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1 PASBPABOTAH OO6uwectBOM C OrpaHM4YeHHON OTBETCTBEHHOCTbIO «Hay4HO-CepTuuKaLMOHHbIN
yyebHbIi LIeHTp maTepuanoBefeHnsa u pecypca KOMMNOHEHTOB AAEPHON TexHUku «LIeHTp maTtepuanosege-
HUA u pecypca» (OO0 «HCYL, «LUMwuP»), OTKpbITEIM aKkumoHepHelM obwectBom «Hay4Ho-
nccreaoBaTeNbCKUM LEHTP KOHTPONS U ANarHOCTUKM TEXHUYECKUX cuctemy» (AO «HULL KOy)

2 BHECEH TexHu4yeckum komuTeToM no ctaHaaptusaumn TK 132 «TexHudeckan anarHocTukay

3 YTBEP>XOEH M BBEJEH B JEMCTBUE Mpukazom deaepansHOro areHTeTBa no TEXHNHECKOMY
perynmpoBaHuio u metponorim ot 11 Hoadpa 2014 r. Ne 1580-ct

4 BBE[JEH BIMNEPBbIE

5 NEPEN3OAHWME. CeHTsabps 2016

[Mpasuna npumeHeHus Hacmosawe2o crmaHd0apma ycmasoesieHbl 8 cmamee 26 dedeparnbH0o20 3aKkoHa
«O cmanlapmusayuu e Pocculickoli ®elepayuu». UHpopmauus 06 USMEHEHUSIX K Hacmosuwemy
cma+O@apmy nybnukyemcs e exe200HOM (Mo cocmosiHUKo Ha 1 siHeaps mekyweao 200a) uHgpopmaytioHHOM
ykazamene «HayuoHanbHble cmaHOapmbly, a oguyuanbHbilli MeKcm Uu3MeHeHul u [onpasoKk — 6
©XXeMEeCAYHOM UHOPMAaYUOHHOM yKasamene «HauyuoHanbHble cmaHOapmbl». B cnydae nepecmompa
(3ameHbl) unu omMeHbl Hacmosweeo cmaHGapma coomeemcmeyilowee ysedomneHue 6ydem
onybnuxkosaHo e bnuxaliwem ebirycke UHOPMaUUOHHO20 ykasamens «HauyuoHanbHbie cmaHlapmbi».
Coomeemcmeyiowjas uHgopmayus, yeeOoMIieHUe U meKcmbl pa3mewaomcess makxe 8 UHpOPMayUOHHOL
cucmeme obuwjeeo rnosib30e8aHuss — Ha oguyuanbHoMm catime dedeparnibHO20 azeHmemaea 1o MexHUYeCKoMy
peeaynuposaHuio u Mmemponoauu 8 cemu iumepHem (www.gost.ru)

© CraHgaptundopm, 2016

Hacrosiwmii cTaHaapT He MOXET ObiTh MOMHOCTLIO UMM YaCTUYHO BOCMPOW3BEAEH, TUPAXUPOBAH W
pacnpocTpaHeH B kayecTBe odmumManbHoro usaanua 6es paspelieHus degepanbLHOro areHTCTBa Nno TeXHU-
YECKOMY PETYNIMPOBAHMIO N METPONOrUM
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BBeaeHue

MeToa MHCTPYMEHTANbHOrO MHAEHTMPOBaHUA Liapa OTHOCUTCH K 4ucny mMeTtogoB 6e3obpasuosoro
N3MEpPEHNA XapaKkTEPUCTUK NPOYHOCTU M MNNACTUHHOCTM KOHCTPYKLUMOHHbIX MaTepuanoB. MeToa OCHOBaH Ha
3anucu guarpaMmbl BAaBAUBAHWA YNPYroro wwapa (LuapoBoro MHAEHTOpAa) B NOBEPXHOCTb KOHTPOMMPYEMOro
Matepuana B KoopguHaTax «Harpy3ka — rnybuHa» Ha ynpyronnactuydeckon CTagum Harpy>KeHUs n pasrpysku
C BbIOpaHHOW CKOPOCTbIO A€OPMUPOBAHUS.

Hacroawui craHgapT NOCNY>KUT METOAMYECKOW OCHOBOM MCMOMbL30BaHUA AaHHOr0O MeToha npu pe-
LLEHUN LUMPOKOTO Knacca MHXEHEPHbIX 3aga4, TPeOyoLWmux onepaTuBHONW HepaspyLLaoLen OLeHKU NPOYHO-
CTHbIX XapaKTepPUCTUK VI3}J,6]'II/II7I, BbINONMHEHHbIX U3 METaNNU4YecKnx Mmatepmuanos.
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HAUMOHANBbHBIN CTAHODAPT POCCUNUCKOWN GPEJLEPALUMUM

OMPERENEHVE OUATPAMMbI
«HANPAXXEHUE - JE®OPMALINA»
METOAOM MHCTPYMEHTAJIbHOIO MHOAEHTUPOBAHUSA LUAPA

O6wue TpeboBaHUA

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

[ara BBeaeHua — 2016—01—01

1 Obnactb NnpUMeHeHus

Hacroswmit ctangapt ycraHasnueaeT obwme TpebGoBaHus K UCMONb30BaHMIO METOAA UHCTPYMEH-
TanbHOrO UHAEHTUPOBAHUSA LLAPA ANA ONPEAeneHnst AMarpaMmbl «HanpsprkeHne — aedopmaums» MeTannos
U CMNagBos.

2 HopmMaTuBHbI€ CCbINKN

B HacTosLlem cTaHAapTE MCNONb30BaHbl HOPMATUBHbIE CCbITIKU HAa crieflyloLmMe CTaHAApThI:

FOCT P 8.563 — 2009 [ocypapcTBeHHas cuctema obecneyeHus eauMHCTBa U3MmepeHun. MeToanku
(MeToAbl) BbIMOMHEHUSA U3MEPEHUN

FOCT P 8.748 — 2011 MaTtepuanbl MmeTannuyeckue. OnpeaeneHne TBEPAOCTM U APYrnx napamMeTpos
MaTepuanoB UHCTPYMEHTanNkLHLIM METOAOM BAaBNMBanua. Hacts 1. Metoa ucnbiraHus

FOCT 7.32 — 91 Cucrema craHgapToB no uHgpopmMauum, 6ubnmoreyHoMy u usgarenbckomy aeny. OT-
YeT 0 Hay4yHO-uccnegoBaTenbCkoii pabore. CTpykTypa u npasuna opopmnenns

FOCT 12.1.004 — 91 Cucrema craHgapToB 6esonacHoctu Tpyaa. MoxapHasa GesonacHocTb. Obwme
TpeboBaHus

rOCT 12.1.019 — 79 Cucrema crtaHgapToB GesonacHocTu Tpyaa. dnekTpobesonacHoctb. Obwwe
TpeboBaHUA U HOMEHKMaTypa BUAOB 3aLUMUThbI

FOCT 12.1.038 — 82 Cucrema craHgapToB 6e3onacHocTu Tpyaa. dnektpo6esonacHocTb. MNpeaensHo
AOMNYCTUMbIE 3HAYEHUSI HANPSXKEHUI NPUKOCHOBEHUS U TOKOB

MOCT 12.2.003 — 91 Cucrema crangaptoB Oe3onacHocTu Tpyaa. O6opyaoBaHme npou3BOACTBEHHOE.
O6wue TpeboBaHusi 6e3onacHoOCTU

FOCT 12.3.002 — 75 Cucrema craHgaptoB GesonacHoctu Tpyaa. [pouecchl NPOM3BOACTBEHHBIE.
O6wwue TpeboBaHusi 6e3onacHoCTU

FOCT 25.506 — 85 PacueTbl U UCMbITAHUS HA NPOYHOCTb. MeToAbl MEXaHUYECKUX UCTbITaHUI MeTan-
nos. OnpeaeneHne xapakTepUCTUK TPELLUMHOCTOMKOCTU (BA3KOCTU paspyLUEHUs) NPpKU CTaTUYECKOM Harpyxe-
HUK

FOCT 1497 — 84 MeToabl UCNbITaHWUIA HA PACTSXKEHUE

FOCT 2789 — 73 LLlepoxoBaTocTb NOBEPXHOCTU. MapamMeTpbl U xapakTepucTuku

FOCT 3722 — 81 MoawmnHukn kadeHus. Lapuku. TexHuyeckue ycnoeusa

FOCT 9012 - 59 MeTtannbl. MeToa n3amepeHus Teepaoct no Bpunennio

FOCT 22761 — 77 MeTtannbl 1 cnnaebl. MeToa usmMepeHuss TRepaocTu No BpuHenmnio nepeHoCHLIMK
TBEpAOMEepamu CTaTUYECKOro AecTBuA

FOCT 28840 — 90 MaLUWHbI ANs UCTIbITAHWA MaTEPUArIOB HA PacTshKeHUe, cxatue U usrmb

WsnaHue ocpuumnansHoe
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MpumMmeyaHue - lMpu NONb30BAHWM HACTOSILLMM CTaHZAPTOM LIe/IeCO06pasHO NPOBEPUTL AEWCTBUE CCbINOY-
HbIX CTAHAAPTOB B MH(OPMALMOHHON crCTEME OGLLEr0 NOJb30BaHNS — Ha OMLMAIbHOM caiiTe defilepasibHOro areHT-
CTBa N0 TEXHUYECKOMY PETY/IMPOBAHMIO 1 METPOJIOTUM B CETU VIHTEPHET WM MO eXEerofAHOMy MHGIOPMALIMOHHOMY yKasa-
Teno «HaumoHabHble CTaH4apTbl», KOTOPbIA OMy6/IMKOBaH MO COCTOSHMIO Ha 1 SiHBApsl TEKYLLEro rofa, v no BbiMyckam
€)XEeMECSHHOTO0 H(OPMALMOHHOTO ykasaTess «HaunoHasbHble CTaHAapTbh» 3a TeKyLii rof ECAM 3aMeHeH CCbIIOYHBbIi
CTaHAapT, Ha KOTOpbI AaHa HeaaTMpOoBaHHas CCbiika, TO PEKOMEHAYETCs MCMO/b30BaTh AENCTBYIOLLYI0 BEPCUI0 3TOMO
CTaHJapTa C yUYeTOM BCEeX BHECEHHbIX B JaHHYH BEPCUI0 U3MEHEHMIA. EC/ 3aMeHEH CCbINIOYHbIV CTaHAapT, Ha KOTOpbIii
[laHa [aTMpoBaHHasi CCblfka, TO PEKOMEHAYETCSl UCMO/Ib30BaTh BEPCUID 3TOMO CTaHZapTa C yKasaHHbIM Bbille FOAO0M
yTBEPXAEHUS! (MPUHSATUSA). ECNn nocne YTBEPXAEHUA HACTOSILLEro cTaHAapTa B CCbUIOYHbIN CTaHAAPT, Ha KOTOpbI AaHa
[laTMpoBaHHan CCbl/ka, BHECEHO M3MEHeHWe, 3aTparvBalollee MosiokeHue, Ha KOTOpoe AaHa CCbiika, TO 3TO MosloXe-
HVE peKoMeHAyeTCs MPUMEHsITb 6e3 yueTa AaHHOT0 U3MEHEHUs.. ECIM CCbIOYHbIN CTaHAapT OTMEHEH 6e3 3aMeHbl, TO
MosIoXKeHMe, B KOTOPOM AaHa CCbI/IKa Ha HEro, PEKOMEHAYETCS MPUMEHSITb B YacTW, He 3aTparvBartoLLei 3Ty CCbUIKy.

3 TepMUHbI 1 onpeaesieHnd

B HacTodAwem ctaHfapTe npuMeHeHbl TepMuHbl o FTOCT P 8.748, a Takke crefywuwme TEPMUHBI C
COOTBETCTBYHOLLMMUN ONpefeneHnsamMu:

3.1 guarpamma «HanpshkeHue - pgedopmMaumsa»: 3aBUCMMOCTb HaNpsXeHus OT gedopmauum, no-
CTpOEeHHas c yyeTom gedopmauumn obpasuya B Xo4e UCNbITAHWUIA Ha O4HOOCHOE pacTsXeHue;

3.2 MeTo, NHCTPYMEHTa/IbHOTO UHAEHTUPOBAaHUA: MeTof MCMblITaHW, OCHOBAHHbIA Ha HenpepbiB-
HOl peructpaunn Harpysku u rny6uHbl BAABMMBAHUA WMHAEHTOpPa Ha 3Tanax HarpyXeHus, BblAEpXKU Mog
Harpyskom n pasrpysku nHgeHTopa,;

3.3 gnarpamma BAaB/IMBaHNA: 3aBUCUMOCTb MexXAay npunaraeMoi K MHAEHTOPY CWUAOW W rny6uHomn
BAAB/MMBAHUSA, HEMPEPLIBHO perncrtpupyeMas B Xo4e MUCMbITaHU MeToA0M WMHCTPYMEHTANbHOIO MHAEHTUPO-
BaHus;

3.4 HannbIB: V3MeHeHne hopmMbl NOBEPXHOCTU o6pasLla no nepumeTpy NYHKU BCAeACTBUE BbliTECHE-
HWS UCMNbITYEMOro MaTepuana UHAEHTOPOM.

4 O603HaYeHunda

D -anameTp MHOEHTOpa, MM;

a - paguyc otnevaTka (CM. PUCYHOK 1), MMm;

d -AnameTp oTnevaTka,mm;

e -geopmauyuns;

ecff - ahpeKkTUBHas nnacTuyeckaa gedgopmMmaymsa noa MHAEHTOPOM;

ey - ycnosHas gedopmauus npy pacTsXeHUW, paccyuTbiBaeMasi B MPUGAVKEHUN NIMHENHOCTU u3Me-
HEeHUn pa3mepoB ob6pasya;

e0 -TOYKa HOPMUPOBKW A5 pacyeTa npejesna TeKkyyecTu;

ep - athpekTnBHAA gedopmaunsa nog MHAEHTOPOM;

eTax - MakcumanbHasa apdekTnusHaa gedopmaunsa nog MHLEHTOPOM;

y - KO3 (PULNEHT OTHOCUTENBHOTO AaB/IeHNns;

Ry - YC/IOBHOE HaNpsiXeHwe npu pacTsXeHuun, paccuntbiBaemoe 6e3 yyeTa NOMNEpPeyHOro CyXxeHus o06-
pasua, H/Mm2;

Réff - a(hheKTMBHOE HanpsxeHus nog umHaeHtopom, H/Mm2;

RB -3anac nnacTMyHOCTM MaTepuana npu BAasnBaHuu, H/Mm2;

oT - npegen TekyyvecTu (YC/OBHbIA) npu pactsxeHun no FOCT 1497, H/mm2;

0 - BpPeMeHHOoe conpoTuBneHne npu pactsxeHun no FOCT 1497, H/mm2;

Jic -4NCNO UMK/IOB HAarpyXXeHus;

Ro - atpdhekTnBHOE HanpsxeHune, cooTsetTcTeyowee £0, H/mMm2,;

(S - VMHAeHTauMOoHHaa cTeneHb ynpouyHeHus (CTeneHHoW nokasaTtenb AedOpMaLUMOHHOTO YNpPOYHEHUS

maTepuana npu BgaB/ivBaHuUN);
c - Ko3gphuymeHT HannbIBa,;
Gt - cTaunmoHapHoOe 3HauyeHune KoapuumeHTa HannbIBa;
s - KoaphuymeHT MyaccoHa obpasya;
\Vi - KoaphuumeHT MyaccoHa NHAEHTOPA;
Es - MoAynb ynpyroctu o6pasua, H/Mm2;
B - MOAY/b YNpyroctn nHpeHtopa, H/mm2,

Er - npuBeaeHHbIi Moaynb ynpyroctu, EX + - H/Mm2;
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Cn — K03(hPULMEHT NOAATNMBOCTM UCNILITATENbLHOW ycTaHoBku no FTOCT P 8.748, mm/H;
h — rnybuHa unaeHTupoBaHus (rmybuHa BAaBNMBAHUA UHAEHTOPA), MM;
ho — HyrneBas TOUKa (TOYKa NEePBOro KOHTAKTa UHAEHTOpa ¢ 06pa3LoM), MM;
he — paccuuTaHHas rnyouMHa KOHTaKTa UHAEHTOPA (CM. PUCYHOK 2), MM;
Amax  — MakcumanbHOe 3HaYeHue rmyouHbl MHAEHTUPOBAHUS, MM;
F — TeKyLliee 3HaYEeHNE CUbl, NPUITOKEHHOW K UHAEHTOPY (Harpy3ka Ha UHAEHTop), H;
Frax — MakcuMarnbHOe 3ajaBaeMoe 3HaYEHUEe Curbl, Npunaraemon K MHaeHTopy, H;
m — CTeneHb YNPOYHEHUS yyacTka pasrpy3ku
ac — paauyc NONepeYHOro CeYEeHUs HAKOHEYHUKA Ha PacCTosAHUU h; OT BEPLUMHBI (CM. PpUCYHOK 1), MM;
d. — AnameTp NonepeyHoro CeYeHUs HaKOHEeYHWKa Ha pacCToSiHUK h; OT BEPLUMHBI, MM;
A, — NNOLLAAL NONEPEUYHOT0 CeYEHUS C AUAMETPOM d,, MM; )
Eq — MOAIYNb YNPYroCTU NPY UHAEHTUPOBaHUN (FTOCT P 8.748 ), Hivm*;
Cr — nonsy4ectb npu uuaeHtuposarun (FTOCT P 8.748 );
Hir — TBepAoCTb uHaeHtuposanusa (FOCT P 8.748), H/MMZ;
HBr —TBepaoCTb UHAESHTMPOBAHUA No Bpunennio, Himm%;
S — KOHTaKTHas! XX€CTKOCTb — TAHIEHC yrna HakfoHa kacaTesnbHOW B BEPXHEN TOYKE KPMBOW Pasrpysku
(cM. pucyHok 2), H/mm;
Pn — cpegHee No NPOEKLUKM OTNeYaTka KOHTAKTHOE AaBNeHUs NoJj LWapOBbIM UHAEHTOPOM (TBEPAOCTb
no Maiiepy), H/mm?.
G. — yAenbHas paborta paspylleHust (BA3KOCTb paspyLueHust), H/mm;
W, — yaenbHas pabora uHaeHTUpoBaHus (BaaeBnuBanus), H/mm;
he — KpuTH4eckas rmybuHa BaaBnuBaHusl, Mm.

MpuMmeyvaHus

1 AonyckaeTcs ucnonb3oBaHne KpaTHLIX MU JONbHbIX efiUHULY.

2 1 HiMmM’=1 MlMa.

3 BepxHuit uHAEKC i 0603Ha4YaeT HoMep LuKna.

4 BepxHuit MHAEKC j 0603HaYaeT HOMEP TOYKN Ha y4acTKe Harpy)KeHus1 AuarpaMMbl BAaBNUBaHUSA.

5 3Hak (') obo3HayaeT, YTO 3HaYeHWe paccyUTaHo C y4eToM 0bpa3oBaHWUs HanmnbIBa.

6 BonHa (7) Haa CUMBOIOM 03Ha4aeT pe3yrnkTaT KOCBEHHOTO ONpeAerieHUs 3HauYeHust (B COOTBETCTBMM ¢ [1])

5 OOwWwme nonoxeHus

5.1 MeToa onpeaeneHus auvarpammbl U3MEPEHUs «HanpsbkeHue — aedopmaumar» ¢ nocneayloLlen
OLIEHKOW MEeXaHU4YEeCKUX CBOWMCTB OCHOBLIBAETCA HA HENPEPLIBHON PerncTpauuu U aHanuse npouecca Baas-
NMBAaHUWSA LLIAPOBOro MHAEHTOPA B o6paseu unu usgenue (ganee — obpasew) nog AeNCTBUEM Harpy3ku, npu-
NO>XEHHOW NepneHANKynsipHO MOBEPXHOCTH 06pa3sua.

5.2 B x04€e UCNbITaHWI 3anuCbiBaeTCA auarpamma BaaBnuMBaHus, npeacTasnsiowasn cobol 3aBucu-
MOCTb Harpy3ku Ha MHAEHTOP OT rNybuHbI BHEAPEHUA MHAEHTOPA B UCCneayemblin maTepuan.

5.3 MeToa MOXeT ObITb AOMONHEH ONTUYECKUM U3MEPEHNEM pasMepa oTneyaTtka u opmbl HanNbIBa
C U€ernbIo NOBLILIEHMS €r0 MHAPOPMATUBHOCTH.

5.4 Mo pesynbrataMm WUCMbITAHWUA MONYYEHHAA AWarpaMma HENpepbIBHOTO BAABNUBAHWUA nepecTpau-
BaETCA B AMarpamMMy «HanpsbkeHue — aedopmaumsay 0AHOOCHOrO npouecca AedOpMUPOBAHUA NO YHUBEP-
canbHON PEHOMEHOSOTNYECKON METOAMKE.

5.5 deHOMeHONornyeckasi METoAMKA OCHOBAHA HA 3MNMPUYECKOM COOTHOweHuu Tenbopa [2], co-
MacHO KOTOPOMY KOHTAKTHOE HanpsKeHue noa MHASHTOPOM MIMHENHO CBA3AHO C ONpeaeneHHbIM Hanpske-
HMEM Ha guarpamme «HanpsbkeHuwe — aedopmauusay npu OAHOOCHOM PacCTSHKEHMWU/OKATUW NPU COOTBETCT-
BytoLen 3hheKTUBHON penpe3eHTaTusHon aecopmauuu. Mpu atom adpdekTuBHaa aecdopmayunsa 3aBucut
OT yrna saaesnuBaHus uiaentopa [3], [4].

5.6 HenocpeacteeHHO meToauka Tenbopa MOXET ObITb NPUMEHEHA Ansi BOCCTAHOBMEHUS TOUEK HA
amarpaMMme «HanpsbkeHue — aedopmauusy Ans UCNLITYEMOro MaTtepuana Ha OCHOBaHUM U3MEPEHUI BENU-
YWH JMaMETPOB OTMEYaTKOB ONTUHECKUM METOAOM.

5.7 MeTOA MHCTPYMEHTANbHOTO WHAEHTUPOBAHUSA MO3BONAET NMPOM3BOAUTL OLIEHKY U3MEHEHUs auna-
MeTpa UHAEHTUPOBAHUSA KOCBEHHO. Mpu 3TOM A0MKHBI ObITh NPOBEAEHDI Criegyowme AeUCTBUSA:

- BblAeNeHue ynpyrow coctasnsiowen rnyouHbl MHAEHTUPOBAHUS;

- yYeT NoN3y4yecTu MHAEHTUPOBAHUS;

- yueT achdpekra 06pa3oBaHMA HaNMbIBA.

5.8 BoliaeneHue ynpyroii coctasnsiowen rnyouHbl MHAEHTUPOBaHUSI NPOU3BOAUTCA B COOTBETCTBUM C
MomnoXXeHusiMu, cchopmynupoBaHHbiMK B pabote Onueepa n dappa [5] u BkntoveHHbimu B FTOCT P 8.748, Ha
OCHOBAHMM aHanW3a agmarpaMmmbl B4ABAMBAHUA HA 3Tane pasrpysku.
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5.9 3ddhekT nonsyyectn MHAEHTMPOBaHMS 06YCMOBMEH BA3KO-NAACTUYHBIMK CBOWCTBAMU martepua-
na. CornacHo MOCT P 8.748 ero xapakTepuUCTUKOW ABNSETCA BENNYMHA OTHOCUTENIbHOIO M3MEHEHUS TNy6u-
Hbl UHAEHTMPOBaHNA NPW NOCTOAAHHOM ycunun. CnepcteveM adpdhekta MHAEHTALMOHHOW NON3yvyecTn ABMS-
eTcs 3aBUCUMOCTb (DOPMbI AnarpaMmMbl UHAEHTUPOBAHUSA OT BPEMEHM.

5.10 MeTog nHTepnpeTauun guarpammMm WHAEHTUPOBAHMWA, pernameHTupoBaHHbin TOCT P 8.748 no-
3BO/ISIET NPOM3BECTN OLEHKY AnameTpa KOHTakTa B MPeAnosioxXeHnn 06 OTCYTCTBMM Han/biBa.

511 B npouecce WHAEHTUPOBAHUSA NPOWUCXOAWT BblAABNMBaHWE MaTepuana us-nog WHAeHTopa,
BC/IeCTBME 4Yero Noj MHOAEHTOPOM obpasyeTcs OTnevyarok, a BOKpPYr oTnevyaTka - MOAHATME MmaTepuana
(HannbiB). CnepcTtBnMeM 3TOro ABNAETCA U3MEHEHME MOJSIOKEHUA Kpasd oTrnevarka Mo OTHOLUEHUIO K NoBepX-
HOCTW 06pa3sua, Be/IMYMHY KOTOPOro HYXHO YYecTb Npu pacyete gnamerpa WHAEHTUPOBaHUA (CM. PUCYHOK

1).

PucyHok 1 - Cxema (hopMbl NOBEPXHOCTEN 30HbI OTNeYaTka LapoBoro UHAeHTopa AnaMeTpom D
(cnnowHas MMHUS) NPU MaKCUMasTbHOM HarpyXeHuu (a) 1 nocne CHATUSA Harpysku (6).
KpynHbIM NyHKTUPOM 0603HaYeHa uaeasbHas cdepa gnametpoM D, npoxogsilas yepes kpali 06/1acTii KOHTaKTa

5.12 Mpwn oueHKe BkIafa oT aghdhekTa 06pa3oBaHns HanbIBa cnedyeT yyecTb, 4To AN cnabo yn-
POYHSOLLMXCSA METa/INIOB XapakTepHO CU/IbHOE NOAHATUE mMaTepuasna B6/M3W rpaHul, oTnevyarka, a ans
CU/IbHO YNPOYHSOLLMXCS MaTepuasnioB B6AM3N rpaHuL, oTnevaTka HabogaeTcs nm6o cnaboe nogHATUeE,
nm6o nporu6.

5.13 Mpy UHAEHTMPOBaHMU LIAPOBOro MHAEeHTopa AecopMaLnus B 30He oTrneyaTka - HEroMoreHHas,
npv KOTOPOW Aechopmaumsa pasHbIX 30H MaTepuasna nof UHAEHTOPOM COOTBETCTBYET pas/IMyHbIM TOUKaM
Avarpammbl «HanpsbkeHue-gedopmaumsa» 1, BCnegcTsme 3T0ro, CONpoTUBAEHNE BAABIMBaHNIO OyAeT on-
penenaTbCcs BCeli KPMBOWM «HanpshkeHue-gedopMaums». Takum obpa3om onpefesieHne MexaHU4ecknx
CBOICTB [0/)XHO OCHOBbIBATLCSI TAKXE Ha 3HAUYEHUsIX BCell AnarpamMmmbl HENPEPLIBHOTO BAABMBAHUSA, @ He
Ha 3HaYeHVAX TBEPAOCTU NpY IUKCMPOBAHHOW Harpyske.

5.14 Mocne yuyeTa BCcex NOMPaBOK MOXET OblTb HailgeHa 3aBUMCUMOCTb AMamMeTpa BAABMMBAHWUA OT
CU/bl, a No Held, ¢ NoMoLLblo noaxoAa Talibopa BOCCTaHOBNEHA 3aBUCUMOCTb 3(PIEKTUBHOIO HanpsKeHnst
oT adhhekTMBHOW gechopmanuy nNoj NHAEHTOPOM, KOTopasi MOXET cuMTaTbCs anfnpokcumalmel gnarpaMmmbl
«HanpsxeHue - aedopmalus», Nosyyaemoii Npy UCMbITAHUM Ha OAHOOCHOE PACTSKEHWE B COOTBETCTBUM C
FOCT 1497.

5.15 Mo napameTpam BOCCTaHOB/IEHHON AvarpaMMbl «HanpshkeHue - gedopmauusi», MoryT 6biTb On-
peneneHbl MexaHW4eckme CBOMCTBA MaTepuana: npefen TeKy4ecTu U BpeMEeHHOe CONpOTUBEHME.

5.16 MNpefen Teky4yecTn OLeHMBAOT HA OCHOBE aHann3a ero KoppessLMOHHON 3aBUCUMOCTU OT 3Ha-
YeHW 3hHEKTNBHOIO HaNPSHKEHUSI B BbIOGPAHHOM TOUYKM Ha Auarpamme «HanpsbkeHue - aedopmaums».

5.17 BpeMeHHOe CONpOTUB/IEHME OLEHMBAKOT HA OCHOBE aHasiM3a ero KoOppensiyoHHON 3aBUCUMOCTH
OT 3HAYeHU i MakcrMyma nepecTPOeHHOW B MHXEHEepHble KOOpAuHAaTbl Auarpammbl «HanpsbkeHue - gedop-
Mauunsa».

5.18 AnbTepHaTUBHbI/ BapuaHT OLEHKM BPEMEHHOro COMPOTMB/IEHUS NpeAanonaraeT Haimume Koppe-
NSALMOHHON 3aBUCUMOCTU 3HAYEHWUA BPEMEHHOIO COMPOTUB/IEHUS OT 3HAYEHWUA MakCUMyMa 3HavyeHuii TBep-
[octn no BpuHennio (M3MeHsilOLWeca B 3aBUCMMOCTM OT [/Ty6UHbI UHAEHTUPOBAHNA B UCMbITYEeMbli 06pa-

3el) [6].
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5.19 KoppensunoHHble 3aBUCUMOCTH YCTAHaBNUBAKOTCA HA OCHOBaHUW COMOCTAaBNEHUA pe3ynbTaTtos
WHTepnpeTauum guarpaMM BAABNWBAHUA C pe3ynbTaTaMu UCTbITAHMIA MaTepPuanos Ha pacTsaXeHue B COOoT-
BetcTBun ¢ FOCT 1497 u [1].

5.20 Kpome (peHOMEHONOrnyeckon MEeToAUKM CYLLIECTBYIOT TaKKe pac4yeTHaa MeToaukKa, OCHOBaHHas
Ha YUCMEeHHbIX MeTodax MOAEeNnvMpOBaHUsA nNpoLecca WHAEHTUPOBAHWUA LIApa U HenpoceTesas MeToamka,
npeacTaBreHHble B NpunoxeHusax A u E.

5.21 B npunoxeHun XK onucaHa MeToamka OLeHKU TPEeLUMHOCTOMKOCTU MaTepuana Ha OCHOBaHUK pe-
3ynbTaToB MCNbITAHUA MEeToAOM MWHCTPYMEHTalbHOro MHAEHTUPOBAHUA.

5.22 PernameHTMpyeMbIi HaCTOSILLMM CTAHAAPTOM METO/ MOXET CNY>XUTb OCHOBOW ANS COCTaBNeHUA
METOAMKN BbINONHEHUA namepeHuii no NOCT P 8.563.

5.23 MNpu pa3paboTke METOAUKM BbINOSIHEHUSA U3MEPEHUI HeobxoauMa ee BepuduKauns Ha OCHOBa-
HUK NpeacTaBMTENbLHON 6a3bl UCTILITAHHBIX 06Pa3LOB.

6 TpeboBaHuAa 6e3onacHOCTU

6.1 K BbINONHEHUIO UCNBITAHUIA AONYCKAIOT ONepaTopoB, 006naaaloLmMX HaBbIKaMKU JKCNnyaTauum uc-
nons3yeMoro 060pyaoOBaHWA, yMEIOLUX NOMb30BATbCA COOTBETCTBYIOLLMMMW HALMOHAmNbHLIMU WU OTpacne-
BbIMW HOPMAaTWUBHLIMU U TEXHUYECKM, Npowealmx obyyeHue pabote C NpMMEHSIEMbIMU CPeACTBaMU UCTIbI-
TaHWIM 1 aTTEeCTOBaHHbIX HA 3HaHWe npaBun 6€30NacHOCTU B COOTBETCTBYIOLLEH OTPACHyW MPOMbILLIIEHHOCTHU.

6.2 Mpu npoBeaeHUM MCMBLITAHMI OnepaTop AOMKeH pykoBoacTBoBatbcA [OCT 12.2.003, MOCT
12.3.002 1 npaBunamm TexHn4eckon 6€3onacHOCTM Npu IKCNyaTaLummu dNeKTpPoyCTaHOBOK NoTpedbuTtenei no
FOCT 12.1.019 u FOCT 12.1.038.

6.3 VcnelTaHua NpoBOAAT B COOTBETCTBUM C TpeGoBaHMsIMM GE30MacHOCTH, YKa3aHHLIMU B UHCTPYK-
LMK NO 3KCMyaTauun annapatypbl, BXOAALEN B COCTaB UCMONb3yEMbIX CPEACTB UCTLITAHUMA.

6.4 Mpu opranusauuu paboT No NPOBEAESHUIO UCNILITAHUI AOIMKHLI ObiTb COOMIOAEHbI TpeboBaHus no-
»xapHoi 6esonacHoctu no MOCT 12.1.004.

7 TpeboBaHuA K cpeacTBaM UCNbITAHUNA

7.1 PekomeHayeTcs npuaepXmBaTbCa TpeOOBaAHWM K YCTAHOBKE ANSl UCMbITAHUIA, M3NOXEHHbIX B
FOCT P 8.748.

7.2 YCTaHOBKA AN MCNbITAHMIA AOKHA 06ecneunBaTb BO3MOXHOCTbL U3MEPEHUN U 3anUCK 3HAYEHUN
NpUKNaabiBaeMoin Harpy3ku, nepeMeLLeHNsl U BPEMEHU HA BCEM LIUKNE UCTbITAHUMN.

7.3 KOHCTpyKLUA YCTaHOBKU ANS UCTILITAHMIA A0MKHa obecneynBaThb:

- NoABeAeHMe MHAEHTOpa k 06pas3Ly 1 OTBOZ OT HEro,

- MIPUNOXEHNE UCMbITaTENbHbIX HArPy30K HA UHAEHTOP C 3aAaHHON CKOPOCTLIO U3MeHeHua h unu F,

- NOAAEPXKAHUE PEXUMA BbIAEPXKKM MO NOCTOAHHOW Harpy3sKomn.

- NPUNOXXEHWE UCMbITATENbHbIX HAarpy30Kk Ha UHAEHTOP C 3aAaHHON CKOPOCTbIO U3MeHeHus h unn F
npu CKOPOCTAX AePOPMUPOBAHUS MaTEPUANa, CXOAHbIX CO CKOPOCTAMU AeDOPMUPOBAHUA NPU UCMLITAHUN
Ha 04HOOCHOE pacTskeHus no FOCT 1497.

7.4 B Ka4eCTBE MHAEHTOPOB MCMOSb3YIOT LLUAPUKA U3 TBEPAbIX CMMABOB C HOMUHAMNBbHLIMU AnaMeTpa-
Mu 1, 2,25, 5110 MMm. MomMUMO LIAPKUKOB MOTYT BbITb UCNOMbL30BaHbI LLIAPOBLIE CErMEHTHI, MMBO CTEPXKHU C
3aKpyrneHMeM Ha KoHue. Paanyc 3akpyrneHus, TBEpAOCTb U MOAYIb YNpPYrocTU AOSHKHBI COOTBETCTBOBATh
Tpe6osanusamMm FOCT 3722 ans 3-eii cTENEHU TOYHOCTH.

LLlapukn He JOMKHbI UMETE AE(EKTOB, BUAMMBIX C MOMOLLLIO Nynbl NPU 5-KPaTHOM YBENMUYEHUH.

KpenneHue uHgeHTopa v AaTYMkoB B UBMEPUTENBHOM Y3Ne [OMKHO ObITh XXECTKUM W HE onyckaTb
nogra.

7.5 OomkHO ObITb YCTAHOBNEHO 3Ha4YeHne C,, B cooTBeTcTBUMM ¢ TOCT P 8.748.

7.6 NameputenbHasi ycTaHOBKa AOIDKHA UMETb CreayoLmue OCHOBHbIE TEXHUYECKUE U METPONOruye-
CKMe XapaKTepUCTUKM:

- npeaen AOnycKkaeMon NOrpeLHOCTH 3aA4aHusA CpeaHei CKkopocTu B paboyem auanasoHe +1,0% ot
3Ha4yeHnA 3a4aBaemMon CKOPOCTH;

- npegen AonycKkaeMon MOrpeLuHoCTn U3MepeHns Harpyskn £1,0% oT uamepaemMon Harpysku, 4to co-
oTtBeTcTBYeET rpynne 1-Y no FOCT 28840;

- npeaen Aonyckaemow MOrpeLlHoCcTU naMepeHns gedopmaumm obpasua +1,0% ot nsmepsemMon Be-
NM4YnHbl gechopmanuu, Yto cootsetcTayeT rpynne 1-0 no FOCT 28840.

7.7 DaTty4nkn namepuTenbHON YCTaHOBKU A0MKHbI OblTb MOBEPEHbI U UMETL AEUCTBYIOLLME CBUAETENb-
CTBa 0 MOBEpKe.

7.8 PekoMeHayeTcA npuaepxuBaTtbCs TpeOOBaHMIA K YCTAHOBKE AN UCMbITAHWUW, M3MOXEHHbIX B
FOCT P 8.748.
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8 MogroroBKka K NPOBeAEHUIO UCTILITAHUNA

8.1 TonwwHy o6pasua, NoABEPraemMoro UCMbITaHUIO, BLIOMpaIOT Takum 06pa3om, 4Tobbl HA NPOTUBO-
MOMNOXHON CTOPOHE 0BpasLa nocne UCNbITaHUs He ObINo 3aMeTHO cneaos aedopMmauun. MuHuMmanbHas
TonwwmHa obpasua gomkHa 6biTb He MeHee 10-kpaTHOI rnybuHbI oTnevaTka.

8.2 MNoeepxHoCTb 06pasua AoIKHA ObITb POBHOW, rMaakon M CBOOOAHOW OT OKMCHOW NNEHKW. Mpu
noAroTOBKE MOBEPXHOCTM 0Opasua HeobXoAWMO MPUHSITbL MEPbI, UCKIMIOYaloLmMe U3MEHEHUe CBOWCTB Me-
Tanna us-3a Harpesa unu Haknena.

LLlepoxoBaToCTb NOBEPXHOCTM 0Bpa3ua Ra aomkHa ObiTb He Bonee 1 mkm no FOCT 2789.

8.3 PaccrosiHue mexay LeHTpamu ABYX COCEAHMX OTMEeYaTkoB AOIMKHO ObiTb HE meHee 4D, a pac-
CTOSIHME OT LIeHTpa OTrne4vaTka Ao kpas ob6pasua (M3genus) - He meHee 2,5D.

Mpu nsmepeHun TBEpAOCTM Ha obpasuax ¢ KPUBOMMHENHOW NOBEPXHOCTLIO ANIMHA W WMPUHA NOATO-
TOBMEHHOM NNOCKON MOBEPXHOCTU A0SHKHA ObITh HE MeHee 2D.

8.4. OuameTpobl NOMYYEeHHbIX 0TNeYvaTkoB OOJDKHBI HaxoAuTbLCA B npeaenax
0,3D<d<0,6D.

8.5 PekomeHayeTcs BbIOupaTh B KA4ECTBE MAaKCUMarnbHOM HArpy3kyn 3Ha4YE€HME Harpy3sku 6nmskon K
pPEeKOMEHAOBAHHOW NpW U3MepeHun Teepaoctu no bpunennio (FOCT 9012).

9 MpoBeaeHUe UCNbITaHNU

9.1 amepeHune TBEpAOCTH NPOBOAAT NpU TEMMepaType oKpyxatLlelh cpeabl oT 5 °C go 40 °C.

9.2 Bo BpeMsa NpoBEAEHUSA UCTbITAHUS U3MEPUTENbHbIN y3en AOMKEH ObiTb 3aluwWeH OT yaapoB U
BUOpaLMiA.

9.3 OnopHble NoBEpPXHOCTM paboyero cronuka U obpasua AOMKHbI ObiTb OYULLEHBI OT NOCTOPOHHUX
BELLECTB.

O6pasey fOMKEH pacnonaratbC YyCTOWYMBO, UCKMOYasi BOSMOXKHOCTb €10 CMeLleHus u nporuba Bo
BPEMS UCTbITAHUA.

9.4 [lonyckaeTca NpoBeAEHWE KaK OQHOLIMKITOBBIX, TAK U MHOTOLIMKIOBbIX UCMbITAHWUN.

9.5 lNpouecc 0AHOUMKNOBOrO UCMbITAHUSA UMEET YETbIpe CTagumn (PUCYHOK 2): NpeaBapuTenbHas Ha-
rpyska, HarpyxeHue, BbiepxKka nog Harpy3kow, pasrpyska.

Cvna F

|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
Py
®

h max

Myouna h hr

1 — y4acToK npefHarpy3ku; 2 — y4acTOK HarpyXXeHus; 3 — y4acToK 4acTUYHOM pasrpy3ku; 4 — y4acToK NOBTOPHOIO
HarpyXeHus; 5 — y4acToK BbiAePXKWU NOA Harpy3sKoii; 6 — y4acToK pasrpysku

PucyHok 2 — Cxema anarpammbl HenpepLIBHOMO BAABMNUBaHWS LUIAPOBOIO UHAEHTOpPA
C NPOMEXYTOYHOI Pa3rpy3kol U MOBTOPHLIM HarpyXXeHMeM

9.6 NpoLiecc MHOTOLMKNOBOrO MUCNLITAHUSI (PUCYHOK 3) AONYCKAET Hanu4uMe OJHOI0 MIM HECKONbKUX
NPOMEXKYTOUHBIX 9TaMNOB BbIAEPXKKU U YACTUYHON Pa3rpy3ku C NOCMEAYIOLIMM Harpy>keHMEM MHAEHTOopa A0
DOCTWXEHUs CrneaylowWwero rpaHuYHOro 3HaveHus F unu h, NpeBbILLaloLWEero npeabiayLlee He MeHee YeM Ha
10%.

9.7 Moporosble 3HAYEHUA HArPY>KEHUSA MOTYT YCTAHABNMBATLCA KaK MO CUIE, TaK U MO NepeMeLLeHUIO.
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PucyHok 3 - B, MHOTrOLMK/IOBOW AyarpamMmMbl BAABVBAHWS

9.8 MakcumasibHble 1 NPOMEXYTO4YHbIE TPpaHNYHble 3Ha4YeHNA CUbl UK NepemMelleHnsd, BpemMeHa Bbl-
OEPXKM, CKOPOCTU M3MEHEHUS CUMbl UIN NEPEMELLEHUSA Ha Kak[OM 3Tane UCMbITaHUA LO/KHbI ObiTb 3aja-
Hbl.

9.9 MNepBoOHavyasnibHOE COMPUKOCHOBEHWE U fanbHeilllee BAaB/MBaHUE LUapuka B UCMbITYeMbli MaTe-
pvna AO/MKHO NPOUCXOAWThL B HanpaBfieHWW, NeprneHAVKysSpHOM K MOAroTOBAEHHON niowagake. OTK/I0He-
HME OCK Harpy>eHus OT NnepneHavkKynsapa K noBepXHOCTM obpasua He JO/DKHO npeBbiwaTh 2°.

9.10 HauvanbHblli aTan HarpyxeHus (npegBapuTesibHas Harpyska) OT MOMEHTa KacaHus WHAEHTOPOM
noBepxHocTW obpasua 40 AOCTWXKEHUSA NMOPOroBOr0 3HAYEHWA CW/bl UCNONL3YIOT 4719 U36aB/ieHns OT BUS-
HUS MUKPOCKONUYECKUX HEPOBHOCTE NOBEPXHOCTU obpasLa.

9.11 Bo Bpems MCMbITaHWs NPOU3BOAAT 3anUCb C NOCTOSHHOW YaCTOTON pes3ynbTaTtoB u3MepeHwuin F u
ft.

10 MpaBuna 06paboTkM pe3ynbTaToB UCMbITaHUA
10.1 NMpepgBapuTenbHaa ob6paboTka pe3y/bTaToB UCMbITAHUA

10.1.1 B cOOTBETCTBUM C pe3ysibTatamun KasmbpoBKM JAaTUMKOB A/ BCEro MaccuBa faHHbIX OCyLLecT-
BNAIOT NepeBo pe3ynbTatoB M3MepeHuid, NoNyUYEHHbIX C AaTUMKOB, B 3HaYeHns Punn ft.

10.1.2 BHOCAT nonpasky Ha ynpyryto nogat/imBoCTb MexaHu3Ma, [/19 Yero 3HaveHus h sameHsoT Ha ft
-CmF.

10.1.3 ftOpaccunTbIBalOT IKCTpanonsaumein qyHKUMM, annpokcuMmnpyoLwen 3aBnucumocTs ft ot F Ha Ha-
YaslbHOM yyacTke Harpysku o goctmwkeHunsa 1% - 2% ot Frex

PekomeHayeTcs crneayowmii BUA, annpokCumupyowen yHkuum

y =a0+alx +arx2 (D]

roe a0 a2- MCcKOMble napameTpbl.

3HadveHne hO=al npuHMMALOT 3a TOUKY OTcuyeTa.

[nsa waposoro nHgeHTopa y =ft; x =Fz;z =2/3.

10.1.4 3ameHsA0T 3HaveHus ft Ha ft - ftO.

10.1.5 MpumMep Nony4eHns HyneBON TOUKVM NPeAcTaBieH Ha pUCyHke 4.

cnnowHast MMHUS - y4acTokK AnarpaMmmbl BaaBNMBaHUA, NyHKTUPHaA IMHUA - IMHUA perpeccun;
0- HailgeHHas Touka oTcyeTa

PucyHok 4 - HaxoxpaeHne HyneBoii Touku ho
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10.2 PacyeT xapakTepucTuk guarpaMmMmbl UHAEHTUPOBAHUA

10.2.1 Pac4yeT xapakTepuCTUK Auarpammbl WHAEHTMPOBaAHMA NpoBOAAT B cooTBeTcTBuM ¢ [OCT
8.748.

MpuMeyaHue—B HacTosiLeM pasfiene He yuuTbiBaeTcs apdeKkT oGpasoBaHUs HannbiBa.

10.2.2 PaccuuntbIBaOT Fay U Nmay. _ _

J1ns MHOrOLMKNOBOI AMarpaMmbl PACCHUTLIBAIOT 3HAYEHUS Fray W Nmay ANS1 i = 1...N,.

10.2.3 CTpoAT KpUBYIO, anMpPOKCUMUPYHIOLLYIO 3aBUCUMMOCTbL F OT h Ha y4acTke pa3srpy3ku (CM. pUCYHOK
2) B NpeanosioXeHUU, YTO BEPXHASA YacTb KPUBOM (0T 100% OT Frax 80 20%-50% OT Fnay) MOXET ObITb
npeacrasneHa B BUA€E cTeneHHon dyHkmm (cum. [5])

F=K(h-h)", @
rae K, h, 1 m — napameTpbl. B kayecTBe npuBRAMKEHHOTO MOXKET ObITb UCMONb30BAHO TEOPETUYECKOE 3HA-

yeHue napameTpa m, pasHoe 3/2.
10.2.4 S B cootBeTcTBUU C TOCT P 8.748 paccunTbiBaloT N0 hopmyne

dF’
= E h=h,, - ®)
10.2.5 h, paccunTbiBaOT NO hopmyne
hc = hmax - 0:75'(hmax' hr), (4)

rae "= Nyay-Frax/S.
10.2.6 A, paccunTbiBatoT No opMyne

A, =n a,’ =n d, "/, )
a, paccuntbiBatoT no popmyrne (cm. [9])

a, =w/th—h02 _ ®)

10.2.7 H;r B cootBetcTBuM ¢ FTOCT 8.748 paccuutbiBatoT no opmyne
Hir = Froax/Ao. )
10.2.8 HB,r paccuntbIiBalOT No hopmyrne
F
HB. =— —ma ®)
T axh xD
10.2.9 E, paccuutbiBatoT B cootBeTcTBUM ¢ TOCT 8.748 no chopmyne

S Iz
E =2 ]—. 9
T2V 4 ®)

P

10.2.10 E;; B cootBeTctBUM ¢ TOCT P 8.748 paccuuTbiBaloT No hopmyne
_ EE0-v))
E,—E,(1-v])

10.2.11 C;; B cootBeTcTBUM ¢ TOCT P 8.748 paccuutbiBaloT no popmyne

IT (10)

Cy =h2hlh‘ -100% an
rae hy - rmybuHa BAABNMBAHMA NO OKOHYAHWUM peXuma Harpy3ku, h, - rnybuHa BAABMUMBAHUSA MO OKOHYAHUM
pexuma penakcauuu.

10.2.12 B kayecTBe Ha4yanbHOro 3Ha4yeHus h,; cneayeTt BblbupaTh TOUKY NepeceyveHnst NPoAomKeHUs
OYHKLMM, annpOKCMMUPYIOLLER KPUBYKD 3aBuMCUMOCTM F(h) Ha y4vacTke nepen HavanoM TOPMOXEHMA A0
DOCTMXKEHUS 3HAYEHUS F = Fray.

10.2.13 MNMpumMep annpokcMmMaLun KPUBOW Harpy3ku NpeacTaBieH Ha PUCYHKe 5.
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PucyHok 5 - Mpumep annpoKcMMaumnm BEPXHER YacTu KPUBOW Harpysku

10.2.14 [na MHOroumk/IoBO AvMarpaMMbl pacyeT XapaKTepucTuk avarpammbl MHAEHTUPOBAHMSA Mpo-
n3BogAT ansA /= 1...Nc.

10.2.15 Ana O4HOUUKNOBBLIX U MHOTOLMK/IOBLIX AuarpaMmM MOXeT ObITb NpOBeAeH NMOTO4YeYHbI pacyeT
3HAYeHW ry6buHbI KOHTaKTa Ha MHTepBasle CTaLMOHAPHOIO Harpy>XeHus guarpammbl UHAEHTUPOBAHMS.

MpumeyaHMe - VIHTepBan CTauMOHAPHOrO HarpyXXeHns NpeacTaBnseT cobol YacTb MHTepBasia HarpyXeHus
13 KOTOPOrO WCK/THOYEHbI:

- Ha4YasTbHbI HTepBan (1% - 2% oT Fn®), no KoTopoMy BeAeTCs OonpeaesieHNne HyneBOi TOUKY;

- VHTepBasibl TOPMOXEHUS NPWU Nepexode OT 3Tana HarpyXXeHus K atany BblAEPXKW NOA Harpy3kon Ans Kaxaoro
WKMa (1% - 2% OT /*max);

- MHTepBa/ibl OT Hayana BbIAEPXKM i-ro npomexyToyHoro uukna (i = 1...Nc¢1l) go goctmxeHusa rnybuHsl hmex 1
(1 +2C|1'/100%).

10.2.16 MMOTOYEYUHbIN pacyeT 3HaYeHWit TyOWHbI KOHTaKTa NPOM3BOAAT B NPEANONOXKEHUN, YTO Ha 3a-
AaHHOM mHTepBase h 3HavyeHus Er n C|T He M3MEHSHOTCHA C U3MEHEHNEM [/1yOUHbI.

10.2.17 Mpoueaypa pacyeTa TEKYLMNX 3HAYEHUIA TNYOUHbI KOHTaKTa MHAEHTOpPA C MUCNbITYyeMbIM MaTe-
pranomM WIICTPUPYETCA PUCYHKOM 6.

1- ncxofHas Avarpamma BAAB/MBaHUS,
2 - Touka (R, h\') Ha yyacTke HarpyxeHus guarpaMmmMbl BAABNNBAHUS;
3 - rnybuHa MHAeHTMpoBaHusA h  paccuMTaHHas ¢ y4eToM MonpaBKu Ha NOM3Yy4YecTb;
4 - pesynbTaT BblumcaeHus hch
5- Touka, cooTBeTCTBYOLan 3HavyeHuno hec' Ha guarpamme Ref(ftc);
6 - pesynbTupylowas auarpamma sasmcumoctn Ref(hc)

PucyHok 6 - MNpoueaypa pacyeta TeKyLMX 3HAYeHWI [TyO6rHbI KOHTakTa MHAEHTopa
C UCMbITYyEMbIM MaTeprasiom 1 nocTpoeHusa guarpammbl Reff(hc)
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10.2.18 3HaueHue h' paccuuThIBaIOT Mo popmyne
h'=h'-(1+Cpy), (12)
rae WHAEKC j COOTBETCTBYET HOMEPY TOYKM Ha y4acTke CTALMOHAPHOTO HarpykeHus gmarpaMmbl UHOEHTU-
poBaHus, h’ 0603HaYaeT 3HaueHne ryOnHbI B TOYKE, COOTBETCTBYIOLLEH STOMY MHAEKCY.

10.2.19 [InA kaxQol TOYKM MHTEpBana CTauMOHAPHOrO Harpy>XeHus avarpaMmbl MHAEHTUPOBAaHUA
PACCUNTLIBAIOT TEKYLUME 3HAYEHMs1 IMyGUHBI MHAEHTMPOBAHUA NOJ, HArpy3kon M.’ Kkak pelueHue cucTeMmbl

ypaBHEHUN
g2
Jr

j j 1\2
Apj = n(DhCJ _(hcj) )?
hl=hi—o-Fl/S

MpuMedaHue—Cucrema ypasHeHuii (13) n Bce NpeAcTaBneHHbIE HUXE CUCTEMbI HENMMHERHBIX YpaBHEHUN
MOryT BbITb pelLleHbl METOAOM NocnefoBaTeNbHbIX NPUBAMKEHNIA.

(13)

10.2.20 Mo 3HaueHusM h,' paccumTbIBaIOT 3Hauenust a,’, d,’, Hir! HB;y! , ucnonb3ayst hopmynibi (7) —
(9).

10.3 BoccTtaHOBRNeHue aMarpaMmbl OQHOOCHOro AeOpPMUpPOBAHUA NO AMarpaMmMe UMHAEHTUPO-
BaHUsA Wapa no (peHOMeHONOrnYeCKOn MeToauke

10.3.1 BoccTaHOBNeHMe TOMKM HA AuarpaMme OAHOOCHOro aedopMupoBaHUA NO pasmepy OT-
nevyartka WwapoBOro UHOEHTOpa
10.3.1.1 3Ha4eHue P, BbIMMCANAIOT N0 opmyne

4F
Pm = J . (1 4)
10.3.1.2 g BbIUMCNAOT N0 hOpMyIe
gerf = I, (d/D), 15)

B KOTOPOW BMA 3aBUCMMOCTH f; yCTAHABMNMBAETCH SKCNEPUMEHTASIbHO.
PekomeHnayeTcs ucnonb3oate chopmyny Terbopa (cMm. [2])

Beff = Emax /D, (16)
MapameTp gmay B popmyne (16) MoxeT BapbupoBaTbecs. [Ana Mmatepuanos, yNnpoOYHEHUe KOTOPbIX MO-

XeT ObITb OMMCAHO CTEMEHHON 3aBUCUMOCTLIO HanpsbkeHus oT agedopmauum, peKOMeHayeTCsl UCNONb30BaTh
3HAYEHUE gnay = 0,2.

MpumeyaHune — [JonyckaeTcs, ecnu aTo 060CHOBaHO, UCMOMNb30BaTb BMecTO (15) yHKUUIO OT Gonbluero
yucna napameTpos (cM. [6], [8], [14], [20]).

10.3.1.3 CBA3b P, 1 3HaYEHUs1 HaNpsHKeHUa Ha guarpamme «HanpsbkeHue — aedopmauusay {(g) 3a-
[aeTcs COOTHOLLEHUEM

P =W-c(e=¢y4). an

10.3.1.4 3HayeHune ¥ 3aBUCUT OT TeKyLLen (PUKCUPOBAHHOW BEINNUYUHDBI £ , NOMNYYAEMON U3 IKCNEPU-
MEHTa Ha OHOOCHOE pacTsXkeHune/cxartue.

Belaensior Tpu ctenenun gedopmaumm marepuana noa UHAEHTOPOM:

- ynpyras gedopMauumsa no MHAEHTOpPOM, Kkoraa Py < 1,075 { (gew);

- passutas nnacruyeckas gedopmauus, Npyu JOCTUXKEHUN KOTOPOW KOadhpuLmeHT ¥ cTaHOBUTCSA NO-
CTOSIHHBIM ¥ = W (KOHTAKTHOE AABIEHNE HE PacTET N0 MEpPe poCTa Harpy3ku Ha UHAEHTOP): Py, =
Wiax'C (€er);

- nepexoaHasa o06nacTtb, KOraa 3oHa nnacTuyeckon aedopMauum MaTepuana noa UHAEHTOPOM orpa-
HUYEeHa 30HON ynpyrow agedopmaumen.

10.3.1.5 B kayecTBe xapakTepuctuku cteneHn gedopmMauuu marepuana noj UHAEHTOPOM PeKOMEH-
AyeTcs ncnonb3oBath 6e3pasmepHyto yHKumio (cm. [3])

b =(d/D)yE/C(cen), (18)
rae ¢ — HanpsbkeHne, COOTBETCTBYIOLLEE 3HaUYEHNI0 3PAEeKTMBHOI Aedopmanm noa UHAEHTOPOM.
10
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10.3.1.6 Y cuuTatoT chyHkumen o (cm. [3], [4])
Y = /). (19)

10.3.1.7 TpaHnua obnacTtv ynpyroi gechopmauun u nepexogHoin obnactu onpegensieTcss ycnoBUEM
3apoxaeHus nnactuyHocTn: ™= 2,5; /h(drT) =4 mn= 1,075.

10.3.1.8 Pexunmy pas3BuToil nnactuyeckol gedopmauny CoOOTBETCTBYET yC/oBUe = grax, HauUn-
Has C KOTOPOrO0 MHOXWTE/Ib 4 MOXHO CYUTaTb MOCTOSAHHBIM ¥ (b > dhtax)= U Tax.

3HaueHuns drax, YTax , a Takke XxapakTtep usMeHeHus Y B nepexogHoli 0651acTu yctaHaBMBawT 4/s
KaXXJ0 MeTOAUKN BbINOMHEHNUS N3MEPEHWIA.

[na matepuanos, ynpo4YHEHUE KOTOPbIX MOXET ObiTb ONMCAaHO CTENEHHOWN 3aBUCUMOCTbIO Hanpske-
HUA OT fedopMaLmn pekomeHayeTca BbibpaTe UTax paBHbIM 3.

10.3.1.9 B nepexogHoit o6nact pekoMeHAyeTcs BbloupaTb cnegyowmii Bug yHkummn /gd)

4min ' ® /rwn 1 eC/iN ¢ <pTT ,
Ih(®) ~ .4max " Ci['In (p/ dprax); eCNN ¢t ~ p”
Y max ; eCNV d drax;

rae Cili —(Y'Tax "y rm/an (gprax / dgprr)-

PekomeHgyeTcsa BbiGpath drax = 90.

10.3.1.10 XapakTepHblit BUS, YHKUUN /db(d) Ha pasnyHbIX atTanax npouecca WHAeHTMpoBaHusA npej-
CTaB/fIEH Ha PUCYHKe 7.

PucyHoK 7 - VI3MeHeHMe 3HaveHuii U Ha pas/inyHbIX aTanax npoLecca MHAEHTMPOBaHWS LapoBOro MHAEHTopa

10.3.2 O6paboTka Anarpammbl UHAEHTUPOBaHUSA 6€e3 yyeTa HanbiBa

10.3.2.1 [ns BOCCTaAHOB/IEHUX AuarpaMMbl «HanpskeHue - gedopMauus» UCNosb3yT npoueaypy,
onucaHHyo B 10.3.1, HO npu 3TOM AuameTp 06n1acTM KOHTakTa OLEHMBAKOT Ha OCHOBaHWM Auarpammbl WH-
JeHTupoBaHua B cootseTcTBumM ¢ 10.2.4 - 10.2.6.

10.3.2.2 PacueT Npou3BOAAT ANS KaXAOro LuUkna npy npoBefeHnn o06paboTkv MHOTOUMKIOBOW guna-
rpaMmbl WKW ONA KOKLOW TOUKM yyacTka CTauMOHAPHOro HarpyXeHust O4HOLMKI0BONM AuarpamMMbl YAC/IEHHO
MEeTOA40M UTepauuii.

10.3.2.3 Ha i-M uukne MHOroLMKIOBOW AnarpaMMbl MHOEHTUPOBAHMS MPY UCMO/Ib30BaHUN MOLMK/I0BO-
ro nogxofa WM B -1 TOUKE yyacTka CTaLMOHApPHOr0 HarpyXeHusi OAHOLMK/I0BOM AnarpaMmbl BAAB/IMBaHUS
npy MCNoJIb30BaHMN NMOTOYEYHOrO NoAxo4a NPOU3BOAAT cneaylolne aecTBus:

- paccunTbIBalOT 3HaveHns he, u ac;

- N0 3Ha4YeHNAM ac paccunTbiBaloT 3HaYeHns edf' n Hi',

- paccunTbiBatoT 3HaYeHus Rdf, pelwums cuctemy ypasHeHUiA

Reffi= H 1Y/ (ch), (21)
& =(dc7D)-(Er/Reff), (22)
rae 3HaveHue /i (@) paccuntbiBatoT no gopmyne (20);
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- MO paccyMTaHHbIM 3Ha4YeHusAM cTpoAT rpaduk 3asucumoctu Ref(eef);
- CTpoAT annpokcumaumio 3asncumoctu Ref ot edf B Buae cteneHHol dyHKuum

neff =R (Seff) —Rb  (E=ffiSmex) (23)
rae Rb- 3anac nnactuyHocTw.
10.3.3 YyeT HannbiBa Npy 06paboTKe gnarpamMmmMmbl UHAEHTUPOBAHUSA
10.3.3.1 KoathbhnumneHT HannbiBa C paccunTbiBaloT no opmyne

C = - . (24)
ac
3HaueHusi 6 > 1 cOOTBETCTBYIOT NOAHATUIO Kpas oTneuyaTka, c< 1- OMyckaHWK kpas oTnedyaTka Mo-
C/e CHATMA Harpysku.
10.3.3.2 6 cuutatoT hyHKUMelh napameTpoB ¢u d/D
6 = fc(dy d/D). (25)
3HauveHus dyHkumn fc (g d/D) nameHawTcsa oT 1 Ha HavyaslbHOM 3Tane 40 HEKOTOPOro CTaunuoHapHOro
3HAUYEHMS NpY AOCTATOYHON CTEMNEHW HarpyXeHus.

10.3.3.3 PekomeHAyeTcsa B COOTBETCTBUM C [9] BbIOUpaATh criegyowmii Bua yHkumnm fc

ecnm ® —® min ?
. 1
fc (@, d/D) = 1 (St—1)INch/ cprin) / In(ch max! & rrin). 6C/A o min A ”
<
c\ ecnm > o,

roe napametp dFf HaxoAAT Kak MMHMManbHOEe 3HayeHve napameTpa ¢y yaoBrieTBopsioLLEe YCNOBUSAM:
o oQax , (27)
d/D < 5e,
napameTp c* paccumTbiBaloT No hopmyne
C- 1+ (Cs—2min(ch / p njn) / [P mex | & min)i (28)
napameTpbl AT [Mdcr ax, 5eyctaHaBNMBaOT U3HadYasbHoO.

10.3.3.4 XapaKkTepHblii BUA QYHKLUUN N3MEHEHMA HSHA pa3/IMYHbIX 3Tanax npouecca NHAEHTUPOBAHNS
npeacTaBfieH Ha puUcyHke 8.

PricyHOK 8 - TMpumep thyHKLMM U3MEHEHUST 3HAYEHMIA C HA pPa3/fIMuHbIX 3Tanax npouecca
VHAEHTMPOBAHMS LLIAPOBOrO MHAEHTOpa
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10.3.3.5 3HayeHne napameTpa cst, 3aBMCUT OT CTEMEHU YNPOYHEHUSA UCMbITyeMoro martepuana. Cy-
LecTBYeT ABa cnocoba ero HaxoXAeHusi: NPSMONA 1 KOCBEHHBIIA.

10.3.3.6 Mpy peanusaumu npsMoro mMetoja NPOBOAAT M3MEpeHMe OCTaTO4YHOro oTrnedvarka c onpefje-
NleHVeM 3HayeHusa C B COOTBETCTBMU C (24), a Takke paccyuTbiBalOT 3Ha4yeHus napameTtpoB ¢u d/D , cooT-
BETCTBYIOLLME KOHEYHOWN TOUKE HarpyXeHus WHAEHTOpa W HAaxXOAsAT pelleHve ypaBHeHUs (25) OTHOCWTEsbHO
G-

10.3.3.7 Mpn peanusaumy KOCBEHHOro MeTofa npefBapuTesibHO HaxoA4UTCA KOoppesnsunoHHas 3aBu-
CYMOCTb 3HAYEeHUA C OT MapameTpoB AvarpaMmbl BAAB/VMBAHWA, B NEPBYIO oyepeb, OT Mb.

10.3.3.8 CKoppeKTMpoBaHHble Ha 06pa3oBaHue HanabiBa 3HaveHus d'c n eellpaccuntbiBatoT No ¢oop-
Mynam

c1=7c(p dc'/D), (29)
dc =c edc, (30)
eefl=ft (dc HO). (31)
10.3.3.9 3HaveHnsa i n R'€l ¢ yueTOoM Han/biBa paccuyMTbIBaOT Mo hopmynam
R'en'= H[T/((c")2*")), (32)
'1= (d'c / D) « (Er/ R'eff). (33)

10.3.3.10 Mo nony4YeHHbIM 3Ha4YeHuAM e'el’ n R'dt cTpoAT annpokcMMauunio B BUAE CTEMEHHON (hyHK-
umn
R'ef=rR(Sef)=R 'b (S'eff/lW)” b (34)
10.3.4 HaxoxpaeHune oT.
10.3.4.1 MMpyn HaxoxXAeHUn OT MCMNO/b3YyT NpeacTaBneHve guarpaMmMbl 3G EKTUBHBIX HANPSHKEHWIA

noj WHAEHTOPOM B BUAE CTEMEHHON 3aBUCUMOCTU (34).

10.3.4.2 Ha gnarpamme 3heKTUBHbIX HAMPSHKEHWI BbIOMPAIOT TOUKY HOPMUPOBKK € = e0.

10.3.4.3 PekomeHayeTcs Bbl6bupaTb 3HavyeHne ATakum obpasom, 4To6bl OHO npesbiwano 0,01 u co-
OTBETCTBOBA/I0 PEXUMY Pa3BUTOM NAACTUYHOCTM NGO TOM YacTy NEPEXOLHOro pexuma, rae Y mano otnu-
yaeTca oT Yirex-

10.3.4.4 BbluncnaoT 3HaveHne RO.

RO =fR(e0). (35)
roe yHkums fRonpegensetca cdopmynoii (34).
10.3.4.5 lMpu BbIGOpe 3Ha4YeHus eo, yaosneTsopsowemy 10.3.4.3, pekomeHayeTcs 3ajaTb YC/oBue,
ceasblBaolee ROV e0IMHeNHON tyHKUmel

Ro=1LlI) (36)
10.3.4.6 Mpumep HaxoxaeHnsa RO nokasaH Ha pucyHke 9

PucyHok 9 - Mpumvep HaxoxaeHus RO

13
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10.3.4.7 0T HaxogaT Kak dyHkumio ot RO.

aTt=./p Ro 37)
MpumeyaHune - Bug 3aBucumoctn fpycTaHaBMBaeTCs 47181 KOHKPETHOTO MaTtepvasia Ha OCHOBaHWKM COMoc-

TaB/1IEHNA PaCYETHbIX 3HaueHuii ¢ JKCNepnMeHTa/IbHbIMN AaHHbIMW B COOTBETCTBUN C [1]

10.3.5 HaxoxpgeHne oB

10.3.5.1 TMpun HaxoxaeHMn OB Amarpamma «3peKTUBHOE HanpskeHue - adpdekTuBHas gedopma-
LuMa» nepecTpamBaloT B AMarpaMmmy «yc/iOBHOe HanpsxeHue - ycnosHasa gedopmaunsa» [10] no dpopmynam

Ry= Ref e"eff- (38)

ey=e Eff-1. (39)

10.3.5.2 HaxogAaT MakCUMyM YCNOBHbIX HaNpsyKeHWin. [ns 3Toro guarpammy «yc/loBHOE HanpshkeHue

- ycnoBHas gedopmaunsa» Ana yactu gumarpammel BaasnusaHua ot (0,2 - 0,5)-Fnmax Ao Frax annpokcumm-
pylOT NOIMHOMWAIbHON 3aBUCUMOCTbIO

Ry=Tf (ey), (40)

MpumeyaHne - PekomeHayeTcsa NCMNO/b30BaTb KBa,D.paTVIHHbIVI NOJINHOM.

10.3.5.3 Haxogat makcumym Rymex coyHkumum T (ey).
10.3.5.4 Mpumep HaxoxaeHNA Rymex nokasaH Ha pucyHke 10.

PucyHok 10 - MNpumep HaxoxaeHus Fynax

10.3.5.5 crB HaxogAT kak (yHKLMIO OT Rymex
N Yrax m (412)

MpumeuyaHue - Bug 3aBucumocTy fm ycTaHaBNMBAOT A1 KOHKPETHOrO Marepuana Ha OCHOBaHMM Conoc-
TaB/IEHWs1 PACUETHBIX 3HAYEHUI C IKCMEPUMEHTASTBHBIMU AAaHHBIMW B COOTBETCTBUM C [1].

11 MpaBuna oPopMAEHUSA pPe3y/ibTaTOB UCNbITaHWIA

11.1 B npoToKone WUCNbITaHU yKa3blBalT:
- CCbI/IKM Ha HACTOALWMI CTaHaapT;
- maTtepuan obpasua;
- Marepuvan v gnameTp UHAEHTOPA,
- YNCNO LMK/OB;
- napameTpbl KaX[oro n3MepuTesibHOro LuMKIa, BK/Yas:
- CKOPOCTb Harpyskuv u pasrpysku;

14
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- MakCMMarbHbIE 3HAYEHUS Harpy3Ku;
- CTeneHb Pasrpyskn Ana NPOMEXYTOUHBIX LUKSIOB;
- BpeM$1 BbIAEPXKKU M0 HArpy3Kkou;
- CBEIEHMS1 0 METOAAX UHTepnpeTaLmMm auarpaMmmbl UHAESHTUPOBAHUSA, BKMIOYAA:
- METOA, NPUMEHSEMbIN ANA ONPeAETIeHNS HYNEeBON TOYKMU;
- METOA, NPUMEHSIEMbIN ANA ONPeAeneHns HAa4anbHON TOUKN BbIAEPXKKU;
- METOA aHanu3a KpUBOW pasrpy3ku;
- METOJ BOCCTaAHOBMNEHUA KpnBOW AehopMUpPOBaHMA (NOLMKIOBLINA SN MOTOYEYHbIN):
- 3Ha4yeHue Cp,;
- METOA Y4Y€eTa nonpaeok;
- METOA HaxOXAEeHUs npegena TeKy4eCcT U BpEMEHHOTO CONPOTUBIEHUS;
- NONyYeHHbIE pe3ynbTaThbl, BKIOYaS:
- napameTpbl rMyOuHbl Apay he;
- 3Ha4eHune HB;
- napaMeTpbl AuarpaMmmMbl SPPEKTUBHBIX HANPSHKEHWIA Ry, Ny, Ry, N';
- NapaMeTpbl pacyeTa MexaHU4YeckUx CBONCTB €o, Ro, R max;

- pesynbTaThbl pacyeTa MeXaHU4eCKUX CBOUCTB G, Cy;

- AaTa 1 Bpems NpoBeAeHUS UCTIbITaHUI.
11.2 Ecnu McnbITaHUS SBRISIIOTCS YaCTbio HAay4YHO-UCCIeA0BaTeNbCKkUX paboT, TO pe3ynbTaTtbl UCTbITa-
HUIi cneayeT ohopMnATL B COOTBETCTBUM C TpeboBaHuamu TOCT 7.32.

15
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MpunoxeHne A
(cnpaBouHoe)

0630p METOAUK MHTEPNPeTaLMn AuarpaMM BOaBIIUBaHUSA

MHCTpyMeHTanbHoe WHOEeHTUpOBaHUe ABNAETCA B HACTOsILLEe BpeMA OAHWM M3 Haubornee nepcrekTUBHbLIX He-
paspyLuatoux crnocoboB 6e306pa3sLioBOi OLEHKU MeXaHUYeCcKUX CBOWCTB MeTanmnoB M Ux cnnasoB. MeToa no3BonsieT
nony4nTb, B OTNMYME OT TPaAULMOHHLIX METO40B TBEPLOCTHU, 3aBUCUMOCTb U3MEHEHUST HanpsxeHUn 1 gedopmaumii B
30He oTnevaTka OT MasblX YNpyro-nnacTuyeckux 4o 6onbLUMX NpUBEAEHHbIX NNacTudeckux gecdopmauuii U no Hew oLe-
HUTb XapakTepUCTUKN NPOYHOCTH, Nofy4aeMble NP OAHOOCHOM pacTsXeHWU o6pas3LioB.

MepBble NOMLITKM ONpeAeneHnus MexaHn4eckux CBOMCTB NyTeM BAaBMWBaHUSA XECTKOro UHAgeHTopa 6binu caena-
Hbl B KOHLE 19-ro — Havane 20-ro BekoB. BpuHenne paspaboTan METOA M3MEPeHUs TBEPLOCTU BAABNMBaHUS LUapa npw
MOCTOAHHOW Harpyske, BrMocneAcTBMM NOMyYMBLUMA ero UMA. B npouecce cBOUX 3KCNepUMEHTOB BpuHennb 3aMmeTun,
YTO TBEpPAOCTb MPUMEPHO B 3 pasa Gonblue BPEMEHHOrO COMPOTUBIEHUA ANA BONBLUMHCTBA KOHCTPYKUMOHHBLIX CcTanen
[10].

Bnocneactsum Bonpoc 0 BO3MOXHOCTU HaxoXAEHUA BPEMEHHOro CONpoTUBNEHNUA MaTepuana no ero TBepaocTU
ucenegoBanack MHOTMMU aBTopaMu U Jaxe OblNa BHeCeHa B MeXAyHapoAHbI cTaHaapT [11] ANna wupokoro knacca
cTanen, a Tawkke B oTedecTBeHHbIA cTaHgapT TOCT 22761 ANA KOHCTPYKLUMOHHBIX CTanei nepnuTHoro knacca. OfHako,
Kak 6bln 0TMeYeHO B [12], BOBMOXHOCTL pacnpocTpaHEeHUs Takoro Noaxofa Ha Apyrue MexaHu4eckue cBoicTea ABnseT-
cs npobnemaTnyHON.

Passutem metopa BpuHenna sBnsetca meTod NocnefoBaTenbHOro BAABNUBAHUA WAPOBOro WHAeHTopa. B
1908 Meitep [13] BBEN ansTepHaTUBHOE NOHATUE TBEPAOCTU, FAe CUNa OTHOCUTCA HE KO BCEW NOBEPXHOCTU JYHKHU, KakK Y
BpuHenns, a K nnowjagm npoekunun otnedvaTka Ha rOpU3OHTaNbHYIO NNOCKOCTbL W NoKasan, YTo onpeAeneHHas Takum
obpa3oM TBepAOCTb (TBepAoCTb No Meliepy) ¢ yBenuyeHuem rnybuHbl BaaBnuBaHns BeaeT cebsa kak HekoTopasi cTe-
neHb OT guameTp NyHKW, MpUYeM, 3Ha4YeHne 3ToN cTeneHun (Nony4nsLlen nosgHee HasBaHue «uHgekc Meilepay) 6nmusok
Mo 3HaYeHWIo K NokasaTerlo cTeneHn ynpodHeHus Matepuana. [ocne sToro MHorne ydeHole paboTtanu Hag 3apadeit
NoSy4eHU MexaHUYeckux CBOMCTB NO XapaKTepucTukaMm TeepaocTn. Hanbonee 3HaduMblil BKNag B 3TOM HarnpaBneHun
6b1n cgenaH [. Teitbopom [2] u M.M. Mapkosuom [6].

B 1951 Tainbop [2] nokasan, 4To No pesynbTaTaM UCNbITAHUIA C NOCNefOBaTENBHO yBENMUuBaloLleica rmybuHoi
BAABNWBaHMS Liapa ANA LUMPOKOro Knacca MaTepuanos MOXeT ObiTb BOCCTaHOBNEHA AuarpaMMa «HanpsbkeHue — fe-
dopmauus». TBepaocTb no Meilepy okasbiBaeTcs NpU 9TOM NPONOPUNOHANbHa HaNPSPKEHUIO B HEKOTOPOW TOYKe Ha
KpUBO «HanpskeHne — pecdopmaLusy, nonydaeMon Mpu UCMbITaHUU MaTepuana MeTOA0M OfHOOCHOIO pPacTsKEHUS.
KoaduUUeHT nponopLMoHansHOCTU (MOSTyYUBLLIMM HasBaHue KoadduLmMeHTa OTHOCUTENBbHOIO AaBrieHWUs) okasancs
6nm3kuM K 3HaveHuto 3. B [2] npeanoxeHa Takxke dopmyna s HaXoXAeHNs] COOTBETCTBYIOLLErO TaKoW TOYKe 3HaYeHUs
apekTBHOA gedopmMaumu (16). AnbTepHaTMBHbIE POPMYIbl HaxoxaeHUs acdekTuBHON AedpopMaLn nog UHAEHTO-
poM B AanbHellleM npegnaranuck pasnuyHeiMu asTopamu [16], [14], [20], Ho dopmyna Tailbopa ucnonbsyetcs Hanbo-
nee vacto. B paboTtax Mapwa [15] n OxoHcoHa [3] 6bINI0 OTMeYeHO, YTO KO3(MULMEHT OTHOCUTENBHOMO AaBNEHUA
MOXHO CYUTaTb MOCTOSHHEIM TONBKO NOcne JOCTUXKEHUS peXuma pasBUTOR NNacTUYHOCTU, a B NPOMEXyTouHol obnac-
T MeXAY PEeXUMOM YNpyrocTn U PEXUMOM pa3BUTON NMAacTUMHOCTU OH M3MEHAETCS Kak NMHenHas dyHkuma norapudpma
oTnevatka. B uenom, noaxod, cBs3aHHLIA ¢ MMeHeM Telibopa xopollo cebs 3apekoMeHfoBar, HO caM MeTof, OCHO-
BaHHbIA Ha ONTUHECKOM U3MEepPEeHUMN NnocnefoBaTeNbHO USMEHSIIOLLUXCA OTNEYaTKOB OKasarncs CrULIKOM TPyAOeMKUM U
He npurofdeH AN NPakTUYEeCcKoro UCNorb30BaHuUS.

BbIXOAOM M3 CMOXMBLUEHCA CUTyaLUn ABMSETCA HenpepbIBHOE U3MepeHue rmybuHbl U cunbl BAaBNUBaHWUSA WH-
ZeHTopa. NepBas Takas gnarpamma 6bina sanucaHa MapTeHcom [16]. Pa3BuTue aToT MeTOZ Nony4yun B KoHUe XX Beka
C MosiBNEHWeM KOMMbIOTEPOB, NO3BOMALWMX 3anucbiBaTh AnarpaMMbl BAasnMBaHusA. HoBblid MeToZ, OCHOBaHHLIA Ha
3anncu KMHeTUYeCKoW auarpammel BAABMAUBAHWUA NMO3BONUM UCKITIOYUTE CYOBLEKTUBMU3M MPU U3MEPEHUN oTnevaTka, npe-
JocTaBun 3Ha4YuTeNbHO Gonbliue dakTUYeckon MHdopMaLMn o npoLecce foKkansHON ynpyro-niacTuieckon gedgopma-
Lmun 1 obecne4nn nonHbIi KOHTPOSb 32 MPOLIECCOM UCMBITaHUS, NpUBNU3nB ero K 06pasLioBLIM UCTLITAHUSAM Ha OAHOOC-
Hoe pacTsXeHWe. Pe3ynbTaToM MHOMOYUCIEHHbBIX UCCRefoBaHNA ¢ UCNONB3OBaHNEM KWHETUYECKOW AnarpamMmMel, cpeau
KOTOpEIX CreayeT oTMeTUTb cTaTek byneivesa [17], Onusepa n ®appa [5] u Xarrara [18] sBnaeTca cosfaHue MexgyHa-
poaHoro ctaHfapTa [19] (KoTOpoMYy COOTBETCTBYET OoTevecTBeHHbIW cTaHfapT FTOCT P 8.748), rae sTOT MeTOA nony4un
HauMeHOBaHWe «MeTo[ WHCTPYMEHTANbHOro MHAEHTUPOBaHuSa». B aToM cTaHgapTe nponucaHa npoueaypa nposejge-
HUA UCMbITAHUA Ha BA@BMMBaHWE OCHOBHbLIX TUMOB MHAEHTOPOB, @ Takke OnucaHbl METOAMKN HaxXOXGEeHUs Xapakrepu-
CTUK yNpYrocTu, TBEpAOCTU U UHAEHTALMOHHON NON3y4ecT MaTepuarnos.

BaxHoii ocobeHHOCTLIO METOA@ MHCTPYMEHTaNbHOMO WHAESHTUPOBaHUS SBMSETCA TO, YTO OH MO3BONSAET OLEHMU-
BaTb U3MEHeHWe guameTpa obracTu KOHTaKTa Nof WHAEHTOPOM.

OTO NO3BONAET 0TKa3aTbCHA OT MHOXECTBEHHBIX ONTUYECKUX N3MePEHWA, XapaKTepHbIX 4N1s noagxoaa Taibopa, n
orpaHU4nTLCA aHanusom AnarpaMmMbl BaasnueaHus. C cepefunHbl 80-x roaos XX Beka 3TOMy Bonpocy 6binu NOCBALLEHbI
MHOrMe uccneaoBaHus. B nepsyto ovepefb HYXHO OTMETUTB paboThl nccregosaTtenbekux rpynn [18], [20], [21], cos-
AaBLUMX U BHEPUBLUKUX opUrMHanbHoe obopyfoBaHue ANs NpoBefeHWUs UCTbITaHUA, U HaKonuBLLKMX BoraThbll aKcnepu-
MeHTanbHbll MaTepuan. Takxe crnefyeT OTMETUTbL UCCreoBaHus, NpoBefeHHble B paboTtax [7], [22], [23], [24].

YHUUKauma metogmk obpaboTkn guarpaMM BAaBnvnBaHWa MOXeT ObiTb NpoBeAeHa Ha OCHOBe nogxoga Tanbo-
paun FTOCT P 8.748. [Npu 3ToM AONONHWUTENBLHO CeAyeT yY4ecTb crefyoLine ABa BaxHbIX 3ddeKTa; Nonsy4ecTb NHAEH-
TUpoBaHUA W oBpasoBaHWe HannbiBa NPU MHAESHTUPOBaHUK. 3TN adhdeKkThbl crnabo ckasbiBalOTCA NPY ONTUYECKOM M3Me-
PEHUM OTNEYaTKOB U 3HAYMMO BIIUSIOT NPW U3MEPEHUM Mo rnybuHe.
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MonayyecTb MHAEHTMPOBaHUA HaKNaAblBaeT 3HAUUTENbHOE BNUSAHWE Ha opMy AuarpamMmmbl. 3To obycrnoBreHo
3hheKTOM BA3KO - NNAacTUYHOCTU MaTepuana [24], koTopbil MOXeT HabnaaTeCcs AN BCeX TUMNOB METanmoB, Harpy-
XEHHbIX BhIlLEe npeferna TekydecTu. BnusaHue ckopoctn aedopmupoBaHus Ha ¢opMy Avarpammbl BAaBNUMBaHUS Mpo-
aHanu3npoBaHbl B NpuroxeHun B HacTosero cTaHgapTa.

Ha adbdpekT obpa3zoBaHus HannbiBa Bnepsble 06paTtunu BHUMaHue Hopbiopu n Camioane [25]). OHK ykasanu Ha
ux CBF|3I= co cnocoGHocn,ro maTtepuana K ynpodHeHuto. Xunn ¢ coastopamu [26] BBen B ynotpebneHve napameTp Ha-
nnbiBa ¢’= a/Dh W Ha OCHOBAHUM aHANUTUYECKOrO MoAenuMpoBaHuA npolecca BAAaBNUBaHUA CBA3aN €ro Co CTeneHbHo
ynpoYHeHus. (CnegyeT oTMETUTb, YTO NapaMeTp C OTNUYAEeTCA OT nNapameTpa €, U OCHOBHOE OT/INYME 3aKmtoYaeTcs B
TOM, YTO B 3HaMeHaTesne OA4HOro BblpaXeHUs CTouT nonHas rmy6uHa sgasnueaHus h, a B Apyrom — beHKLWIFl OT paccyu-
TaHHON rny6uHbI KOHTaKTa A, Ham6onbu.|ee pasnuuue Mexay HUMK — B ynpyroi obnactu, rge ¢ = 0,5 a ¢ = 1). Uccne-
[OBaHUS U3MEHEHUS NapaMeTpa ¢ Ha OCHOBAHUW YUCTIEHHOTO MOAENUPOBAHMSI MPOBE/EHbI B pabote [9], rae, B YacT-
HOCTW, MOKA3aHO CyLECTBOBaHWE NepexoAHOi o6nacTh A0 AOCTUXEHUS napamMeTpoM c° CTaUMOHapHOro 3Ha4YeHus,
npuyem ata obnacTb 3HaunTenbHO Bonblue, Yem onpeaeneHHas [PKOHCOHOM nepexofHas obnacTtb oT ynpyrux aedop-
MaLWi K NacTU4eckum.

Hapsgy ¢ deHoMeHonorndyeckum noaxodoM Talbopa pasBUBanuCh Takke U Apyrue MeToAbl, OCHOBaHHbIE Ha
YKUCITEeHHOM MOAEeNMpPOoBaHMK MpoLecca BaasnvBaHua. OfHO U3 MepBbIX UCCreA0BaHUil N0 MoAenMpoBaHuio Guino npo-
BefleHo B paboTe [27]. Bnocneactsun Obinu pas3BuTbl METOAbLl BOCCTAHOBMEHWA AWarpaMMbl  «HanpsxeHue-
JedopMaumsa» Ha OCHOBaHUM COMOCTABMIEHUS UX C 3KCMEepPUMEHTanbHO MOMyYeHHBIMU AnarpaMmu BaasnuBaHus [28] —
[31]

MockonbKky Npu pacTsxeHun obpasua, U Npu BAaBMMBaHUM LLIAPOBOro UHAEHTOPA B MeTanne uccnefyemMoro ma-
Tepuarna NPOXOASAT CXOXWe YMNpyro-nnacTu4eckne U3MeHeHNs HanpsXXeHHO-4edOPMUPOBAHHOTO COCTOSIHUS, MOXHO YT-
BepXAaTb, YTO B AMarpammax pacTsaXeHUs U BLaBnMBaHUA COAEPXNUTCA nofjobHasa nHgopmMaums o cBoiicTBax MaTepua-
na. CrnepoBaTefibHO, CYLLECTBYIOT HEKOTOpble BO3MOXHOCTU MepeBoja OAHOro Tuna guarpaMMmbl B Apyrod. OpHako,
BBUAY HErOMOreHHOCTW nons gecdopmMauuii Nof UHLEHTOPOM B OT/INYME OT OJHOOCHOTO PacTsIKEeHUs], MOCTPOeHUe TaKoi
YHUBepCcanbHO 3aBUCUMOCTU B aHanUTUYECKOM BUAE He MpefcTaBnseTcs BO3MOXHbIM. B ¢BA3M ¢ 3TUM nepcrnekTus-
HbIM METOLOM peLUeHUs ABNSAETCS UCMONb3oBaHWe HeWpOHHbIX ceTel [32], [33] — yHuBepcanbHbIX MaTeMaTU4ecKux
npeobpasoBaTteneii, CNOCOOHBIX BbISBNATL CTATUCTUKA BbICOKUX NOPSAKOB MPU Hanu4um goctatodHoi 6asbl cooTBeTCT-
BWIA BXOAHBIX U BBIXOAHBIX A@HHBIX.

17



FOCT P 56232—2014

MpunoxeHue b
(pekomeHayemoe)

AI'IbTepHaTI/IBHbII‘/JI cnocob6 pacyeTa BPpeMeHHOro conpotTmB/ieHnsd

B.1 AnbTepHaTVBHbI BapuaHT OLEHK OCHOBaH Ha nogxofe, NpeaioXeHHoM MapkoBuoM [6] v ucnonb3yeTt

KOPPENALMOHHYI 3aBUCMMOCTb OB OT 3HAYEHWI MakCHMyMa 3HauyeHuii TBepfocTM no BpuHennio (koTopas M3MeHsieT-
CS1 B 3aBUCMMOCTU OT Ny6MHbI MHAEHTUPOBAHNSA B UCMbITYEMbIi 06paseL).

MpumeuaHune - [JOCTOMHCTBO TaKoro cnocoba coOCTOWUT B €ro "n3nMYHOCTM": KakK 1 Mpu 06pasLoBbIX UCMbITa-
HMAX Ha OAHOOCHOE PacTsHKeHVe yyacTok AuarpaMMmbl edopMUpoBaHNs, onpefensiownii BpeMeHHOe CONpoTUBIEHWE,
CBsi3aH C ucuyepnaHueMm fedopMaunoHHOM CNoCOBHOCTM MaTepuasna, Tak UM y4yacTOK 3KCTpeMyMa 3HauyeHuii TBepAoCTu
no BpuHenno cBA3aH ¢ ucyepnaHuem gedopMaLMoHHON CNOCOBHOCTY MaTepuana nog uHaeHtopoM. OgHako, Ans psga
KOHCTPYKUMOHHBIX MaTepuasioB C BbICOKOM WCXOAHON NNacTUYHOCTLIO He HabnogaeTcss MakcMumyMma Ha rpadvke TBep-

foct no BpuHenmo. C yyeToM 3TOr0 PeKOMEHAYETCS MCMo/b30BaTb TaKoW Cnocob pacuyeTa A/l MeTaslsloB C paBHO-
MepHoi gecopmanmeii He 6onee 20%.

B.2 CTpoSAT NOAMHOMUasbHYO annpokcumaumio 3asucumoct HB\T(Een)m Mpy NoCcTpoeHWn annpokcumauuy Bbibu-
palT BEPXHIOK YacTb AgnarpamMmmbl MHAEHTMPOBaHMSA, HaumHas oT (0.2 - 0.5) Frax
B.3 Haxogat makcumanbHoe 3HavyeHne TBepaocTu /-tax.

B.4 [Ona onpepenexHns <7/B MCMNOJb3YOT COOTHOLIEHME

SB=/m2("max) (B6.2)

MpumeuvaHune - Bug zaBucumoctu f.. ycTaHaBNMBAIOT 415 KOHKPETHOTO Matepuana Ha OCHOBaHWM COmnoc-
TaB/IEHUSI PacyeTHbIX 3HAYEHWI C 3KCNEPYMEHTaIbHBIMW AaHHLIMU B COOTBETCTBUM C [1].

B.5 Ha pucyHke B.1 npefacTtasneH npumep HaxoXaeHUs Makcumyma TBepAoCTU.

PucyHok B.1 - TpumMep HaxoxaeHusa Makcumyma TBEPLAOCTM MHAEHTMPOBaHUA Luapa
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MpunoxeHne B
(PekomeHgyemoe)

MpuMep UCnosb3oBaHWs METOAUKM onpeaeneHns gnarpammel
«HanpsixeHue - gechopMayns» Ana KOHCTPYKLMOHHBbIX CTasnlell N UX CBapHbIX WBOB

B.1 O6wwue nonoxeHus

B.1.1 MNpwn BbiGOpe pexuma NPoBeAEHUS UCMbITAHUA yuTeHbl pekoMeHpaumn FOCT P.748, cornacHo KOTOpbIM
TUMUYHBIMWU ABISAKOTCA WCMbITAHWA, MPU KOTOPbLIX OA/IMTENILHOCTb 3TanoB HarpyXeHus, pasrpy3kn U BbIAEPXKU MPU Mak-
CUManbHO cune oanHakoBo U coctasnseT 30 cekyHs,.

B.1.2 YuTeHbl Takxe pekoMeHgauum MexayHapogHoro ctaHgapTa [34], rge ykasbiBaetcsl, Y4TO A/ TOro, 4YTo6bl
peXx1uMm MpOoBeAEHNS WCMbITAHUS HE OKasblBasl CYLUECTBEHHOTO B/MAHWS Ha hOPMY KPUBOW pasrpyskv, JO/HKHO BbINOJI-
HATLCSA yCnoBue

¢f>10 xqc s, (B.1)
roe <F- CKOpOCTb CHATMSI CWAbI; C - CKOPOCTb MHAEHTALMOHHOW MOM3y4yecTn marepuana B KOHLE aTana BblAEpXKU ne-
pes, MOMEHTOM CHATUS Harpysku.

Vcxodn 13 3TOro MOIOXKEHUS, CKOPOCTb CHATUS Harpysku ANna cTasieil 6bina yBenuyeHa, a, cnegosaTesibHO, Bpe-
MSI CHATUSA Harpy3ky YMEHbLUEHO N0 CPaBHEHUIO C pEKOMeHAaunAaAMKN, U31oXeHHbIMU B B.1.1.

B. 1.3 VickaxeHune hopMbl KpMBOW pasrpyskM 06ycrioBneHo adhdIekToM nonsyvyectv MHAEHTUPOBaHUS.

B.1.4 3ddhekT Non3yvyecTv UHOEHTUPOBAHUSA OKasblBaeT B/IMAHME Takke Ha (hopmy yyacTka Harpysku guarpam-
Mbl BAaB/MBAHUA.

CyliecTByeT HECOOTBETCTBME MEXAY CKOPOCTAMM fdedopmaunn npyu UCMbITAHUAX HA PaCTSXXEHWE N CKOPOCTSAMM
n3meHeHus ahdekTMBHON gedhopmauuy Npy UCAbITAHUAX METOAOM MHCTPYMEHaIbHOTO MHAEHTUPOBAaHWS.

Ha pucyHke B.1 npefctaBfieHbl U3MEHEHUS CKOPOCTU 3hheKTMBHON AedhopMauun nog UHAEHTOPOM AN Tpex
06pasuoB CTanu C pas3/IMyHOi TBEPAOCTbIO. W3 pucyHka B.1, BUMAHO, YTO CKOpPOCTV AedhopMauum U3MEHSIETCA B XOA4e
UCMbITaHMSA B LUMPOKOM AnanasoHe U Ha HayaslbHOW (hase OHWM 3HAUYUTENbHO MPEBbLILAT CKOPOCTU M3MEHEHMS aedop-
Mauuii Npu pacTshkeHun, cocTasnswowern 2,5K0'4 c'1- 2,5 10'3 c'l npu onpegeneHnn npegena TeKyvyecTu COr/1acHo
FOCT 1497.

PucyHok B.1 - Mi3MeHeHne ckopoCcTh adhdpeKTUBHO Aedpopmal i nog HAEHTOPOM
AnameTpom 2,5 MM Npy BAABMMBAHWM B TpK 06pasLa ¢ pasvyHoil TBEPAOCTbLIO NP OAHOLMKIOBOM PeXUMe UCTbITaHNs

B.1.5 Ha pucyHke B.2 npuBegeHbl rpadmkm N3MeHeHnUs CKopocTu adhdpekTUBHOW fechopmaumm nog UHLEHTOPOM
AvameTpoM 2,5 MM Npy MHOTOLMK/IOBOM PEeXMME UCMbITaHNA C Y4eTOM BPEMEHMU BbIAEPXKKN
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PucyHok B.2 - /i3MeHeHne cKopocTy adhdpeKTUBHOI Aedhopmaliun nog HAEHTOPOM
AMamMeTpoM 2,5 MM Npu MHOTOLMK/IOBOM PEXUME UCTbITAHKS C YYEeTOM BPEMEHU BbIAEPXKKNA

B.1.6 na NpoBefeHNs UCMbITAHWIA Ha BAAB/MBAHWE W PaCTSXEHWE B CXOAHbIX AvanasoHax CKopocTel aedop-
Mauum pekoMeHAyeTca UCMNosb30BaTb Cneayolmne noaxoabl:

- YMEHbLUUTb CKOPOCTb HAarpy>XXeHns Ha HayaslbHOM y4yacTke A/15 OAHOLMKIOBOIO peXxvma MCMbITaHui,

- MPOBOANTbL MHOTOLMKNOBbIE UCMbITAHUA C MPOMEXYTOUHbIMW BblAEPXKaMU. DKCNEepUMeHTabHble HabnwaeHus
NnoKasblBalOT, YTO K KOHLUY BbIAEPXKA NPOAO/KMUTENBHOCTBIO 30 CeKyHA CKOpOCTb Aedhopmaumm ymeHbluaeTCcsl Ha ABa
nopsgka. Nposeasa KpYBYH MO YrNoBbIM Toukam (/7 ma , Flnmex) nepexofa OT BbIAEPXKKM K pasrpyske, MOXHO MOJyynTb
Avarpammy BAABVMBaHUA MPaKTUYECKN He 3aBUCALLYI0 OT CKOPOCTU (cAenaTb nonpaBKy Ha WMHAEHTaLMOHHYI0 BA3KOCTb,
Ha OCHOBaHUW Mpoueaypsbl, onucaHHol B 10.2). ina o60ocHOBaHMA 3Tol Npouedypbl criedyeT NMPOBeCcTW COMOCTaBIeHNs
C pesynbTartamu, Nnosly4eHHbIMU NP MHOTOLMKNOBBIX UCTIbITAHUSIX.

B.1.7 PekomeHayeTcsi BbibupaTb B KAYeCTBE MaKCUMallbHOWN HarpyskM Ha UHAEHTOP 3HAYeHWe Harpysku, 61v3Koi
K pEKOMEHO0BaHHOW Mpu n3MepeHun TBepgoctn no BpuHennto (TOCT 9012).

B.2 Pexumbl ucnbiTaHuit

B.2.1 Pexvum OAHOLMKI0BOrO UCMbITAHUSA:

- Bpems Harpy>xeHus 30 cekyHp;

- BpemsA Bbiaepxku npu Frax 30 cekyHa.

- BpemsA pasrpysku 10 cekyHp,.

MakcumasibHaa cuna onpegensaerTcs CooTHOLeHnem

F
—A =400 HIMM2, (B.2)
D2

B.2.2 PexvuM MHOrouukioBOro UcnblTaHUs

MapameTpbl MHOrOLUMK/IOBOrO peXumMa UCNbITaHWiA gnsi cTaneid n UX CBapHbIX MaTepuasnioB BbiGpaHbl COraco-
BaHHbIMM C NapameTpaMn OAHOLMKNOBOIO PEXUMA UCTbITaHWA:

- YAC/O UMKNOB 7,

- MakcumasnbHas cuna Fn@onpepensietcst cooTHoweHneM (B.2);

- NPOMEXYTOYHbIEe TOUKM Bbigepxku: 0,8 Fnax 0,6 Fnax 0,4 Fnax 0,2 Fnax 0,1 Frax 0,05 Fnag

- MPOMEXYTOUHbIe pasrpy3ku NPOM3BOAATCA A0 3Ha4YeHWs, paBHOro 0,2 oT Fnax Ha Tekyliem uykne;
CKOPOCTb HarpyeHusi NocTOsIHHA 1 paBHa CKOPOCTW HAarpyXXeHUsi Npu OAHOLMKNOBOM WCMbITAHWY;
BpeMs BbILEPXKM Ha Bcex Luknax 30 cekyHz;
- BPeMmsi pasrpy3ku HarnpoMexyTOUHbIX LMKIax 8 CekyHa;
- Bpemsi OKOHUaTesibHOl pasrpy3ku 10 cekyHA,.

B.3 O6paboTka pe3ynbTaToB UCNbITaHUIA

B.3.1 MpepgapuTenbHyo 06paboTKy pe3y/bTaToB UCMbITaHUSA NPoOu3BOAAT B cooTBeTcTBUM ¢ 10.1.

B.3.2 YuyeT ynpyrux CBOWCTB M UHAEHTALVOHHON NON3y4YecTy Npon3BOAAT B cooTBeTCcTBUM C 10.2.

B.3.3. OnpepgeneHune guarpamMmmbl «HanpspkeHve - aedopmaiumsa» no pesysbraraM WUCNbITaHUSA marepuasa MeTo-
[OM MHCTPYMEHTaNIbHOr0 UHAEHTMPOBAHUS Liapa NPoBOAAT MO heHOMEHO10rMYeckon meToavke B cootseTcTeum ¢ 10.3.

BbibpaHa chopmyna pacuyeTta adpdhekTnBHOW gechopmaumm nog uHaeHTopom (15), npy aToM OUTYpUpYyOLWNA B
37Ol hopmyne napameTp £Tax pas/iMyaeTcsa A5 ayCTEHUTHbLIX W HEayCTEHUTHbIX MaTepuasioB. ITO OOBLACHSETCS TEM,
YTO ayCTEHUTHble CTa/IM OTHOCATCHA K MeTacTabuibHbIM Marepuanam, No3aToMmy Mpu naactuyeckor aedopmauum He
TOMBKO YMPOYHAIOTCA, HO YU MOANMULMPYIOT CBOK KPUCTA/IIMYECKYIO CTPYKTYPY, W3MEHSSA Mpy 3TOM XapakTep Aguarpam-
Mbl JedhOpPMUPOBaHNSA.

[na HeayCTeHWTHbIX MaTepuanos, Y KOTOpbIX hopMa AuarpamMmbl BAAB/IMBAHWA B 3HAYMTE/IbHOW CBOel 4acTu
MOXeT ObITb OnMcaHa CTeneHHbIM 3aKOHOM, BblGMpaeTcs cTaHAapTHoe 3HayeHue (16).
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[lns ayCTeHUTHbIX MaTepuasnoB, y KOTOpbIX dopMa AuarpamMbl BAAB/MBAHUS GMXEe K IMHEHOl 3aBUCMMOCTH,
BblGUpaeTcs 3HaYeHne
Crax- 0,3. (B.3)
Bbi6upatoT chopmyny pacueta V (20) ¢ koadhpuuneHTamm
1T —2,5, drax —b4, dT11 —1,075, dhnax —3.

Y4yeT HannbiBa Npous3BoauTCA B COOTBETCTBMM C M. 10.3.4 C MCNO/Ib30BAHMEM KOCBEHHOIO METOAa HaxOoXAeHUs
napameTtpa cTaxB cooTBeTcTBUN ¢ 10.3.3.4.

BbibupatoTca cnegyowme 3HaveHns napametpos:gpcrT= 3, derax = 400, 5Tax= 0,3.
dopmyna gna onpegeneHva crax, HalgeHHas Ha OCHOBaHUW COMOCTaB/IEHWS pe3ynbTaTtoB 3anucu avarpamm
BAABNVBaHNA C pe3y/nbTaTamMn U3MepPeHUs gnaMeTpoB oTnevaTkos (CM. pucyHok B.3), nmeet Bug;

Ct=1,13-0,3 /b (B.4)

Ha pucyHke B.4 npepacTtasfieH NpumMep BOCCTAHOB/IEHWSI AMarpaMMbl PaCTSHKeHWsi Mo AvarpaMMme MHOTOLMUKI0BO-
0 BAAB/IMBAHUSA

Mb

PucyHok B.3 - ConocTaBneHue pe3ynbTatoB M3MEpPEHUs napameTpa HansibiBa Qrex
n koadhmymeHTa nbansa 6asbl 06pa3yoB CTa/IM U CBAPHbIX LUBOB

(@) (6)
¢ - pe3ynbTaTr BOCCTAHOB/NEHUS NO AnarpamMmme BAaB/IMBaHUS,
O- pe3y/sibTaT BOCCTAHOB/IEHNA TOYKM Ha gnarpamMme Ha OCHOBaHUU

ONTNYECKOro U3aMepeHna otnedartka,
----- JKCNnepnmMeHTasibHO noJsiy4yeHHaa anarpaMmma OAHOOCHOIo pacTsaXeHuA

PucyHok B.4 - Mpumep BOCCTAHOB/IEHUA Anarpamm «HanpskeHve - gedopmauns»
nns obpasyos ctanu 20 (a) n aycTeHUTHOW cTanu (6)

B.3.5 HaxoxgeHue <T() npoBogAT B cooTBeTcTBMM ¢ 10.3.4.
HaxoxaeHune ToUkM HOPMUPOBKM B coOoTBeTCTBUM C 10.3.4.2 paccunTbiBaloT no gopmyne

$#=0.1(£0-0.01)Er. (B.5)
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YpaBHeHue (B.5) coBMecTHO ¢ (35) cocTaBnAoT HENWHEHYI0 CUCTEMY, KOTOPYIO CreayeT pewwmnTb OTHOCUTENBHO
€0, Ro.
DOyHkuuA fy, onpeaeneHHasn B 10.3.4.5, umeeT Bug

fo(Ro) = -0.00015 Ry’ + 0.94 Ry. (B.6)

B.3.6 HaxoxaeHue GB MOXeT NpoBOAUTLCS Kak B cooTBETCTBMU ¢ 10.3.6, TaK U B COOTBETCTBUM C MPUNOXEHU-

emb.
OyHKUMA fre, onpegenenHan B 10.3.5.5, umeet Bug

fr1(Rmax) = 0.98 Rmax AN HEQYCTEHUTHBIX CTarnei, (B.7)
frrt(Riax) = 0.65 Riax + 250 H/MM? ans AaYCTEHUTHbIX CTanew. (B.8)

MpumMeyaHune—[Ina aycTeHUTHLIX cTanei onpeAeneHo cneynanbHoe ypaBHeHUE B CBSI3U € TEM, YTO 3Hade-
HWe BPEMEHHOro COMPOTUBMEHUS ANA 3TUX MaTepuarnoB AOCTUraeTCA NpU 3HaveHusiX AedopMmauun MHoro Gonblumx,
YeM 3HaYeHUe MakcuMarnbHO JOCTUXNMOIA adbdeKTUBHOI AedopmaLumn Nog WHAEHTOPOM.

~
B.3.6 AnbTepHaTuUBHbLIA cnocob HaxoxaeHUs GB MOXeT NPOBOAUTLCA Kak B cootBeTcTBUM € 10.3.6, Tak U B CO-

OTBETCTBUU C NpUNoxeHnem b.
OyHKUMA frp, ONpeaeneHHasn B 6.4, umeeT Bug

fro(Hmax) = 0.3 Hmax  ANA HEAYCTEHUTHDLIX CTanei, (B.9)
froo(Himax) = 0.165 Himax + 300 H/MM? Ansi ayCTEHUTHBIX cTanei. (B.10)
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Mpunoxenune I'
(cnpaBoyHoe)

Bepudumkauma metoaukm onpeaeneHus amarpaMmmbl
«HanpsxeHue — aeopMaumsa» OnA KOHCTPYKLUMOHHLIX CTarei U UX CBaPHLIX WBOB

[na Bepndukaymm MeToaMKN onpeferneHne AuarpaMMbl «HanpspkeHue — gedopManusi» no pesynsrataM UCbl-
TaHWA MaTepuana MeToOM UHCTPYMEHTanbHOro UHAEHTUpPOBaHMUSA Luapa B COOTBETCTBUM ofobpeHHon MAIATO npo-
rpammolii [35] 6bina cospaHa 6asa 06pasUoB A4S CPAaBHUTENbHBIX UCTILITAHUIA METOLOM WHCTPYMEHTaNbHOIO UHAEHTU-
poBaHNA U METOAOM OJHOOCHOro pacTsikeHusi no FOCT 1497.

Bbinu BLIGpaHbl KOHCTPYKLMOHHBIE CTann M UX CBapHble COEAMHEHUs], UCTOMb3yeMble Ha aTOMHbLIX CTaHLUSIX,
cneaytowmnx mapok: ¢t 20, 08X18H10T, 15X2HM®A, 10MH2M®A, 16I'C B pa3nuyHbIX COCTOAHUSIX.

Beina npoeefeHa cepusi KOHTPONbHBIX NabopaToOpHbLIX HE3AaBUCUMbIX UCMLITAHUA Ha OJHOOCHOE pacTsXeHWe M
WHCTPYMEHTanNbHoe UHAEHTUPOBAHUE C LieNbo OLEHKU NOrPeLlHOCTEN NpefCTaBNeHHOW METOAUKU pacyeTa MexaHnye-
CKWX CBOWCTB MO XapakTepucTukam TBepAoCTH.

Mpu conocTaBneHUN pesynbTaToB, NOMYYEHHBIX C UCMONBL30BAHUEM pas3fUYHBIX UHAEHTOPOB (AuameTpom 2,5
MM 1 1 MM), @ TaKKe NMpU CONOCTaBfIEHWEe pPe3ynbTaToB, MOMyYEHHBLIX PasfIUMHLIMU METOAUKAMMU (MOTOYEYHOW M NMOLUK-
N0BOA), 3HAYMMBIX pacxoXaeHWin He nonydeHo. UckniodeHne cocTaBmnsAloT 3aBbIlLEHHbIE pe3yrnbTaThl U3SMepeHus rnpe-
flena Teky4ecTu ¢ UCMoNb3oBaHNEM UHAEHTOpA ANaMeTpoM 1 MM.

CpenaH BbIBOG, YTO AN MaTepuanoB C KPYNHbIM HeperynspHbIM 3epHOM (ayCTEHUTHas UMW nuTas cTpykrypa)
AN nonyYeHns AOCTOBEPHON MHOpMaLuK cnegyeT UCNofb3oBaTk UHAEHTOPLI AUaMeTPOM 2,5 MM U BhILLE.

B tabnuue "1 npegcTaBrneHo conocTaBneHne pe3ynbTaToB UCNbITaHWIA Ha BAaBNWBaHWE Lwapa AnaMeTpom 2,5
MM C pesynsTaTtamu UCMblTaHui Ha pacTsxeHue. O6paboTka AuarpaMm BaaBnMBaHWA NPOM3BOAUNACh NOTOYEYHO. Bbi-
YUCNANOCH CpefiHee 3HaYeHUe Mo pesynbTaTaM 5-Tu UenbiTaHuid. Pe3ynbTaThl cONocTaBneHUs UINIOCTPUPYIOTCS rpa-
dukamu, npeacTaBneHHBIMU Ha pucyHke IM.1.

PacxoxgeHue aHa4yeHunin MexaHU4ecKkuX CBOMCTB npu onpegeneHnn (g 1 {1 He npeBbiwaeT 10%.

Ta6nwuuyal.1-ConocraBneHne pesynbTaToB UCNbITaHUIA Ha BAaBNMBaHWe LWapa AuaMeTpoM 2,5 MM Nno peHOMeEHOo-
1lornyecKoil METOAMKE C pesynbTaTaMu UCTBITaHUA Ha pacTskeHne

PesynbTathl ucnbitaduii, MMa
MaTepuan Ne CocTosHMe Ha pacTsbkeHue Ha BAaBnuBaHuWe
gr (B ST SB
1 VcxogHoe 294 449 320 433
2 Hopmanusauus 335 453 341 443
Cranb 20 3 Omxur 275 420 277 401
4 3akanka 466 704 515 664
5 3akanka+oTnyck 386 503 409 515
1 NexogHoe 1 182 532 198 519
M MexogHoe 2 307 606 293 557
08X18H10T 2 TepmoaedopmaLmoHHas obpaboTka-1 487 639 445 666
3 TepmoaedopmaumnoHHas obpaboTka-2 395 604 371 629
4 TepmogedopMaLmoHHasi obpaboTka-3 393 633 360 631
1 3akanka+oTtnyck, 1 957 1102 951 1081
15X2HM®DA 2 3akanka+oTnyck, 2 954 1154 982 1132
3 OTnycK 486 624 520 636
npoeonoka 4 CBapHoW LWos, 1 659 777 684 801
5 CBapHOM OB, 2 686 860 757 901
09XTHMTA-BM 6 CBapHOWi LLIOB, 3 528 812 555 671
1 VMcxogHoe 464 580 507 604
16rc 2 3akanka+oTnyck 893 941 834 966
3 TepmoaedopmaLmnoHHas obpaboTka 577 615 549 653
Onektpogbl YOHU-| 4 CsapHoli Wwos
13/55 605 680 587 705
1 McxonHoe 335 537 371 511
10rH2MOA 2 3aKkasnka+oTnyck 797 903 806 939
3 Linknnyeckoe Bo3geincTene 420 551 407 552
4 TepmogedopmaumoHHas obpaboTka 690 705 628 693
Onektpogbl YOHU-| 5 CsapHoli woB
13/55 465 542 448 548
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PucyHok I".1 - ConocTaBneHne pe3ynbTaTtoB OnpefefieHns npegesna Teky4yecTu (a) ¥ BpEMEHHOro conpoTuneneHus (6)
no heHOMEHOMOrMYecKo MeToAMKe C pesy/ibTaTaMn UCTbITaHW Ha pacTshKeHue.
LLITpuxoBaHHOI NUHMEI 0603HaYeH A0BepUTE/bHbIN MHTepBan 10%
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MpunoxexHne [
(pexkomeHgyemoe)

UuncneHHass MeToAMKa MHTepnpeTaummn pes3ynbTaToB UCNbITaHUR MeToA0M
WHCTPYMEHTANbHOTO UHAEHTUPOBAHUSA LWapa

0.1 BBepeHue

O.1.1 YncneHHas MeToAMKa, OCHOBaHHas Ha MPUMEHEHUW pacyYeTHON KOHEeYHO-3/IeMEHTHOM MoAenu npouecca
VHAEHTMPOBaHNSA Wapa no3BOJISET pelwarb cnegyolme 3agaun:

- pacwmpeHune 6a3bl AMarpaMM PacTsXKEeHUs W BAAB/MBAHWA [1S1 NMOCTPOEHWS KOPPENSALMOHHBLIX 3aBUCUMOCTEN
NSt PEHOMEHO/IOMMUECKO MEeToAVKY;

- NepBUYHas OTOPAKOBKA HEKAYECTBEHHbIX AMarpamMmM BAAB/IVBAHUS;

- paclumpeHve 6asbl guarpaMm pacTsKeHUs 1 BAABNVMBAHWS A8 HelipoceTeBoi MeToAuKY;

- KONIMYECTBEHHAas OLEeHKa pacnpefenieHns nosei HanpsbkeHuin v aedopMauuii Nof UHAEHTOPOM Ha BCex aTanax
HarpyXeHusi.

[0.1.2 YucneHHas meToayKa No3BOSISIET CYLLECTBEHHO CHU3WUTb HEOGXOAMMOE KOMMYECTBO IKCMEPUMEHTOB, HEo6-
XOAUMbIX A1 MOCTPOEHUSI KOPPENALMOHHBIX 3aBUCUMOCTEl, UCMO/b3yeMbIX B (DEHOMEHO/IOTMYECKoli MeToAuKe, a Tak-
X NMPOM3BECTU 3KCMPECC-OLEHKY AaHHbIX 3aBUCUMOCTER NMLWb MO NpeAanosiaraeMoil guarpaMMe pacTsHKeHus matepua-
na, eule He BBEAEHHOro B 6a3y AaHHbIX.

0.2 TpeboBaHUA K pacyeTHOl Mogenun

[0.2.1. OCHOBHbIM PaBouMM MHCTPYMEHTOM, MCMO/Ib3YEMbIM MPU PaclUMpeHun 6a3bl AaHHbIX, SABASETCS MOAENb
MKQ, oTBeuvatowas ceaytowmm OCHOBHbIM TPE6GOBAHUSM:

- BO3MOXHOCTb pacyeTa npouecca WHAEHTUPOBaHWUA LIAPOBOrO0 MHAEHTOpA B YNPYronaacTuyeckuii matepuasn B
BbIGPAHHOM [Mana3oHe Harpysok;

- BO3MOXHOCTb 3a/laHus MeXaHWYeckux CBOMCTB MaTepuasna o6pasua B BbI6paHHON hopMe annpokcuMaumn ava-

rpammbl pacTsxeHus (napameTpbl annpokcumamm oT, 0B, €B);

- BO3MOXHOCTb MOJIy4EeHUS B Ka4yeCTBe BbIXOAHbIX AAHHbIX CAepylowmx napameTpoB guarpamMmMbl BAaB/IMBAHUA:
F, h,d

[.2.2. NMpeanoyTuTenbHbIMN BO3MOXHOCTSIMU KOHEYHO-3/1EMEHTHON MOAeNN SABNSIOTCS:

- BO3MOXHOCTb pacyeTa npoiecca pasrpy3ku (HECKOSIbKUX AOMNOHUTENbHBIX pasrpys3ok);

- BO3MOXHOCTb rpadhuyeckoii nHTepnpeTaumy npouecca BAABAMBAHUA C Ha/IOKEHWEM Monei pacnpefeneHns
KOMMOHEHT HanpsxeHwuii/gedopmaunii (pucyHok [.1);

- BO3MOXHOCTb BbiBOAA Npodiuna obpaslia B NpoLecce M nocie BAABAMBAHUA C LE/bio YTOUHEHUS pasgena goe-
HOMEHO/1I0TMYECKOTO METOAA, YUUTLIBAIOLLETO BAMSIHUE HansbiBa (PUCYHOK [.2).

PucyHok [.1 - PacnpefgeneHne MHTEHCUMBHOCTM NaacTUYeckux gedopmanmia
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x,[mm]

PucyHok [1.2 - ®opma npocunsa obpasuos nocne BAaBAMBaHUSA

0.2.3. WNcxopa vz onmcaHHbIX TpeboBaHWili 1 0COBEHHOCTEl Mmpouecca BAAB/MBaHWNA, MOXHO BblOpaTb Cnenyto-
wpe napameTpbl Mmogenn MK3:

- UCMOMb30BaHNE M/IOCKUX OCECUMMETPUYHbLIX 3/1IEMEHTOB, YTO MO3BOJISET CYLLECTBEHHO CHU3WUTL BPEMSA pacye-
Ta;

- MOJE/IMPOBaHNE KOHTaKTa MeTOAO0M M3MEHEHWUS MaTPULbl XECTKOCTH;

- peLleHne ynpyronaactTMyeckoin 3agaunm MeToAoM HaydasibHbIX HanpPsHKeHWi.

0.3 Mpoueaypa pacwmpeHunsa 6a3sbl gaHHbIX

[.3.1. MonosnHeHne 6a3bl faHHbIX Pe3y/bTaTOB UCMbITaHWA 06pa3LoB METOAO0M OJHOOCHOTO PAaCTSHKEHUS U Me-
TOAOM MHCTPYMEHTA/ILHOTO MHAEHTUPOBAHUSI MPOBOAAT C/eAyoWwyM 06pasoMm:
- reHepupytoT auarpaMMbl OJHOOCHOTO PACTSHXKEHUS] B OKPECTHOCTU 3KCMEPVMEHTaSIbHO MOYyUYEHHbIX AuarpaMm

(Hanpumep, E +5%; oT, oB, SB+ 10% , OTHOCWUTE/IbHO 3HAYEHMWI IKCMEPUMEHTA/IbHBIX AMarpaMM, Kak nokasa-

HO Ha pucyHke [.3);
- MPOBOAAT pacyeT MeTOAOM KOHEeUHbIX 3/IEMEHTOB COOTBETCTBYIOLMX 3TMM AvarpaMMam auarpamMm BAaB/vBa-
HWA (pucyHok [, 4).

PucyHok .3 - Mpumep 6a3bl AuarpaMM pacTsiKeHUsi CO CyyaiiHbIMU OTK/TIOHEHNSIMU
napameTpoB 4/151 O4AHOIO U3 COCTOAHMIA cTanm 15X2HM®A (cniowHOR NnHWel 0603HayYeHa annpokcumaums
3KCNEePUMEHTasIbHO MOJTYYEHHON anarpaMmbl)
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PucyHok .4 - Mpumep 6a3bl pacyeTHbIX AMarpammM BAABVBAHUA A1 AUarpaMm pacTshkeHusl, NpefcTaB/eHHbIX Ha
pucyHke [.3 (CMMOLWHON NHME 0603HauYeHa AvarpaMma, COOTBETCTBYHOLLAA annpoKCUMaLMn 3KCNePUMEHTa/TLHO
MOMYYEHHON AnarpammMbl PACTSHKEHNS)

[.3.2 ObpaboTka NonyYeHHbIX gnarpaMmm eHomeHonormyeckoin metogukoin (cm. 10) ¢ y4eToM OCOGEHHOCTEN,
HaknagbiBaembix MK3:

- oT6pacbiBalOT aTan yyeTta ynpyrov nonpasku npubopa (B criyyae MOLeNMpoBaHuUA UHAeHTopa abConoTHO XecT-
KAM TENoM);

- oTGpackbIBalOT 3Tan MOMyYEHUs HYNEBON TOYKM Anarpammbl;

- oTbpacbiBatOT 3Tan ydyeta Monsyyectv matepuana (BgasnvBaHve MOLENUPYeTcA KBasucTaTUyeckum npouec-
COM, 4YTO CHMMaeT HeObX0AMMOCTb JaHHOro y4yeTa);

- oTbpacbiBaloT 3Tan nepecTpoeHus Auarpammbl BAABMBAHUSA, CBA3AHHBLIA C onpefeneHMeM WCTVHHOTo, a He
pacyeTHOro AvameTpa KOHTakTa, NMOCKO/bKy pacyeTHas Mofesib MO3BOMSET MOMYUYNTh €ro B /1060 MOMEHT BPEMEHM;

- obpaboTka 3aBepluaeTcs nosyvyeHnem napameTpoB Ro 1 Rymax (v HTX Ana anbTepHaTMBHOrO crnocoba pac-
yeTa BPEMEHHOrO COMPOTUB/IEHNS), KOTOPblE MCMNONL3YHTCA AN onpegenenvsa 3asucumocten fp u fnl (fn?). (pucyHok

&-5).
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eovEviEt

[.4 Vcnonb3oBaHue pacluMpeHHoii 6a3bl AaHHbIX AMarpaMm aas oT6pakoBKW AuarpamMm BAaBANBAHUS

[0-4.1 JononHNTeIbHBIM NPEUMYLLECTBOM pacluMpeHus 6asbl AaHHbIX SIBASETCS BO3MOXHOCTb NMOCTPOEHWSI 3aBU-
CUMOCTEN Mexay napameTpamu Avarpamm BAABMBaHWS, C LEbi0 WX AanbHELero Ucnosb3oBaHus Ans oTceBa Heka-
UECTBEHHbIX peasibHbIX AvarpaMm. [ 3Toi Lenm NoaxoAsT HOPMMUPOBaHHbIE MapaMeTpbl annpokCUMauun auarpaMmbl

CTEeneHHbIM 3akoHoM c napameTpamu RbD, b, 3aBUCMMOCTL MeXAy KOTOPbIMU [JOCTATOYHO TOYHO OMUCLIBAETCH JIN-

o umj NMArnammbl NPpUHNMaeTCA pacCToAHUEe OT TOYKU C
HEeMHbIM 3aKOHOM. 3a UYMC/IEHHbIN napameTp KayecTBa peasibHOM auarp

A T paHHOl Anarpammbl, A0 NPSMOiA, annpoKCUMUPYIO-
KoopAMHaTaMu, PaBHbIMKW HOPMUPOBAHHLIM MapameTpam 'V b A

Leli 3aBMCMMOCTb pacyeTHbIX napaMeTpoB (pucyHok [-6).
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PucyHok [1.6 - OnpefeneHne napamerpa kayecTsa guarpamMmmsbl.
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MpunoxeHue E
(pekomeHgyemoe)

HelipoceTeBas mMeToAVKa MHTepnpeTaunum pe3ybTaToB UCMbITAHU METOA0M
WHCTPYMEHTANIbHOTO UHAEHTUPOBAHUSA LWapa

E.1 BeegeHve

E.1.1 HelipoceTeBas MeToAuMka MO3BOJISET BOCCTAHABAMBATL 3HAYEHUSA MEXaHWYECKUX XapakTepucTuK marepua-
JIOB Ha OCHOBaHMM 3anncu Auarpammbl BAAB/VBaHUS LIAPOBOrO MHAEeHTopa. OCHOBHOW WAeeil MeToavikum ABnsetcs
CXO/ICTBO MPOLECCOB, NpOoTeKalolmx B MeTasisie 06pasLoB npu 3KCnepuMeHTax Ha OJHOOCHOE PacTsXeHWe U KuHeTuue-
CKOe BAaB/MBaHWe: B 060Mx Cnydasx matepuas obpasua npoxoauT CTagumn ynpyroro, ynpyro-naacTmyeckoro u passuto-
ro njaacTuyeckoro gedopmuposaHnsa. Ha pucyHke E.1 cxemaTUyHO MokasaHbl fuarpammbl OJHOOCHOTO pPacTsXeHus (a) v
BAAB/MMBaHWSA LLAPOBOr0 MHAeHTopa (6) ¥ nokasaHbl cTagum gedopmvpoBaHus. pobnema NOCTPOeHWs anropuTMa
npsIMOro nepesofa 3TUX AuarpaMM Apyr B Apyra 3ak/ovaeTcsi B CYLIECTBEHHO 60siee CMIOXHOM pacnpefesieHnn Ha-
NpsKeHHO-A4ethopMUPOBAHHOIO COCTOAHUA NPY BAAB/NBAHUM N OTCYTCTBUWN APKO BbIPaXXEHHbIX Ha AnarpaMmme BAaB/Iv-
BaHUA y4yacTKOB Ynpyroro AetopMypoBaHusl 1 yyacTka nepexofa B njactuyeckoe coctosiHme. OfHako, TakK Kak B npo-
Lecce 3anucu o6emx fguarpamm B obpasuax M3 OJHOr0 Marepuana NpoTeKalT OfHWM U Te Xe MNpOoLecChl Ynpyro-
naacTUYeckoro AeopMrpoBaHmns, MOXHO YTBepxfaTb, YTO CyLIeCTBYeT HekoTopas (yHKLUMOHasIbHas 3aBMCUMMOCTb
napameTpoB Auvarpammbl pacTsXXeHUs OT napameTpoB Avarpammbl BAABMBaHUSA Y HAO60POT.

@
PrcyHok E.1 CxemaTuuHoe nsobpaxeHune gnarpamm: (a)pactshkeHus, (6)BAaBnmBaHns cpepuyeckoro MHAeHTopa.

1- yyacTok ynpyroro fedoopMMpoBaHus; 2 - 30Ha 3apOXAEeHUsI NEPBbIX NAACTUYECKMX AedhopMaLii;
3 - yyacToK pasBMTOrO ynpyro-naacTuyeckoro AepopMmnpoBaHunst; 4 - yuyacTok pasrpysku

E.1.2 HeoueBMAHOCTbL BbIGOpa Knacca aHanMTUYeckux (oyHKUMIA A1s noucka BO3MOXHBIX (DYHKLMOHAMbHBIX 3a-
BUCMMOCTEl NepecyeTa BO3MOXHO MPEOAO/ETb C UCMOMb30BAHNEM YHUBEPCA/ILHOTO MaTeMaTUM4yeckoro npeobpasoBa-
Tens - MHOrOC/IOiHOTO HEMPOHHOTO MepLEenTpPoHa, CMOCOGHOro 06y4vaTbCsi BOCMPOM3BOAUTL CIOXKHbIE HENMHEHbIE
npeo6pa3oBaH1si Ha OCHOBE CTATUCTUUYECKUX JaHHbIX.

E.2 MpuMep NOCTPOEHNUA HelipoHHOM ceTu AN BOCCTAHOBMEHUS Npefena Tekyyectu

E.2.1 MpuBogutca npumep MNOCTPOEHUS HeWpoceTeBOW METOAMKM W ee UCMO/b30BaHua A8 BOCCTAHOBIEHUS
3HaYeHNs npegena TeKyYecTu Mo IKCNEPUMEHTA/IbHBIM AnarpaMmMam BAaB/IMBAHUA.

E.2.2 MNepep Tem Kak HelipoHHas ceTb (HC) 6yfeT Mcnonb3oBaTbCsa A1 BOCCTAHOB/EHUSA 3HAYeHWs npegena Te-
Ky4yecTn Heob6XoA4MMO BbIMOSHUTL npoueaypy HacTporikn HC. (npoueaypy 06yyeHus HelpoHHoI cetun). Mpn aToM Heob-
XOAVMO MMETb AOCTATOYHYK CTATUCTMKY COOTBETCTBUIA Auarpamm BAAB/IMBAHUS U MEXaHWYeCKMX CBOWCTB MeTasina.
OnbIT ucnonb3oBaHms HC ansa BOCCTaHOBMEHUS MeXaHW4YeCKuxX CBOMWCTB MNOKasblBaeT, YTO A1 YCNewHoro obyyeHus
Heob6Xx04MMO MCNoMb30BaTh BbIGOPKY M3 He MeHee 200 nap npv AOCTaTOYHOW BapuaTWBHOCTM CBOWCTB MeTanioB. Cos-
[JaHve Takoi BblOOpKM NO pesynbTatam 3KCNepuMeHTasbHbIX MCCNefoBaHuli COMPSHXKEHO CO 3HauuUTesbHbIMU TpyLo3a-
Tpatamu, No3TOMYy, Kak npaBuio, A5 NOCTPOEHUS CTaTUCTMYeCKOl BbIBOPKM UCNOSb3YEeTCA METO[, KOHEUYHbIX 3/1EMEHTOB
(MK3).

E.2.3 B HacTosleM npumepe A4ns npoBedeHus npouenypbl 06ydyeHns HC 6blna ncnonb3oBaHa Bbibopka m3 515
Avarpamm BAaB/MBaHWA, NOsyyYeHHbIX Mo MK3 (pucyHok [.4). B npouecce pacyeta MexaHW4eckne XapaKTepuCTUKM
BapbUpOBa/IMCb Crly4aiiHbiM 06pa3oM. [1s npegena TeKyyecTu MCNO/b30Basica MHTepBasl BapbupoBaHusa oT 157 MrMa
[o 1097 MrMa. Bcs pacyeTHas Bblbopka 6blna nofeneHa Ha Ase HepaBHble YacTh. OTobOpaHHble cryyalriHbiM 06pa3om
70% puarpamm cocTtaBuinm o6yvarollyto BblI6OpKYy, ocTasibHble 30% - TecToBylo. O6yvarowas Bblbopka MCMnonb3yeTcs
ANna nposefeHusa npoueaypbl 06yYeHNs C Lenblo MUHMMU3auuyM cpegHein ownbkn noslydaemblx B npouecce paboTsbl ce-
TN BbIXOAHBIX NapaMeTpoB M0 OTHOLIEHMWIO K LiesieBbIM. TecToBas Bblbopka Heobxoguma L8 OueHku cnocobHocTn HC
paboTaTtb C faHHbIMW, Hencnosab3yemMmbiMU B npouecce obyyeHus. B gaHHOM npumepe Ans npoBefeHus npo-
uenypbl o6yyeHnsa HC ncnonb3oBasca asiroputMm 06paTHOro pacnpocTpaHeHus oWwunobKu.
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E.2.4 Tak kak HelipoHHbIe ceTu, kak npaBuro, paboTaroT ¢ AOCTATOMHO MarbiM KONMYECTBOM BXOAHbLIX MapameT-
poB, a AvarpaMMbl BAaBnuBaHWA NpejcTaBneHbl NOTOYEeYHbIMU rpadukaMn 3aBUCUMOCTU «rMyGUHa-cunay, cofepxa-
LUMMU COTHU M Boree Touek, HeobxoauMo BeIGpaTE NpoLelypy OfHO3HAYHOTO ONUCAHUA AuarpamMm BAABMMUBaHMUS € UC-
nonb3oBaHWeM Manoro konuyectsa napameTpos. OfHON N3 BO3ZMOXHOCTEN ABMSAETCA UCMOMb30BaHUA NMONIMHOMUaNBHON
3aBUCMMOCTU ANS annpoKkcuMauyun anarpamm BAaBnuBaHus, OAHaKo NpakTuka nokasbiBaeT, YTo AaHHbIA noaxoan faet
CylllecTBEHHbIe MorpellHocT. B faHHOM npuMepe Ans dopmanusaummn gnarpamm BaBnmBaHUs UCNOMb3yeTca cnnawH
YHKLMA, cocTaBneHHas U3 NorMHOMOB 3pMUTa BTOPOW cTeneHun. [MNpu aToM napaMeTpamu annpokcuMaLumn gnarpammel
ABNSAOTCA MyO6uHBI BAABNUBaHUS W YITbl HAKNOHA B yarnax craiH yHKUUW - AUCKPETHBIX 3HAYEHUAX CUNbl BAaBNUBa-
Hns.

E.2.5 B HacToALeM npumepe ANs annpoKCUMaLyil pacHeTHBIX N SKCNEpUMEHTanbHbIX AuarpamMm BaasnuBaH1S
6b1nn BbiGpaHsbl yposHu cunel 10, 50, 150, 300, 500 H B kadecTse y3roB crnnaiH yHKLMK, @ MOUCK ONTUMaNbHLIX 3Ha-
YEeHWI BBIMOMHAMNCA N0 METOAY MUHUMU3ALMK CpefHeKBagpaTuieckon owmnbkn. BxogHeiMu curianamm HC HasHavYanucb
rMy6uHbl  BAABMMBAHWSA  OTHOCWTENbHO  MepBOro  yana:  BEKTOp  BXOAHbIX  3HadeHuid HC  bypet

S = Msy—Pi=10> Pr=150 = Pi=10> Pe=300 — Pp=10»> Pr=so0 —H=1o - BbIX0AHbIM 3HaqeHnem HC B gaHHoM criy-

Yae ByfeT ABNATLCA 3HaYeHUe npepaena Tekydectn. CTouT oTMeTUTb, YTo B HC, kak npaBusio, UCNonb3yloTcA BXOAHbLIE U
BbIXOfHblE CUrHanbl, HOpMUpOBaHHble Ha WHTepsan [0; 1]. MoaToMy npu paboTe ceTu BXOAHbIe CUrHanbLl MaclTabupy-
HOTCA A0 UHTEPBAroB, UCMOMb3yeMbIX NpU 0BydeHnn, a BLIXOAHOW curHan npeobpasyeTca no obpaTtHomy macwraby ao
BbLIXOJHOTO MHTEpBana npu oby4eHuu.

E.2.6 bbina noctpoeHa HellpoHHasn ceTb, cofepxallast BXOAHOW cnoi ¢ 4 HepoHaMu, BLIXOAHON Cnoit ¢ 1 Hel-
POHOM U TpU CKpbITbIX pabouunx cnos no 5, 5 n 4 HelipoHoB cooTBeTCTBEHHO. OBy4eHMe U TECTUPOBaHUS NPOBOAUIOCH
Ha BblGOpKe, Nony4YeHHow ¢ ucnonsaosaHneM MK3, a npoBepka paboTocnocobHocTu Bbino NpoBeAeHO Ha KCNepUMEH-
TanbHbIX AuarpamMmax KUHeTUYecKoro BhaBnuBaHua B obpasubl u3 ctaneid 08X18H10T, 10MrH2M®A, 15X2HMOA u
16I'C npu pasnu4HeIx TepMo-MexaHuveckux obpaboTkax. LleneBble 3HaveHus1 npefenoB Teky4ecTu 6binn nonyveHbl B
NabopaTopHbIX YCOBUSAX NO pesynbTaTaM UCMbITaHUiA Ha pacTKeHua obpasLoB U3 3TUX MaTepuanos. Kak u B ocHOB-
HOWi MeTofMKe MnepecyeTa, HeOOXOAUMO BHIMOMHATL MpefBapuTenbHy0 06paboTKy aKCnepuUMeHTanbHbIX AuarpamMm
BA@BMNVBaHWSA C LieNblo HaXOXAEHUA HYNeBoN ToUKM 1 n3basneHnsa oT addekTa Non3y4ecTu.

E.2.7 B tabnuue E.1 npeacTaBneHsl pesynbTaThl BOCCTAHOBNEHUS HEWPOHHOW CETbio NPefenoB TeKy4ecTu u
pacxoXgeHns No OTHOLLEHWIO K BEMUYMHAM, MOMYYeHHBIM NPU pacTskeHun obpasuos.

TabnwnuyaE.1—- Pe3synbtatel 06paboTku SKCnepuMeHTanbHbIX AuarpaMM BAAB-NUBAHUA C NOMOLLbIO HEPOHHOW ceTn

Matepuan OkcnepuUMeHTarbHoe 3Have- BOCCTa“OBEe““Oe 3Have- PacxoxaeHHe
Hue {1, Mna HHMe G, Mna

08X18H10(ncxogHoe) 182 165 9%
08X18H10 (TepmoobpaboTka 1) 495 468 5%
08X18H10 (TepmoobpaboTka 2) 377 383 2%
10MH2M®A(ucxogHoe) 456 470 3%
10MH2M®A (TepmoobpaboTka) 577 615 7%
156X2HM®A(ucxogHoe) 659 628 5%
16I"C(ucxogHoe) 690 661 4%

E.3 HeltpoceteBas Metoauka B o6lueli cxeme o6paboTku AnarpaMm BAaBNMBaHUSA

E.3 MpenmyLecTBOM HeilpoceTeBOW METOAUKMA ABNAETCA TO, YTO pacyeTHas npoueaypa MoxeT 6biTb yHUdpULM-
poBaHa 6e3 NpuUBA3KM K Knaccy Matepuana. C Lenbio NONy4eHUs NpefCcTaBuTENbHOW BEIBOPKM ANA HelpoceTeBoOn Me-
TOAWKN B Ka4ecTBe UCXOAHBIX JAaHHBIX NCMONL3YIOTCA AaHHble, NOMyYEeHHbIE N0 PEHOMEHONOrMYECKON pacHeTHO| cxeMe
W NyTeMm YWUCNEHHOro MoAenupoBaHus. [N pacyeTa peKOMEHAYyeTCsl UCMoNnb3oBaThb anropuTM, NpeacTaBneHHbId Ha
pucyHke E.2.
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MpunoxeHue X
(pekomeHayemoe)

MeToAnKa OLEHKM BSA3KOCTW paspylleHns cTa/in Ha OCHOBe meToga
WHCTPYMEHTa/IbHOTO UHAEHTMPOBAHUSA LWapa

XK.1 OnucaHne mMeToauKu
K. 11 B ocHOBE MeTOAMKM OLEeHKM BA3KOCTWU paspyLleHUs Ha OCHOBE MeTofa WHCTPYMEHTasIbHOro MHAEeHTUpoBa-

HUS Wwapa [36] NeXnT NpeanosoXeHne o CyLLecTBOBaHUN CBA3W YAe/bHOW pa6oTbl paspyLlleHus (BA3KOCTU paspyLUeHuns)
Gc[37] c yaenbHol paboToin BaaBnuBaHus uHgeHtopa Wuh), onpegensiemoii no copmyne
h

Wu(h)=\p mdh. OK.1)
0
BA3KOCTb paspylleHns Gcu paboTa ynpyro-njaactmyeckux gedpopmauunii npyu BAaBAMBaHUM MHAEHTOpA UMEHT

O[MHaKOBYI0 pasMepHocTb [H/MM].
K. 1.2 C poctom h 3HaueHne Wuh) gocturaet 3HauyeHnss Gecnpn HEKOTOPOM 3HavyeHUn raybuHsl h= har:

Wu(ha) = Go. 0K.2)
Takum 06pa3om, A1 ONpefeneHust BA3KOCTW paspyLUeHns HE0O6X0AMMO onpeaennTb 3HaueHre har.

XK. 1.3 Ans HaxoxaeHus ha ucnosb3yoT MeTof TapupPOBOYHOW JIMHUK, KOTOPbIA CBOAUTCS K TOMY, UTO B pe3ysib-
Tare OMbITHbIX PA60T HAXOAAT KOPPENALMOHHYIO 3aBUCMMOCTb MexXay 3HauyeHussMn Geu her:
Gc =fw (ha) (K.3)
K. 1.4 PekomeHayeTcsl BblbpaTb fw B BUAe NMHERHON OyHKUMN, NPOXOAsLLel Yepes Havyano KoopamnHar.
XK. 1.5 MNocne Toro, kak BuA, chyHKumy fw ycTaHOBMEH, NpoLeaypa OLEHKN BA3KOCTU pa3pyLleHust CBOAMUTCA K crie-

AyrowymM waram (pucyHok XK1.):
- NPOBOAAT UCNbITAHUSA METOAOM MHCTPYMEHTASIbHOrO MHAEHTVPOBAHUS;
- MO pe3ynbTartam MHAEHTMPOBaHUA HaxogaT 3aBucmmocts Wu(h)]

- HaxofAT 3HayeHue Jlo Kak peLueHne OTHOCUTeNbHO h ypaBHeHUst (CM. pUCYHOK XK1)
Wu(h)=fw (h): 0K.4)
- no coopmyne (XK.3) Haxogat Gc.

W w

H/Mm
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XK.2 MeTtoguka nonyyeHusi TapupoBOYHON NNHUKN

X.2.1 Ons Bepudukaumm METOAUKK NPOBOAUNMN UCCIIeA0BaHNUA Ha NoNHOMacwTabHbIX TecT-o6pa3Lax obevanku
kopnyca peaktopa BBOP-1000 u3 cranu 15X2HM®A. Bbino usrotoeneHo 6 npob co cBapHLIM LWBOM W HamnnaBKoii TON-
WMHoM 150 MM, WupuHoii 400 MM, aAnunHoi 1200 — 1500 MM. [NMpon3BoAUNoCH BapbUpOBaHUe PeXUMOB TepMoobpaboTku
C Lenbto nonyyYeHns pasfinyHoro ypoBHsi MPOYHOCTU U BA3KOCTU Kak OCHOBHOIO MeTanna, Tak u MeTtanna wea. [ina sto-
ro B cxemax TepMoobpaboTku npob ncrnonb3oBaHbl Kak 3aKkarka ¢ OTNyCKOM, TaK U BbICOKWIA OTNYCK B pa3nu4HoOM Auana-
30He TemnepaTyp. UcnblTaHne koMnakTHLIX 0OpasLoB AN onpeferieHnus XapakTepuUCTUK CTaTUHECKOR TPELLMHOCTONKO-
cth npoeoaunu B cootBeTcTBUU ¢ TOCT 25.506-85. 3HaueHus G, nony4veHHble B pe3ynbTaTe UCNbITaHWA OCHOBHOIO
MeTanna u MeTanna LiBa LWeCTU CBapHbIX Npob, npefcTaBneHsl B Tabnuue XK. 1.

T a6 nuuya X1 — 3HauyeHUs BA3KOCTU paspylUeHUs Ars UccriefoBaHHoi 6a3sbl 06pasUoB M3 KOPNYCHOW CTanun u ee
CBapHbIX LUBOB

0O603HaueHue Marepuann G, Himm
A OcHoBHOI MeTann 39,7
AC CBapHoOH LLIOB 12,3
01 OcCHOBHOI MeTann 80,9
01C CBapHO# LLOB 52,7
02 OCHOBHOI MeTann 73,5
02C CBapHoii LLOB 50,9
03 OCHOBHOI MeTann 351
03C CBapHo#i LLIOB 15,0
04 OcHoBHOIN MeTann 79,6
04C CsapHoi WoB 75,3
05 OcHOoBHOIN MeTasn 77,8
05C CBapHoii Wos 57,2

X.2.2 OnarpaMMbl BA@BNMBaHUA NONy4anu Ha NONOBUHAX pa3opBaHHbIX 06pas3LioB, A5 KOTOPLIX U3BECTHA BA3-
KOCTb pa3pyLleHus. McnbiTaHWs Ha BAaBNMBaHWe NpoOBOAUMN LIAPOBLIMUA MHAEHTOpaMu AuameTpoM 1 MM 1 2,5 mm.

Y.2.3 Ha pucyHke »K.2 npefcraBneHa nony4eHHas aKCNepUMeHTarnbHasi 3aBUCUMOCTb, COOTBETCTBYIOLAA OX-
PYNYeHHbIM U NNacTUYHBIM COCTOSIHUSIM OCHOBHOrO MeTanna U cBapHoro wwea. Bce akcrnepuMeHTanbHble TOYKU Mo-
CTPOEHbI KaK TOYKN NepeceyeHnsi TapupoBOYHON NUHWK ¢ rpadukaMm yaernbHOW paboThl BAaBNMBaAHUSA NPU pasHbIX CO-
CTOSHMSIX MeTanna. MNokasdaHa SKCcnepuMeHTanbHan TapupoBoYHas npsMas NMuHUA. [na YeTbipex COCTOAHUI MeTanna
01 v 02 (ocHOBHOIA MeTanmn 1 cBapka) NokasaHbl IMHUK ANA KOHKPETHBIX 06pas3LioB, oTpaxatolue paboTy BAaBNMBaHUS,
NOMy4eHHyto Ha TBepaoMepe. Touku UX NepeceyeHns AatoT BA3KOCTb pa3pyLUeHns Ans aTux obpasLos.

X.2.4 MeToguka no3sonsieT onpefenaTh CTeNeHb CTapeHNa MaTepuarnoB CBapHbIX coefiuHeHni o6opyaoBaHna u
Tpy6onpoBoAOB MO XapakrepucTukam TPEWMHOCTONKOCTU U OLEHNBaTL OCTaTOUHLIA pecypc KOHTponupyemoro o6opy-
JoBaHus.
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PucyHok >K.2 - 3aBUCUMOCTb MEXAY BA3KOCTbI paspyLUEHMS] N KPUTMYECKON r1yOMHOI BAABNNBaHUS
ONA VHAEHTOPOB 1 MM 1 2,5 MM

X.3 MNpumep peanusauuy MeTona onpejesieHUst BA3KOCTW paspylueHusi No AunarpamMmmMe BAABAUBAHWS La-
poBOro MHAeHTopa

C uenblo anpobypoBaHnsa NpeasiokeHHOro cnocoba OLeHKM BA3KOCTY paspyLUueHUss MeTOAOM KMHETUYECKOro WH-
[eHTUPoBaHMA 6blIM UCMOSb30BaHbl Pe3y/ibTaTbl HATYPHOrO KOHTPOJIA 3/1IEMEHTOB koprnyca peaktopa ASC. Onpegene-
HVe BSISKOCTU paspyLleHus NPoBOAWAV MO pesy/ibTaraM KOHTPO/SIA  OCHOBHOrO MeTavlia 3/umnconga KpbIWKu Kopryca
peakTopa, W3roToBNeHHON u3 ctaim 15X2HM®A. Ha nepsom 3Tane o6paboTku Avarpamma WHAEHTUPOBaHWA nepe-
CTpaMBaeTCs B 3aBUCUMOCTb CpefHero JasfieHus OT ryOuHbl, Nocse Yyero B guarpammy yienbHoi paboTbl BaB/MBa-
HUA OT rIy6uHbl. [lanee Haxogunacbh TOUYka MepeceyeHns guarpammbl yaenbHON paboTbl BAaB/IMBAHUS C TApMPOBOYHON
doyHKUvel (pucyHok XK.3). OpanHaTa ToUkM nepeceveHns faeT UCKOMYHO BEIMUMHY BSA3KOCTU paspylleHus Ge= 82 H/mm,
YTO Mpwn nepecyeTe B KOIPMUUMEHT MHTEHCMBHOCTM HanpsbkeHnit gaeTKc= 138 MMa-m05

W
H/MMm

PuricyHok >K.3 - ouCK TOUKM NepeceyeHnst AmarpamMmbl yaesibHoi paboTbl BAABNMBAHMS
C TapUPOBOYHOI (oyHKUMEN ANS OnpefeNeHnst BI3KOCTH paspyLleHus
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