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IlpencraBiieHO pe3yJbTaTU €KCIEPUMEHTAJbHUX OOCIIAMKEeHb TeH30DPe3UCTUB-
HOTO e(DEKTY B OJHOIIIAPOBUX ILIiBKaX i 1BO- Ta TPUIIAPOBUX ILJIIBKOBUX CUCTE-
max Ha ocuoBi Cr i Cu a6o Fe ra Pd i Gd B inTepBauti nBomedopmarrii Ae,;=0-1% i
Ag,s =0-2% . TIpoaHanizoBaHO 3aJIE}KHICTH MeXKi Imepexomy Big HpysKHBOI 10
IJIaCTUYHOI AedopMallii B OCHiAKyBaHUX ILIiBKaX Bijl TOBIIIWHU Ta KOHIIEHT-
pa1ii KOMIOHEHTIB y 6araToIapoBuX ILUIIBKOBUX CHUCTEMaX. BCTaHOBJIEHO, IIIO
njaacTuyHa fedopMaliid B OJHOMY 3 IITapiB IJIIBKOBOI CUCTEMU MOYKe BUKJINKATU
aHaJoOriuHy AedopMaIlliro y BCiil ILTiBKOBi#l cucTeMi, HABIiTh AKIIO JJIdA iHIIIMX
miapiB miamasom pedopmallii Ime He JOCATHYB MeXKi mepexony IIPY:KHS—
jacTuuHa redopMalris.

The results of experimental studies of tensoresistive effect in single-layer
films and two- and three-layer film systems based on Cr and Cu or Fe and Pd
and Gd in intervals of two-deformation occurrence, Ag,;=0-1% i Ag,,=0-2%,
are presented. The dependence of the limit of transition from elastic-to-plastic
deformation in the studied films on thickness and concentration of components
in the multilayer film systems is analysed. As revealed, the plastic deformation
in one of the film-system layers can cause similar deformation in the entire
film system, even if, for other components, the strain range does not reach the
limit of the elastic—plastic deformation transition.

IIpencraBieHbl pe3yJbTaThl SKCIEPUMEHTAJBLHBIX KCCJIEJOBAHUM TEH30DEe3U-
CTUBHOI'O 3 (eKTa B OTHOCJONHBIX IJIEHKAX U ABYX- U TPEXCIOUHBIX IIJIEHOU-
HbIX cucTeMax Ha ocHoBe Cr u Cu uiu Fe u Pd u Gd B unTepsase aynedopma-
nuu Ag,;=0-1% u Ag,,=0-2% . IIpoanasu3upoBaHa 3aBUCUMOCTH I'PDAHUIIEI IIe-
pexojia oT yIpyroi K IJIacTUUYeCKOH AedopMaliyu B UCCIEAYEMbIX ILIEHKAX OT
TOJIIIVHBI ¥ KOHIIEHTPAIINY KOMIIOHEHTOB B MHOTOCJIOMHBIX IIJIEHOYHBIX CHUCTE-
MaX. YCTaHOBJIEHO, UTO ILJIACTUYECKaA AedopMaIiusa OSHOTO U3 CJIOEB ILJIEHOY-
HOII cucTeMbl BbI3bIBaeT aHAJIOTUUYHYIO AedopMaIiyio Bo Bcell IIEHOUHOM CUCTe-
Me, aKe eCJIM IJIs JPYTUX CJIOEB AMAIa30H AedopMaIuy emé He JOCTUT I'PaHu-
IIBI IIepexo/ia yupyrasg—IiacTuuecKkas gredopMaus.
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KarouoBi cioBa: miuiBKOBiI cucreMu, TeH3oedeKT, MPYKHS i IIacTUYHA Ie-
dopmatisa, gedopmarliia nepexony, Koe@ilieHT TeH30UyTIUBOCTHU.

(Ompumano 7 aunnsa 2011 p.)

1. BCTYII

3HauHAa yBara JOCJiTHUKIB 0 TOHKOILTiBKOBUX MaTepiAIiB 00yMOBJIeHA
MOKJIMBOCTSIMU IX MPAKTUUYHOI'O 3aCTOCYBaHHSA IJI CTBOPEHHSA UYTJIU-
BUX eJIEMEHTiB CeHCOPiB HeeJeKTPUYHUX BEJIMUNH 3 ITOKPAIeHUMHU Xa-
paktepucturamu [1-3]. Hociimxenua ocTaHHiIX pokiB [4—7] BimoOpa-
JKalOTh TeHAEHIIIIO MOMIYKY Pi3HUX MaTepifAiB 3 MOKpAaIeHuMU TeH30-
PEe3UCTUBHUMU XapaKTepUCTUKAMU i, 30KpeMa, 3 HiBUIIIEeHOI0 TEPMOC-
TifiKicTio, 6inbITOI0 BeanunHOO Koedimienra TeuzouyriauBoctu (KT) i
iHTepBaJNy OPY:KHBOI medopmariii Ta JiHifiHiCcTIO PO6OUMX XapaKTepuc-
TUK. ¥ 3B A3KY 3 I[UM BUBUEHHS MeXaHiUHHNX TEePMO- i TeH30Pe3UCTUB-
HUX, MAarHETOPE3UCTUBHUX, OIITUUHUX Ta IHIIINX BJIACTUBOCTEH TOHKUX
IJIiBOK 3aJIMIIAETHCA aKTyaJIbHUMHU i Ha JaHuiil yac (IuB., HAIPUKJIAT,
[8], [11-14]). MasoBuBYeHUMH 3aJIUINAIOTHCA IUTAHHS, IIOB’s3aHI 3
MexaHisMoOM IIacTH4HOI medopmariii Ta BILIMBOM Ha 3HAUEHHS Me:Ki
mepexoay Bif MPyKHBOI [0 maacTuUHOI Aedopmarllii TaKux mapaMeTpiB
AK TOBIIMHA ILTIiBOK, KOHIIEHTPAIIiliHi CHiBBiIHOIIIEHHSA KOMIIOHEHTIB
IUIIBKOBUX CHCTEM Ta CTYIiHb JUCIEPCHOCTH ILIiBKHU.

2. METOOJUKA ERCIIEPUMEHTY

Kougencaiis maiskosux marepianis Cu, Cr, Gd, Pd ta Fe, a Takox mo-
CIiIKeHHA IX TeH30PEe3UCTUBHUX BJIACTHUBOCTEN BUKOHYBAJINCS Y BaKy-
yMHi# kamepi yecrasu BYII-5M (crynias Bakyymy = 107 I1a) 3 Bukopuc-
TAHHSAM CyYacHHUX 3aco0iB aBToMaTuaallii PismuHOro eKCIepuMeHTy —
KOMII’IOTePU30BaHOI cucTeMH 300Ppy JaHUX Ta YIPABIIHHA eKcIepuMe-
HTOM, II10 OiJbII AeTaJbHO omucaHo B poborax [12—14]). Ile gamo Mmoxx-
JUBICTh OepKaTU IIPUHIINIIOBO HOBiI eKCIIepMMEHTAJIbHI JaHi, B TOMY

. . . 1 dR,
YUCIIi, ZOCHIAUTY SMiHY 3HAYE€Hb MUTTEBOTO (Y,,, = — — ) Ta CePeJHbO-

i li
ro (v,) KT npu Benukiit kinbkocTi qedopmanifinux nukiais. Sk Bigmiva-
Jocd B poborax [12, 13] BesnuuHa 7, 3aJI€KUTh Bil HOMepa IIUKJII0 «Ha-
BaHTAKEHHA—3HATTA HaBaHTaKeHHA» i, moumHaoum 3 V—VII medop-
MaIliffHOTO IIMKJIiB BUXOAUTH Ha HacuueHicTh. Came ToMy, SK HaWO1IbIIT
XapaKTepHi, B poboTi HaBO#ATHCA rpadiku 3aye’KHOCTHU Y, Bin €, muisa
IepIIoTo Ta OCTAHHBLOTO AedopMaliiinnx MuKIiB. KpucramiuHa cTpyK-

Typa BUBUYAJACA METOHAaMHU eJEeKTPOHHOI MIKPOCKOMHii Ta eJIeKTPOHO-
rpadii (mpunag ITIEM-125K).
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3. PE3YJIBTATH TA iX OBTOBOPEHHSA

Hamu BuKOHAHO OOCTiIKeHHS TeH30Pe3UCTUBHUX BJIACTHUBOCTEIH IIJIiB-
KoBux mMarepisaiais Ha ocuHoBi Cr i Cu a6o Fe ta Pd i Gd. CtpykTypHi fgoc-
JiTKeHHsI BKas3yloTh Ha Te, 1o miIiBKku Cr, Fe i Pd maioTs Kpucramsiuny
I'PaTHUIIO, KA BifAIOBiJac MacuBHUM 3paskamM, a mrIisku Gd masoi To-
BIIUHY 3HaXOOATHCA B amopdHOMY cTaHi (a-Gd), a BiZHOCHO TOBCTI Ma-
I0Th ABOo(asuuii ckaag a-Gd + GdH,.

Opaomapori maiBku. Ha pucynkax 1-3 maBeneni cepii Tummosmx gedop-
MalifiHux 3ajexkHocrell g4 mIiBok Cr, Gd i Pd, Ha ocHOBI AKHX BUKO-
HyBaBCA PO3PaxXyHOK 3aJIe;KHOCTeH ¥, Bif €, 1aa ABoX iHTepBaJiB medo-
pmairii Ag, = 0—1% ta Ag, = 0—2% . OcobIUBiCTh JaHUX 3aJTEKHOCTEH —
BigMminHicTE I medopMaIiiiiHOro MUK «HaBAHTAKEHHA—3HATTS HaBa-
HTaKeHHA» B miAmasoui medopmartriit Ae, = 0-1% Big momaabInx, Imo
MOSACHIOETHCA MPOTIiKAHHAM Pi3HUX pejaKcallifHUX mpolieciB (YacTuH-
HUU IIOBOPIT 3epeH, MiKpoIlJIacTUUHA JedopMallis, Iepepos3noIia i pyx
IedeKTiB KpucTaaiuHoi OyJ0BU Ta CTOPOHHIX aToMmiB). IIpu momaabpinx
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Puc. 1. 3anexuicts AR/R, v,i RBig ¢, nnsa Ag,; = 0-1% (a, 6) i Ag,,=0-2% (8, 2)
nnsa iy Cr(30 um)/II. PuMmcbKkumMu mudpamu nosHaueHi HoMepa aedopma-
MiAHUX ITUKJIiB.
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Puc. 2. 3anexuicts AR/R, v,i RBin ¢, nua Ag,; = 0-1% (a, 6)1Ag,,=0-2% (8, 2)
nnsa wriBky a-Gd + GAH,(75)/11.

MUKJIAX CIOCTEpPiraeThcsa MeBHA cTabiisallisg TeH30pe3snuCcTUBHUX BJIAC-
THUBOCTEH IIJIiIBKOBUX CHCTEM.

3HaUHUH iHTepec IPU AOCTiAKeHHI TeH30Pe3UCTHBHUX BJIaCTUBOCTEMN
cTaHOBUTEL caMe I medopmaliiiHuil MUKJIb, OCKiJIBKH IIPU HOTO peaJsrisa-
il BUABJISETLCA MEXaHi3M IIepexoay BiJ Py KHBLOI M0 ILIACTHUYHOI Je-
¢dopmarii. IIpu npomy Bemmumua medopMallii mepexony 3ajieKUTh Bij
TOBIIWHU IIJiBKY, 3BMEHIIIYIOUHMCH 3 TOBIIMHOIO. IIpo mepexia mix Tuma-
mMu gedopmallii cBifunTh He TiTBKY 3MiHA KyTa HaxXuay Aedopmaiiiiaol
3aJIeKHOCTU Ta 3ajexHocTu ¥, i R Bim €, a II modaBa CXOAWHOK, IO
3 ABJAITHCA B 00J1acTi mIacTuuHol gedopmarliii mig yac 3yIMHOK MiK-
por'BUHTA Ha KOXKHIil momiami (uepes 0,05% nmedopmairii) ma 10 c i Bix-
CcyTHIi B ob6JiacTi mpyKHBOI AedopMaIrii.

Caim sasHauuTH, I1I0 IEeBHI TPYIHOIII IIPM iHTepIpeTalii omepKanmux
pesyJIbTaTiB OB’ I3aHO 3 TUM, III0 HA BEJINYHY Y, IOUNHAE BILTUBATH (haK-
TOpP, AKWI paHillle JUIIABCA II03a YBaroio, a came, MeKa IIepPexony IpyK-
Ha/nnactTuuyHa gedopmaria. Tomy ¥, nIpu neBHil BesnuuHi gedopmarii
BJKe He MOKe, 0e3 ypaxXyBaHHS BEJIMUUHY IIEPEeX0ay IPYIKHA/IJIacTUYHA
nedopmMallis, BUCTYIIaTH B POJIi y3araJbHEHOI XapaKTePUCTUKU TeH30pe-
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Puc. 3. 3anexuicts AR/R, v,i R Big ¢, nusa Ag,; = 0-1% (a, 6) 1 Ag,y=0-2% (8, 2)
nns wrisku Pd(30)/11.

3HCTHUBHUX BJIACTUBOCTel MaTepisaay. BiamoBimHo mo 11b0or0 GiIbII KOpe-
KTHUM Oy/le TOPiBHAHHA Y, IJIA 00JIacTell IPY KHBOI fedopMarii, a Takox
Y, Ipu 3araibHi# gedopmarrii Ag,=0-1% rta Ag, =0-2%, 1110 T03BOJSIE
IaTu y3araJbHEeHY XapaKTePUCTUKY JOCTiI:KYBaHUX IIPOIIECiB.

IIniekori cucremu Ha ocHOBi Cr i Cu a60 Fe ta Pd/Gd/Pd/II. Buxogsuu
3 TUIIOBUX 3aJI€KHOCTEH IJifd 3a3HAUeHWX ILIIBKOBUX CUCTEM, MOKHA
3po0OUTH BiAHOBimHMII BUCHOBOK, IO AiANAa30H IPY:KHLOI medopmarrii
3aJIeKUTH BiJl 3arabHOI TOBITUHY IIJIIBKOBOI CUCTEMHY Ta 3MEHIITYEThCS
3i 30iIBIITEHHAM KOHIIEHTPAIil ATOMIB IIJIiBKY 3 MEHIIIOIO MEKEI0 IIPYIK-
HOCTH.

Hampuraan, y maiBkosiii cuctemi Cu/Cr/II (puc. 4) mexxa mepexony
BiZl IpY:KHBOI (KBA3UNPY:KHBOI) M0 IIaacTUYHOI gedopmarlii Moxe 3Mi-
HIoBaTHCa B Mexax Big 0,4 mo 1,56% 3sanesxuo Bix rosmuemy miaisxku Cr
(xoua 3a3HAYMMO, IO AJisd IIiBKM Cu JaHA MeXXKa Iepexoy SHAXOAUTCS
3a mexxamu 2% pedopmarrii). S3HaueHHS BeJIUUYUHHU I[HOTO IIEPEXOIY
3MEHITYEThCS 31 301MbINIeHHAM TOBIUHY Iapy Cr, II10 IPOiIIOCTPOBAHO
B Taba. 1. ¥V Toii JKe uac MeKa mepexony I0 ImaacTuuHol redopmMalrii gis
miriBkoBoi cucremu Fe/Cr/II (puc. 5) 3HaX0AUTHCSI B 3HAYHO BYKUOMY
niamasoni gedopmariii Big 0,15 mo 0,4% i 36iabmiyerses 3i 36ibIIeH-
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Puc. 4. 3anexuicts AR/R, y,i R Bif €, nmsa Ag,, = 0-1% (a) i Ag,,=0-2% (6) pua
maisgu Cu(20)/Cr(30)/II (Cc, =59 at.%).
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Puc. 5. 3anexxuicts AR/R, v,i R Big €, s Ag,; = 0—-1% (a) i Ag,y=0-2% (6) gas
maisxku Fe(20)/Cr(30)/I1 (Cp, = 59 aT.%).

HAM KoHIleHTpaIlii aromis Cr y maiBKoBiii cucremi (Tadi. 2).

o ocobiuBocTel gedopMaImifHUX 3aJeKHOCTEH IJIIBKOBOL crucTeMU
Cu/Cr moxxHa BimHecTH Te, 110 I medopmalitHmii NUKJIb V ITePeBaKHIN
OinbIocTi BimpisHAETHCA BiJ MTOAANBIINX MUKJIIB (3BHAYEHHSA Y, MEHIIIE,
Hi’K IIpM HACTYOHHUX IUKJISAX), HaJaJi cmocTepiraerbca cradimisaiis
MiKPOILIACTUYHUX IPOIECiB i JepopMmartiiiHi KpuBi MaiiiKe IOBTOPIOIOTH
omHa onHy (TYT MOKHA IIPOBECTH IIEeBHY aHAaJIOTiIo 31 crabimizalieo Mik-
POILTACTUYHUX IIPOIECiB).

Y nopiBuauHi 3 ogHomaposuMu miaiBkamu Fe, Cr Ta gBOIIapoBUMU
Fe/Cr BigminnicTs v, nusa I gedopmaliiiiHoro muKJI0 Biff OJAIBININX HE
nepesumrye 10%.

Posrasagaroun miaiBkoBy cucremy Pd/Gd/Pd/II (puc. 6), Mmu po6umo
BUCHOBOK IIPO Te, IO BOHA XAPAKTEPUIYETHCA IMTUPOKUM HifAMa30HOM
npy:KHBOI medopmairii (6inbire 2% ), I0Ai0HO 10 OLJHOIITAPOBUX IIJIiBOK
Gd i Cu. ¥V Toi1 'Ke uac cucTemMa Ma€ HEBUCOKi 3HaueHHA Y, (6,113bK0 1,5—
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Puc. 6. 3anexuicts AR/R, v,i R Big €, ans Ag,; = 0-1% (a, 6) i Ag,, =0-2% (8, 2)
nns wrisku Pd(9)/a-Gd(19)/Pd(4)/I1 (Cpq = 61 atT.% ).

TABJINIIA 1. Sane:xHicTh iHTepBaly MeXKi mepexony OpysKHA/IIJIaCTUYHA Ie-
dopwmarria i mpysKHiX MoAyJIiB Bim KoHIIeHTpaIlii aromiB Cr y gABOIITapOBiii mIiB-
i Cu/Cr/II.

IlniBkoBa cucrema | Cors AT.% | €%, Y
Cu(20)/Cr(5)/11 20 1,30
Cu(40)/Cr(10),/11 23 1,20
Cu(25)/Cr(15)/11 36 0,85
Cu(20)/Cr(15),/11 41 0,75
Cu(20)/Cr(20),/11 50 0,60
Cu(20)/Cr(30)/11 59 0,50
Cu(20)/Cr(35),/11 63 0,45
Cu(20)/Cr(45),/11 69 0,40

2 OMVUHUIIB).

Me:xa mepexony mpy:KHs/IaacTuuHa AedopMallisi BHOCUTL CBOI KO-
PEKTHBU B XapaKTep TeH30PEe3NUCTUBHUX BJIACTUBOCTel. 3 0fHOr0 OOKY,
30ibIIyeThCS TOBIIWHA ILTIBKOBOI CHUCTEMU, III0 MOBUHHO BUKJINKATHU
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TABJINAIIA 2. SanexHicTh iHTEPBATY MeXKi mepexony Mpy:KHs/IIJIacTUYHA JIe-
dopmarria Big koumeuTpaii aromis Cr y gBomapogiii mrisii Fe/Cr/II.

ILniBkoBa cucrema | Ccrs AT.% | €, %
Fe(70)/Cr(20)/11 0,23 0,15
Fe(50)/Cr(30)/11 0,37 0,25
Fe(45)/Cr(30)/11 0,40 0,30
Fe(40)/Cr(30)/11 0,43 0,30
Fe(20)/Cr(30)/11 0,59 0,40

3MEHIIIeHHS BeJINYNHU cepeTHbOro KoedillieHTa TeH309yTJINBOCTH, Bil-
HOBiTHO 3 POBMIPpHUMHU 3aJEKHOCTSIMHU MIJA IJIiBKOBUX MaTepidais, 3
iHIIoro 60Ky — mepexia mo miIacTuuHOi medopmarlii mpu MeHIIUX 3Ha-
YeHHAX €, MPU3BOAUTH M0 30iJIbIIIEHHSA CePeJHbOTO 3HAUEHHA BEeJINUNHUI
KT.

ABTOpU BUpa)KaTb Nogaky cryn. 3. M. Makyci 3a momomory IIpu BHU-
KOHAHHI eKCIIepUMEHTIB.

Pob6ory BuKOHaAHO B paMKax OMIOI:KeTHOI TeMaTHuKHu Inmpu (hiHaHCOBIil
nigrpumiii MOHMC Vkpainu.
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