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[MpencraBneHbl pe3yabTaThl MCMHOJb30BAHUM KOMOWHAIIMM HECKOJbKMX MOBEPXHOCTHO-AaKTUBHBIX Be-
wectB (ITAB) nnst mosyyeHust cyOMUKPOHHBIX MAarHUTOTBEPIBIX TOPOILIKOB Sm,Fe ;N3 pazmosiiom B LieH-
TpoOexXHOU MenbHuUlle. [ToMuMO 100aBOK MeTWJIKanpoara, ¢ LeJblo 3alllUThl ITOPOIIKA OT OKUCIEHUS,
n3ydyeHa 3¢ GeKTUBHOCTh IpUMeHEeHUsI cuiiokcaHa. IIpumenenne komonHamm [1AB mo3Boamio Kak go-
MOJIHUTEIBHO YBEIUYUTh 3HaueHue (BH),,,, nopoiuka Sm,Fe;N3 no 23.6 MIc D, Tak 1 NOBBICUTb €ro
KOPPO3MOHHYIO CTOMKOCTD. OTIpeneieHo BIUSTHUEe KUHETUKY U3METbYeHUS Ha YTJIOBYIO 3aBUCUMOCTH KO-
3puUUTUBHOI cuiibl H,. [TonydeHbl cBeIeHUs O MIPEMMYILIECTBEHHOM MEXaHU3Me MepeMarHuuyuBaHMs Mo-

POIIIKOB.
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BBEAEHUE

AHM30TPOIHbBIEC TTOPOLIKHU coenuHeHus: Sm,Fe ;N5
C HAMarHWYeHHOCTbIO HachllleHus 4nM, = 15.7 klc
U MOJEM MArHUTOKPUCTALIMYECKOU aHU3OTPONUU
H, = 260 xD saBasitoTcsi onHUM U3 Haubosee Tep-
CHEKTUBHBIX MaTepUaJIOB IJIsl TPOU3BOJACTBA BHICO-
KOHEProeMKHUX MAarHUTOIUIaCTOB (MarHUTOB W3
MarHUTOTBEPIbIX MOPOIIKOB C IMOJUMEPHOI CBSI3-
Koit) [1, 2], a Takke KOHCOJIMAUPOBAHHBIX MATHUTOB
U3 TMOPOIIKOB METOIOM HCKPOBOIO IJIa3MEHHOIO
criekaHus (UIIC) [3—8] unu ropsiuero rnpeccoBaHUs
[9—14]. Takue MOpOIIKHU MOJIy4aloT U3 UCXOAHbBIX JI1-
THIX CIUIaBOB Sm,Fe; Win CUHTE3UPYyIOT METOAOM
BOCCTAHOBUTEIbHOU nuUdGY3Un ¢ TOCIeaYyIOIIUM
azoTupoBaHueM. sl U3roTOBACHUSI aHU3OTPOITHOTO
mariuta Sm—Fe—N ¢ BbIcOKO#i ocTaTouHOii Mar-
HUTHOW MHAYKUUEH B, 1 KO3IpUUTUBHOU cuinoit H,
OOBIYHO TPEOYIOTCSI YACTUIIBI MOPOIIKA CO CPEIHUM
pazmepoMm d < 1 MKM, TpUOIMKAIOLIMMCS K pa3Mepy
onHogoMmeHHoctu (D, = 0.3 mxkm [15]). TToaTomy
MpoLIeCC U3MEJIbYEHUSI CTAHOBUTCS KJIFOUEBBIM LTSI
MOJIyYeHUs] aHU3OTPOITHBIX YIbTPAIUCIIEPCHBIX MO-
poirkoB Sm—Fe—N.

B Hacrosi1iee BpeMst IOPOIIKU, TPUTOTOBICHHbIE
CTPYHHBIM M3MeJIbYEHUEM, MIPOSIBIISIOT HanboJsiee Bbl-
COKME MarHWTHbBbIE TMCTepe3UCHbIe cBoiicTBa [16, 17].
TpaguuuOHHBINE MeTOn U3MeJbUeHMUs ITOpOIlKa
Sm,Fe;N; B 111apoBbIX MeJIbHUILIAX TAKXKE 10CTATOY-
HO HIMPOKO UCHOJIB3YIOT [18—28], omHako mpobiaemMa
arjoMepalMy CyOMUKPOHHBIX YacTHUIl CO3aeT mpe-
MSATCTBUE JJI1 (POPMUPOBAHUS XOPOIIEH TEKCTYPbI
MOPOIIKOB IPU OPUEHTALIMU OCEi1 JIETKOTO HAMarHu-
yuBaHus (OJIH) yacTuil B MarHuTHOM T1oJie. Ciauna-
HY€ MEJIKMX YacTUll B KOHIJIOMepaThl CHUXKAET OCTa-
TOYHYI0O HaMarHM4YeHHOCTh mopoinkoB. IIpobiema
arjoMepaliyi TOHKMUX IOPOILIKOB B 3HAYUTEIbHON
CTeTIeHU pellaeTcs yTeM MPUMeEHEHNS TOBEPXHOCT-
Ho-akTuBHBIX BenlecTB (ITAB) mpu mMexaHudyeckom
n3MenbaeHun [23—28]. OnerHoBast KUCI0Ta Haubosiee
yacTo rucnojb3yercs B Kauectse [TAB mis npurorose-
HUsI CYyOMMKPOHHBIX yactull Sm,Fe ;N5 [25, 26]. dis
JTOCTHKEeHUS 3P (HEKTUBHOTO pe3yJibTaTa U3MeIbYeHUS
(d < 1 MKM) KOJIM4YeCTBO HO0ABJISIEMOI OJIEMHOBOIA
KUCJIOTHI cocTaBisieT oT 10 mo 100% ot mMacchl mu3-
MeJlb4aeMoro nopoiika. ITocie nsmMeabueHus: oer-
HOBYIO KMCJIOTY OUY€Hb TPYIHO YIJIUTh C TIOBEPXHO-
CTH YaCTHUII, a €€ OCTATKM YXyILIal0T KOPPO3UOHHYIO
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CTOMKOCTB, YTO MPUBOINUT K CHIDKEHUIO H, TTOpOIII-
Ka, 0COOCHHO, €CJIM OH UCITOJIb3YeTCS MIJIsl KOHCOJIM -
nauuu metogom UTIC.

B nipenmecTByrommx padorax HaMu ObLIa IIpoAe-
MOHCTpPUMpPOBaHa ONTUMM3AIMSI Mpoliecca IoMoJa
Hutpuna Sm—Fe—N B BuUOpallMOHHOII MeJIbHUIIEC B
cpelle pasIUYHBIX 3alUTHBIX XXUIKOCTEH (TOJIYOlI,
reKkcaH, rertaH, aleToH) ¢ mo6aBkamu psiga ITAB,
KOTOpPBIE OKa3aJIuch 6oJiee 3(p(EKTUBHBIMU I10 CpaB-
HEHUIO C OJIEMHOBOM KuciioToi [27, 28]. briino moka-
3aHO, YTO U3MeIbueHue nopoiika Sm,Fe ;N5 B ate-
TOHE, KOTOPHI 00Jagaet cBoiictBamu [1AB, ynaercst
CYLIECTBEHHO WHTEHCUGUILIMPOBATh IIPOLIECC IPU
BPEMEHU U3MEJIbUeHUS 7,,;; < 4 4. U, COOTBETCTBEHHO,
YCKOPUTh KWHETHKY pocta H_.. BBeneHue B KauecTBe
ITAB 5% kanpoHOBO# KUCIOTHI U 1% MeTunkamnpo-
ara MO3BOJIMJIO TOMOJHUTEIbHO WHTEHCU(PUIIUPO-
BaTh IMpoliecc u3MeybueHus. B pe3yabrare ObLIN MO-
JIy4eHbI TTOPOIIKUA C MaKCUMAJIbHBIM SHEpreThde-
ckuM npousBeneHueM (BH) ., = 18 MIc D [27].

B HacTosieit paboTe IpencraBieHbl pe3yabTaThl
UCIOJb30BaHMA KOMOMHALINU HecKOoAbKuX [TAB misa
TOJIy4YEeHUs] CYOMMKPOHHBIX MAarHUTOTBEPABIX ITO-
pouikoB Sm,Fe;;N; pa3moyioM B LEHTPOOEKHOM
MenbpHUle. IToMnMo 1o0aBOK MeTHIKaIIpoara, ¢ 1ie-
JIBIO 3aIIIMTHI MOPOIIKA OT OKMCICHUS, M3ydeHa 3¢-
(G EKTUBHOCTb MIPUMEHEHMUSI CUJIOKcaHa. JlobaBKa cH-
JIOKCaHa IT03BOJIMJIA KaK JOMOJIHUTEIBHO YBEIUUYNTh
(BH),,,, nopoiika Sm,Fe;;N;, Tak 1 NOBBICUTb €T0
KOPPO3MOHHYIO CTOMKOCTb. OmnpenesieHO BIUSIHUE
KMHETUKY M3MEIbYeHMs Ha YITIOBYIO 3aBUCUMOCTU
H.. IlonyyeHbl JaHHBIE O TPEUMYIIIECTBEHHOM MeXxa-
HU3Me IIepeMarHM4YuBaHus ITOPOIIKOB.

METOAMNKA SKCITEPUMEHTA

Hcxonnblii criaB Sm, ogFe; ObLT M3roTOBNEH Ha
VYpallbCKOM 3JIEKTPOMEXaHUYECKOM 3aBOJIe IO TeX-
HoJiorum strip-casting [28]. CkopocTb BpallleHUS
MEIHOTO 3aKaJOYHOTo OapabaHa Mpu pas3jiMBKE CO-
crasiisiia okoio 1 m/c. ITnactuHku criaBa Sm, ogFey;
nMesr TonmuHy 0.2—0.3 MM ¥ IIUPUHY OKOJIO 3 CM.
CIutaB rOMOTeHU3UPOBAJIN B Cpelie aproHa mpu TeM-
neparype 1000°C B Treuenue 1 4. 15 IIOIydYeHUS IO~
POIIIKOB IUIACTUHKMU CILJIaBa MPeABaAPUTEIbHO TUAPU -
poBayii B TeueHue 4 4 mpu remneparype 250°C u naB-
JleHuu Bojopoja 2 atM. [uapupoBaHHbBIN CIUIaB
U3MeIbyald B CTYNKE IO pa3Mepa 4yacTull MEHee
56 MKM ¥ 3aTe€M a30TUPOBAJIA B T€YEHUE 4 4 TIPU TEM-
reparype 500°C B cmecu razos 50% H, u 50% N, npu
naBiaeHuu 2 atM. KoHIIeHTpal1io a30Ta X B HUTpUJIE
Sm,Fe;N, KoHTpoJupoBanu B3BELIMBAHUEM I1O-
polliKa A0 U MocJie mpolecca a30TUPOBaHUsI. A30TU-
pOBaHHbIE MOPOLIKU U3METbYaIM B LIEHTPOOEKHOI
menbpHulie (LIM) mpu coOOTHOIIIEHMM MaccChl IIapOB
m,, U mopoiika m; ot 15 no 40 B cpene aiieToHa ¢ 10-
6aBkamu ITAB. B kauectBe T1AB ucnonbs3oBaiu me-
TUJIOBBIM 3(UP KaIpOHOBOU KUCIOTHI (METUIKAIPO-
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ar) C;H,;C(O)OCH; ¢ miorHoctbio 0.885 r/cm® u
cunokcan Si(OC,Hs), ¢ motHocthio 0.934 1/cMm3.
KoHueHnTpauuio nobasisieMbix ITAB 3agaBaiu B Be-
COBBIX MPOLIEHTAaX 10 OTHOIIEHHWIO K BECy 3arpyxae-
Moro nopoiiika Sm,Fe;N, (~10 r). Bce onepaiiu no
3arpy3ke, BbITPY3Ke U CYIIKe TUAPUPOBAHHOTO, a30-
TUPOBAHHOTO UM M3MEJIbUEHHOIO TIOPOIIKa, OCYy-
ILIECTBJISIIA B T€pUYaTOYHOM OOKCe, 3aIlOJHEHHOM
azoroM. KoHIIeHTpalusi OCTaTOYHOTO KMCI0poaa B
6okce He npesbiuana 200 ppm. KpuBbie pa3mMarau-
YUBaHUS a30TUPOBAHHBIX MTOPOIIKOB, TEKCTYPOBaH-
HBIX B MarHUTHOM TII0JIe HaNpsIKEHHOCThIO 12 KO,
U3MEPSIIA TPU KOMHATHOM TeMIepaType ¢ TOMOIIbIO
BubpanmoHHoro MarHeroMerpa Lake Shore. Makcn-
MaJibHasl HaIpsKeHHOCTb MAarHUTHOIO MOJsT 3JeK-
TpoMarHura cocTasisiia 17 kB, M3o0paxkeHuss MUK-
POCTPYKTYPbI TTOPOIIKOB ObUIN TOJYyY€HbI C IPpUME-
HEHMeM CKaHUPYIOIIETOo 3JIEKTPOHHOTO MUKPOCKOTa
Phenom ProX, o6opymoBaHHOIoO MUKpOaHaIM3aTO-
poM. TToBEpXHOCTb M3MEbUYEHHBIX MOPOIIKOB MC-
cinenoBanu ¢ nomoiblo MK-Pypbe criekrpoMeTpa
“Perkin Elmer Spectrum One” B unrtepBajie 4000—
400 cM~! METOIOM HaApPYIIEHHOTO MOJHOTO BHYTPEH-
Hero orpaxenus: (HIIBO). MonekysipHbiii cocTaB
3alUTHOM Cpeabl U3MEIbYECHHUSI, aKTUBUPOBAHHON
METUJIKAIIPOaTOM Y CUJIOKCAaHOM, aHaJU3UpPOBaJIU,
WCITONB3ysI Ta30BBII xpomartorpad “Shimadzu GC
2010" ¢ TuIaMeHHO-MOHM3aLMOHHBIM JE€TEKTOPOM U
KBaplIeBO KaNMWJUTSIPHOU KOJIOHKOM ZB-5.

PE3YJIBTATbBI U OBCYXKXIAEHHUE

1 Onmwvzu3auuﬂ napamempoe U3mMenb4eHus
nopouwka e ueﬁmpoéewcﬂoﬁ MenbHUuue

B nopsinke ouepenHocTu nepBasi 3agaya cocTosijia
B ONTUMM3ALIMU TIpoliecca U3MEJbUeHUs TOpOIIKa
Sm,Fe;N; B LeHTpoOeXHOI MenbHullEe. IBa OCHOB-
HBIX TTapaMeTpa: BpeMsi U3MeJIbUeHMUS £, U OTHOIIe-
HY€ MaccChl 11apOB K Macce 3arpy»aeMoro mopoiika
m = m,/m_, B OCHOBHOM OIIPENENSIOT pe3yabTaT u3-
MenbueHus. Ha puc. 1 mpeacraBieHbl 3aBUCUMOCTU
TUCTEPE3NCHBIX CBOWMCTB mopoiinka Sm,Fe;N;, us-
MeJIbYEHHOIO B cpejie alleToHa ¢ Job0aBkoii 1 Bec. %
Mmetuiakamnpoara (MK), oT BpemMeHU U3MEIbUYCHMUS
st otHoweHuit m = 15, 20, 30 1 40. Bce mapameTpsl
KPUBBIX pa3MarHMYMBaHUs: yejlbHasi HaMarHUYeH-
HOCTb G 7, JOCTUraeMasli B MaKCUMaJIbHOM HaMarHu-
YUBalOIIEM TT0JIe HaPSKEHHOCThIO 17 KD, ocTaTou-
Has ynejibHasi HAMarHM4YeHHOCTb G,, KOIPLIMTUBHAS
cuna H, v (BH),, — P€3KO BO3pacTaiOT Ha Hayajlb-
HOIi CTaIuu U3MEJIbYCHUST U JOCTUTAIOT MaKCUMYyMa.
VYBenuueHue OTHOIIEHWS m,,/m,, MIPUBOAUT K CABUTY
MaKCUMaJbHbIX 3HAUYEHUI BCEX TMCTEPE3UCHBIX Xa-
pPaKTepUCTUK B CTOPOHY MEHBIIIUX BPEMEH 7. 3HA-
yeHus1 H, oka3bIBalOTCs HAaMboJIee YyBCTBUTEIbHBIMU K
n3MeHeHMIo Imapamerpa m. [1pu m = 40 kospLuTUBHAS
cuia ObICTpO AocturaeT BenuuuHbl H, = 10 kO nipu
ToM 124

Ne 3 2023



BIIMAHUWUE U3MEJIBYEHUA 277

toin = 0.75 4, onHako, 3HaueHus1 6, U (BH),,,, yKe Ha-
YUHAIOT CHUXaThCs. ClielyeT OTMETUTh, YTO 3HaYe-
HUS O, U (BH),,,, 30€Cb U najiee ObUIM OMpeaeeHbl
0e3 yueTa pa3MarHM4YMBawIIero (pakropa MopoIKo-
BBbIX 0OpA3LI0B U MO3TOMY OKa3bIBaIOTCSI HECKOJIBKO
3aHWXeHHbIMU. CHUXeHue G, u (BH),,,, CBSI3aHO C
YMEHBIIEHUEM CTEMEeHU TEKCTYPhbl, KOTOPYIO Kaue-
CTBEHHO MOXHO XapaKTepU30BaTb OTHOLUEHUEM
G,/C 7, ¥ yXyAUIEHUEM BBIITyKJIOCTU KPUBOI pa3mar-
HUYMBaHUS 4, TOKAa3aHHOU Ha puc. 11 B CpaBHEHUU
C KpUMBBIMU pa3MarHUYUBaHUS MOPOLIKOB [/—3, U3-
MEJIBYEHHBIX IIPU MEHBIIMX COOTHOLIEHUsIX m. Hau-
bosiee Boicokoe 3HaueHue (BH),,,, = 22.9 MIc O ObI-
JIO [OCTUTHYTO TMOCJIE€ W3MENbUYeHUSI IOPOIIKA
Sm,Fe;N; B Teuenue 0.75 4 npu m = 20. DTu napa-
METpPBI U3MEbYEHHUS ObLIU UCITONb30BaHbl B MOCe-
IYIOLIUX 9KCTIEPUMEHTAX.

2. BausHue KOHUeHmpauuu MemuiKkanpoama
Ha eucmepe3ucHsle ceolicmea nopouwka Sm,Fe ;;N;

Ha ocHoBaHMM paHee MOJIyYEHHBIX PE3yIbTaTOB
apdexkTuBHOrO BIMSHUSA N00aBKM MK Ha pasmep
YaCTHUIL U3MEIbYaeMbIX ITOPOIIKOB [28, 29] ucmoib-
30Basiu 310 ITAB B HacrosieMm uccienoBaHuu. Ha
puc. 2 moKa3aHa 3aBUCUMOCTb TMCTEPE3UCHBIX CBOMCTB
nopoiika Sm,Fe ;N ot koHueHTpaiuu MK, no6assi-
€MOTO B alleTOH TMPU U3MEIbYEHUU B 1IEHTPOOEXKHOM
MmenbHULle. KoHuentpamusi MK omnpenensercss B
MpOLIEHTaX MO OTHOIIEHUIO K Macce U3MeTb4aeMOro
nopomka. Ilpm yBenmmueHnm KoHueHTpaumun MK
3HaUYE€HUS O; CJIErKa yBeJIMYMBAIOTCS HAa HaYyaJlbHOM
craguu uaMenpdyeHus (fy; = 0.25 m 0.75 4) u3-3a
YJIy4lIeHUs] TEKCTYPYeMOCTH nopoiika. OgHako npu
f il = 2 4 TIOPOLIOK CTAHOBUTCS TOCTATOYHO MEJIKUM,
MPUYEM €T0 TUCTIEPCHOCTD MOBBIIIAETCS C YBEJIMYECHU -
eM x. OpueHTalMsI MEeJIKHX YaCTHULl B MArHUTHOM T10JIe
3aTPYIHSIETCS U 3HAYEHUS] G;; U G, MOHOTOHHO MOHU-
>KalTcsl. 3HaUEeHUsT KOBPLMTUBHOM CUJTBI TTOBBIILIAIOT-
csl C yBeJIMYEHUEM £, U KoHLleHTpauuu MK u noctu-
raroT Makcumyma 1pu x = 1. B pesynbrare Habmonae-
MBIX TEHACHLWI W3MEHEHUS] MAarHUTHBIX CBOMCTB
MakcumaibHoe 3HaueHue (BH),,,, = 22.9 MIc D no-
CTUTaeTCs Toc/e U3MeIbYEeHHUs MOPolIKa B TeUeHUE
0.75 9 ipm x = 1. UmeHHO Takas KoHueHTpauuss MK
ObLTa MCITOJIb30BaHa B KOMOWHAIIMU C JOOABKOI cu-
JIOKCaHa TP BBITIOJHEHUU NAJIbHENUIINX 3KCIEPU-
MEHTOB.

3. Bausnue KoHyenmpayuu CUNOKCcana
Ha eucmepesucHble cgoticmea nopouika SmyFe ;;N;

B xauectBe gonosHuTenbHOro INAB mmpu n3menb-
YyeHUU Topolika Sm,Fe;N; OblI UCIIONb30BaH CU-
JIoKcaH ¢ xumuueckoi ¢opmynoii Si(OC,Hs), (Tet-
pastwicuiiokcaH). CUJIOKCaH BBOAWJIU C LIEJIbIO 3a-
IIATHI U3MEJIbYCHHOIO IIOPOIIKAa OT TUapaTaluu U
okucienus [30]. Ha puc. 3 cpaBHMBaIoOTCS 3aBUCH-
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Puc. 1. 3aBUCUMOCTHU TUCTEPE3UCHBIX CBOMCTB ITOPOIIKA
Sm,Fe7N3, M3METBUYEHHOTO B CpEliE alleTOHA ¢ J00aB-
Koit 1% MeTwiaKampoara, OT fy HJIS1 COOTHOLICHMIA
my/my =15, 20, 30 u 40 (a—T); KpUBBIE pa3MarHMYNBa-
HUA 1t my,/my= 15, 20, 30 n 40 ipu #,,;; = 0.75 9 ().

MOCTHU FMCTEPE3UCHBIX CBOMCTB nmopolika Sm,Fe ;N;
OT ty; TIPU UI3METTBYSHUM €TO B Cpejie arleToHa 6e3 10-
6asneHus [TAB, ¢ no6aBkoit 1% MK wunu cuiiokcana
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Puc. 2. 3aBUCUMOCTh TMCTEPE3UCHBIX CBOMCTB MTOPOIITKA
Sm,Fe ;N3 OoT KOHLUEHTpaluuu MeTWIKanpoara (x) npu
BpeMeHU nomoia #,;; = 0.25; 0.75u 2 u.

(CO), a TakKe ¢ KOMOMHUPOBaHHOI mo6aBkoii 1%
MK + 1% CO.

W3 puc. 3 BumHO, 4TO 106aBKa B alieToH 1 Bec. %
CO nipu u3MenpueHuu nopoiika Sm,Fe;N; npakTu-
YeCKU He BJIIMSIET HA €r0 MarHUTHbIE TUCTEPE3UCHBIC
cBoiicTBa, T.e. CO He nposBiseT cBoiicTB I1AB mipu
usMenpuyeHnn. OgHakKo KOMOMHUpPOBaHHAasI T00aBKa
1 Bec. % MK u 1 Bec. % CO uHTEHCUDULIPYET IIPO-
1iecc U3MeJbYeHUs] U 3aMEeTHO ToBbIaeT H, Ha 67,
40 u 22% npu t,,;; = 0.25, 0.75 1 1 4 COOTBETCTBEHHO.
MakcuManbHOE 9HEPreTUYeCKOe MPOU3BeaCHUE TIPU
coBMecTHOM nooaske 1% MK + 1% CO 3Ha4uTEIbHO
YBEJIMYIIOCHh HAa HAYAJIbHBIX CTAINSIX U3MEIbYCHUS 1
nocTturio 3HayeHust (BH) ., = 23.6 MIc D nipu ¢y, =
=0.5y.

Ha puc. 4 mokazano BnussHue KoHueHTpanuu CO
(y), noGasnsiemoro B aleToH ¢ 1% MK, Ha maraur-
HBIE TUCTEPE3UCHbIE XapaKTEPUCTUKU U3MEIbYeH-
HOTO ITOPOIIIKA. YBeInueHe KOHIEHTpauu 10 y = 1
U i o 0.75 4 conpoBoXIaeTcsl MOBBILIEHUEM 3Ha-
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Puc. 3. 3aBUCMMOCTHY TMCTEPE3UCHBIX CBOMCTB MOPOILIKA
Sm,Fe;N3, U3MenbueHHOTO B cpelie aleToHa 6e3 noba-
BOK (x =0, y=0), c mo6aBkoit 1% MK (x=1,y=0), 1%
COx=0,y=1)u1%MK+1% CO (x=1,y=1) OT t,-

yeHuii H, u (BH),,,.. [lpu nocnenywouem yBeaude-
HUM KaK y, TaK M t,; THCTEPE3NCHBIC XapaKTePUCTH-
KW HAYMHAIOT TTOCTETICHHO TTOHUKAThCS.

C uenbplo BBISICHEHUSI BO3MOXHOTO B3anMMOoOeii-
CTBUS MOJIEKYJ ucroyib3yeMbix ITAB mexny coboii u
C MOBEPXHOCTHIO YACTUILl M3MEIbYaeMOTO IIOPOIIKA
OBLIM BBIIIOJIHEHBI MCCAEIOBAHUSI B3aMMOICHCTBUSI
aleToHa ¢ MeTUJIKAIpoOaTOM U CMJIOKCAHOM METOJIOM
ra3oBoii xpomarorpadguu, a Takxke M3ydeHUE CIEK-
TPOB OTPaxkKeHUs MHPPAKPACHOTO U3IYyYECHMS OT I10-
BEpPXHOCTU yYacTull Sm,Fe;;N; mMetomom dypbe-
crnekTpockomnuu. PesynbTaThl xpoMaTorpaduu noka-
3aJId, YTO HUKAKMX XUMHUYECKMX pPeaKLUil MeXIy
arteroHoM, MK 1 CO He TIpoucXOIUT ¥ HOBBIX XUMH -
YyecKUX CoeIuHeHut He oOpa3yeTcsi. BmecTe ¢ TeM B
HMK-cnekTpax oTrpaxeHMsT OOHApyXXEHO CMEIeHUEe
XapaKTePUCTUUYECKHUX IOJIOC ITOIJIOIIEHUS, IIPUHA -
JIeXalluX UHAWBUAYaJIbHBIM KOMIIOHEHTaM U3 CMe-
cu I[TAB. D10 cCBUIETEIBCTBYET O MEXMOJICKYISIPHOM
B3aMMOIEHCTBUY Ha MoBepxHocTH yactuil. K coxa-
ToM 124
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JIEHUIO, CIEIaTh KAYeCTBEHHYIO M KOJIUYECTBEHHYIO
OLIEHKY XMMMWYECKOI0 COCTaBa MOJIEKYJ Ha IOBEpX-
HOCTU YaCTUII IIOJIHOCTBIO BBICYIIICHHOI'O IOPOIIKA
caeJiaTh He YIaJ10Ch U3-3a OYeHb HU3KOM KOHLIEHTpa-
ouu ITAB.

4. Bausinue epemenu uamenb4eHus
Ha mMukpocmpykmypy nopouika SmFe ;N ;

MN300paxkeHnss MUKPOCTPYKTYPhI UCXOTHOTO MO-
pouika Sm,Fe;;N; HemocpencTBeHHO MoOcie a30TU-
pOBaHUS B CPaBHEHMU C MUKPOCTPYKTYpPOIl M3MeJIb-
YEHHOTO B cpejie alleToHa ¢ 1ob6aBkoit 1% MK u 1% CO
MopollKa IToKa3aHbl Ha puc. 5a—>5r. Ha puc. 51—53
IpeacTaBlACHBI pacIpeaesieHIs YaCTUII 110 pa3MepaM
HWCXOJHOTIO MOPOIKa, a TAKXKE MOCJe ero u3Meabye-
HUsA 1pH Zy; = 0.255 0.75 v 1 4. Cpennmii pasmep d,
YaCTHUIL UCXOOHOro mopoinka cocTapiasgeT 10.2 MKM.
Ha navanbHol ctranuu usMenbueHus (f,,; = 0.25 )
CpeOHMI pa3Mep YacTUll OBICTPO yYMEHbIIAeTCsl OO0
0.9 MKM, ¥ KO3PpLUTUBHAS CUJIa PE3KO MOBBIIIACTCS
ot 1.5 1o 7 k®. Ha puc. 56 Hapsiny ¢ METKMMU 9acTH -
LIaMU, pa3Mep KOTOpbIX pudauxaercs K D,, a ux 10-
JIsSI COCTaBJISIET OKOJIO 23% , MOXKHO HaOJTI0IaTh GOJTb-
I10€ KOJIUYECTBO KPYIHBIX YaCTUIL C d > 2 MKM, 4TO
MPUBOIUT K OYEHb HIMPOKOMY pacIpeAeeHUIO Ya-
ctull 1o pa3mepam (puc. 5e). C yBeanyeHneM BpeMe-
Hu niomoa 1o 0.75 u d, ymenbuiaercs 10 0.5 MKM,
Py 3TOM JI0JI YacTHll C pa3MepoM, OJIM3KUM K D,
Bo3pacraeT 10 70%. PacrnipenesieHue 4acTUll 10 pas-
MepaM 3aMETHO cyxaeTcsI (puc. 5XK), ¥ TOIbKO HeOOJIb-
0¥ HOIOJMHMUTENIBHBIM MAaKCUMYyM BBISIBISIETCS IIpU
d ~ 1 MxM. MakcumanbHOE SHEpPreTuuecKoe mpon3Be-
nenve nopouka (BH),,,, = 23.6 MIc O.

INpu manpHeiileM yBeIMYEHUU BpEMEHU TIOMOJIa
1o 1 4 muHTeHCHUUILIMPYyeTCs MpoliecC arjJoMepaln
Menkux yactull. OOpa3oBaHue KOHITIOMEpaTOB (I10-
Ka3aHO Ha BCTaBKe pUC. 5T) oTpaxaeTcs Ha JOCTO-
BEPHOCTHU OLICHKHU pealbHOTO pa3Mepa JacTull. Bbi-
MOJIHEHHAS OLIEHKA ITOKa3bIBAET, YTO d, MOBbILIAET-
cs 10 0.6 MKM, TOJISI YaCTHII ¢ pa3MepoM mnopsiaka D,
cHMXaeTcd 10 53%, a pacripenelieHre YaCTULI 10 pas-
MepaM HECKOJbKO paciiupsiercs (puc. 53). Ariome-
pauuyu MeEJIKMX YaCTHI[ IIPEISITCTBYET CO3JaHUIO
OCTpOIi TEKCTYPHI TIPU OPUEHTUPOBKE OCEIA JIETKOTO
HaMaroHmimMBaHMA ITOpOIIKa B MAarHUTHOM IIOJIE, U
3HaueHus1 G, u (BH),,, HAUMHAIOT CHUXATbCA MpPU

5. Yenoeas 3asucumocmov KoapyumueHoii cunbvl

C uenblo onpeneieHus MpeuMyleCTBEHHbIX ITPO-
1IECCOB TNepeMarHnuMBaHus TopolkoB Sm,Fe;N;,
U3MEJIbYEHHBIX TIPU £,,;; = 0.25—1 4 B cpeze alleToH +
+ 1% MK + 1% CO, GbuIH BBITTOJTHEHBI U3MEPEHMUS
VIJIOBOI 3aBUCUMOCTU KO3PLUMTUBHOMN cuibl H (D).
IMepen msmepennem H (0) oOpasmbl TEKCTYpOBaH-
HbIX B MATHUTHOM M0JI€ MMOPOILIKOB HaMarHu4YuBaIu
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Puc. 4. 3aBUCUMMOCTb TMCTEPE3UCHBIX CBOMCTB MOPOLIKA
Sm,Fe ;N3 oT koHLIeHTpaLuu cuIoKcaHa (y), 1obasiisge-
MOTO B 3alIUTHYIO XHUIKOCTh (aietoH + 1% MK), npu
BpeMeHHM noMora ¢, = 0.25; 0.75u 1 u.

B UMITYJIbCHOM MAarHUTHOM MOJi€ HAIPSKEHHOCTHIO
60 KD BOOJIb OCH TEKCTYPHI, ITOCIIE YeTr0 KaXKIbIil 13
00pa3lLoB ycTaHABIMBaJIM B BUOPALIMOHHBI MarHu-
TOMETP, OCYLLIECTBIISUIM ITOBOPOT Ha 3adaHHbIIA yroy U
BBITIOJTHSUTM U3MEpEeHNE KPUBOM pa3sMarHUYUBaHUSI.

Ha puc. 6 npeacrapiieHbI YIJIOBbIE 3aBUCUMOCTH OT-
HOCUTEJIbHOM KOIpLIMTUBHON cwibl 4, = H (0)/H,(0),
roe H_ (0) — 3HadeHUs, MI3MepeHHBIe IO YTIIoM O 110
OTHOLIEHUIO K OCU TeKCTypbl oOpasuos, H (0) —
BIOJIb TEKCTYpPbl. DKCIEPUMEHTAJIbHBIE 3aBUCUMO-
CTU CPABHUBAIOTCSI C ABYMsI U3BECTHBIMU TEOpETUUEC-
CKUMHU MOJEJSIMU YIJIOBOM 3aBUCUMOCTU KOIPIIU-
TUBHOM cuibl. Monenb KoHaopckoro npumeHuma
JIJIST PACCMOTPEHUSI MEXaHU3MOB 3aKpEIUICHUS 10-
MeHHbIX TpaHull (JII') Ha BHyTpeHHUX gedekrax [31].
B sroit Monenu H. uMeeT MpocTyIo 3aBUCUMOCTD:
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Puc. 5. Nzo6paxenus COM usMenpueHHOro ropouika B IIM B cpene anieToHa ¢ mo6askoii 1% MK + 1% CO — a: 6 — 0.25;
B — 0.75; r — 1 u. [ucTorpamM™MBbl pactipefesieHNi YaCTUIL TT0 pa3MepaM UCXOMHOTO TTOPOIIKa (1) ¥ MOPOIIKa, U3METbYEHHOTO
B LIM B cpene aueroHa ¢ no6askoit 1% MK + 1% cwiokcana: e — 0.25, x — 0.75,3 — 1 4.

e H, — noje NMHHKMHIA, HEOOXOAMMOE I/l OTPhIBA
JTI ot neeKToB npHu NepeMarinaIuBaHUN BIOJb OCH
JleTkoro HamarHu4yuBaHus. Mogenb CToHepa—
Bonbsdapra (C—B) paspaboraHa miss MexaHu3Ma KO-
TrepEeHTHOTO BpallleHUM BEKTOPOB HAMAarHM4eHHOCTHU
B MAarHMTOOMHOCHBIX YaCTUIIAX C pasMepoM abco-
JIIOTHOI ogHonoMmeHHocTu (D,) [32, 33]. Tlo moaenu
C—B oTHocuTenbHast KOSPUUTHUBHAS cwia h, =
= H,(0)/H,(0) ymensImaercs ot 1 1o 0 ¢ yBeTumdeHu -
eM 0 ot 0 mo 90°.

1.8
1.6 F (BH) o,
1 4 tmill’ 4 MFC 9
ol 1/cos® 0.25 21.5
12t 0.75 23.6
o ~
) = 0—=0 1.00 21.3
io 1.0+ \D
2 08t Mlles
< 06}
04+ CroHep—
02l Boabsdapt
0
1 1 1 1 1 1 1

0 15 30 45 60 75 90
®, rpan

Puc. 6. VYmiosele 3aBucumoctn H.(©) mnopoika
Sm,Fe;N3, uamenpueHHoro B LIM B cpeznie alieToHa ¢ 10-
6aBkoit 1% MK + 1% cuitokcad B reueHue 0.25, 0.5, 0.75
ulu.

DOU3NKA METAJIJIOB U METAJIJIOBEAEHUE

W3 puc. 6 BUZHO, YTO HU OJHA U3 TEOPETUYECKUX
MojeJiell He ONMUCHIBAET aIcKBATHO 3KCIIEPUMEHT. Y
nopouika, ndMenbdyeHHoro 0.25 4, mpu yriax 6 < 45°
3HaueHus A, > 1, T.e. B OoJbllieil cTeneHu nepemar-
HUYMBAHUE OMpenesseTcs] MpoleccaMu 3aaepKKU
cmemeHus I 3aponpiiieii oopaTHOM HaMarHU4eH-
HOCTH B KPYITHBIX YacTHIIaX ¢ d > 2 MKM, oObeMHasl
o5t KoTophix TipeBwitiaeT 70%. Panee B pabote Ko-
bayashi [19] Takxke moka3zaHoO, 4TO MepeMarHuuuBa-
HHe KPYTHO3epHUCTHIX (3.8 < d < 52 MKM) IOPOIIIKOB
Sm,Fe;N; KayeCTBEHHO COOTBETCTBYET MOIEIU
Konpopckoro. OgHako 3HaueHus #.(0) mopoiika,
uaMenbuyeHHoro 0.25 4, mpu 0 < 45° oka3pIBalOTCS
HIKe, yeM 1/cos0, a ipu 6 = 45° UMEIOT MaKCHUMYM.
YMeHbleHue A, Tipu 0 > 45° IPOUCXOIUT MOTOMY,
YTO MpU OONBIINX 3HAYCHUSIX O TOCTATOYHO CUJIBHO
YBEIUUYMBAECTCS YIOJI OTKJIOHEHHUSI BEKTOPOB Hamar-
HUYEHHOCTH B JOMEHAX OT OCU JIETKOTO HAMATrHUYK-
BaHWUSI K HAIPaBJIEHUIO MPUJIOKEHHOTO TTOJIsI, Y ITPO-
1ecc nepeMarHuurMBaHus CUJIbHO obserdaetcs [34].

IMopomiku, n3menbueHHBIE B TedeHne 0.75 1 1 4,
O TaHHBIM CTPYKTYPHBIX MCCISIOBAHUI COmEpKaT
1o 70 u 53% vactuil ¢ d ~ 0.3 MKM COOTBETCTBEHHO);
ux H, npermylecTBEHHO ONpeaessieTCs 3apOXICHU -
€M JJOMEHOB 00paTHOII HAMarHMYeHHOCTU B Ae(EeKT-
HBIX 00JIACTSIX 3€PEeH C JIOKAJIbHO IMTOHMKEHHOMN KOH-
CTAaHTOM MAarHUTOKPUCTA/UIMYECKON aHU3OTPOIIUM.
ITockonbKy pa3Mep 4acTHUI JOCTATOUHO MaJjl U IIpHr-
Oonvxaercd K D, nipouecc GOpMUPOBaAHUS AOMEH-
HOM IrpaHulbl 3apoblllia, IMPOUCXOASAIINNA HEOOHO-
POIHBIM BpallleHMEeM BEKTOPOB CIIOHTAaHHOM HamMar-
Ne 3
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HUYEHHOCTH, OKa3bIBaeTCs JUMUTHUPYIOIINM 3BEHOM
MarHUTHOTO TUCTEpEe3nca B 3TOM ciiydae. B cBsi3u ¢
3TUM 3aBUCUMOCTH /1.(0) mpencraBissioT coboit Kpu-
BbIe C MUHMMYMOM, XapaKTePHbIE IS MOIEIN Mepe-
MarHu4yvBaHusi ¢heppoMarHeTUKOB HEOTHOPOIHBIM
BpaiueHueM [35]. CMmeneHne MMHMMYyMa Ha KPUBBIX
h.(0) TTopoIKOB, N3METbYeHHBIX B TeueHUe (.75 u
1 4, MOXeT OBITh CBSI3aHO C YCUJIMBAIOIIUMCS MEXK3€e-
PEHHBIM MarHUTOCTaTUYECKMM B3aMMOICIICTBUEM B
KOHIVIOMEpaTax MeJIKMX YaCTULI IIOPOIIKOB.

Takum oOpa3oM, pe3yabTaThl UCCIACIOBAHUS YT-
JIOBOIT 3aBUCUMOCTH H_ TTOKA3bIBAIOT, YTO TTOPOIITKHU
C pa3MepoM 4YacTUll, OJUM3KUM K OTHOAOMEHHOCTHU
D, mepeMarHnInBaOTCS IPEUMYIIECTBEHHO 3a CUeT
MexaHU3Ma BOSHUKHOBEHMSI 3apOIbIIIEii, I TIpOoIec-
Cbl HEOIHOPOJHOIO BpallleHUsI BEKTOPOB CIIOHTaH-
HOM HAMarHUYEeHHOCTU TPU (POPMUPOBAHUM JTOMEH-
HBIX TPAHULL 3TUX 3apOAbIIIeii UTPAIOT JOMUHUPYIO-
1yIO POJIb.

6. Bausnue I[1AB na épemenuyro cmabuabHocmy
KO3pUUMUBHOIL CUAbI NOPOUIKOG

3aBUCUMOCTU CHMXKEHHUSI OTHOCUTEJIbHOI KOB3p-
uuTtuBHOU cunel h, = H (f)/H.(0) oT BpeMeHU Iju-
TEJILHOTO XpaHEeHMsI MOPOIIIKOB HAa BO3IyXe TP KOM-
HaTHOM TeMIiepaType IpuBeaeHbI Ha puc. 7. B kaue-
ctBe H.(0) ucnonb3oBaHbl 3HAYEHUSI KOIPUUTUBHOMN
CWIBI TpeX ITOPOIIKOB: UCXOTHOTO KPYITHO3EPHUCTOIO
MOPOIIKA HEITOCPEICTBEHHO I10C/Ie a30TUpoBaHus (1),
MOPOIIIKa, U3MeJIbUeHHOTO ¢ nobdaBkoit 1% MK (2),
MOpOIIKa, U3MeIbYeHHOTO ¢ nobaBkoit u 1% MK u
1% CO (3) HemocpeaCcTBEHHO ITIOC]e WX ITOMOoJIa.
KpyImHO3epHUCTHII TOPOIIOK MMEN CPENHUMN pa3Mep
vacTull d;, = 10.2 MKM ¥ OTHOCHUTEIBLHO MAJIYIO CyM-
MapHYIO IUIOIIAIb UX TIOBEPXHOCTH. TaKoii IMOPOIIOK
B 3HAUUTEIbHO MEHbIIIeI CTelIeH! TTOABEPKEH OKUC-
JIEHUIO IO CPaBHEHMIO C IIOPOIIKAMMU, M3MEJIbYCH-
HBIMHU B LIIEHTPOOEXKHOI MEIbHUIIE, CPETHII pa3Mep
YacTUll KOTOphIX cocTaBisgeT MeHee 0.5 MkMm. CHU-
XKEHUE /i, TOPOLIKA UCXOAHOTO HUTPUAA IIPU XpaHe-
Hrn B TedeHne 200 mHel MpakTUIeCcK He TIpeBhIla-
et 1-2% (puc. 7, kpuBas 1). 1151 U3MeIbYECHHBIX ITO-
pouikoB ¢ po6aBkamu ITAB (puc. 7, kpuBble 2 u 3)
HabmomaeTcs ObICTpOe CHIKeHME A, depe3 S0—60 mHeit
XpaHEeHMSI Ha BO3Ayxe. 3aTeM C TeYEHHEM BPEMEHU
CKOPOCTb CHIDKEHUST H, 3aMeisieTcsl. Y Mopollika, u3-
MeJTpIeHHOTO ¢ nobaBkoit 1% MK, cHmkeHnue H, mo-
ciie JIUTeNIbHOro XpaHeHus mocturio 40% (puc. 7,
KpuBas 2). BMecTe ¢ TeM nomojiHUTeIbHas1 Jo0aBKa
1% CO npu u3aMeab4eHU 3aMETHO YIIy4Ilnia CTO-
KOCTh YJIBTPAaIUCIIEPCHOIO IIOPOIIKAa K OKMCICHHIO,
u cHkeHue H, He mpeBbicuiio 12% 3a Bech mepuon
UTUTENTbHOTO XpaHeHus1 (puc. 7, kpusas 3). Takum
obOpa3om, npuMeHeHre CO IO3BOJMIIO HE TOJIBKO
nosbicuth H,u (BH),,,, nopoiiika Sm,Fe;;N; Ha 40 u
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Puc. 7. 3aBucumocty cHwXeHuss FH, TOpOIIKOB

Sm,Fe ;N3 oT BpeMeHU xpaHeHUs Ha Bo3ayxe: (/) ucxon-
HBIA KPYITHO3EPHUCTOTO MOPOMIOK; (2) MOpPOIIOK, W3-
MeJIbYeHHBIN ¢ mo6aBkoit 1% MK, (3) mopoiok, u3-
MeJIbueHHBIN ¢ 106aBKoi 1 1% MK u 1% CO.

30% cOOTBETCTBEHHO, HO U CYILLIECTBEHHO MOBBLICUTH
€ro KOPpO3UOHHYIO CTOMKOCTb.

3AKJIFOUEHHME

HccnenoaHo BnMgHME KOMOWHALIMKA METHJIKA-
MpoaTta U CWIOKCaHa, KOTOpble JOOABISIIN B aLIETOH
B KauecTBe [1AB, Ha cBoiicTBa mopomika Sm,Fe ;N;,
W3MEIbYaeMOro B IEHTPOOEXKHOI MEJTBbHULIE.

ITokazaHo, YTO MpU ONITUMATLHOM COOTHOIIIEHUY
MeTwiKarpoara (1%) + cuinokcana (1%) n BpeMeHn
n3menpdeHud 0.75 9 popMupyeTcs TOCTaTOUHO Y3-
Koe pacnpeiejeHre YacTUll TT0 pa3MepaM CO Cpell-
HUM pazMepoM okojio 0.5 MKM, Mpu 3TOM AOJS Ya-
CTUIL C pa3MepOM, OJIM3KUM K OTHOIOMEHHOCTU, BO3-
pactaer g0 70%. MakcuMaabHOE 3HEPIeTUYECKOE
rpousBesieHre nopoika (BH),,.. = 23.6 MIc D.

I1pu yBenmueHnnm BpeMeHU nmomoJia 6oiee 1 9 mH-
TEHCU(PULIMPYETCS IIPOLIECC arjioMepalluy MEJIKUX
yactul. OOpa3oBaHNEe KOHIJIOMEPATOB MEIKUX Ya-
CTHUII TIPETISITCTBYET CO3IaHUIO OCTPOIT TEKCTYPHI IIPU
OPMEHTUPOBKE OCeil JIeTKOro HaMarHM4YMBaHUS 110~
pOllIKa B MATHUTHOM T0JIe, U 3HAaYeHUS G, U (BH) .«
HAYMHAIOT CHUXXATHCS.

Ha ocHoBaHMM ucceqOBaHUS YIJIOBOM 3aBUCH-
MOCTHU KO3PIIMTUBHON CHIIBI TIOPOIITKOB C pa3MepoM
YacTUIl, TPUOIMKAIOIIEMCS K KPpUTUUECKOMY pa3Me-
py D,, yCTaHOBJIEHO, YTO OHU NepeMarHNIMBarOTCs
MPEVMYIIIECTBEHHO 3a CYET MEXaHM3Ma BOSHUKHOBE-
HUs 3apoxbineii. IIpomeccsl HEOMHOPOTHOTO Bpa-
IIEHWS BEKTOPOB CIIOHTAHHON HaMarHWYEHHOCTH
npu (GOPMUPOBAHUU TOMEHHBIX TPAHUII 3THX 3apO-
IBIIIe MMEIOT OIpeneisioniee 3Ha9eHHE.
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[MponeMoHcTpUpOBaHO, YTO IPUMEHEHNE T00aB-
KU CUJIOKCaHa MPU U3MeJbUYeHUU 3aMETHO YJIy4IliaeT
KOPPO3UOHHYIO CTOHKOCTh U3MEIBYEHHOIO MOPOILIKA
Sm,Fe;N; ipu 1IMTeIbHOM XpaHEHU Ha BO3IYXE.

PaboTta BbIoOTHEHA B paMKaX rocyl1apCTBEHHOTO
3amaHnuss MuHoopHayku HMPM YpO PAH (tema
“Marnutr” Noe AAAA-A18-118020290129-5) u mipo-
rpaMMBl CTPaTErMYECKOTO aKaaeMHYEeCKOro JUASP-
ctBa Yp®DY “IIpuopurter-2030”. PaboTa BbINOJHEHA
C HCIoJab30BaHUEM oO6opynoBaHust LleHTpoB Koi-
JiekTuBHOTO TNojib3oBaHust MOM u MOC YpO PAH
(“CnekTpocKonusl U aHajJu3 OpraHUYECKUX COeu-

299

HeHMii”).
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