (OCHOBHOIi METaUI U CBapKa) NokasaHbl IMHUN 418 KOHKPETHBIX 06pasLoB, OTpaxatLme paboTy BAaBANBaHUS,
NonyyYeHHyo Ha TBepaomepe. ToukM UX nepeceyeHns 4arT BA3KOCTb paspyLueHns Ans aTux o6pasLios.

)K.2.4 MeTogvKa NO3BONSET ONPeLENATb CTENEHb CTAPEHNS MaTepUasioB CBaPHbIX COeMHEHWI A 060pYA0BaHNS 1
TPy6OMNpPOBOAOB MO XapakTepPUCTUKaM TPELLMHOCTONXOCTW U OLEeHMBATb OCTaTOYHbI PECYPC KOHTPO/MPYemMoro o6opy-
[0BaHUs.
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0 0.01 0.02 0.03 0.04 0.05 0.06
KpuTtnueckas Tay6uHa BAABMBaHYS, MM

PucyHok X.2 - 3aBUCUMOCTb MEXAY BA3KOCTHIO Pa3pyLUEHUs U KPUTUYECKON ryOVHON BAaBIMBaHUA
ONA UHAEHTOPOoB 1 MM 1 2.5 Mm

XK.3 Mpumep peanusaymn MeToda onpeaefieHns BA3KOCTY paspyllieHns no AvarpaMme BAaB/MBaHUA Wa-
POBOTO MHAEHTOpA

C uesnblo anpobupoBaHnsa NpesioKeHHOro cnocoba OLeHKN BA3KOCTU paspyLlleHUst METOAO0M KMHETUYECKOrO WH-
[EeHTUPOBaHNA GbIM NCNOMb30BaHbl pe3y/bTaTbl HATYPHOTO KOHTPONS 3/1IEMEHTOB Kopryca peaktopa A9C. Onpegene-
HMe BA3KOCTU paspylleHusi MpoBOAWAM MO pe3y/bTartaM KOHTPO/A  OCHOBHOMO MeTasina 3/1/IMnconaa KpbIwKy Kopnyca
peakTopa, M3roToBfeHHoW u3 ctanm 15X2HM®A. Ha nepsom aTane o6paboTku Avarpamma WHAEHTMpPOBaHWS nepe-
CTpavBaeTCs B 3aBNCVYMOCTb CPeJHEro JaBfeHnst OT ry6uHbI, Nocne Yero B gnarpammMy yAenbHON paboTbl BAABANBA-
HUS OT rNy6uMHbl. [lanee Haxofunach ToYka nepeceyveHns guarpaMmmbl yaensHol paboTbl BAaBIMBaHUA C TapypOBOYHON
chyHKumeli (pucyHok XK.3). OpanHaTa TOUKM NnepeceyeHns aet UCKOMYIO BeIMUMHY BSI3KOCTU paspyLueHns G. = 82 H/mm,
4TO NpY nepecyeTe B KOIMPULMEHT UHTEHCUBHOCTU HaNpshkeHuiA aaeT K- = 138 MIMa m03.

A Mmm

PucyHoK XK.3 - TonCK TOUKM NepeceyeHnst amarpaMmbl yaenbHol paboTbl BAaBMBaHUS
C TapUPOBOUHOI (hyHKUMER AN onpeaeneHunst BA3KOCTU paspyLUeHus
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