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JBATIATAJIETHUN ONBIT MIPENOJABAHUS KYPCA «OCHOBBI TPUBO®ATUKHN»

O06o001maercst MHOTOJIETHUI ONBIT MpenofaBaHus TpuOodaTuky B Tpex yHHBepcuterax PecrmyOmmku bemapychk. M3nokenne cryneHTam

JOCTHXKEHUH TpuOohaTHKM B paMKax y4eOHOW AMCIUIUIMHBEI CII
MEXaHHKOB B bBelopycCKOM ToOCyIapCTBEHHOM YHHBEPCHTETE

T'omenbckoMm TOCYTapCTBEHHOM TEXHUYECCKOM YHUBEPCUTETEC UM. II.

XapakTepuCTUKH 00BEMHON M/WIM MOBEPXHOCTHON IMPOY-
HOCTH, 3KCHEPUMEHTAJbHO OIpejessieMble Ha J1a0OpaTOPHBIX
oOpasnax, OKa3bIBalOTCS, KaK IPaBUIJIO, CYIECTBEHHO 3aBblI-
LICHHBIMHU: COINPOTHBJICHUE pa3pyLICHUI0 COOTBETCTBYIOMIMX
3JIEMEHTOB KOHCTPYKIHMH MO0 MEXaHHYECKHX CHUCTEM B JIEH-
CTBUTEJILHOCTU MOXeT cHmkaTbesad Ha 30—100 % u Gonee. O6-
iee 00bsCHEHHE ATOMY (PaKkTy COCTOMT B TOM, YTO NMPOYHOCTh
MaTepHUaIOB B KOHCTPYKLHMSAX PE3KO HM3MEHSETCS BCJEICTBHUE
BJIMSTHUSL KOMIUIEKCA KOHCTPYKTHUBHBIX, TEXHOJOTUUECKUX, Me-
TAJUTyPrHYEeCKUX U IKCILTyaTallHOHHBIX (PAaKTOPOB.

[Ipoananu3upyeM HECKOJbKO KOHKDPETHBIX IPUMEPOB
TaKOTO BIIUSHUSL.

KoHcTpyKkTHBHOE HCMOTHEHHE MEXaHUUECKOM CHCTEMBI
CHOCOOHO M3MEHATH €€ CONPOTUBIICHUE YCTATOCTH B IIMPOKUX
npenenax. Tak, Ban quamerpom 30 MM, U3TOTOBIIEHHBINA U3 YT-
nepoauctoit cranu (6, = 600 MIla), mmeer mpeaen BEIHOCIHUBO-
cti 6-1 = 260 MIla. A MmexaHH4Yeckoe COeIMHEHUE TOTO XK€ BaJia
C BTYJIKOH MOET NPUBECTH K 0oJiee YeM JBYKpaTHOW MOTepe
COIIPOTHBIIEHUs ycTanocTH (Tabnuua 1), mpu 3TOM HUIMIIEBOE
COCIMHEHNE OKAa3bIBACTCsl HaMMEHEE IPOYHBIM, IPECCOBOE —
HaunboJjiee paboTOCIIOCOOHBIM, a IIMOHOYHOE COSIMHCHUE 3aHHU-
MaeT IPOMEKYTOUHOE TOJIOKEHHE.

Tabnuya 1 — BiusHHe KOHCTPYKLMM HAa CONPOTUBJIEHHUE
YCTAJI0CTH
I/IBI[CJ'H/IC Hpenen BBIHOCIIMBOCTH
Mlla %o

Ban 260 100
Ban/srynka (cranbHas):

IIPECCOBOE COEAUHECHUE 156 ~60

mnoHo4yHoe 130 ~50

IIUIMIEBOE ” 117 ~45

Mertamnypriudeckuii GakTop sBISETCS HE MEHEee 3HaYUMBbIM.
[Ipn mepexome OT yriaepoauCTON K BBICOKOMPOUYHOW cTanu
oOHapyxuBaeTcs: 0oJiee 4YeM JBYKpaTHOE IOBBILICHUE Tpejiesnia
BBIHOCJIMBOCTH  Bajla, HO  CONPOTHUBJIEHHE  YCTAJIOCTH
COETMHEHHS TOTO JK€ Bayia ¢ BTYJIKOW maer jumb 20 Y%-Hblid
MPUPOCT Mpezena BEIHOCIMBOCTH (Tabnuua 2). bonee toro, npu
nepexoge OT Baja K CUCTeMe 6al/emynka Tpenesn
BBIHOCIIMBOCTH CHIDKAaeTCs B 2 pasa, €y BaJl M3rOTOBJIEH M3
yriepoauctoit cranu (6, = 560 MIla), u B 3,8 pasa, eciu oH
H3TOTOBJIEH M3 BEICOKOTIPOYHOH cTai (G = 925 MIla).

0COOCTBAJIO TMOBBILICHHIO OOLIEr0 YPOBHS IOJITOTOBKH HH)KEHEPOB-
TpaHCIIOpTa, benopycckoM TrocyAapCTBEHHOM —YHHMBEPCHTETETE,
0. Cyxoro.

OnuH U3 mexnonoeuyeckux @axkmopog — IEPOXOBATOCTb
MOBEPXHOCTU II03BOJSET U3MEHUTh IIPENE]l BBIHOCIMBOCTH
BaJIOB U3 JerupopanHoil ctanu 40X npumepHo Ha 15 %.

Yenoeus  sxcnnyamayuu  3a4acTyr0  BIHMSIOT  HA
COIPOTUBJIEHUE YCTAJIOCTH MEXAHUYECKUX CHCTEM TaK XK€

CHUIbHO, Kak M Jjpyrue axropsl. Eciou, Hampumep,
cOoeMHeHUe 6an/emynrka PabOTaeT TPH  Pa3ITUIHBIX
KOHTaKTHBIX JAaBJICHUIX, 3TO MOXET IPUBECTU K CHUMKCHUIO
opeziena  BblHOcAMBOocTM Ha  15-20 % B ciydae
UCNONb30BAaHUS U1  U3TOTOBJIEHHUS Bajla U BTYJIKH

YIJIEpOAMCTON WU JErMpOBaHHOM cramu (Tabnauua 3).

Tabnuya 2 — BausinMe MaTepHaja Ha CONPOTHBJIEHHE YCTa-
JI0CTH

Hznenue n ero npenemn
Ma‘repﬂaﬂ " €ro npeaci IIPOYHOCTH K’ _ Gil/(ji‘P
TIPOYHOCTH Bam, BaJI/BTyJIKA,
G_;, MIla G_1p, MIla

BrIicokonpouHas craib,
S, = 1100...750 MIla 460 120 3.8
HCTPIpOBaHHaﬂ cTaib,
S, = 700...1200 MI1a 300 110 2,7
Yraepoaucras craib,
S, = 550...570 MIla 200 100 20

Tabauya 3 — BiMsiHHEe KOHTAKTHOIO JAaBJIEHUsI HA CONPO-

THUBJIEHHE YCTAJIOCTH
KonrakTHOEC C_1p
Marepuan Bana v BTYJIKH,
TIpesiesl NPOYHOCTH SABACHHE, MIla Yo
MTIla

Yriaeponucras cranb, 0 224 100
S, = 520 MIla 0,6 155 69
113 112 50
JlernpoBaHHas cTaikb, 0 550 100
S, = 520 MIla 10 310 56

g 100 260 47

W3HOCOCTOMKOCTE mapbl TPEHHs MOXET W3MEHSAThCS Ha
MopAJOK U Oojee B 3aBUCHUMOCTH OT BUAA TPEHUS M KOH-
CTPYKTHBHOT'O €€ HCIIOJIHEHHUS.

AHanu3 3TUX U MHOTOYHUCIIECHHBIX JIPYTHX MOJOOHBIX MpPH-
MEpOB NPUBOIUT K OOIIEeMYy 3aKIIOUEHHUIO: B TAKUX CIIydasx
oOHapyXuBaeTcsi OfHa oOmas NPUHIMIUAIBHAS 0COOeH-
HOCTb — KPOME IIHKJIMYECKOH Harpy3ku B COCAMHEHUSX OOHO-
8peMenHO peann3yeTcs Mpolece TPEHUs B IIOOBIX ero MposB-
neHusix (GpeTTHHT, CKOJBKEHUE, KaueHue u 1p.). 1 umMeHHO
coYeTaHHe IBYX IMOBPEKAAIONIMX IPOLECCOB, YCTAIOCTH H
W3HAIIMBAHU, BO MHOTOM OOYCIOBIHBAET XapaKTep U ycIo-
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BHSL 0ONOAHUMENbHOU TIOTEPH INPOYHOCTH MaTepHuaia B KOH-
CcTpyKIMsaX. WM nefcTBUTENbHO, cHelnHajbHble SKCIIEPUMEH-
TaJbHbIE UCCIICIOBAHUS IOKA3alIH, YTO, HAIIpUMeEp, MPOLECCH
TPEHUS CKOJIBKEHHUS MPHUBOAAT K YMEHBLICHHIO COIPOTHUBIIE-
HUs YCTalI0CTU CTanbHbIX BanoB Ha 20—40 % u Gonee (B 3aBuU-
CHUMOCTH OT YCJOBUH paboThl). DTO 00BICHAIOT HEOJIAronpu-
SITHBIM BIIMSIHHEM TpeX (akTopoB: 1) yMEHBLIEHHEM CEUECHUS
Bajia BCJICJCTBUE €r0 M3HOCA; 2) 00pa30BaHUEM Ha MOBEPXHO-
CTH TPEHHS MHOTOYHCIEHHBIX MUKPOKOHIIEHTPATOPOB HAMps-
JKEHUN — PUCOK, MMUTTUHTOB U T.11.; 3) B CIy4ae MHOTOOIIOp-
HBIX BQJIOB — HEPAaBHOMEPHBIM H3HOCOM IIOJIIMITHUKOB, 4TO
MIPUBOAMT K BO3OYKIACHHIO KOJICOAHUH CHCTEMBI.

JlanpHeiiee pa3BUTHE HCCIEOBaHUI B 3TOM Harpasie-
HUH TIO3BOJIMIO YCTAHOBHTH, YTO OJHOBPEMEHHOE COUETAHHUE
MOBPEXIAIOUINX MPOLECCOB TPEHHs, U3HAIIMBAHUSA U MEXaHU-
YEeCKOM YCTaJOCTH B COEIMHEHHUSIX CIOCOOHO NPUBECTH K
HEOJHO3HAYHOMY DPE3yJIbTaTy: MX CONPOTUBIICHHE YCTAJIOCTH
1/ WM M3HOCOCTOMKOCTh MOXET HE TOJIbKO IajnaTh, HO W,
HA000pOT, CYLIECTBEHHO BO3pacTH. TeM caMbIM OblIM O0OHa-
PYXXEHBI HOBBIE IIYTH ¥ BO3MOKHOCTH IIOBBIIIEHHS JKCILTya-
TallMOHHOW HaJIe)KHOCTH HanboJjiee OTBETCTBEHHBIX M BBICOKO-
Harpy>eHHbIX MEXaHHYECKHX CHCTEM MalluH U 000pyaoBa-
HUS, JUIS KOTOPBIX XapaKTePHO KOMMIEKCHOe U3HOCOYCma-
JocmHoe nogpedicoeHue; OHN TIOMYYHIM CIIe[UalbHOE Ha3Ba-
nue: cunosvle cucmemvt ('OCT 30638-99). Ilocneanue u
CTaJM IPEeIMETOM H3Y4YEeHUs Uil mpubogamuxu, U TOTAA CU-
JIOBBIE CUCTEMBI CTaJIM Ha3bIBaTh TpuOO(daTnueckumu.

Cornacio 'OCT 30638-99, tpudodarnka — «Hayka 00
W3HOCOYCTAJOCTHBIX IOBPEXACHUSIX M Pa3pyLIEHUH CHIIO-
BBIX CHCTEM MamlvH U 00opynoBaHus». CHUIOBOI Ha3bIBaIOT
BCSKYI0 MEXaHHUYECKYIO CHUCTEMY, KOTOpas BOCIPHHHMAET H
nepenaeT IMOBTOPHO-IIEpEMEHHYIO pabodylo Harpy3sky U B
KOTOpPOH OJIHOBPEMEHHO peajHu3yeTcsl IMpOLEecC TPEeHHs B
JIOOBIX €ro MPOSIBICHHUAX: MPH CKOJILXEHUH, Kaue€HUH, IMpo-
CKalb3bIBAaHUM U T. 1. (pucyHok 1). i cuioBeIX cucteM
XapaKTepHO KOMILIEKCHOE HM3HOCOYCTAaJOCTHOE IIOBpe-
xpaerne (MYII), o0ycloBIEHHOE KHHETHYECKHM B3aUMO-
JIEWCTBUEM SIBICHHI YCTaJOCTH, TPEHHS M W3HAIIHMBAHUS,
9po3uu, Koppo3uu (tabnuna 4).

('l) KONMAKMHO-MEeXAHUMEeCKAA YOIMatochb r’] mpenue Kauenusa

(Koumarmuas JJCIHHJDL")Z"!h)

0) mpenue croabYcens
(ppuryonnas yemaiocms)
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Pucynok 1 — ba3oBbie cxeMbl H3HOCOYCTAJIOCTHBIX UCTIBITAHUN
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[MocmoTpum, olieHMBaeTcs  paboTOCMOCOOHOCTh
KOHKPETHOW MEXaHUYECKOH CHUCTEMbI, IS KOTOPOH Xapak-

Kak

tepuo UVYII, npakruaecku.

[Iycte MBI MMeeM [1€710 ¢ MEXaHHYECKOH CUCTeMOH wia-
myH (C TOJUMEPHBIM MOJIIMITHUKOM CKOJIbXXEHHUS) / wielka
CMANbHO2O KOoAeHYamozo éand. B Tpuboioruu 3Ty cucremy
paccMaTpuBalOT Kak OOBIMHYIO mapy TpeHus. I[lockoabKy
CTaJIbHOW Bajl MPH KOHTAKTE C IOJMMEPOM HE W3HAIIMBAET-
cs, TO OIEHHMBAaeTcs (PacYeTHbIM METOJOM WM O3KCIEpH-
MEHTAIbHO) M3HOCOCTOMKOCTh HMOJIMMEPHOTO IOIIIMIHHUKA.
Takylo OIIEHKY MOXHO BBINOJHUTH, HAIpPUMEpP, MO CXEMe,
MIpeJCTaBJIeHHOI Ha pUCYHKe 2 BHM3Y. Eciu p — KOHTaKT-
HOE JaBJIeHHWE, TO B OOIIeM ciy4yae HaxoIAT BEPOSTHOCTb
oTkaza F(p) mo xpurepusM H3HOCOCTOHKOCTH, 32 KOTOpbIE
OOBIYHO TNPWHUMAIOT HMHTEHCHBHOCTh W3HAmmuBaHus I(p)
1/ WU TONTOBEYHOCTh MO H3HOCY N(p).

Tabauya 4 — OcHOBHBIE BHIbI M3HOCOYCTAJOCTHOIO MOBPEK-

JeHus
KomMmIekcHoe
THIIHAA CIUTORAT NOBPEKICHHAE H Omnpenenerne
CHCTEMA
paspylieHye
ITletika KoneHgato- | OpHKIHOHHO- HsHocoycTanocTHoe  TIO-
IO Bana / IATYHHAA | MEXaHHYECKasd BpekIeHe, 0O0yCI0BIeH-
TOIIOBKA € TOJ- | yCTAIOCTh HOE KHHCTHYCCKHM B3aH-
MIHITHHKOM CKOJE- MOIEHCTBHEM ABTICHHH
JKECHHA MeXaHH9eCKOH YCTAIOCTH
H TPEHHA CKOJIEKEHHA
Komeco / xene3Ho- | KoHTakTHO- HsHocoycTanocTHOE  TIO-
JOPOKHELL  PENEC | MEXAHHIECKAT BpekIeHe, 0O0yCI0BIeH-
3y0uaTele  3alem- | yCTATOCTE HOE KHHCTHYCCKHM B3aH-
TIeHHA MO IeHCTBHEM SABIICHHH

MeXaHHIecKolt  yeTanocT
H TPEHHA KadeHms (TPeHIs
KAYEHHA ¢ TIPOCKATH3BIBA-
HIEM)

H3HOCOYCTANOCTHOE

llnumeBoft Banm /| QpeTTHHI-YCTANIOCT T0-

BTYIIKa BpEKICHHE, 00YCIOBTIECH-
HOE KHMHETHYECKHM B3aH-
MOJEHCTBHEM  SBJICHHIT
MEXaHHIECKOIl yCTalloCTH
H (peTTHHTA
Ban rpebroro BHH- | Koppo3HoHHO- Veranocts  Marepuana IpH
Ta/MOpCKag BoJa | MeXaHHYecKad OZIHOBPEMEHHOM ~ BO3ZEH-
ycTanocTh CTBHH  TIOBTOpHO-TIEpEMEH-
HBIX HANDDKSHII H KOppo-
3HOHHOH CpElIBl
Tpy6a / motok|KoppozHoHHO- M3nocoycTanocTHOE  IO-
HeQTH 3PO3HOHHAL BpeKIeHHe, 00yCloBIeH-
YCTaocTh HOE KHMHCTHYECKHM B3aH-

MO/IEHCTBHEM SIBIICHUI
MeXaHHIeCKoH ycTanocTH,
KOPPO3HH H 3p03HH

C TouKkHU 3pEeHHsI CONPOTHUBIECHHS MATEPUAIOB Mbl UMEEM
9JIEMEHT KOHCTPYKLUHMH — IIEeHKy KOJEeHJaToro Bana (pucy-
HOK 2, BBepxy). Ecnmu © — geiicTByrolee LUKIHYECKOE
HampspKeHWe, TO B O0meM cioydae HaXonsT (pacueTHBIM
METOZOM WM 3KCIIEPHMMEHTAIbHO) BEPOSITHOCTH OTKa3a
F (0) no KpuTepusM CONpPOTUBJIEHUS YCTAJIOCTH, 33 KOTO-
pble OOBIYHO INPUHUMAIOT HpeJesl BbIHOCIUBOCTU O_j U/ WU
YCTaJIOCTHYIO JOITrOBEYHOCTh N(O).
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Pucynok 2 — TpaguuuoHHBIH MOAXO0M K pacyeTy MeXaHHIeCKOH
CHCTEMBI

Takum 06pa3oM, IOpu TPaAUIUOHHON OLIEHKE HAJEXkHO-
CTH JAHHOH MEXaHUYECKOH CHUCTEMBI 110 OTIEIbHBIM KpUTE-
pusM (1100 MO CONPOTUBJIEHUIO YCTAJIOCTH, MO0 MO U3HO-
COCTOMKOCTH) NPUHUMAETCS, YTO CBA3b MEXJAY €€ 3JIEMEH-
TaMu (LIeiika Bajla <> MOALIMIHUK CKOJBXKEHHSA) MU cnaba
(Tpubosiorust: u3ydaeTcs TOJBKO Iapa TPEHMS), UJIM BOBCE
OTCYTCTBYeT (MEXaHMKa YCTaJOCTHOIO pa3pyLIEHUS: HU3Y-
YaeTcs JIMIIb OTIENbHBIA JJIEMEHT KOHCTpYKIuu). B meit-
CTBUTETBHOCTH K€, C MOYKU 3peHus mpubogamuxu, B IaH-
HOM CIIydae MBI HMEEM JEI0 C Memail-noiumMepHoll Cuio-
601l cucmemotl, KoTopas pabOTaeT B yCIOBHAX (PHKIIHOH-
HO-MEXaHUUYECKOH ycTanocTd. OTO O3HAYaeT, 4TO MEXAY
JJIEMEHTAMU CHUCTEMBl MMEET MECTO CHJIOBOE B3aUMOJEH-
CTBHE, OOYCIIOBIEHHOE OJHOBPEMEHHBIM U COBMECTHBIM
JIECTBUEM KaK KOHTAKTHOI'O JAABICHUA p, TaK U LUKINYE-
CKUX HamnpsKEHUH O, KOTOpble BO30YXKIAIOTCS BHEKOH-
TaKTHBIMU Harpyskamu. M Torza cxema oueHKH paboTocHO-
COOHOCTH CUCTEMbl JOJKHA OBbITh TaKol, Kak 3TO IpEICTaB-
JIEHO Ha PUCYHKe 3.

CUJIOBAA CUCTEMA

CTaIbHOM Baj / HOJ’IPIMepHHﬁ TIOAIIUITHUAK CKOJIBXCHHUS

1]

CunoBas cucteMa

L5(p)

F(c,p) N(o,p)

0'.1p

COHpOTHBJICHPIC CHJIOBOt CHCTEMBI HM3HOCOYCTAJIOCTHBIM NOBPEXKACHUAM

Pucynok 3 — K pacuery cuiioBoii cucteMbl

HapneXHOCTh CHIJIOBOM CHCTEMBI MOYXHO OIIMCATh C IIO-
MOILBIO CIEAYIOMIUX KOMNAEKCHbIX nokasamenei: F(G, p) —
BEPOATHOCTh OTKa3a CHUCTEMBbI, OOYCJIOBJIEHHAas BEPOSTHO-
CTBIO OTKa3a 100 Baja, JHOO MOMIIMIIHHKA, JH00 000MX
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3JIEMEHTOB OJHOBPEMEHHO; N(G, p) — IOJTOBEYHOCTb CH-
CTeMBI, OOYCIIOBJICHHAsI JOJTOBEYHOCThIO MO0 Bana, JUOO
MOJIIUITHUKA, JTH00 000UX 3JIEMEHTOB OJHOBPEMEHHO; G_ip —
mpezeNn BBIHOCIHMBOCTH Bajla € YYETOM BIIUSHHS IPOIECCOB
TpPEeHHs] W W3HAIIMBAHHS TPH JCHCTBHM KOHTAaKTHOTO JaB-
nenus p; Is(p) — MHTEHCUBHOCTh M3HALIUBAHUS TOALIUITHU-
Ka NpU JeHCTBUH IUKIMYECKUX HATPSDKEHHH C.

ITocKONbKY BIMSIHUE MPOLECCOB TPEHUS U U3HAIIMBAHHS
Ha M3MCHCHHE XapaKTEePUCTHK COINPOTUBICHHUS YCTAJIOCTH
9JIEMEHTOB CHUCTEMBI BBI3BIBACT MHPSAMON 3(PQEKT, TO SCHO,
YTO XapaKTePHCTHKA O_i, KOJUYECTBEHHO OIHCBHIBAET 3TOT
sddekt. ITockonpKy BIMSAHHE DUKIMYECKUX HANPSDKCHUH Ha
N3MEHEHHE XapaKTePHCTUK TPEHUS W W3HAIIMBAHUS BBI3BIBACT
00paTHsIit 3 QeKT, TO ACHO, UTO XapakTepucTuka Is(p) Koiamude-
CTBEHHO OIMCHIBAET 3TOT 3P PeKT.

U3 pucyHkoB | U 3 HETPYIHO BHUAETH, YTO MOALKO CUNLO-
6as cucmema OelcmeumenbHo aA0eK6AmHA U3yiaemou pe-
ANbHOU MeXaHuuyeckou cucmeme, TOTJA Kak ITapa TPEHUS
WIH 2JE€MEHT KOHCTPYKLIMH MPEICTaBISIOT co00il numb ee
JacTHBIE CXEMAaTH3allui. A TOKa3aTeNd HaJeKHOCTH H3yda-
eMoro o0ObeKTa, ompenenseMble MeToAaMu TpubodaTukw,
JIOCTaTOYHO IIOJIHO OTPaKAIOT pealbHBIE YCIOBHS ero pabo-
ThI, TOIJIAa KaK aHAJIIOTHYHBIC IOKA3aTeNH, OMpeaeIsieMbIe
METOJaMH TPHOOJOTUU WM MEXaHUKH YCTaJIOCTHOTO pas3-
PYLICHUS, ONHCBHIBAIOT MOBEJACHUE NAHHOTO O0OBbEKTa B HIE-
aNTU3UPOBAHHBIX YCIOBHSX.

UznoxenHnoe Bblme 0006umeHo Ha pucynke 4. C ogHo#
CTOPOHBI, TEOPHM  TPEHUS, HM3HAIIMBAHUS, CMa3Ku ObLIH
O0OBEAMHEHBl B €AMHYIO HAYYHYIO JAUCUMIUIMHY — TPHOOJIO-
ruto (T). DTO ecTecTBEHHO, MOTOMY YTO B Mapax TPEHHS
peaJbHO COYETAIOTCS W B3aMMOJACHCTBYIOT MPOIECCH Tpe-
HUS ¥ M3HALIMBAHUS, B TOM YHCJIE U CO CMa3KOil.

C npyroii cTOpoHBI, Cpead OOIUX MpoOseM IMHAMHUKH,
MPOYHOCTH M YCTOWYMBOCTH BBHIWICHUJIACh MEXaHHKA yCTa-
nmoctHoro paspymenus (F) kak aumcuumoimHa, wuMmeromas
0co0oe MpakTHYecKoe 3HAYCHHE UIi COBPEMEHHOTO MallW-
HocTpoeHHUs. YToObl 3(PQPEKTUBHO peliaTh KOMILICKCHBIC
3amaun HagekHocTh (R) mamboiiee OTBETCTBEHHBIX — CHIIO-
BBIX CHCTEM MAIlMH ¥ OOOpPYAOBAaHUS MO Ba)KHEHIIUM KpH-
TepusiM  paboTOCIOCOOHOCTH, TNOTpPebOBajIOCh  CO3/1aTh
tpubodparuky (TF). Ha pucynke 4 P(c), P(t,),
P(o, t,,, Ch) — BCpPOSTHOCTH OTKa3a COOTBETCTBEHHO 3Jie-

MEHTa KOHCTPYKLMU, Iapbl TPEHUS, CUIOBON CUCTEMBL

Beimre Mbl onwcany OOBIYHBIN MyTh TMO3HAHMSA — OT IIPO-
CTOIO K CJIOKHOMY, MM OT aHaju3a K CHHTe3y. [lng storo
MyTH XapaKTepHO B3aMMOJCHCTBHE OTAENIBHBIX (YaCTHBIX)
HayK ¥ TOCJeAyIollee BO3HHKHOBeHHE Oojnee oOmend —
KOMITJIEKCHOW HayKH.

Jpyroii, Gonee 3HAUMMBIM IyTh HNO3HAHUA: OT OOLIEro —
Kk yacTHoMY: «KTo 3Haer ofIee, TOT 3HaeT Bce» (Apucro-
Tenb). OO0OIIEHHBIE MOAEIN U METOABI, pa3pabaTblBacMble
B paMKax TpuOO(haTUKU KaK KOMIUIEKCHOM HAayKW, B 4acT-
HBIX CJlydyasX OKa3bplBalOTCA IIOJE3HBIMH KaK JUlsl Hayk,
CIy’KUBHIMX €€ OCHOBaHMEM, TaK U U1 MHOTUX JpPYTuUxX
JUCLHUIUIMH MEXaHMYECKOTO LMK, JOCTHXKEHHUS KOTOPBIX
TaK WIM HUHAue TOXKE ObLIM UCIOIb30BaHbI NPU CO3LAHUU
Tpubodaruku. ITOT MyTh yKa3aH Ha PUCYHKE 4 CIUIOLIHBI-
MU JMHHUAMM CO CTpENIKaMu, HMAYLIMMU OT TpHOO(aTHKU.
ITo cymecTBy, 371ech Mbl UMEEM JEIO C TPAHCAMCIUILIU-
HapHBIMH MCCJIECJIOBAaHUSAMM (B TOM 4YMCJIE€ B3aUMOJCHCTBHUSA
HayK), KOTOpbIE XapakTepHbl Jisg Hadana XXI Beka.

bbII0 nOKa3aHO, YTO pPE3yJbTAaThl, MONYYEHHBIE B TpU-
6o¢aruke, 00OramawT MHOIUE pa3liellbl MEXaHUKU: MeXa-
HUKY Je(hopMUPYEMOro TBEPAOIO Tella, TEOPUIO YIPYIOCTH,
OPUKIAJHY0 MEXaHUKY, MEXaHUKY KOHTAaKTHOIO B3aUMO-



NEHCTBUSI, TPUOOJOTHI0, MEXaHWKY YCTAJIOCTHOTO paspy-
mennst U 1.0. C ApYrodl CTOPOHBI, Pa3BUTHE HCCIEIOBAHHI
B KJIACCHYECKUX pa3lelaXx MEXaHUKH CIYXHT HCTOYHHKOM
HOBBIX upaeH ans tpubodaruku. Kpome Toro, ocHosormoa-
rapupe uaed TpuOopaTuKu Hadd TOMYOK K Pa3BUTHIO HO-
BbIX OOJiacTeil 3HaHUS (KaK, HampUMeEp, MEXaHOTepPMOUHA-
Muku). HakoHell, Henmb3si HE OTMETUTh MHTEepec K Tpuboda-
THYECKUM WJIESM TYMAHHTApHBIX HAayK, H IPEKAE BCETO
dbunocoduu.

TPUBO®ATHKA | TF

TPUBO®ATHUECKASI
CHCTEMA

Fu P(t,, 6, Ch, Ty)

Teopun ynpyrocT, IJIACTHYHOCTH, BSI3KOYNPYIOCTH; MeXaHHKA
aepopMHpyeMOro TBepIOro Teja; MeXaHHKA KOHTAKTHOIO
ficTBHSI; MaTepHa. MeXaHHKA CIUIOIIHBIX Cpest;
JUHAMHKA H YCTOHYHMBOCTH MEXAHHYECKHX CHCTEM, TeopeTHYecKas
MeXaHHKa u p.

B

s

Pucynok 4 — Tpubodatrka Kak KOMITIEKCHasE HAyqHAs
JUCLMILIIHA

B rtabnuie 5 naH cCpaBHUTENbHBIM aHAIWU3 METOJOB HC-
CIIeIOBaHUS M pacyera OOBEKTOB, M3y4YyaeMbIX B TpPHOOJIO-

Ty, MEXaHUKEC YCTAJIOCTHOI'O pa3pyulICHUA U TpI/IGO(baTI/IKe.

Tabnuya 5 — MeToabl HcC/Ie0BaAHUS 00BEKTOB

OCHOBHBIE METO/IBI UCCIIEIOBAHUS
QOBEKT I b A Macurra6
Jlucuunnuna IKCNEPUMEH-
M3y4CHUs TCOPETHYCCKHE TNOBPEKACHUS
TAJILHBIC
Mexannka IloBepxHocTHOE
T ITapa HUcterranms P
KOHTaKTHOTO | TIOBPEKIICHHE (M3HOC,
(rpubonorus) TpEeHUs Ha TpeHue o
B3aUMOACHCTBUS [IATTHHT ¥ J1P.)
F
Ucnsrranus Mexannka O6bemHoe
(MeXaHnKa DnemMeHT
Ha IehOpMUPOBAHKS (ycranocrHoe)
YCTANOCTHOIO | KORCTPYKIM | oo " o 23 J——.
paspyluenusi) Y Paspy Pasps
Kommnexcroe
Mexanrka
Hsnocoycra TIOBEPXHOCTHOE
TF Cunoas M3HOCOYCTa-
JIOCTHBIE HOBPEXKICHIE 1
(tpubodaruka) | cucrema JIOCTHOTO
WCITBITaHUS 00BbEMHOC
IIOBPEK/ICHUS
paspyleHne

OOpatuMcsi cHavana K YKCIICPHUMCHTAIbHBIM METOIAM.

CrneunanucTel IO MEXaHHKE YCTAIOCTHOTO Pa3pyLICHHUS
pa3pabaThIBAlOT U NPUMEHSIOT METOIbl W MAIIMHBI IS HC-
OBITAHHUS 3JEMEHTOB KOHCTPYKLHH B Pa3IMYHBIX YCIOBHIX
LUKIMYECKOT0 HarpyXeHus. TpuOosoru pa3pabarbiBalOT H
OPUMEHSIOT METOABl M MAIIMHBI JUIS HMCIBITAHHS T1ap Tpe-
HHSI B PA3IMYHBIX YCIOBHSAX KOHTAaKTHOTO B3aHMOJCHCTBHS.
A crnenuanucThl Mo TpuObO(aTHKE CO3MAIOT METOABI U Ma-
IMIMHEL TSI KOMAUAEKCHbIX — USHOCOYCMANOCMHBIX UCHbIMA-
Hutl MOZeNeil CUJIOBBIX CHUCTEM. A pa3HHMIA BOT B 4yeM. Ha

MalllMHAX TPEHUs HeNb3s U3ydyaTh CONPOTHUBJIEHUE YCTalo-
CTH 2JI€MEHTOB KOHCTpyKuui. Ha mammnHax nms ycrtamoct-
HBIX WCHIBITAHUN HENb3sl M3y4aTbh INPOLECCH TPEHUS U W3-
HAIMBAaHUA. A Ha MAuuHax Oas U3HOCOYCMANOCMHBIX UC-
noimanui (cepun CHU) MOXHO WM AODKHO M3ydaTb U TO, U
Ipyroe, HO — W JTO TJAaBHOE — MOXKHO MPOBOIUTH KOM-
IUIEKCHBIE HCHBITAHUS TPU JIOOBIX COYETAHUSX IUKIHYe-
CKUX M KOHTaKTHBIX Harpy3ok, JEHCTBYIOIIUX OJHOBpE-
MeHHO (pucyHku 1, 5-7). EcTecTBEHHO, 4TO 3TO MO3BOJSET
noJay4yaTh INPUHIUNHUAILHO HOBbIE OKCIEPUMEHTAJIbHBIE
PE3yJIbTaTHL.

METO/IbI
M3HOCOYCTAJIOCTHBIX
NCIIBITAHUA

MeToabl HCIBITAHUS MeToabl HCBITANUS

Ha MeXaHU4eCKYyI0 Ha TpeHue
YCTANIOCTH W U3HAIIHBAHHE
] Tpenne
KMy KauyCHHUS
Wzru6 Tpenne
oMY b —
C BpalICHUEM CKOJIBXKCHUS

[ H DpeTTHHT I——

Pucynok 5 — ®opmupoBaHre METOAOB H3HOCOYCTAIOCTHBIX HCITBI-
TaHUH [PU IJIABHOM BpAILATESIbHOM JIBIDKEHHUU:

KMY — koHTaKTHO-MexaHu4eckas ycranocts; ®MY — GppuKIHOHHO-Mexa-
HHYecKas ycTanocTs; Y — (perTunr-ycranocts

EDMATHKR

Pucynok 6 — JIBe mogudukannyu Mamus cepun CHU

Konrpobdpasen

Konbo aunam OMCTPHYCCKOC

MocThi dperrHara

DNeMeHTEI yIIpyTHe

JaTauKH CHIBL

MomenTomep

5 L
')ncmp(:mnur%

Pucynox 7 — [IpuniunuansHas cxema UCIbITaTeNbHON YCTaHOBKU
mamuasl CU-03M

OOparuMcst Teneps K Memooam Mmeopemuyeckux uccie-
O0osanuii (Tabmiua 5). Teopus, Kak U3BECTHO, ONHMpAETCs Ha
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onbIT. BoT moyemy Tpubosioru, MCX0As M3 CBOEro OIbITa,
IpeXJIe BCEro pa3padaThBAIOT MEXaHUKY KOHTAKTHOTO
B3aUMOJEHCTBHA. A TNPOYHHUCTHI, UCXOMAS M3 CBOETO OIBITA,
pa3palbaThiBalOT MEXaHHWKY Ae(OpPMHUpPOBAHHS W pa3pylie-
Hus. CrnenuanucTsl mo TpubodaTrnke, KOHEYHO, HCIIOIb3Y-
IOT U TO, U IPYroe — K TOMY K€ B HEPa3pPHIBHOM CIHHCTBE.
Ho, umest Gonee ClOXHBIA OOBEKT IS M3Y4YCHHUs, UM TIpH-
XOJUTCS UCKaTh U HOBBIE MOJXOJBI K HCCIIEJIOBAHUIO KOM-
TUICKCHBIX SIBJICHUMH.

B tpubodaruke pa3zBuBaeTCs HETPAIUIIMOHHBIN T10IXO0]
K aHaJIM3y KOHTAKTHBIX 3aJad, a TakKe 3aJad MEXaHHUKH
nedopmupoBanus W paspyuienus. [logxox 0Oasupyercs Ha
WCTIONB30BaHUHU CTATUCTHUYECKOH MoJenu nehopMupyeMoro
TBEpAOro Teyia ¢ omnacHeiM o0vemoM (Moaenb TOIIO). Co-
IJIACHO 3TOH MOJeNnu, MPOYHOCTh Teja (B TOM 4YMCIIE U TIO-
BEPXHOCTHAS) OIpenessieTcss 00JacThl0 KOHEYHBIX pa3zMe-
POB C KPUTHYECKHMM YPOBHEM HampspDKeHHW B Hel. Takas
001acTh Ha3BIBAETCA OMACHBIM OOBEMOM.

Konuenmus moaxona COCTOUT B CIEAYIOLIEM.

IlycTh cranpHOM BaJl IMKIMYECKH HM3rHOAETCS MOMEH-
TOM M Takum 00pa3oM, YTO B HEKOTOPOW ero o0JacTH MoJje
HOPMAaJbHBIX HANPSHDKEHHH © SIBISETCS MOBPEXKIAIOIINM.
OTO 03HayaeT, 4TO Ha IMOBEPXHOCTH Bajla (QopMmupyertcs
onachuitl 06vem Vpy > 0 (cnydau F Ha pucyHKe 8), orpaHu-
YEHHBIH YCIOBHEM G 2 G_imin, TJ€ O—imin — HIDKHSS TPaHUIIA
paccesHUsI IPEAeIOB BHIHOCIUBOCTH.

[Iyct, manee, B 3TOM OmMAacHOW 30HE Bajla peaN3yeTcs
mporecc TPeHUs KaueHUs JnO0 TpeHus CKombxeHus. U
MyCThb B TaKOW CHUIIOBOW cucTeme (8as/konmpmeno) Toie
KOHTAKTHOTO IaBJICHHUS p TAKOBO, YTO BEHI3BIBAET IOSBIICHHE
B 00JaCTM KOHTAaKTHOW IUIOIIAJKH OHAacHOro oObema Spy
(cmyuam T Ha pucynke 8). Ecnu peammsyercs mporiecc Tpe-
HUSl CKOJIB)XKEHHUS, TO ONacHelii 00beM Spy = Swp GopMHUpY-
eTcs B Ipelenax TOHKOTO IOBEPXHOCTHOTO cjosl Bama (Ciry-
yail 7-1). Ecnu peanusyercs mpouecc TpeHUs KadeHus, TO
onacHblii 00beM Spy = Swp (ciayuait 7-1) u/wnu Spy = Svp
(cnyuait 7-2) ¢opmupyercsi He TOJIBKO Ha HMOBEPXHOCTH, HO
U moj Hero. Bo Bcex 3TuX ciydasx OH OrpaHHYMBAeTCs MO-
BPEXJAIOIIUM YPOBHEM KacaTeJbHBIX HANPSDKEHUH T = Tfmin,

IZle T fmin — HIDKHSS TPAaHULIA PACCEsHUS MIPEEIOB BHIHOCIU-
BOCTH, OTIPEIEIAEMBIX IpH cIBHUre (JIn60 GPUKINOHHON ycCTa-
JIOCTH).

bynem Temepp paccMaTpuBaTh M3HOCOYCTAJOCTHBIE HC-
IBITAHUS KaK COBMEMICHHE IUKIMIECKOTO M3rHba M TpeHHs
(cxonmpxeHUsT WM KadeHus). Torma BO3MOXHBI JBE CHUTYya-
MY 0pu GOPMUPOBAHUM OIACHBIX OOBEMOB (IIPaBbI CTOI-
Oerr cxeM Ha pucyHke 8). Bo-mepBbix, o0beMbl Vpy U Spy
COBMEILAIOTCA Ha MoBepXHOCTU (ciayuail TF-1). Bo-BTOphIX,
OHU COBMEIAIOTCS MOJ MOBEPXHOCThIO (cinyuait TF-2).

B 000uX 3THX ciy4asx BO3ZHHKAET KOMIUICKCHBIH OMacHbBIN
06beM Wpy > 0, BenuuuHa KOTOPOro o0ycioBieHa 00beMa-
M Vpyu Spy, T. €.

Wer= 0@, (Vey, S p), ey

rae Qsy — QYHKIHS B3aMMOJCHCTBHUSA, MOXHO II0JIarath, 4To
B HEKOTOPBIX CIy4asXx IOCTATOYHO €€ pPacCMaTpHBaTh Kak
napaMeTp B3aHMMOJACHCTBHS.

Janee pemieHue 3ajJad HaACKHOCTH, MPOYHOCTH, H3HO-
COCTOMKOCTH, JOJITOBEYHOCTH BemeTcs ¢ ydeToM (yH7aa-
MEHTAIbHOW 3aBUCHUMOCTH COOTBETCTBYIOIIMX XapaKTepH-
CTUK OT Macwmaba TIOBpeXAaeMbIX oOnacTeii oObekra,
T. €. OT BEIWYMHBI €ro OmacHoro ob6bema. IIpu 3TOM BBO-
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JaTcsl Ge3pa3MepHble MEphl MOBPEXIEHHOCTH (, ONpenens-
€MbIE COOTBETCTBYIOIIMMH COOTHOLICHUSIMM OIIACHBIX H
HOMUHAJIBHBIX 00BbEMOB 1€(OPMUPYEMBIX TEI.
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Pucynok 8 — Cxembl popMHPOBaHUS OMACHBIX 00BEMOB IIPH HC-
NbITaHUAX HA TpeHue (Spy > (), MEXaHHMUECKYIO YCTalIOCTh
(Vpy> 0) 1 1pu U3HOCOYCTAJIOCTHBIX HcnbITaHusIX (Wpy > 0)

OOGOOIIEHHYI0 CHCTEMY YCJOBHHM HAIEKHOCTH IOCTPO-
UM Tereph Ha 0a3e OMUCAHHOW BBINIE CTATUCTHYECKOH MO-
nenu geGopMHUpyeMoro TBEpAOro Teja ¢ ONAacHbIM o00be-
MoM. Cucrema Oasupyercs (tabimuna 6) Ha OCHOBOIOJAra-
IOIIEM MPEICTaBICHUHU, YTO OMACHBII 00BEM paBeH HYIIO,
eClT TIoJie JCHCTBYIOUIMX HAIMPSIKCHUU OKa3bIBACTCS HEIO-
BPEKAAIOIIMM, TaK YTO Mepa MOBPEXIECHHOCTH ® =0 u Be-
positHOCTH oTKaza P, = 0. W, HanpoTuB, BEpOATHOCTh OTKa3a
HACTYyMaeT JHIIb MPU YCIOBHU, YTO B TOM HJIH WHOM dJIe-
MeHTe TpuOo(daTH4ecKol CHCTEMbl C HEKOTOpPOH BEpOSTHO-
CcThI0 OOHapyxuTCs onacHbi 00beM (Vpy > 0, Spy> 0), 310
PaBHOCHUJIBHO BO3HHMKHOBEHHUIO COOTBETCTBYIOIIETO HEHY-
neBoro moBpexaeHus (> 0).
00beM Wpy P HM3HOCOYCTAIOCTHOM IOBPEXKICHUH OIpe-
JensieTcs Kak CcooTBeTCTByromas ¢yHkuus (1) uacTHBIX
OMacHbIX 00beMOB Vpy M Spy C yueTOM B3aMMOJACHCTBHUS
MOBPEXKIAIOIUX SBICHHM.

KommekcHbI  omacHbIN

VcioBue HaJCIKHOCTU UMEET BUJL

P(o, t,) <[P] (@)

6o

Q(,1,) =1- P(o, 7,) 20, ©)
rne [P] — HOpMarMBHOE 3HA4YEHHE BEPOSATHOCTH OTKa3a H
[Q] — HopmaTHBHOE 3Ha4YeHHE BEPOSTHOCTH OE30TKa3HOM
paborsr Q(0, T,).

3amernm, 4TO, Mes (PYHKIMIO BEPOSITHOCTH OTKa3a TH-

na (2), MOXXHO PCHINTH 3aJlady ONTUMHU3AIlNU CUCTCMbI:
P(c,7,) = min;

(1) . (4)

C,(o C,.m,;T,, T, ,Mmg) => min,

—lmin >~ w?



1
rae CO(G_lmin,GW,mV;‘Cd,‘C;),ms) — COBOKYIIHBIC 3a-
TpaThl TPyla, CPEICTB W MaTepHaJoB B cdepax ee Mpous-
BOJCTBA W JKCIUTyaTanuu. KOHEYHO, MOMOTHHUTENBHO K Iie-
neBod QyHKuuu (4) ciueayer 3amucaTh COOTBETCTBYIOIIUE
OTpaHMYEHUs] BCEX IapaMeTpOB M BENMYMH, Ha 0a3e KOTO-

pBIX GopMUpPYETCs 3a/aua ONTUMHU3ALUU.

Tabnuya 6 — CucreMa ycJ0BHii HAIe:KHOCTH

VenoEHT mO-
VYenoeme Mepa T,
HOBDEH{:[E- L _ ° . p EpEFTCHHA H
e OnacHe 00BeM OE30TEASHOH | MOEPEEICH- PaspvIIcHHA
paﬁOThI HOCTH C BEPOATHO-
CTBIO P
MexaHH- v P U
,= dxevd _n
HecKag P . {JY'Z Ve, =0 | 0p= D<or<l
GX.F.2020 g o 4
yCTaIoCTh Tenin A
Tpenue s e Sa,
# msHamm-| 271 . Waxayaz | op g Op=—"| 0<nsPpsl
T (53T o =
BaHHe e i S
HM3HoCO-
W
yeTa- o =
ZocTHOE | WR=(Vp, +SPJosy | We=0 ooy | 0comrsl
OEpe-
SEISHHE

B mpubogamuxe wzyqaercs zaumooeticmeue mexncoy He-
00pamuMbIMU NOBPENCOCHUAMU 6 O8UdICYuelicss u dedhopmupy-
emoll cucmeme; 3aKOHOMEPHOCTH TaKOTO B3aMMOJCHCTBHS 00y-
CIIOBJICHBI nojieM HanpsidceHuti (Oeghopmayuii), BO30YKIaEMBIX
B HEH COOTBETCTBYIOIIMMH HEHBIOTOHOBCKUMH — BHYTPCHHUMH
cuioBeiME (aktopamu. Ilycts, Hanpumep o, p, T

(axTophl, reHepupyroiye B TpubodaTHueckoil cucteme coort-
BeTCTBYIOIIME Noys: TepMmoanHamuueckue (T) u aedopmannit

— TaKue

(HampspKEeHUH Gy, maBieHuit p). Toraa sakown (0600wennoe npa-

8UTI0 CocHoeckozo) 83aUMO0elicmeus nospesicoeHull
Oy O, Of , 00YCIOBIEHHBIX ABICHUAMU YCMALOCMU, Mpe-

HUs U USHAUWU6AHusl, USMeHeHuem mepModuHaMuueCKux cocmo-

saHuil, naetrcs B hopme
AHAJIM3

FA[(mp‘ﬁmc)‘:mr]z[( p 10 a\p+wT]AM\T=mE’ A2l (5)

CHHTE3
rae A — mapamerpsl (QPyHKIHH) B3aUMOJEHCTBHUS, KOTOpPHIC
MOrYT NPUHHUMATh TpU Kiacca 3HaueHHi: A> 1, A =1, A<
< 1. Ilpu A > 1 mporHo3upyeTcst U peasnu3yercs yCKOpeHHe
IIPOLIECCOB CaMOIPOU3BOJIbHOE
pasympouHeHue cuctembl, npu A < 1 — 3amemienue, T.e.

MMOBPEIKAAEMOCTH, T.C.

CaMOIIPOU3BOJIBHOE yIpOuHeHue, a npu A = 1 ux crabuib-
Hoe pas3Buthe. Takum oOpasoMm, QyHKuus (mapamerp) A
ompeenseT He TOJNBKO yPOBEHb, HO M HANPaBIEHHOCTH CO-
BOKYITHBIX IPOIIECCOB H3HOCOYCTAJIOCTHOTO IOBPEKACHHS
(YnpouHeHHs — Pa3yNpOYHEHUs).

CornacHo (5), BO3MOXEH KaK aHAiu3 CUCTEMbI (1Iei0e
Oy , MBICIIMOE KaK MHOTOE ©j, ®,, O ), TaK H €€ CUH-

me3 (MHOTOE, MBICIMMOE KaK LEeJIoe) MOCPEeICTBOM (YHK-
i B3aumoxeictBust A . Ilpu 5TOM H aHamu3, U CUHTE3
MMEIOT KOHKPETHOE KOJWYECTBEHHOE BBIPAKEHHE — B 3TOM
O0COOCHHOCTh M Ba)XKHOE JOCTOMHCTBO 3akoHa (5). Btopas
€ro Ba)KHasi OCOOEHHOCTb — 3]I€Ch pPeub HJET HE O GHEUWHUX
CUJIaX, KakK, Hampumep, B 3akoHax Hsromona, a o HeoOpa-
THMBIX TIOBPEXACHUAX CHUCTEMBI, IOPOXKIAEMBIX IOJISIMU
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enympennux ycunauu. W, HaKkOHeN, TJIAaBHOE: He B63aAUMHOE
enuAHUe HAKMOPOs, a 63aUMOOeUCmEUs A6IeHUNl — 8OM YMO
oomxcHa u usyyaem mpudogamuxa. TeM caMbIM B MEXaHU-
Ke M TEepMOAUHAMUKE 3HAMEHYeTCd MHEepeXohd K ¢enomeHno-
ananusy — B JONOJIHEHHE K TPAAHUIMOHHOMY (DaKTOPHOMY
aHamu3y.

K HacrosimeMy BpeMeHu 1o Tpubodaruke omyOnukoBa-
HO okono 1000 HayuHbiX paboT, B TOM uucie okoiao 40
kuur. IIpoBegeHo, Kak y»ke OTMedaloch, ceMb MexayHa-
POJHBIX CHMIO3UyMOB 1O TpubodaTuke; paspaboTaHo 8
rOCYJAapCTBEHHBIX CTAHIAPTOB (B TOM 4HUCIE 3 — MEXIOCY-
apCTBEHHBIX); 137 y4YeHBIX pa3HBIX CTpaH HarpakIACHBI
[MoueTHpIM auIIIOMOM «3a BKJaJ B pa3BUTHE TpuOOdaTH-
Ku», cpefu HUX — 16 Genopycckux yueHbIX. 3amuieHo 10
KaHIUJATCKUX W 2 JOKTOPCKUX JHCCePTAlUH, TOJIYYCH
sKkoHoMHuueckuil addexT cpbime 10 mun nomrapos CIIA.

OcHOBHBIC Hay4YHbIE PE3yNbTaTHL: pa3pabOTaHBl METO-
JIOJIOTHYECKHE, TEOPETUYECKUE U HKCIEPUMEHTaJbHbIE OC-
HOBaHUsl TpUOO(ATUKU HOBOTO pasleia MEXaHHKH,
chopMyIHpOBaHbl Havyajga MEXaHOTEPMOIUHAMUKH — HOBOU
Gbu3MYecKoil AMCUMILUIMHBI, W JaH WX aHalk3; MpeAoKeHa
0000IIeHHAsT TEOpUsI JBOJIIOLHHU CIIOKHBIX JIHMHAMHYECKUX
CHUCTEM C JJIEMEHTaMH pa3zyMma; pa3paboraHa (yHIaMeH-
TanbHas KOHLEMIUsS L-pHuCKa W MOKa3aHa €ro OpraHuyYecKas
CBSI3b C 30JIOTBIMH HPOMOPLMIMHU; Ha 0a3e NUANEKTHUECKUX
IOpeAcTaBIeHUH co3gaHa KoHuenuus TpubodaTHuyecKon
KHM3HH KaK 0coOoro crnoco0a HAaKOIUICHHs IOBPEXAEHUI B
KMBBIX M PAa3yMHBIX OpraHM3Max; MOJOXKEHO Hadyalo Pas3BH-
THUIO KOJIMYECTBEHHBIX METOZOB B AMAJEKTHKE; cHOpMyIu-
poBaHa o00oOuieHHass Teopus A-B3auMoJIeHCTBUN HeoOpa-
THMBIX TOBpexkIAcHUN (3(QdeKkTuBHBIX 3HEpruii), KoTOpas
3HaMEHYeT Mepexo]] OT aHaiu3a (akToOpoB K (eHOMEHOaHa-
I3y B MEXaHHKe; C(HOPMYyJIUPOBAHBI OCHOBBI TEOPUH 3a-
IOpPENENbHBIX COCTOSHUH CHCTEM, A1 KOTOPBIX BBEIEHO
IOpPEeACTaBICHUE O BEPOATHOCTU JOCTOBEPHBIX COOBITHIA,
u3MeHsolelcs B auana3oHe (1; o0); OTKpBITO HEU3BECTHOE
paHee sBIEHUE TPONNM; OOOCHOBAaH U CHOPMYIUPOBAH
0000ILICHHBIN 3aKOH TpeHHUs B CHIOBBIX (Tpubodaruye-
CKHX) CHCTeMax; IpeanoxkeHa (EHOMEHOIIOTHYECKAsT MO-
Jlens mepexoja oT JAeopMalMOHHBIX (MAaKpOypOBEHB) K
MOJICKYJISIPHBIM (HAHOYPOBEHb) MeXaHH3MaM TpPEHUs; pas-
paboTaHbl WHHOBAI[MOHHBIE TEXHOJOTHU HCIBITAHHH U CO-
3[aH HOBBIH KJIACC HCIBITATEIBHOTO OOOPYIOBaHHSI — Ma-
umHel cepun CU u ap. TlodydeH psig HOBBIX Pe3ylbTaToOB B
MEXaHUKE YCTAJIOCTHOTO TOBPEXICHUS W pa3pyLICHHS,
TpUOOJIOTHH, MEXaHHKe Ae(GOopMHUPYeMOro TBEpIOTO Tena,
TEOPHH YIPYTOCTH, MEXaHHKE KOHTAaKTHOT'O B3aMMOJEH-
CTBHS U JIP.

['MaBHBI WTOr pa3BHTHS HAYYHBIX HCCIICIOBAHUN IO
TpuOodaTuke K HACTOSIIEMY BPEMEHHU: BO-TIEPBBIX OHA CTa-
na (yHIaMEHTAIbHOW 0a30i A cO3JaHUs HOBOU (usnde-
CKOIl JMCUMIIIMHBI — MexaHorepMmoauHamuku [1-3]; Bo-
BTOPBIX, OHA JIEIJa B OCHOBY 00OOIIEHHOH TeopuM 3BOIIO-
UM CIOXKHBIX CHCTEM C 3JIeMEHTaMH pasyma [4, 5].

Heckonbko neKkUuil Mo ocHOBaM TpUOOGATUKM OJUH U3
aBTOPOB 3TOH cTaTbu BHEpBbIE NpouuTan B 1985/86 yueb-
HoM rony B benlIWKTe (upine benl'YT). Onu Obuin omy0-
nukoBaHbl B 1988 r. mox HasBanmeMm «KoMILIEKCHas OLiEHKA
HAJIeXKHOCTU CUJIOBBIX CUCTEM IO KPUTEpUSM COHNPOTHUBIIE-
HUS YCTAJIOCTH U HM3HOCOCTOMKOCTH (OCHOBBI TpuOOGdaTH-
Kku)». W Torma ke ObLia mocTaBieHa 3ajava cO3AaTh y4deo-
HBIH Kypc 1O Tpubodaruke.



TpynHe#t Bcero mucath ydeOHYH KHUTY — IO JIOOOMH
JIUCIMIUINHE, KOTOPYIO YUTaloT B By3e. Ho ocoOblil Tpyn —
Hamucath MocoOue MO HOBOM IMCLMIIIMHE, KOTOpas BIIEp-
BbIC BBOJMTCS B Y4YCOHBId IUIAaH. DTHM OOBSACHIETCS TOT
(daxT, 4TO OT M3JaHMs NEPBBIX JIEKIUH 10 CO3JaHUs yueo-
Horo mocobust (2002 r.) mpomwto 14 ner. A oduuuanbHO
kypc «OcHOBbI TpubGoharuku» ObUT BBeIeH B yd4eOHbIE
wianbl benl'YTa mis Oynylmiux HHKEHEPOB-MEXaHUKOB B
1996 r. no ununuaruse JI. A. CocHoBckoro u B. 1. Cenb-
KO; IByMs rojamu nosxke (¢ 1998 r.) ato Obuio caenano (Io
mpennoxennto JI. A. CocuoBckoro m A. C. llarunsza) B
I'oMenbCKOM ToCyAapcTBEHHOM TEXHHYECKOM YHHUBEPCHTE-
te um. I1. O. Cyxoro.

Bune-npe3nnent Poccuiickoil akageMun HayK akaJeMHK
PAH u HAH benapycu K.B. ®ponos, BeicTynas Ha 1-M
MexIyHapOJAHOM CHUMIIO3UyMe, IPU3HANI: «... IMEHHO B bero-
pYCCHUH pOIMIIAach M YCHEIIHO pa3BUBAETCS HOBas HayKa —
Tpubodarnka», a BHUIE-TIPE3UACHT AKaJieMUuu HayK bemapycu
akagemMuk M. C. Bpicoukuili yTOUHHI: «... OOJNbIIasg Hayka
nenaercs B ['omene». MOXHO A00aBHTh: 3TO MPOU3OILIO B
benlM)KTe, upine beal'VTe. W1 ecrecTBEeHHO, YTO MMEHHO
benl'YT ony6nukoBan mnepBoe ydeOHOe mocobue «OCHOBBI
Tpubodaruku» — HakanyHe cBoero S0-netus. [Tocobue nmeno
ycrex 3a pybexxom: B 2005 T. OHO W3JaHO HA AHIIIMICKOM
s3bIKe, a B 2013 1. — u Ha kutaiickoM. B npunoxenusx A u b
BOCIIPOM3BEJICHB! NPEIUCIOBUS K 3THM H3JaHHUSIM, HAlHUCaH-
HBI€ U3BECTHBIMU YUEHBIMHU.

Kanra oxazanace mone3HON M IS MperojaBaTelei BY-
30B, HayYHbIX PabOTHHKOB, acCUPaHTOB, WHKCHEPOB — JJIs
BCEX, KTO MHTEpecyeTcs NpodjaeMaMH OLEHKH W IOBBIIICHHS
pecypca MeXaHHMYeCKHX CHCTeM, pabOTaloIMX B YCIOBHIX
KOMIUICKCHOTO HarpyXeHUsI.

K mHacrosmemy BpemeHnn Ha ocHoBaHuM 20-JIeTHEro
ONbITa NPENOJAaBaHHUs HW3BECTHOE 3aBEpLICHUE MOJYYMIH
0a3oBasi mporpaMma 1o TpubOodaTHke, TUIAH JEKIUH U Ja-
OOpaTOpHBI MPAKTUKYM IO 3TOW TUCUMIUIMHE (MPHUIOKE-
nue B). Hke nan kpaTkuil ux aHamms.

[lepBeie Tpu Tembr (cMm. Ilman nekumit) mpencTaBiSIIOT
coboil BpegeHne B TpuGopaTruky. OHU MOCBAIIEHBl 00-
mieMy aHaiu3y Tnpo0ieM OOBEMHOro paspylIeHHS W TO-
BEPXHOCTHOTO IMOBPEKICHHUS MAaTEPUAIOB. 34€Ch HU3JIOKEHBI
OCHOBHBIE CBEICHHMS W3 IUCHUIUIMH, KOTOphIE B TOW HIH
WHOHM Mepe M3ydJaloTcs B JIOOOM TEXHHYECKOM By3€ M KOTO-
peie cocTaBisAlOT QyHIaMeHT s TpubodaTtuku. ITH CBe-
JICHUSI CUCTEMAaTHU3MPOBaHbI TaKUM 00pa3oM, 4YTOObI OHH
MOTJIM, C OJHOH CTOpOHBI, CIIOCOOCTBOBATH IOHHMAHHUIO
TpubodaTtuku, a ¢ JAPYroil CTOPOHBI, BaXKHO, YTOOBI HX
MOKHO OBIJIO HEIMOCPEACTBEHHO MCIIONb30BaTh IpPHU H3JIO0-
KEHUM OCHOBHOTI'O Marepuaja Kypca.

Kak mpaBuiao, B TEXHHYECKHX By3ax MEXaHUKY (COMPO-
TUBJICHHE) MAaTepUaloB HM3Y4alOT OCHOBATEIbHO, IIO3TOMY B
JIEKIMM OYEeHb KPaTKO M3JIararoTcs Y3JIOBbIE BOIPOCHI CTaTH-
YECKOW MPOYHOCTH. 3aTO MHOI'O BHHUMAHHMS YJENIEHO MeXa-
HU4YecKol yctanmoctu. [IpuunMH TOMy IBe: BO-IEPBBIX, 3TOT
paszen KpaiiHe CKyno JaeTcs B TPAAULUOHHOM Kypce co-
rpoMara, a BO-BTOPBIX, TpuOodaTnka 6a3upyercs Ha coBpe-
MEHHBIX MNPEACTaBICHUSAX 00 YCTAlIOCTHOM IOBPEXICHUH H
pa3pylIeHHd MaTepualoB W 3JIeMEHTOB KOHCTpykimid. [lpwm
W3y4YCHUH pasfena M0 TPEHHUI0 W W3HAIIMBAHHUIO CIEOyeT
YYUTBIBaTh, YTO BO MHOTHX BTYy3aX UYHTAeTCS Takas AWCIH-
IUIMHA, TI03TOMY Pa3INYHbIE METOABI pacdyera, OOBIYHO B HEH
n3IaraeMele, B JEKIMIX M0 TpHOO(daTHKE HE MOBTOPSIOTCS.

Takum 00pazom, BO BBOJHOI 4YacTH JIEKUHUI CHCTEMAaTH-
3UpOBaH M KpaTKO H3JI0KEH HabOp HCXOIHBIX CBEICHUH,
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HEOOXOAMMBIX CTYACHTY M IIOJIE3HBIX HAYMHAIOLIEMY Ipe-
[I0JIaBaTEIo.

OcHOBHOE cojiepkaHue TpUOO(PaATHKH, B COOTBETCTBHHU C
paboueil mporpaMMoi, NPEJCTaBICHO B MOCIEIYIOIUX JIEK-
nusax. Tam M3J10)KeHbI, B YaCTHOCTH, OCHOBHBIE METOJIbl aHa-
U332 U NPOTHO3MPOBAHUS H3HOCOYCTAJIOCTHOTO IOBPEkKAe-
HUs, Oasupyromuecs:

(a) Ha cTaTUCTUYECKOW MoJenu AePOPMHPYEMOTrO TBEp-
JIOTO Tela ¢ OMacHeIM O0BEMOM, KOTOpas MO3BOJSIET OLe-
HUTHh DPEATBHYI0O MOBPEXICHHOCTh OOBEKTa NpH AeHCTBHH
JTaHHOW CHCTEMBI Harpy3oKk;

(6) penomeHONIOrHMUECKON KOHIENIMU B3aUMOACHCTBUS
OMAaCHBIX OOBEMOB H, CJIEOBATEIbHO, MOBPEXIEHUH, 00y-
CJIOBJICHHBIX KOHTAKTHOW ¥ BHEKOHTAaKTHOH Harpy3KamH,
KOTOpasi NpU3BaHAa MHTErPAJbHO ONMCATh M HKBHUBAJIECHTHO
OTpaXkaTh CTATUCTUKY M HAIpPaBICHHOCTh (yNpOYHEHHE—
pa3ynpo4YHEHHE) peaJbHOTO B3aMMOJEHCTBHS IMOBpPEXKIE-
HUH B Harpy»xaemoM OOBEKTE;

(B) SKCIIEpMMEHTAbHO YCTAHOBJICHHOW aHaioruu Qop-
MbI TOJIHOM KpPUBOM YCTaJOCTH NPH LHUKIUYECKOM Jedop-
MHUPOBAaHHM W TPU TPEHUH, YTO IIO3BOJIAET EIUHBIM OO0pa-
30M ONMCaTh W BMECTE C TE€M OAHO3HAYHO DPA3INYaTh TH-
[UYHbIE NPU JAHHBIX YCJIOBUAX HKCIUTyaTaluu (MIU HUCIIbI-
TaHHsA) BUIBI pa3pylleHus (IOBPEXKICHUS).

B tpubodaruke ycraHoBieHBI (M B JIEKIUAX H3JI0KEHBI)
nBa 3¢ ¢ekra: npsaMoil (BIMSHUE NPOIIECCOB TPEHUS HA W3-
MEHEHHE XapaKTepUCTHK COINPOTUBICHUS YCTaJOCTH) H
oOpaTHbIi (BJIMAHME LUKIMYECKUX HAINPSDKEHUH Ha U3Me-
HEHHE XAapaKTEpPUCTUK u3HococToiikocTn). Ilo3Hanme oc-
HOBHBIX 3aKOHOMEpPHOCTEH M3HOCOYCTAJIOCTHOTO IOBpe-
KICHHUS NPU peaan3alud 3THX >(Q(HEKTOB OTKPHIBAET MYTh
UL TIepexola OT KOHCTPYHPOBAHUS OTHEIbHBIX JeTaneit
MallMH X 00OpPYIOBaHUS K PECYpCHOMY HPOEKTUPOBAHHUIO
CHJIOBBIX CHCTEM C y4YeTOM B3aUMOJCHCTBHUS HX JJIEMEHTOB.
OCHOBBI pacyeTa M HMPOEKTHPOBAHMS CHIIOBBIX CHUCTEM H3-
JaraloTcsl B COOTBETCTBYIomied jnekuuu. [Ipm sToM mpenmy-
cMaTpuBaeTcs pa3paboTka M BHEAPEHHE KOMILIEKCa METO-
JIOB M CPEACTB YIPaBJIGHUS IPOLECCAMHU H3HOCOYCTAaJOCT-
HOTO TOBPEXJEHUS KOHKPETHBIX CHCTEM, 4YTO OOecreunBa-
€T CHI)KEHHE 3aTpaT Tpyla, CPEACTB U MaTepHalioB B coe-
pax NPOM3BOJACTBA W OIKCIUIyaTallUM IPH OJHOBPEMEHHOM
MOBBIIICHUH UX HAJEKHOCTH U JOJITOBEYHOCTH.

Jlnst SKCHepHMEHTalbHOTO HCCIEeOBAaHUS 3aKOHOMeEp-
HOCTEH M OIlpelesIeHUs] XapaKTepPUCTUK H3HOCOYCTaJIOCTHO-
ro HOBpeXACHHUS co3naH (Ha Oa3e psaa u300peTeHui) Ho-
BBI KJIACC HCHBITATENLHOTO OOOpPYJOBAaHMS — MAalIMHBI Ce-
puu CU. B nexunum maercs omucaHWE MallvH M METO/OB
N3HOCOYCTAJOCTHBIX HCIIBITAHUH.

[TockonbKy coBpeMeHHast TEHIEHIUS pPacyeToB OObEK-
TOB CIELHAIbHOIO Ha3HAYEHUS 9TO OIIEHKa KadecTsa,
pHUcKa, 0e30MacHOCTH, TO B JIGKIMSIX JaHbl HadallbHbIE CBe-
JIEHHs 10 3TUM 337adaM. KpaTko M370XKEHBI TpaguLOHHbIE
KOHLICNIINHM PUCKa M 0€30MaCHOCTH, HO OCHOBHOE BHHMAaHME
YIEJIEHO TMpeacTaBlieHuI0 00 L-pucke Kak OXHUJaHUHU He-
OJIaronpUATHBIX COOBITHH (cHTyaluii); MOKa3aTelb pUCKa B
TaKOM IIPE/ICTABICHUHM OKa3bIBAE€TCs CBA3aHHBIM KaK C IIO-
BPEXJIEHHOCTBIO, TaK M C 0€30IaCHOCTbIO OOBEKTA.

B benl'YTe mocrasneH J1a6opaTOpHbIA NMPAKTUKYM II0
TpuOodaTrke W HU3JaHbI METOAWYECKUE IMMOCOOHS MO HEMY.
Jlis ero peamnsanuy NPUMEHSIOTCS aBTOMATHU3MPOBAHHBIE
mamuabl cepur CU s M3HOCOYCTaJOCTHBIX HCIBITAHHH
(mpoussoactea OO0 «HIIO TPMBO®ATHUKA»). Bmecre ¢
TEM CO3/aHbl YIPOIIEHHbIE CTEH/bl KOMIIEKCHBIX HCIIBITA-
HUH (Ha  (QPUKIMOHHO-MEXAaHMYECKYI0 M  KOHTAKTHO-



MEXaHHYECKYI0 YCTaJOCTh), KOTOPBIC IOCTPOCHBI Ha 0ase
MaluHbl 111 UcnblTanui Ha yctanocts YKU-6000-2 (mpo-
n3BojcTBa MBaHOBCKOTO 3aBoga «Toumpubop»), HIMPOKO
IIPUMEHSIEMOH BO MHOTMX HHCTHTyTax ObiBmero CoBETCKO-
ro Coro3a. Takum o0pazoM, mpobiema MaTepUaNbHOW Oa3bl
Ui 1a00paTOpHOTO MpaKTHKyMa 1O TpubodaTuke MOKET
OBITh pEIlIEHa C OTHOCHTEJIbHO HEOOJBbINMMHU 3aTpaTaMu.

PacuerHno-rpadguyeckasi (MM NPOEKTHPOBOYHAs) pa-
06ota o kypcy «OcHOBbI TpuOodaruku» MOXKET ObITH IO-
CBSILEHA pacyeTy CHJIOBBIX CHCTEM THIA KOJeHYamblil
641/ NOOWUNHUK — CKOAbIICEHUs, Koaeco | penbe, 6a2oHHAsA
ocwv [ konecnasa napa, 3youameie 3ayenienus U ap. TeMaTuky
paboThl cilexayeT BHIOMpPATh C YYETOM CIEHHAIN3ALNH CTY-
JCHTOB. A KOMIUICKT y4eOHO-METOTMYECKUX MOCOOHMH st
BBINIOJTHEHUsSI TaKUX paboT, IO CYHIECTBY, COCTABISIET OCHO-
BBl 00oOmammero kypca TpuOopaTuKu, TOCBAIIEHHOTO
MPAaKTHYECKOMY pPAacdyeTy THUIMYHBIX CHJIOBBIX CHCTEM O00-
IIETEXHUYECKOTO MPUMEHEHUS.

UznoxeHue NOCTHUKEHMH HOBOW HAayKHM B paMKax yd4eO-
HOM jucuuniauHbl «OCHOBBI TPUOO(ATHKH», HECOMHEHHO,
CIOCOOCTBYET 3HAYHTEIHHOMY HOBBINICHHIO YPOBHS HOATO-
TOBKH HH)XKEHEpOB-MeXaHUKOB B benl'YTe m npyrux yHu-
BEPCUTETaX CTPAHBI

Hwxe naercst Teket 6a30BOM mporpammsbl 1o Kypey «OcHO-
Bbl TpHOO(ATHKU», yTBepKIeHHOH YueHblM CoseToM beo-
PYCCKOTO rOCYHapCTBEHHOTO YHHBEPCHTETa TPAHCIOPTa. MoX-
HO HAJIeATBCS, YTO ee 0OCYXKJICHHUE CIIeNUaINCTaMH OyIeT CIIo-
COOCTBOBATH HE TOJILKO COBEPIICHCTBOBAHHIO IIPOIPAMMBI, HO U
€e UCIOJIb30BAaHUIO B JPYTHX YHUBEPCUTETAX, KOTOPHIC MPUMYT
pelleHre o MpernojaBaHuu Kypca no Tpudodaruke. B Hactos-
niee BpeMs 3TOT Kypc YHMTaeTcsi B [ OMENbCKOM rocynapCTBEH-
HOM TexHn4deckoM yHuBepcureTe uM. I1. O. Cyxoro. A B romnos-
HOM YHHMBEPCHTETE CTpaHbl — beropycckoM rocynapcCTBEHHOM
yauBepcutere (BI'Y) ¢ 2009 r. BBeaeH A OyayliuX MEXaHH-
KOB-MaTEMaTUKOB CIEHHUANBHBIH Kypc «DyHIaMeHTaIbHBIE U
MPUKJIaHbIC 3a7a4 TpuOopaTuku». {1 MarucTpaHToB YUTa-
ercst Kypc «MexaHnKa H3HOCOYCTaIOCTHOTO MOBpexIeHus». Ha
pHCYHKe 9 Mpe/CTaBlICHO MPEATI0KEHHEe O BBEACHUH 000011a-
IOLIEro Kypca 1o TpubogaTruke BO BCEX YHUBEPCUTETAX CTPAHBI.
Takas pexomennauus conepxurcs B pemenuu ISTF 2015, B
paMKax KOTOPOTO IIPOBEACHO 3acelaHMe 32 KPYIJIBIM CTOJIOM
«/IHHOBaIlMY W COBPEMCHHBIC TCHACHIMM B MPENONaBaHUH
TUCIMIUTAH 10 MEXaHWKe B By3aX. Pe3ysibTaThl TPaHCAWCIH-
IUTMHAPHBIX UCCICAOBAHMH B y4eOHOM IpOIiecce YHHUBEPCHTE-
TOB». ABTOPBI JaHHOH CTAaTbU BEIPAXKAIOT YBEPEHHYIO HAAEKIY:
Tak Oyner.

ITockonbKy cUMTaeTCs, 4TO B OMmpKaiimeM OyaylieM Ipero-
JaBaHHe TpUOO(ATHKHU Oy/eT OCYIIECTBICHO U Ha aHITIMICKOM, H
Ha KHTalCKOM SI3bIKaX, B MPWIOKEeHHH [ maeTcs Mexrocynap-
ctBeHHBI TepmuHONormyeckuid ctanmapr ['OCT 30638-99
«Tpubodaruxa. TepMuHBI U ompeneneHns» Ha Tpex s3bIkax. 1o
MHEHHIO aBTOPOB CTaTbH, BCE 3TH MaTepHaibl, COOpaHHbBIE BO-
€MHO, OyIyT HECOMHEHHO IOJIE3HBIMH Ul OakanaBpoB, Maru-
CTPaHTOB, HAy4YHBIX pPaOOTHHUKOB, MPOQECCOPOB U IMpernojaaBare-
neit yauBepcutetoB benapycu, Poccun, Kurtast u aHIIOSI3bIMHBIX
cTpaH. byayiiee mokaxer, CipaBeUTHBbI JIM HALIK OXKHIAHUSL.
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IMpunoxenue A

MPEJMCJOBUE K AHIJTAMCKOMY U3JIAHUIO

(xnura Sosnovskiy, L. A. Tribo-Fatigue. Wear-Fatigue Dam-
age and Its Prediction / L. A. Sosnovskiy // Series : Founda-
tions of Engineering Mechanics, Springer, 2005. — 424 p.)

PREFACE TO THE ENGLISH EDITION

The author read several lectures on the concepts of tribo-fatigue first in 1985/86
at the Belarusian State University of Transport and they were published in 1988
under the title ‘A Complex Assessment of Reliability of Active Systems Based on
the Criteria of Fatigue and Wear Resistance (the Fundamentals of Tribo-fatigue)’.

It is a challenging task to write a textbook on any discipline intended for
university students. It is still harder to write a textbook on a new discipline first
introduced into the curriculum of the university. It explains the gap of 14 years
between the publication of the first textbook and the present publication. They
were the years of continuous intensive research. It is suffice to say that during this
time over 200 scientific works were published, including several monographs;
four international symposia on tribo-fatigue were held (Gomel, Belarus, 1993;
Moscow, Russia, 1996; Beijing, China, 2000; Ternopil, Ukraine, 2002).

No information is available if such a manual exists in English at all. Now the
Springer Publishers fill up the gap providing specialists from various countries
with firsthand information about the ideas of tribo-fatigue and the results of
research in this domain.

Tribo-fatigue is a new vigorously developing branch of mechanics that has
cmerged in response to practical challenges of machine building. It was
impossible, from the standpoint of both tribology exclusively or mechanical
fatigue solely, to make any valid assessment (theoretical or experimental) of
damage, durability or limiting states of such specific mechanical systems that take
up and transmit cyclic loads while operating under friction (be it sliding, rolling,
impact and others). It is explained by the fact that in operation complex wear-
fatigue damage emerges in such systems (termed ‘active systems’ in tribo-
fatigue). It is exactly due to this fact that these active systems are, as a rule, most
essential in any machine. Any failure of these systems leads both to significant
material losses and breach of guarantees of people’s safeguarding.

Now that the main ideas of tribo-fatigue have been formulated, described
analytically and validated experimentally, they can be systematized in the
following manner.

A. It was found that damages due to contact (friction) and off-contact (cyclic)
loading do not add up, they interact in an intricate manner. The traditional theory
of damage summation has acquired a new and unexpected furtherance in the
nonlinear statement. Yet, two problems have emerged immediately: how a variety
of multiform and numerous damages should be assessed quantitatively? What is
the possible result of their interaction?
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W. Weibull and V. Bolotin were first to develop the statistical theory of size
effect in linear stressed state. The dependence of the limiting stress on the volume
of the loaded specimen was determined according to this theory. Using the works
of W. Weibull and V. Bolotin L. Sosnovskiy formulated the statistical model of
the deformable solid with a dangerous volume for any combined stress states. It
provided explicit answers to the first question: a procedure of calculating the new
measure of damage has been developed — the relative dangerous volume during
cyclic deformation, friction, complex loading. The idea of the damage tensor
generalized this research. In fact, it is justifiable to treat the dangerous volume as a
phenomenological equivalent of damage of a deformable solid under any loading
conditions.

In order to answer the second question, a (phenomenological) theory of
interaction of damages had to be developed. It is based on the idea about
A-function (or R-parameter) of interaction, that can acquire three groups of values.
If A >> 1, the processes of damaging due to various loads strongly intensify. On
the opposite, if A << 1, the processes of damaging strongly slow down. While at
A =1 there is a usual damage summation studied traditionally. It is casy to rcalize
that at A >> 1 they are the systems that soften spontancously in the process of
operation, at A << 1 they are the systems that harden spontaneously and at A =1
the system is stable.

B. It would scem clear that various signs indicatc when active systems can
reach their limiting states: whether it is the criterion of mechanical fatigue
(volume fracture), or just the criterion of wear (critical surface damage), or both
these criteria simultaneously. In reality a complex interaction of damages due to
contact and off-contact loads corrects these ideas radically. It turns out that the
characteristics of resistance to fatigue strongly depend on the conditions and
processes of friction. Moreover, it is established theoretically and experimentally
that friction with wear can both strongly weaken and reinforce the resistance of a
system to fatigue. Whence the idea of the direct effect emerged.

While the direct effect was scemingly expected and perceived by specialists
naturally, the idea of the back cffect was unexpected; on the contrary, it was
initially categorized as impossible. Nevertheless, the revolution in the thinking has
already occurred. While tribologists had attributed the processes of wear and
friction for over 150 years only and exclusively to contact loading, we are now
definitely aware that off-contact cyclic loading can strongly intensify (or reduce)
wear and correspondingly alter the friction coefficient.

C. Since the direct and back effects were established, it necessitated to develop
the theory of limiting states of active systems with allowance for these effects, i. e.
to apply non-traditional methods. For the time being the terms of stresses failed to
contribute to such method. It was developed on more general, energy concepts.

Like in the case of development of the theory of damage interaction, two
problems emerged immediately: how to identify in the total input energy that part
which is expended exceptionally for appearance and development of damages?
What is the critical energy beyond which the state of the system becomes
limiting?
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The first question was casily, though formally answered from the boundary
conditions for the equation of limiting states. Though valid mathematically this
answer does not seem fully validated from the point of view of the mechanics of
damage; the parameter that identifies the effective part of the total energy should
apparently depend on the loading conditions. The procedure of determination of
this parameter given in the book does not make this condition binding. This
possible inaccuracy is compensated, in fact, that the A-function of damage
interaction is introduced into the criterion of the limiting state strongly responsive
to any variation in the loading conditions.

A specific situation emerges in relation to the critical energy that transforms the
active system into a limiting state. This energy, on the opposite, should not depend
on the manner how the limiting state is reached and what mechano-physical
mechanisms of damage come into cffect. Therefore, this cnergy should be a
fundamental characteristic of matter. The author realized that this characteristic
could and should be the energy of breaking of atomic bonds (or the energy of
activation of the fracture process).

The traditional criteria of the limiting state assert that intensification of
effective stresses is equivalent to a loss of reliability and durability by an object.
The cnergy criterion of limiting states of active systems given in the book
‘permits’ different situations in reality: contact and off-contact loads grow under
definite conditions and the system’s reliability increases concurrently; meanwhile
such loads are light in other conditions, yet opposite to expectations, they
accelerate degradation of a system. Such unusual statements have been proved
experimentally. For example, during contact-mechanical fatigue (when contact
and off-contact loads arc cffective concurrently) the endurance limit can increase
more than 1.5 times versus the limit unaffected by any contact load (the direct
cffect). The ultimate contact pressure the system can tolerate increases 1.25 times
if an extra cyclic load is excited in it (the back effect). It is explained convincingly
and easily: it is the matter of real processes of damage interaction that occur under
given conditions.

D. It is hard to overestimate the significance of experimental determination of
new characteristics of resistance of materials to wear-fatigue damage. A number
of inventions and ingenious designing solutions have led to new methods and high
technologies of wear-fatigue tests and at present these characteristics are
determined for a variety of conditions. In fact, a new class of testing equipment
has been developed represented by the Sl-series machines for wear-fatigue tests.
Their unique potential is briefly described in the book.

E. The main task of tribologists is apparently to combat wear. Huge effort and
means are spent for the purpose all over the world. Prevention of fatigue
breakdowns is presumably the main task of specialists in mechanical fatigue.
Again huge effort and means are spent for the purpose all over the world. From
the viewpoint of tribo-fatigue, it is time, at least in some situations, to control
reasonably the damaging phenomena rather than to try to suppress them, because
it is stated above that wear, similarly to cyclic stresses, can be useful in the sense
of performance of active systems. The book shows an algorithm how to solve the
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problem of optimum control over complex wear-fatigue damage of active systems
of machines and equipment.

G. The method of strength calculation has presently reached certain perfection.
It is impossible to state that similar achicvements have been made in the
calculations of friction and wear. In our view, it is in part explained by the fact
that they are based on the mechanics of a discrete contact between bodies with
rough surfaces rather than on the mechanics of a deformable solid. If the linear
wear to the depth corresponding to the height of projections on a rough surface is
accepted zero, then the interaction between bodies in friction and wear should be
evidently described with allowance for deformation and surface damage of
nonrough contacting surfaces.

The present book describes the next essential step in developing the methods of
strength calculation: an engineering procedure is developed to perform
calculations using the criteria of surface strength, i.e. wear resistance. It is based
on the fact experimentally established that full fatigue curves during cyclic
deformation and friction have similar patterns and comprise four main regions that
describe quasistatic, low-cycle, multicycle and gigacycle damage and fracture.
Then, irrespective of the mechanisms of damage and fracture, it is possible to
formulate a unified and orderly procedure of calculating strength of structural
clements, friction pairs and active systems. The method of determination of cross
sectional dimensions of a loaded object described in the strength of materials is
modified: the effect of friction processes on the change of mechanical fatigue
characteristics are allowed for. In addition, similar procedures of calculating the
required size of the contact area in friction and what the friction coefficient should
be to ensure the normative reliability of a system, nave been worked out.

It is a prime feature of the methods of calculation of volume and surface
strength of components of an active system is that both direct and back effects are
duly taken into account.

So, it is time now to switch over from calculation of strength of individual
pieces to designing of active (mechanical) systems of machines using the tribo-
fatigue criteria. This switch-over is supported by the methods of design and
experimental assessment of damage and limiting states of active system provided
by tribo-fatigue.

The book contains some other new results that specialists will definitely
appreciate. For example, they will learn the concept of assessment of risk and
safety which is free of any subjective rating of material damage; the method of
quantitative analysis of quality of materials based on mechanical characteristics;
the concept of the friction coefficient in an active system that is determined with
allowance for the effect of an off-contact cyclic load, etc. We share the common
view that tribo-fatigue is a specific way of setting up and solving practical
problems leading to development and implementation of methods of improving
reliability of active systems of modern machinery together with saving labor and
material cost in production and operation. We would like to draw attention of
specialists that it is necessary to develop the theory of translimiting states of
systems. The initial foundation for this theory is briefly outlined in the present
book.

PREFACE TO THE ENGLISH EDITION  ix

...When we mention here some works of Professor L. Sosnovskiy disclosed in
the present book, the reader will certainly understand that his colleagues and
associates have contributed and continue to contribute largely to the results of
research in this new and promising domain of knowledge. Specialists of the S&P
Group TRIBOFATIGUE Ltd (Gomel) have been cooperating highly fruitfully for
many years with researchers of the IMASH of the Russian Academy of Sciences
(Moscow), the Institute of Problems of Strength of the National Academy of
Sciences of Ukraine (Kiev), the IMINMASH of the Belarusian National Academy
of Sciences (Minsk) and others. The fifth international symposium on tribo-fatigue
will take place in 2005. It will provide an opportunity for researches from many
countries to evaluate the past stage of progress of tribo-fatigue research.
Publication of the present book in English will certainly favor mutual
understanding between scientists from different countries in a new and
interdisciplinary field of knowledge.

It is believed that the book will be useful both for university instructors and
students, for scientific workers, post-graduate studies, engineers and for all those
who are eager to know about the problems how to rate and improve the service
life of mechanical systems operating under complex loading.

Professor K V Frolov, DSc,
Academician of the Russian
Academy of Sciences and
National Academy of Sciences
of Belarus

Professor N A Makhutov, DSc,
Corresponding Member of the
Russian Academy of Sciences

May 2004
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BA30BAS ITPOI'PAMMA 110 KYPCY
«OCHOBBI TPUBO®ATUKH»

HEJHN U 3AJAYN JUCIUIIJIMHBI, EE MECTO
B YYEBHOM ITPOLECCE

Hean npenogaBaHus I CHUILIHHBI

Lenp mnpenomaBanus kypca «OcHOBbI TpuOOdaTHKH»
COCTOHT B CJIEIYHOLIEM:

a) chopMUpOBaTh y CTYICHTOB MPEICTABICHUE O KOM-
IUIEKCHOM TMOJXO/A€ K OLEHKE U IMPOTHO3UPOBAHHUIO JIOIIO-
BEYHOCTH, MPEACIBHOIO COCTOSHHS H pecypca CHIIOBBIX
CHCTEM MO Ba)KHEHIIUM KPHUTEPHSM PabOTOCIOCOOHOCTH;

6) BBIPaOOTAaTh y CTYICHTOB HAaBBIKM JKCIIEPUMEHTAIb-
HOTO HCCJICOBAHUS M PACYCTHON OIEHKH H3HOCOYCTAJOCT-
HBIX MMOBPEXICHHUI Ha COBPEMEHHOM YyPOBHE;

B) copMHPOBATE y CTYACHTOB IMPEACTABICHHE O KOM-
IUICKCHOM IO/XOAE K PacyeTy HaJe)KHOCTH CHCTEM.

3agauM U3y4YeHMs] TUCHHUIIHHBI

CTyZAEHTHl HOJDKHBI HAYIUTHCS:

a) KOMIUIEKCHOMY IOAXOJY K aHanu3y paboTocrnocoO-
HOCTHM CHJIOBBIX CHUCTEM THIIa KOJeco / pelbe, Ileika Ko-
JeHBana / NOALIMIHUK CKOJBXEHHS U T.1.;

0) MIAaHWPOBaTh M OCYIIECTBISATH METOIBI THUIHUYHBIX
W3HOCOYCTAIOCTHBIX HCIBITAHMM € HpUMEeHeHHeM uH)Op-
MalMOHHO-YIIPABJIAIONICH CHCTEMBI, TIOCTPOCHHOW Ha 0ase
I[15BM;

B) CTaBUTh WM NMPAKTHYECKH peHIaTh MpOCTeHIne 3amadu
pacyeTHOW OLEHKHU JOJTOBEYHOCTH M IPEAENIHHOI0 COCTOS-
HHUSl THUINHWYHBIX CHJIOBBIX CHCTEM C Y4€TOM MHOTHX M pas-
HBIX ()aKTOPOB, BIMSIOMINX Ha (GOPMHPOBAHHE WX TEXHHYE-
CKOTO pecypca;

I) SKCIIEPUMEHTAIHHO OMNpPENeNNTh BaKHEHIIME Xapak-
TEPUCTUKH CONPOTHBICHHUS H3HOCOYCTAJOCTHBIM IIOBpe-
KICHUSIM;

1) METOAMKE aHalM3a pHCKa M OE30IaCHOCTH, B TOM
9qHUCIe W TOCTPOSHHUIO OINEPATHBHON XapaKTEPHCTHKH DHC-
Ka;

€) MpPUHIUINAM IIOCTPOEHHS alNropuTMa YIpPaBICHHS
poleccaMd H3HOCOYCTAJIOCTHOTO IOBPEXAEHUS CHIIOBBIX
CUCTEM.

BA3OBAS TPOTPAMMA JUCIHUIIJIHHBI

1 IToBepxHOCTHOEe MOBpekKIEeHHE H 00bEMHOEe pa3py-
I eHue

OO0me NOHATHS: HArpy3Ka, MPOYHOCTh W IKECTKOCTb,
o0beMHasi M TOBEPXHOCTHAs TMPOYHOCTh, TPEIIUHOCTOM-
KOCTh, MEXaHUUYECKHE CBOWCTBA, OCHOBHBIC THIIBI paspylie-
HUSL.

Craruueckasi MPOYHOCTh: BHYTPEHHHUE YCWIMs, Hamps-
JKEHHOE M MEXAaHHWYECKOE COCTOSHHS, OCHOBHBIC BHIBI JI€-
(dopmanny, 3akoH ['yka mpH pacTsHKeHHH-CXKATHH U CIIBUTE,
YCJIOBHE TPOYHOCTH.

Clo’)xHOEe HAIpsDKEHHOE COCTOsiHME: O0OOIIeHHBIH 3a-
koH ['yka, sHeprusi nedopmanuu, TEOPUH MpeNeNbHbIX CO-
CTOSHUN (NMPOYHOCTH W IUIACTUYHOCTH), CXE€Ma pacueToB Ha
MPOYHOCTb.
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COnpoTHBIEHHE YCTAJIOCTH — OOBEMHOE pa3pyLICHHE:
LUKl HAlpsDKEHUH, KpHUBas YCTAJIOCTH M €€ XapaKTepH-
CTUKH, MEXaHHU3Mbl YCTAJIOCTH METAJUIOB, LUKINYECKOE
YIpOYHEHUE-PAa3yNpOYHEHHE, LUKINYecKass TPEIIMHOCTOM-
KOCTh, CYMMHPOBaHHE MOBPEXKICHUI, HHEPreTHUECKUN
MOJIX0J], BIMSIHUE Pa3IMYHbIX (DAaKTOPOB, pacueTshl Ha Mpod-
HOCTh TNPH LUKINYECKOM HArpYy)XeHUU M JAOJTOBEYHOCTD,
CBSI3b TIpEesia BBIHOCIMBOCTH C XapaKTePHUCTUKAMH MeXa-
HUYECKUX CBOMCTB, CIydaifHasi yCTalOCTb.

TpeHue M M3HOC — MOBEPXHOCTHOE IMOBPEXIEHUE U pa3-
pyLIEHHUe: IUIOIaJKa KOHTAaKTa, Cuiia U KO3(QUIUEHT Tpe-
HUs, 3akoH AMoHTOHa — Kynona, Tperbe Tey0, cMma3ka,
kpuBasi ['epcu — Iltpubeka, mpoueccsl M3HALIWBAaHUSA, WH-
TEHCHUBHOCTh HM3HOCAa M KJIacChl M3HOCOCTOMKOCTH, CKOJIb-
XKeHHe (HAIps)KEHHOE COCTOSIHME M KpHBas (PPUKIHOHHON
YCTaJOCTH), KadeHHE (HANpsHKEHHOE COCTOSHHUE, KpHUBas M
MEXaHHU3Mbl KOHTaKTHOH ycrajocTu), GppeTTuHr (Impockaib-
3bIBaHME, KpHUBasi M MeEXaHU3Mbl (PpPETTHUHI-YCTaJIOCTH,
(pPEeTTUHT-U3HOC), pacueThl HA TPEHHE, W3HOCOCTOWKOCTh U
JIONTOBEYHOCTH NPH TPEHHH.

HaznexxHOoCcTh: MOJENb OTKa30B, OCHOBHBIE IIOKa3aTeau
HA/Ie)KHOCTU M MX B3aMMOCBS3b, METOJbI OLEHKHM IOKa3aTe-
JIell HalIeXHOCTH, MOJENb Harpy3Ka-IpOYHOCTb, pacyer
rokaszaresieil HaJeXKHOCTH TpU JIMHEHHOM M  CIIOKHBIX
HaNpsDKEHHBIX COCTOSIHMAX. PacdeTsl Ha HAJEKHOCTb IO
KpUTEpPUSM CONPOTHUBICHHUS YCTAIOCTH U M3HOCOCTOMKOCTH.
Hapnexxnocts u 0e30macHOCTb. PuHcCK.

[IpounocTs MaTepuanoB B KOHCTPYKOHSAX. MeTomoio-
rusi TpuOopaTHKH.

2 DkcnepUMeHTalbHble OCHOBAHUS TPUOodaTuku

Metoasl ¥ MaIIMHBL JJII M3HOCOYCTAJIOCTHBIX HCIIBITA-
HUMN: 3a/laud, OCHOBHBIE CXEMBbl UCIIBITAHUH (HAa MexaHHue-
CKYl0,  (PHUKIMOHHYI,  KOHTAaKTHYH,  (PUKIHOHHO-
MEXaHUYECKYI0, KOHTAaKTHO-MEXaHHYeCKylo, (pEeTTUHI-
YCTaloCTh), yHUHUKaNUs OOBEKTOB HCHBITAHUH, pacdyeT
HANpSDKEHHOTO COCTOSHHUS 00pa3loB M KPUTEpPUHM HX IIpe-
JIEIBHOTO COCTOSIHUSL IPU MCHBITAHUSAX, H3HOCOYCTAJIOCT-
HBIC TOBPEKICHUS M OCHOBHBIC MX XaPAKTEPUCTHKH, METO-
UKW HCCIENOBaHMUS N3HOCOYCTATOCTHBIX MOBPEXICHHUH.

Ucnprratensupie Mammubl cepun CU: mpuHOumuanpHas
CXeMa, TEeXHHYECKHE XapaKTePUCTUKH, KOHCTPYKTUBHBIE
0COOEHHOCTH, WH(POPMAIMOHHO-YTIPABISIONIAs  CHCTEMA,
METOABl HM3MEPEHHs] W PETHCTPALMU HHTETPANTBHBIX M JIO-
KaJIbHBIX MapamMeTpoB, 00pabOTKa JaHHBIX.

3 IIpsimoii u o0paTHblii 3¢pdexTnl B TpUGODaTHKE

[psmoit 3¢ppext CocHoBckoro — CepeHceHa: BIHSHUE
IIPOLIECCOB TPEHMSI M W3HALIMBAaHMA HAa M3MEHECHHE XapakTe-
PUCTHK CONPOTUBICHHUS YCTAJIOCTH TIpH (PUKIHOHHO-
MEXaHHYECKOH YCTalloCTH METaI-IIOJIUMEPHON M MeTalli-
METAJLIMYECKOW CHCTEM, IPH KOHTAKTHO-MEXaHHYECKOH
YCTaJlIOCTH METAJUI-METaJNINYeCKON CHCTEMBI.

O6patubiii 3pdexr CocHoBckoro — Ilapas: BiausHue
MIPOLIECCOB MEXAHWYECKOW yCTAaJOCTH HAa W3MEHEHHUE Xapak-
TEPUCTHK H3HOCOCTOMKOCTH B  YCJIOBUSX KOHTAaKTHO-
MEXaHUYECKON W (QPUKIMOHHO-MEXaHUYEeCKOHW YCTaJOCTH.

OCHOBHBIE XapaKTEPUCTUKU MPSIMOro M 0OpaTHOro 3¢-
(dexToB. MexaHU3Mbl B3aUMOJEHUCTBUS TOBPEXKIACHUH, 00y-
CJIOBJICHHBIX KOHTAKTHOH M BHEKOHTAKTHOH Harpy3KamH.
Bunusnaue ycnoBuii B3aumoneictBusi. PaccestHHbIM 3¢ ekt
MHOecTBeHHOro Mukpocasura (POMMC) CocHoBckoro —
MaxyTtoBa — Ymxkuka. BoiaHOOOpa3HbIE TOBPEKICHUS TPH
KOHTaKTHO-MEXaHHYECKOW YCTANIOCTH M UX aHanu3. DpdekT



CocHoBckoro — KomapoBeIX MecTHOTo macTu(GUIMPOBa-
HUS BBICOKOIPOYHOH CTajM B YCJIOBUAX TPEHHS KauyeHHUS.
IMapapnoxc CocrHobckoro — Komuccapoa — IllepbakoBa.
Kpupas xonrakTHO# ycTtamoctu CocHoBckoro — EnoBoro mo
KPUTEPHIO JIOKAJIbHOIO MOBPEXKACHUSA. DKCIEPUMEHTAbHAs
JquarpamMMa IpenenbHblx cocTosiHuii CocHoBckoro — borna-
HOBHMYAa — TrOpWHa NPU KOHTAaKTHO-MEXaHWYECKOH ycTallo-
CTH.

Cropnpusbl Tpubodaruku: S1 — 3aragkxa TpubodaTuku,
S2 — oOpartneii 3ddekr, S3 — «OomOa» MaxyToBa, S4 —
«1momapok» TpubodaTukm.

4 3akoH TpeHus 1js TpuOodaTuueckoil cucTeMbl

[lonarue o nedopmaunoHHo# Teopuu Tpenus lllepOa-
koBa. O0oOmeHHbIi 3akoH TpeHusi CocHoBckoro — IllepOa-
koBa — KommccapoBa: Teopusi ¥ dKCHepHUMEHTalbHOE 000cC-
HOBaHUE g TpuOodaTuueckoi cuctembl. BiusHue LUK-
JIMYECKUX HANpPSHKEHUH OT BHEKOHTAKTHOMW HAarpy3ku u
CMa3K{ Ha U3MEHEHMe cuibl U koddduunuenta tpeHus. Mo-
quduuupoBanHas kpuBast ['epcu — Illtpubeka — CocHoB-
CKOI'0 U €€ 3KCIIEPUMEHTaIbHOE 00O0CHOBaHHUE.

5 Hanpsi:keHHO-1edOpMHPOBAHHOE COCTOSIHHE TpPH-
0odaTnyecKuX cUCTeM

MexaHuko-MaTeMarudeckas Mogaenab COCHOBCKOro
XKypaBkoBa — IllepbakoBa: coBmemenHoe HJIC Ttpuboda-
TUYECKUX CUCTEM, OOYCJIOBICHHOE KOHTAKTHOM U BHEKOH-
TaKTHOW Harpy3kamu. 3afadd TEOPUU YHPYTOCTH, IOMOJI-
HEHHbIE YYeTOM JIOKalbHBIX 3(Q(eKToB B 00IaCTU HPUIIO-
KEHUS KOHTAKTHOM Harpy3ku (CIeLUalbHBIA pasjienl Teo-
puM ynpyroctu). 3agaydl MEXaHMKH KOHTAKTHOTO B3aUMO-
JeHcTBUS, IOIOJHEHHbIE AECHCTBUEM pa3IUYHBIX BHEKOH-
TaKTHBIX CHJI (OCOOBIM Ki1acCc KOHTAaKTHBIX 3amad). [Ipaxtu-
yeckue npumepsl pacueroB HJC cuctemsl ponuk / Ban (Ko-
nieco / penbc), poiuK / KOJBIO, KOJBIO / KOJBIIO.

6 CocTosiHHe NOBpexkIACHHOCTH TpubodaTUyecKux
cucTeM

Cratuctuueckass MoJelb AehOpPMHUPOBaHHS TBEPAOTO
tena (Monens TOIIO CocHoBckoro) m pacyer aOCOJIOTHOM
Mepbl TMOBPEXKJCHHOCTH (OMacHOro o0BeMa) B DIIEMEHTE
KOHCTPYKIMY, Hape TpeHus, TpubodaTruueckoil cucreme.
Knaccuduxauus omacusix obbemoB mo IllepbakoBy u me-
TOAbl UX pacuera. be3pasmepHas Mepa NOBPEXKIECHHOCTU:
OTHOILIEHHWE omacHoro obvema K paboyeMy oObeMy OOBEK-
ta. IloHaTue o Tensope nopexiaeHui. IIpunnun CocHOB-
CKOro HeOOpaTUMOIO B3aUMOACUCTBUS MOBPEXIECHUH: aHa-
m3 U cuHre3d. A-QyHkuus (mapaMmerp) B3aUMOAEUCTBUS,
METOJbl €€ 3KCIEPUMEHTAJIbHOTO OINpEeAETICHUS M pacuer-
HOW oneHkH. [IpakTHYeckue MpUMEpbl aHajIM3a HeoOpaTH-
MOTO B3aMMOJCHCTBUA TOBpEXACHUU. SBreHne Tpommu
CocHoBckoro — Illep6akoBa (ctopnpu3 S5 tpubodaruku) u
€ro aHajus.

7 Pecypc TpudodaTuuecKUX CHCTEM

OyHKIYUS HEIUHEHHOr0 HAKOIUIEHHsS H3HOCOYCTAJIOCT-
HbIX NOBpexaAeHUIl COCHOBCKOIO U €€ aHalIM3: HUKIMYECKH
YOPOUHSIOIUECS, Pa3yNpPOUHSIONIMECs U CTa0UIbHBIE CO-
cTosHUA. PacueTHO-3KcIepUMeEHTalbHAs METOAMKA pacyera
MOBPEXKAAEMOCTH M JOJITOBEUHOCTH OOBEKTOB IPU pEry-
JSIpHOM U OJIOYHOM HAarpy>KeHHsX; IOHATUE OO0 OLEHKe
JIONITOBEYHOCTH TPH CIIyYaifHOM HarpyXeHuu. AHaimu3
MPSIMOTO M 00paTHOTO 3PQPEKTOB MPH pacyeTe JOJITOBEUHO-
CTH TIO Pa3IMYHBIM KPUTEPUSIM PabOTOCIOCOOHOCTH.

8 MHorokpurepuajibHble MpefesbHbIEe COCTOSIHHS
TpudopaTHUECKUX CHCTEM
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DJIeMEHTHI YHEePreTUYeCKONH TEOPHH MPEAEIbHBIX COCTO-
sauii CocHoBckoro — MaxyroBa — borgaHoBuua mist Tpu-
6odaruueckux cucreM u ee o6oOmenue, nannoe Illlepbako-
BeIM U CocHoBckUM. O¢(deKTUBHAs 3HEPrus U MeETOAMKA
OnpeseNeHs €€ COCTaBISIONUX — CUIOBOH, (PPUKLIMOHHOIA,
TEIJIOBOM, KOpPpO3HMOHHON. HennHelHble B3aMMOJEHCTBUS
cocTaBiamUX 3Q(EKTUBHON SHEPIHMH U HMX YYeT MOCpel-
cTBOM A-QyHKUMH. DHeprusi axkTHBALMHM IPOLECCOB IIO-
BpeXACHUA (PHEPrHsl pa3pblBa MEKAaTOMHBIX CBSI3€H) Kak
0000IIeHHBI KPUTEPUl MHOTOKPUTEPUANBHBIX IPEAENb-
HBIX COCTOSHWH, HE 3aBHCSIIUA OT YCIOBUU HarpyXeHUs,
IIPUPOABI MaTepHaJIOB, MEXaHU3MOB MOBPEXKACHHUI. MHOTO-
KpuTepuajbHasg AuarpamMma IMpeaenbHbIXx coctosHuii Coc-
HOBCKOro — MaxytoBa — borpmanoBmua u ee anamms. Pac-
4EeTHO-IKCIEPUMEHTAaIbHAs OLEHKA IPENeIbHBIX Hampsike-
HUW 1O Pa3IMYHBIM KPUTEpHSIM (YCTAIOCTHOE pa3pylIeHUE,
KPUTHYECKHH M3HOC, KPUTHYECKas IUIOTHOCTH SIMOK BEI-
KpammBaHus U T.4.). Cxema pacdera pecypca TpubodaTu-
YECKMX CHCTEM C YYeTOM BIHSHUS XapaKTEPHBIX IOBpe-
JKICHUUM M MX B3aMMOJICHCTBUSL.

9 HanexxHocTh TPUOOATHUECKUX CHCTEM

OO6mue noHATUS. BeposATHOCTh OTKa3a METaJI-IIOJIH-
MepHO# Tpubodaruyeckold cucTeMbl (THIA MICHKa KOJCH-
9aTOro Baja — HOALIMIHHMK CKOJBKCHWS) M €€ AaHAIH3.
YacTHBIE Clydal: MeXaHHWYecKas yCTaJoCTh Bama M (pHK-
UOHHAs yCTAJIOCTh MOALIUITHUKA. METOIUKH ONpeneIeHus
napamerpoB. IloHsTHE O pacyeTe BEPOSTHOCTH OTKAa30B
MeTaJlJI-MeTaJUIM4eCKON CHIIOBOW CHCTEMBI.

[TonsTHE O 3ampefeNnbHBIX COCTOSHHUAX TPHOO(hATHIECKUX
CHCTEeM, ISl KOTOPBIX BBOAUTCS NPEICTAaBICHHE O JOCTOBEP-
HBIX BEpPOSITHOCTSX 1 > P«> oo. [Ipumeps! pacuera.

10 KoHuenuusi KayecTBo, puck, Haae:xkHoctb (KPH).
Be3onacHocTh cucrem

MeToasl  pacyeTHO-3KCHEPUMEHTAIbHOM  CcTaTHCTHYE-
CKOH OIEHKM Ka4ecTBAa M €ro HapyIIeHUs 10 OCHOBHBIM
XapaKTePUCTHKaM MEXaHHYECKHX CBOMCTB. COMPOTUBICHHUS
YCTaJOCTH M H3HOCOCTOMKOCTH MOJENIel 3JI€MEHTOB KOH-
CTPYKIMH, Tap TpeHus U TpuOO(aTHUYECKUX CHCTEM.
O6o0menHoe noHATHE 00 L-pUCKE U INpPENCTAaBICHHE €ro
ONEepaTUBHOI XapaKTepUCTUKH. B3auMMOCBs3b moOKaszarelsei
Ka4ecTBa, PUCKa M HAaAEKHOCTH. [IpakThieckue IpHUMEpHI
aHanu3a. O0o0uIeHHOe TpencTaBieHne 00 Sp-0e30macHOCTH U
€e pacyeTHO-3KCIepUMEHTaNbHas oeHKa. [Ipumep aHanm3a.

11 IlpuHHUNBI NPOEKTHPOBAaHUS TPUOOdaTHUECKHX
cucTeM

O0001eHHOe NpeACTaBIeHUEe O NPHUHIUNAX pacuyera U
MIPOEKTUPOBAHUS MEXAHWYECKUX CHCTEM COBPEMEHHBIX
MamMH U 00OpyJdOBaHMS. MeETOIObl peIIeHUs THUIIOBHIX 3a-
Jlad: OIpeAesieHHe pa3MepoB IONEPEYHOr0 CEYEeHHs, Ompe-
JIeIeHHe TUIOIIAaM KOHTAaKTa, BBIOOp MaTepHalloB, TpeboBa-
HUA K K03(UUMEHTY TpeHUs, pecypcHOE NpPOEKTUPOBaHUE,
IIPOEKTUPOBAHUE II0 IOKA3aTENIIM HAJe)KHOCTH, MOHITHE O
IIPOEKTUPOBAHUH C Y4YETOM pUCKAa M Oe30MacHOCTH. 3ajava
00 ONTHUMAaIBPHOM YNPaBJIECHUU H3HOCOYCTATIOCTHBIMHU IIO-
BPEXKJICHUSIMH TPUOO(PATHUCCKUX CHUCTEM.

12 TpubOodaruueckasi cucreMa TOPMO3HbIe KOJIOI-
ki / koJieco / peabc (TKP)

OKcIlyaTallMOHHAs Harpy>keHHocTh cuctemsl TKP nu
aHallM3 ee OKCIUIYaTAl[MOHHBIX MOBPEXJIEHUN € MO3MLUN
tpubodaruku. HampspkeHHO-IeOPMUPOBAHHOE  COCTOS-
Hue. CocrosHMe moBpexnaemoctu. llpenenbHble cocTOs-



HHs. BnusHuEe KOHCTPYKTMBHOIO HCIIOJIHEHHS, TEXHOJOTHH
U3rOTOBJICHUS, CMa3K{, MAaTE€pPUaloB U HX CIYyXKeOHBIX
CBOMCTB, ycnoBuil skcrnyatanuu. Hi-Tech: nuThle penbcsl
M3 CTAJUCTOrO BBICOKONIPOYHOIO YYyT'yHa C INAPOBUIHBIM
rpaduTOM, PACUCTHO-IKCIIEPUMEHTAIbHOE OOOCHOBaHUE
IIPOEKTa U MEPCIEKTHBBI €r0 peaanu3aluu.

3akiaiouenue: TpudopaTUKa M CMeKHbIe HAyYHbIe
AUCUHUILUIMHBI, TpuOodaTHKa M COBpeMEHHOe MAIIHHO-
CTpOeHue

IInan aexkuouii

1 O6bvemHOE pa3pylLIeHHE: CTaTHYeCKasi IPOYHOCTD.

2 [loBepXHOCTHOE TOBpEXKJEHUE: TPEHHE W W3HOC;
cMaska.

3 TloBepXHOCTHOE HOBPEXAECHUE U 00BEMHOE paspyllie-
HHUE: MEXaHH4YecKas yCTaJIOCTb.

4 MeToAbl W MAaIIWHBI JUIS HM3HOCOYCTAJIIOCTHBIX HCIIBI-
TaHUH.

5 DkcnepuMEHTaJdbHbIE M METOAOJIOIMYECKHE OCHOBa-
Hus TpubodaTuku: NpsMOH U 0oOpaTHBIE 3hdEKTHI; crop-
npusbl TpubodaTHKY.

6 O0O0OIICHHBI 3aKOH TPEHHUS: TEOPHUs M DKCIEPUMEH-
TanbHOe 00OCHOBaHME.

7 Tpubodaruueckas cucTeMa: MPOCTPAHCTBEHHOE HAMps-
KEHHO-Ie(POPMUPOBAHHOE COCTOSIHHE; YaCTHBIC CITyYaH.

8 Tpubodaruueckass cucrema: COCTOSIHHE OOBEMHOU
MOBPEKACHHOCTH.
9 TpubGodarnueckas cucTeMa: MHOTOKpPUTEpHAIbHbBIC

npenenabHbIe COCTOSHUS; YacTHBIE CIydaH.

10 IlpuHnunsl pacdeta TpUOO(PATUUECKUX CHCTEM Ha
IPOYHOCTh U JOJITOBEYHOCTD.

11 HanexxHocTh TpUOO(DATUUECKUX CUCTEM.

12 KoHnenuusi Ka4yecTBO, PUCK, HAJCKHOCTh U Oe3ormac-
HOCTb TPUOO(]ATHUECKUX CHUCTEM.

13 Tpubodaruueckas cucrema Koyeco / peibc.

14 Tpubodaruka u CMEXHbIE HAay4yHbIE JAHCLUIIUHBI,
Tpubo(haTUKa U COBPEMEHHOE MAIIMHOCTPOCHHUE.

JlabopaTtopHbie padoThl

Jlabopamopuwiti npakmukym UMEET LeNb NPUBUTH CTY-
JICHTaM HAaBBIKH MO OKCHEPUMEHTAILHOMY OIpPEACICHHIO
OCHOBHBIX XapaKTEPHCTHK H3HOCOYCTAIOCTHOTO MOBpe-
KICHHS, TMO3HAKOMHUTb HMX C COBPEMEHHBIMH MaIlMHAMH H
METOlaMH  HM3HOCOYCTAJOCTHBIX HcHbITaHUH. CTymeHTH
BBITIOJHSIOT CIIEYIOUIME JIaDopaTopHbIe pabOThI:

1 Crennabl Ui KOMILIEKCHBIX HCIBITAHHI: yCTPOHCTBO U
HOPUHITAITEL PAOOTEL.

2 DKCHepUMEHTaJbHOE ONpEIeICHUE XapaKTEPUCTUK
COTIPOTHBIICHUSI MEXaHUYECKOH yCTalOCTH.

3 DKCHEepUMEHTalIbHOE OINpeAesieHHEe XapaKTEPHUCTUK
COTIPOTHBJICHUSI KOHTAKTHOM YCTaJlOCTH.

4 DKCIepUMEHTAIbHOE OIpEleIeHHEe XapaKTepUCTUK

COINPOTHUBJIEHUS! KOHTAKTHO-MEXaHUYECKOH yCTaIo0CTH.

5 DKcnepuMEHTaJbHOE OIpEeIeHUE XapaKTEPUCTUK
CONPOTHUBIIEHUS! GPUKIHMOHHON yCTaIOCTH.

6 DKcrneprMeHTaIbHOE OIpeesieHHe XapaKTePUCTHK CO-
IPOTHUBIECHUS (HPUKIHOHHO-MEXaHMUECKOH yCTaJOCTH.

7 YcrpoiictBo u pabora MamuH cepun CH.

8 MudopMaluoOHHO-yNpaBIsiOmIas  cUCTEMa
IPUHIUIBI TOCTPOEHHs U paboTa.

myoey:
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——Socrates
1 —BARE
General terms

O6mue nonsiTis

L1 BEREE S5 A 3 T AL A A b 0 R BB R G O R R — 2 57 RO A R
e

tribo-fatigue; science concerncd with wear-fatigue damages and fractures of active sys-
tems of machines and equipment.
cunonsix

: nayka 06 ThbIX u pasp

CHCTeM MALLHH H 00OPYXOBAHHS.

1.2 FHESBR%(AS): —XIMALK. EXREPRTEETERXWEELE,
[ B 58 7 2 4 R i A 2 AR A

active system (AS) : mechanical system in which any form of friction processes is real-
ized and alternative load is taken up and transmitted through simultancously.

CHIOBAS CHCTEMA: MexaHMuecKas CHCTeMa, B KOTOPOH pealMIYCTCs MPOLECC TpeHH: B

TMOBEIX ero

W KoTopas W TpaHIWTHO mepexaeT
TIOBTOPHO™MEPEMEHRYIO HATPY3KY-

1.3 EFREEE SR M AT R 70 AL F (6] P (057 SR R R T T S, BB
T S ) 2R 7 0 5 (5D R e o AR B A — BT RE RO BE T .

reliability on tribo-fatigue criteria: reliability of an active system determined by its a-

fatig h istics in the

bility toremain values of intervals
during specified time.

MATEKHOCTE CHIOBOF CHCTEMBI» 00YCIOBTICHRAS

no
€@ CMOCOGHOCTBIO COXPAHSITH BO BPEMEHH H B YCT2HOBJIEHHBX TPEICTaX 3HAUCHHA XapaKTEPHCTHK
COTIPOTHBIICHHS H3HOCOYCTRIOCTHBIM TIOBPEK ACHHAM.
1.4 ER—@FREG (WFD): i TR B E B GO RMFERRNIH N FX
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wear-fatigue damage (WED) : damage caused by the kinetic interaction of fatigue, fric-
tion,wear and/or erosion phenomena (figure 1).

H3HOCOYCTANOCTHOE  MOBPEMIEHHE: TOBPCHKICHHE:  OOYCJIOBICHHOE  KHHCTHUECKHM
B3AHMOJICHCTBHEM ABJIEHHii YCTAJIOCTHs TPCHHA B JTIOGBIX €ro MPOSIBJIEHHSX + HIHALINBAHHA H

Can) aposnn (pueyok 1).

R — ARG

. MOHOCOY TAIIOCTHORIIOBPEX L EHHE
+ wear-fatigue damage

+ Verschlei B-und Ermudungsschaden

WU — MRS
KOMTAKTHO-MEXAHYECKAAYCTIOC TS
mechano-rolling fatigue
kontakt-mechanische Ermudung

BEBE| |BES D

L — M

OPIKITHOH KO~ MEXAHHUECKARYCTAIOCTD
‘mechano-sliding fatigue
reib-mechanische Ermudung

(L]
opermmr-yeranocts
frtting fatigue
Schwingungsermudung

BESE

L3
R
*
1
Y
2
2%,

\ Dpeomo-uexwCRYCTIOCTY
: mechano-erosion fatigue
1. erosion-mechanische Ermudung

L

B O EE RGN - REY
Figure 1. General types of wear-fatigue damage

Phcyox 1. OcroBibie BN IKOCOYCTATOCTHOTO TOBPEX e

1.5 EEER—EE M RHRGUE R — R R e
wear-fatigue resistance: ability of a material to withstand wear-fatigue damage.

pe: + CBOJICTBO MaTepHasia NPOTHBOCTORTS

nanocoy
U3HOCOYCTATIOCTHIIM MOBPEXK AEHHSIM.
1.6 IE @R (DE) : i B 5 R0 5 45t 2 512 0 767 0P B ) R 50 A0 (0 B T 89
BRI R AL .
direct effect (DE) ; changes of fatigue resistance characteristics of an active system
and/or its elements produced by friction and wear processes.
npsmoil sbdeKT: BIHHHE NPOLECCOB W YCIOBHI TPEHHS  MIHAIIMBAHMS HA H3MHEHHC
XaPaKTEPHCTHK COMPOTHBIICHHSA YCTATOCTH CHIIOBOF CHCTEMBI H/HIIH €C SEMENTOB.
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FE R IS P 0 A A

back effect (BE): changes of friction and wear characteristics of an active system and/

or its elements produced by alternative stresses (strains) .

obpaTubtii 3deKT: RiMsHKe I[OBTOPHO-TICDEMEHHBIX Hanpsikennit ( medopmaimii) Ha

H3MEHEUHC XAPAKTePHCTHK TPCHHS W M3HALIMBANMA CHIOBOH CMCTEMbI 1/ HIH €€ 3)1eMeHTOB.

L8 BER—ESH K (WFT) T8 R i S 4 — e 07 b ik

wear-fatigue tests (WFT) : tests used to determinc quantitative characteristics of wear-

fatigue resistance.

H3HOCOYCTANOCTHBIE HCHBITARHS : HCTIBITALMI » IPH KOTOPBIX OUPEACISIIOT KOJMYECTREHHEIE

XaPaKTePUCTHKHU CONPOTHBIEHHS H3HOCOYCTAIOCTHEIM MORPEN IEHHSM.

1.9 ERR—@ IRl T M — e A R R R R R A TR
el AT IS 078 S L B PR 5 FE P L R SR B 8 6930 90 J80 40 L 0 i
I 3 50 09 T P — B M (O BLBS

wear-fatigue test machine: machinc used for fastening an active system or its model,ex-

posing the system to the complex effect of alternative loads and friction processes under
prescribed conditions and modes, providing the required test longivity, mcasuring and re-

cording its wear-fatigue resistance characteristics.

MAmMHHA A M3HOCOYCTAJOCTHBIXMCHLITAHMH: MallliHa, [pelHa3HaueHHas  JJIA

3AKPEILICHAS CHIIOBOA CHCTCMBI HJTH e MOJeJIH » PCaji3aliA KOMIJIEKCHOTO BO3JEHCTBAS Ha Hee

TIOBTOPHO NIEPEMEHHKIX HATPY3OK M IPOUECCOR TPEHHS [PH 3aJaHHAIX YCIOBHSIX M PEXKHMAaX.
ofecneucHns

TpeGyeMofi  TIOLOMIKUTEJBHOCTH — HCILITZHHI, MIMCPCHHS W PCrHCTpailHy

XaPaKkTePACTHK CONPOTHBIIEHHS H3HOCOYCTAJIOCTHBIM MOBPEXK AEH UM,

1,10 HUM—RFNE S (MRF) - i HURAEJ7 S5 5 1R 5 e 0 B % 1 36 A0 2 38 0 6

3B B AR — A

mechano-rolling fatigue (MRF) : wear-fatigue damage caused by the kinetic interaction

of mechanical fatigue and rolling friction phenomena.

KOHT2KTHO-MeXaHHYECKAS YCTAJIOCTh: U3HOCOYCTAJIOCTHOE IOBPEXJEHHE s 00yCIOBIeHHOe

KUHCTHYECKHM B3AHMONEHCTBUEM SIBJICHUI MCXaHHYECKOH YCTAanOCTH H TPEMUH KAUCHHS.

L 11 U —BEIES (MSF): i PR AR SHAEBA SN N LR BN

W S E B IR

mechano-sliding fatigue (MSF) : wear [atigue damage caused by the kinetic interaction

of mechanical fatigue and sliding friction phenomena,

$PHKNHONHO-MEXaRHYECKast YCTAJIOCTh : H3HOCOYCTANIOCTHOC TIOBPEXK ACHHE s 0GYCJIOBJICHHOE

KHHCTHYECKHM B3AHMOJNIEHCTBHEM ARJICHHH MEXAaHHUECKOH YCTAJIOCTH U TPEHHS CKONLIKEHHSL.

112 HU— B8 SR 35 (MCF) < th T HURN 35 B4 5 6 1 B4 09 380 ) 2 28 1 4 P 1 2

BB 9E S 0

mechano-corrosion fatigue (MCF) ; wear-fatigue damage caused by the kinetic interac-

tion of the mechanical fatigue and corrosion phenomena.
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KODDO3HOHHO-MEXAHHYECKAas YCTAJOCTh: YCTANIOCTb MaTCPHAJa [pPH  OLHOBPEMEHHOM

BO3/IEHCTBUH TOBTOPHO-TIEPEMEHHELX HANDSKeHUHl 1 KOPPOSMOHHOH CPEmLBL.

113 BEhIES (FF): f FALOOE S L& 5 M B4 69 3 ) 2 50 T4 B il 3 BB I
Rt

fretting fatigue (FF) ; wear-{atigue damage caused by the kinetic interaction of mechan-
ical fatigue and fretting phenomena.

PeTTHHI-YCTAJI0CTD: H3HOCOYCTAJNOCTHOE [OBPEKAEHHES OGYCTIOBIICHHO® KHHCTHUECKUM
B3AMMOLCHCTBHEM SIBJICHUT MeXaHUYeCKoi yCTAanocTH  (peTTHHIA.

114 HUHOR M S5 (MEF) : 1 T HUMOR 35 30 % 15 5 th 8L &R 19 31 ) 2 20 LA P T 53 B
) JE IR — 9 S B«

mechano-erosion fatigne (MEF) ; wear-fatigue damage caused by the kinetic interaction
of the mechanical fatigue and erosion phenomena.

9POSHOHHO-MeXAHHUECKAs YCTAJOCTh: H3HOCOYCTANOCTHOE MOBPCXKAEHHE, 00YCIOBICHHOC
KHHETHUCCKMM B3AHMOLEHCTBHCM StBIICHMI MEXaHHUECKOH YCTANOCTH ¥ 3PO3HH.

115 £ AE(SC) A B R— 3 4R 0t B e+ e T 067 U 08 MR LY C 1 R B
T 22 vk 2 2 OB R RO B 0F PR T b LT R T | A2 1 ) /I8 T 348010 T 9
WA

surface chipping (SC) : detaching fine-dispersed particles of the material formed as a re-
sult of multiple microshilt in intersecting planes and fragmentation of grains from interac-
ting surfaces of active system’s elements under wear-fatigue damage.

TMOBEPXHOCTHOE KPOILIEHHE : OTIC/ICHHE C TOBEPXHOCTCH B3AMMOLEHCTBUA 3JIEMEHTOB CHIOBOH
CHCTEMBI MCIIKOJMCTIePCHBIX WACTHL, MaTephajia» 00pasyloILuXcs B pesy-IbTaTe MHOMKECTBEHHONO
TLAOCKOCTSIM n ALpobTIeHnsA 3epen npn

MEKPOCIBMTA [0  TIePeCeKaiolInMCs

M3HOCOYCTAJIOCTHOM TOBPEX LeHUH.

116 ZRGER, Vo, 5 RS EE BRI TA TERRS 8 —sr. X1
R BOAEAS R 128 T b PR R A8 25 B T SR L SR X B A B R v B A 57 B
2nP.

damaged volume,Vp, : part of the working volume of an active system’s element within
which acting cyclic stresses exceed the lower boundary of limiting stress dispersion with
fatigue damage probability P found with confidence 7.

onacublii 06BeM, Vp : uacTh pagouero ofbema aneMeHTa CHIIOBOM CHCTEMbl» B TIpelesax
KOTOpO#i C BepoATHOCTbIO P» COOTBETCTBYIOMIeHl BePOSTHOCTM YCTaJOCTHOTO TIOBDEXKIISHHS »
YCTAHOBIIEHHOM ¢ NOBEPHTENLHOM BEPOSITHOCTRIO Yy AEACTBYIOLIHE UHMKIMUMECKMC HANPIKEHAS
IPEBHITIAIOT HIAKHION TPAHUILY PACCEHBAHHA NIPENeJbHBIX HAN PSKeHHAI.

117 SRGRE,S, FEERE RGN TEREBER DM -0, X
S AF TR AR R TR R ) B R TR R SR M B A Y I 4
BRGMER-D.

damaged surface, Sp: part of volume of the working surface layer of an active
system’s element within which acting contact stresses cxceed the lower boundary of the
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limiting stress dispersion with friction damage probability P found with conlidence y.

omacHasi TOBEPXHOCTb: Sp : 4YacTh 0GbeMa paGouero MOBEPXHOCTHOTO CJIOS BJeMeHTa
CHIIOBOH CHCTEMBI, B MpEAENEX KOTOPOA C BEpOATHOCTbIO P, cOOTRETCTBYIOIIEl BepOsITHOCTH
NOBPE)XICHHS TIPH TPEHWH+ YCTAHOBJIGHHOH C JOBEPHUTE/bHOH BEPOATHOCTBIO Y AEHCTBYIOLLHE
konrakTHble ( PPUKLMOLHBIE ) HANDSKEHHS TPEBBILAIOT HHMKHIOWN TPAHHILY DACCEUBAHMS
npeaesbHbIX HATIPSYKEHHUIE.

1.18 RAZIRGERBR, W  T7EIFE BRI R G0 T TR RBUR ) — 3850 TERXHA
TR B W A AR R B AR — 4 0 1 FT R AR R K B2 AR BV, N3 B A T B

Sp, 2 M E B R o IR (ps = 1), 1

We,=(Ve | Sp) gus.

complex damaged volume,Wp, : part of the working volume of an active system’s ele-
ment within which there is a possibility of initiating and developing ol wear-fatigue dama-
ges, this volume being the sum of damaged volume V5, and damaged sutlace Sy, multiplied
by the interaction function gys== 1

We,—=( Ve, +Sp) ous.

KOMILIEKCHbIH ONacHbiii 06bem,Wp, :uacTh pabouero o0hema sieMeHTa CHII0BOH CHCTEeMBL: B
NpeACIEX KOTOPOH BO3MOMHO BOSHHKHOBCHHE M Pa3BHTHC MSHOCOYCTAJIOCTHLIX MOBPEXKIAEHH} »
onpesesieMast KaK oGhelHHEHHe OTIACHOro ofbema Vi, M OTacHO} [0BEPXHOCTH Spy s YMHOKEHHOE
Ha QyUKIKIO B3ANMOACHCTBRS ¢vs == |

Wi, =(Vp | Si) ous.

119 T8 BEM AR RAR A5 1+ DA 69— ol A TR H 9 FiE JE T 5 B 7
RERR RS BARE A T SRR PR T #O B95E EI G R B BB s B i
S BB 4 DT AL PR AR T I LA TR AT e R R A B R
B BT RE ORI B R T — &K TR R ET TR

limiting state of an active system:inoperative state of an active system manifested by
one or several signs simultancously: achievement limiting valuc of wear, formation of
scattered cracks or spalling stains (pittings) of critical size or critical concentration,a-
chievement intolcrable value of residual deformation, generation a critically thick layer
damaged by corrosion, apperance of the surface waves of plasticity, [ormation of a main
crack of certain length,fracture of elements.

nipesiebHOe COCTOSIHAE CHIOBOH CHCTEMBI: HePaGOTOCIOCOGHOR COCTOSIHUC CHIIOBOH CHCTeMBI
0 OLHOMY HiH OLHOBPEMCHHO HECKOJILKHM TPHIMAKAM: IOCTHIKCHMIO H3HOCOM MPENIeILHOTO
3HAUEHHS, ODDASOBAHMIO PACCCAHHBIX TPRIUMH HMIM SMOK Buikpaiupanis ( OATTHHIOB )

KPUTHUECKHX  PA3VCPOB WM  KPHTHUCCKOH  KOHIEHTPallMMs JOCTHXKEHHIO — OCTATOMHOM
nedopmallicil HEIONYCTUMOH BEIHUMHBEI: OGPaZOBAHHIO CJIOS  KOPPOSHOHHOTO TOBPEKICHMHA
KPUTHUECKOH TOINIIUHBI, [OMBIEHHIO MOBCPXHOCTHBIX BOJH MJACTHYHOCTH, OGPA3OBAHUIO
MarucTpasiGHONM TPELUIEL OTPesesIeHHON IJIMHRT » APy IIEHHUIO 31EMEHTOB.

1.20 WHERERENES AHESMET  HRER AR REIRXL DB T EE
e B BR A5 T 2 15 B e
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active system life. duration of active system testing or operation under specified condi
tions until it reaches the limiting state.
JOJrOBEYHOCTh CHJOBOH CHCTEMBI: ILDOJIOJKHUTEIBHOCTh HCTIRITAHUS WIIH BKCTLIYaTauHyu

CHIIOBOM CHCTCMbI B 33lAHHBIX YCJIOBMSIX 1O HACTYNIEHUA ee TPEAeNLHOTO COCTOSHHS.

2 ERPESERI A BE 0 BE VR TR

Friction characteristics in an active system

XapaKTepuCTHKH TPEHHUSI B CHIOBOH CHCTeMe

2.1 HHEBRRRENERA,F, — DEEAMSE MR SRAQHENE X

B BESE ) L B
F,=F 0,

friction force in an active system, F, ; friction force, defined upon alternating load ac-

tivity in a friction joint or its elements
F,=F, 0.

CHJIA TPeHWS B CHJIOBON chcteme; Fy, : cuna TpeHus,onpesessieMast C YUeToM IeHCTBHS Ha

Mapy TPEUMs WM HA OAMH M3 CC JIEMENTOB 1IOBTOPHOTIEPEMEHHOM HarPy3Ku.
Fn=F, ¢(o).

2.2 BEANZITHR Fo.—MRRBEARE D, BEE T AERE—F R B
B AR 1 () S M BEHE I 4 e

cyclic component of a friction force, Fc: component of a friction force in an active sys-
tem caused by cyclic stresses (strains) in one or both its elements. '

IEKJAYECKAs COCTABJSAIOMAs CHab! Tperns, Fe: COCTABISIONMIAA CHIIBI TPEHHMA B CHIIOBOH
cHcTeMe > 00y CUIOBJIel HasT LUKIIHIECKHMY HanpsokeHnsMu (eopMalMaMu) B ONHOM HIH OBOHX
€€ DJICMCHTaX.

2.3 WHERBREOEBRY, S ITRERE R G005 M G A E,
P f 67 A 7 B o R o {5 B 48R W XU R TR R L BD

fi=Fu/Fno

friction coefficient in an active system, f, : ratio of friction force in an active system and
contact load pressing its elements to each other during friction process

f.=Fu/Fy.

i cucTeme, f,: OTHOTIEHNKE CHITBI TPEHHH B CHIIOROH CHCTEME

T TpeHHs B

K KOHTaKTHOH HaTpysKe. TpHXKHMalOllell ee BICMEHTHL APYr K APyry B mpoiuecce

TPeHHs NRHIKENns

Fu/Fy.
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2.4 ERFHOCENR, [ BERINRENESBEMAEZ L, 1
Se=Fe/Fy.
cyclic component of a friction coefficient, fc: ratio of cyclic component of a friction

force and contact load

fe=Fe/Fx.

UHKJIMMECKast cOCTaBasiomas Koshduuuenta Ttpemusis fc: OTHOLICHWe WLUKJIHYECKOH
COCTaBJIAIOWIEH CHITbI TPCHHA K KOHTaKTHOH Harpyske
fe=Fe/Fx.

3 BRI R

Wear-fatigue damage characteristics

XapaKTepucrmm COMPOTHBJICHUS] H3HOCOYCTAJOCTHBIM ITOBPEIK 1EHHUSIM

3.1 MUM—BEE S B2, N(o., po=const) ,N(po,o,=const) : LH -IR55% 3 2%
AT, — i 56 5 405 45 ) R 4 00 A — B AR 10 SC I8 R 7 B8 o, ST 55 AN 5 R I 2%
BN, R S TR TR B SR OF T H MR T po 9 B BRI I T2 M9 [ 20 2() ] 5
— LR T G B ARG ) — A IR BE R A TR A o 50K K B A A A
RAME B N, 2%, 7 67 AR I o, 0 BT M2 b8 0 2() ],

mechano-rolling fatigue curve, N (s, , p, = const) , N(p, &, =const) ; either a graph of
cycle stress amplitude o, versus fatigue life, N,, , for the same models of an active system
plotted with respect to contact stress under rolling friction p, = const (ligure 2,a),0r a
graph ol contact stress p;under rolling friction versus rolling fatigue life, N, »for the same
models of an active system plotied with respect to cycle stress amplitude g, = const (figure
2,0).

KPHBasi KOHTAKTHOMeXaHHuecKoll ycraaoctn, N (6., p; = const) , N (p,, 6, = const) ;
TpaMK, XapaKTCPU3YIOMIHE 32BHCHMOCTS MeXJLy AMITHTYION HANPSDKeHMd LUKAA 0, M
THKIIMYCCKOM JH0NrOBEYHOCTBIO N,y JIIS OMUHAKOBBIX MONENeH CHIIOBOM CHCTEMBI s MOCTPOCHHDIH
70 IapavieTpy KOHTAKTHBIX HALPSKCHHI MPU TPEHUH KadeHHsl po = const (pucyHok 2.a) , iauGo
rpadMK,  XapaKTepU3YOLIMA 3aBUCHMOCTb MeXKY KOUTAKTHLIMH HAnpiyKeHHAMH pM TpeHHu
KAUEHUs Pe H KOMTAKTHOH JONIOBEUHOCTEIO N, ISl ONHHAKOBKIX MOLIE:IeH CHIIOBOH CHCTEMBL,
TIOCTPOEHHELL 110 NapaMeTpy aMILIHTY ibl HAIDAKCHANR LUKJa o, —=const (pucyHOK 2,6).

3.2 MB—RPEFBR,0-1,, 00 X TREFEHEZMI D SHAR SB[ 2
W 2€a) T B3 TACB R RS MR RIR . [BE 2],

mechano-rolling fatigue limit.g ., , p, : fatigue limit on parameter of contact stress

under rolling friction,s..,, (figure 2,a) ,or rolling fatigue limit on parameter of cycle stress
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amplitude, p;, (figure 2,6).

o
2, =const
EAS IR
(a)/a)/8)
PRV S =
196 =3 -
[ i
[ ;
Nopl [ News )
Woe | Npug  1Ng N
I I
Prglr—=m—m === - :
Pryf—————= =
el ®)/8)/6)
Oa=const
by

H2 HU- s g R B m
Figure 2. Schemes of mechano-rolling fatigue curves

Pricynox 2. CXeMbl KPHBbIX KOHTAKTHO-MEXRHWNECKOR YCTATOCTH

Tpejie) KOHTAKTHO-MEXAHHYECKOH BBIHOCHHBOCTH, 615 Pjy : TIPEE]l BbIHOCIMBOCTH 1O

napaMeTpy KOHTAKTHBIX HAIPSKEHHH IIDH TPeHWH KadeHwusi,o—1, (pucyHoK 2.a), qubo mpement

KOHTAKTHOH BBIHOCITHBOCTH [0 MApaMeTPy aMIJIMTYIbl HATPAKEHHH WHKIA £, (pHCYHOK 2,6).

3.3 ERNRONE—BNEERRB o-im, Prov: RT RSB S M0H
FITHE o [Z2RE 2], MR FTEEMABRESHEHRANEF THRMA pon [Z

JLE 2(b) ],

mechano-rolling fatigue limit at N cycles, 6, s prov : fatigue threshold on parameter of

contact stresses under rolling friction,o_y,v (figure 2,a) ,or rolling fatigue threshold on pa-

rameter of cycle stresses amplitude, p v Cligure 2,5).

mpenex orp:

OTPaHHYEHHON YCTAJIOCTH MO NMApaMeTPy KOHTAKTHBIX HAMDAXCHWH MPH TPCHHH KAUEHWSI» o - jon

{pucynok 2,a),1H60 Tpesies OTpaHEYEHHOH KOHTAKTHOH YCTAOCTH MO NapaMeTpy aMILIHTY bl

HAMPAREHHH WHKTA s P (PHOYHOK 2.6).

3.4 WAB—RBN G BRI A, Nae » Ny : 55 T IR SN AR SR Bl 57 0 S 0000 WL 37
2R 0 85 8 Nope [ B 20 ], BOC T 2825 B N IR B IR B 37 1 R B9 345 N oo [B

W 2(b)].
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turning point of mechano-rolling fatigue curve, Ny s Ny : turning point of mechanical
fatigue curve,plotted on parameter of contact stresses under rolling friction, N, (figure 2,
a),or turning point of rolling fatigue curve, plotted on parameter ol cycle stresses ampli-
tude, N, (figure 2,b).

TOUKH KpHBOK

yeramoerat, Nppo + Np ¢

afcuucca TOUKM TNepesiomMa KPHBOH MeXaHHYECKOH YCTAajoCTHs MOCTPOEHHOH [0 mapaMeTpy
KOHTAKTHbIX HANDMMEHHH npn Tpeunu kauenusis Nyo (pucyHoK 2, a), 1ubo aGcLucca TOUKH
nepesioMa KPUBOH KOHTAKTHOM YCTAIIOCTH » IOCTPORHHOH O NApameTpy aM(UINTY LBl HalpsivKeHHH
nuknas N (pucyrok 2,6).

3.5 MH—EES GG NIEE,m, m, X TIR SN EEBERARY ) B B LA 57 th
KGR ., (B R 2(a) ], 8036 TF 3028 WL 7 0811 5 00 TR 30 032 97 il SR 9 8 B m, [ B
R 2],

mechano-rolling fatigue curve exponent, m,, , m, : mechanical fatigue curve exponent.
plotted on parameter of contact stresses under rolling [riction, m,, (figurc 2,@),or rolling
fatigue curve exponent, plotted on parameter of cycle stresses amplitude,m,, (figure 2,5).

TOKa3aTeNb HAKJIOHA KPHBOH KOHTaKTHO MEXaHHUECKOH YCTAJOCTH s My s My, : TIOKAZATEND
HAKJIOH2 KPHBOIl MEXaHHYECKOH YCTaJOCTH, MOCTPOEHHOH MO NapaMeTpy KOHTaKTHbIX
HATIPSKEHHH TIDH TPEHHH KaueWwsi, M, (PHCYHOK 2, @), NGO NOKasaTellb HAKJIOHA KDUBOH
KOHTAKTHOl YCTAJNOCTHs TOCTPOCHHOM [0 TAPaMCTPY AMILTHTYZLLL HAIPAKEHMH UHMKIa, 71,
(pucyHok 2,6).

3.6 HUE—BBEF ML, N(o.,w—const), N(zw,o,=const) : HLARH B 57 th 24
TR, — i R 36 TR AR 45 28 00 00 ) — P A (10 30 2 0 40 O £ o, 45 28 75082 55 T 0 1 6 AR
2, U N 2R, E R7EN S A T BRI o AW B L T AR M2 RA 3 ],
B—Fh R TR ARG R — R AR B0 S A T IR ) oo S BIRH
it X R MR, B N, #&, ©RER LRI R o W FRHEL T2 LE 3
1.

mechano-sliding fatigue curve, N (6, 7w = const) . N (7w, 0, = const): graph of cycle
stress amplitude,q, , versus cyclic fatigue life, N,. ,for the same models of an active system
plotted with respect to friction stress under sliding friction, ty — const (figure 3,a),0r

graph of friction stress under sliding friction,z, versus sliding fatigue life. N, ,for the same

models of an active system plotted with respect to cycle stress amplitude o, —const (figure
3.,6).

KpHBas (pHKIMONHO-Mexanuueckoit ycraxoctd N (a, » Tw = const) » N (7,6, = const) :
rpaduKs XapaKTepHSYIOUIMil 3aBMCHMOCTD MEXIYy A&MITHTYIOH HanpsxeHMi WUHMKIa o, H
W MKITHIECKON AOMToBeYHOCTbI0 N,. JITI OZMHAKOBBIX MOJeliell CHIIOBOH CHCTEMEIs MOCTPORHHBIH
10 napaMeTpy QPAKIMOBHBIX HANPKEHHH MPH TPEHHH CKOIbXKCHUsA T, = const (pucyHok 3,a),
nu6o rpadMK. XapaKTCPUIYIOUIWH 3aBHCHMOCTb MEXLY (PHKIKOHHBIMH HAMPSKEHHSMH TPH
TPeHHMH CKOJIbKEHHUS T W (PPHKLMOHHOM NOJropedHOCTBI0 N, 15151 OAMHAKOBBIX MOJieniefi CHIIOBOH
CHCTEMEI» IOCTPOSHHBIH 0 ApaMeTpy aMIIHTY bl HATIPSUKeHHit MK o, == const (prcyHok 3,
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mechano-sliding fatigue limit.¢ .. .7 : fatiguc limit on parameter of contact stresses
under sliding friction,o_,, (figure 3,a),or sliding fatigue limit on parameter of cycle stress
amplitude, ¢, (figure 3,6).

npeged (pPHKUMOHHO MEXAHHYECKON BBIHOCIHBOCTH: O 15 Tfp: [IPEile]l BbIHOCHUBOCTH 110
napaMeTpy QPHUKIHOHHBIX HAMPAMXEeHHH NMPU TPEHHH CKOIBKEHHS: o1, ( pucyHOK 3+ a ), mubo
Tpenen HPUKTIMOHHON BLEIHOCIHMBOCTH NO [apaMeTpy aMIIHTYLBl HAMPsKeHUH LUHKNA, Tg
(pueyHok 3,6).

3.8 B N RMME—BRESFRR, 0o tov: X T H SR S8 AE
BT oso T 3Ca) T, 056 T 427 1 7 W (T2 A 3 S 9 07 1A o0 [ B(D)

mechano-sliding fatigue limit at N cycles.o— 1 Ty : fatigue threshold on parameter of

contact stresses under sliding friction.o- .y (figure 3,a) ,or sliding fatigue threshold on pa-

rameter of cycle stres amplitude,t,y (figure 3.6).

npenex  orp. YCTANOCTHs 6 1w s Ty : TIPENEN
OrpaHHYEHHOH YCTAJIOCTH IO NapameTpy (PAKUHOHHBIX HANPAMXKEHMH MPH TPEHHH CKONbXCHHA s
6 1 (pucynok 3. a), aubo Tipeen OrpaHHYCHHOH (PUKIHOHHON YCTaNOCTH TIO NapaMeTpy
AMNIUTYB HATPSIKCHHA MK+ T sox (PUCYHOK 346,

3.9 HH—BEED B &R A, Nao , Noo : 5 T 1 30 BE 4 B AT 7 5 5000 HL AR 57
M 2% B B3 A N L 2 LI 320 KPR R S S SR M AT RN A N[5
W 3Ch)].

turning point of mechano-sliding fatigue curve: turning point of mechanical fatigue

curve,plotted on parameter of contact stresses under sliding friction, N, (figure 3,a) ,0r

turning point of sliding fatigue curve, plotted on parameter of cycle stresses amplitude, N
(ligure 3,6).

aBcmucca TOUKH TMepesioMa KPHBOH (IPHKLHOHHO-MEXaHHYECKOH YCTaldOCTH: Npg s Nyg @
abcumcca TOUKH [ICPCJIOMAa KDHBOH MEXaHWUYeCKOH YCTAaJIOCTHs MOCTPOENHOR M0 NapameTpy
(PUKITHOHHBIX HaNpsKEHHH TpK TPCHUH cKoabxkenust s Ny ( puCYHOK 3,a) » 160 abeuucca TOYKH
HepesioMa  KPUBOM  PMKLMOHHOM  YCTAajOCTH, TOCTPOCHHOH 10  NAapaMeTpy — aMIUIMTYIBL
HanpsiskeHu# HKIa s Ny (prcyrok 3,6).

3,10 HE—BRETHEMNIEE, me,my TR B E BB RN )1 2 B0 L AR 2
1 2K B B m, [P 3 (o) T 8OG30 78 o ) WM 2 i M B2 55 M 2 AR B, [ 3 (D) T,

mechano-sliding fatigue curve exponent, m,, » m, : mechanical fatigue curve exponent,
plotted on parameter of contact stresses under sliding {riction,m,, (figure 3,a) ,or sliding
fatigue curve exponent,plotted on parameter of cycle stresses amplitude,m,, (figure 3,5).

noKa3aTeNb  HAKJIOHA XpnBoil  (PPHKIHOHHO-MEXAHHYECKOH YCTAJOCTH, Mlgs Higy:
MOKA3aTeNb HAKJIOHa KPHBOHM MEXaHWUYCCKOH — yCTamocTW. TOCTPOBHHOM 1O mapameTpy
(PHKIMOUHDIX HANPSDKEHUIl [IPA TPEHHH CKOJLIKEHHS> 7%, ( pucyHok 3 @), unbo nokasateib
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Figure 3. Schemes of mechano-sliding fatigue curves

Proynok 3. CXembl KpHBLIX DPHKITHOHNO MOXaHHUECKOR YOTATOCTH

HAKJIOHA KPHBOH (PUKLUOHHON yCTaNOCTH » NOCTPOCHHOM 1O LAPAMETDY aMIJTATY bl HaTlpsi X CHHUIL
uukna,m, (pucyrok 3,6).

310 TEEEREN R g AR PR AR A o % - 1T R 5 M T O A R —
MBI BLTE o S 8 R R B R A PRR A 28 10 0 T30 i ) W B U 0 3 R B 42

limiting states diagram of an active system:graph of cycle stress amplitude versus con-
tact pressure for the limiting states of an active system with respect 1o fatigue resistance,
wear resistance and wear-fatigue resistance criteria,

AuArpaMMa npejeNbHBIX COCTOSHWE CHJIOBOH cHCTeMBI: Tpaduk, XapaKTepusyIOmIMil
3ABHCHMOCTb MEXKIY aMMAMTYJAOH HAanpsOKeHHMH UHKIA W KOHTAKTHBIM AaBJEHHEM  IJis
MPENENILHBIX  COCTOSHWH  CHJIOBOH CHCTEMbl 10 KDHTEPHSM CONPOTHBIIEHHMs. YCTAJIOCTH,
H3HOCOCTOHKOCTH M CONPOTHBIIEHHs M3HOCOYCTAJIOCTHBIM MOBPCXK IEHHSIM.

3.12 EERMEIEE, Ko, Ko X THLR—RBNE S B XA RN E MR 0o, 5
BB 558 IR o - Z T 1) L A (o1, /-0 9 IE TR 35 8 Koy s RFF BLAR— 3B 538 55
E AL~ B R oo UM ST MR o Z R LA o 12 /omy) 0 IE IR
TEH Ko, 1)

Kp,=o-1,/0-1>
Kp.=0-1./0 1,
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direct effect index.Ky, K, : dimensionless value defined as a ratio of cither mechano-
rolling fatigue limit,o-,or mechano-sliding fatigue limit,o_,..to mechanical fatigue limit,
s
Ky =0-1,/0-: 4
Kp.=0-1./0 1.

koadbpuupent npamoro sdbexra- Kp, » Kpr :

p BEJIMYHHA s ONpefiesIfeMas Kak
OTHOIIEHUE Mpeilea KOHTAKTHO-MEXaHMUECKOH o1, IJHGO (PUKIMOHHO-MEXAHHUYECKOH o—),
BBIHOCJIHBOCTH K NPEAEJTY BBIHOCIHBOCTH [PH MEXaHHUeCKON YCTANOCTH 6

Ky =0 /o-.

Kp=o-1./o-1.

3,13 REMAAEE Ky K : X FHUM-REE ST 8 LHLK BB B RIR 5, 51
BSRIR p ZRBROILLIE P/ p ) DU TERIEE Koy s 3 F U — M BI85, W2 X
PUB B SRS AR R v S B ST R PR o 2 TR A BY HUAE (o /2, Ho S0 FTHE B K, o B

Ksy=pa/prs

Ky —tn/ts0

back effect index, Ky, s Ky, : dimensionless value defined as a ratio of mechano-rolling
fatigue limit, p, ,or mechano-sliding fatigue limit.z, ,to either rolling fatigue limit, p,,or
sliding fatigue limit,z,

Koy =pul/pss
Ky =15 /7.

Koodpunuent obpatnoro spdexta, Ky, , K. : GespasMmepHas Bennumna, oNpenesemas Kaxk
OTHOLIEHHe IIPeieia KOHTAaKTHO MEXaHHUCCKOH Py  JMO0 (QPHKIHOHHO MEXaHHYECKOH Ty
BBIHOC/IMBOCTH K IPefielly BLIHOCTHBOCTH IPH KOHTAKTHOH p; JIMG0 QPUKUHOHHOH T YCTAJIOCTH

Key=pu/prs
Ke=z5/7;.

314 BR—ESFRGENSH, Y-, Vo RBERAU. ERE XL TR ERE
JRRE ST BB SRR o1, 5 T SR N1 B8R T IR o Z WA oo/ ) o
RTWBBEEEMN N BRI R o AR TFREN NS BHEERE <, 2
{8 o /70, B

Y, =0-1/bss

V=01 T

governing parameter of Wear-Fatigue damage, ¥ ,,,¥_,,: dimensionless value defined
either ratio of fatigue limit on parameter of contact stresses under rolling friction ¢. |, to
rolling fatigue limit on parameter of cycle stresses p,, ,or ratio of fatigue limit on parameter
of contact stresses under sliding friction o+, to sliding fatigue limit on parameter of cycle

stresses ¢,

Vo =o-ip/Dss
Yoo /T
YOpaBASIOmMAN MApAMETP HM3HOCOYCTAJOCTHOrO noppexuenns. W.,,, ¥_,.:
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GespasMepHas BENMuYHHA» OnpelesisieMas JHMOO KAaK OTHOUICHHE TpeleNa BBIHOCIHBOCTH 1O
MapaMeTpy KOHTAKTHLIX HAMPAJKeHMi 1pH TPEHMM KAaMeHMS o1, K TPCACTY KOHTAKTHOR
BBIHOCJUBOCTH 1O N2paMeTPy aMIJIATY Abi HANPSIAKEHHI IHKIA P, + THGO KAK OTHOUIEHHe Npefesia
BLIHOCJIMBOCTH M0 NapamMeTpy (PHUKIHOHHBIX HANpPSIMEHHHd [IPH TPEHHH CKOJNBXCHHS 0 |, K
npesedy GPHKIMOHHOA BBIHOCIMBOCTH [0 NapaMeTPy aMIIHTYII HATPSKEHRH MHKIA T
Yo, =0,/ P
Voo /s
3.15 BR—EFRGESSHIME, v, v B R RO(WFD #5# 2
B8 TR A HLARE B AR BRI ooy BB SR IR o SO SR OTAIR ¢, 2 LA,
ap
T, =o0a/ps s
TN =6/t .
governing parameter threshold of Wear-Fatigue damage, W7, . ' . valuc of governing
parameter of WFD defined as ratio of limiting stresses under mechanical fatigue o—, to roll-

ing p; or sliding z, fatigue limit

v, = /0
o= /7
Tp: ynpas. YCTAJIOCTHOTO MOBpEXJEHHSN 5
P W 3uavenwe YUPaRNAOIEro Ma paMeTpa HK3HOCOYCTAJIOCTHOrO —MOBPCXKIEHHS 5

OnpefleliieMOe KaK OTHOLUCHHE NPEAENbHBIX HAMPHXKEHHI TIPH MEXaHHWYeCKOW 0 | W KOHTAKTHOH
Py 00 (PUKLMOHHOM T; YCTATOCTH
v, =6.1/py s
v =oa/7, .
3.16 BEMFRGEER, 0w HREEMNRE NGRS ROEE, EHE AR
ERV, 5THERRV, Z 0, 8
v =V / Vo
0=ar <1 .
relative damaged volume,oyp : extent of fatigue damage of an active system’s clement
defined as a ratio of damaged volume,Vp, . to its working volume V.
wve =V, Ve
0w <1 .
OTHOCHTEILHBIH ONACHBIT 0GBEM s vy : MEPA YCTAJIOCTHOIO IOBPEXK ICHHS AJIEMEHTa CUIIOBOR
CHCTEMBI» ONPC/CTIsieMasi KaK OTHOTLEHHe OLACHOIO obbema Vp, K ero paoucmy ofsemy Vi
avr =V, /Vas
0=y 1.
3.17 ENERGER ov: TREEAREN TSRS EERRDEREATH
SRR B EWE XN Z B AR Sp, 5§ TAEW A S, ZHAH, B

wsp =Sp, /S s

0w <1
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relative damaged surface, s : extent of damage of an active system’s element under
friction (sliding or rolling) defined as a ratio of damaged surface, Sy, ,to its working sur-
face, S,

wsp =Spy /S5
0w <1

OTHOCHTe/IbHAs ONAcHAsl TOBEPXHOCTh; Wsp: Mepa IOBPEKIEHHOCTH 3JIeMEHT CHIIOBOM
CHCTEMBI IPH TPEHHH » ONPENCAACMAsi KAK OTHOLIEHHE ONACHON MOBEPXHOCTH Sp, K ero patoueit
NOBEPXHOCTH So

wsr =Sr, /Sy
<o <1

3.18  AMFIRGEE, 0w BB R IFRGRE EWE X AEEZAGERRW,, 5
T 4 B 88 ) 3R 02 B TG 1 B T AR ARV, 22 HL AL B

anr =Wp, /V5 s
O<owr<l.

relative damaged zone,ww : extent of wear-fatigue damage defined as a ratio of com-
plex damaged volume,Wp, sto the working volume of an active system’s element V,

wwp =Wp, / Vs
0L wwr = 1.

OTHOCHTeNbHAS ONACHAR 30HA; (wp: Mepa  HSHOCOYCTAUOCTHOTO  [OBPEXIEHHH s
onpejiensieMasi KAK OTHOUICHMC KOMIUIGKCHOTO OnacHoro obmema Wp, k pabouemy ofbemy
aNleMeHTa CHJIOBOIL cheTembl Vo

wwr =W, /Vys
Oawp <1

3.19 BR—EFRGAMEAE, Do TRASE CHE XL RGREHR RS
BTN LR BB ORI W o, 15— b0 o B T 30 7 8 B 3R SR ML) 00 0 L 440 660 TR AR R Vs
2 18 g LG AE L B

s =Wp Vo

similarity criterion of Wear-Fatigue damage, Iy : dimensionless parameter defines as
ratio of complex damage volume W, of element of any active system to working volume of
the same element of an active system model V, which is standard one

O =W, /V,.

KpHTepu#i MoJ00HST H3HOCOYCTaJOCTHBIX moBpexuenuii, ITg : GespasmepHoiit mapametp.
onpezieNisieMblil KAK OTHOIIEHHe KOMIIEKCHOTO ONackoro oGnema We, aieMenta Juo6oii Cruoso#l
CHCTeMbI K paGoueMy OGbEMy aHAIOTHYHOTO 3JjeMeHTa MOAELHON CHIOBOH cucTeMbl V. » koTopas
TIPHHKMAETCH B KAYECTBE CTAHJAPTHON

s =Wr, V..

3.20  TEBEIRE RGEROBEIR i, o AF T — R i 7R 5 38 A AT L AR R T S B A

R R

i, =01 (o),
- 282
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wear of an active system,i,: wear caused by any form of friction pm’cesses and cyclic
loading simultaneously
i, =i (o).
HM3HOC CHJIOBOM CHCTeMBI, i, : H3HOC, OOYCIIOBJEHHbIA MpoleccaMu TpeHHs (B JIOGHIX €ro
NPOABNEHUAX)  IHKIHYECKOrO HATPYIKEHHS OHOBPEMEHHO
i, =i (o).
320 WHESRRANQESER, L, b E SRR 5 5048 5UAT R FR A
FOK 3 B
IL=IL¢: (o).
wear intensity of an active system, I, . wear intensity caused by any form of {riction
processes and cyclic loading simultaneously
I, = L, (.
MHTEHCHBHOCTh M3HALIMBAHMSI CHJIOBOH cHCTeMBl, I,: MHTCHCHBHOCTL W3HAILMBaHH s

obycioBnexHast npoueccaMu Tpeuust (B MOOBIX €r0 TPOSIBIEHMAX ) H  IHKJIHYECKOTO
HATPYKEHHUS OJLHORDEMEHHO
I,=Ig.(s).
3.22 WHEERRENGEERMN B R THO (WED R, Eh R gL

RGBT IR T 00 B BRI AL X R BT (R D

&1 o S B R R R A AR A 4 )
LS. A ' B C
B I, <1077 10°7~10% =108 T
lg (/1) >7 7~5 <5

wear resistance group of an active system: characteristic of WFD defined by interval of

changing of wear intensity of an active system under its testing or exploration (table 1).

Table 1 wear resistance group of an active system
Group A B c
I <107 1077, 1070 >107%
g (1/1,) =7 LA ; <5
rpynna i CHJIOBOH : XapaKTePHCTHKAa H3HOCOYCTaJIOCTHOTO

TIOBPEXKIeHHST » ONPE/ieNIfeMasi UHTEPBAJIOM HM3MEHEHHs] HHTEHCHBHOCTH H3HALIWBAHMSL CHJIOBOH

CHCTeMbI TIPH e HCIIbITAHHSAX WK aKcliyatauuu (taamma 1),
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BRESS
raGmama 1 [pYTNa HSHOCOCTONKOCTA CHAIOBOR CHETEMBI
Tpynna A [ B c
I ‘ =107 | =107
Ig (/L ‘ >7 ‘

4 FRFFESI

Alphabetical index

AadaBuTHpIe yKa3aTen TePMHHOB

4.1 hXHEFRIRF RS

KEHE 1.15
0 R 1.7
S i) 2400 T B 3.13
TR BRI R 5 1.2
67 48 4 0 R 5 O AR PR 2 1.19
67 34 9 ) R O R R 7S i 3.11
TR R R G B R 3.20
4 4 38 ) R 9 B R 2.1
i 350 R ) R B A 3 3.21
16 0P A8 ) R 0 ) B R AR 2.3
TR R FR R TR M 00 3.22
T R R R 3 0 b A5 120
R IE B E 5 2 o ) 4 7T 1.3
. 284+

28

B — I8 ke 25
HUM— R 3 57
MUBE— 8 B30 5 % IR

HUBE— R B 37 i 2%

BB — R 3 05 LR B 335
HURE— VR 3 A% 97 i £ 36 5
AR~ B 3R 57
HUR— % 3% 55 A% bR

DK — ¥ Sl 55 i 28
MU~ 78 308 57 48 1 5 5
MUK — 8 Sl 57 fih 2 B9 48 4
B — 32 4 % 55

PRI 22T S

FEBER 7

B 55 i B

B 1 — 5 A A

B —Rm SR
BRGNS

JE I — B S A A5 4 ) B BT A
B4 — 0 25 45 5 A LA L9
FE B AR 28 AR Sy ek

T 8 A — 9 3 ¢tk

M biE S
itk

BERRTZ
[Cek-2
XS BB 5
AR 32 45465 T AR
X 32 45 457 R A

I N ALK — 75 37 55 IR
TEFR N W H B — 8 3h e 55 B R

1E Ji) 3 i

NACE e o
LREZ PR

4.2 AXFHMFRS

English alphabetical index

active system

active system life

back effect

back effect index

complex damaged volume

cyclic component of the friction coefficient

cyclic component of the friction force
damaged surface
damaged volume

direct effect
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direct effect index 3.12 3ona onacHast OTHOCHTeNbHAS
{retting fatigue 1.13 Hanoc cunoroii cuctemsr
friction coefficient in an active system 2.3 HnTencusuocTs Maammpakus chil080f cHeTeMbr
friction force in an active system 2.1 Hcnumanns nssocoycraniocTHuie
governing parameter of wear-fatigue damage 3.14 KospgmunenT oSpatroro spdeka
governing parameter threshold of wear-fatigue damage 3.15 Kosdrnusen npamoro sdpexra
KoatuurenT Tpenns B cumosoir cucteme
limiting states diagram of an active system 3.11 Kosbmunenta Tperus unkummiccxan cocrasnsiomtan
limiting state of an active system 119 Kpurast koHTakTHO-MexaHUuecKO#i yeTamocTn
Kpusas GppHKIHOHHO-MCXAHHUECKOH YCTANOCTH
mechano-corrosion [atigue 1.12 Kpurepuit n0106Hs H3HOCOYCTALOCTHIIX NOBPEK EH Ml
mechano-erosion {atigue 1.14 Kpomenne nosepxuocToe
mechano-rolling fatigue 1.10
mechano-rolling [atigue curve 3.1 Mainusa 105 H3HOCOYCTAIOCTHBIX HCIIbITARHI
mechano-rolling [atigue curve exponent 3.5
mechano-rolling fatigue limit 3.2 Hanexnocts o kpurepusiv TpuGodaTUKKH
mechano-rolling fatigue limit at N cycles 3.3
mechano-sliding fatigue 1.11 OGnem onachsit
mechano-sliding fatigue curve 3.6 O6mem omacubrit KomnateKcHsiii
mechano-sliding fatigue curve exponent 3.10 OGbem onacHslit OTHOCHTeNBHBLH
mechano-sliding fatigue limit 3.7
mechano-sliding fatigue limit at N cycles 3.8 Tlapamerp usnocoycrasoctaoro MOBPEX IEHHUsT YIPaBIsSHOLLM
ITosepxHocTh onacHas
relative damaged surface 3.17 TlosepxHocTs Omachast oTHOCHTeNLHAS
relative damaged volume 3.16 Toepexnenne usnocoycrasocTHOE
relative damaged zone 3.18 IMokasatens HaknoHa KPHBOH KOHTAKTHO-MeXaHHUECKOM ycTanoctH

Tokasatens HaksoHa KPHBOM (QPHKIMOHHO-MEXAHHYECKOH ycTanocTi

. 287 -
reliability on tribo-fatigue criteria 1.3 "
Tlpenen KOHTAKTHO-MeXaHHYECKOH BBIHOCIMBOCTH
[penen orpaHMYeHHON KOHTAKTHO MEXaHWYECKOR YCTaNOCTH
similarity criterion of wear-fatigue damage 3.19 .
Tlpenes orpannueHHON GPUKLHOHHO-MeXaHHYECKOH YCTA10CTH
surface chipping 1.15 o
Ilpenen GPHKIHORHO-MEXaHUYCCKOH BBIHOCTHBOCTH
IlpenensHoe COCTOAHME CUIIOBOH CHCTEMBI
Tribo-fatigue 1.1
turning point of mechano-rolling fatigue curve 3.4
Cusla TpeHHs! B CHIIOBOH CHCTeMe
turning point of mechano-sliding fatigue curve 3.9
CHJIBL TPeHHS LHKJIHYCCKAs COCTABJISIOLUAS
Cucrema cuiosast
Wear-fatigue damage 1.4
ConpoTHBIICHNE H3HOCOYCTANIOCTHBIM MOBPEIK LEHHAM
Wear-fatigue resistance 15
Wear-fatigue tests 1.8 Tpusodatnka
Wear-fatigue test machine 1.9
YcTalocTh KORTAKTHO MeXaHHYeCKas!
wear of an active system 3.20
YcranocTb KOppPoO3HOHHO-MeXaHHYeCKas
wear intensity of an active system 3.21
YcTanocTs GPUKIHOHHO-MeXaHHYeCKas
wear resistance group of an active system 3.

YcTanocTs 9posHOHHO-MeXaHHuecKas

4.3 EXFEBMRFES PpeTTUHIYCTATOCTD

. AibekT 06paTHbIR
AnQaBHTHBIK yKasaTeJb TEPMHHOB Ha PYCCKOM A3BIKe
et npamoit

Abcuucca TOUKH NepesioMa KPHBOH KOHTAKTHO-MeXaHMYeCKOH ycTaJlocTh 3.4

Abcircca TOYKY IepeioMa KPHBOil (PHKLHOHHO-MEXAHHYECKOR YCTANOCTH 3.9

&

T'pannuHOe 3HaueHHe YNPABISIOLIETO HapaMeTpa U3HOCOYCTANIOCTHOTO OBPEXAEHHS 3.

Tpynna M3HOCOCTOMKOCTH CHJIOBOH CHCTEMbi 3.22

JlnarpaMma NpeIesbHBIX COCTOSIHHIL CHIIOBOH CHCTEMB 3,11

HonroseqnocTs CHIOBOH CHCTEMBI 1. 20
.+ 288
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Definitions and units of measurement

OGosnaqemm H €IHHHIXbL H3MEpeHHsI BeJIHYHH

"5 B RERTHENRES
Symbol

Name.No. as per standard

Oboanasenne Tlapaverp, nys&T 10 crangapry

FTAR AL G BT 4 01 53, 22

ALB,C Wear resistance group of an active system;3, 22
Venosroe obosnauctue TPYIUILT H3IOCOCTORKOCTH CHIOBOMH CHCTEMBL
BB R R 3. 19

s Similarity criterion of wear-fatigue damage;3. 19

KpiTepiit noxofus usKocoyCTATOCTHLIX MOBPCHAHHi

3.19

Fo ‘ WA 0RO B 2. 2
Fe

Cydlic component of a [riction force;2, 2

Unxauseckas cocrasnmoman cunst tpenns s 2, 2

SRARL RN S 2.1

Friction force in assembly friction; 2. 1

W gy

Unit of measurement

T —

N
Cusna pesses 5 yane tperss 2. 1 H
R R A4 2.1 N
Fy Friction force in an active system;2. 1 N
Ghara pewns B cuiiono cucree;2. 1 i
BN 2.3 N
Fx Contact load; 2. 3 N
Fy Kowtaruan narpyaxa:Z. 3 H
foo | BEANMAK 2 4 -
Je Cyelic component of a friction cocfficient; 2, 4 —
fe Tlucanscckas cocransmioutan Kosdibuwenta Tpersns 2. 4

TR A R GRS RN 2. 3

5 Friction coefficient in an active system; 2, 3

Koagxpuunent Tpenms 5 cunopoit cacteme; 2. 3

- 291 -
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5 i LR BRERGET RS W AL
Symbol Name, No. as per stendard Unit of measurement
Ofossavenne Tlapaverp, nyHKT 10 CTAHAAPTY Enuunita naMepesis
AR ) B R
I, Wear intensity of assembly friction;3. 21 -
IHTeIHCHBHOCTL H3HAUIKBRRHS Yana TPeRH:
AR R B RR N 3. 2
1, Wear intensity of an active sys -
UTCHCHBROUTL HaHALIMBANKS CAI0BOR CeTeMrs 3. 21
SRR RER 3. 20 m; m? kg
iy Wear of assembly friction; 2, 20 ins m? kg
Manoc yaua penusis 3. 20 M Mg ke
A 0 BT 2 58 A HE A0 5 3. 20 mi m? kg
i Wear of an zctive system; 3. 20 m; m? kg

Hanoc cuionoit cuctembt; 3. 20

SRR H 3,13
Back effect index;3, 13
Kosqpuument oGpatsoro sppexra; 3. 13

KopoKo. | IEBR0GH¥3. 12
Kop Ko Direct effect index; 3, 12 —
Koy Ko, KoadHuuent npamoro sodexta
ALK — 7 B 2 95 i £ 0 B B
Mo P Mechano-rolling fatigue curve exponent; 3. 5 -
TlokasaTens HaK7I0Ha KDHBOM KOHTAKTHO-MeXaHHUecKodl yetazocTis 3. 5
LI — W B3 R 09 3. 10
Mgy Mechano-sliding fatigue curve exponent;3. 10

TToKasatets wakona KpHBo# GPUKLHOHHO-MeXaHHeCKof yeTanocTi; 3. 10

B - KBRS IER 3. 1

Noys po = const)
Mechano-rolling fatigue curve;3. 1

N(py s, =const) )
Kpusas xowtakTHo-Mexaneckoi ycrazocrn; 3. |

B — R 335 57 i 24 49 8
N «Np | Turning point of mechano rolling fatigue curve;3. 1

Abcunce TOTKH HCPCITOMA KPUBO KONTAKTHOMeXaHKAECKo yeranocTis 3. 4

A%
Cyele

Wk

HLR— R BE T MR 3.6

Mechano-sliding fatigue curve; 3

Nloa»w = const)

NCew 0, = const)
Kpnnast pHOIINO MexaHmucekol YeranocTn; 3. 6

. 292 ¢

30

Mgl BESHE AGSEN

xR

w7 BT RERIFAE W F S k=& 08

Symbol Name, No. as per standard Unit of measurement
Oossasenne Tlapaverp: IYHKT 10 CTAKIAPTY Eaxnsma uamepesn

HUAK— 8 B 37t £ 0 35 A

Turning point of mechano-sliding fatigue curve; 3.9 Cycle

Abcincea TowKH Meperoma KpHBO GIDHKLHORIO MeXaILsNCCKolt yeTanocTh; 3. 9 i

HEN D IERRAY 7753 1 MPa

o Contact stress under rolling [riction;3. 1 MPa

| KowrakThoe HAnpsTeHHe i Tpenun kasenusi: 3. | Mlla

REEH TR 3. 13 MPa

s Rolfing fatigue limits 3.13 MPa
TIpezen npn ity 13,13 Mlla
ZRYIW ;117 m’

Spy Damaged surfaces 1. 17 m?
Onacran nonepxroctn; 1. 17 W

Va VAR O 4 R R S5 R A I T R L AR SRR 8 10 m?

Ve Working volume of the same element of an active system which is standard m*
one;3. 19

V. Pabousii 0Gbew SMIEMeRTa CHIORO CHCTEMbI, TPHHIMAEMOR w
B Kavccrse cTauzapTHOi; 3. 19
EMBHER;L.16 m?

] Damaged volume; 1.16 m
Onacamit obbews; 1. 16 b
GaERGHELL18 m

Wy Complex damaged volume; 1. 18 m!
Komnuekcnniit omackpiit obmems 1. 18 M
1 AR R ) 3R R A A R RO R 1 B
Funetion of influence of cycle stresses on friction force in an

olo) active system; 2.1
DYHKUMA BIRHUS QUKTHYCCKNX HANPIKENHT Ha CATY
Tpenus 1 crnoRoi cncteme; 2. 1
A 1 R ) R 0 5 A 0 B O 4 e 3. 20

> Function of influence of cycle stresses on wear of an active system;3. 20
1 (5 -
# DysKuus AN UAKIHNCCKUX HANDIMCHUA HA MIHOC CHJIOBOA cHCTEMBI;
.20
* 293
BREDY
£
" B FERRAEAAT M YT WAL
Symbol Name, No. as per standard Unit of measurement
Obosaucne TlapameTp: MYHKT M0 CTAKAAPTY Exunmma wamepenis
PR AR 2% 20 o 3 Gy o A R OO T AR 3. 21
Function of influence of cycle stresses on wear infensity of an
@:(a) active system;3. 21 -
DysKuns ATEAA LAKHHECKIX HaNPAXCHRE
45 HHTCHCHDHOCTL HIHALIHBBRNS CHAIOROM CucTemels 3. 21
ZARGE BN 4 T 2 B S E ARG 1. 18
ovs Interaction function of damaged volume snd damaged surface; 1. 18 —
DynKuna BsAHMONSHCTEN OUACHOTO OfbeMa H onackoft moBepxHocTH; 1. 18
HLBRE 5 HLRR 3. 12
o1 Mechanical fatigue limit; 3. 12
TIpesesn RhHOCIHBOCTH NPHMCXAHUYECKOR YoTaNocTH s 3.
3 B SR 3.1 MPa
o Cycle stress amplitudes3. 1 MPa
o Ammantysa manpwennii wakaa 3. 1 MIla
B — RS TR 3. 2 MPa
0-ipePs Mechano-rolling fatigue limit; 3. 2 MPa
TTpesiess KONTAKTHO-MeXaHHioCKoH BLnoCHB0CTH 3. 2 MIIs
TR N WHIR - R HE R ;3.3 MPa
o inepry | Mechano—rolling fatigue limit at N cyeles; 3. 3 MPa
Tpenen it kouTaKTHO i yer 3.3 MITa
BB — 1 B AR R 3. 7 MPa
o et Mechano-sliding fatigue limit; 3, 7 MPa
TTpexen i MITa
P N WL B AR 3. 8 MPa
Mechano-sliding fatigue limit at N cycles;3. 8 MPa
T
TIperest oTpannueHKO} GPHKILHOHO-MCXAHHICCKOR YCTATOCTH S Mla
W BB A R 33, 6 MPa
™ Friction stress under sliding friction; 3. 6 MPa
pw Tpesn i3.6 MITa
W SFRIR 3. 15 MPa
o Sliding fatigue limit;3. 15 MPa
{ Tpexen upn i 15 MITa
. 294 -
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#R
5 LIRRAERGET )T S B f
Symbol Name, No. as per standard Unit of measurement
Otoanarcise Ilapamerp. nyskT no cranzapry Exnuna namcpeiin
AR RBGEL3.17
ws Relative damaged surface;3. 17 -
Ormocutensras onackast nosepxioctes 3. 17
M ZRGERLS. 16
wir Relative damaged volume;3. 16 -
Otrocurensunii onacubiit o6vems 3. 16
MM EHYHE3. 18
wwp Relative demaged zone:3. 18
OrsocuTenbiias onackas oma; 3. 18
B RSRERHSE8 14
W-1,s%-1c | Governing parameter of wear-fatigue damage;3. 11 -
b% # napamerp 314
BR— R A RORH SRR 3. 15
i Boundary value of the governing parameter of wear-fatigue damage:3. 15
v, e, _

Tpanuusoe  GHAWeHMe  ynpaBIAOWErO  mapaMeTpa

nospescaennss3. 15
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