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MEXTOCYAAPCTU BEHHEB# CTAHIAPT

HOAINUITHUKHN CKOJIbXEHMUA.
YCTAJTIOCTb HOAIMNITHUKOB CKOJIbXXEHHA

Hicobrranna Ha cTeBAaxX B YCIOBHAX MAPOIHAAMHYECKON CMa3KH

Plain bearings. Bearing fatigue.
Plain bearings in test rigs under conditions of hydrodynamic lubrication

JaTa seenenns 2000—07—01
1 ObaacTe NpUMeHEHHA

Hacrosaumit cranaapr pacnpocTpaHsieTcd Ha OMMETAUIHYeCKHEe W MHOTOCJIOWHbIE NMONIUIHIHUKA
CKOJILXCHUS W YCTAHARINBACT TPeOOBaHUs X CTCHAOBHLIM MCNBITAHMSAM Ha YCTANOCTh UMIMHAPHYSCKUX
TIOATIMITHAKOB CKOJLXEHUS! B YCIOBMSX HONHOM THApOIWHAMHYECKOW cMa3Ku U NMPH JHMHAMUYECKOM
HarpyXeHHH.

CraHzapT TaKxXe yCTaHaBJIUBACT METOH OLIEHKH YCTAJIOCTHBIX XapaKTepMCTHK MCIBITHIBAeMBIX MHO-
IIMITHUKOB, 00eCcIeYMBalONMii COMOCTAaBUMOCTh PE3y/ETaTOB ONWHAKOBHIX WCIBITAHHM Ha Pa3NHIHBIX
HCITLITATE/IBHEIX CTeHAaX (CM. IpwIoXeHHe A). AHAJIOTHYHAsI OLICHKa TpebyeTcs TakXKe MPH 3KCIUTyaTalliy
TIOAUIMITHUKOB CKOMbXCHUS.

HanpsokeHuq B NONINWITHHUKOBEIX CIOSX ABIASIOTCS PEe3yNLTaTOM Pa3BUTHA NaRICHHA B rHAPOIMHA-
MHYECKOH IUICHKE, NIO3TOMY HEOOXOMMMO TTOHOCTHIO YCTAHOBHTD YCJIOBHS 3KCIUTyaTAlMH H CMA3KH.

IIpy ompeme’eHHM YCTAJIOCTHOM HATPYXEHHOCTH CHCTEMBbl, KPOME Harpy304HRIX, pa3MEpHBIX M
SKCIUTYaTAllHOHHBIX XapaKTEePUCTUK, HEOOXOIHMO YIMTHIBATh CJCAYIOINHAES TIPEMIOIOXEHHS:

a) TIpu OIWHAMUAMEeCKOM HarpyXeHWHM MHHHMAJIbHAs TOMINMHA MACJISTHOH IUIEHKH TIONIIHITHMKA KAK
byHKUMS BpeMeHM M MECTOIOJIOXSHMS IJIs1 obecneyeHUsI HCKIIOYeHUS] YPe3MEPHOTO JIOKAJILHOTO Hepe-
TpeBa WIU CABUTA B De3y/IbTaTe CMEINAHHOW CMa3KH NMpHU NMpHpaboTKe;

6) pacnpenesiieHue JaBRICHUS TI0 OKPYXHOCTH H B OCEBOM HAmMpaBJIeHHUH BO BpeMs AMHAMMYECKOIO
HarpyxeHus,

B) pe3ynbTHpYyIolllee HANpsDKeHUE B MOALIMITHHKOBLIX CNOSAX KaK GYHKIMS BpeMEHH M MeCTONoNO-
XeHUsl, 0COGeHHO MakCUMalNbHOe 3HAKONIEPEMEHHOE HalpsikeHHe,

KpoMe Toro, Ha ycTajJIoCTh HOQIIUITHMKA MOTYT RIUATh: CMEIIAHHAS CMa3Ka, W3HOC, 3arpsA3HeHHs,
TpuboXHMHYecKie peakuuu M IOpyrvie dakropyl. Hacrosimmii craBmapr paccMaTpHBaeT YCTaJoCTh IIpH
TIOJTHOM THAPOAVHAMMUYECKOM pa3ieJicHUM paboYHuX MOBEPXHOCTEH MACIAHOM IUICHKOM.

IIpuMe vaHue — [IpakTika HCHBITAHUI ¢ PATHIHHMU TPeGOBAHMAMM IPUBENA K pa3spaboTKe MHOTOTUC-
JIEHHBIX CTEHIOB I UCINTaHKi NONIIVITHUKOB. Ecii yclnoBHsa cMasKu, pUMEHAEMBIC HA 9THX CTCHHAX, He OINPEACIUTh
IETAIBHO, TO PE3YNETATH UCIINTAHMIA HAa pa3TMYHBIX CTeHIax 6yayT B o6iieM He CpaBHIAME! M He IPUMCHIMBI Ha [TPAKTHKe.
PaznmuqHbie CTeHIH MOTYT JaTh HECOBMECTMMBIC XapaKTePHCTHKY IS OMHAKOBRIX MATEPHAIIOB.

TIpunoxenue b Tomeko mna uadopmauuy.

2 HopmaruBHBIEe CCBUIKH

B HacTOslIieM cTaHAapTe MCIOMBL30BaHBI CChUIKM HA CHeAyIOmiHe CTaHIAPTEL

T'OCT 2789—73 HlepoxoBarocTh noBepXHOCTH. [TapaMeTpH ¥ XapaKTEPHCTHKY

TOCT UCO 7905-2—99 TIommumIiiEMKHM CKOJMbXEHHA. YCTANOCTh NOAUIAITHUKOB CKOoMbXeHusa. Hc-
IbITaHNE IMWIHHIPWIECKOTO 00pasna W3 METAUINIECKOro NOAIMITHUKOBOTO MaTepHana

T'OCT KCO 7905-3—99 TonmumMnmHMKH cKONbXeHHA. YCTANocTh NOAIIHMITHUKOB CKOIMbXeHua. Uc-
TIBITAHKE TIAMKHUX T0JI0C M3 METAUIHISCKOTO MHOTOCIONHHOTO MOAINMITHIKOBOTC MaTepHaia

TOCT UCO 7905-4—99 TIoammMImHuKH CKOAbLXEHHA. YCTaJoCTh NONIIMITHUKOB cKonbXeHnsa. Hc-
MBITAHUS TONYBKJIAIBIMICH M3 METAJUIMIECKOI0 MHOTOCJIOHHOTO MOAIIMITHUKOBONO MaTepHana

H3nanme opanpaisrpoe
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3 Llexp vcnpiTaHus

lemio ucopiTaHusa Ha CTeHAAaX NOMIIMITHUKOB CKONbLXCHMSA, paboTalolfX B YCJAOBHIX MOJTHOMN
THIPOAMHAMIIECKOM CMa3KH, SABIsETCS H3MepeHHe THHAMUYECKOW Hecyllell crnocoGHOCTH, HampuMep
npeaena yCTaIOCTHOH BLIHOCIMBOCTH MAaTepHMalla MONIIMITHMKOBOTO CJIOSI B 3aBHCHMOCTH OT AMIUIMTYAbI
HaNpAXeHUs U YMCIA UHKIOB, YTO MOXHO NPeJCTaBUTh B BWIC KpHBOH o, —N (IipefenbHoe HATIPSDKSHUE
BBHIHOCITHBOCTH OTHOCUTEJILHO YHCJIa MUKIIOB) WIHM B BHE NPEACEHOTO HATIPSIKCHYS] BRIHOCIHMBOCTH OISt
3aJaHHOTO YHcia nukioB. Ilpeaen BRIHOCIMBOCTH AOCTHIaeTCs, KOIA2 Ha pabodueli NOBEPXHOCTH NOMMIMII~
HMKA BO3HHKAIOT TPCIMHEIL.

VYcnoBueM TIOMHON I'MAPONVHAMUYECKO CMasKy ABISIETCS yNpollieHHe NPoDJIeMbl YCTalnoCcTH. D70
O3Ha4aeT, YTo INpHpaboTKa MOALIMITHMKA NPH MUCHBLITAHWM HOJDKHA TLIATEIBHO KOHTDPOJMPOBATECS IS
TpeAoTBpalieHNs] 3HAYHTEILHOTO NPEeABAPUTEILHOIO pa3pyllieHUs OT Heperpesa ¥ CABUTAOLLEro Gppukiu-
OHHOTO HaNpsXeHUS, KOTophle MOTYT BBI3BaTh 0OpasoBaHUe NMOBSPXHOCTHBIX MUKPOTPSIIHUH.

IIpumMedaHne— YCTANOCTHOE UCHBITaHWE MONIIMITHUKOBHIX MATCPUATIOB MOXET TAKKE MPOBOMUTECH C
ITOMOIIBIO MeTOROB, yeraHomieHHRX 'OCT UCO 7905-2, TOCT UCO 7905-3, TOCT KCO 7905-4.

4 TpeooBanna

4.1 TpeboBaHHUA K MCITBITATEILHBIM CTEHOAM

[ onpeneneHHs yCIOBHM paboThl M CMa3Kd HCHBITATENBHBIA CTSHN [JOJDKEH YHIOBIETBOPSTH
ceIyIOLINM TPeOOBAHMSIM:

a) TpocTasl ¥ NOHATHas MeXaHW4YecKas! KOHCTPYKLUS,

6) 7nerxoe JeMOHTHpOBaHHE AN obecrieyeHHsl OCMOTpa HONUIMITHIKA Ha MecTe;

B) pasMepHasi CTaOMIBHOCTD HOAUIUITHUKA TIPH HCIIBITAHHHA BMECTE C COTPOTHRICHKEM JePOpMHpPO-
BaHUIO KOPIyca M OTKIOHeHUEM Balia,

I) TOCTOSTHCTBO YCJIOBMii NOAaYH CMa3Ky 6e3 YXyAIIeHHs PasBHTHS NaBleHHS B MaclSTHOM IUICHKE;

n) obeclieyeHUe MpPeBBIINCHHS Ha CTEHIE BCEro [HallajOHa HAarpy3oK, HAlpPSKGHWI W TeMIepartyp,
OTMEeYaeMbIX Ha TIPAKTHKE.

4.2 TpeGoBaaus K MeToAAM HCIBITAHMIA

MeTonst MCTIBITAHUHA HODKHE! YAOBIETBOPATh CIASAYIOLIMM TPEOOBAHMSAM:

a) BO3MOXHOCTh NPUMEHSTh CHEIMATLHYI0 HM3MEPUTSILHYIC TEXHHMKY LIS ONpeAeeHUst TOMIMHLI
Mac/THOH IDICHKW, TeMIepaTyphl CMa3KW, PACIpeleNicHUs NABJNCHUS M PasBeTBICHUS TPEIMH; Takas
TEXHUKA BKIIOYAeT HENPEepPhBHOE PANMOHYKIEHIHOS M3MEpeHMe M3HOCA WIM PESHTTEHOBCKMII dimoope-
CLIEHTHBIH aHaJIU3 TIpob cMa3KM;

6) xopollo onpeeNeHHbIC SKCTIEPUMEHTAILHO TIPOBepeHHEIE THAPOTHHAMITIECKHE YCNOBUS (HanpH-
Mep, oueHkKa 3pdeKTUBHOM BA3KOCTH, YKA3LIBAIOLIEH MMIpoJUHAMIYECKHE CBOWCTRA);

B) YeTKOe pasrpaHMYeHUe MEXAY CMEeUIaHHOM CMa3Ko# BO BpeMs NpHPaGoOTKH M MOJMHOM MMAPOIM-
HaMH4ecKo# cMa3KOH TIPH YCTaJIOCTHBIX UCTIBITAHMAX;

r) lenecoo6pasHo, YToGB HaNpsDKEHHe PAcTpeNe/syIoch BOKPYT NOAIUMITHHKOB KaK MOXHO Gojee
paBHOMEpPHO (Bpallarolasicss Harpy3ka) ¢ Lenbio oOHapyXeHUs HepaBHOMEPHOCTEH B NOMIMIHHKOBOM
MaTtepuae;

II) TIPOCThbIE, TEOPETHYECKH M SKCIIEPHMEHTANLHO BOCIIPOM3BOAMMEIE THAPOAHHAMHYECKHE YCIOBUS
(HanpuMep, Bpalaolasacsa Harpy3ka MpOHM3BOAMT paclipele/ieHHe THAPOIHHAMHIECKOH TIEHKH M JaBjie-
HMA, paBHOE CTaTUYECKOM Harpy3ke).

5 Meronsl HCHBITAHMH

st obecriedeHUsI COMOCTABMMOCTH PE3YIIETATOB HCIILITAHWI HA pasIMYHbIX HCTIBITATENbHBIX CTEHAAX
¥ UX PacHpPOCTPAHERMS HA MPaKTHKY BCe NapaMeTphl, KORTPOMUPYIOMKUE THIPOAUHAMUYECKYIO MACISHYIO
IUIEHKY, NOJDKHBI NeTaTU3UPOBATLCS, BKIIOYAs YC/IOBHA UCHBITAHHIA, pa3Mephl TIONUIMITHAKOB, CMa3Ky ¥
Ipyrue GakTophl, BIANOINE Ha FHIPOAMHAMMYECKYIO MaclisTHYIO TUICHKY.

OcHOBHBIE XapaKkTepHble YCIIOBMS U NapaMeTphbl IIPH YCTAIOCTHOM MCITLITAHWH CIeAyIoLIue.

5.1 Xapakrephbie YCHAOBHA

5.1.1 Memoduka s¢hpexmusnoii npupabomru

Metonuka 3¢dexTHBHON NpHpPaGoTKH MpeAHA3HAYeHA VISl TOTO, 4TOGBl H30eXaTh Ype3MEpHOH
TeMHepaTypsl H GpUKIIMOHHOTO CABUTAIOIIETO HATIPSDKSHMS U3-32 3HAYNTENBHOIM 11IepOXOBaTOCTH KOHTAK-
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ta. [IpupaGoTka MOXET KOHTPOIMPOBATHCS TyTeM H3MEPEHMI TEMIIEpaTyphl, JICKTPHISCKOrO COIIPOTHB-

NleHus], MMIIEJaHca WIH HENPEPHIBHOTO PAIHOHYKIMIHOTO M3MepeHMs. o MpUpaboTKu JODKHO BHINION-
HITHCS YCJIOBHE

hy> R,y T R, s

The h; — MMHMManbHasi TOJNUDMHA MacJiTHOM IUICHKM, OTipelieficHHAs U3MepeHMEM WIM pacieToM
comiacHo [1-3], a R, u Rz,s-— BBICOTA 1LIEPOXOBATOCTEH NpodWisi B HSCATH TOYKAX TOIIUMNHHKA U
KOHTPIIOBEPXHOCTH, cooTBeTcTBeHHO, cormacHo 'OCT 2789. [TosmpoBanue BO BpeMs NpHPabOTKH TIpH-
BeleT K CHIDKeHWIO 3Ha4eHWsl /), ONHAKO BO BpeMs! YCTAJIOCTHOTO WMCHBITAHWS OHO HE AOJDKHO OBITh
MeHbIlle, YeM NepBoHauaibHOe 3HavYeHue R, .. Ilpu mpupaboTke mporpeccupyiolle yMEHbIIAeTC MUHM-
MaJibHasd TOJIIMHA MAac/ISHOW IUIEHKH B pe3ysbTaTe YMEHBIICHHS BA3KOCTH Macjia H3-3a TOBBLIIEHHA
TEMIIEPATYPH! ¥ CTYNICHYATOIO YBEJIMUCHUS HATpy3KH. SHAUYCHMS CTYNCHEH HATPY3KU JOJDKHDBI KOHTPOIM-
poBaThCl MHHUMM3AIMEH TEMIIEPaTypHBIX MAKCHMYMOB, YPDE3MEPHBIM PalHOHYKTHAHBIM IIOKA3aHHEM
HM3HOCA HIY 3HAYUTEIBHON NPONODKUTEIBHOCTBIO HYACBOTO 3JIEKTPHIECKOTO KOHTAKTHOTO CONPOTHBIIC-
HUSL

IpumMeuadue — [Ipd KOHTpONe MEKTPAIECKOro KOHTAKTHOIO COMPOTHRICHIS TTONIIMITHHK JeKTPHIEC-
KU M30JIMPYeTCA OT MCITHITATEIEHOTO CTeH/IA. DIeKTpOOGOPYIOBaHHE OJDKHO ITPeYCMAaTPpUBAaTL H3MEpEHHEe Pa3HOCTH
noteHuuanoB 10 MB MexXxury BajoM H IMOAIIMITHUKOM B TOYKE IOIBOJA ¢ BHYTPCHHHM colipoTuBRIcHHeM 100 Om,
Koropas nanaer no 0,01 MB npu xoHTakTe miepoxoparocreid. [IpupatmieHusa Harpy3Kul peryIUpyIOTCs TaKuM o0pa3oM,
ITOOHI CBECTH K MUHMMYMY [IPOJOIDKHTENHHOCTE KOHTAKTA IIEPOXOBATOCTEM.

5.1.2 Hckarouenue omkaonenus 8 2eomempuyu KOHCIPYKYUOKRbIX I1EMERMO8 NOOWUNKUKA CKOAbWCEHUS

Hckmiouuts OTKIOHEHHMS JO CTENEHH, KOTopasi MOXET NOBIMSTh Ha pe3ylJbTaThl M CHHU3UTb HX
BOCTIPOM3BOAUMOCTE. ['eoMeTpHYECKHE IOTPEUTHOCTH MOTYT BKIMIOYaTh edhopMalinio KOpnyca, IpoTud wWin
HECOOCHOCTb BaJla U HEPABHOMEPHBIE IPyOLie ciiellbl TPDEHUS H2 NOBEPXHOCTH NOMUIMITHUKA CKONbXEHUS.

5.1.3 Dggpexmusnan memnepamypa nodwunnuxa u supoGUHAMUHECKOU NACHKU

D dekTUBHAS TEMIIEpaTypa IMPeACTABISeT PABHOMEPHOE pacnpeniejieHue. ANETepHATHBHO H3MEPSIOT
TeMIlepaTyphl Macjla Ha BXOAE, BHIUIECKOB Maciia B IUIOIHAaAY OCHOBHOTC HArpyXXeHHs1 ¥ NOBEPXHOCTH/oC-
HOBHI TTOQUIMITHHKA.

5.1.4 Amnaumyoda u nanpasaenue OUHAMUYECKOU HAZPY3KU KAK DYHKUUS epemeHl

AMmuTyna ¥ HanparlieHHe AMHaAMH4YecKol Harpy3kKu o6pasyloT OCHOBY IJ11 OLeHKH paclpefeIeHus
JapJicHus IVICHKY Ha Nepvdepun M B OCEBOM HampapleHMM KaK QYHKLMM BpeMECHH U TIOJIOXKCHMS Ha
TOBEPXHOCTH TOALIMITHUKA. ANBTEPHATMBHO MOXET MCMOJb30BaThCsi H3MEpPEHME paclpele/IeHHs HaBie-
Hus. JI1o60i MeTon MOXeT HCIONB30BAThCA IPH OLEHKE NJHHAMHYECKUX HANPSIKCHUH B OTASTbHBIX CIIOSIX
NOAIINMITHUKA A OOHAapyXeHMs MECTONOJIOXCHUS Ha NOBEPXHOCTH MAKCHMAJILHOTO HaNpsDKeHHS B
3aBUCUMOCTH OT CPEJHETO M 3HAKONEPeMeHHOTO HaNpsoKeHUs IPH Hpefie/ie BBIHOCTMBOCTH.

IMMIpumevwanne — MaMmepeHns NarieHHA, He BIMAIOMIETO HA PA3BUTHE THAPONMHAMMYCCKOM IUICHKH, W
HalIpSOKEHUS ¢ TOMOIIBIO KOHTPONBHO-U3MEPUTENBHEX [IPUOOPOB MOTYT IIPOBOMUTHECA METONOM HCNapeHus TOHKOM

MeTaUTMYecKoi IieHKH. Takue HU3IMEPCHMA CICAYET NPOBOIUTH 3apaHee NMpU OTMHAKOBBIX YCIIOBUAX, HO HC B IIpOLIECCE
YCTANOCTHOTO UCTILITAHMS.

5.1.5 Hucno yuraoe nazpysxu, Kkomopoe npueodum K nepeomy YCmai0CMHOMY ROGPENCOCHUIO

IMospexnenus H0KHE ObITk B ¢opMe TPSIIMHEI WM TpelH (UinHoM Gonee 5 MM), WM OTpLIBA
MaTepHasa TONMIMITHUKOBOTO aHTHdpHKuMOHHOIo cjod. Mcnbiranus A nonydeHHs] KpHBOH G,—N
NpeKpallaloT NpM IMKIAX Harpyxenusa S50 x 105, Hanpsxkenwe Iipenesa BBIHOCIMBOCTH MOXET OLITH
OIeHEeHO TpH 3aJaHHOM 9YHCJIE HUKIOB, HampuMep 3 x 105, 10 x 105, 25 x 10 ym 50 x 108, O6pazern, He
MMOABEPTHYTHIN pazpylICHIO MPH YCTATOCTHOM UCTIHITAHUHM IO 3aJaHHOTO Mpeiefia BEIHOCIMBOCTH, YKA3bI-
BaloT B OTYETE.

Beniencteue pasbpoca peayneTATOB MCHBITAHHM M CTATHCTHYECKOTQ XapaKTepa Ipefelia YCTallOCTH
PEKOMEHIYeTCA Pe3yNbTaThl OLICHUBATE HA OCHOBE CTATUCTUYECKMX METOIOB.

5.2 XapakrepucTHaeckas uHGopManus

Ecmm onleHKa pe3ynbTaTOB UCTIBITAHMS 1O IPeAeNia BBIHOCIMBOCTH TIpH (HKCHUPOBAaHHBIX TeMIlepaTy-
pax, KOHTPOJIUPYEMEIX ¢ TOYHOCTHIO 12 °C, He MPOBONUTCS CaMUM HcClieoBaTeneM, To o0 3ToM HeoOxo-
OMMO yKa3aThb B IIpuMedYaHHH. EciM TIONUIMITHUMKOBBIA MaTepHall NpeTeplieBacT M3MEHEHHS B Xofe
vcnpITanus (Hanpumep auddysus WM aHaIOTMYHBIA IIpolecc), TO 3TO JOKYMEHTHPYETCS B KayecTBe
JNONOJTHUTETbHOM UHpOopMan (HanpuMep MeTaTypradecKuif OTIeT).
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Wndopmarus noapasnensgercs TaKUM o0pa3oM, 4yTobpl TpeOOBaHMS K JaHHBIM OGBUTH CHILKCHBI B
3aBUCHUMOCTH OT JeTaNbHOM OLEHKM KOHEYHOTO pe3yJibTaTa — HaNpsKeHUN nipefena BHHOCIUBOCTH.

5.2.1 Onucanue ucneimamenbrozo cmenoa

OmnucaHue NOIXHO BKIIOYaTh 0GO3HaYeHHMe, KOHCTPYKUUIO, TIPHMHUMIILI HArPYXKEHMS, pacyeTHbIE
Tipefesnl, oJavy cMa3Ky, BKIII0Yasi BCIIOMOoraTeIbHOe 060pyZIoBaHIie, a TAaKXKe METOI U CXeMY H3MEepeHM.

5.2.2 Onucanue ucnoinyemozo noduunnuxa

OnucaHue JO/DKHO COCTOSITH: U3 pa3MepoB MONUIMIIHMKA, BKIIOYAs] TOMUIMHBI PA3IMYHBIX CIIOSB;
pasMepa Kopllyca B JUAMETPaIbHOM M OCEBOM HalpaBJIeHMSIX; pasMepa 3a30pa — OCOOEHHO B YCIIOBHSX
WCTIbITAHUA, TApaMEeTPOB HIEPOXOBATOCTH ITOBSPXHOCTH. JONONMHUTENRHO MpeaycMaTpuBaeTcsd o0o3Hade-
HUE MaTepuana, BKIIOYas ero XMMUYECKHMIA COCTaB, MPOLIECCH MPOU3BOAICTBA C TIOMOIIBIO TepModu3ugec-
KOit 06paboTKH ¥ NaHHBIE CTATHYCCKON NPOYHOCTH, BKI09asd Monyas IOHra u kosdpduument INyaccona.

5.2.3 Onucanue ucnvimyemoi yangbo.

OnxcaHue NODKHO BKIOYATh pa3Mepbl, IApaMeTp ILIEepOXOBATOCTH TOBEPXHOCTH, TBEPAOCTh H
3HAYeHHS OTKJIOHEHHUS U HECOOCHOCTH.

5.2.4 Cneyughuneckue ocobennocmy Hazpy3Ku npu UCRLIMAKUY

Crenududeckue ocobeHHOCTH Harpy3Ku JOJDKHBI BKIIIOYATh AaMIUTUTYIY ¥ HallpaBneHHe KaK GyHK-
LIMIO BPEMEHH, JacTOTY U CKOPOCTb Bajia NP NpHpaboTKe W YCTAIOCTHOM MCHLITAHUM, a TAKXKE MPOACI~
XUTETLHOCTh MCTIBITAHMS.

5.2.5 Ob6osnauenue cmasku u nodauu

Ob6o3HaYeHHe CMasKy M MOJAYy JOLXHO BKIIOYATh: THII CMa3KH; 3aBUCHMOCTH BS3KOCTh — TeMIIe-
parypa ¥ ITUIOTHOCTh — TEMIIEPATypa; AaBJcHHe IONaYM; pasMephl U PacTOJIOXCHHME OTBepCTHH (WIH
KaHAaBOK) IONAYH; CKOPOCTh TEUCHHA.

5.2.6 Onucanue memnepamyp ucnsimanus

OmncaHue DO/DKHO BKIIIOYATh TEMIIEPATypy IVISHKH Maclla B Macce M Ha BXOZIe, BRITUIECKOB Ha BhIXOHE
Y THTIIMIHYIO TEMIEPATypy MOALIMITHUKA BOJIM3H 30HKI TMOBpPEXNEHMS KAK MOXHO OMIKe K NOBEPXHOCTH
6e3 HapyllleHWs] pa3BUTHS NaBJICHUA B MacCJITHOM IUICHKE.

Bce BpnuenpuBeneHHBIC ONMCAHUSI HEOOXOAHMMSBI TSI OHEHKH THAPOTUHAMHYECKOTO COCTOSHMS
UCTIBITYeMOTO HOXUMITHUKA. Eciu runpoauHaMIdecKoe COCTOSIHHS OLICHEHO, TorAa TpebyeMas nHdopMa-
Lusl orpaHWYMBaeTcA Ao chepymowel uadopMali BMecTe ¢ JaHHBIMM TEMIIEpPAaTyphl NOMIIMITHUKOBOTO
MaTepuaa.

5.2.7 Onucanue moauwunbs UCRbINYeMOl NAeHKU

OnMcaHue QODKHO BK/IOYATh M3MEHEHHE TOMUMHBI IUVIEHKH CO BpPeMEHEM M pacroJIOXeHHeM B
MOJIMITHIKE, a TAKXe MUHMMAIBLHYIO TOJNIIHHY IJIEHKH, CBI3aHHYIO C JAHHBIMH LISPOXOBATOCTH BO BpeMs
TIpUpaGOTKH U TIPU YCTAJIOCTHOM UCTIBITAHHH.

5.2.8 Onucanue dasaenus ucnvimyemoi nieHKu

Omnucadue NODKHO BKTIOYATh paclipefie/leHHe JABIeHHS CMa309HOM IUIEHKH M ero M3MEeHEeHUE CO
BpEMEHEM M DACIOJIOXEHHEM OTHOCHUTEILHO TOBEPXHOCTH NOMIUMITHMKA TAKUM TIONPOOHBIM 00OpasoM,
YTOOHI rpaiieHTh] JaBACHHSA YKa3bIBATUCH C JOCTATOYHOM TOYHOCTEIO.

5.2.9 Onucanue dunamuueckux HanPANCEHUl UCHbIMAHUA

OnucaHue NODKHO BKIIOYATH paclipelielicHBe HalpSIXKEeHH CO BPEMEHEM M PACIIONOXEHHEM OTHO-
CHUTEJIbHO ITOBEPXHOCTH NONUIMITHUKA IUIS ONpedeicHMUs MOJOXEeHHMs MaKCHMMAJIbHOTO YCTATOCTHOIO Ha-
TIPSDKEHMS B 3aBUCHMOCTH OT CPEHETO U 3HAKONEPEMEHHOIO HaNpsDKeHUi TIpH Iipefieiie BHIHOCIMBOCTH,

Tony4esHbIC PE3y/IBTATH MOTYT CPAaBHMBATHCA C JAHHBIMM APYTUX MCTOAOB MEXaHMYCCKMX MCTLITa~
wuit (em. TOCT UCO 7905-2 — IF'OCT UCO 7905-4) ¢ noMolibio guarpaMMEl Xeifra, Ha KOTOpOM aMIl-
JIATYHA HAIpSDKEHHS RaeTcsl B 3aBMCUMOCTH OT CpeIHEr0 HaNpsDKeHHs.

5.2.10 pyeue peayavmamor ucnoimarnus

JonomHuTensHO pe3ynbTaThl UCIBLITAHWS BKIIOYAIOT ONMUCAHWE PaspyLICHUA, PacTIONOXeHUe U CTe-
TIeHb DPaCTPECKUBAHUSA, OTCYTCTBHE WIM HaIU4yye H3HOCA WM 3aupa; NaHHBIC METAUTYpPrudecKoro
uccrenosanus. Ecmm Obin oTMedeH M3MepAeMBIif M3HOC, T.€. GoJibllie YeM TOHKOE IIOIMpOBaHMWe, M He
TIPOM30LLTO OTPhIBA AHTHGPHMKIMOHHOIO MaTepHana, TO MOXHO 3aK/IIOYHTh, YTO TOJIUMHA MAC/IIHOMN
IUIeHKH SBJIgeTca HeaAeKBaTHOM U YCIIOBHS UCITBITAHMS JOJDKHEBI ObIThE M3MCHEHBI A1 HCKIIOIeH KA N3HOCA.,

6 Ouerka HaANpsKeHWH B NOXUIMITHHKOBBIX MaTepHaIax

OueHKa ycTaJJOCTHBIX HANPSDKCHUH YIIPOIUAeTCs, €CIM TMAPOIUHAMIYECKHE YCIOBHS ABISIOTCS JIETKO
BOCTIpoH3BoAMMBIMU. HauGornee nipocToe yclnoBre IHHAMWIECKOH HATPY3KHM — YHCTOE BpaIlEHHeE, TIepea-
BaeMoe 4yepe3 BaJ, HArpyXXeHHBIN ¢ MOMOIILIO pa30aiaHCUPOBAHHBIX MaccC Ui YMEHbINGHUS OTKIOHEHUA
nipory6a Bana. YcioBUe TMAPOAMHAMWYECKON TUIeHKH — YHCTHIM KITMH, KOTOPbIi Haubollee TOYHO onpe-

4
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nensercs pacyetoM. EciM NPHMEHVMBI HEKOTOPHIC NOMYCTUMbIC PEANOIOXESHHS, TaAKUe KaK: HIUIMHIPH-
YeCKHH TOMIIMITHHK; OTCYTCTBHE 3HATUTEILHOW HECOOCHOCTH WM JAedopMalyii; ONTHMAlbHAs Nofada
Macjia [IpH CBOGOMHOM pa3sBHTHH JaBJieHMS TUICHKH; GHKCHpOBaHHbIC MPOTIOPHHH NOMIIMITHUKA, MOAYJLA
10HM ¥ Ko3dbdumenTa IlyaccoHa, To BO3MOXHO MpPeIBAPHUTENILHOE ONpPEAETCHHE CPEHEIO M 3HAKOIIE-
PEMEHHOTO HanpsIKeHHUs NpH GUKCHPOBAHHLIX Yucnax 3oMMepdenbaa ¥ OTHOUICHUAX IIMPUHEI TIOIIIHII-
HHKA (CM. IIpUJOXEeHHE A).

JIna BO3HMKHOBEHMsI YCTAJIOCTHOIO pa3pyllieHMs B BHICOKOMpPOYHOM MaTepHaje Oc3 M3Hoca WM
3aefaHUsg HEOOXOMMMO, YTOOE! THAPOAMHAMHIECKHC XaPaKTCPHCTHKHE (3a30p, BASKOCTh CMa3sKM M OY€Hb
HH3Kasi HIEPOXOBAaTOCTh MOBEPXHOCTH) 0OecleYHBATH NOCTATOYHYI0 MUHHMAJILHYIO TONIIMHY CMa309HOM
TUICHKH U151 IIpefOTBPAIlCHIsI META/UTHYECKOrO KOHTAKTA.

Taxcke BO3MOXKHO NPOBECTH aHAJIOHYHOE OIPEc/ICHHE B OTHOIICHHUH HCIIBITATC/ILHBIX CTCHIOB TIPH
HEHanpaBIeHHOH 4iCTO# CMHYCOMIANbHOM HATPY3Ke.
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NPUITOXEHUE A
(06s3arensHoOC)

OneBKa RanpsIKeHHil

A.1 OneBKa ycTANOCTHbIX HANPsKeHHI

Ha ocHOoBaHM# IPaKTHIECKOTO OIKTA U UcCileqoBaHUl GBLIO YCTAHOBJIEHO, ITC YCTANTOCT: HATHHAETCA C OCEBAX
TPEIINH B IATHHAPHIECKIX TIONIIHITHAKAX BCAESNCTBHE TAHICHIIMANLHRIX 3HAKOIICPEMEHHRX HATPSIKCHUM.

[Ipv M3MeHeHMM HAMPAXKEHWH B OCeBOil WIM KOMBIEBOM IUIOCKOCTSAX U OTCYTCTBHM IIOJHOLO TPEXMEPHOIO
PelIeHNs OleHKA MOXeT GBITH BRIIOJIHEHA 10 TAHTCHITHATEHEIM HAMPSDKCHUIM B CPEHEH IUIOCKOCTH TMOMIIVMITHHUKA,
T.€. IBYXMEPHBIM peLICHHEM.

[pu guHaMUdecKoi Harpyske, KOTopas U3MEHSETCSA B 3aBUCUMOCTH OT BPEMEHH M PACIIOJOXEHHUS HA IIOBEPX-
HOCTH, PA3MIHEE IIPOXO/LKUTENBHOCTS U JaBIeHHe [UTEHKH, 3aBUCAIINe OT PACcIIONOXCHUS, IPOM3BOIAT TaHTeHIIN-
AMBHBE HANPSOKCHMS B aHTUGPUKIMIOHHBIX CJIOAX MOMIMITHUKA. IS OlleHKU pachpefelcHUs HanpsDKeHHd B
pe3ynsraTe MIHOBeHHOM MUCIEPCHH HARICHHS B CpelHeH IUIOCKOCTH ITOMIIMITHAK MOXHO IIPeACTaBHTh B BHIC
WIHHIPHISCKOTO KOJBIA, BKIOYAsS Kophyc MomminHEKa. HarpyxeHue ocylecTriIgeTCs Yepe3 MTHOBEHHOE IaBIECHUE
IUTeHKH Ha BHYTPeHHeM pabodeM Iquamerpe cOalaHCHPYeMBIMHA HaBICHUAMH peaklMy Ha HapyXHOM IAaMeTpe.

Monenp xonblia MOMIMITHUKA (PUCYHOK A.1) MOXHO pac-
CMATPUBATh B KAYECTBE PasITIHbIX CiloeB MaTepraia. Mcronsays
TaKyIO0 CHCTEMY, TAHTSHITHAIBHEIE HAMPSKCHUSI MOXHO OLICHUTH
€ IIOMOIIBIO PAla pellleHuit. OTo, B 9aCTHOCTH, QyHKIMSA Hanps-
XeHusa Aspiu (ypasHeHMe A.1 WK A.2) X aHaIIMTHIeCKYe METOIB
(ypaBHenms A.3, A4, A.5, A.6 1 A.7), BRIIOYAIOIIME YITPOIIEHIE
IJi1 O9€Hb TOHKUX aHTHGOPHKIMOHHBIX cJioeB. Moryr 65ITh pa3spa-
GOoTaHE! ¥ ApYTHE YpaBHEHYS, HCITONB3YA METONIBI aHAIH3a HaIIps -
XCeHUs{, KaK, HallpgMep, MeTONEl KOHEYHHIX K TIPaHWUIHBIX
a1eMeHTOB. Pacuer HanpsokeHMit IIpHMEHSAeTCS B aJeKBAaTHOM
Y9aCTKe OKPYXHOCTH ITOTIUMITHHKA K IHKIA HATPY3KH IS OLICH-
KU CpeqHUX U 3HAKOIICPEMCHHBIX HaNpsDKCHUI B OIIPeIe/ICHHBIX
KOJIBUEBBIX TOUKaX. Mx MakcMalbHble aMIUIUTYHE! OYAYT OTBeT-
CTBEHHLIMH 3a YCTAlOCTh.

PacueT yCTANOCTHLIX HAPSXeHUHA YIIPOIIAETCS IIPH YUCTOM
BparIalonieiics: Harpy3Ke, MOCKOMbKY IIOCTOSTHHOE paciipelic/icHue
JaRileHHUs TUIeHKH BpaiaeTcd 110 OKPYXHOCTH ITOMIIMIIHKKA U
Pe3yALTUPYIOIIHE HAMPSKCHUS aHAIOTHIHO BPAIMAIOTCS IMPH MO~

1 — MaKCHMAIBHOE JaBIeHHe MACIIHOM MIEHKH; 2 — T: o6
HaIpaBeHHe HATPYIKH; J — KOJbIo 1 (KopIyc Wctams-  CTOHHOM paclipelie/leHHH. TakuM 06pasoM, TOIBKO OHO pac-

Hag OCHOBa); 4 — Koiblo 2 (amTHdpuxkimonpemi [PCICJICHUC AARICHUS W PE3YILTHPYIOIICTO HANPKCHHA ITOMIC-
CTIOM/IPOMEXYTOYHBIH CoM); 5 — Kol 3 (paboumit  XUT OLEHKE LA OlpelciAeHHS MAKCHMANBHEIX CXUMAIONMX M
aRTHOPUKIACHHERIA CIOH) PacTATHBAIONAX aMIUIATY, B OIMHAKOBOM KOIBIEBOM TOYKE,
9TO0B! MONYIHTH AMIUIMTYABRL CPEfHer0 M 3HAKOIEPEMEHHOTo

PrcyHok A.1 — Monesr Konblia MOAMIMITHUKA HANPSOKEHUA.

A.2 Huxe npaBe/ieHb YeAoBRBE 0003Ha9eHHAS

b — IIIMPUHA MOAMIMIIHUKA, MM;

d — muaMeTp pabodeil HOBEPXHOCTH, MM (d = 2r3);

dy — MMaMeTp Kopiyca, MM (d = 2r;);

d*}; — Be3pasMepHHH HApYXHbIA UaMeTp Kopiyca (d*y = dy/d);

d*y o — Ge3pasMepHBIi HAPYXHBIE [MaMeTp II9 PUCYHKa A.3

(@, = dyg/d = 1,45);

E — Monyns [Oura, Ia;

E* — 6eapaaMepHntit Moy KOura (B* = E,/E, ),

E, — momynp IOHTa, Kopiyc u crabHas ocHOBa, 1la;

E, — momyns 1O0#ra, anmudpuxkimonHsil croi, MIla;

E, , — vonyms IOnra ms prcyrxa A.3, MIla (B, 5 = 63 x 10%);

E; y — Momyms FOura, paGouit aHTuPUKIMOHHBI ciioi, MITa (E; o = 20 x 10%);

hy, — HadaNbHAs MUHMMATLHAS TONIIMHA CMASOTHOM IDICHKY, MM;

£ — KO3(hOUUMEHT KOPPEKIMA IS APYTOTo pasMepa Kopiryca (dy/d e pasusil 1,45 oM. pucyHok A.5);

, — KOShOMIMEeHT KOPPEKLUY Y1 APYTHX TOMIMH aHTHOPHKIIMOHHOTO clIoA (§*, o = s,/d He paBHEI 0,00471

CM. PUCYHOK A.6); ’

p — yIenbHasg Harpy3ka, [la;

— [MEePOXOBATOCTh MOBEPXHOCTH (BRICOTA HepaBHOMepHoOCTeil nmpoduindg B 10 ToIKax), MKM;

— OTHOMIeHHe Hanpsxeuwit (R* =o_ . /¢

1) Pasnurannie Ko3bPUIMEHTH aHTUDPUKIIMOHHOTO 1 pabogero clIoes W ¢ A M R
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R*, — oTHOINEHME HanpskKeHWH, aHTAQPEKIMOIIBIL CIo;

R¥; — oTHOMEeHNEe HANIPDKECHUH, pabogmii aHTHOPUKUMOHHHINA CJIoM;

r| — paxMyc HapyXHOTO KoJblia (KOPIyC M CTaJbHasd OCHOBA), MM;

ry — paJiyc MOBEPXHOCTH pasfeia MeXJy OCHOBOM MONMMITHUKA ¥ AHTU(PUKIHMOHHBIM CIOEM, MM;

r; — pamuyc pabodeii NOBEPXHOCTH (ToNIMHA paGodero aHTHGPUKIMOHHOTO CIOSI HE3HATHTENBHAS), MM;

S3o — gqucio 3oMMepdenbaa;

§, — TOMIIMHA AHTHOPUKIMOHHOTO IO, MM;

5%, — Ge3pa3McpHag TONIIMHa aHTHOPAKIHMOHHOTO c1os (5%, = 5,/d);

§¥, o — GespaaMepHad TOJIAHA aHTHOPUKIUOHHOTO CNIOK ISk pACYHKA A.3 (s*; o = s5,/d = 0,0047);

Neg — 2dexTnBHAA BA3KOCTS, [la;

v — koaddummuent ITyaccoHa;

vy — koaddumuent ITyaccoHa, xopnyc ¥ CTalbHas OCHOBa;

v, — xoabdmmeHT [TyaccoHa s pacyHKa A.3 (Bce aHTHOPHKIMOHHEIE CJIoH, v, = 0,34);

vy — Koadduuent [Iyaccona mia pucyrnka A.4 (Bce pabouue ciod, vy = 0,33);

o — Hanpsokerue, [a;

G — cpeaHee HallpspkeHwe, Ila;

o* — GeapasMepHoe HanpsokeHue (6* = o /p);

O — aMIUMTY/Ia 3HAKOIEPEMEHHOTO HAIIPSIKEHUA, IIa;

o, — HallpsDKeHHe Mpeliella BHHOCIUBoCcTY, I1a;

o*, — GespaaMepHOe HaNlpsDKeHME, aHTHOPAKIMOHHKA CIIOi;

o*; — GespasMepHOe HAIIPsSOKEHUE, PaboIHi aHTUPHKIMOHHDIA CIIOK;

Y — OTHOCHTE/IHHBII 3a30p MONIIMITHAKA;

© — YIJIOBas CKOPOCTb.

A.3 Hanpsends B NOAMMNHAKOBLIX CJOAX NPH Bpallialomeiics Harpy3Kke

JuanasoH TaHTeHIMAHLHBIX HANPSDKSHWI B OALIMITHHKOBBIX CIIOSIX MOXeT OBITh PacCIUTAH I Bpalnaronreiics
HAarpy3kd B Oe3pasMepHBIX BeJIMIMHAX HAIIPSIXKEHUH o* = ¢ /p, T.e. OTHOCHTEJILHO YASIBHOMN Harpy3KH p Kak QyHKIH
py?

eff @

Ha pucyskax A.3, A.4 npelCTaRIcHH aMIUTHTYZE 3HAKOIIEPEMCHHOIO HANPAXCHHUA o) KaK QyHKIMH yncia
3ommMepdenbia U OTHOLIEHUS JHAMETPA HMOMIIMIHIKA K €ro mupHHe d/b 1 aHTUGPHAKIMOHHOTO ciios (IPOMeX-
YTOYHOTO CJI0S) MOMIUITHWKA ¥ paGoyero aHTHGPHKIMOHHOIO Clod, @ Takke NIA PUKCHPOBAHHBIX IPOTNOPIMA
NONIIVMITHIKA, BKIOYasd OapaMeTp Koplyca NOAUIMIHKEKA dy*, NapaMeTp TOMIMHB AHTU(PHUKIIMOHHOTO ClIos 5,* |
MarepHal aHTHGPUKIIMOHHOIO CJos MONIIUITHUKA ¢ MoRyiaeM IOuTa E,, = 63 x 10° MITa. Moxyms OuTa E; mx
Matepuana aHTUGPUKUMOHHOrO cios ¥ KoadduimeHTs [IyaccoHa mis o60HX C/10eB SBISIOTCS (PHKCHPOBAHHEIMY,
KaK 3TO JIAaHO B MepevHe YCIOBHEIX 0003HATeHHH (cM. A.2).

s marepuana aHTHGPUKIMOHHOIO CJIOS MOMIMIHKMKa ¢ monyleM IOura E,, He pasHbM E,,, 3HavcHHA
aMIUTHTYb! HATIPSOXKCHUS O TOMYIAoTCs CICAYIONMM o6pasoM: ’

11 aHTUGPUKIIMOHHOTO CJIOS

qucna 3omMepdemsaa So =

(d —0,103440,1010 E*
b

Oa2 = Oago (0,8520,1438 E¥) (A.1)
s pabogero aHTUGPUKIMOHHOTO IO
O3 =03, (1,004 B¥)—0.0888 a2
Pacmaxenue

Pacynku A.3 u A.4 kmovaior hopMyEl pac- {
JeTa OTHOMIEHMS HanpsokeHuit R* = o, / 6. (oM.
pucyHoK A.2). Y3 3T0or0 oTHOMEHNS cpelHee Halps- Cmax
XeHUe G MOXHO HOIYINTh ¢ IIOMOIIBIO CleayIomeH 0 [\ fL & Bpems

dopmyJer:

[ N[ N\ _®
E:o‘A-;—tg-:. (A3) o \/ \/ o

mi

Cpemree HanpsokeHAe OGRTHO SBIACTCA OTPH-
HaTeldbHBIM (CXMMalolee HanpsxeHue). OrHolme- Cxatue
HMe Hanpsxenuit R* moyrd He 3aBucuT oT d/b, a
TOJIBKO OT yHKIIMY ducaa 3oMMepdenbaa.

OnHAaKO OHO KOPPEKTHPYeTCS B OTHOIICHUH
IOPYTOTo MaTepHalNa aHTHPPUKIMOHHOTO ClIOS ¢ MO-
nyneM, He paBHEIM E) o = 63 x 10° MTTa:

s aHTHGPHUKITMOHHOIO CJIos OH OyneT paBeH

Pucynok A.2 — CuHycounamsHas KpHBas HaIpSXKeHH
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Ry* = —4,410 F<—L11D) + 0,0239 So F¥-2542) ; (A4)
s pabouero aHTUMPHUKIMOHHOTO CJ10H
Ry* = —3,200 BX—0:6149) 40,0202 So E*(~0:4071) (A5)

B oTHONIeHHH APYTUX IUAMETPOB KOpPITyca M TOJUIMIE aHTHOPUKITMOHHOrO CJI0A MapaMeTphl Ha pHCYHKaX A.S
4 A.6 naor xoaddumeHTsl Koppekunn Ky u K) 114 mepeHoca peayisTaToB M3 pUCYHKOB A.3 i A4 Ha mpyrue
COOTBETCTBYIOIIME Da3Mephi MONIMMITHUKA IyTEM IIPOCTOTO YMHOXEHUA. BTH KOIGDUIMEHTH palIMdaioTcs s
aHTUGPUKITUOHHOTO ClI0f ¥ pabogero aHTUGMOPHKIIMOHHOrO CJI0S KaK JUIA G, TaK K WIS R,

o = 04 P Ky ak as (A.6)
R =R, Ky peks g (A7)

A.4 DKCIUIyATAIBOHHDIN MpHMEp
YeranocTs NOMIANTHUKA ¢ aHTHGPHKIMOHHEIM CIoeM U3 Oeloro MeTajlla Ha OoCHOBe cBMHIA PbSb14Snl mpu

BpalNalollleiicss yAeNbHOM Harpyske 14,7 MIla BosHmKana mocie 1,8 x 108 mmios Harpysxu. JlaHsble WIS 5TOro
[TOIIIATTHIKA OBUTM CIeIyIONTHe:

d=61,4 MM, b=24,6 MM, dfb=25.

OTtHOCHTEHHEI 3a30D (YCpeTHeHHAs BeIMIKHa) y = 1/1000.
Hapyxsiit muamerp xopryca dy = 170 mu, a* = 2,77.

TomuuHa aHTHGPUKITMOHHOTO cnost s*y= 0,0081.

DdpexTuBHas TUHAMIIecKas! BS3KOCTb pH 100 °C n 4= 1 x 102 IMa.
Monyns IO#ra anTudpuximonHoro ciog E,= 29,5 x 10® MITa.
CxopocTs ppameHus n = 3000 mur—!, 0 = 314,16 ¢—L.

14,7 x 106 x 1 x10-
Yncrto 3 So=—7
cio 3ommepenba So = —=— 314,16

U3 pucynxka A3 mia So = 4,68 u d/b = 2,5 HaxomuMm Ge3pasMepHOe 3HAKOIECPEMCHHOE HAIPSOKCHWE B
aHTUOPUKIIMOHHOM ClIoe:

= 4,68.

o5 2,0 = 0,95.

4,0
NEY R*=-4,41+00239-S, L
x< 36 —
© 34
g 32 /b=
] =
z 30 =
X 28
g 28 /b=
: 2 =l
g 24 4 d/b=
2 20 ” =
S 18 = /b=
E 16 - {1
& 14M7 - ‘F 3/6=T
5 1'2 L -
g 10 >
Q ) ‘—
O O,B Aﬁy
5 06175
o
a 0,4 -
m [
Lg 0,2

0 123456789 10111213514151617 1819202122

Hucno 3omMepgensda S

PucyHok A.3 — AHTUGPUKIMOHHHIA cloit/POMEXYTOYHBIA CIOiA:
E) =63 x 10% MIla; vy =10,34; 5, 5 = 0,0047; a*yy , = 1,45
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)]Jm xoppexiun dakrraeckoro Moxyis IOHra nenomssyeres dopmyna (A.1) ¢ E* = 29,5 ({ 63 = 0,468:

Gho = 0,95 (0,852+0,1438 x 0,468) 2,50 1034+, 1010 « 0468 = 0,95 (0,852+0,0673) x 2,5-0:056 = 0,95 x 0,9193 x
x0,9499 = 0,83.

Jlia orHolICHAS arlexc}mﬁ R* posopuTes gacqe'r o dopmyne (A.4) ¢ monpaekoif Ha MOIyIs FOHTa:

R*=—4,410 x 0,468—11114-0,0039 x 4,68 x 0,468—2342 = —4,410 x 2,323+0,0239 x 4,68 x 6,881 = —10,24+0,77=—9,47.

TIpu KoppeKiMH Iis AuMaMeTpa Kopiryca ¢ d‘H/d'H,o = 2,77/1,45 = 1,91 ¥ 3KCTPANONMPOBAHAE PUCYHKA A5

2,4

d/b=8|
o Q '__ N
gnmf 4 d/b=6
Qb 18 T
13 1,6 d/b=4
& 14 i1
§_ 12 oz
I ”0 ] d/b=2,
gF — d/b=1
xQ 08 -
n X% -
E"‘ a6 £ * —

Q.
a§ %45
wx 02 L
0 123456786 910111213141516171819202122

Yucno 3ommeppensia Sp

Pucyrok A.4 — Pabouwmii aHTUGPAKIMOHHKIA Co (€10 ToMMUHA He3SHATHTEIHLHA)
E; 5 =20 x 103 MIls; v; = 0,33

1,3 1,04
-~
12+ ,/”\l
. /,/ 0,9
/ T
1,74 /
T / 2 0,6
& / 3 '
7,0 x N ————.
—, 0,7-
0.9 i ‘-,..... i /—
0,6 T T 1 1
0.8 L 1 2 3 4
10 1.5 2:0 st d
Jr Z
— <
EER S20

1— KuA2 wia oA (aHTEQPAKIMOHEEIA cno); 2— KgA3 w1 — Ko, p3 wis R* (paboawmit ciioit); 2— Koa2 u Kaoa3 uia oA
oA (pabGoumit crnoit); 3 — Ku,re3 win R* (paGoumil chnoit); (arTEGpAKIMOHALIH B paGouwii wokt); 3 — K2,re 2 g R* (auTH-

4— Kuge2 A1 R* (aHTEGPEKITHOHELLA CloH) GpEXIMOHALIH cI10j)
Pucynox A.5 — KoaddurueHr xoppexuuut mist Pucyrok A.6 — KoadbduimreHT Koppekumuu mig
KOpITyca IOIITHITHIKA TONIMHE aHTAGPUKITHOHHOIO CII0S
s aam@pmmommro CIIOA [TONYIacM:
H R 2= 0, 90
Koppexmm )J)Dl TOMIMHK aHTHGPAKIMOHHOTO ClIos © .s*z/.s"‘z o = 0,0081/0,0047 = 1,72 u3 pucynka A.6 maeT:
K
A2
2R+ = 0 96

Tlpu ynemsHo#t Harpyske 14,7 MIla u BbIICIpUBEICHHBIX KOppeKiixX dakTHiecKas aMILTATYIA 3HAKOIlepe-
MEHHOTO HAIPSXCHUS PaBHACTCA:

Op = 0'; pPX KH,A,Z KZ,A,l = 0,83 X 14,7 X 1,30 X 0,99 = 15,7 MIla.

OrHomeHue HanpsXeHWit Gyaer paBHO:

R’ R*()KHthKthz‘—“947090'096—'—82

axTHIecKOE CpejiHee HANPSDKCHIE HAXOMMTCS U3 GopMyist (A.3):

7,2
o= 157——9—2—— —12,3 MIla.
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