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OINIHKA MOXJIUBOCTI BUKOPUCTAHHSA MATI'HITOPEOJIOTI'TYHHUX
EJACTOMIPIB B MAKOCTI IIPYXHHUX EJEMEHTIB IIIABICKH
TPAHCIIOPTHHUX 3ACOBIB

IIpoBeneno aHamiz (i3UKO-XIMIYHUX BIIACTHBOCTEH 1 XapaKTEpUCTHK MAarHITOPEOJOTIYHHX eIacTOMIpiB Ta
Jiana3oHy 3MiHHM 1X MOMYJIsI IPY)KHOCTI 1 MOJYJIsS 3CyBY. PO3risiHyTO BIUIMB mapaMeTpiB MarHiTHOI YacTHHH i
€JIACTOMIPHOI MaTpuIli Ta HasBHICTH MOOIYHUX e(eKTiB. 3poOJIEHO BHCHOBOK NMPO MOXKIMBICTH 3aCTOCYBaHHS
JIAHUX eJaCTOMIpIB y SIKOCTI MpPYXHHX €JIEMEHTIB 3 XapaKTepUCTHKaMHM, 110 KEepyIThCs, Yy MiABicCIi
TPaHCIIOPTHUX 3aco0iB. HamiueHi HampsMKM MOJAIBIINX JOCHIPKEHb 3 METOI ypaxyBaHHs CHEHU(IKH
eKCIlTyaTalil TpPaHCIIOPTHUX 3ac00iB Ta CTBOPEHHS Mpale31aTHUX BY3JIIB.

KniouoBi ci10Ba: MarHiTopeosoriyHUN €1acTOMIp, NMPYKHUH €JIEMEHT, MiZBiCKa, MOAYJb NPYXKHOCTI,
MOJyJIb 3CYBY, MarHiTHe moje, aedopmaitisi, aHi30TPOITHI BIIACTHBOCTI, KEPYBaHHS.

Beryn. OnHuM 3 HUISXiB MOJAJIBIIOTO PO3BUTKY MIABICKM TpaHCHOPTHUX 3ac00iB (T3)
€ peamizallis KepyBaHHS XapaKTepUCTUKaMU i1 TMPYKHUX EJIEeMEHTIB, JeMI(pipyrounx
NPUCTPOIB Ta KIHEMAaTHKOIO HANPABISIOYUX MPHUCTPOiB. OJHAK, po3poOKa CHCTEM KepyBaHHS
HAa OCHOBI BUKOPHUCTaHHS TpPAIUIiHUX poOouymx Tin (ra3, macia Ta iH.) 31 3BHYaHUMU
BJIACTUBOCTSIMH TPHU3BOIUTH 1O HAATO CKJIAJHUX, BHCOKOBAPTICHUX Ta HEHaIIWHUX
TEeXHIYHMX pinieHb. Came TOMy, Taki CHCTEMH KEepyBaHHS JOCI HE OTPUMAIHM ILIMPOKOTO
PO3MOBCIO/KEHHS. TakuM YWHOM, TIOUIYK albTEPHATUBHUX MaTepiayliB 3 HOBUMH
BJIACTUBOCTAIMH, $KI JO3BOJISATH CIPOCTUTU CHCTEMH KEpPYBaHHSA 1 KOHCTPYKIIO BY3IIB,
3HHU3UTH 1X BapTICTh Ta IMiABUIIUATH HATIHHICTE 1 IOBTOBIUHICTh € aKTYAIBHOIO MTPOOJIEMOIO.

AHaji3 ocTaHHiX AociigxeHb. Y poborax [1,2] mpoBemeHo (YHKIIOHATBHO-
¢13uuHii aHami3 migBicku T3 Ta po3poOieHO METONOJIOTII0 aHami3y 1 CHHTE3y HOBUX
TEeXHIYHMX pilleHb Ta (I3MYHMX OpUHLUMIB Aii ii By3miB. B pesynbrari mpoBeneHHX
JOCTIP)KEHb BCTAHOBJIEHO, 1110 OJJHUM 3 MEPCIEKTUBHUX HANPSIMKIB PO3BUTKY € MEpeXiJ Bif
MEXaHIYHOTO MOJs 10 OUIbII KEPOBAHOTO ENEKTPOMArHiTHOrO MOJs Ta po3poOka HOBOL
«OCHOBHOI pPEUYOBHMHW» a00 BBEIECHHS <«I0JATKOBOI PEYOBHUHHU», UYTJIIMBOI JO KEPYHOUOTO
€JIEKTPOMArHiTHOro nosist. Lle 3HayHO MoJIermuTh peanizaliio KepyBaHHs XapaKTepUCTUKAMU
BY3JIIB ITIBICKH, B 3JIEKHOCTI BiJl MEXaHIYHOTO MOJIs, 110 Ai€ Ha T3 B mporeci pyxy.

Ha cporogmimHiii naeHp BigoMi Jemndipyroui mnpuctpoi miaBicku T3, e
3aCTOCOBYIOTBCSL MAarHiTOpeosioriuHi piauHu. OjHak, IiX MIMPOKOMY BIPOBAHKEHHIO
3aBaXKalOTh TaKi HEMOJNIKH, SK OCIJJaHHS MarHiTHUX YaCTUHOK 3 IUIMHOM Yacy Ta BUCOKHH
aOpa3uBHMI 3HOC Tap TEPTs, 110 BUKIMKaHUN HUMU. [{ux HemoiKiB 11030aBIeHN HOBUM THIT
marepianiB — marHiTopeosioriudi enactomipu (MPE), y sikux mig Ai€t0o MarHiTHOrO Mouis
MO>KHa 3MIHIOBATH HE JIMIIE B'SI3KICTh, & 1 MOJIYJII MPYKHOCTI Ta 3CyBY. [laHl BIacTUBOCTI, Yy
NEePCHEeKTHBI, MOXYTb 3pOOMTH MOMJIMBUM pPO3pOOKY NPUHIMUIIOBO HOBUX TPYKHHUX
€JIEMEHTIB Ta JAeMI(piIpyr0YrX IPUCTPOIB MiABICKHU T3 1 111 MUTAHHS 30BCIM HE JOCIIIKEHO.

Merta pocaigxenb. IlpoBectn anami3 BiactuBocTed 1 Xapakrepuctuk MPE Ta
OILIIHUTHU MOKJIMBICTh X BUKOPHCTAHHA y By3JlaX KepoBaHOI miJBicku T3, a came y sIKOCTI il
OpyXHUX eneMeHTiB. [lpu npoMy, y nepiiy uepry, npeacTaBiisie iHTepec J1iana3oH KepyBaHHS
3MIHOIO MOIYJISI PYKHOCTI 1 MOy st 3¢yBy MPE Ta HassBHICTh MOKIJIMBUX MOOTYHUX €(PEKTIB.

Marepiaan gociaixkeHb. MarHiTopeosIoriyHi MaTepiaal BiIIHOCATHCS IO TaK 3BaHUX
«IHTEJEKTyaJbHUX» abo «po3yMHHUX» MaTepianiB (smart materials), ¢i3uKo-XiMIuHI
BJIACTUBOCTI Ta XapaKTEPUCTUKU SKUX MOXYTh 3HAYHO 3MIHIOBATHCS MiJ €0 30BHILIHIX
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BIUTMBIB. J{aHi MaTepiany CKJIaal0ThCsl 3 MarHITHUX YaCTHHOK, pO3MipoM mpuOau3Ho Big 10
HM 70 50 MKM (TOOTO «JI0JaTKOBOI PEUOBUHUY), 110 3HAXOJATHCS B Jia a00 mapaMarHiTHii
MaTpuilli (OCHOBHIM PEYOBHMHI»), B 3aleKHOCTI BiJl CTaHy SKOi BIAPIZHSIOTH
MarHiTOPEOJIOTI4HI PiIUHY, TIHU, TeJi Ta eJacToMipu. MarHiTHa B3aEMOJIiSl MK YaCTHHKAMU
3QJICKUTH BiJl HASABHOCTI Ta HAMPSMY 1X HAMarHi4eHOCTIi, pO3IMOILTY Y MPOCTOpPi, Opi€HTaIil
30BHINIHLOTO MArHITHOTO TMOJISL Ta PO3MOALTY JehOopMallii.

MPE sBisroTh CO0010 KOMITO3UTH, B SIKMX MarHiTHI YaCTHHKH PO3IOAUICHI Yy TBEpIii
€JIACTOMIpHIA MaTpulli, MO NoJxiMepusyeTbcs y ¢GopMmi. B sxocTi Marpuii MOXYTh
3aCTOCOBYBATHCS HaTypaJibHI @00 CHHTETUYHI TYMH, CUJIIKOH, TIOJIiypeTaH Ta iH. B pe3ynbrati
MarHiTHi BIIACTHBOCTI, 10 BUHUKAIOTh MPU B3a€EMOJIl YACTUHOK, OEAHYIOTHCS 3 MPYKHUMHU
BJIACTMBOCTSIMU MAaTpHLIi, a 3arajibHi BIACTUBOCTI 00OPOTHO MOXKYTh 3MIHIOBATHUCA MiJ AI€I0
30BHINIHFOTO MAarHiTHOTO TTOJIS.

MarnitHi yactuHku BcepenuHi MPE moxyTe OyTu po3moaiieHi OJHOPIIHO abo
3TPYIOBaHI B CTOBIMYACTI CTPYKTYPHU—JIAHIIOKKH. [|JIsi yTBOPEHHS BIOPSAKOBAHOI CTPYKTYPH,
i1 Yac rmoyiiMepu3aliii MaTpUIll HaKJIaAa€ThCsI 30BHIIIHE OfHOpinHEe MarHiTHE more. I1ix foro
JIEF0 YaCTHMHKH YTBOPIOIOTH CTOBMYACTI CTPYKTYPH—JIAHIIOKKH, SIKI B pe3yJbTari
noJiiMepu3anii BUSBJSAIOTHCS 3a(iKCOBAaHUMHU B MaTpulll. 3a Takuil crmocid, B mporieci
BUTOTOBJICHHSI MO’KHA OTpUMATH B'si3ko1pyxHI MPE 3 aHi30TpOITHUMY BIACTUBOCTSIMHU.

PosrnsiHemo Bimomi JOCHiIPKEHHS 3 BIUIMBY MAarHiTHHX IIOJNIB Ha MeEXaHiuHi
BiactuBocti MPE, B 3a51€)XKHOCTI BiJ] iX XapaKTEpPHCTHUK.

VY po6orti [3] npeacTaBieHo pe3ynbTaT eKCIIEPUMEHTAIbHUX JOCTiIKEeHb IUKITYHOTO
HaBaHTaxeHHs 3pa3ka MPE 3 Oyrunkayuyky mapku BK-®OM (40% — xapOoHMIBHOE 3ai1i30)
IIPU Pi3HIN IHIYKTUBHOCTI MarHiTHOTO MoJs. Sk BUgHO 3 puc. 1, Bci kpuBi aedopmaiiii MaroTh
3HaYHMH TiCTEpE3nc, KpiM TOTrO B MaTepiajli CIIOCTEPIraeThes 3aJIMIIKOBA jAedopMarliis, ska
3HMKa€e Ha mpoT:3i 10 xB. 3 mpencraBieHux rpadikiB BUIUIMBAE, 110 3 POCTOM 1HIYKTHBHOCTI
MarHiTHOTO HOJIsl, MOAYJb pykHOCTI AaHoro MPE 3pocTae Giniblie Hixk y 2 pa3u, IpU LBOMY
HOro picT HENIHIMHO 3MEHUIYETHCS, JOCATAl0YM HACHYEHOCTI 10 MAarHiTHOMY IIOJIIO,
noJiasblie 301IbIIEHHS SKOTO He MPU3BOIUTH 10 ICTOTHOT 3MIHM KpUBHX Je()OpMyBaHHS.
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Pucynok 1 — 3anexHicTh Hampyr y Pucynok 2 — 3anexHicTb Hampyru
3pa3ky Bif aedopmanii Ta BeIUYHHU BiJ qacy nedopmarii pu
marHiTHoi iHaykuii. Kpusi: 1 —0 Ty 2 — HaKJIaJaHHI Ta 3HATTIO Mar”iTHOI'O
0,3Tm;3-0,75Tm; 4-1,2 Ta. nounst 1,2 To.

Ha puc. 2 naBeneHo KpuBy, IO BIAMOBITA€ HAKIAICHHIO Ta 3HITTIO MAarHITHOTO TIOJIS
B npotueci nepopmanii. Marnitae nosne 1,2 Tn Hakmaganocs depe3 MEBHI MPOMIKKU 4acy.
BxuroueHHs1 MarHiTHOTO MOJISl BUKJIMKAJIO ICTOTHE 3pOCTaHHS HAIpyT.

Y pob6oti [4] nmocmimxkeno 3pazku MPE, mo wmictumum y cobi 11% wuactuHOK
KapOOHUTBHOTO 3aii3a (3,5 MKM), y MaTpulll 3 HATypaJIbHOTO KaydyKy Ta 100aBokK. Marpuiis
MoJIiIMEepHU3yBaJIacs IiJl i€l 30BHIMIHBOTO MarHiTHOrO nojist B = 200; 400; 600; 800 Tta 1000
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MTI, 10 NPU3BOAWIO 10 aHI30TPOIHHUX BIACTHUBOCTEH 3pa3kiB. TakoXK, JOCITIIKYBaBCS
3pa3oK 3 130TPOITHUMHU BIACTUBOCTSAMU. Pe3ynbTaTu npencTaBieHo Ha puc. 3.
04 ~ Bimomo, mo monyns 3cysy MPE moxe Oyru
035 17 o PO3iJIeHUH Ha JIBl YACTHHH: MEPIIIa € MOTyJIEM
°2 [ s 3cyBy ~ 0€3  HAKJaJeHHs  30BHIIIHLOIO
0% N mioomr | S KEpYIOUOro Mo, sfKa y JaHOMY BHUIAJKY IS
ST ] commoro spaska sopimmonana 1.3 MITa. Jlpyra
o1 Lo L A YacTUHA 1HJIYKY€TbCS KEPYKOUHMM IIOJEM, IO
oos | w HakJIanaeTbesa. 3 TpadikiB BHUILIMBAE, IO 31
30UIBIIEHHAM 1HIYKIII KEpyK4oro Iojisi Bix
0 100 Malg?ﬁucm&ogmsitﬁﬂ% 500 600 HyJs 110 600 mTn, mpupict Momyns 3CYBY
30UIBIIYETHCS,  JOCATAIOUYM  HACHYCHOCTI.
Oco0MBO 11€ CIOCTEPIraeThes y 3pasKiB 3
OLUITBII aHI30TPOITHUMHU BIIACTHBOCTSIMHU.
3HayHUM 1HTEpeC MPEeACTaBISAIOTh PE3yNbTaTH IOCIIIKEHb, HaBeleHI y poboTi [5].
3pa3zku MPE BUTOTOBISUTMCS Ha OCHOBI CHJIIKOHOBOI MATpHIl 3 KOHIICHTPALI€I MarHiTHUX
yacTuHOK Big 0 10 35%. YactuHa 3pa3kiB Maya aHi30TPOIHI BIacTUBOCTI. Po3Mip MaraiTHux
YaCTUHOK ckiamaB 5 MkM Ta 40 mkMm. Emacromep 0e3 MarHiTHUX YacTHHOK MaB MOJYJIb
npyxHocti 50 kIla. Ha puc. 4, puc. 5 npeacraBieno rpadiku MOIyst NPY>KHOCTI BiJIOBITHO
i30TponHOrO Ta a”izorpornHoro MPE 3 pi3HOI0 KOHIIEHTpAIIEI0 YaCTHHOK PO3MIPOM 5 MKM.
Ha puc. 6, puc. 7 npeacTaBieHo aHAJIOTI4YHI Ipadiky 1 YaCTUHOK po3MipoM 40 MKM.

Increment of Shear Moduls /MPa

Pucynok 3 — 3anexHiCTh NMPUPICTY MOITYJIS
3CYBY BiJl 30BHIIIHBOTO KEPYIOYOTO TMOJIS.
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Pucynok 4 — 3anexHIiCTb MOAYJS NPYKHOCTI  PucyHOK 5 — 3anexHICTh MOIYJIS IPYKHOCTI
130TponiHoro MPE 3 pi3Hoto koHueHTpaliero —aHizoTpornHoro MPE 3 pi3HOIO KOHIIEHTpALI€0
Mar"iTHUX YacTMHOK (5 MKM) BIJ IHAYKIII MAar"iTHUX YaCTUHOK (5 MKM) BIA 1HIYKIIi

30BHIIIHBOTO KEPYIOUOIO MOJIS. 30BHIIIHBOTO KEPYOYOr0 MarHiTHOTO MOJIS.

VY pobori [6] oTpuMaHO 3HAUHUN MarHITOPEOJOTIYHUM e€PEeKT Ha 130TPOIHUX 3pa3Kax,
3 BEJIMKOK KOHIIGHTpAIlier0 MarHitTHuX dacTHHOK (35%). JlocmiKeHHsT 3aJIe)KHOCTI
IPYKHOCTI BiJl KOHIEHTpALii MarHITHUX YaCTUHOK JJIs 3BUYAaHOTO 130TPOIHOI0 MaTepiaiy
MOKa3aliy, 1110 MPYXHICTh B MarHITHOMY TOJI1 3pOCTa€, SIK MPABUIIO, TUM OLIbIIE, YUM OibIle
KOHIICHTpAIlisi MarHiTHOTO HallOBHIOBaua. EKCIEpMMEHTH TOKa3ald, IO TPU 3aralbHOMY
epeKTi HapOoCTaHHS MPYKHOCTI 13 3OUIBIIEHHSIM HANPYXKEHOCTI MAarHiTHOrO MOJNs 1
KOHIEHTpallli MarHiTHOrO  HalOBHIOBaya CIHOCTEpIraeThCsi €(eKT MaKCHUMaJlbHOTO
MiBUIICHHS MPYXHOCTI B 001acTi Manux Aedopmariiii 3paska.

Ha puc. 8a HaBeneH1 nepBUHHI 3aJI€)KHOCTI HAIIPYTH Y 3pa3Ky BiJl HOro po3TATYBaHHS
y Mar”iTHOMy Imojii i 3a Horo BifcyTHOCTi. [laHuii 3pa3ok MaB 00'€eMHY KOHIIEHTpALiO
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Mar”iTHUX 4acTHHOK 35% Ta monyns mnpyxnocti 16 klla. Sk 3a3HauyeHo, 1€ TPAKTHYHO
rpaHUYHA KOHIIEHTpALis, NpU sKii 30epiraeTbcs IOCTAaTHS €NAacCTHYHICTh Marepiaiy. 3
aHai3y KPUBUX BUTIKA€, 110 HANpYrW B 3pa3Ky HAPOCTalOTh 3HAYHO IIBHALIE B 00jacTi
manux aedopmariit (0...5%), Hixk B 0071aCTi OLIBIIT BUCOKHX.
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Pucynox 6 — 3anexHicTb MOJyJIs IPYXKHOCTI PuCyHOK 7 — 3aneHicTh MOJyJIsl IPY>KHOCTI
i3oTportHOT0 MPE 3 pi3Hor0 KOHIIeHTpamieto  aHizoTpornHOro MPE 3 pi3HOIO KOHIIEHTpAITi€0
MarHiTHUX 9acTUHOK (40 MKM) BiJ iHAYKLII  MarHiTHUX 4acTHHOK (40 MKM) Bif 1HAYKIIIi

30BHIIIHBOTO KEPYKOYOI0 MOJIS. 30BHIIIHBOTO KEPYKOYOI0 MOJIS.
w0 JudepeHuiinuii Monysnb MPYKHOCTI B 3aJI€KHOCTI
] i L 1 _ Bix nepopmarii HpeﬂCTaBJIerH?I Ha puc. 86. Sk
- i nf” :fz BUJHO 3 PHUCYHKY, IOYaTKOBUH MOJYJb MPYXKHOCTI
o [-—‘,,)” /li S 3pa3ka, piBHmid 16 kIla, B MarHiTHOMy TOJi TpH
5 0t = i mManux Jedopmanigx 3pocrae 1o 500...600 klla,
Y o2 o4 s s 1 12 14 TOOTO OUmbII HIXK B 30 pa3iB. AHAJIOTI4HI pe3yabTaTH
OTHOCHTETHIA e popuaIT: Oynu OTpUMaHi IpHU BUMIPIOBAHHI HAllPYTH 3CYBY B
- g R MarHiTHOMy noni.'B LIJIOMY %, MOAYJb ‘HpY)KHOCTi
gﬁmi }ﬂ\ 3paska B obnacri BEUKHX ,[[e(l)opMaLIII\/'I' 3poCTaB
S ONF B OlnblIe HIK y 10 pas3is. Kle TOT0, Ha rpadikax puc.
Si 200 “"'-.iw::*-hﬁﬂ S 8a CHIOCTEPIraloThes TETIMI TICTEPE3UCy. ko npsami
= 1o i T | HaBaHTaXEHHS 1 pO3BaHTaXEHHS 3pa3ka 0e3
° 0 002 004 006 008 01 012 MArHITHOTO IOJIA 30ir alOThCA, TO npu
OrmiocHTeIL A sedopuait PO3BAHTAXKEHHI 3pa3ka B MArHiTHOMY moji (KpuBi
Pucynok 8 — 3anexuicts Hampyr y 2,3) cIocTepiraeTbcs 3aiMIIKOBa JAedopmalis B
3pa3Ky (a) 1 Momynsa npyxHocTi (0) Bix posmipi = 60%. Ilpu 1BpOMYy 3aJMIIKOBA

Bix nedopmanii B MarHiTHUX mousx: 1, 2 nedopmartisi TUM O1NbIIIE, YUM CHIIBbHIIIIE MarHiTHe
13-0; 1201260 MTx BianOBIIHO. none i HwKae npyxkHicts MPE.

Y poGoti [7] mOCHiIKEHO TiraHTCbKe 30UIBIIEHHS MOJIYJS 3CYBY: BKJIIOUEHHS
MarsiTHoro nosis HanpyxeHictio 10 kE mpusBeno 1o 30unbmeHHst Mmoayis 3cyBy uist MPE na
ocHOBI HaTypanbHOI r'ymMu Ha 130%, a Ha OCHOBI CHIIIKOHOBOI TyMH — Ha 878%.

AHaJoriuHi pe3ynbpTaTi Oy oTpuMaHi y poborax [8,9,10].

Pe3yabTaTn gociaigxkedb. AHaNi3 pO3TISHYTHX JOCIIKEHb T0Ka3aB, 110:

1. 30urblIeHHs] 1HAYKTUBHOCTI 30BHINIHBOTO KEPYIOUOTO TIOJIA MPHU3BOJIUTH 0
CYTTEBOT'O 3pOCTaHHS MOJIYJS MPYXKHOCTI a00 MOJYJIs 3CYBY, K€, B 3aJI€KHOCTI Bij 3pa3ka,
ckiano Big 25% no 10 1 6inbwe pasi. [Ipu npomy 1€ 3pocTaHHs HENHIKHO 3MEHIIYEThCS,
JIOCATAI0OYU HACHYEHOCTI IPU MarHiTHOMY noii y mexax 0,6...1,0 Ta.
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2. [Ipn manomy po3Mipi MarHiTHUX YaCTUHOK (5 MKM), HaiOuIbmux mpupict (900%)
MOJYJsl TPYXHOCTI CIIOCTepiraBcs AJsi 3pasKiB 3 aHI30TPOIMHHMMHU BJIACTHUBOCTAMH. Jlis
130TponHuX 3pa3kiB naHuM mpupict ckianas 400%. [Ipuuomy, yum Ouibina Oymna 1HAYKIISL
HOoJIsl TpW ToJliMepu3arii MaTpuili, TUM OUTbIIMM OyB MPHPICT 3ragaHux MomyiiB. [Ipu
30UTbIIEHH] PO3MIpy 4YacTHHOK (40 MKM) pI3HHIL MIX 130TPOITHUM Ta AaHI30TPOITHUM
3pa3KaMu MPaKTUYHO HiBEIIOBAIacs, a MPUPICT MOIYIIB pyxkHOCTI ckiaaas 5200...5500%.

3. 30uIbIIeHHs KOHIIEHTpaIii MarHiTHUX 4YacTUHOK Bix 0 mo 35% mnpusBoawio 1o
CYTTEBOTO 3POCTaHHS MOAYJISI TIPY>KHOCT1 HaBITh I 3Pa3KiB 3 130TPOIMTHUMH BIACTUBOCTSIMHU.
['paHUYHOIO KOHIIEHTpAIIIEI0, MPU SKIM 30epiracThCs JTOCTATHS €IACTHYHICTh MaTepiany €
koH1eHTpaiis 40%.

4. 30UIblIEHHS PO3MIPY MarHiTHUX YaCTHHOK B 130TPOITHOMY 3pa3Ky, BUKIJIMKAJIO
3pOCTaHHS MpHUpicTy MOAYIs npykHOCTI Bix 400% mpu 5 mxMm, 10 5500% npu 40 MxMm (st
KOHIEHTpalli MarHiTHUX 4acTUHOK 35%). /{1 aHi30TpOMHOro 3pa3ky aHaJIOTIYHUN HPUPICT
cknaaas Bix 900% npu 5 MM, 10 5200% npu 40 MKM.

5. [MutaHHs MWBUAKOIT 3MiHM MOAYJISI IPY>KHOCTI Ta 3aJI€KHOCTI B yacy nedopmarii
JOCTIPKEHO HEMOCTaTHRO. B ommiit 3 podit ([3]) HakmamaHHS Ta 3HATTS MarHiTHOTO TOJIS
3MIHIOBAJIO MOJIYJb TIPYKHOCTI 13 HIBUAKOII€0 ONIM3BKO 1 C.

6. Kpusi nedopmarii neskux 3paskiB MPE maroTh gocuTh 3HauHUH rictepesuc, 110
POOHUTH MOKJIMBUM IX BUKOPUCTAHHS y SKOCTI AeMIT(IPYIOYMX IPUCTPOIB MiJBICKH.

7. llpu nedopmarii okpemux tumie MPE MoxiuBa mosiBa 3aMImKoBoi Aedopmariii,
sKa 3HUKae Ha mpoTs3i A0 10 xB. Lleii edekT € HeraTUBHUM 1 MOK€ YCKJIaJHUTH 3aCTOCYBaHHS
naanx MPE y sikocTi py>KHUX €JIeMEHTIB ITiBICKH.

8. BimHocHa nedopmanis 3paskiB Ipu JOCHIDKEHHAX ckiagana o 100%, mo
JTIO3BOJIUTH 3a0€3MEeYNTH JOCTATHIN JUHAMIYHUHN X1 miaBicku. B o6macti manux aedopmarriit
MOJ1yJIb TIPYKHOCTI 3pOCTaB 3HAYHO LIBU/IIE, HIK B 00JIACT1 BEIUKHX.

9. Hna MPE xapaktepuuil edexkr mnam'sti ¢GopMuH Ta JOCUTH 3HAYHUI
MarHitToaepopMaiifHuil eQpeKT, 10 MOXKHA BUKOPUCTATH y CUCTEMI1 PETYJIFOBAHHS KIIPEHCY .

10. IlpyxHni xapaktepuctuku 3pazkiB MPE 3anexare Bim ix koHbiryparii, Bumy,
dopMu Ta pO3MIpy MAarHiTHUX YacTHHOK, CTYNEHIO aJcopOIii MmaTepiady MaTpuli Ha ix
MOBEPXHI Ta MapaMeTpiB caMol MOTIMEPHOT MATPHII.

BucHoBkwu.

1. Hocnimxennss MPE 3HaxoasTbes y mOYaTkoBid CTaii: po3poOJieHO CTEHIM Ta
MPOBEJACHHI JOCHIKEHHS, fKI B OUIBIIINA Mipl CTOCYIOTbCA E€IEKTPUYHUX 1 MAarHiTHHUX
napamerpiB. HenocratHbo pocnimkeHo 3HauHi jedopmauii MPE, pecypcHi mokasHUKH,
CTaOUIBHICTh XapaKTEPUCTHK, EHEProCIOKUBAaHHS, BIUIUB HA Mpale3aTHICTh TeMIepaTypH,
BOJIOTOCTI Ta 1HIIMX 30BHIIIHIX YMOB.

2. TlpoBenenuii aHami3 niama3oHy 3MiHM MOAYJIB TPYKHOCTI Ta 3CyBY ITOKa3aB
MOXJIMBICTh 3acTocyBaHHI MPE y sKOCTI HpyXHUX €IEMEHTIB 3 XapaKTepUCTHKAMH, LI0
KepYIThCsl, MABICKH T3.

3. HeoOxigHo copMynioBaTH YiTKM BUMOTU A0 (i3UKO-XIMIYHHUX XapaKTEPUCTHK
MPE, 3 BpaxyBaHHsM clienu}iky iX eKCIUTyaTallil B IKOCTI NPYKHUX €JIeMeHTIB miiBicku T3.
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