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MeTtoaudeckue YKa3aHUusl K BbIMMOJIHCEHUI0 KOHTPOJBHOTO0 3aJJaHUA

[ToxpbITHS TIpEACTaBISAIOT COO0OM OOBEKT, BeChbMa MPOTHKEHHBIA B JBYX
IPOCTPAHCTBEHHBIX HAIPaBJICHUSIX, MO0 KOTOPHIM OH CPABHUM C pa3MepaMH BCETrO
u3zenus (T. €. MOMJIOKKHU, Ha KOTOPOE MOKPBITUE HAHECEHO), U JOBOJIBHO MaJIbli B
TPETBEM MPOCTPAHCTBEHHOM  HM3MEPEHHH, MEPHEHAUKYISIPHOM MOBEPXHOCTH
MOJJIOKKH (T.€. B HANPABICHUU TOJIIMHBI MOKPBITHS). YK€ OJIHA 3Ta OCOOEHHOCTb
MOKPBITUNA MPEANOaraeT X aHU30TPOIHIO — HEOJUHAKOBOCTh CBOMCTB, U3MEPEHHBIX
B 3THX (pa3JM4YHbIX, OPTOrOHAIbHBIX) HAIpaBICHUSAX. B aHM30TPONHUIO MOKPHITUS
BHOCUT CBOM BKJAJ TakK€ €ro BHYTPEHHSS CTPYKTypa M TEXHOJOTHUsS HAHECEHUS
NOKPBITHS. AHHU30TPOIHOE MOKpPbITUE OyAeT ceds Mo-pa3HoMy MpOSIBIATH B
pa3NUYHBIX YCJIOBHUSX BHEIIHETO HArpyXeHUs, YTO YacTO OIpPEAENsieT €ro
paboTOCIOCOOHOCTh M CTOMKOCTh K M3HAIIMBAHUIO NMpHU AKciuryarauuu. [lostomy
pacyeT mpeaesbHbIX Harpy30K, KOTOPbIE MOKET BBIIAEPKAaTh MOKPBITUE B YCIOBHSIX
HOPMAJIBHBIX M TaHT€HIMAJbHBIX BHEIIHHUX HArpy30K, UMEET Ba)KHOE IMPHUKJIATHOE
3HAYEHHUE U B KOHEYHOM MTOIE OINpPEAEISIET BO3MOKHOCTh UCIIOJIB30BAHUS TOTO WIN
WHOTO TOKPBITUS B KOHKPETHBIX YCIOBHUAX IKCIUTyaTallUU.

OaHOMy U3 BapHaHTOB TaKOrO0 pacyeTa, BBIABISIIOLIEMY IPEICIbHBIC
BO3MOYKHOCTH aHHM30TPOMHOIO TIOKPBITUS B HOPMAJIbHOM W TaHI€HIMAIBHOM
HaIIpaBJICHUX, TOCBALLIEHO HACTOAILEE KOHTPOJIBHOE 3aJaHUE.

B kauectBe 00bBeKkTa pacdyeTa B3ATO KOMIIO3HIIMOHHOE MHOTOCIOWHOE
NOKPBITHE, TOJYYEHHOE, MPEANOJ0XKHM, Ha CTAJIBHOM MOIJIOXKKE IO BaKyyMHOM
MOHHO-TIJIA3MEHHOMN TeXHOJIOTUU (MoJpobHee 00 3TOM TEXHOJOTHH MOXHO y3HATh B
ucroyHukax  [1-5]). [ns  ompedeseHHOCTM  NyCTh  MOKPHITUE  HUMEET
METaJUIOKEPaMUYECKYIO IPUPOLY, T.€. CJIOM YHCTOr0 METAJLIA YEPELYETCS CO CIOSAMU
OKcHa, Kapouaa uim HUTpuaa Ju0o 3TOTo XKe, TMO0 KaKoro-1udo APyroro MeTaa.
Takum o00pa3oM, B HCCIEAYEMOM MOKPBITUM YEPEIyIOTCSI BECbMa IUIACTUYHBIC

(MeTayuIM4YecKre) U TOBOJIbHO TBepble (KepaMHUuecKre — OKCUIHbIE, KapOUIHbIE WIIH
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HUTPUIHBIE) CJIOU, YTO MOJHOCTHIO COOTBETCTBYET OINPEACICHUI0 KOMIIO3UIMOHHOTO
Marepuana. oHHO-TIJIa3MEHHAsi  TEXHOJIOTHUSI  TMO3BOJSIET  HAHOCUTHb  TaKue
MHOTOCJIOMHbIE ~KOMITO3UIIMOHHBIE TIOKPBITUS TMpU  OOJBIIOM MHOrooOpasuu
MOMAPHOT0 COYETAHUS MJIACTUYHBIX U MPOYHBIX CIOEB. OOIIas TOIIMHA BAKYyYMHBIX
MOHHO-TIJIA3MEHHBIX TOKPBITU OOBIYHO HE TMPEBBIIAET HECKOJBKUX JECATKOB
MuKpoMeTpoB. [Ipu »TOM TodImMHA CIOEB MOMKET BapbUPOBATHCA B IIUPOKHUX
npenenax — OT HAHOPAa3MEPHBIX 1O MHUKPOHHBIX. JloroBopumcs s Oyayuiux
pacyeToB CUMTATh METALTMYECKUE CIIOM MAaTPHUICH KOMITO3UIIMOHHOTO MOKPBHITHS
(o6o3HavaeTcsi OykBOil «My» Ha puc. 1), a KepaMHUYECKUE CIIOM — YIPOYHSIOIIEH
dazoii (0603HauaeTcs OykBoit «f» Ha puc. 1).

B Mexanuke MarepuanoB OOBIYHO CUUTAETCS, YTO MaTepuad KOHCTPYKIIHH,
y3Ja, arperara, M3JCNHUs  WIM  TOKPBITUS  MOXET  YJOBJIETBOPUTEIHHO
DKCILTYaTHPOBATHCS, €CJIM OH BOCIIPUHUMAET BHEIIHUE HArpy3KH, HE BBIXOAS U3
obyacTu ynpyrux aedopMaiiuii, To ecTh IiacTuieckas aedpopmariis He JOmyCcKaeTcs.
B sTOoM citydae OCHOBHBIM, pacCMaTPUBAEMBIM MPU pacyeTax Ha MPOYHOCTH, (PU3UKO-
MEXaHUYECKMM CBOMCTBOM TMOKPBITHS SABJISIETCS MOAYydb ympyroctu £E. OH
MPEACTABIACT CO00M KOIPDUIIUEHT MPOMOPIIMOHAIIBHOCTH B H3BECTHOM 3aKoHe ['yka
MEXIy MPUIOKEHHBIM K MOKPBITUIO HAMPSDKEHUEM o U yOpyroi nedopmaruent &,
UCIIBITHIBAEMON MaTEPUATIOM MOKPBITHS TIO] IEUCTBUEM HANPSKEHUS O

o=F-¢ (1)

[Ipoenmpyst 3TOT 3aKOH Ha KOMIO3WUITMOHHBIC CIIOWCTHIC MOKPBITHSI, CIEIYET
MPUHUMATh BO BHUMaHUE, YTO MOJYJIb YMPYTOCTH KOMIIO3UITMOHHBIX MaTEpPHAJIOB
3HAYUTEIBHO BBIMIE MOAYJIS Matpuil («M» Ha puc. 1), HO HWXKE MOMYJS
ynpounsiromeid ¢aszpr («f» Ha puc. 1). Ilpm 3TOM KOMITO3UTBI OOBIYHO KpaifHEe
AHU3O0TPOITHBI U UX MOMAYJb YIPYTOCTH B HAIPaBJICHUU CIOEB 3HAYUTEIHHO BHIIIIE,

YeM B MEPIEHANKYISIPHOM HallpaBiieHuH [6, 7].

PaccMmoTpu cmoco6 oreHKr MOYJIsSE YIPYTOCTH CJIOUCTOTO KOMITO3UITMOHHOTO

ITOKPBITHSL.
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Pucynok 1 — Cxemwl 01151 oyenku mooyas ynpyeocmu E croucmozo komnosuyuonnozo

NOKPBIMUSL NPU HAZPYHCEHUU 600Ib HANPAGIECHUs CI0E6 (a — pasnas deghopmayus & = U [ |

cnoée ynpounsiiougetl gazvl T u mampuyer M) u 6 nepnenoukynsprom nanpasienuu (6 — pastvie

Hanpsicenus cnoég ynpounsiroweti pazvl T u mampuysr m)

[Ipeanonoxum, 4TO0 KOMIO3UT C OOBEMHOW AoJied yrpouHswomen ¢aser Vi
Harpy>»Kaercsi TaHr€HUMAJIbHOM HAarpy3Kou 7 BIOJIb OCH CIIOEB. TO €CTh MapajieIbHO
MOBEPXHOCTU TOMIOKKU (puc. 1 a). Ilpu Harpyxenun cpemnsis nedopmarus &,
ynpouHsitoiien ¢a3pl U MaTpuilbl oguHakoBa. CyMMapHas Harpyska, UCTIbIThIBaeMast
KOMIIO3UTOM, paBHa:

=Vi-5 +(1-Vs) -y (2)
[TockonbKy, B cooTBeTCcTBUHM € 3aKOHOM ['yka (1) o= E - &, , TO Beipaxkenue (2)
MpUOOpETACT CICIYIOMUN BU/I:
T=FE-Vi-& T En-(1-Vs) - & (3)
Tak kak aJ1s1 KOMITO3UTa B 1IeNIOM Ec = 7/ &,, TO B HTOTE MOJTy4aeMm:
Ec=FE; -Vi+En-(1-Vs) (4)
Ota Qopmyna ompenenser MaKCUMalIbHO BO3MOXKHOE 3HAYEHUE MOMYJIS

YOPYTOCTH CJIOUCTOIO KOMIIO3UIIMOHHOTO TOKPBITHS.
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Teneps paccMOTpPUM ACUCTBHE HOPMAJIBHOM HAarpy3Ku O Ha IOKPBITHE, TO €CTh
HaIIpaBJICHHOW MEPIEHIUKYISIPHO K HANpPaBICHHUIO CIOEB MOKpbITHS (puc. 1 0). B
TOM cllydyae paBHBl HANpsOKEHUS YOpPOUHsAIOmEH ¢a3bl W MaTpHUIlbl, a HE HX
nepopmanuu. st atoro ciaydast cpennss qepopmanus & paBHa cymme aedopmariuii
yIPOUHSAIOIIEH (a3bl 1 MATPHUIIBI C YIETOM UX JOJH:
&=V & +(1-Vi) - & (5)

VYuuteiBasd, uto € = o/ E , mony4uM:

o o)
&y :E_f'vf +E_m'(1_vf) (6)

HOCKOHLKY MOAYJb YIIPYIOCTH KOMIIO3UTa B OCJIIOM IIO-IIPCIKHCMY PAaBCH

Ec= ol & , nonydaem:

Vs (7)

Ora Qopmyna ompeaenser HIKHUA  TOpenea  MOAYIS  yHpyroctu

MHOTOCJIOMHOTO KOMITO3UIOHMOHHOI'O IIOKPBITHA.

E
E; Pucynok 2 — Hzmenenue eepxmeti u

HUJCHEU 2PaHUYbl 3HAYEeHUL MOOYJIS
AHuzoTponus

p ynpyzocmu E¢ croucmozo
BepxHsis KOMNO3UYUOHHO20 NOKPbIMUSL 8

rpaHuIia 3A6UCUMOCIU OM 00BEMHOU 00U

ynpounsirouel gpazvl Vs, paccmosinue

MedHcOoy epanuyamu XapaKmepusyem

En ]
" Hiokasst BeNUYUNY AHUZOMPONUU NOKPLIMUSA

rpaHuna OJ151 KAHCO020 PUKCUPOBAHHO20

0 Vi 1 sHavyenus Vs

[lonmydyeHHblE  OLEHKH  NpPEAENBbHBIX  3HAYEHWH  MOAYJsd  yOpPYroCTH
KOMIO3UIIUOHHOTO TMOKpbITUS FE¢, cooTBeTcTByIOImKE BbipaxkeHusMm (4) u (7),
ONPENENSIIOTCA  B3aUMOPACIIOIOKEHUEM MPUKIAAbIBAEMON Harpy3ku (7, o©) u
HamnpaBlieHUEM CJI0EB yrpouHstomeil (a3pl. UmmocTpaius nmony4eHHbIX OLIEHOYHBIX
BBIp@XEHUI B rpapuueckoM BHIE IpenacTaBieHa Ha puc. 2. IlomydeHHsld rpaduk

ITOKa3bIBACT, UYTO MHOT'OCJIOMHBIC BAaKYYMHBIC HOHHO-IIJIa3MCHHBIC KOMITO3UIIMOHHBIC



;
MOKPBITUSL HMMEIOT 0OoJiee BBICOKYIO JKECTKOCTh BJOJb HAIMpPaBICHUS CIOEB
ynpouHsmoomend  ¢asbl, CIelI0BaTeNbHO, OyAyT OKa3blBaThb 0o0Jiee  BBICOKOE
CONPOTHBIICHUE TAHTCHIUAIbHBIM Harpy3kaM ¢ (BEpXHSAs TIpaHuULAa MOJIYJs
YOPYrOCTA Ha PHUC. 2), 4YEM Harpy3kaM HOPMaJIbHbIM O (HWXKHSASI TpaHUla MOJYJIS
YOPYrOCTH Ha pHC. 2). YYeT NOJy4YeHHOW AHM30TPONUM 3HAYECHUU E TOKPBHITHA
BaXXEH IIPU OINpeAeSIEHUH 00J1aCTH €ro UcIosib3oBaHus. Hanpumep, Takue NOKphITHS
MOKa3bIBAIOT 00JIEE BBICOKYIO U3HOCOCTOMKOCTh IIPU UCIIOJIb30BAHUM Ha KOHTAKTHBIX
MOBEPXHOCTSAX Y3JI0OB TPEHHUS B MAIIMHOCTPOMTENBHBIX arperarax (rae Oosee
CYILLECTBEHHbI TAaHT€HIIMAIbHBIE HATPY3KH), YEM NP HAHECEHUU WX JJIS 3aIIUTHI OT
abpa3vBHO-YJJAPHOTO 3PO3MOHHOTO BO3JEHCTBUS (I/1€ Harpy3KU UMEIOT B OCHOBHOM

HOPMAJIbHBIN XapakTep ¢ HEOOJIBITMMU BapHaIlUsIMU yTiia aTaku).

Coz[epmaHI/Ie H mocJIeA0BaTC/IbHOCTb BBINIOJTHEHUS KOHTPOJBHOI'O 3aIaHUA

1. BHMMaTENIbHO 03HAKOMBTECh C METOJIMYECKUMH YKa3aHUSIMH, MPECTABICHHBIMU
B IpeaplaymeM paszaesie. TaM pedb HAET O KOMIIO3UIMOHHBIX IOKPBITHSX,
MOJYYEHHBIX TI0 BAaKYyMHOW HMOHHO-TJIA3MEHHOM TEXHOJOTUHU. Y SICHUTE
TEXHOJIOTUYECKUE TPUHIUIIBI U OCOOCHHOCTH (POPMHUPOBAHUU TOKPBITUN ITUM
METOJ/IOM, BOCIIOJIB30BaBIINUCH KOHCIIEKTOM Jiekiui (C. 27—40), pa3mernieHHOM Ha
caliTe YHUBEPCHUTETA, WJIM UCHOJIb3Yys APYrue JOCTYIHbIE UCTOYHUKH, HAITPUMED,
[1-5]. KpaTko H3/I0)KHUTE CYTh TEXHOJIOTMM BaKyyMHOTO HWOHHO-IIA3MEHHOTO
HAaHECEHHUs TOKPBHITHA B BHUC MEPBOrO pasieia KOHTPOJIBHOTO 3agaHus Ha 1-3
CTpaHMIIAX TEKCTa C WUIIOCTPALUSAMH. Y IeTUTe 0C000€ BHUMAHHE MOJYYCHHUIO
MHOTOCJIOMHBIX KOMITO3UIIMOHHBIX ITOKPBITUH.

2. Bpi6epute u3 1aba. 1 cocTaB U CBOMCTBA MOKPHITHS, COOTBETCTBYIOIIUE BaIlleMy
BapUaHTY.

3. BrmmonnuTe pacder mpenenbHBIX 3HAYCHWM MOMYNsl ynpyroctu Ec- (BepxHed u
HIDKHEW €ro rpaHull) B COOTBETCTBUU C BbIpakeHUsIMH (4) u (7) mjisi 4eThipex
sHaueHut Vi = 0,2; 0,4; 0,6; 0,8. Pe3ynbTaThl pacyeToB BMECTE C 3aJaHHBIMU
3HaueHusMH Ef u Ep mpencTtaBbTe B BUAEC TAOIWIBI. BBIMOTHUTE aHAJIOTHMYHBIN
pacuer i JTAJIOHHOTO MHOTOCIOWHOTO MOKpbITHs cuctembl T1/TIN, ero

pe3yibTaThl pa3MECTUTE B TOM ke TaOIuIE.
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4. Tlo pesymbratam pacdyeToB (IO pPACUETHBIM TOYKaM, NPHUBEACHHBIM B Balen
TabnuIe) mocTpoiTe Tpadukd, aHaNOrMuHbie puc. 2. Jug HarmsgHOCTH
n3zoo0pasure rpaduku 3amaHHoro W 3TajoHHOTO (TI/TIN) HOKpBITHIA B eIWHOMN
CHUCTEME KOOpJIWHAT — HAa OJHOM PHUCYHKE. PUCYHOK HODKEH OBITh TOCTPOEH B
peanbHOM JiMHEeHOM MaciiTabe oceit Ec (I'Tla) u Vi (momu equHuIib).

5. Ilo pesymbraraM pacueTOB W IOCTPOCHHUI MPOBEAWTE CPAaBHUTEIBHBIA aHAHN3
aHU30TPOINMU 3aJJaHHOTO U ATAJIOHHOTO MOKPBITHH, a Takke IeIecO00pa3HOCTH
WCITOJIb30BAHUSI OJHOTO W3 HUX B KayeCTBE AHTH(PPHUKIIMOHHOTO 3aIUTHOTO
MOKPBITUS IOBEPXHOCTU TpeHUsI. OTBETHI IOJKHBI OBITH 000CHOBAHBI.

6. BeimonmHenHas W OQOpPMIICHHas KOHTpoOJibHAash paboTa, mpeicTaBisieMast
NpernoAaBaTenio, JODKHA ObITh pa3duTa HAa  O3arjaBieHHBIC  pa3edbl,

COOTBETCTBYIOIIIME MOCJIEIOBATEIIBHOCTH U COJIepKaHuto 1m.1-5.

Tabauya 1. Bapuanmul KOHMPOLHLIX 3A0AHUL

CocraB CocTan
Bapuant —| Bapuanr -
3ajanus MaTPHIIBI YHPOTIIOMEN | 3ananus MaTpHITHI YUPOUHAIOLICH
hazbr dazbl
) Hutpun )
DTajioH Ti ) 8 Zr TIN
tutada TIN
i Kap6un . .
1 Ti . 9 NI TIN
tutana T1C
) bopun Turana Hutpun )
2 i TiB, 10 BaHaausa VN TN
. . H - )
3 Ti Ni 11 HIPHA KPeM TiN
Hust SNy
: H
4 Ti Mo 12 Cr UTPH]T
xpoma CrN
. Oxcup aIroMHu-
5 Zr Ti 13 Al
aus Al,O3
. H
6 Al Ti 14 Zr ATpUL
rupkonus ZrN
7 Nb Co 15 Zr Oxkcun
nupkonus ZrO,
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Tabnuya 2. Cnpasounvle 3Hauenus Mooy ynpyeocmu E nexkomopuix eéewecms, I'Tla

Ti Ni Mo Zr Al Nb Co Cr

116 214 310 96 71 92 206 290

Hutpun | Kap6ung bopun Hurpug Hurpun Hutpun Hurpun Oxkcup
THUTaHa THUTaHa TATAaHA | KPEMHUS |aJTIOMUHHUS | XpOMa | MUPKOHUS | ATFOMUHUS

TiN TiC TiB, SizN, AIN CrN ZrN Al,O3

256 374 495 296 235 320 510 382

* — a TaKKe: MOAYJb YIIPYTrOCTH okcuaa nupkonust ZrO, coctasisieT 172 I'Tla.
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