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BvLéodwut

IJKCIIepUMEHTAJIBFHO [TOKa3aHa BO3MOXKHOCTH He-
PpaspyIIamoInero KOETPOJIS CTEKJIOILIACTUKOB (BXOIA-
mux B rpynny IIKM) meTomom nH(ppakpacHou axoe-
(heKTOCKOIIMU, KOTOPBINA Gyarogaps KaueCTBEHHOMY
ompefeseHN0 Te(eKTOB MOYKET ObITH MPUMEHEH Ha
SKCILIYaTAMOHHBIX MPEANPUATUSIX [IJIS 9KCIIpPecc-
IUArHOCTUKU 9JIEMEHTOB ILJIaHepa caMoJieTa.

B aroi#t cBA3u cienyer OTMETUTH PAA IIpobJieM,
TPeOYIOMUX IEPBOOUEPETHOTO PEIIIeHU:

1) ompeneneHme ONTUMAJBHOTO yTJia BBEIEHUA
U3JIyYeHUS B MaTepual;

2) Hax oK IeHe ONTUMAJIbHOMN AJIUHBI BOJIHBI U3JIY-
YeHUS;

3) ycTaHOBJIEHME MaKCHUMAJbHOI paspelaroIei
CIIOCOOHOCTHU YCTPOICTBA;

4) BBIABJIEHUE BIUAHUA JAKOKPACOUHBIX ITOKPHI-
TUY Ha Pe3yJIbTaThl KOHTPOJ.
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I B. MyHwrykos, 0. I1. [lyaupsos, B. B. Viakos }
MOXINBOCTI 3ACTOCYBAHHA METOJY IHOPAYEPBOHOI EXOQE®EKTOCKOMI
A1 KOHTPOJIH0 EJIEMEHTIB KOHCTPYKIII NJIAHEPA JIITAKA B YMOBAKX EKCIUTYATALI
[lokasaHo, 1o B ymMOBaX eKCr/yaTaliiHX MignpueMCTB 3aCTOCYBAHHS ICHYOYMX METORIB [iarHOCTVKM [/ KOHTPOSI0 E/IEMEHTIB
KOHCTPYKUIi nnaHepa nitaka, BUroTOBEHWX i3 MOSIMEPHIX KOMMO3WLiAHUX MaTepianis, He 3aBxan eekTvsHe. [Insg Takoro KOHTPOo 3a-
PONOHOBAHO BUKOPUCTOBYBATY METOS] iH(bpa4epBoHoi exogeektackonii. [logaHo npuHLMIOBY CXeMy Ta MPUCTRIV, 3i6paHWIA Ha il OCHOBI.
Po6oTo3aaTHICTb NIGTBEPMIXEHO MPVHLMITOBOID MOXIMBICTIO [iarHOCTYBaHHS MOLUKOMKEHb CKIIOMIECTVIKIB 38 1A0ra JOnoMOro.
Kniovoei cnoBa: koMno3uLiiHi MaTepiany; iHppayepBoHe BUNPOMIHIOBAHHS; eX0aedeKTocKonis.

I. V. Munshtukov, A. L. Puzyryov, V. V. Ushakov
POSSIBILITY OF USING INFRARED TESTING OF THE ELEMENTS OF AIRFRAMES OF AIRCRAFTS DURING EXPLOTATION
It is shown that, in the operating businesses use existing diagnostic methods for control of airframe components of the aircraft,
from polymeric composite materials are not always effective. To control these materials are encouraged to use the method of infrared
flaw detection. A schematic diagram of the device and collected under it. Shows the performance and the fundamental possibility of

diagnosing damage fiberglass using this method.

Keywords: composite materials; infrared radiation; infrared flaw detection.
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MACYI MAXIJKYBIAH, acmipanT,
Hep:kaBHUI YHiBEpCUTET TeJIeKOMYHiKaIiii, Kuis

MATHITHI TOJIOBKW JJ1A HARBUCOKOLIJIBHOIO 3ANUCY

36inbwyOTL NNOWHHKEY MarHiTHy axizoTponiio.

LWiNbHICTb 3anucy.

JHocnigmyoTeca BHCOKOMOMEHTHI Martepianu, aKi € OfHUM i3 MOXHBHX TEXHOJIOTIYHHK BHpilWeHb Ana 3ab6e3neyeHHs
BHCOKOI WinbHOCTI 3anKucy B yugipoBux Harpomagmysayax. Mosepxnesoi winsnocti nonag 200 k6it/mm? 6yno gocarnyro
npy No3[40BXKHLOMY 3aNHCY 3 BHKOPHCTAHHAM KOHCTPYKYIT 3anucyBanbHOI rooBKH 3 NIOCKMM BEPXHiM nomocom. I3 meroro
NocHNEHHA MarHiTHOM AKHK BJIacTHBOCTel pob6oynx wapie Hociie gna nepnengukynapsoro 3anucy eugy Fe—Co—B pexo-
MeH[j0BaHo BHKOpHCTOBYBaTH fogartkosi nigwapn cknagy Ni—Fe. Ui nigwapn eheKTHBHO 3MEHWYIOTE KOEPLYHTHBHY CHAY Ta

Kniouogi cnoea: B1COKOMOMEHTHNI MarTepiasn; KoepuuTBHA CIMa; MarHiTHa aHi3oTporis; nepneHaykynsapH1i 3anuc; noBepxHeBa

Bemyn
BukoprucraHHA BHUCOKOMOMEHTHHX MaTepiajiiB B
iHAYKIiHHUX 3amKUCyBaJbHUX TOJIOBKax € 0060B’dA3-
KOBOI0O YMOBOIO [JIsi [OCATHEHHS HAJBUCOKOI IIO-
BEPXHEBOI IiIbHOCTI MO3ZOBXKHBOI'O Ta IepIemu-
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KyJAPHOTO 3amucy. ¥ IIid cTaTTi 0O0roBOPIOIOTHCS
MAarHiTHi BJIACTHMBOCTLI BHCOKOMOMEHTHUX OcCarKe-
HuX mriBok. CyduacHi KOHCTPYKIIil IOJIOBOK i mpo-
TPECUBHI TOHKOILIIBKOBI TeXHOJIOTiI J03BOJIAIOTH
YCHIiITHO BHOPOBAIKyBaTH TaKWUII TUII MaTepiaJis.
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ITokasaHo, II0 BUKOPUCTAHHSA [JIs II03J0BXKHBOTO
3aMKUCYy KOHCTPYKIIiI 3aIMCyBaJIbHOI T'OJIOBKH i3 ILJIOC-
KM BepxHiM mosiiocom [1] moske 3abesmeunTtu
IIOBepXHEBY INiibHicTH 3ammcy mo 201 x6itT/mMmZ,
a BUKOPHCTAHHA B30HIOBMX TOJIOBOK — IIOHAJ
224 x6iT/MMm2.

Bucoxomomenmni mamepianu

Bucoxomomenrni muiBku (Fe, ,Cog;), . N, [2]
MOXKYTBH OyTH OTPUMAaHi B CepeoBUIIlI Ta30BOi CyMi-
mi Ar/N, 3a [OIOMOTrol0 PDEaKTHBHOTO MarHeTpoHa
OCa/KeHHAM IIpU IocTifiHOMy cTtpyMi. OmHOIIIapOBi
FeCo miiBKM MaioTh THUIIOBI 3HAYEHHA KOEPI[UTUB-
HOI cuiu B Mexkax 50 E i marmitai BiracTuBocTi, i30-
TPOIIHi B IO U Hi. [l MOCUIeHHS MarHiTHOM AKX
BJIACTUBOCTEN i 3a0e3meueHHA YiTKO BUPAIKEHOI Of-
HOOCHOBOI aHizoTpomii 6yJI0 BUKOHAHO TOHKOIIIApO-
Be IOKPUTTA MATHITHOM AKUM Ni, Fe,,. Maruitsi
BJIACTUBOCTI IJIiBOK BUMipIOBa/JIUCA 3a JOIIOMOTIOIO
caMosanucyBaua IeTeJb ricTepe3ucy i BibpaliiiHOTO
Mar=iTomerpa.

Ha snauenns marmiTHOro Momenrta B, miiBku mo-
KPUTTA iCTOTHO BIJINBAIOTH TOBII[MHA IIapy IIOKPUT-
TS, CTYHiHb OCAJ’KeHHS, BiicTaHb MisK MIiIIIEHHIO Ta
OiIKJIaJK0I0, a TAKOXK KiJBKiCTh a30Ty B radoBOMY
ocajyKkyBanbHOMYy cepemoBuii. Illo X mo Koepiu-
TUBHOI CUJIY ILJIIBKY, TO BOHA I'OJIOBHUM YHMHOM 3aJie-
JKUTH BiJ TUCKY I'a30BOTO CePeOBUIIIA, BMIiCTYy a30Ty
Ta 3CyBY HigkJgagky. Briiue BMicTy a3oTy Ha piBeHb
MaTrHiITHUX BJIACTUBOCTEH IIiBKHY ifocTpye puc. 1, ge
MITPUXOBA JIiHiA XapaKTepua3ye 3aJeKHiCThb BiJ BMic-
Ty @30Ty B r'a30BOMY CEPEJOBUII, IO OCAAIKYETHC,
MartiTHOro MoMeHTa B,, mITpuX-myHKTHUpHA JiHiA
IO3HAYAE OCi JIeTKOTro, a CyIijbHAa JiHiA — oci Bak-
Koro HamarHiuyBanHa H_ manunennx miisok FeCoN.
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Puc. 1

3ayBasKumMo, 110 3Ha4YeHHA B  cmouaTKy spocra-
I0Thb, a4 JaJIi MOHOTOHHO CIAJAalOTh 3i 30iJbIIIeHHAM
yMicTy asoTy B radoBomy cepemosuimi. Oci jgerkoro i
Ba’KKOTO HaMarHiuyBaHHS KOEPIIUTUBHOI CUJIU BU-
SABJISIOTH CTINKMI MiHIiMyM, KOJIM BMiCT a30Ty CTAHO-
BuTh 1-10% . TunoBy meT.io ricrepesnucy BUCOKOMO-
meHTHOI iIiBku FeCoN rTosmuuooo 0,3 MKM, OoTpu-
MaHol 3a ONTHUMAJBbHUX YMOB OCAJKeHHS, 300pasKe-
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HO Ha puc. 2, e CYIHiJIbHUMHU JiHiIMHI T03HAYEHO Xis
Ba’KKOT0, & IYHKTHUPOM — JIETKOTO HAaMarHiuyBaHHS.

M/M,

50

_1,2 —+
Puc. 2

IIpu upomy suauennsa H,Z B Hampsmi Jerkoro
i BasKKOro HaMarHiUyBaHHA CTAaHOBUTHL BiJMOBiTHO
4,01 1,6 E, a sHaueHHA HIc moJIs aHi3oTpomii JopiB-
Hioe 15 E. Mar"iTocTpukIlisa mocrifina i cTaHOBUTH
61m3bKo0 4,5-107°,

TecT Ha eJIeKTPOXiMiuHy KOpO3iio IIiBOK OyJI0
BUKOHaHO i3 3actocyBauuaM 0,01 M posumnuy NaCl.
ITopiBHSAHO 3 BUXiZHUMU IJIiBKAMU NiFe45, NiFe58
i Cog,Ni,,Fe,, mokpurra miriskowo FeCo summkye Ko-
posifiHu#l moTreHIiax EKop i koposiitauit ctpym I Kop?
JeMOHCTPYIOUM Kpallly 3LaTHICTH 10 OTIOPY KOPo3ii Ta
BUIIUI TOAATHUI MOTEHI[iaJI PO3iMKHEHOTO K0JIa, IO
BKasye Ha iCTOTHY CXUJIBHICTH 0 IIOBEPXHEBOI macu-
Barii.

s moyinineHHs BJIaCTUBOCTEN IJIIBOK i3 pisHUM
yMicToM a30Ty Ha MiKPOCTPYKTYPHOMY DiBHi BUKO-
pucToByBajiach PeHTreHiBchbKa audpakriida. Ik 6aun-
Mo 3 puc. 3, mriBku FeCoN i3 pisaum ymicrom N, (%)
Ta 3 TeKkcTypoio (100) maroTh miK iHTEHCUBHOCTI, IO
3MEHITYEThCA 3 MiABUINEHHAM YMiCTy a30Ty, 1110 Bia-
TOBiZla€ 3MEHIIIeHHIO PO3Mipy 3epHa.

InTencusHicTh, B. 0.
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IToninmienHss Mar"iTHHUX BJIACTUBOCTEH 3a paxy-
HOK IIOKPUTTS IMOSCHIOETHCS IMOJIIIIITeHHSIM TEKCTYPU
FeCo (100), sMeHIIIEHHAM pPO3Mipy 3epHa uepes 3poc-
TAHHS KiJBKOCTi PO3KOJIEHHX CTOBIUACTUX 3€PEeH, a
TaKO0K MATHITHUM 3UYeIlJIeHHAM MarHiTHOM AKUX II1a-
piB Ni,, Fe,, i3 FeCo, o spemroro 3abesneuye Kpamry
OIHOOCHOBY aHi30TPOIIiI0.
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I'onoséxu 015 n030063#HbOZO 3anucy

TomoBKa Jisi TIO3MOBXKHLOTO 3aluCy KOHCTPYK-
TUBHO IIOENHYE IIJIOCKUU BEPXHIN ITOJIOC 1 HUMKHIO
TOJIIOCHY ITiZICTaBy, IO 3a0e3leuye HAWMEHIIIUHA 1Ie-
pepis. 300pakeHHsA IMMOIEPEUYHOTO IIepepisy 3amucy-
BaJIbHOI T'OJIOBKM, OTPUMAHEe METOJOM CKaHyBaJbHOI
eJIEKTPOHHOI MiKpPOCKOIIii, HaBeIeHO Ha puc. 4.

Koucrpykmia 1iei sa-
ONCYBAJIbHOI TOJIOBKU AB-
JIsie cO00I0 IIEeCTUBUTKOBY
OHOIIIAPOBY OOMOTKY i3
Kpokom 1,5 MKM i mOB-
JKUHOI0O B TIOIEPEeYHUKY
14 MxM.

Ilnocki ToHKI mimkaanm-
KU — IIiAcTaBU HUKHBO-
TO TIOJI0CA, a TaKOMK 130JIAIiNHUN 11Tap 0OMOTKY BU-
TOTOBJIAJIMCA METOAOM XiMiuHOTO (hpesepyBaHHSA.

Ha mm:kHIO YacTUHY BepPXHBOTO IIOJIfOca OYJIO Ha-
OUJIeHO TIiBKY BucoKomMoMeHTHOro FeCo ToBIu-
OO 0,35 MKM fAK MTOTOKOPO3MIMPIOBAJLHHUU IITap,
OPUJIETJIUN OO0 3aluCyBaJbHOTO 3a30pa IITUPUHOIO
0,09 mxMm. IToBepxHA BEPXHBOTO IIOJIOCA — TLJIiB-
ka Ni,gFe., i3 piBHem inayKifii Hacuuennsa B, monan
19 xrc (1,9 T), MmeTomoM raJbBaHIYHOTO OCAMKEHHSA
HaHOCUJACA Ha TOJIOCHUN HAKOHEUHUK, BUTOTOB-
JIeHUU MeTOoZOM iOHHOTO (hpe3epyBaHHA y BUIIALL
TOHKOI MJIACTHUHKM TOBINMHOK 0au3bkKo 0,14 MKM
i3 mpamosiniinuM npodinem 6iunoi crimkKm. 3a-
raJibHa BHCOTA IIOJIOCHOTO HAaKOHEUHWKA CTAHOBUJIA
1,5 mrm. HacTuHa HUIKHBOTO II0JIIOCA, PO3TAIITOBaHA
BUIIlE BijJi 3anmMCyBaJIbHOTO 3a30pa, IiapisaJsiaca Ha
raubuny 61u3bK0 0,15 MKM o MMTUPUHI JOPIMKKY, TAK
caMo AK i YacTHA BepXHbOTO II0JII0CA.

3anucyBaJbHUN TOJIIOC i3 OOKY MepeaHbOI HOCi-
HOI ITOBEPXHi, IPOCKAHOBAHUU 3a JOIOMOIOI0 eJIeK-
TPOHHOTO MiKPOCKOIIa, 300paskeHo Ha puc. 5.

T Huxuiii mosroc 0yJio BHUKO-

3 HAHO y BUIJIAMl IUIIBKU TOB-
muaolo 0,25 MKM i3 BMCOKOIO
impykiiero HacuuenHsa B, oca-
IoKeHOoi Ha BepxXHill uacTuHI
migcraBu, IIOB’s3aHOI i3 3amm-
cyBaJIbHUM 3azopoM. Hukwii
IOJIIOC i3 ocamKeHol ILIiBKHU,
III0 Ma€ BHCOKY IHAYKIIiIO Ha-
cuueHHA B, Tako Moke OyTH BUTOTOBJICHUI MeTO-
oM ioHHOTO (hpe3epyBaHHA 3 METOIO BCTAHOBJIECHHS
BHUCOTH IIepPepisy 3anucyBaJbHOI YaCTUHMU.

Burnan mig eIeKTPOHHUM MiKPOCKOIIOM TOBEPXHi
3aI1CyBaJbHOI T'OJIOBKU 3 HaHeceHOI0 mIiBKo FeCo
Ha BEPXHHBOMY i HUIKHBOMY MHOJIIOCHUX HAKOHEUHU-
Kax HaBeJeHo Ha puc. 6.

3anucyBajJbHI T'OJOBKM 3JaTHiI 3a0e3meuuTu pi-
BeHb Iepesamnucy 6yu3bko 36 nb i memimifimi cro-
TBOPEeHHA MeHII Hixk mMunyc 25 1B npu 24 x6it/Mm?2
Oe3 mepeaxomieHcarii. Hanpukiaan, 0yJI0 DOCATHY-
TO TOBEPXHEBOI IMiJIBHOCTI ITIO3J0BXXHBOTO 3aIIUCY
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Puc. 4

Puc. 5

Puc. 6

201,5 x6iT/MMm2
(21 M6aiir/c).

mpu mBuaxkocri 170 M6it/c

I'onoséxu 0nsa nepnenduKkynaprnozo
3anucy

¥V pasi neprneHINKYyJIAPHOTO 3aIICy BUKOPUCTOBY-
IOTh OJHOIIOJIIOCHI B0HJOBi T'OJIOBKM Ta CEPEIOBUIIE
3 M SKOIO IMiAKJIALKOIO, 10, IiABUIIYE MEXY TepMid-
HOI cTabiIbHOCTI, CIIpUAIOUN 30iTBITTEHHIO MTiILHOCTI
sanucy [3]. 3anucyBajabHA TOJIOBKA /I IEPHIEHIUKY -
JISTPHOTO 3aMUCY SABJAE COO0I0 KOHCTPYKIIiIO 3 OHO-
TIOJIIOCHOIO 30HOBOIO T'OJIOBKOIO, IO MiCTUTH Yy c00i
3aMUKAJbHUN HUMKHIA TOIMOMIiMKHUK MOJIOC 1 TOJIOB-
HHUH moJiroc i3 manmieHoro miIiBkoio FeCo, sxka mae
BUCOKY iHIYKIlit0 HacuueHHs B_.

ITonnepeunuii mepepis roIoOBKU AJiA IePHEeHIUKY-
JITPHOTO 3amuCy 300paskeHo Ha puc. 7.

Hag: grem e’y "
Delsrter: B30

" e b

Puc. 7

Ilepenusa oxpaiika [OONOMIiXKHOTO IIOJIOCA Mae
popi3 Ha HmepemHbO-HOCIHHIN MOBepxHi TIMOMHOIO
6m3bK0o 1 MKM aJa 3abesneueHHA e(peKTUBHOI IIPO-
BiTHOCTI ITOTOKY 0 IOJIOCHOTO HAKOHEUHUKA.

Tos0BKa MiCTUTL OZHOIIIAPOBY IIIECTUBUTKOBY 00-
MOTKY. IIpm BUTOTOBJIEHHI BHUCOKOMOMEHTHOTO TO-
JIOBHOTO IIOJIIOCA Ha HUMKHIN JOIOMIMKHHUIN IIOJIIOC
ocamkyBajyiaca miriska FeCo tosiiunoro 0,3 MKM Ha-
nomnepesHbO XiMiUYHO W MeXaHiIUYHO BigmoJipoBany
TMMOBEPXHI0O 3 METOI0 3a0e3IMeueHHs IIJIOIUHHOCTI.
ITostocHi HAKOHEYHUKU BUTOTOBJIAJNUCA METOAOM
dorosiTorpadii. [isa orpuMmanHasa Tpamnemnoiguoi ¢op-
MU IIOJIfOca Ha IepemHil HociliHii moBepxHi 3 6iuHU-
mu kKyramu 10° BUKOpHCTaHO MeTOJ i0OHHOTO (hpese-
PYBaHHA HifKJaJKKM KPisb TBepie moxputra Al,O,
(puc. 8).
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Ha ocHoOBi esremeHTHO-
ro MOJeJIOBaHHA 3aIrpo-
IIOHOBAHO TpPAIENoiaHY
(opmy 1oJIFOCA 3 TOCT-
POIO Ta PiBHOIO BEPXHbBOIO
OKpalikoioo, HeoOXiTHOIo
st Mimimisarii 6iuHOrO
3amucy Opu OiIbIIUX KY-
TOBUX BigxmieHHAX [3].

3acrocyBaHHs ocamkeHuX FeCo MIiBoK K OCHOB-
HOTO TOJIIOCHOTO MaTepiany CHOpHUSAE IIiABUINEHHIO
e(peKTUBHOCTI 3amucyBaJbHOI T'OJIOBKU. Bucoka iH-
ayknia B, niuiBox HeoOxigHa A TOTO, 11100 3abesre-
YUTHU aleKBaTHY 3aIUCYBaJbHY 30aTHICTD AJIA HAJBU-
COKOI IIiJIbHOCTi. 3anucyBaJibHA MarHiTHA T'OJIOBKA,
onTuMisoBaHa aadA mupuHu gopikku 0,18 MrM, 3a-
OesIleuye IIpu mepesanucy Biggauy 6inbir Hixk 40 b,
SAKIITO CTPYM 3amlucy MeHIIui Big 5 MA, a HemiHiliHi
CIIOTBOPeHHA MeHIi 3a minyc 30 1B npu mfiibHOCTI
6ansHo0 40 K6iT/MM2 6e3 mepegkomueHncarii. Hanssu-
yaiiHi MarHiTHOM  AKi BJIaCTUBOCTI ILJIIBOK MOKPUTTS
FeCo nposBiaAamTbCA B HU3bKilM 3aJIUNIKOBilT Hamar-
HiUeHOCTi, a OTiKe, y MiHiMaJIbHOMY caMOpPO3MAarHi-
YyyBaHHI 3alMCyBaHUX JAHUX HaBITh IpHU Ay:Ke Ma-
JINX PO3Mipax IOJIFOCHOTO HAKOHEUHUKA.

3ayBasKUMO, II[0 MATHITHI HOMEHH B T'OJIOBHOMY
moJiioci (opMyIoTh GaskaHy MOMEHHY CTPYKTYpPY, 3a-
OesmeuyBaHy Mar"HiTHOM AKUMHU MaTepiamamu [4].
K 1OKa3yITh CIIOCTEPE)KEeHHSA, HaMarHiueHicTb
o0epTaHHA TOJIOBHHUM UYWHOM BIIJIMBA€E HA IIPOBix-
HICTh IIOTOKY Uepe3 IIOIEepeuHMUi Iepepis TOoJIOBKU,
VHACJiOK YOT0 CKOPOUYETHCA YAC IPOXOMKEHHSA 110~
TOKY. 3aBAAKHN TpameloigHiii popmi mosrroca 3abes-
meuyeThCA MiHiMaJabHUN OiUHMI 3amucC, 110 IMiATBEP-
IUKYyeThbeA BuUMipaMu OpodijsiB, KOJAW KYT HaAXUIY
cranoBuTh —10°, 0 i +10°. CKopuCTaBIINCH CyYaCHU-
MU HOCiAMU IJIsI TepHeHAUKYIAPHOTO 3aIlucy 3 M’ -
KOIO MiAKJIAAKO0I0, MOYKHA IPU OIITUMAJIbHUX KOMOi-
HAIliAX TOJIOBKA-HOCi# 3a6e3meunTn JiHIAHY NIiab-
HicTs 30 K6iT/MM i 1TiabHiCTE HOpPisKoK 7400 mop/MM.
IIpu mnpomMy IOBepxHEeBa IIiJIbHICTHL II€PEBUIIyBAa-
tume 224 K6iT/MM2 IpH IIBHAKOCTi, OLIBIIIH Him
420 M6it/c (52,5 Mbaiit/c).

MaruiTHoM’ AKi migIapu HOCIIB JJig HaABUCOKO-
MIiJIBHOTO 3aIINCy CTAHOBJATH IPEIMET TOCUTh iHTeH-
cuBHOTO BuBUeHHs [5]. MaTepianu 3 BUCOKOIO HAMar-
HivenicTio HacuueHHsA 4nM, i BHCOKOIO BiJHOCHOIO
MarHiTHOIO IPOHUKHICTIO I OTPUMYIOTH 34 JOIOMO-
TOI0 HAHOTEXHOJIOTIN.

Binmowmo, 1o moJsie Heocb0OBOI MaruiTHOI aHizoTpomii
B MarHiTHOM AKHUX IIiAIIapax Bigirpae BasKJINBY POJIb
y IMiABUIIIeHHI BiHOIIIEHHS CUTHAJ-IIIYM 34 PaXyHOK
opieHTAIlii Ocell JIETKOT0 i Ba;KKOT'0 HaMarHiuyBaHHA.
ITokasano, IO Ile BigHOIIEHHS MOJKHA IIiIBUIIUTU
Ha 2 0B [6].

Tonki mrisku Fe Co,_ mpu sHavennax x = 20...50
MaioTh BUcOKe (6,113bK0 24 Krc, abo 2,4 T) sHaueHHS
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4nM_ i Bucory (6smspk0 50 E) Hanpy»keHicTh HEOCHO-
Boi maruiTHoi amizorpomii. Ogaax Fe—Co Touki miis-
KU MaIOTh 1 IyKe BUCOKY MarHiTOCTPUKILiI0 HACUYEH-
HS, SKa IPU3BOAUTH A0 Aerpafaliii MarsiTHOM AKUX
BJIACTUBOCTEMH, IiIBUNTYIOUN PiBeHb IITYMiB.

Buxin i3 1miei curyarii B6auaeThbcAa B PO3BUTKY
b6araToIapoBux CTPYKTyp. OpHuM i3 BapiaHTiB € 3a-
crocyBaHHA mIiBoK Bupy [Fe—Co—-B/Ni-Fe-O] is
MaJioio (6;113bK0 11 E) KoepIuTUBHOIO CHJI00 B3OBIK
oCi BaKKOro HaMarHiuyBaHHS Ta BeJUKOIO (0JIM3bKO
255 E) mampy:KeHicTIO HeochbOBOI MaruiTHOI aHi3o-
Tporrii. Ile focAraeTbcsa BBeLEHHAM A0 CKJIAIy OCHOB-
HoOro mapy 0opy Ta Bukopucraumuam Ni—Fe—O mix-
mapis.

3ayBasKuMoO, 110 HABiTh Ay’Ke TOHKOrO (3 HM) mia-
mIapy SOCTATHBO IJISA TOTrO, I[00 3MEHIINUTU 3HAUeH-
HA KoepruTuBHOI cuiu 1mapy Fe—Co—B. ITpu mpomy
OCTaHHIiN, OCa[)KeHUI Ha MHigniap TOBIIMHOIO 3 HM,
Mae 3UI'3aromnoAioHi MardiTHi JoMeHu’.

3aneKHicTh BigZHOCHOI MarHiTHOI IIPOHMKHOC-
Ti |, Big wacToTm mas monsiiinux mapis Fe—Co—B
(200 am)/Ni—Fe (20 am) HaBemeHo Ha puc. 9.
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3HaueHHsA AifiCHOI CKJIAZ0BOI KOMILJIEKCHOI Mar-
HiTHOI TPOHMKHOCTI 11/, o6uMCIeHe 3i cIiBBigHOIIEH-
HaA 1,/=4nM, / H , nopisHioe 84, a BumipsHe 3a fo10-
MOTOIO IIepMeaMeTpa CTaHOBUJIO 01u3bK0 350. YaBHA
CKJIaJloBa KOMILJIEKCHOI MarHiTHOI mpoHmMKHOCTI 1
moABifiHOrO mapy 6yJa 6Ju3bKa 40 HYJIA Ha YaCTOTaX
1m0 3 I'T1. 3 ypaxyBaHHAM MOXUOKU €KCIIEPUMEHTY Iie
BKasye Ha Te, 1110 (hepoMarHiTHa pe3oHaHCHA YacTOTa
f, mepesumye 3 I'Tu. Take Bucoke sHaueHHA f, mO-
nBitinux mapiB Fe—Co—B/Ni—Fe mosxHa cniBBigHec-
THU 3 BUCOKMMU 3HaueHHAME H i 4nM._.

Bucnosku
BukopucraHHS BUCOKOMOMEHTHHUX MaTepiajiB €
OMHUM i3 MOKJMBUX TEXHOJOTIYHUX BUPIIIEHb IJIs
3abes3meueH s BUCOKOI H1iibHOCTI 3anucy. IloBepxHe-
Boi minsHOCTI 201 K6iT/MM2 6yJI0 JOCATHYTO IPH IO~
3I0BKHBOMY 3aIUCY. 3a JOIIOMOT'0I0 KOHCTPYKIIii 3a-
MHUCYBaJbHOI TOJIOBKY 3 IIJIOCKUM BEPXHIM ITOJIIOCOM.
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TloBepxHeBy ITiAbHiCTE MoHAL 224 K6iT/MM2 MOsKe
O0yTu 3a6es3rneueHo 3 BUKOPUCTAHHAM CYYaCHUX 30H-
IOBUX TOJIOBOK i3 TpamenoifHUMU IIOJIOCHUMHU HAKO-
HEUHUKaMU.

s mocuyieHHS MarHiTHOM SIKMX BJIACTHUBOCTEH
po6oumx IapiB HOCIIB /i MePIEeHIUKYJIAPHOTO 3a-
nucy Bupy Fe—Co—B pexkoMeHAyeTbCA BUKOpPUCTA-
T momaTKoBi migmiapu cocraBa Ni—Fe. IIi nigmapu
eeKTUBHO 3MEHINYIOTh KOEPIIUTHUBHY CUIY i 30i1b-
HIYIOTH IJIOIMHHY MarHiTHy aHi30TpoIriio.
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I". H. Po3apuros, Macyg Maxmxy6nar
MATHUTHBIE F0J10BKW 1191 CBEPXBbICOKOMJIOTHOM 3ANMCH

WcenenyioTcs BbICOKOMOMEHTHbIE MaTepUabl, IBASIOLUECS OJHUM U3 BO3MOXHbIX TEXHONOMHECKUX PELLEHV [71s 0BECTEYEHNS Bbl-
COKOW M/IOTHOCTY 38MMCY B LGhPOBBIX HaKonuTensx. [10BepXHOCTHas nnoTHocTs 6osiee 200 K6WT/MM? Bbiria [OCTATHYTE NPY MPOFOIHON
3anicy ¢ 1Crosib30BaHNEM KOHCTPYKLUMM 3aMVChIBAIOLYEN rofoBKM C MIOCKM BEPXHUM NoacoM. G Lesblo yCuneHns MarHuTHOMSITKMX
CBOVICTB pabouux Cri0eB HocuTened Ans nepneHankynspHoi 3anucy suga Fe—Co—B pexkomenpoBaHo 1cronb30BaTh [OMOAHUTENbHbIE
nogcnon coctasa Ni—Fe. 3ty nogcnon agihekTvBHO YMEHBLUEIOT KO3PUUTUBHYIO CUIY U YBESTNYMBAIOT NOBEPXHOCTHYIO MarHUTHYIO aHU30-
TPONNKD.

KnioveBble cnoBa: BbiCOKOMOMEHTHbI/I MaTepuar; KO3pUMTMBHA® CWUMa; MarHUTHas aHW30TPOnus; MepneHaukynspHas 3anuch;
MOBEPXHOCTHas NNOTHOCTL 3anicy.

G. M. Rozorinov, Masoud Mahjoubian
A MAGNETIC HEADS FOR SUPER HIGH DENSITY RECORDING
A high-torque materials which are one of possible technological decisions for providing of high-density recording in digital storage
devices are researched. Surface density over 200 Kbit/mmZ2 was attained at a longitudinal record, with the use of construction of
writing down head with a flat overhead pole. For strengthening of soft magnetic properties of workings layers of magnetic medium
for the perpendicular record of Fe—Co-B type it is recommended to utillize the additional Ni-Fe sublayers. These sublayers effectively
diminish a coercitivity and increase a surface magnetic anisotropy.

Keywords: high-torque material; coercitivity; magnetic anisotropy; perpendicular record; surface bit density.
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Hep:xaBHuU# yHiBEpcuUTeT TeaekomMyHiKaiiit, Kuis

MATEMATUYHA MOJAEJTb 3A[AYI PO NOLNPEHHA TEMNOTH
B PALIOEJIEKTPOHHUX KOMIOHEHTAX

Mobyposano maremarnyHy Mogesnb, 1O ONHCYE NPOLEC MOWHPEHHA TEIJIOTH B TOHKOMY Wwapi mMarepiany, 1o NoKpHBac
KpucTan HanignpoBigHuka. Po3rnaHyTo BHNafoK 0gHOBHMIPHOT HecTayioHapHoi TennonposigHocti. Po3B’a3yBaru Taky 3aga-
4y OBOANTLCA, 30KpEeMa, y pa3i BHKOPHCTAHHA METoZY BNaCHOI0 BHNPOMIHIOBaHHSA AN NOKani3ayii HecnpaBHUK eeMeHTIB
YnihpoBHX 6/10KIB 33 JONOMOrol0 AaBTOHOMHMK aBTOMAaTtH30BaHHK CHCTEM JiarHoCTYBaHHA.

KniouoBi cnoea: niarHocTi4Ha iHopMaLlis; METO BNIACHOM0 BANPOMIHIOBAHHS; PaaioeneKTPOHHIN KOMMOHEHT.

Bemyn
TennoBa eHeprisd, IO BUBLJIbHUJIACA B AeAKOMY
OpUCTPOI BHACHIZOK Ail TOro UM iHIIOrO MexaHi3my
TeIJIOBUIiJIEHHsA, HamaJ i MepeHOCUThCI B OiK 3HU-
JKeHHS TeMIlepaTypH. Yce Iie BimoyBaeThCsa 3TimHo i3
3aKOHAMU TeILJIoIlepeJaBaHHsA, 1110 ONMCYIOThCA Bifo-
MUMHU AU(EepeHITialbHUMY PiBHAHHAMMA.
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PospisHAOTE TPU cIIOCOOU IIepEeHECeH TEJIOTH!:

® menaonpogionicms — TIepeHeCeHHA TEeIJIOBOI
eHeprii npu 6e3mocepeHHFOMY KOHTAKTi Tij abo yac-
THUH OJHOTO TiJja, III0 MAIOTh Pi3HY TeMIEPaTypy;

® KOHBeKYiA — IlepeHeCeHHsd TEIJOTH 3a paxy-
HOK IlepeMiNnTyBaHHS B IIPOCTOPi PYXOMUX DPiVH Uu
rasiB;
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