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MEXTOCYJIAPCTEBEHHEB H CTAHIAOAPT

OBECIIEYEHUE U3HOCOCTOMKOCTH U3JAETUNA

MeToanr HenbITaHHi HA H3HOCOCTOWKOCTD.
O6umne TpeboBanus

Products wear resistance assurance.
Methods of wear resistance tests. General requirements

Hara sBegenns 1998—07—01

1 OBJIACTb IPUMEHEHUSA

Hacrosuinii craHAapT pacnpoCTpaHsETCss HA U3AeNKs, BX COCTABHbBIE YacTH, paCCMATPUBAEMbIe KaK
CHUCTEMbI KOHTAKTHOTO B3aMMOJEACTBUS (Hajiee — U3MeNus), paboTalollUe B Pa3fiMdHbIX YCIIOBUSAX BHELL-
HHUX BO3ACHCTBUI U OKPYXAIOLIEH CpEabl.

CraHzmapT ycraHaBnMBaeT oOiMe TpeGOBaHUS K METOJAM HMCIBITAHMIT Ha M3HOCOCTOMKOCTh Ha
pasiMyHbIX CTAAUAX XU3HEHHOro LMKIIAa U3NEIUIA.

TpeboBaHMS NAHHOrO CTaHIApTa NOMXKHBI YYMTBIBATHCS NpH pa3paboTKe METONMK M IpOrpaMm
MUCMBITAHKU KOHKPETHbIX BUIOB U3AEIHUIA.

VYcraHOB/EHHBIE HACTOSUIMM CTAHN2PTOM TpeGoBauusi obs3aTenbHbl AN U3neauil, 6e30MacHOCTh
KOTOPbIX 3aBMCUT OT UX U3HOCOCTONKOCTU.

2 HOPMATHUBHBLIE CCBLIKH

B HacrosileM cTaHIapTe MUCMONb30BaHbl CCBUIKH Ha CEAYIOLIME CTAaHIAPThHI:

TOCT 23.201—78 O6ecneueHue U3HOCOCTOMKOCTH Magenuit. MeTom MCIBITAHMII MaTEpHANOB M
MOKPHITHI Ha razoabpa3vBHOE MU3HALIMBAHUE C TIOMOLUBIO LEHTPOGEXHOTO YCKOPUTEIS.

TOCT 23.207—79 ObecrneyeHue U3HOCOCTOMKOCTH M3fenuil. MeTox MCNBITAHUI MAIIMHOCTPOM-
TeJbHbIX MAaTEPUANOB Ha yAapHO-aOpa3uBHOE U3HALUMBAHME.

FOCT 23.208—79 O6ecneyeHue HU3HOCOCTOMKOCTH u3fenuil. METOX HCNBITAHMII MATEPHATOB HA
M3HOCOCTOMKOCTb NP TPEHUM O HEXECTKO 3aKpEIUIeHHble abpasuBHbIE YACTHLIBI.

FOCT 23.211—80 ObecneyeHue U3HOCOCTOMKOCTU M3eNHil. MeTon MCNbITaHMii MaTepUaToB Ha
U3HALIMBAHUE NpU dpeTUHTe U PpeTUHT-KOPPOo3UM.

['OCT 23.219—84 ObecrieyeHne U3HOCOCTOMKOCTH M3enuit. MeTol UCTILITAHMIT MATEPUAJIOB Ha H3HO-
COCTOMKOCTb MAaTepUaJloB U AETANEH NPH TMAPOIPO3MOHHOM U3HALIMBAHUM AUCTIEPCHBIMM YaCTULIAMM.

FOCT 23.301—78 Ob6ecneyeHne H3HOCOCTOMKOCTH u3fenuit. [TpuGopbl [is M3MEPEHHsT M3HOCA
METOJIOM BBIPE3aHHbIX JIYHOK. TexHuYeckue TpebOBaHUS.

TOCT 27640—88 Marepuanbl KOHCTPYKUMOHHBIE M CMa3odyHble. MeTodbl 3KCNepHUMEeHTATbHOIR
OUEHKH K03 PHLIMEHTa TPEHUS.

FOCT 27674—88 TpeHue, U3HaIMBAHUE M CMA3Ka. TePMUHBL U ONPENENEHUA.

FOCT 27860—88 [letanu Tpyluuxcsi conpsixeHUil. MeTOAbl U3MEpEHHUs U3HOCA.

3 ONIPEJEJIEHNSA

3.1 B HacTosilUEM CTAHAAPTE MPUMEHSIIOT CIEAYIOLINE TEPMUHBI C COOTBETCTBYIOLLIMMMU OTIPENETCHHUAMU:

3.1.1 coBmecTHMOCTb MaTepuanoB: [IpurogHocTb MaTepuanos AJIs paboThl B YCJIOBUSX B3aUMHOTO
KOHTaKTa 6e3 3aIMpoB U CXBATbIBAHUS.

3.1.2 pauMoHajabHBbIH UMKA HenbiTaHuit: KoMIUIeKCHOe HCMONb30BaHWE MOMEIBHBIX /UMM HaTYpHBIX
UCIBITAHUH, OOBEAUHEHHBIX B EIUHYIO MEPAPXMUYECKYIO CTPYKTYPY, Hanpas/ieHHbIX Ha noabop nap TpeHus
Y YCTAHOBJIEHUE UX CBOMCTB MPUMEHUTENbHO K PEATbHBIM YCJIOBUAM 3KCILTyaTaLMU,

W3znanne opuunansHoe
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3.1.3 TpuboTexnnyeckne HenbiTanus — VCrBITaHUSI CUCTEM KOHTAKTHOTO B3aMMONEHCTBMA C LIENBIO
OLIEHKM UX TPUOOTEXHUYECKUX XapaKTEPUCTHK B PATUYHBIX YCJIIOBUSIX BHELLHUX BO3EHCTBUIA U OKPYXalo-
Hie# cpenbl.

3.1.4 yckopeHHbI€ WCHBITAHHA HA HM3HOCOCTOMKOCTH: McrbiTaHusi, MeTOABI M YCJIOBUS IPOBEACHUS
KOTODBIX 00ECTIEYHBAIOT MTOJIyYeHHE HEOOX0nUMOit UHPOopMaLUK 00 U3HOCOCTOMKOCTH JIEMEHTOB U3ACIUS
B OoJiee KOPOTKHME CPOKH, YEM B NPEAYCMOTPEHHBIX YCJIOBUAX U PEXHMMaX 3KCIUTyaTalluH.

3.1.5 Octanphbie TepMuHbl — o TOCT 27674.

4 OBIIME IT10JIOKEH#

4.1 HMcnpiTaHus Ha UBHOCOCTOMKOCTb MONYCKAETCH IPOBOAUTD:

-~ MIyTEM OPTraHHU3allMU U MPOBENEHUS CMELUATbHBIX TPUOOTEXHUYECKHUX UCIIBITAHUIA;

- B paMKax IUIaHUPYEMBIX W IPOBOAMMBIX HCIBITAHUHM MO OTpabOTKE M3AeNMi I10 MOoKasaTessM
Ka4yecTBa, B TOM YMCJIe HANEXHOCTU U OE30MACHOCTH, U MOATBEPXIEHHKIO 3TUX MMOKAa3aTeseH.

4.2 CrnienanbHble TpUOOTEXHUYECKUE UCTIBITAHUS CIIEAYeT [IPOBOAMTH, KOLJA:

- OT U3HOCOCTOMKOCTH OTHEIbHBIX 3JIEMEHTOB U3IEJHMs 3aBUCUT O€30MACHOCTD €ro 9KCIUyaTalluy;

- U3HAUIMBAHUE SIBJISIETCA OCHOBHBIM BHIOM pa3pylICHUS U3ACIIHS;

- OT MoKa3aTeNeil U3HOCOCTOMKOCTH 3aBUCSIT TEXHUKO-IKOHOMUYECKHE XapaKTEepUCTHKH U3ACIUS.

4.3 HWcnblTaHHWS HA M3HOCOCTOMKOCTH ONBITHBIX 00pa3LiOB U3AEIMIl MPOBOASAT B COCTaBe MNpejBapH-
TEJNbHbIX U (WIH) MPUEMOYHBIX UCIIBITAHUIMA.

4.4 Ha stane MOCTAaHOBKM M3JIEAM{ HA INPOU3BOACTBO TMPOBOAST KOHTPONBHBIE MCIMBITAHMS HA
HU3HOCOCTOMKOCTb YCTAHOBOYHOM CEPHUM W3NECJUIA MM NMEPBOIf MPOMBIIIUIEHHON NMapTHM.

4.5 HcnpiTaHUst Ha M3HOCOCTOMKOCTb CEPHIAHBIX M3AENWIA MPOBOLSAT B COCTaBe MEPUONUYECKHX,
THUITOBBIX MCTIBITAHMI U CepTUPHKALMOHHBIX UCNIBITAHWI. VICTIBITAHUS MPOBOMAT MO MeTodaM, colepxka-
LUMCS B CTAHAAPTaX, TEXHUYECKUX YCIIOBUSIX MM IO OTAEIbHBIM METOAUKAM, YTBEPXACHHbLIM B YCTAHOB-
JICHHOM IOpSLIKE.

4.6 HcnbiTaHus Ha H3HOCOCTOMKOCTD CIIEAYET IIPOBOAUTD C LIEJIBIO PELIEHUS] OHOM WM HECKONbKUX
CJAEeLYIOLUMX 330a4:

- TOJY4YeHUS TPUOOTEXHUYECKMX XapaKTEPUCTUK KOHCTPYKLIMOHHBIX M CMa30YHBIX MaTepHalioB,
HEOOXOOMMBIX Wi 000CHOBAHHOTO BBIOOPAa MaTepHalioB M CMA30K IMpH MPOEKTHUPOBAHUU Y3JIOB TPEHMS,

- OINEpPaTUBHOrO OLIEHUBAHUS 3PDEKTUBHOCTH MEPONPUITUA IO COBEPLIECHCTBOBAHUIO CBOMCTB
MAaTepHaioB U KOHCTPYKLIMI TPYLLUUXCS COIPSLKEHUH;

- MCCJIe[[OBaHUS 3aKOHOMEPHOCTE! TPEHUS M U3HALLUMBAHHUSA, K KOTOPBIM OTHOCHUTCSI KOMILJIEKC paGoT
[0 OMpEAEIEHUIO BIUSHUS Pa3TMYHbIX (PaKTOPOB Ha CKOPOCTb M3HAILUMBAHUSA M aGCOMIOTHYIO BEIUYUHY
H3HOCa; '

- U3BICKAHUS HOBBIX MAaTEPUAIOB U UCCIEAOBAHUS UX U3HOCOCTOMKOCTH;

- ITOJIy4YeHUS] UCXOMHBIX NAHHBIX [UTS PaCYETOB 3JEMEHTOB MAlIMH Ha TpeHHE ¥ M3HOCOCTOMKOCT;

- ONpefe/NeHUs XapaKTepUCTHK ITpoLlecca W3HALUIMBAHUS U COOTBETCTBYIOUIEH MM CTeleHHW MOTepHU
paboTOCIIOCOBGHOCTH;

-~ ONpeoeseHUsT U3MEHEHUS! BBIXOIHBLIX NMapaMeTpoB U3AEJIUS U, B MEPBYIO oyepeldb, [MapaMeTpoB
6e30MMacHOCTH B 3aBUCHMOCTH OT M3HOCA OTAEAbHBIX 3JIEMEHTOB;

BbI6Opa HAWTYYIIMX KOHCTPYKTHBHO-TEXHOJIOTHYECKHX PELUEHHUI;
BbIOOpA ONMTUMAIBHBIX YCJIOBUIM 3KCIUTyaTallMM U PEXUMOB paboThl MAIUUH U NPUGOPOB;
KOHTPOJIST H3HOCOCTOMKOCTH MAaTepUaIoB, Ilap TPEHUS] U U3E/HIL,

- OCYLLECTBJIEHUS KOHTPOJISI TEXHOJOIMYECKON cTabUIBHOCTH TIPOU3BOACTBA TPUOOTEXHUYECKUX Ma-
TEpPHaAJIOB M TOTOBOM MPOAYKLUMH IO KPUTEPUSM TPEHUS] M U3HALLMBAHUS;

- OLIEHKH HafEXHOCTH U OE30MacHOCTH Y3J0B TPEHHUSI U UX OTAEJbHLIX 3JIEMEHTOB (B TOM YMCJIE NPU
ceptudHUKaALMK) MO MTapaMeTpaM U3HOCOCTOMKOCTH.

4.7 Jlns DOCTHXKEHMST KaXIOi U3 LieJIei UCTbITaHUI Ha H3HOCOCTOMKOCTD, YKa3aHHbIX B 4.6, cieayer
yCTaHaBIMBaTh paLlMOHAIBHBIM LMK McnbiTaHuilt (PLIA), npu KOTOpoM Hepapxuyecku IMOCTPOEHHbIE
3Tarlbl UCTIBITAHUH NIPEeayCMaTPUBAIOT KCIIOJb30BAHME Pe3ybTAaTOB UCIIBITAHUM Ha NpeAbLIy1LEM 3Talle pU
MPOBEIEHUYU MCIBITAHUIA Ha IMOCIEAYIOLUIMX STaIax.

4.8 3a sran ucrpitanuit B PLIM cnenyer npuHumarth oOvMH M3 BMOOB MCMBITAHUI, YKa3aHHBIX B
tabnuue 1.
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Buant (aTansi)
UCTIBITAHMWSA

O6vexThl
HCNbITaHM’

YcnoBua MCTIbITAHMR

XapakTepucTUKa
NOJIy4acMbIX JaHHbIX

Ob6nacTh npuMeHeHHs

1 JlaGopatop-
Hbi€ UCTIBITAHUSA
ob6pasuoB Mare-
pHana

2 JlaGopatop-
Hbl€ UCTBITAHHSA
Manorabapur-
HbiX 00pasuioB

3 CrennoBnie
HCNBITaHUsA

4 Tlonurox-
Hble UCTILITAHUS

5 3kcnnyara-
LHHMOHHBIE  MC-
NbITaHKs

O6pa3ybl Ma-
Tepuaia

ManoraGapmr-
Hble 00pasum
Tpuboconpspke-
HUA

HarypHbie 06-
pasubl  TpubO-
COTpSXEHUH,
cBopouHble eau-
HULLBI

I'oToBblE H3-
Neans, KOMI-
JIEKChI

ToToBble U3~
JIeNU K KOMTI-
JieKChI

Bapuaumsa Harpyskoit u
(wim) TeMmepatypoit npu
Pa3NMYHLIX YCNOBHAX U
BMAX BO3ACUCTBHIl OKpY-
XKaleh cpesbi

MonennpoBaHHble ycio-
BMS BHCUIHEro Bo3acii-
cTBUs, ObecneyHBaloLIne
BOCTIPOM3BENEHME 3afan-
HOTO Mpoliecca H3HALINBA-
HMS, TeMIepaTypHO-CHIIO-
BbIX MOJIC TakoW Xe MH-
TEHCHBHOCTH, KaK B HaTyp-
HbIX TpHGoconpAXeHUIX

BocnpousseaeHne Ha
CTEHIIe peaibHLIX YCJIOBUIA
3IKCTUTyaTaliuK

MogaennpoBaHHbie Ha

TOJIMFOHE YCNOBHUSA, COOT-
BETCTBYIOLUME OJHOMY MIH
HECKOJIbBKUM BHEILHUM
Bo3deicTByOlUMM  ak-
TOpam

PeanvHoe pasHooOpasue
YCOBUH W3HALLUBAHUA
HIXA  THIOBblE  YC/IOBHUS
3KCINyaTalnyU

OueHka COBMECTHMMOCTH
nap TpeHHus; oMnpeicicHUe
npelaenbHbIX CHWIOBBIX M
TEMMOBBIX HArpy3oK M
yCTAaHOBIEHUE KpHUTHyec-
KHX TOYeK, nocie KOTOpbiX
HabmonaeTcsa 3aMeTHoOe
H3MCHEHHUE CHIbl TPCHHSA
WM YMeHblIeHHe M3HOCO-
CTOMKOCTH

D pHKUHOHHO-H3HOCHBIE
XapaKTepUCTHKH napsl
TPEHMsI TNpU  3adaHHBIX
YCROBUAX

Tloxasarenn M3HOCOCTOM-
KOCTH NpH MOAEIMPOBAH-
HbIX YCHOBMAX 3KcItyara-
MU

ITokasaTenu u 3HayeHHe
H3HOca NMpH MoAelMpoBa-
HHMM OIHOTO WIH HECKOJb-
KMX BO3IEHCTBYIOLUMX daK-
TOPOB Ha TNOJIUTOHE

Pecypc  wu3zenuit  mo
napaMeTpaM M3HOCOCTOM-
KOCTH

Hccnenopanue HOBBIX
MaTepuasioB, NpHOIDKEH-
Hasl olleHKa obmacT Hx
PallMOHANIBHOTO TIPUMEHE-
HMSA, aHANM3 MEXaHMYECKMX
M  GHU3INKO-MEXaHMYECKHNX
NPOLIECCOB B MOBEPXHOCT-
HbIX cnosix. KoHTposb cTa-
OMWJIBHOCTH CBOMCTB MaTe-
PHAJIOB NPH UX IPOU3BOA-
CTBE

HcnpitannmsaM — 10/mMKHO
NMPEMIECTBOBATh  ONpefie-
JieHHe MacliTabHEBIX K0ad-
PHViKeHTOB Nepexoaa.

AHanm3 M3HOCOCTOMKOC-
TH MaTepuaia, McClieoBa-
HHE npoliecca UW3HalHMBa-
Hus. [lonydyeHne MCXOMHBIX
JAaHHBIX JUIS HATYPHBIX
MCIbITAHHUHA

OueHka BIMAHHUS Ha
GpPUKIIMOHHO-U3HOCHBIC
XapaKTePHCTHKM T1aphl Tpe-
HMSl KOHCTPYKUMH TpHbo-
CONpAXEHUA. YCTaHOBNe-
HHe pecypca M3HALIMBAHHA
3/IEMEHTOB W HOPM JOMycC-
THMOro H3Hoca. Kontpons
KayecTBa IIpH IIPOH3BOA-
CTBe

OueHka BIAWSHUSA KOH-
CTPYKLHMM U OJHOTO WIN
HECKOJIBKNX BHEUIHUX
BO3IEUCTBYIOLLIKX ¢ax-
TOPOB Ha H3HOCOCTOM-
KOCTb TPHOOCONPSAXEHUH

OueHka BIWAHMA KOH-
CTPYKLIHM H3[Oe/UA H pe-
QTBHBIX YCIOBUH 3KCILUTya-
TaU¥MM Ha N3HOCOCTOH-
KOCTb

4.9 B PLIH B kauyecTse 3TanoB ciedyeT BKIIOYaTh TAKHE BUABI UCIIBITAHUN, KOTOpPbIE HE MO3BONSAIOT
NOpO3Hb MOJYy4aTh MOJHYI0O HHPOPMALIHIO 0 PAGOTOCHOCOOHOCTH Nap TPEHHUS.

4.10 Tlpu paspabotke HoBbIX u3genuit PLIM nomkeH BKIOYATh UCIIBITAHUS HA 06pa3Liax M HaTypHbIE
ucnbitanus. O6S3aTENbHBIM 3TallOM PALMOHAIBHOIO LMKIA UCTIBITAHMIA ABJISETCA BblABJAEHUE B Jabopa-
TOPHbBIX YCTOBMSIX TPAHML COBMECTUMOCTH Mapbl TPCHUs!, OLEHKA ee GPUKLIMOHHO-H3HOCHBIX XapaKTepHc-
THK NPHUMEHHUTENBHO K PEeXHMaM 3KCIUTyaTallMH MCCIeyeMOro y3jia TPEHHMS M ONpelesieHUe Ha OCHOBE
3THUX MCTIBITAHUHA KPUTHYECKHUX TOYEK.

[MosyyeHHBIe MPYU UCMBITAHUAX HA HavalbHbIX 3atanax PHU pesynbraThl conoctasasioT ¢ TpeGosa-
HUAMHA K Tape TPEHHs [0 MpeNeNbHBIM M TEIUIOBBIM HArpyskam, H3HOCOCTOMUKOCTH W CTOMKOCTH.
BblB/ieHHBIE 3KCIEPUMEHTATIBHO KPUTHYECKHE TOUYKM, IMOCIE KOTOPhIX HAGMI00daeTcsl WIM 3aMETHOE
M3MEHEHUE CUIIbl TPCHUS, WIK 3AMETHOE YMEHbUICHUE U3HOCOCTOMKOCTH, ABJSIOTCS €CTECTBEHHOM rpa-
HULEN NMpUMEHEHUS Tapbl TPEHHUA.

4.11 Tlpn mopmepHu3auuu usgennit PUU Mmoxer BKIIOMAaTh TONBKO CTEHIOBbIE WCIBITAHUA y3ja
TpeHUS U (WIH) SKCILTyaTalMOHHBIE,
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4.12 MeTon MCnbITAaHHIT HA U3HOCOCTONUKOCTD CJiefyeT BHIOMPATh C y4ETOM:
- CTanyH XU3HEHHOTO IIMKJIA M3Ee/Us;
- TSDKECTH TTOCNEeNCTBHI U3-3a OTKA30B U3NEAUSA MO MapaMeTpaM U3HOCOCTOMKOCTH;
- 33JaHHBIX B TEXHUYECKO!H NOKYMEHTAUUU TPUOOTEXHUYECKUX XapaKTEPUCTUK,
- TpeGOBaHHKI K JOCTOBEPHOCTH PEe3YJIbTATOB MOATBEPXIEHUSI U3HOCOCTONKOCTH;
ocobeHHOoCTEH KOHCTPYKLIMH U3NENus;
- LIEJIEBOTO HA3HAYCHMS U3EJIUSL U YCIOBUHN €ro MpUMEHEHMUS;
- YCIIOBUI M PeXHMOB 3KCIUTyaTallyu;
- MpennojaraeMbIX BUIOB U3HAILIUBAHMSI;
- Tpe60BaHU# K AOCTOBEPHOCTH MOATBEPXACHUS M3HOCOCTONKOCTH;
- OrpaHUYEHHUI HA MPOJO/DKUTENBHOCTD U CTOMMOCTb PaboT MO MOATBEPXKACHUIO U3HOCOCTOMKOCTH;
- TEXHUYECKHX BO3MOXHOCTEN OCHAIIEHHOCTH 3KCIMEpUMEHTANbHOM 6a3bl.
4.13 MeTtonsl U3MepeHUs] M3HOCA NMPH MCIBITAHHSIX — B COOTBETCTBUM C IPUIIOXECHHUEM A,
I'OCT 23.301, T'OCT 27640, T'OCT 27860.

5 YCJIIOBHMA UCIIOJb30OBAHMSA PA3JIMYHBIX BUJIOB UCITHITAHUI
HA I3HOCOCTOMKOCTH H TPEBOBAHUSA K METOXAM MX ITPOBENEHUS

5.1 Bumel McOBITaHMIA, YCIOBMSI MCIIBITAHWM, XapaKTepHCTHKA IOJYyYeHHBIX AaHHBIX U 06MacThb
MpPUMEHEHHSI — B COOTBETCTBUU € Tabnuueit 1.

5.2 HUcnpiTanus o6pa3loB MaTepHaioB NOJDKHBI OTBEYATH CAEAYIOUIMM TpeOOBaHUIM:

- KCHBITAHUS TPOBOAAT B YCNOBUAX, BO3MOXHO O/MXe MONENMPYIOUIMX YCIOBUSL IKCIUTyaTalluu
MaTepHaIoB B KOHCTPYKIMSIX WIM MALLMHAX, BMAbI HArpyXeHWs, NCHCTBYIOILME HArpy3Ku, CKOPOCTH,
TEMITIEPATYDBI, YCIOBUA CMa3Ku, aGpasuBHYIO Cpedy;

- METOMBI UCTILITAHU I 06pa3LIOB M UCTIBITaTEIbHBIE MALLIMHbI JOJKHBI OBITh CTAHAAPTHBHIMU M TOJIKHBI
obecreynBaTh CONOCTABUMOCTD Pe3y/IbTaTOB, MPOBEACHHBIX PA3TUYHBIMU KCCIEHOBATENSAMMU;

- YCJIOBMSI M METOA UCIIBITAHUY JOJKHBI 00€CIIeYHBaTh MOMYYEHHUE XapaKTEPUCTHK H3HOCOCTOMKOCTH
B JaHHBIX YCJIOBHUSIX C HAMMEHDbIUUM BJIUSHHEM KOHCTPYKTHBHBIX ocoGeHHOCTeil obpa3LoB.

5.3 B 3aBMCHMOCTH OT BUIa U3HALUKMBAHUS Y BUAA BHEUIHUX BO3AEHCTBYIOLUUX (PAKTOPOB UCTIBITAHUS
00pa3sLOB MAaTEPUAIOB CJIEAYET IIPOBOLUTL B COOTBETCTBUM C NEHCTBYIOLUMMHU CTAHIAPTAMHU:

- Ha rasoabpasuBHoe usHawmmBanue — o 'OCT 23.201;

- Ha ymapHo-abpasuBHoe u3HawuBaHue — no 'OCT 23.207,

- Ha U3HaUIMBaHUE NpU PpeTTUHre U dpeTTUHr-Kkoppo3uy — no F'OCT 23.211;

- Ha THAPO3PO3UOHHOE M3HawuBaHue — no F'OCT 23.219;

- MpY TPEHHMH O HEXECTKO 3aKperuleHHble abpa3usHbie yacTULl — 1o TOCT 23.208.

5.4 HcnblTaHusi BUIa | clIeXyeT NMpoBOAMTb NPU CPABHUTEJBHOH OLEHKE HOBBIX MAaTEpUAIOB,
KOHTpOJIE CTaBMIBHOCTH TPUOOTEXHUYECKUX CBOMCTB MaTepUaIOB IIPHU MPOU3BOACTBE, MOAYYEHUH UCXO-
HbIX JaHHBIX IUIS packeTa M3HOCOCTOMKOCTH, pa3paboTke peKOMEHOALMIt MO MOMYCTHMBIM pEXHMam
HAarpy>XeHHus B 3KCIUTyaTallMKd ¥ APYTUX Liesel.

5.5 HcnbiTaHua BUOa 2 cjenyeT MpPOBOAWTh HAa CTaauM OTPabOTKM KOHCTPYKLIMM [UIS aHajausa
HM3HOCOCTOMKOCTH MaTePUAIOB B 33JaHHBIX PEXMMaxX TPEHUSI M CMa3KH, UL MONYYeHHUST UCXOMHBIX JaHHBIX
NIPY [[PUMEHEHUH PacYeTHO-IKCIIEPUMEHTAIbHBIX METONOB OLEHKH M3HOCOCTOMKOCTH.

5.6 MogenbHbIM UCIIBITAHUAM Ha MATOrabapUTHBIX 006pa3iiax JOJDKHO MPEeALIeCTBOBATh ONpeae/ieHue
MaclurabHoro ¢akTopa Wi pacyeT MaciurabHbIx Koadduunentos nepexona (MKIT) ot Monenu K Hatype
IUIST KaXIOTo MapaMeTpa TPUOOTEXHUYECKOH CUCTEMBI.

ITocne pacuera MKII o6sa3aTebHO cleqyeT NMPOBOAMTL aHAMH3 BO3MOXHOCTH MX PEATM3aLMK NIpU
UCIIBITAHMSX Ha JIabopaTOpHbIX YCTAHOBKAaX [0 IapaMeTpaM peXHMa HMCMBITAHMI: CKOPOCTH, HArpyske,
MOMEHTY HHEpPLIMHM MaXxoBbIX Macc (Ul 3afa4y HeCTALIMOHAPHOIo TPEHUS), TEMIIEpaType.

5.7 I'pynnel napaMeTpoB, 3HaYE€HUsI KOTOPBIX HEOGXONMMO KOHTPONHPOBATH IIPH MOEIMPOBAHUH HA
MayiorabapUTHbIX 06pa3lax U HaTYPHOM MOIEJTMpPOBAHUM, NMPUBEAEHDBI B nNpunoxeHun b.

5.8 TpeGoBaHus K popMe 1 pa3mepaM 06pa3LOB U MOAETUPOBAHMS TPUOOTEXHUUECKHUX UCTILITAHUIA
NPUBENEHBI B MpuioxeHuu B.

5.9 Ucneitanust 3-ro, 4-ro U 5-ro BUIOB, NpeIyCMAaTpuBaIOLLi€ HATYPHBIE MCIBITAaHMS MNapamerpa
TpHOOCONPSIKEHMIA, MOLTEXKALLNE U3MEPEHUSIM MPU HATYPHbIX UCIIBITAHMSIX, IPUBEAEHDB! B MpPUIoXeHnH I

5.10 HatypHbie MCIBITAHUS CIEAYeT MPOBOLMTD C LEJbIO ONpPEAe/IEHHS! BIUSIHUS KOHCTPYKTHBHOTO
odopMiIeHHs mapsl TPEHHA Ha ero paGoToCnoCOGHOCTb B 3alaHHOM [JHAMa30He PEeXHMOB CWIOBOTIO,
TEIUIOBOTO M CKOPOCTHOIO HarpyxeHus.
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HarypHble UCTIBITAHUS C UCTIOIbL30OBAHMEM MALIMHbBI C YCTAHOBJIEHHBIM B HEN Y37I0M TPEHHUA CliefyeT
TIPOBOJUTD IS MTOJIydeHUs UHGopMaLUHK 06 U3HOCE 2JIeMEHTOB Naphbl TPEHUS WM HApaboTKe y3/1a TpeHUs
Ha OTKas3.

5.11 HarypHoe MOIeIMpOBaHUE, BLITONHSAEMOE HA CMIELIMATBHbIX CTEHAAX, JO/DKHO BOCIIPOU3BOAMTD
Y pEruCTPUPOBATh PEXHUMBbI HArPYyXEHUs NMpy GOJIBIION BapHalMY 3HAYEHUH KOHTPOJIbHBIX NapaMeTpPOB U
JOJIXXHO TIPOBOAMTBCH C LIEJIbI0 HEMPEPBIBHOrO M3MEPEHUs] K PErMcTpalMd MOMEHTAa CHJI TPeHHs, Ko3d-
duLMEeHTa TPEHUs], TEMIIEpATYphl, PACXoJa CMa304YHOTO MaTepuaia ¥ MEpUOAUYECKOTO U3MEpEeHMs pasme-
POB KOHTPOJIUPYEMBIX MTOBEPXHOCTEN U M3HOCA.

[Ipu cTeHROBBIX UCITBITAHUAX HOJKHO ObITh YCTAHOBIEHO HawIyylllee KOHCTPYKTUBHOE odopMiTeHHE
y3fa TpeHusl.

5.12 KOHCTpyKTHBHbIE ITapaMeTphl, BIUSIOWME Ha PPUKLUMOHHO-U3HOCHBIE XapaKTEpPUCTUKHU [aphl
TPEHUSI Y BbISAB/IsIEMbIE ITPU HATYPHBIX UCMBITAHMSIX, TPpUBEAEHbl B IpUIoXeHUH M.

5.13 PaunoHanbHBI LUK HATypHBbIX MCMBITAHMIE HOMXKEH COYeTaTb CTEHOAOBBIC, IOJUTOHHBIE H
3KCIUIyaTaUMOHHBIE WCIIBITAHUS U3AEIUH B LeJIOM (IMOJHOKOMIUIEKTHbBIE MCIIBITAHUS) U MX COCTABHBIX
yacTtei (AaBTOHOMHbIE UCITBITAHUSA).

5.14 Tlpu MIaHMPOBaHUM PAlMOHAIBHOrO LUKJIA HATYPHBIX UCIIBITAHUHA JHOJXHBI OBITH MPEIYyCMOT-
peHbl creayolre Buasl padot:

- noa60p Y U3yYeHHUE U3JEeTUIH-aHAIOrOB, AHAIU3 MPUYMUH X OTKA30B U MPEXAEBPEMEHHOI0 H3HOCA
OCHOBHBIX Y3JIOB;

- aHaJIM3 Harpy>XeHHOCTH U3[eIUH-aHaIOrOB;

- YCTaHOBJNEHHE BUIOB U3HALUMBAHUA U HU3IUKO-XMMHUYECKHUX MPOLIECCOB pa3pylUeHUst C HCIMOMb30-
BaHUEM DE3YJNbTATOB JIAOOPATOPHLIX UCIIBITAHUM NAp TPEHUS U NAHHBIX 06 U3LEIUSIX-aHAJOrax;

- aHwM3 GYHKUMOHATBHOIO Ha3HAYEHUS M3RENMS U YCTAHOBJCHHME BHEUIHMX BO3AEHCTBYIONIMX
tdakropoB (BB®), BAUSIOWHKX Ha H3HOCOCTOMKOCTb U3EIUS U €r0 COCTABHBIX YacTeit;

- aHaJIMU3 YCJIOBMH 3KCIUIyaTALlMU U OLIEHKA HAarpyXeHHOCTH COCTaBHBIX YacCTeH;

- YCTAHOBJEHHE HOMEHKJIATYPhl COCTABHbLIX YacTeM, MMOMIeXalIuX MO3JIEMEHTHBIM MCILITAHUAM Ha
U3HOCOCTOMKOCTb;

- yCTaHOBJIEHUHE OOBEKTOB CTEHIOBBIX, MNOJUTOHHBIX U SKCILIYaTaLMOHHBIX MCITBITAHMIA;

- BbIGOp dopcupyeMbix BBD (npu yCKOpEHHBIX UCTIBITAHHUSIX);

- BbiOOp M (WIHM) U3rOTOBJIEHHE UCIBITATEJBHOIO 0GOPYMOBAHUS U CPENCTB U3MEpPEHUI;

- HasHaYeHME peXUMOB UCHBITAHWH U BpIOOp METONOB MOJECIMPOBAHMSA YC/IOBMI 3KCIUTyaTallMd M
HarpyXeHHOCTH 3JIEMEHTOB U3JEeNUM;

- NIpOBeNeHME MOINMEMEHTHBIX U MOJTHOKOMIUIEKTHBIX MCITBITAHUI C KOMIUIEKCHBIM BOCTIPOU3BENEHH -
€M 3KCINYaTALMOHHDBIX PEXUMOB,

- craTucTUyecKass 00paboTKa pe3ysibTaTOB UCITBITAHUIA;

- OLIEHKA MOKa3aTeNeit UBHOCOCTOMKOCTH C YYETOM De3yJIbTaTOB MOJHOKOMILUIEKTHBIX MCIILITAHUI U
UCIMBbITAHUM COCTABHBIX YACTEMH.

5.15 PexuMmbl UcnbITaHUM 3-r0 U 4-T0 BUAA nonyckaercss ¢opcupoBaTh MyTeM YXeCTOYEHUS BHeIll-
HEro BO3IEUCTBUS.

5.16 CreHnoBble ¥ TMOJUIOHHBIE MCMBITAHUS HAa M3HOCOCTOMKOCTb MPOBOASAT IO YCKOPEHHBIM
METOaM, €CJIH OMNpeNCAEHBI:

- MPUHLMNO U METOAbI YCKOPEHHMS UCIIbITAHMIA;

- PeXMMbl YCKOPEHHBIX UCIBITAHUIA;

- pacyeTHbie ¢opMyibl U (MW1M) Ko3hPULUHEHTDI, MO3BOMSIOIIME MPUBECTH JaHHBIE O pe3y/bTaTax
YCKOPEHHbBIX UCMTBITAHUI K HOPMAJIBHBIM YCIOBUSIM UCIIBITAHUM.

5.17 Tlpu mAaHUPOBAHUM W MPOBENEHMH YCKOPEHHBIX HATYPHBIX MCIBLITAHUIN clelyeT yYUTBIBATH
ClIeRYIOUIME CUTYaLluH:

- ODBEKTOM HCITBITAHUM SIBJSIETCSI U3JENHE, XapaKTepU3yeMoe OMHUM BHIOM 3KCIUTYyaTallMOHHOTO
Harpy>XeHUsI ¥ OOHWUM BMIOM paspylleHUs — M3HalMBaHUeM. [Ns TaKuX U3oeNuil JOMyCTUMO IUTaHUpO-
BaTh MCIBITAHUS TOJNIBKO HA JAHHbINA BUI M3HALUMBAHUS;

- 06bEKTOM MCIBITAHKHI SAB/ISETCA U3AENUE CO CAOBIMU CBA3SIMHM MEX]Y 3/ieMeHTaMU. B aToM ciyyae
HOIMYCTUMO TUIAHUPOBATb ¥ MPOBOAUTL YCKOPEHHDBIE UCTIBITAHMSA 110 KAKIAOMY 3JIEMEHTY, PacCMaTpUBas UX
KaK CcaMoCTOATe/IbHbI€ OOBEKTHl MCMBITAHWM, WM OLIEHMBaTb U3HOCOCTOMKOCTb M3Henus Mo Haubonee
cnaboMy 3JIEMEHTY;

- 06BEKTOM WCITBITAHUMR ABJSETCS U3JENNE CO 3HAUYMUTENBbHON 3aBUCHMMOCTBIO MEXAY 3JIeMeHTaMu U
pa3IMYHBIMY BUIAMHU Bo3aeHcTBYOLIMX hakTopoB. B aToM cnyyae ¢popcupoBaHme UCIIBITAHU I MOXET ObITD
obecrneyeHo OQHOBPEMEHHBIM YXKECTOUEHUEM HECKONIbKUX pa3pyliamiux GpakropoB (HarpuMep yBenuye-
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HUEeM abpa3sMBHOCTH M YacCTOThbI HarpyxeHus). B atoMm ciyyae Ko3pPULMEHTBI YCKOPEHUS TO KAXIOMY
BUOY paspyunraoimux ¢GaxropoB OyayT pasiuyHbl.

5.18 Meton ¢opcHpOBaHHBIX UCIIBITAHUH Ha M3HOCOCTOMKOCTD CIEAYET CYMTATH 3aNAHHBIM, €CIH
YKa3aHBbl:

- ¢opcHpOBaHHBIE PEXUMEIL;

- MOPSNOK NMpPOBEAeHUS UCTIBITAHMUI U HaGNonaeMbie MapaMeTphl;

- cnoco® pacyeTa OLIEHUMBAaEMBIX XapaKTEPUCTUK M3HOCOCTOMKOCTM MPOAYKHUUH MO pe3yabTataM
¢dopcHpoBaHHBIX UCMBITAHUI U1 BCeX MAPTUM U3OENMH, KOoTopbie OyAyT BHIMYILEHbI B MpOLIECCEe NPOU3-
BOJCTBA.

5.19 IlpsAMBIMH M KOCBEHHBIMM KPUTEPUSIMH OIpPEENEHUs JOIYCTMMOrO BepXHeEro rnpeaena gpopcu-
pPOBaHUA BHEIIHETO Bo3aeHCTBYIOIEro pakropa SBASAIOTCA:

- COXpaHeHHe BHIAa KOHTaKTa (YIPYruid, ynpyroracTtiyecKui, miacTU4ecKuit);

- pe3Koe MOBBIlIEHHEe TEMIIEPATYPHI B 30HE TPEHUS;

- COXpaHeHMEe BUIA U3HAINMBAHUS;

- yBeIMYEHHE MOMEHTA TPEHHUS
BO3HUKHOBECHHE 3aCHAHUMH;

H3MEHEHHE MeCTa pa3pylICHHUs U €ero XapakTepa;
MOTEPst YCTOMYHUBOCTH KOHCTPYKIIUU;

- HapyLIeHHe MPOMOPUUOHAIBHOCTH B PAaCNpele/IeHMY MEXaHWYECKHUX HAMpPKEHUI M Harpysok;

- HapylIeHHe peXHMOB CMa3KH.

DTaJIOHOM IUISl CPAaBHEHUS YKA3aHHBIX KPMTEPHEB JO/DKHBI CIYXKHUTh MX 3HAYEHHS U1 HOPMAIbHBIX
YCJIOBHIf ¥ PEXUMOB KCIUTyaTalMH.

5.20 YcnoBueM NOCTOBEPHOCTH BBIOPAHHOIO PEXMMA YCKOPEHMS SIB/ISETCS MACHTHYHOCTb BHIOB
TPEHHUS] ¥ U3HOCA NPU HOPMAILHOM U (POPCHPOBaHHOM peXHMax TeMIIepaTypHBIX MMOJeit, noieil Hanps-
XeHUil U nedopMaliuii, CTpYKTYpbl 1 MUKPOTBEPIOCTH MAaTEPUANIOB [0 IyOMHE KOHTAKTUPYIOLUHUX Tel, a
TaKXKe IIEepOXOBAaTOCTH IMOBEPXHOCTEN.

5.21 B 3aBHCUMOCTH OT BMAA U3JeNUil, YCIOBHH UX MCMO/Ib30BAHMS M BHEIUHUX BO3NEHCTBYIOILMX
$aKkTOpOB CTEHIOBBIE MCIBITAHUSI HA U3IHOCOCTOMKOCTb MOTYT MPOBORUTHCS MYTEM:

- BOCTIPOM3BEIEHMS OJHOro BHIAA pa3pyLUalOUMX BO3AECHCTBUI (Hanpumep abpa3unsa);

- MOCJEAOBATENbHOTO NMPUIOXKEHHS K OOBEKTY HECKONBKHX BMOOB pa3pyIAlOLIUX BO3NEHCTBHIA,
MIPUBOISIIMX K Pa3IMYHBIM BHAAM Pa3pylUeHUs WM U3HAILIMBAaHUS (Hanmpumep aGpa3uBHOE, 3pO3UOHHOE,
YCTJIOCTHOE U T. 1.). TaKHe UCIIBITAHUS CIENYET IIPOBONUTh, KaK MPABUIIO, HA PA3IMYHbIX CTEHIAX, U OHU
ZIOITyCTHMBbI TOJIBKO TMPH YCJIOBUM HE3aBUCHMOCTH TAKUX BO3AEMCTBUM,

- KOMIUIEKCHOTO BOCIIPOU3BENCHUS HECKOJIBKUX Pa3pylLIAOILIUX BO3AEHCTBUI, UMUTHPYIOLLUX peaib-
HbI€ YCJIOBMS 3KCILT1yaTalUMH, B T. Y. ¥ pasNU4HbIe BUAb! M3HAIUMBaHUA. [IpM TaKUX BUIOAX UCTILITAHHI
TIOKAa3aTeNX U3HOCOCTOMKOCTH OMPENE/SIIOT C YYETOM BIMSHUS Ha M3HOC BCErO KOMIUIEKCA pa3pylUaloluX
BO3[EACTBUH.

5.22 K ucnbITaHUAM 4-TO BUAA CliefyeT OTHOCHTh MOJMIOHHbBIE MCMBITAHUS, HCIO/b3YEMbIE TIPU
HEeOBXOIUMOCTH:

. - COKpallleHUS TPYJOEMKOCTU UCIIBITAHUI 3a cyeT MpUbAMXKeHUs MONUTOHOB K OCHOBHOM MPOU3BOJ-
CTBeHHoOIi Oaze;

- COKpallUeHUs MPOJOIKHUTENbHOCTH UCTIBITAHUM 3a cyeT PopCcHpOBaHUS HArpy30K;

- MMOBBIIIEHUSA TOYHOCTU U COMOCTAaBUMOCTH PE3YJIbTATOB UCITBLITAHMIA 33 CYET CTAGMIIBHOCTH YCJIOBUIA
UX TIPOBEACHUA.

_ ’ 5.23 TlonuroHHble MCMBITAHUA HA M3HOCOCTOMKOCTDb CJIEHYET IPOBOAMTH HA COOPYXEHMSIX IMOJMIOHA,
MOZIEJIUPYIOMX OTAE/IbHBIE BHAbl U3HOCHBIX Pa3pylLeHUI WIK BeCh KOMIUIEKC Pa3pylIAalOLUMX BO3AECHCTBUMN.

5.24 3DkcrutyaTallMOHHBIE HCTIBITAHMSA MOTYT BKJIIOYATh OMBITHYIO U NTOAKOHTPOJBbHYIO 3KCTUTyaTallHH.
ONBITHYIO 3KCIUTyaTalMI0 MOXHO MMPOBOAMTb TOJABKO C UEAbI0 OLIEHKHM H3HOCOCTOMKOCTU OCHOBHBIX
37eMeHTOB MaluuH. [ToNKOHTPONbHAS IKCIUTYaTALUS JOKHA BOCIIPOU3BOAUTD peajibHbie YCIOBHS IKCILTY-
aTaluMM, XapakTepHBIE Uil U3AeNusl JaHHOro kiacca. [Ipu 3ToM nonxHO obGecneyMBaThCsS YepefaoBaHUE
YCJIOBHI ¥ PEXMMOB MPEANOJIaraeMoro Ucroib30BaHMs.

IMapameTpsl TpuboconpsXEeHU, MOMLTEXAIUHE KOHTPOMIO [IPU IKCILIYATAMOHHBIX MCMBITAHUSIX, —
B COOTBETCTBHH C NpuioxeHueM E.

5.25 B 1ex ciyyasix, KOTAa pealn3alMio CIOXHbIX HATYPHBIX 9KCIIEPUMEHTOB HEBO3MOXHO IMPOBECTH,
JIOJDKHEI GBITh HCITOMIb30BaHbI METONbI MAaTEMATHYECKOTO MOIETMPOBaHUA. MaTeMaTHiecKoe MOaEeNUpOBa-
Hue NPUMEHSIOT, KOIJa U3BECTHO JOCTATOYHO JOCTOBEPHOE MaTeMaTMYeCKOe OMMCaHUE MOAECIUPYEMOTo
mpoiecca.
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Tabnuua Al — Qusnueckue OCHOBbI METOOB HCCNENOBAHNS MaTepHAIOB ITOBEPXHOCTEN TPEHHS

f

MeTton
HCCe0BaHUS

PU3uYyecKHit NPUHUMI,
“cnoab3yeMoli
B npubope

Paspeluatoras
CcNocobHOCTb

Obnactp
NpUMeHeHHs

dusnyecKkrue oCHOBBI
MeTofa HCceIoBaHHsA

PacrpoBas anex-
TPOHHAs MMKpO-
CKonus

TIpocBeynBalw-
ILKMHA  3JIEKTPOH-
HbIif MHKpOCKOI
(1I3M)

|
|

| PeHrtreHoBckas
; dnooprcUeHUMs

|
|

|

AKycTHYyecKas
| MUKDOCKOTTHUS

| OnTH4eckas
MUKDPOCKOTHNSA

1

PeHTreHoBCKMit
CTPYKTYPHBII aHa-

n3
|
l

BsaumoneiicTBue ¢ mo-
BEpXHOCTBIO  MANAIOLIETo
nyyka snextpoHos Hc-
CleIOBAHUE  PEHTTEHOB-
CKUX JIyyen MOXHO
TIPOBOAMTb METOAOM IUC-
NIEPCHOHHOTO aHINU3a Mo
IUCTIEPCUM DHEPrHU WIH
IUIKH  BOJIH M3Ny4YyeHMs
AHANH3 IUCTIEPCUU IHED-
My ObICTpee, HO Jaer
MeHblllee pa3pellieHne

Meton MuKpoaudpak-
UMU CO CTALHOHApHBIM
Ny4KOM, BO3MOXEH CKa-
HHUPYIOLLHMI My4YOK

WUcnyckanmne  penrre-
HOBCKMX JIyuell aToMOB,
BO30YyXIEeHHBIX nanawo-
IUUM PEHTTEHOBCKUM H3-
NyyeHHeM

PasznuyHble Marepuanbl
B pa3HOM Mepe Cnocoo6eT-
BYIOT TPOXOXAECHMIO
3ByKa

HccnenoBanne MuKpo-
CTPYKTYPbI C LUENbIO Kaye-
CTBCHHOTO onpeleneHUs
¢a30Boro cocraBsa M Ko-

JIMYECTBEHHOTO  cofep-
XaHua a3, pamepa M
pPaclipeieneHus  CTPyK-

TYPHBIX COCTaBAAIOWINX

B3auMoaeicTBHe peHT-
FEHOBCKOTO M3NYYCHMS C
3NIEKTPOHAMHM BellleCTRa,
B pe3yabTate KOTOpPOro
BO3HMKAET Iaudpaxkums
PEHTTEHOBCKMX Jyueit

5—20 um

<10 HMm

Bropnunbie
PEHTreHOBCKHE
JIyYM MOTYT BO3-
HHMKaTbh Ha ryon-
He <10 Mmxm Yys-
CTBUTENIBHOCTb B0
0,0001 % nna ta-
XKENBIX 3IEMEHTOB

<0,5 Mxm

YBenunuenue
100 200~

Ins wccnenosa-
HUA  CTPYKTYpbI
NPHUMEHSIOT U3y~
YeHHE C JUIMHOMN
BOJIHbI

=1 A (0,1 um)

! CkaHupoBaHMe mo-
BEPXHOCTH 3NICKTPOHHBIM
MIYYKOM C LefIblo Nonyde-
HHUs ee U300paxkeHus

2 MukpoaHanus  rio-
BEPXHOCTHOTIO C/101, OCO-
6eHHO npM wucchenoBa-
HHHM 3JIEMEHTOB C aTOM-
HbIM HOMepoM Bonee 35

MukpoaHanua uactiu
M3HOCA U  MAIEHBKHX
YYaCTKOB TOBEPXHOCTH,
ocobeHHOo npHu oObsicHe-
HUM XHMMYECKHX peax-
LM Ha NOBEPXHOCTH 00-
pasua

Hepaspymaioninit  xa-
paKkTep MCCNENAOBaHMA C
LIENbI0 KOMTHYECTBEHHOro
aHANNU3a 3JIEMEHTOB, TH-
XeJee Kucaopoaa

HUccnenoBanmne TOHKMX
MJIEHOK

Hannune  noBpexae-
HHH, 0YaroB KOPpO3HH H
paspyllleHus

HccnenoBaHue TOHKOM

CTPYKTYPhI METQ/U1a, CTPYK-
TYPHbIX U3MEHEHHH

HUccneayemoe peHtTe-
HOBCKOE HU3NyyeHHe 00-
JlanaeT 3HEprueu, xapak-
TEPHOH IS TOTO WM
MHOTO 3JIEMEHTa, U MO-
XeT OBITh MCIIOMB30OBAHO
npy uaeHTHOMKALIM 3)1e-
MEHTOB, TIPHUCYTCTBYIOLLMX
B 0ObeMe o6pasiia BOMM3U
MOBEPXHOCTH TPEHHA

DnexTpoHHas AMQpak-
LM C MCHONB3OBaHKEM
NaJaloIIeEro MyyKa

Curnan OTAEJIBHOTO
3JIeMEeHTa NPOIOPLIMOHA-
JIeH KOHLIEHTPALIMH 3TOTo
3NleMEHTa

KonunyecrBeHHblit aHa-
M3

YnbTpa3ByKkoBble BOJI-
Hbl B MeTa- WIM rurarep-
LEeBOM aManasoHe ¢GokKy-
CUDYIOTCA JIMH30#1 Ha
obpazen  TloBepxHocTb
CKaHMpYETCS MafaloluM
Ny4KOM BOAH

Merton HabnmoneHusd He
Pa3/IMYUMBIX YENIOBEYEC-
KMM TI71a30M OOBEKTOB
yepe3 ONTUYECKHIl MpH-
60p, CHIBLHO YBEIUYM-
BalOLLMIT N306paxeHue

Meton McciaenoBaHusa
CTPYKTYpBl BElIECTBA MO
pacrnpeieieHHI0 B TNpo-
CTPAHCTBE X HHTEHCHB-
HOCTSIM paccessHHOro Ha
aHaNIU3MpyeMOM 00beKTe
PEHITEHOBCKOIO M3Nnyye-
HUA
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Oxonuarue mabnuyy A. 1

du3nyeckuii NPUHLMI,

l Meton " Paspeiuaromasn O6nactb du3snyeckue OCHOBBI
| mccnenosanus HeTIQIBSyeMbil cnocobHOCTb NpUMEHEHHS METONA WCCIICAOBAHMSI
ll B npubope
{ PenrtreHorpadus | [lonyyenue B peHTre- — OnpeneneHue  uyucna,| OrnpenesieHHe YIJIOB pa-
! HOBCKMX KaMepax ¢ Hc- Pa3sMepoB MY pa3OpPHEH- | 3I0PUCHTUPOBKH U pa3Me-
% nonas30BaHNEeM Judpak- TUPOBKM KPHUCTAJUINTOB; |poB ONOKOB MO3aUYHOM
LMY PEHTTEHOBCKMX JIy- onpedeNeHNEe  OCTaToOY- | CTPYKTYPbi, KOTOPBIE OI-
Yyell PEHTTEHOTPaMM WIH HbIX HanpsiXeHHii, $a30- | peAensior NPoYHOCTb Ma-
I nojiydeHHe B PEHTICHOB- Bblli aHAIN3 palHAlLMOH- |TepHalia M CBA3aHH C
i ckux mudpakToMerpax HBIX MOBPEXICHUM MJOTHOCTBIO  JMCJIOKA-
| PaCCEAHHOTO PEHTTEHOB- LIMi1; MAKPOHANPSAXEHHS
! CKOTr'O M3Ny4eHUs MPUBOIAT X YIUHPEHHIO
| nebaeBcKUX NMMHNH
' HMamepeHue BzaumonciicreBue uH-| MunumanbHbele | WUccnenoBanue otmenp-| Meron — onpenenenus
MHKPOTBEpPAOCTH |[neHTOpa (aIMa3HOi NH-|Harpy3ku HbIX CTPYKTYPHBIX CO-|CONpPOTHBIEHHS BHeIpe-
pamMael) ¢ MmarepuanoM| 2x 1071 H CTap/IAIOIIMX M TOHKHX|HHIO MHIEHTOpA B Mare-
obGpasuia noa BoO3JeHCT- TOBEPXHOCTHBIX CJIOEB  |pHan
BHEM HebOMbIINX Harpy-
30K (mopsiaxa IecsTKOB
TpaMMOB)
AumunicoMeTpst | OnTUYECKH METOl, ¢ - WccnenoaHue npouec-| CocrosHue noaspusa-

i

. Meron xoHrakT-
'"HOM pa3sHOCTH MNo-
 TCHLIHAIOB

MIOMOILBIO KOTOPOro H3-
MEpAIOT TOJILUMHY U KO-
3¢ GMUMEHT npeaoMiae-
HHA TOHKMX IUICHOK
(XMIKHMX, TBEPABIX)

BAnekTpodu3nyeckuit
MeTon UccaeJoBaHUs
3HepreTUYECKHMX Xapax-
TEpUCTHK (paboThbl BHIXO-
JIa 3IEKTPOHOB) MOBEpPX-
HOCTH TBeploro teja

COBR ancopOUHH, KOppo-
3HH, MHWKPOHEONHOPOA-
HOCTEH HAa MOBEPXHOCTH
(c moMolIbI0 Ny4ya nase-
pa), cocraBa aHH3OTpOII-
HBIX TIOBEPXHOCTEH M
NJACHOK

OueHka MOBEPXHOCT-
HOH 3HepruM TBEpAOro
TeNa, Ha OCHOBE KOTOpOit
MPOBOAATCA HCCACAOBA-
HMs aacOpOLMOHHBIX AB-
NeHuil, ¢GopMUpOBaHMSA
TPAHMYHBbIX CJIOEB CMa3-
KM M nJacTUPHKaLMHU
NOBEPXHOCTHBIX  C/IOEB
Marepuana

LUMH CBETOBOFO MNyuKa,
OTPaXEHHOTO H3Ny4yae-
MO/ TOBEPXHOCTBHIO U Ha
HEN NpenoMIEHHOTo

Hna ocBoboxneHns
3/IEKTPOHA M3 MeTala
3aTpayuBaercs pabora no
NPeoaoIeHHIO MOTEHLIM-
anbHoro Oapbepa, 0O6y-
CJ/IOBJIEHHOTO  3ME€KTpoO-
CTaTHYECKHM  B3aWMO-
NeACTBHEM HOHHON pe-
ETKH METanna U 3MeK-
TpoHa. Ha pa6oty Bbixona
3JIEKTPOHA BAMAIOT UCKa-
XEHUs HOHHOI pelIeTKH
METajila aToMaMH Npu-
Mecel, TeMmneparypa Me-
Taia, BHEWHEE IJEKT-
pryeckoe rnone, aacopbu-
POBaHHbIE CJIOM HOHOB
Wi npuMecefi Ha Tmo-
BEPXHOCTH




ITPH/IOXEHHE b
(cnpasouroe)
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T'PYIIIbI TAPAMETPOB, 3HAYEHNA KOTOPBIX HEOBXOAVNMO KOHTPOJIHUPOBATD
NP MOJIEJIMPOBAHUU HA MAJIOTABAPUTHBIX OBPA3IIAX 1 HATYPHOM MOJEINPOBAHUHA

Tabanua b.1

HaumeHoBaHMe rpynnsl

MapameTpsl npoliecca U 3neMEHTbI NOACHCTEM

CHieKTp HarpyXeHus

| CTpyKTypa MCIBbITYEMOro TpH-
OoconpsXeHUs

CBoiicTBa MaTepHANIOB 3JIEMEH-
TOB TPUBOCOMPAXEHUS

H3Mepsie-
MBI BETHUMHBI

|
| TpuboTexHUYeCKHe
{

cun

Od¢PekTHBHBIC 3HaYeHMs M JUCIEPCHH  Harpys3ok;
HarpyXeHWs; CKOpOCTb HApacTaHMsi Harpy3ky; OWHaMHyecKas COCTaBAloLas
Harpy3kH. CKopocTb; 3amelteHMe (YCKOpEHUe); BUA OBIDKeHHUs. TeMneparypa Ha
(PHKUNOHHOM KOHTAaKTE; TEMIIEPATypa OKPYXaloweH cpeabl

TPEHHs; Tonorpadus M3Hoca

NMPOAOIIKUTCIIBHOCTD

[MoaBHXHBI 3/1EMEHT Mapbl TPEHWS; HEMOABHXHBIA 3MEMEHT; OKpyXaloulas
cpesia; POMEXYTOUHBINH Marepualn; KO3hGOUILMEHT B3AHMHOTO NepexphbiTHS

MexaHH3M M3HOCA; MEXaHHW3M HarpyXeHHus GPUKLHOHHOM CBA3M

Cuna (k03bPHULMEHT) TPeHMS; BEIUYMHA (WHTEHCHBHOCTb) M3HOCA; TOJNHMIMHA
cnos CMa3KH; MOBLILIEHHE TEMIIEPATYPbl; aKYCTHYECKOE NaMydYeHHe (1yM); pabora

ITPH/IOXEHHE B
(pexomendyemoe)

TPEBOBAHUSA K ®OPME U PASMEPAM OBPA3LOB LISl MOAEJNBHBIX TPUBOTEXHUYECKUX

Ta6bnuua B.1

HUCTIBITAHU

Tpebopaxus

®Du3snyeckne OCHOBBI TpeGoBaHus

K yeMy npMBOOMT WIHOPUpPOBaHME
TpeboBaHui

|
3
|
I
' Ha noBepxHocTn Tpenusa o6pa3ua
[MONMXHO pa3Melllatbcsi okono 100
| CTPYKTYPHbIX 3JIEMEHTOB

! JuameTp o6pasua B 2, 3 paza Gonblue
iAMaMeTpa Basia obpasiia-nepxarens
i

| ToXmeCTBEHHOCTb OTHOLUEHHIl Ha-
IPYXHOTO K BHYTPEHHEMY AMAMETPY Y
|MOJIE/IM M HaTypbI

| Hanuume xanaBku ana ynaneHus

MPOAYKTOB M3HOCA

OxaunHakoBasi C HaTypHbIMM obpa3sLia-
‘MM TOAATAMBOCTb KOHCTPYKLHHM 00-
Ipasua

CoxpaHeHye Ha MOOEIH YCIOBMIA
TEMIOOTBOAA, GNIHIKMX K HATYPHLIM

Cratucrnyeckas  NpencTaBUTENb-
HOCTb aHajln3a MpOLECCOB pa3pylue-
HHS NMOBEPXHOCTH

ITpu Manbix Harpy3Kax TpeHHe B ono-
pax Moxer ObITh COM3MEPHMO C Tpe-
HHEM B MCMBITYEMOM y3Jie

OrpaHuyeHHe YCAOBMIF NPOHHWKaHUA
XHMAKOI WIM ra3oBod cpeabl B 30HY
TpeHus

TMpenoxpaHeHHe XOHTAKTHUPYIOIHX
MOBEPXHOCTEN OT  IHAapXHMPOBaHHS
NMPOAYKTAMH M3HOCA

YMenHblleHHE JIOKQbHBIX
NEPErpy30K YYacTKOB MOBEPXHOCTH
TpeHHS

[TonyueHHe KPUTHMYECKMX TOYEK Ha
Mozaensx, OIM3KMX K HaTypHbIM

K yBENTMYEHHIO MOTPELIHOCTH OlLIeH-
KM TIPONOPLIMOHANBHO YMEHBLICHUIO
YHCNA CTPYKTYPHbBIX €AMHHL

K ommnbke no 50—70 % npu namepe-
HHUM TPEHUS

K BO3MOXHOCTH OLUMOKH B OLIEHKE
3HayeHmit TpeHus B 1,4—2.5 pas

K owmbke B onlleHKe HHTEHCMBHOCTH
u3HalMBaHus B 1,5 pasa

K ownbke B olleHKe TpeHHst Ha
3-70%

K owmbke B olLieHKe TpeHust 1o 2—3
pa3
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IIPUIOXEHHUE T
(pexomendyemoe)

ITAPAMETPBI TPUBOCOIIPSLKEHUN, TOLIEXAIIUE U3MEPEHUAM ITPU HATYPHBIX

MCIIBITAHMAX

Tabnauua Il

Y3en TpeHus

HcnsityeMoe Tpuboconpskenne

KoHTponupyemble NapamMeTphbl

|
[ BuHTOBad mapa
I
l

DpHKUUOHHAA
; mydTa, TopMO3

Onopa
CKOJIbXEHHS

)
|
|
!
Tlommunnuuk
KayeHHus

‘T TlopuieHs-
LUUTHHID

Penykrop
YnnotHeHue

THAPOLMIIMHIpA
|
{ IllapHup uenu
[

BuHr-raitka

INapa TpeHust AMCK-OUCK, Napa TPeHHS
VIUIOTHEHH (MacIsgHbIX)

ITapa TpeHMsi Ban-BKIAQABIL WIX Baj-
YACTHYHBIN BKJIAIBIII

Momumnuuk B cGope, napa TpeHUs
YIUIOTHEHU I

Hopumesoe KOJIbUO B MNMape ¢ UWIHH-
IpoM

3yGuatasd napa WM 4YepBgYyHad mnapa
VILIOTHEHHUS

ITapa TpeHust MaHXeTsl (WIH KOJbLIO) —
LUUTMHAD

Ilapa TpeHus nmaneu-BKIAABIIL

Cuna (x03¢dbGUUNEHT) TpeHHs, M3HOC BUTKOB B pas-
JINYHBIX YacTax npocduns pedbbbl

Cuna (ko3 dHUNEHT) TpeHHs B PpUKLIMOHHOM nape,
H3HOC AMCKOB, TeMmepaTypa GPUKLUMOHHOTO pa3orpe-
Ba, TPEHKE B YTUIOTHEHWH, YTEYKM, PECYPC, BpeMs

Cuna TpeHus, BpeMst, pacXol aHATOrMYHOTO MaTepHa-
J1a, TeMIieparypa TpeHHs, MHTEIPAJIbHBIA U JIOKAJIbHbIA
M3HOC C Y4eTOM TornorpadHy U3HOCA JEMEHTOB MNaphbl
TPEHHS

Cwna TpeHus NMOAMNHUKOBOTO yana B cOope, Harpes
MOAMIMITHAKA, U3HOC NOAIINIHKKE, YTEYKH Yepes ym-
JIOTHEHHE, pecypC YTUIOTHEHHUS, BpeMs

Cwuna (x03$hpHLUMEHT) TpeHHUd, TONLLKMHA TUTIEHKH CMa-
30YHOro Marepyana, M3HOC UHTerpaibHblii M NOKanb-
HbIH C YYETOM Tororpapum M3HOCa KaxA0ro 3JieMeHTa
napbl TpeHUs, TeEMIepaTypa, BpeMs

IToTepu Ha TpeHue, U3HOC KaXIOTo 3/EMEHTA Taphl
TPEHHA, YTEUKH, pecypc, TeMIepaTypa, BpeMs

Cuna (x03hGULIMEHT) TPEHHSA, yTeYKa YEPe3 YIUIoT-
HEHMA, TeMIlepaTypa Ha KOHTaKTe, Bpems

Ko3dduimeHT TpeHHs Npu KayaTeNbHOM ABHXEHHH,
WU3HOC JNIEMEHTOB Napbl TpeHHUs, BpeMs

MTPHIIOXEHHE [
(cnpasounoe)

OCOBEHHOCTH BJIMAHUA KOHCTPYKIIMM HA PPUKIIMOHHO-U3HOCHBIE XAPAKTEPUCTHUKH
TIAPBHI TPEHMSA, KOTOPBIE BbIABJIAIOTCS ITPY1 HATYPHBIX NCIIBITAHUSAX

Ta6auua 1.1

Ll

l

| KoHcTpykTHBHSI nTapameTp,
BbIOpaHHbIT HeyaauHO

JlononHuTtenbHbli GUIMYECKHIT npoliece
Ha KOHTaKTe Nnapbl TPEHUs

HimeHeHne GpUKLIHOHHO-UIHOCHBIX
xapaktepucTHK [ToBpexaeHne
noBepxHocTei

 UpeaMepHas LIMPHHA NTOBEPXHOCTEN

 KOHTaKTa

| IupuHa WM ANHHa GPUKLMOHHOTO
3/IEMEHTa BO MHOIO pa3 Gojblue ero

I TONHNHbBI

| inuna snementa Tapbl TPEHUS B He-
'CKOJNIbKO pa3 Gosnblile ero HIMPHHBI

HenpaBunbHo cripodunupoBaHHble
|KaH4BKM Ha MOBEPXHOCTH TPEHUs

! OTCyTCTBHE CaMOYCTAHOBKH 3/1EMEH-

Ta Maphl TPEHHUs

10

KOHTaKTa

Kucnopoasoe ronoganue

lMeperpy3ka OTAe/NbHBIX Y4acTKOB B
pe3y/ibTate KopobiieHus NoBepXHOCTH

To xe
OTCYTCTBHE BCIUIBITHA Bajla, BMECTO

XHIKOCTHOTO — I'PaHUYHOE TPEHHE
MecTHble nieperpy3ku

PocT cunel TpeHus Cneabl cXBaThi-
BaHHs (BBIPHIBbLI)

YMeHblleHHe W HecTabMIbHOCTb
CHJIbl TPEHHS, HEpaBHOMEPHBI U3HOC
To xe

Poct cunbl TpeHusi, pucku

HectabunbHocTb CHILI TPEHHUS
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|

KoHcTpykTiBHBIH napameTtp,
BbIOpaHHbIIl HeynayHO

JononxnTtensHblit pU3nYECKHii npotece
Ha KOHTAKTE Mapbl TpeHUst

H3Mmenenne QpHKLHOHHO-U3HOCHBIX
xapaxkTepncTuk [lospexnenne
MOBEPXHOCTe

06a 3neMeHTa TpUOOCONPAXKEHUSA —
M3 MaTepHanoB C HU3KOIl TeMmepary-
POMNpPOBOAHOCTHIO

Yacrota coOGCTReHHBIX KojebaHMit
KOHCTpYKUMU 6113Ka K yactore GppukK-
UMOHHBIX aBTOKO/Ne6aHMit

OtcyTeTBHE NONOCTEl (TIpope3os) Al
NANEHUS! TIPOAYKTOB W3HALLMBAHHS

[Ilapxuposatue

Tleperpes u ASCTPYKUNS MaTepHaioB
B 30HE KOHTaKTHPOBAHMA

Pe3oHaHCcHBIE ABNEHUSA

TPEHHUs MpoAYKTaMH M3HOCA

HecTabunpHocTs  TpeHus,
CHUJIbHBIM U3HOC

PHCKH,

Karacrpodnuecknit usHoc

YBenuyeHue MHTCHCHBHOCTU W3Ha-
wnBanusa B 1,5—2 pasa

nosepxHocrei

[TPHAIIOXEHHE E
(cnpagouroe)

[TAPAMETPbI TPUBOCOIPSLKEHUN, NOMIEXAIIUE KOHTPOJIIO ITPYA DKCILUIYATAIIMOHHBIX
NCIIBITAHUAX

Ta6nnua E
I

' HanMeHosanue napameTpa

Llens u3MepeHus

l CxKopocTh B 30HE KOHTAKTa TPUOOCOTMPAXKEHHS:
MaKCHUMalIbHAs, MUHUM&IbBHAA, U3MEHSIOascs Bo Bpe-
'MEHHU

i Harpy3ska Ha KoHTaKTe 1 €e pacnpeieNieH!e BO BpeMEHH
|
{

1

MMyrb Tpenus
| TpomomxurenbHocTh paGoThl B TeUEHHE CMEHBI

Temnepatypa oKpyXalollei cpejibl
. BnaxHocTh OKpyXalouiei cpebt

Bubpauus (yacrora, aMIuIMTyna)

3anbUleHHOCTb OKPYXalolleil cpefibi, 3arpA3HEHHOCTb
abpa3uBOM CMAa30YHbIX MAaTEpUANIOB Ha KOHTAKTe, YUC/IO
‘yacTHU B 1 KyBoMeTpe cpeanbl, pasMep, TBEPAOCTb YACTHLL
| Pacxon cma3ouHoro matepuana

OcraToyHas AchopMaLMa 3neMEHTa napbl TPEHUA
i O6beMHBI HarpeB

CKopoCTb yaaneHHsi NPOAYKTOB M3HALIKMBAHUS U3 30HbI
TpeHHUs

| ConepxaHye B OKPYXalouleil cpefie XUMHUYECKH aKTHB-
HbIX 3arpsA3HeHM#

! y
| BO3MOXHOCTb NPOHMKAHMSA OKUCIHTEIbHOH cpeabl Ha
'KOHTaKTe

W3Hoc M ero H3MeHeHHe BO BpeMeHH
\

CoxpaHeHue ycnoBUi NPOABNEHNS TMIPOAHHAMUYECKUX
Lagbq:exroa, ONM3KMX K HATYpalbHbIM

OLieHKa MOLIIHOCTH TPEHHUA M TEMIEPaTyphl B 30HE KOH-
TAKTa /Ul BBISIBJICHMS TEMIEPATYPHOrO pEeXHMa Iaphl
TPEHHUS M CMa30YHOrY MaTepuana

Ouenka MOLHOCTH TPEHUS ¥ TEMNEPATYPHl B 30HE KOH-
TakTa U1 RBISIBCHWS TEMIEPATypHOTO peXHMa TMapsl
TPEHUA W CMa304YHOTO MaTepuana, OleHKA XEeCTKOCTH
KOHCTPYKLHH

JaHHbie 1N pacyeTa MHTEHCUBHOCTM M3HALUHWBAHHA

OnpeneneHue MLUTENLHOCTH M YacTOThl HarpyXeHMs
(NPOAONIXKUTENBHOCTH NEPUOAOB HATPYXKEHHA U OTABIXA)

AHaN3 yCoBHi paboThl CMa30YHEIX MaTepHANIOB, AaHAIN3
BAMSAAHMST U3MEHEHMS 3a30POB HAa XapaKTep HarpyXeHMst

OlLieHKa MHTEHCHMBHOCTH TpHGOKOPPO3HOHHBIX MpOLEC-
COB U HecTaOWIBLHOCTb TPEHMSA

OucHka BIHAHHUSA Ha TpEeHHUE, U3HOC

OneHka BIMAHUA aGpa3sMBHOM cpelbl Ha H3HOCOCTOI-
KOCTb TpHbGOCONpSIXEHNSA

OnpeneneHne BUAA TPEHUA
OLcHKa JOMONHUTENBHBIX HArpY30K Ha TPUOOCOMpPIXEHHUE

AHanu3 BIMSHUA 3a30pOB HA XapaKTep HarpyXeHus,
BO3MOXHOCTb CTPYKTYPHBIX NpEBpPAlllCHHMI B Marepuaie
napbl TpeHUs

OLeHKa NpUYKH HecTabHbHOro XapakTepa H3HOCOCTOMK~
KOCTH

OueHka u3MeHEHUsI U3HOCOCTOMKOCTH BC/IEACTBHE 00pa-
30BaHMS WIM pa3pylICHUS 3aLUUTHBIX IJIEHOK Ha NOBEPX-
HOCTH TpeRHs

OLeHKa M3MeHEHHA H3HOCOCTOMKOCTH

Ouerka yBelMYEHHS AMHAMMYECKMX BO3JEICTBMIA Ha
flape TpeHHs BCIIEACTBUE U3MEHEHUSA 3a30pOB

[MocTosHHOE pa3nencHWe MOBEPXHOCTEH TPEHHSA TUIEH-

KOK cMa3o4yHOro Marepuana

11
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