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BJIUAHUE JOIIMPOBAHUA CAMAPUEM HA ITPOBOAUMOCTD
KEPAMMKM Las»SmxMo03016+s, IOJYUYEHHOM C UCITIOJIb30BAHUEM
TEXHOJIOI'MHM COOCAXKJIEHUA

bapoawoe B.U., IOpuenko B.M., Ilpununko C.1O., bpoxanoea H.U.,
bypxoeeykuit B.B., Boakoea I'.K.
OI'BHY «/loneukwuii Gpu3nKo-TeXHUYECKH HHCTUTYT UM. A.A. ['ankunay, r. Jlonemnk
v.barbashov@mail.ru

Monu6aaTel peKo3eMeNbHBIX 3JIEMEHTOB C (PIOOPUTONOJ00HOM CTPYKTYpOIl MOKa3bIBAIOT
B cpenHeTeMiepaTypHoM uHTepBane (400-700 °C) 1ocTaToyHO BBICOKYIO HOHHYIO IPOBOIMMOCTD,
CPaBHHMYIO CO CTaOMJIM3UPOBAHHBIM UTTPUEM JIUOKCHUIOM IIMPKOHHUS, YTO JENAeT aKTyallbHBIM
IOMCK CTA0WJIBHBIX COEJUHEHMM JTOro Kjacca MAaTepuajoB, B YaCTHOCTH MOJMOAAaTOB
nanTaHouAoB. C 1ebio paciupeHus (YHKIIMOHATIBHBIX CBOMCTB JAaHHBIX MaTEPHAIIOB B MIOCTIEIHUE
roJIbl CTAJIO aKTUBHO Pa3BUBAThCS HAPaBJICHUE, MPEANOarallee JON0JHUTENbHOE JOIIMPOBAHNE
Pa3IMYHBIMH XUMUYECKUMH 3JIEMEHTaMH IYTEM YacCTUYHOTO 3aMEIleHUs MU JIAHTAHOUAOB OO
mosOeHa [1].

HccnenoBanuss  MMIENAaHCHOM  METOAMKOW  MPOBOAMMOCTHM  KEpaMHKH  COCTaBa
Laz5Sm25M03016+5, cuHTE3MpOBAaHHON TBEpAO(DAa3HBIM METOJIOM M3 CMECEH OKCHJIOB, MOKAa3ajH,
4TO KepaMH4ecKhe oO0pa3lbl HaxOJITCS MPEUMYILEeCTBEHHO B (aroopuTonogo0HoN dase
3aSBJICHHOTO COCTaBa, a cojaepkanme mnpuMmecHord ¢aszel LaoM020Og He mnpesbrimaer 9,5 %.
TonyueHHble 3HaYeHNs yaenbHOM mposoaumoctu 9,1¥10° S*ecm™ u sueprum axtusanuu E = 0,91
eV OJIM3KU K 3HaYeHUSIM JJIs1 KepaMUKH CTaOMIM3UPOBAHHOTO UTTpUEM LupkoHUs. OOHapyKeHHOe
Ha JBa TOpSIKa MPEBBINICHUE BEIMYMHBI 3€PHOTPAHUYHOTO COMPOTHBICHUS MO CPABHEHHUIO C
00BEMHOM YacThIO IOJIHOTO HMIIEJaHCa CTalo OOOCHOBAaHUEM IIPOBEJEHUS CIIELHUATIbHBIX
uccinenoBanuii kepamMuk Laz 5SM25M03016+5 1 La2M0209, mony4eHHBIX ¢ UCTIOIB30BAaHUEM 30JIb-
reJib TEXHOJIOTHU U METOJIOM COOCAXCHUS COJIeH U3 BOJHBIX pacTBOPOB [2].

Ha puc. 1 mpencraBieHsl 3aBUCHUMOCTH
yI€IbHOU MPOBOAUMOCTH OT 0OpaTHOM TeMIepaTyphbl
kepamuku coctaBa LasxSmMxM03Oie+s mis X = 0,3; 25| "'vv,vv ' © [Fee0s
0,5;1,0;2,5. C pocToM KOHIICHTpAIlMH CaMapHs
HaOMOTaeTCsl yBENMYCHHE HOHHOM MPOBOJIUMOCTH.
[Tpu TeMIeparype MIPUMEPHO 560°C
oOHapy>KUBaeTCs U3JI0M Ha 3aBUcuMOCTsX Igo — 1/T,
KOTOPBI COOTBETCTBYET (Da30BOMYy Tepexony u3 as|
MOHOKIJIMHHOW B KyOHMYecKyro c]alepuTono1o00Hyr0 ]
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Puc.1. 3aBucumocTs yaenbHON
MIPOBOAMMOCTH OT TEMIIEpaTyphbl
kepamMuku LasxSmMxMo3Oie+s

1. Iloosuscrocmo Kucnopooa mMamepuanos
MEePOOOKCUOHBIX — MONIUBHLIX — DJIEMEHMO8 U
Kamanumuyeckux memopat (0630p).

Onekmpoxumus. 2019. T.55. Ne§. C.899-918. DOI:
10.1134/S0424857019080140

2. B.U. bapbawos, B.M. IOpuenxo, T.C. bepesicnas, 3.B. Yatixa. ®TB/]. T. 33. Ne 3. 58-65 (2023).
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BJIMUAHUE ITPOTOHHOI'O OBJYYEHHUS HA ITPOLHECC
CTPYKTYPOOBPA30OBAHUSA KEPAMUYECKON CUCTEMBI YSZ

Benuuxo JI.P.Y, Bonkoea I' K. ', Maneyxuit A.B. 2, Hcaee P.ILI. 12, Ixkumenrxo M.H. 1,
Hoconee U.K. 1
IOI'BHY «/lonenkuii pusnuko-rexuudeckuit uHCTUTYT UM. A.A. Fankunay, r. JloHenk
2MMO «O0beIMHEHHBIH WHCTUTYT SIIEPHBIX HCCIIEOBaHUY, T. JlyOHa
danil.belichko@yandex.ru

Ilouck paananMOHHO-PE3UCTUBHBIX MAaTEPUAIOB SIBJISAETCS IPUHLUNMAIBHON 3ajade
BEylIMX HAy4yHbIX IeHTpoB. [lonydyeHue paauanMOHHO-YCTOMUYMBBIX MAaTEpUAIOB MOXKET
CIOCOOCTBOBATh PA3BUTHIO YHEPTETUUYECKON M a3POKOCMUYECKON OTpaciell HapOIHOTO XO3SMCTBa.
OnHUM U3 PETEHICHTOB Ha POJIb TAKOTO MaTepHaja MOTYT BBICTYIHTh KepaMHUECKUE MaTepPHAIIbI
HAa OCHOBE HAHOIOPOIIKOB CTAaOMIM3WPOBaHHOTO auokcuaa mupkoHus (YSZ) [1]. Hamwuwme
OOJBIIOrO KOJMYECTBAa KHCIOPOAHBIX BakaHCMl B YSZ cmocoOCTBYeT HOHU3AIMOHHOU
YCTOMYMBOCTU TAKOTO poja MaTepuasos [2].

B Hacrosimeld pabore ObulM MpPOBENEHBI KOMIUIEKCHBIE HCCIEIOBAaHMS —Ipoliecca
CTPYKTYpPOOOpa30BaHUsI KEPaMHUKH M3 HaHOMOpomKoB coctaBa ZrOz+n mol.Y20s (rme n= 2,3,4,8
mMol.%) , 06:TyuEHHEIX TOTOKOM MPoTOoHOB 1030i Dp=10%" en/cm? u sHeprueii 2 MaB.

B xone sKcrnepruMeHTOB OOHapy)XeH paauallMOHHO-MHIYIWPOBAHHBIA MapTEeHCUTHBIA M-t
¢a3oBbIii TIepexoa B oOpasiax, JerupoBaHHbiXx 2,3,4 mMo0l.% Y203, 00ycioBIECHHBIH pacmagoMm
tBépHoro pactBopa ZrO2-Y03 u mocneayromei paaualnioHHO-UHAYIIUPOBAHHON AU dy3uei
nonos Y3 (puc.1).

Y CTaHOBIIEHO YKPYIMHEHHWE KPUCTAJLUTUTOB TMOPOMIKOB YSZ, 4TO MOATBEPIKIACTCS POCTOM
DHEPruM aKTHUBallUU crekaHus mpumepHo Ha 10% (puc.2), a Takke W3MEHEHUSMU 3HAYCHUN
BEJIMYMH Y/AEIBHBIX IIOMAAeH B qucnepcHblx marepuanax. Meronamu UK-®ypbe criekTpockonuu
U TIOJIHOW M30TE€PMbl IMOKAa3aHO, YTO MNpH OOIYYEHHUH HCCIIeqyeMble IMOPOIIKH YacTUYHO H
MOJTHOCTBIO CTAOMIIM3UPOBAHHOTO JTUOKCHIA LUPKOHUS aacopOMpYIOT Ha CBOEH IOBEPXHOCTH
BJAry, 4YTO CBMJETEIbCTBYeT 00 oOpa3oBaHuu Me3omnop (¢ aumamerpom Oosee 20 HM) B
HaHouacTumax ZrO,.
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Puc.1. Conaepxanue MOHOKINHHOI Puc.2 DHeprus aKTHUBaIUU CIIEKaHUA

mogudukarmuun  ZrO2 B 3aBUCHUMOCTH  OT HaHOMOpomkoB ZrO2 B 3aBHCHMOCTH  OT
cogepxkanus Y203 B HCXOJHOM COCTOSHUM cozepkaHusi Y203 B HMCXOJHOM COCTOSIHUU
(uepHbIil) U nociie 00ydeHHs! (KpacHBIi) (uepHbIit) 1 1TOcKIe 00TydeHHs! (KpaCHBIN)

HccnenoBanue BHIMOJIHEHO 32 cueT rpanTta Poccuiickoro Hayunoro ¢onna Ne 24-72-10072.

1. Benuuko JI.P., Maneyxuii A.B., Bonkosa I'.K., Hcaes P.111. || Bonpocet mamepuanosedenust,
T.119, Ne3, C.46-56, (2024).

2. Maletskii A, Volkova G, Belichko D. // Ceramics international, V.50, Ne.22, P. 46506-46515,
(2024).
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MEXAHOAKTUBALUA U TEMIIEPATYPHBIE ®AKTOPLI B
COBEPIIEHCTBOBAHMHU TEXHOJIOT AU U3IrOTOBJIEHUAA ATIOMOOKCHAJTHON
KEPAMUKH

bproxanosa U.U., I'nazynosa B.A., Boakosa I'.K., I'onosans I'.H., lIpununko C.IO.
OI'BHY «/loneukuii Gpu3NKO-TeXHUYECKHA HHCTUTYT UM. A.A. 'ankunay, r. JloHenk
suprilipko@mail.ru

Iesbto paboThI ABISIIOCH U3YUYEHUE BIMAHUSA MEXaHOAKTUBALIMKM M TEMIIEPATYyphl OTXKHra Ha
nepexo OKCH/Ia AIFOMUHIS U3 TaMMa- B alb(a-MoIu(UKAIHIO.

Anbda-okcua amoMuHHS — Haumbolee TepMOJMHAMUYECKM cTaOmibHas (opma oKcuia
amoMuHusl. OOBIYHO UCTIONB3YETCSI B KOHCTPYKIIMOHHOW KepaMUKe U (PyTEepOBOYHBIX MaTepHajax.
Ha mnepexon oxcupa amoMuHusA B aibda-(asy BIMSIOT TeMmIepaTypa OTXKUra IOpOILIKA,
JUIMTEIbHOCTh TEPMUUYECKON 00pabOTKH, HaJTM4Ke IpUMEcel, MEXaHOAKTUBALUS U IPOMEKYTOUHOE
IPOKAJIMBaHUE MOPOIIKOB. MeXaHOAKTHUBALUS MpeJCTaBlIsAeT co00il MexaHH4yecKoe BO3JeiCTBUE,
KOTOpOE cO3/1aeT Ie(eKThl B KPHUCTAIUINIECKON PElIeTKe, YTO CIIOCOOCTBYET YCKOPEHHUIO (pa3oBOro
nepexo/a, CHUKEHHIO €ro TEMIIEPaTyphl.

B pabote uccienoBanbl TOPOIIKH THAPOKCHIA ATFOMUHUS TPOMBIIUIECHHOTO MTPOU3BO/ICTBA,
HOJIy4EHHbIE METOI0M XUMHUECKOTO OCAXAECHUS U3 CyJib(haTa aTrOMUHHUS.

YacTe MOpOLIKOB MOJBEprajach MpPEABApUTEILHOMY OTXKUTY Ipu Temneparypax 500 u
900°C.

IIpu 500°C mnpokanuBaHue CHOCOOCTBYET YIAJIEHUIO aJCOPOMpPOBAHHBIM BOJABI U
OpraHMYeCKHUX TpUMeced, a TakKe HayaJIbHOM KpUCTAJUIM3ALMU MeTacTaOMIbHBIX (as.
[TpokanuBanue npu 900°C MOKeT yMEHBIIUTHh JEPEKThl CTPYKTYpPbl U YIYUYIIUTh OJHOPOAHOCTH
MOPOILIKA.

Hccnenyemble MOPOIIKM IMOABEPrajuCh MEXAaHOAKTUBAIIMM B IJIAHETAPHOM MEJIbHULIE B
TedyeHue 2 1 8 yacoB. OCHOBHOM OTKUT MpoBoAniIcs mpu temmneparypax 950°C, 1000°C, 1100°C.

OO6paboTaHHbIE MOPOIIKK HCCIEAOBAIUCH METOJaMH peHTreHodaszoBoro aHanusza (POA) u
3JIEKTPOHHON MHUKpockonuu. Pe3ynbrarsl uccnenosanus no POA npencrasnens B Tadbnune 1.

Ta6n1z1ua 1. ®a3oBEIii cocTaB IOpOIIKaA MOCJIC MCXAHOAKTUBAIIUN U ITPOKAJIMBAHU

[TpenBaputensuoe | 0 500°C, 44 (yur) 900°C, 14 (ys.+.10)
MPOKAITUBAHUE

OcHoBHOE 1000°C, 19 | 1100°C, 1000°C, 1100°C, 1000°C, 1100°C, 1u
IIPOKAJIMBaHUE 1y 1y 14 lu

bes3 momona Y a(20), y(80) Y a(33), y(67) Y a(37), y(63)
[Tomou 24 - - y+0 a(46), y(54) y+0 a(51), y(49)
ITomo 84 - - y+0 a(49), y(51) y+0 a(42), y(58)

BbiBogbl: MexaHOaKTUBAIMs sBIseTCS 3()P()EKTUBHBIM METOJIOM CHIDKEHHS! TeMIIepaTyphbl
nepexoaa OKCHAa afoMUHUS B anmbpa-moaudukanuio. OnTUManbHbIE Pe3yIbTaThl MOTYYSHBI TIPU
MEXaHOAKTHUBAllMM B TeueHue § dacos. [IpenBapurensubiii oTxur nopomkos mpu 500°C u 900°C
CIOCOOCTBYET YBEIMYCHHIO JOJU KOPYH/Ia TIPH JalibHEHIel TepMooopadoTke. Pe3ynbrarsl paboTh
MOTYT OBITh HCHOJB30BaHbl IS ONTHMH3AIMHM Tporecca noiydeHus anbda-Al:03 B
IPOMBIIUICHHBIX YCIIOBHSAX, YTO TIIO3BOJIMT CHHM3WTh D3HEPro3aTparbl W YIYYIINTh KadeCTBO
KOHEYHOT'O POAYKTA.
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TEXHOJIOI'UA NIOJAYYEHUA CTPYKTYPUPOBAHHOI'O TIEPOBCKHUTA JIA
BBICOKO3®®EKTUBHBIX CTABMJIBHBIX COJTHEYHBIX BATAPEN

Locamanoaeea I.T., Maxamoem H.A.
Kazaxckuii HarmoHanbHelid yHuBepcuteT uM. Anb-Dapadu, HUU 3TD, Anmatsl, Kazaxcran

B coBpeMeHHOM MuMpe, CTpeMsIIEMCS K YCTOWYMBOMY pa3BUTHIO M COKpPAIIECHHUIO
YIJIEPOJHOIO Clle[ia, COJIHEYHas 3HepreTvka 3aHUMaeT Bce Oosiee BaxkHoe MecTo.  OnHako,
HECMOTpS Ha OYEBUIHBIC IPEUMYIIECTBA, IIUPOKOE BHEAPEHHUE COTHEUHBIX OaTapei caep KuBaeTcCs
IPEeX/Ie BCEro BBICOKOH CTOMMOCTBIO MX IPOM3BOJCTBA. Ha cerogHsmHuil aeHp nopa,isoliee
00abmMHCTBO (0K0JI0 90%) MpeAcTaBIeHHBIX HAa PHIHKE COJHEUHbIX OaTtapeil u3roTaBIMBaIOTCA U3
KpeMHHUs. OTOT Marepuaj, o0jajarolMid JAOCTaTOYHO BBICOKUM KO3(PUIMEHTOM MOJIE3HOrOo
nevctust (KIT) (20-25%), TpeOyeT, 0IHAKO, CIOXKHBIX M IHEPrOEMKHUX IPOU3BOJCTBEHHBIX
nporeccos [1-2]. DTu npoueccsl BKIOYAIOT B ce0s BHICOKOTEMIIEpaTypHble 00pabOTKH B BaKyyMe,
UCIOJIb30BaHUE CIELHMAIBHOTO 000PYAOBAHUS U BBICOKOYUCTBIX MaTEpHallOB, YTO CYIIECTBEHHO
YBEJIMYMBAET KOHEUHYIO CTOMMOCTh npoaykra. OcrtaBumecs 10% pblHKA 3aHUMAIOT COJIHEYHBIE
Oarapen Ha ocHoBe CIGS (Menb-uHAMI-ranuii-cesieH), KOTOpble, XOTs U 001aJal0T HECKOJIbKO
menbuM KIIJI, Takxke He OT/IMYalOTCA ACIEBU3HON POU3BO/CTBA.

Bricokas croumocts kpemHHeBbIX U CIGS-0aTapeil siBIsieTCSl CEpbE3HBIM MPENATCTBUEM IS
UX TIOBCEMECTHOIO UCIIOJIb30BaHUS, OCOOEHHO B pa3BUBAarOIIMXCs cTpaHax. Ilepexon Ha
COJIHEYHYIO SHEPreTUKY B 3TUX PETMOHAX 3aMEIJISETCs U3-3a HEIOCTYIHOCTH COOTBETCTBYIOIIMX
MHBECTULIUI U UHPPACTPYyKTYpsI [3].

Heckonbko mer Hazam  yu€Hple oOpaTWIM  BHHMaHHME€ Ha  BBICOKMM  TMOTEHIIHAT
HNEPOBCKUTHBIX COJHEYHbIX Oarapeil. OHM NPEANONOKUIM, YTO HPOM3BOJCTBO TaKUX Oarapei
MOKET OBITb 3HAUMUTEIBHO JICHIEBJIE CYIIECTBYIOIIMX TexHojoruil. llenpio nmaHHON pabGoThI
SBIISIETCA NPOBEJCHHME UCCIEAOBAaHMM M pa3paboTka MeTOJ0B (OPMHPOBAHUS MEPOBCKUTHBIX
COJIHEYHBIX Oarapeil.

CTpykTypa NEpOBCKHUTHOH COJIHEYHOW OaTaper  HamoMuHaeT  CIOEHBIH  "cAHABHY',
COCTOSIIIMA M3 HECKOJIbKMX TOHKUX CJIOEB C pa3iMYHbIMM (QyHKUMSIMH. DOTOAKTUBHBIN CIIOH,
COJIepKallvil MEPOBCKUT, IOIVIONIAET COJIHEYHBIA CBET M TEHEPUPYET DJJIEKTPUUECKHH 3aps] B
BUJE TOJOXHUTENIbHBIX U OTPHULATEIbHBIX HOCUTENIEH 3apsiia — DJIEKTPOHOB U JBIPOK.
TpaHCIOpTHBIE CIIOW, PACIOJIOKEHHBIE € 00€UX CTOPOH (OTOAKTUBHOIO cJosd, 3()(HEeKTHBHO
COOMpaOT © TMEPEHOCAT OTH 3apsAbl K JJIEKTpoJaM — aHoAy (TUI0C) ¥ KaToay (MHUHYC).
OnTumuzanus TOJNIIMHBI M COCTAaBa KaXIOrO CJIOSI HMMEET KPUTHYECKOE 3HA4YEHHE Ul
noctuxkenus: Boicokoro KIIJ[ Gartapen. YcraHOBIIEHO, UTO CTPYKTypa U CBOMCTBA Ka)XJ0ro M3
TUX CJOEB BIMSAET  HA TIOBBIIICHWE JIOJTOBEYHOCTH M CTAaOMJIBHOCTH TEPOBCKUTHBIX
COJIHEYHBIX OaTapeil, 4YTo SIBISETCA KIIOYEBBIM (PAKTOPOM [JIsi MX IIHPOKOTO BHEIPEHMS Ha
PBIHKE.

1. H Wang, SC Liu, B Balachandran et.al. Nanoimprinted perovskite metasurface for enhanced
photoluminescence // Optics express V.25 (24), A1162-A1171

2. G Ermolaev, AP Pushkarev, A Zhizhchenko. Giant and tunable excitonic optical anisotropy in
single-crystal halide perovskites // Nano Letters V. 23 (7), 2570-2577

3. DS Muratov, AR Ishteev, DA Lypenko et.al. Slot-Die-Printed Two-Dimensional ZrSs Charge
Transport Layer for Perovskite Light-Emitting Diodes // ACS Applied Materials & Interfaces V.11
(51), 48021-48028.
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BJIUSTHUE PABMEPA YACTHI] HA CBOMCTBA ®EPPUTA HUKEJIS
Kypaesnes C.B., Kanumanuyx E.IO.

OI'bHY «HUU «PeaktuBamekTpon», T. JloHenk
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Cpenu mmuHe b-QEeppUTOB, HUKEJIEBbIE (DEPPUTHI CTAIHM OJHUM W3 JTYUIIUX BAPUAHTOB IS
MCIOJIb30BAaHUs B TAKMX HAMPABJICHUSAX KaK: MEIULIMHA, JIEKTPOHHbBIE YCTPONUCTBA, MaTepUAIIbI JJIs
MOTJIOIIEHUS 3JIEKTPOMArHUTHOTO M3JTyYeHHS, OYMCTKA BOJbL. BocTpeOoBaHHOCTD 3THX (HeppUTOB
0o0yClIOBJIEHa TaKMMHU CBOMCTBAMHM Kak: BBICOKME HPOHUIIAEMOCTH, YAEIbHOE CONPOTHUBIICHHE,
HAMarHMYEHHOCTh HAaChIIeHUs. HaHo yacTuiel (EeppUTOB MHTEPECHBI JJISi TEPAIIEBTUYECKUX U
JTUArHOCTHYECKUX IIeTeH.

BsanmoneiictBue B cucreme NiSOs — Fex(SOs)s — 4NaxO2 compoBokaaeTcsi MOIIHBIM
9K30TepMHUUECKUM 3((HEKTOM, MPOTEKAIOUINM B pexkuMe ropenus. [1o naHHbIM peHTreHo¢a3zoBoro
aHaJM3a, OCHOBHBIMH npoaykTamu peakuuu sBisitotes NiFe204, momudukanuu NaxSOs, u ciiesibl
NiO u FerOs3 KoauyecTBO MOCACIHUX YMEHBIIACTCS C YBEIHUYCHHEM pa3Mepa 00pasioB.
Obpa3zoBanue (eppurta CBUACTEIHCTBYET O BBICOKOM aKTHBHOCTH OOpPAa3yIOIIMXCS B pe3yiabTare
TBepA0(ha3HOro 0OMEHa OKCHJIOB HUKENsS U >kene3a. CyMMapHO B3aMMOCHCTBHE KOMIIOHEHTOB B
cucreme NiSO4 — Fe2(S04)3 — 4 Na2O2 MOYKHO IIPEAICTaBUTh YPaBHEHHEM:

Fe,(SO,), + NiSO, + 4 Na,0, = NiFe,0, + 4Na,S0, + 20,

O6pasyromuiica  deppur NiFe,0,, 1m0 JaHHBIM NPOBENEHHOTO CEAUMEHTALIMOHHOTO

aHajan3a, MOJATBEPKIACHHOIO MUKPOCTPYKTYPHBIM aHAJIM30M, MOKAa3bIBAET OCHOBHOE COJIEpP)KaHUE
gacTHIl ¢ 3GPEKTUBHBIM pazmepom MeHee 3,43 mkm (70-80%).

[Tocne narpeBa o6OpasznoB g0 950°C u BBIIEpKKE B TEUEHHE 2 YacOB, MPOUCXOAMUT HUX
peKpUCTAJUIM3alUsl C YKpyNHEHHeM dacTull. Ilo JaHHBIM CEIUMEHTAllMOHHOTO aHajau3a IOt
YacTHIl ¢ pa3MepoM Ooree 5 MkM yBenuuuBaetcs ¢ 18 % mo 38%, a 107 9acTull ¢ pa3MepoM MeHee
3,43 MxM ymeHsbIaetcs ¢ 73 10 52%.

mr/t

Puc.1. I3MeHeHne MarHUTHBIX CBOWCTB
300 NiFe,O,, mHONy4eHHOro B pPEXHME TOPEHHUs
250 (oxkpyx)HOCTH) U BblAEepkaHHOro mpu 950°C B

200 Te€4YeHHE 2-X 4acoB (KBaJpaThl).

150 C yKkpynHEHHMEM YacTHIl NIPH MPOKAJKE
YBCINYNIINCDH MAarHuTHBIC XapaKTCPUCTHUKHU
UCCIIEAYEMBIX O00pa3lloB, YTO YyKa3blBaeT Ha
BJIIMAHHUEC pasMEpa YacTUI[ Ha €ro MarHUTHBIC
-, . cpoiictBa (puc. 1). Takum oOpasom, c
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nonxydeHHoro B pexume ropenus NiFe,O,
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MHOyKuma, MKT
MOZKHO BJIMATH HAa pa3dMCpPhbl HaCTHUILl U MArHUTHBIC CBOMCTBA.

1. S. Bindra Narang, K. Pubby // JIMMM, V.519, P.167163 (2020).
2. Xuemin He, Wei Zhong, Chak-Tong Au, Youwei Du. // Research Letters V.8, P.446(2013).
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MECHANICAL, CORROSION AND TRIBOLOGICAL PROPERTIES OF
ELECTRODEPOSITED IRON-BASED COMPOSITION COATINGS

Zellele D. M. 12 Yar-Mukhamedova G. S. !
! Faculty of Physics and Technology, al-Farabi Kazakh National University, Kazakhstan
2 Bahir Dar University, Ethiopia
danielmekonnenz@gmail.com

Iron-based composition coatings have emerged as promising materials for various industrial
applications due to their excellent mechanical properties, corrosion resistance and cost effectiveness
[1,2]. This research investigates the electrochemical synthesis of iron-based composite coatings,
emphasizing the optimization of deposition parameters and their impact on structural and functional
properties. The study systematically examines the effects of electrolyte composition, current
density, pH, and temperature on the morphology, phase structure and performance of the coatings
on the substrate.

A comprehensive characterization of the synthesized coatings was conducted using scanning
electron microscopy (SEM), X-ray diffraction (XRD) and energy dispersive spectroscopy (EDS) to
analyze their microstructural features and elemental composition. Electrochemical techniques such
as potentiodynamic polarization and electrochemical impedance spectroscopy (EIS) were employed
to evaluate the corrosion resistance of the coatings under different environmental conditions.
Additionally, tribological properties, including hardness and wear resistance were assessed to
determine their mechanical durability. The results indicate that optimized iron-based composite
coatings exhibit superior corrosion protection and mechanical performance. The incorporation of
reinforcing phases and alloying elements significantly enhances coating properties, demonstrating
the potential of electrochemical deposition as a versatile and scalable method for developing high-
performance coatings [3]. This research provides valuable insights into the design and application
of iron-based coatings for protective and functional surface engineering.

1. Arrighi, C., et al. // Materials Chemistry and Physics V.263 P. 124366 (2021).
2. Okokpujie, Imhade P., et al. // Journal of Bio-and Tribo-Corrosion V.10, Mol P.2 (2024).
3. Lebedeva O. et al. // Metals V.13, Ne4 P.657 (2023).
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HCCJIEJOBAHUE OBPA3OBAHUSI HAHOPA3MEPHOU
AJIIOMOIIMHKOBOMU HITIMHEJIN

Kapa A.B., I pomenxo B.O., /Kypaesnes C.B., Cepxosey A.A., boonapiok C.
OI'BHY «HayuHo-ucCiIe10BaTENbCKUM MHCTUTYT «PeakTUBIEKTpOH», I'. JloHenK
berestova865@mail.ru

AmomuHatr 1mHKa (ZnAl2O4) umeer xummuueckyro ¢opmyny AB20s u  crpykTypy
HOPMAaJIbHOW IIMKUHEINH, 00J1a/1aeT BBICOKONH XUMHUYECKON U TEPMUYECKOH CTaOMILHOCTHIO, BRICOKOM
MEXaHMYECKON CTOMKOCThIO M HU3KOM KHUCIOTHOCTHIO MOBEPXHOCTH M MOAXOAUT Ui LIUPOKOTO
CIEeKTpa TPUMEHEHWH, TakMX KaK ONTHYECKOE TOKPBHITUE WM OCHOBHAs  MAaTpHIIA,
BBICOKOTEMIIEPATYPHBIM KepaMHUYeCKUW MaTepuall, KaTaau3aTop M MOJUIOKKA Ul KaTalu3aTopa.
B macrosmiee Bpemss meronbl cuHTe3a ZnAl,Os BKimrod4aroT TBepAo(da3Hbie METOJbI, 30JIb-Telb
METO/IbI, METOJIbI CKUTAHUS U METOJIbI C UCIIOJIB30BAHUEM PACTBOPOB.

Llenpto  nmaHHOW  pabOTHI  SIBIAETCS  MCCIENOBAaHME  BO3MOXKHOCTH  00pa3oBaHUs
HAHOPAa3MEPHON aNMOMOIMHKOBOM 1mmuHean B cucreme ZNnSO4-Alx(S0s)3-Na;O2 merogom
CaMOpPaCIPOCTPAHSIOIIErOCs BBICOKOTEMITEPATYPHOTO CHHTE3A.

PaccMoTpeHHBIN TUIT B3aMMOJICHCTBHS MPEICTABISIECT 3HAUUTEIbHBIA UHTEPEC IS CUHTE3a
HEOpPraHMYECKUX HAHOPA3MEPHBIX OKCUAHBIX MaTepuasuos [1,2].

BzaumogeiictBue B cucreme ZnSO4-Alz(SO4)3-Na202 MOKHO MPeacTaBUTh CICTYIOMIAMH
TEPMOJIMHAMHYECKH 0OOCHOBAaHHBIMU OCHOBHBIMU YPaBHEHUSIMU:

3Na20z + Al2(SO4)3 = 3NaxSO4 + AloO3 + 1,502, (AH,95= -886,52 xIx/MOB),
Na202 + ZnSO4 — NaxS04 + Zn0O + 0,5 Oz, (AH,9g= -244,80 xJ[)x/M0J1b),
Al>O3 + ZnO - ZnAl,0s.

PacueTsl  XapakTepUCTHK  Ipe/UlaraéMblX  peakuuil  MpOBOAWINCH HAa  OCHOBE
(GyHIaMEHTAIFHBIX OCHOB XMMHYECKOW TEPMOJUHAMUKH. PeHTreHOo(a30BhIil aHAIN3 MaTepHaAIOB
BBINIOJIHEH Ha PEHTTeHOBCKOM audpakromerpe Bruker D8 Advance, kauecTBeHHBIH aHaIM3
($a30BOro cocraBa OCYILECTBISUIM C MOMOIIbIO 0a3bl AaHHbIX PDF-2 B mporpaMMHOM KOMILIEKCE
Jade 6.5, wmukpodororpaduu 00pas3moB ObUIM TMOMYYEHBI HAa PACTPOBOM 3IJIEKTPOHHOM
ckanupyrouem mukpockorne TESCAN AMBER GMH (puc.1).

Puc. 1. 3ﬂeKTp0HHO'MI/IKPOCKOHI/ILICCKOC I/I306pa>KCHI/Ie qaCTI/IH IpOAYKTAa CUCTCMBI
ZnS04-Al2(S04)3-Na20-

1. bepecmosas A. A., lllanosanos B. B., baiino A. A. // Hnnosayuonnvle nepcnexmuswt JJonbacca,
T. 4: Ilepcnexmuenvle Hanpasienus pazsumusi 3Koa02uu U Xxumuveckou mexuonocuu. C. 12—
15(2022).

2. bepecmosas A. A., lllanosanos B. B.// Becmhuk /[onHeyko2o HAYUOHANbHO2O YHUBEpCUMENA.
Cepus I': Texnuuecxue nayku, Ne 3, C. 57-64 (2022).
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HCCJIEJOBAHUE MOP®OJIOTI'MU TIOBEPXHOCTH MJIEHOK CNx:EuyO;
C JIMHEUMHbIMHA YHHOPAJOYEHHbBIMHU ITYYKAMHU MHOI'OCTEHHBIX
YIJIEPOJHbBIX HAHOTPYBOK

Jaspeniok A.C.'?, Heoépxun B.B.%?, Illemuenko E.U.?
OI'BOYBO «JloHelKnii rocyJapCTBEHHBIH YHUBEPCUTET», T. JlOHEIK
2OI'BHY «Jlonenkuii Gpusuko-Texauyeckuii uHCTUTYT uM. A.A. Tankunay, r. JJonenx
alina2003626@mail.ru

Jnst monydeHus pa3iUYHBIX MEPCHEKTUBHBIX KOMIO3UTHBIX MAaTEpPHATIOB MPUMEHSIOTCS
yriaepoanble HaHOTPYOKU. Ha ux ocHOBEe BO3MOXKHO MOJydeHHE TBEPOTEIBHBIX HEOXJIAXKIAEMbIX
kyoutoB (NV -BakaHCHS), COBMECTHUMBIX C COBPEMEHHBIMH J3JICKTPOHHBIMH BBIYHCIUTEIHBHBIMU
cuctemMami. JlerupoBaHue pelKO3eMeNbHBIMH MaTepuaiaMH YIIIEPOJHBIX HAHOTPYOOK MO3BOJISET
MOJTy4aTh MEPCICKTUBHBIM MaTepuai JUisl CO3JaHus OAHO(DOTOHHBIX JIa3epOB, HEOOXOMUMBIX IS
KBAaHTOBBIX KOMIIBIOTEPOB, a TaKKe MPUEMHUKHM M3JIyUYEHHUs Takux JlazepoB. Takum oOpa3om, Ha
OCHOBE  VIJICPOJHBIX HAHOTPYOOK BO3MOXKHO TIOJTYYCHHE TBEPIOTEIBHBIX  KBAHTOBBIX
BBIUMCIIUTENBHBIX SYEEK THUIA «U3JIydaTelb-KyOUT-IPUEMHHUK», COBMECTUMBIX C COBPEMEHHOMU
MOJTYTIPOBOTHUKOBOW 3JIEKTPOHHUKOM.

Ha cBoiicTBa HAHOTPYOOK BIHSIOT UX T€OMETPUUYECKUE XaPAKTEPUCTUKH, MEHSISI KOTOPBIE BO
BpEMs pOCTa HAHOTPYOOK, BO3MOKHO YIIPABIISATH CBOMCTBAMH KOMITO3UTHOTO Marepuana [1].

MeTtogaMu  aTOMHO-CHJIOBOM  MHKPOCKOITHH
(ACM) 6bLIO TPOBENICHO HCCIIET0BaHNE MOP(HOJIOTHH
MOBEPXHOCTU YIVIEPOAHBIX IUIEHOK, BBIPALIEHHBIX B
atMocdepe a3oTa U JIETUPOBAHHBIX TPEXBAICHTHBIM
okcugom eBpormust (CNx:EuyOz), cocrosimux u3

TUTOTHOYITAKOBAHHBIX IyYKOB YTIIEPOIHBIX
HaHOTPYOOK [2, 3]. OOGHapyxeHO, 9TO Ha s
IOBEPXHOCTH MPUCYTCTBYIOT BBIPaKECHHBIC

JUHEHHBIE CTPYKTYpPhl BEPTUKAIBHBIX YTIEPOIHBIX
HaHOTPYOOK B BUJIE YIIOPSAIOUYECHHBIX MoJioC (puc.l).

Ilenpto paGoThl OBLIO HCCNEAOBATH SBICHUS, :
MOBJIMSABIINE Ha MOPQOJIOTHIO OBEPXHOCTH IIJIEHOK 0 05 1,0 15 20 25 30 um
CNx:EuyO; c HEOOBIYHBIM, JUHENHO-
YIOPSA0YEHHBIM pacroiaokKeHueM My4YKOB
YIIEPOJIHBIX HAHOTPYOOK.

Nzo0paxenus tuieHok CNx:EuyO; [4] Obim
nony4yeHsl Metogamu ACM c¢ momouisio 30Ha0BoM nadoparopun NTEGRA Aura. O6paboTky u
anann3 ACM-u3o0pakeHuil ocymiecTBIsUT B nporpamme «ImageAnalysis», KoTopasi MO3BOJISIET
BBIJICNIATh IO 3apaHee 3aJaHHbIM [apaMeTpaM T'€OMETPUUYECKUE XapaKTEPUCTUKHU 3€pHa,
SBJISIONIETOCS YacTIMU HAHOTPYOOK, BBICTYMAIONIMX HAJ CIUIOIIHON MOBEPXHOCTHIO IUIEHKH.
BricoTa 3épeH onpenensieTcss OTHOCUTEIBHO OOIIEro HyJeBOro YpOBHS, T.e. 6a30B0il MOBEPXHOCTH,
HIKE KOTOPOH JISKUT CIIONIHOM CJIOW TIJIOTHOYIAaKOBAHHBIX HAHOTPYOOK.

[Ipu m3MepeHnn reoMeTpUYEeCKUX XapaKTEPUCTUK 3EPEH MO BBIIECIECHHBIM HAIpPABICHUSIM
BBITIOJTHSJICS. CPE3 HAa HEKOTOPOM 3aJIaHHOM YpPOBHE, OmpeensieMoM KodhuiueHToM Ks. paBHBIM
OTHOIICHUIO 33JJaHHON BBICOTHI CEUEHUS K BBICOTE TTI00aThHOI0 MAKCUMYyMa MOBEPXHOCTH TICHKH.
Boraucniennsie mapamerpsl ObUTH moydeHsl npu Ksp =0.5.

1. Okynes B.JI., Camoiinenxo 3.A. u op. // ®TB/], T. 34, Ne2, ¢.37-51 (2024).

2. Schultrich B. Tetrahedrally Bonded Amorphous Carbon Films, Berlin: Springer 2018, 752 c.

3. Ferrari A.C., Rodil S.E., Robertson J. // Physical Review (B), T.67, 155306 (2003).

4. lllemuenxo E.U., Ilempenxo A.I"., Jluxmenwmenn UA // Becmuuk Jlyeanckoco HayuoHaibHo2o
yHugepcumema um. Banaoumupa Hana Ne 5(11), c.151 (2018).

Puc.1. 2D-noBepXHOCTb IIIEHKH,
COCTOSIIIEH U3 YIOPSAOYEHHBIX PSAIOB
YIJIEPOJHBIX HAHOTPYOOK.
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KHUHETUKA CIIEKAHUS KOMIIO3UTA CUCTEMbI
Al - Al203

Jlonaoze JI.B., bpoxanoea U.U., I'onosans I'.H., IIpununko C.I10.
OI'BHY «/loneukwuii Gpu3nKo-TeXHUYECKH HHCTUTYT UM. A.A. ['ankunay, r. Jlonenx
loladzeftia@mail.ru

KoMNo3uTel — HCKYCCTBEHHO CO3JJaHHbIE MaTepUaibl ¢ ABYMs MM Oojiee KOMIIOHEHTaMH,
oOnajaromMu  pasHbIMH  (U3WYECKUMHU M XUMHUYECKMMH CBOWCTBaMH. Takue Marepuabl
BBI3BIBAIOT MOBBIIIEHHBIN HHTEpeC Onaroapsi yHUKaJIbHbIM CBOMCTBAM, B TOM YHCJIE MAJIOMY BeCy,
BBICOKON IPOYHOCTH, YCTOMUMBOCTH K KOppo3uu U np. C pa3BUTHEM HOBBIX TEXHOJIOTHH ydeHbIE
BCEr0 MUpPA TPYAATCS HAJl CO3JaHUEM TaKUX Marepuaios [1].

B nHameMm cnyuyae uccienoBaHUSI HAlpaBJICHbl Ha BBISBJIECHUE BO3MOXKHOCTEH IOJIy4EHUs
KOMIIO3UTa Ha OCHOBE MOPOIIKOOOPAa3HOr0 METAIIMYECKOro allOMUHUS B cooTHomeHuu 70:30
(mog0op KOMIIOHEHT, apaMeTPOB BHEIIHEr0 BO3JEHUCTBUSA HA CHUCTEMY, PEXKHUMOB TEPMUUYECKOU
00paboTKN).

HcxonHple  NOpPOIIKM — TOTOBWJIMCH — CJEAYIOIIMM ~ 00pa3oM:  IOPOILIKOOOpa3HbIN
METAJUIMYECKUN aTIOMMHUN CMEIIMBAIN C HAaHOMOpOIIKaMu okcuja amoMunus Al:O3) pasmepom
gactunl 50 HM u HemHorum Ooisiee 100 M B cootHomenuu (70% Al + 30% Al>Oz, noasepranu
CyXOMYy CMEUIMBAHUIO B IUIaHETapHOM MenbHMLE B TeueHue 30 muH. [losyueHHBIE HOPOLIKH
dbopMOBanM METOIOM OJHOOCHOTO C)KAaTHSl B CTalbHON mpecc-popme, TaBICHUE MPECCOBAHUS
coctaisiio 250 MlITa. IIpeccoBku nmpeacTaBisiiu coOO0i CTOIOMKH pazMepoM 6X6x14 MM, KOTOpbIe
3aTeM MOJIBeprajiv ruapocraTndeckomy ooxatuio (P=2, 6 u 10 x6ap).

OnHoit n3 Hanbosee OTBETCTBEHHBIX TEXHOJOIMUYECKUX MPOLEAYP MOITYYEeHUsT KOMIIO3UTOB,
B pe3yJbTaTe KOTOpPOM MasoNpOYyHbIE 3arOTOBKHU MpPeoOpa3yloTcss B MPOYHBIE Teja, SBISETCS
npoliecc crnekanus. s uccnenoBaHMs KMHETHKHM CIIEKAaHUs BbIIEYKa3aHHBIX 00pa3lloB BBIOpaH
METOJT TUIaTOMETPUU, KOTOPBIN I03BOJISIET HAOMIOJaTh 3a MIpOLEccCaMH, MPOUCXOASIIMMU B
MaTepHae MpH ClieKaHuH.

AHamm3 TOJYYEHHBIX HaMU KHHETHYECKHUX KPHUBBIX IO3BOJIII BBISIBUTH TEMIIEPATYPHBIH
unTepsan (300+700°C), B KOTOPOM MPOMCXOAUT MEPECTPOIKA CTPYKTYPHI, O UeM CBUAETENHCTBYIOT
XapakTep TEIJIOBOTO PacIIMPEHMsI U MOSIBUBLIMECS Ha KPUBBIX CIEKaHUs MUKU (puc.l).

BeisBrienHble 3()(eKThl HAriIsAHO OTpakeHbl Ha —dio

0,020 4 C

KpHBBIX criekanus komrno3uta Al-AlO3 u ykaspiBatoT Ha —o
KOPPEJSILIMI0 MEXy JaBIEHUEM, Pa3MEPOM YacTHI] U oot {——F
CBOMCTBaMHM CIIEYEHHOI'0 MaTepHala.

[IpencraBisier MHTEpeC NanbHENIIEEe H3ydeHUE
CTPYKTYpbI, TEIUIOQU3MYECKUX, DJIEKTPUUECKUX U a4 .
MEXAHUUYECKUX CBOMCTB MCCIEAYEMOrO Marepuana, /

MOCJIE Yero MOTyT OBITh JaHbl PEKOMEHJAIMH TI0

P=2 x6ap

,F’:‘:O kbap

o
S 0.0104
©

0,000 4
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0 100 200 300 400 500 600 700 800

ONTUMU3AINH PEKUMOB TepMO0OpabOTKH u T’c

COOTHOUICHUS! ~ KOMIIOHEHT CHCTeMBl ¢  1menbio  Puc.l.  Kunernyeckue  KpuBbIE

dbopMUpOBaHUS 3apaHee 3aJaHHON CTPYKTYPBHI. cnekanus kommosura 70% Al + 30%
Al>O3

1. Jeunuc 3.C., Xacanos O.JI., Coxonos B.M. // @ynoamenmanvuvie ucciedosanus. — 2016. — Ne
11-4. - C. 691-697.

11


mailto:loladzeftia@mail.ru

-

ﬁE Hoegvie ghynkyuonanvrvle mamepuail

VIIK 539.23

METAJIVIOOKCUIHBIE MOJIEJIBHBIE KATAJIM3ATOPBI PEAKIITUN OKUCJIEHUA
MOHOKCHJA YIJIEPOJIA 1 BO3MOKHOCTh HACTPOMKH UX
®YHKIIMOHAJBHBIX CBOMCTB IIOCPEJICTBOM OBJIYYEHUA

BBICOKOSHEPIT'ETUYECKUMH YACTULIHAMUAU

Mazkoee P.T.'?, Ilyxaesa H.E. '3, Takaee A.A.Y, I'puzopan I'.I'.%, Xexunaes P.A.Y, I'puzopxun
JI.B.%, Hyzzaposa M.P.', Becmaesa 3.H.', Mazrkoee T.T.*, Men Y *, Behjatmanesh-Ardakani R.°
Poccniickuit TocynapcTBeHHbI earorndeckuii yausepcurer uMm. A.U. Iepuena, r.C.-ITerepOypr

2dI'bOY BO «CeBepo-OceTHHCKHUI FOCYIapCTBEHHBINH YHUBEPCUTET», T. BilaaukaBkas
300be IMHEHHBII WHCTUTYT SJICPHBIX UCCaeA0BaHui, I. JlyOHa
“Shanghai University of Engineering Science, Shanghai, P.R. China
Ardakan University, Ardakan-Yazd, I.R. Iran
t_magkoev@mail.ru

YcTaHoBneHHE ~ 3aKOHOMEpPHOCTEH  (OpPMUpPOBaHUS M CBOWCTB  HEOJHOPOIHBIX
HAaHOPAa3MEPHBIX METAJUIOOKCUAHBIX CHCTEM HMEeT BaKHOE Kak (yHIAMEHTAIbHOE, TaK H
MPUKJIAHOE 3HAYEHUE ISl LIMPOKOr0 CIEKTpa MPUMEHEHHU OT HAHOZJIEKTPOHUKHA U METULIMHCKON
TEXHUKH 10 HAHOXMMHH W TE€TEepOreHHOro karanusa [1,2]. B CBs3M ¢ 3THUM LIENBIO HACTOSIICH
paboThI ABISIIOCH YCTAHOBUTH 3aKOHOMEPHOCTH (hOPMUPOBAHUS CUCTEM pAcCMaTPUBAEMOTO THIIA, a
UMEHHO HaHopa3MepHbIX kiactepoB Ni u Cu Ha moBepxHocTH okcuna amromunus o-Al,03(0001)
JUTSL TOCTHDKEHUS KaTaluTudeckoi 3pdextuBHoCcTH B peakiusax okucieHus CO, conoctaBUMOM ¢
TAKOBOHM, XapakTepHOM [UIsl IUIATHHOMJHBIX KaTaiu3aropoB. C NPUMEHEHHEM IIHMPOKOIO
B3aMMOJOIIOJIHSIOIIEr0 KOMIUIEKCA METOAOB aHalM3a TMOBEPXHOCTH B YCIOBHUAX CBEPXBBICOKOTO
Bakyyma C IN-Situ mpoOOMOATrOTOBKOM B COYETAHMH C MEPBONPHUHIMITHBIME TEOPETHUSCKHUMHU
pacyeTaMu MeTOJOM (PyHKIMOHaJAa IUIOTHOCTH TIOKa3aHO, 4YTO 3((EKTUBHOCTh peaKIUu
KapAMHAJIBHBIM 00pa3oM 3aBHCHUT OT pa3Mmepa KiacTepa Meramia. J[ins oOoux MeTayioB MOKHO
YCIIOBHO BBIJICIUTh TOTPAaHUYHYIO O0JIaCTh pa3Mepa KjacTepa Mopsaka 2 HM, HUXKE KOTOPOH
akTUBHOCTH HaOmogaemMbix peakiuid (CO + O2 — CO2+ O; CO + NO — COz + N) cymiecTBeHHO
IpeBbIIaeT HaONloJaeMyro Ipu OoJbIlleM pa3Mepe KilacTepa W COMOCTaBUMa C TOH, KOTopas
XapakTepHa JJi1 COOTBETCTBYIOIIMX IJIATHHOMAHBIX KaTanu3atopoB. [Ipu yMmeHblieHHUM pa3mepa
KJlacTepa HIKE 2 HM U B TPEIeNbHOM Ccly4dae OJAMHOYHBIX aTOMOB META/JIOB HAOIIOIaeTCs
peKop/Has yjAelbHas AaKTUBHOCTb pEaKlMi, B HECKOJbKO pa3 IMpEeBBILIAIONIAS TaKOBYIO JJis
IUTATUHOUAHBIX KaTaJIN3aTOPOB. DTO 00YCIOBIEHO OCOOBIM AJIEKTPOHHBIM COCTOSIHUEM OJJMHOYHBIX
U CBEpXMaJIbIX KJIacTepOB METAJJIOB, OOYCIOBJIEHHBIM JeiCTBHEM MOTeHIMana MazenyHra
MOBEPXHOCTH OKCHJa M IMpOLeCCaMu IepeHoca 3apsjia Ha IpaHulle paszena merami/okcua. Takoe
COCTOSIHHE CITOCOOCTBYET akTHUBAIMU MOJEKYIspHBIX opoOutaneit CO, Oz, NO u, ciemnoBarensHO,
MOBBIIICHUIO KAaTaJUTHYECKON aKTUBHOCTH. PocT pa3smepa kinacrepa NPUBOJUT K CHHUIKEHHUIO
KaTaJIUTHYECKON aKTUBHOCTHU 3a CUET YCHUJICHHS] MEKaTOMHOTIO JaTepajbHOro B3aumonencteus. C
NPaKTUYECKON TOYKHU 3peHHsi 0003HAYEHHAs BO3MOXKHOCTh 3aMEHBI AParolleHHBIX METAJUIOB MEHee
JIOPOTOCTOSIIIMMHM MaTe€pUalaMi MO3BOJIUT CYLIECTBEHHO CHU3HUTH CE0ECTOMMOCTh MPOU3BOJICTBA
KaTaJIn3aToOpOB, KaK MUHUMYM 0€3 MMOTepH KauecTBa, U 00ECIEUUTh IKOHOMMIO PEIKUX U OBICTPO
HCYEPITACMBIX PECYpCOB OlaropogHbix MeTaioB. JlampHeimas HacTpoiika 3(¢deKTHBHOCTH
KaTaJIn3aTOPOB BO3MOXKHA IMOCPEICTBOM MX OOIY4EHHUS BBICOKOIHEPreTMYECKMMM YacTHIIaMH, B
YaCTHOCTH, Ha ycTaHOBKe kitacca Meracaitnc NICA OUSIU, [lyOna.

Pabora BeimonHeHa B pamkax 'oc3amanus COI'Y MunobpHayku P® (ko HaydHOI TeMbl
FEFN-2024-0002) u xonnabopaunu ARIADNA NICA, FEFN-2024-0006 (OUU, [1yGHa).

1. Luo N., Turberg, M., Leutzsch, M. et al. // Nature (2024). https://doi.org/10.1038/s41586-024-
07757-7.

2. Zoric M.R, Basera P., Palmer L.D. et al. // ACS Nano, V.18, P.19538-19548 (2024).
https://doi.org/10.1021/acsnano.4c02088.
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V]IK 544
BJIUSTHUE BEH30TPHA30.JIA HA CBOIICTBA DMIOKCH/THO-KPEMHE3EMHBIX
KOMIIO3UTOB

Haiimywuna JI.LE*?, JIvica P. H.%, Benuuxo /I.P.?, Bpioxanosa U.U.?
ldI'BOY BO «JloHenkuii rocy1apcTBEHHBINH YHUBEPCUTET», T. JIOHEIK
2OI'BHY «/lonenkuii pusznko-TexHUYECKUd MHCTUTYT M. A.A. ["ankuHay, r. JloHenk
musia.2014@yandex.ru

AJIOMUHUEBBIE  CIIaBbl  IIUPOKO  IPUMEHSIOTCA B CTPOUTENbCTBE, aBUA- U
aBTOMOOMJIECTPOEHHUH, HO IIOJBEPKEHBbl KOPPO3UH, OCOOEHHO cojepxaiue Mmenb. Kopposus
CHIDKAeT TPOYHOCTh, YXY/JIIAET BHEIIHWHA BHUJ U COKpAIIA€T CPOK CIYXKObI HW3IEIUH.
[IlecTuBageHTHBIA XPOM 3aMeIAeT 3TOT MPOLECcC, HO M3-3a €ro TOKCMYHOCTH Pa3padaThIBaIOTCS
aIbTepHATUBBL. [lepCIIEKTUBHBIMU CUYMTAIOTCS THOPHUIHBIE 30JIb-T€Nb MOKPBITHSA Onaromaps
HU3KOTEMIIEPATYPHOMY OTBEPKACHUIO, BBICOKOW aAre3uH U JOITOBEYHOCTH [1].

ABTOpPBI JIaHHOTO HCCIICJOBAaHMS MPEUIaraloT MOBBICHUTH A(PPEKTUBHOCTh  3AIIUTHI
THOPUIHBIX 30JIb-T€Nb MOKPBITUI IyTEeM HCIIOJIb30BaHUs HHIMOUTOpA KOppo3uu meramios — 1,2,3-
Oenszorpuazoina. [locneanuii BBOIUTCS B COCTaB KOMIIO3UTHOI'O MOKPBITHS, I[JI€ NPUCYTCTBYIOLIUI
KPEMHE3EMHBbI HAaHOHAIIOJIHUTEb MOT Obl «yAEpKUBATh» O€H30TPHA30J1, YTO MIPOJIOHTUPOBAIO ObI
3alIUTHOE JCHCTBHE MOKPHITH. [103TOMY 11e/bi0 paboThl OBUIO UCCIIEAOBATh BIMSIHUE HHTUOUTOpA
KOPpO3UM METAJUIOB HAa Pa3JIMYHbIE CBOWCTBA KOMIIO3UTOB, B TOM 4YHCJIE€ Ha aHTUKOPPO3UOHHBIE
CBOICTBA AMOKCUAHO-KPEMHE3EMHBIX OKPBITHH.

Komno3uTel cuHTE3upOBay U3 Tpusnokcuaa 1,1-numernnon-3-uuKiIoreKceHa, nojauaMuHa

Ancamine 2579 W TeTpPadTOKCUCWIIAHA, KakK
npekypcopa A GOpMHMpPOBAHUS YaCTHI] KpeMHe3ema (B
KOHIIeHTpanmoHHoM nuamazone 0,5— 10 %). Ilomydeno
JBE cepun o0pa3uoB: 0e3 HWHrMOUTOpa KOpPPO3UHU
METAJIJIOB U coJeprkauiue OeH30TpHUa30j. Y CTaHOBIIEHO,
4TO  CHHTE3MPOBAaHHBIA N SitU  KpeMHe3eMHbIil
HAllOJIHUTENIb ~ apMHUpPYeT  MOJMMEPHYIO  MaTpHILy
KOMIIO3UTOB: YK€ TIPU  HHU3KMX  KOHIIEHTPAaLMsIX L
HAIlOJIHUTENII MHOTOKPaTHO  CHH)KAETCs  Y/UIMHEHHE o~
o0pa3loB  ToOcCiIe Tmepexoia B BBICOKOIIACTUYHOE "
cocrosaue (puc.l), 4ro oOBsICHsETCS (QopMUpPOBAHUEM \ ) ) ) ] ,
IIPOCTPAaHCTBEHHOM HEOpPraHUYECKON CETKH, ‘ " 1o
oOpazoBanHoi uactunamu SiO2. IlpucyrctBue 1,2,3-

OeH30TpHa3ola B COCTaBE KOMIIO3UTOB OKas3biBaeT Puc.l. JluddepeHuunansusie TepMo-
mIacTH(GUIMpPYoLIee BIMAHNE HA MIOJMMEPHYIO MATPHILYy.  MEXaHMYECKUE KPUBBIE.

@OopMHUPOBAaHME KPEMHE3EMHOIO  HAIOJHUTEIS
U3MEHSAET YCTOMYMBOCTh AMOKCHJIHBIX KOMIIO3UTOB K TEPMOOKHCIMTEIBHOW Jerpajaluu.
ITpouecchl  BBICOKOTEMIIEPATYPHOI'O  OKHMCIEHHUS, TEPMHUYECKOM M  TEPMOOKHCIUTEIBHON
JNECTPYKIUU HAIOJIHEHHBIX O00pa3loB MPOTEKAIOT MEJJIEHHEE, M, KaK pe3yjbTaT, 3aMeIsieTcs
CKOPOCTb MOTEPH MACChl KOMIIO3UTOB.

[IpoBoauINM MOTEHIMOJUHAMHYECKHE UCCIEOBAHUS W KJIMMATUYECKUE HCIIBITAHUS
(BbrIepkuBanu 2 mecsua npu temnepatypax 20-50 °C nag 3 %-ueiM BoaHbIM pacTBopoM NaCl)
KOMITO3UTHBIX TOKPBITUM Ha TOBEPXHOCTH altOMHHHEBOro cruiaBa J[16. bosee BbICcOKas
3P PEKTUBHOCTh AaHTUKOPPO3UOHHOM 3aIMThl HAOII0AaeTCs PU BBEACHUU MHTHOUTOpA KOPPO3UHU
METAJUIOB B COCTAaB KOMIIO3UTHOI'O MOKPBITHS, YTO sBIseTCsS Oosiee 3PPEKTUBHBIM, UEM B COCTaB
HEHAIOJIHEHHOTO TIOJIMMEPHOTO MOKPHITHs. KoHIeHTpaus 6eH30Tpra3oa He JOKHA MPEBbIIIaTh
1 % no macce.

1. Gautam 4., Soma Raju K. R. C., Gobi K. V., R. Subasri R.Effect of transition metal and diferent
rare-earth inhibitors-based sol-gel coatings on corrosion protection of mild steel, 2023. 17 p.

dl/dt, vikm/c

0,08
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V]IK 539.422.5

POJIb TEMIIEPATYPbI U IABJIEHUSI IPECCOBAHUSA B YIIPOUHEHUMU Al2Os-Al
KOMIIO3UTOB

IHpununko C.IQ., I'anzano A.H., Kyopaeuee FO.A. , Bypxoseukuii B.B., bproxanoea H.U.,
T'onoeans I'.H., I'nazynoea B.A.
OI'BHY «/lonenkuii puznko-rexHuueckuii MHCTUTYT UM. A.A. ["ankunay, r. JloHenk
suprilipko@mail.ru

[IpodHOCTh MeTaJUI-KEpaMUYECKHX KOMIIO3UTOB ONPEACISICTCS HECKOJIBKUMH (PaKTOpaMu:
COCTaBOM M COOTHOLICHHMEM KOMIIOHEHTOB, MX MEXaHHYECKHMHU CBOMCTBaMH, CTPYKTYpOill H
Mopdororueid. B nmepByro ouyepenp Ha MEXaHHYECKHME CBOWCTBA BIMAIOT MPONOPIMH METajuia U
KEpaMUKH — YBEJIMYEHHUE COJEpKAHUA KEepaMHKH MOXKET IOBBICUTh TBEPJOCTb, HO CHU3UTh
yIIApHYIO BSI3KOCTb.

Jlns vccaeoBaHusl MPOYHOCTH IOCHIE TOpSYEro MpPeccOBaHUsS ObLIM BBIOpaHbI KEPMEThI
cucrembl Al2O3-Al ¢ maccoBoii noneit metamia 80%. ITOCKONBKY IMJIaCTHYHOCTh ATIOMHHUS B
3HAYUTEIBHOM CTENEeHU 3aBUCUT OT €ro TeMIIepaTyphbl, IPEACTABISACTCA BaXKHBIM BBIOOP PEXHUMOB
ropsiuero npeccoBanus. Llenpio paboThl OBUIO YCTAHOBIICHHE BIIMSHUE JABICHHUS M TEMIIEPATYPHI
ropsiuero NpeccoBaHusl Ha INIOTHOCTh, CTPYKTYPY U IMPOYHOCTH IPU YETHIPEXTOYEUHOM H3rube.

JlJis TomydeHus KEpPMETOB HCIIOJIb30BATUCH IMOPONIOK aucriepcHoro amomuans (10-20
MKM) W HaHOKpucTajuindeckuid okcuj amomuuus (30-50 uwm). Ilocne cmemmBanus o0pa3ibl
HarpeBanuch A0 temmnepatypsl 450 u 600°C u npeccoBanucek nasiaeruem 600, 800 u 1000 Mlla
(Tabmuna 1).

Ta6mz1ua 1. IImoTHOCTB 06pa3u0B IOCJIC TOPAYCTO IMPECCOBAHUA

Temneparypa [asnenue npeccoanus, Mlla

IIPECCOBAHUS 600 800 1000
450°C 2,48 2,54 2,53
600°C 2,68 2,71 2,80

) Ta6J'II/II_[bI BHUJHO, YTO ITOBBIIICHHEC

temriepatypbl 10 600°C B Oomblieit CcTeNeHH 400
CHOCOOCTBYET YIJIOTHEHHIO KOMIIO3UTa, 4YeM 350 4
yYBEIMYEHUE  JIaBJICHUSA B  BBHIOPaHHOM
Iuarna3oHe. 300

Ha puc. 1 npuBenensl 3HaueHUs 250 -
NPOYHOCTH TOJIy4eHHBIX 00pasuoB. OOpairaer o
BHUMAaHHE HeJWHEeHAs 3aBHCUMOCTh = 200 -
OPOYHOCTH OT JaBJeHHUA s 00pasloB, S}
noiy4deHHeIx npu  600°C. Takoii xapakrep 150 1 —8-450°C
3aBHCUMOCTH MOXKET OBITh CBSI3aH C HAJMYUEM 100 - - 6o0%c
HaNpsOKEHWH B MaTepualie B COCTOSHUH,
OJIM3KOM K €r0 TEOPETUYECKOH MIOTHOCTH. 50 1

Takum oOpa3oMm, SKCIIEPUMEHTAIBHO 0 . . . . .
yCTaHOBJIEHA BO3MOXHOCTb MOJTyYEHUs 500 600 700 800 900 1000 1100
KOMIIO3UTHOTO Mmarepuania Al,0s3-Al, P,
UMEIOILET0 TMPOYHOCTH BBIIIE TPOYHOCTH €ro
KOMIIOHEHTOB, " OGHAPYKEHbI myTH Puc.1. [IpoyHOCTH ITPH YETHIPEXTOUECUHOM
HOBBILICHMS ero KOHCTDYKITHOHHBIX nsrube oopasnoB  Al2O3—Al, moayueHHbIx
XaPAKTEPHCTHK. IIPU PA3TUYHBIX TEMIIEPATYpax ropsvIero

MIPECCOBaHUS
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KOMIIPECCUOHHAS DJIEKTPOAKTUBHOCTD CJIOUCTbBIX NIOJIMMEPHBIX
INPOTOHOOBMEHHBIX MEMBPAH

Ilpoxopoe U.IO.
OI'BHY «/loneukwuii Gpu3nKo-TeXHUYECKH HHCTUTYT UM. A.A. ['ankunay, r. Jlonenx

iprokh@mail.ru

ITomumepHBbIe MPOTOHOOOMEHHBIE MEMOPAHBI B IIOCIEAHUE OBl CTAJIM OJHUM M3 IVIABHBIX
HaIIpaBJICHUM UCCIIEI0BAHUI B MUPE HE TOJIBKO KaK OCHOBA HOBBIX YCTPOWCTB XpPaHEHUS YHEPIrUu
(Takux, KaK TOIUIMBHBIEC 3JIEMEHTHI, IPOTOUHBIE OaTapen U TBEPIOTENbHbIE CYIEPKOHIEHCATOPHI),
HO M KaK »JJIEKTPOAKTHBHbIE MaTepHUajbl JJIsI HCKYCCTBEHHBIX MYCKYJOB U KOJUIEKTOPOB
MeXaHU4eCcKO 3Heprun. MemOpaHnsl Ha ocHoBe noiuBuHMUIOBOro cnupta (IIBC) u cynepkucnor
NPECTaBISIIOT OCOOBI MHTEPEC, TTOCKOJIBKY 00pa3yloT MEKTPOXUMHUYECKYIO0 CUCTEMY, B KOTOPOH
MOJKET 3aI1acaTbCsl SHEPTUs B BUJIE IPOCTPAHCTBEHHBIX 3aps/I0B.

Amopduble u Kpuctamdeckue memOpansl u3 [IBC, cmmroro aucynbdosHTapHON
KHCJIOTON M JONUPOBaHHbIE IPOTOHUPOBAHHBIM MOHTMOPWIJIOHUTOM, OBUIM HOJYYEHBI JIUTHEM U3
pactBopoB [ 1] u uccienoBanbl MeTo1I0M 1TUpPOBOI ocumiiorpaduu [2].

OOHapyXeHO, YTO POCTPAHCTBEHHBIE 3aPsi/Ibl
nocie (GOpMHUPOBAHUS HUX CBEPXIOPOrOBBIM TOKOM
COXPaHAIOTCI B T€YCHHE MHOTHX JIET, YTO HPUBOIUT T

i
K TOJIApU3alKi MeMOpaH ¢ moteHuaioM 10 100 mB. 0 ‘ T ‘ |
[Tpu BKiIIOUEHHH B ceTh 0€3 MCTOYHHMKA MUTAHUS OHU 100 Lr—— ‘ 1 M
100 Crystalll_ne PVA o )
BBIIAIOT COOCTBEHHBIE MMITYJIbCHBIE CHUTHAJBl CO 1100 disulfosuceinic acid ]1 |

+10% nano-montmorillonite
CpPEIHEKBaIpaTUYHONW aMIIuTynol mnopsaka 10 mB T ! I
(pI/IC 1’ CJ'[eBa), -30 -éO -iO 6 lb 2‘0 30-30 -20 -10 0O 10 20 30

45kPa ‘
100 = 45,0 kPa— T
=== N0 Membrane

Vrms (m V)

t (msec)

BriepBbie 00HapykeHO, 4TO cxaTtue MeMOpaH
Npu JIaBJICHAM CBBIIIE HEKOTOPOTO KPHUTHYECKOTO Puc.1. CoGCcTBEHHbIE CUTHANIBI TIPH
NPUBOJUT K YCHICHUIO COOCTBEHHBIX CHUTHAJIOB, CTAaHJAPTHOM M CHJILHOM C3KATHU

IpuyeM B Ccllydae KpUCTAJUIMYECKHX MeMOpaH
BO3HUKAET CHUHYCOUJANbHBIN MepeMeHHbIH TOK ¢ ammuTyaoi 100 MB u mMomHOCTBIO CBBIIIE 12
HBT/cM? ¢ moCTOsSHHOH KoMmIoHeHTOH (pmc. 1, cmpasa). ClemoBaTenbHO, KOMITPECCHOHHAS
AIIEKTPOAKTUBHOCTh KPUCTAITMYECKUX TOTUMEPOB TO3BOJISET UCCIIE0BATh UX KaK MOTCHIIUATIbHBIC
TBEPAOTCIILHBIC UCTOYHUKH TOKA.

®dyphe-aHanu3 COOCTBEHHBIX CUTHAJIOB B CPaBHEHHUH C WHAYIIUPOBAHHBIMH MOATIOPOTOBBIM
MCaHJAPOM II0Ka3ajl, YTO B I'CHCpAlN COOCTBEHHBIX CHUTHAJIOB IIpru CTaHAAPTHOM CXKAaTHUU B CUITY,
MO-BUJIMMOMY, MaJlOM pa3HOCTH MOTEHIIMAJIOB YYaCTBYIOT HE BCE CTPYKTYpHbIE KOMITOHEHTHI
MGM6paHBI, a TOJIBKO OAWH HUJIN ABa CJIOA. CoOCTBEeHHBIE CUTHAJIBI OT CXKATBIX MeM6paH BBISIBJIIAKOT
OoJbIIIee YHCIIO KOMIIOHEHT, HO MOJTHOE COBIMAIEHUE C MHIYIIMPOBAHHBIMH IEMOHCTPUPYIOT TOJIBKO
C¥KaATbIC KPUCTAIIIMYCCKUEC MeM6paHI)I.

Takum 00pa3oM, KOMIPECCHOHHASI 3JIEKTPOAKTUBHOCTh MPOTOHOOOMEHHBIX MOJIMMEPOB,
BO3MOXXHO, SIBJISIETCSI MYT€M K CO3/IaHUI0 TBEPJIOTEIbHBIX HMCTOYHHUKOB TOKAa HOBOTO THIIA, HE
COACpKAMMX PEAKHUX ITOJHUBAJICHTHBIX METAIJIOB U PCTYIUPYEMBIX B IIHPOKHX IIPECACIaX BBUAY
MOJTHOTO KOHTPOJISI CTPYKTYPHI U COCTaBa.

1. IIpoxopoe U.IO. Ilpomonuvie membpansl Ha OCHOGe NOAUSUHUTIO08020 chupma. Beau Bassin,

Mauritius: LAP LAMBERT Academic Publishing, 2018. 71 p.
2. Ilpoxopoe U.IO. // Dnexkmpoxumuueckas snepeemuxa, T.23, Nel, C.3-25 (2023).
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CHUHTE3 ®UJIbTPOBAJIBHBIX MATEPUAJIOB B CUCTEME Ni - Al B IIOJIE
HEHTPOBEXXHbBIX CHJI

Caoosan U.B., Anexoe F0.A., Cazoeeéa ®.H., Kapa A.B.
OI'BHY «HUU «PeakTuB3nekTpon», I. JloHek
sadovaya@bk.ru

Ha naGoparopHoii ycTaHOBKe MO pa3pabOTaHHON MaTeMaTH4eCKOW MOJeNH Ipolecca
cuHTe3a [1] U3 MenkoaucriepcHbIX MOpomkoB Hukensa (68 macc.%) u amomunus (32 macc.%) B
pEeXHUMe FOpEeHHs B IMOJIe LEHTPOOESKHBIX cuil [2] momydeHsl oOpa3ibl BeIcOKOMopucThiX (50 — 60
%) MeTaUIOKepaMUYeCKHX (PUIBTPOBAIBHBIX MATEPHAJIOB IMIIMHAPHUYECKOW (OPMBI (PHCYHOK).
HoBusna 3akiroyaercs B TOM, YTO BEKTOP LEHTPOOEKHBIX CHJI HAMpaBieH MEepPHEHANKYISIPHO
BOJIHOBOMY (PpOHTY mpolecca camMopacHpOCTPAHSIOMIEIOCs BBICOKOTEMIEPATYPHOTO CHHTE3a B
OTIIMYHME OT MapaUIEIbHOTO BEKTOpa TMOJSI LEHTPOOEKHBIX CHUJI, HCIONb3yeMOT0 B APYTUX
UCCIIEIOBAHUSAX. OTO TIO3BOJIMJIO MSTKO YIPaBIATH IIPOLECCOM TOpooOpa3oBaHUs B  XOJe
XUMHYECKOT0 B3aMMOJICHCTBHSI KOMIIOHEHTOB U MOJy4aTh 0OPa3Ilbl B OJIHY CTAIUIO, UCKIIOYAIOIINE
TPEIIMHOOOPAa30BaHMEe B KOHEYHOM mpoaykre. HccienoBanbl WX (a3oBBIA  COCTaB U
MUKPOCTPYKTYpa, a Takke (PU3UKO-XMMHUUYECKHE CBOMCTBA: IUIOTHOCTbH, MOPUCTOCTh, MPOYHOCTD,
J)KapOCTOMKOCTh M CTOMKOCTb B AarpecCHUBHBIX Cpelax. YCTAHOBJIEHbI 3aKOHOMEPHOCTH
dopmupoBaHus  QUIBTPOBANBHBIX  MarepuanoB. (OOracTb NpPUMEHEHUs:  MPOU3BOACTBO
METATIOKEPAMUICCKUX (QUIBTPOB C MIUPOKHM CIIEKTPOM CTPYKTYPHBIX W KapKacHBIX CBOWCTB. B
JIUTEepaType OTCYTCTBYIOT CBEACHUSI O IPUMEHEHUH MOJOOHBIX PEUICHHUH Ha IPAKTHKE.

a o

Pucynoxk. Baemnuii Buj (@) 1 MUKpoCTpyKTypa (yBenudenue x16) (6) puibrposiementa

1. Caoosas H.B., lllanosanos B.B., Anexos FO.A., A¢anacvee B.B. // Becmnux Teepckoeo
2ocyoapcemeennozo ynusepcumema. Cepusi: Xumus, T. 56, Ne2, C. 26-33. (2024).

2. [lonuwyk B.C., Caoosas HU.B., Anexos FO.A., Cazoeesa ®.H. // Hnunosayuonnvle nepcnekmugol
Honbacca: mamepuanvt X Meoswcoynapoonoii nayyno-npakmudeckasn kougepenyuu (/Joneyx, 28—30
masn 2024 2.). — T 3. — Honeyx: Joneyxuii Hayuonanovuwiil mexnuyeckuil ynueepcumem, 2024. — C.
71-75. — EDN OKQQND.
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V]IK 669.018.2
CIIJIABBI C HECKOJIbKMMHU OCHOBHBIMU DJIEMEHTAMM: CTPYKTYPA U
CBOICTBA
Canuwes I'.A.

OI'AOY BO «benropoackuii rocyaapCTBEHHBIN HAIIMOHABHBIN UCCIIEI0BATEIbCKHUI
YHUBEPCUTET», T. benropos
Salishchev_g@bsuedu.ru

B oTiinume OT TpaauIMOHHBIX CIUIABOB, COJIEPKALINX OOBIYHO OJMH OCHOBHOM 3JI€MEHT, B
MOCJICTHUE JIBA JIECATUIICTUS pa3padaThIBAIOTCA CIUIABbl C HECKOJBKUMHU OCHOBHBIMH 3JIEMEHTAMU
[1]. Om cocroaTr u3 3-5 wunm Oosiee SJIEMEHTOB, B3SATHIX B NPHOIU3UTEIBHO SKBHATOMHBIX
KOHIICHTPAIlUAX, M JIOBOJIbHO HEOXHJAAHHO B PSJE CIy4acB COXPAHSIOT CTPYKTYpPY TBEPAOIO
pacTBopa, a He O0Opa3OBHIBAIOT HHTepMeTauAHble ¢a3bl. [lepBoHayaribHO WM OBLIO JaHO
Ha3BaHUE  «BBICOKOAHTPOIUMHBIC», HCXOJAd U3  MPEANOJIAaraéMoro  BBICOKOTO  ypPOBHSA
KOH(MUTYpPAllMOHHOM DSHTPONHUU M, COOTBETCTBEHHO, €€ BJIMSHUS Ha MPEINOYTUTEIbHOE
00pa3oBaHHe TBEPABIX PACTBOPOB, a HE MHTEPMETAUIUIHBIX (a3 B TAKUX MHOTOKOMIIOHEHTHBIX
crutaBax. OIHAKO APKO BBIPAXKEHHOTO 3 dekTa 0OHApYKEHO He OBLJIO, OUEBUIHO, W3-32 OONBIINX
Ha TIOPSI0K BEITUYHH YHTAIBIINN 00Pa30BaHMS MHTEPMETAUIUTHBIX (as3.

Mexy TeM HHTEepeC K TaKMM CHUCTeMaM COXPAHHIICS, TaK KaK MOJOOHOTO poja CIUIaBbl MO
AJIEMEHTHOMY COCTaBY HaXOSATCS B MAJIOM3YYCHHBIX ICHTPAIBHBIX 00JACTSIX MHOTOIJIEMEHTHBIX
(ba30BbIX qUarpamMm M MOTYT 0071a/1aTh HEOXKUJAHHBIMU CTPYKTYpaMU U CBOMCTBaMU. B yacTHOCTH,
W3BECTHBI CIUIABBI C OTHOCHTEIIEHO CTAOWIBLHOW OMHO(A3HOW CTPYKTYpOH Ha OCHOBE TBEPIOTO
pactBopa. Bmecte ¢ TeM MHOrHe CIUIaBbl UMEIOT 3HAYUTENBHO OOJiee CIOXKHYIO CTPYKTYpY,
BKJIFOYAsl OJIHY WJIM HECKOJBKO YIOPSIOYCHHBIX (MHTEepMEeTaTMAHBIX) (a3. [lpemmokeHa ux
KIaccuuKanus Mo XxuMuueckomy u (azoBoMmy coctaBam. OCHOBHBIE TPYIIBI TaKUX CILIABOB
obpazoansl 3d-nepexoauasivu (Co, Cr, Cu, Fe, Mn, Ni, Ti, V) u tyromnaskumu (Cr, Hf, Mo, Nb,
Ta, Ti, V, W, Zr) merautamu. Cpeau HHX MOXHO BBIICIUTHh JBE HanboJiee H3ydCHHBIC
komno3zuimu, a uMeHHo CoCrFeMnNi u HfNbTaTiZr ¢ ogHodasHoii crpykTypoit Ha ocHoBe ['TIK-
n OLIK-TBepabIX pacTBOPOB COOTBETCTBEHHO.

Baxneiimas 0COOEHHOCTh CIUIABOB C HECKOJIBKUMH OCHOBHBIMH D3JIEMEHTAMH COCTOUT B
TOM, 4YTO KaXIbI aTOM KakOro-TMOO D3JEeMEHTa OKPYXKEH UYKEPOJHBIMH aTOMaMH JPYTUX.
Bosnukaromias u3-3a 3TOro JUCTOPCUSI KPUCTALTUYECKON PEIIETKH BIMSET KaK HA MEXaHHYECKHE,
TaK W DJEKTPUYECKHE, ONTUYECKHE M XUMUUYecKHe cBoMcTBa. C JIpyroil CTOPOHBI, CO3JaHHOE
WCKOKECHUSIMU TIOJIE€ YIPYTUX HAmpsDKEHUH  BO3ACHCTBYeT Ha pasButHe Iuddy3noHHO-
KOHTPOJHPYEeMbIX (Da30BBIX MpeBpalieHuid, TopMo3ss AUGGY3UI0 U BIUSAS HA 3apOXKICHHE, POCT,
pacnpenenenue U Mopdosioruto (a3, MOBbIIIAs UX CTAOUIBHOCTh MPU BBICOKUX TeMIiepatypax [2].
W eme 0JHO KayecTBO, XapaKTEPHOE JUIS HUX, MOJTYYHBIIEEe HA3BaHHE «KOKTEHIb» dddekt [3],
MIPOSIBJISIONIEECST B TOM, YTO B3aWMOJICHCTBHUE AJIEMEHTOB B OOPa3yrOIIEMCS HEYMOPSI0UYCHHOM
TBEPJIOM PACTBOPE MOXKET OKa3blBaTh 0OJiee CHIIBHOE BIMSHHUE HAa MaKpOCKOIMYECKHUE CBOWCTBA,
4YeM TOJIKO UX CyMMa.

[lepcriekTHBHBIE CIJaBBI C HECKOJIBKHMMH OCHOBHBIMH DJJEMEHTAMH OTJIMYAIOT HX
BBIJIAIONIMECS MEXaHW4YeCKre W (YHKIMOHAIbHBIE CBOMCTBA, KOTOPHIE 3a4acTyIO IPEBBIIIAIOT
XapaKTePUCTUKU MPOMBIIUICHHBIX CIJIABOB, UTO JIEJIAeT X MPUBIIEKATEIHLHBIMA MaTepUATaMU JJIs
MOTCHIUATHHBIX IPUMEHEHUH.

Pabora Beimonnena npu ¢uHancoBoi nozuepxkke PH® (Cornamenue Ne 19-79-30066) c
UCIIONIb30BaHueM oOopynoBaHusi lleHTpa KOMIEKTUBHOTO MOJb30BaHWs "TexHOJIOTMH W
Marepuansr” HUY benl'V.

1. Yeh J. W. et al. // Advanced Engineering Materials, V. 6, P. 299-303 (2004).
2. Yan X. // Scripta Materialia, V. 187, P. 188-193 (2020).
3. Ranganathan S. // Current Science, V. 85, P. 1404-1406 (2003)
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CoBpeMeHHbIE JIEKTPOHHBIE YCTPOICTBA TPEOYIOT HAIEKHOM 3aILUThI OT IIepeHanpsHKeHUH,
KOTOpasi 00eCreunBaeTCsi C MOMOLIBI0 BaPUCTOPOB. DTH KOMIIOHEHTHI MTPAIOT KIIOYEBYIO POJIb B
obecrieyeHUH 0€30IIaCHOCTU U JIOJTOBEYHOCTH 3JIEKTPOHHBIX CXeM. AJIMa3Hble IUIEHKH, 00janas
YHUKQJIbHBIMU AJIEKTPUYECKUMH, TEPMUYECKUMH M MEXaHUYECKUMHU CBOMCTBAMM, MPEACTABISAIOT
co0oi epcreKTUBHbIN MaTepual AJisl CO3JaHHsI HOBBIX TUIIOB BapUCTOPOB.

[Tonukpucrannuuyeckue anmasHele IuieHKH (ITAIT) BbeIpamuBamuce HaMM  METOJIOM
BBICOKOTPAJJUEHTHOW XUMMUYECKOW TPAHCHOPTHOM peakuuu U3 ra3oBoi (a3pl Ha MOAJOKKAX U3
MOHOKPHUCTAJJINYECKOI0 KpEMHUS 0€3 BBEACHUS JIETUPYIOLIUX IPUMECEH.

Jlis uaeHTUGUKAIMY [TOJyYeHHbIX 00pa3loB U UCCIIEA0BAaHUS MX BHYTPEHHEH CTPYKTYpBI
MBI HUCIOJB30BaJMl METOJl PEHTICHOBCKON mudpakTomerpun. OOpaboTka audpakrorpamm
MO3BOJIMJIA HAM OLIEHUTH JIOKAIbHYIO IJIOTHOCTh JAUCIIOKAIUM B HCCIIeAyeMbIX oOpa3Lax.

[locne mnposenenuss wuccineposanuid IIAIl MeTomom peHTreHOBCKOM aAu@paKTOMETpUn
00pa3ibl ObUTM MOATOTOBIIEHBI JJIs IPOBEIECHUS dIEKTpUUecKuX n3Mepenuil. Ha Bce oOpasisl 6bu1n
HaIbLJICHbl OMMUYECKUE JIEKTPUUECKIE KOHTAKTBHI.

Kommneke crpykTypHbix uccienoBanuit ITAIl mo3Boiami mocTpoUTh HMX CTPYKTYPHBIE
monenu. IIAIl cocTosT H3 OTHENbHBIX KPHUCTAUIUTOB, PA3/AEICHHBIX OOJbIIEYTIOBBIMU
MEXKPUCTAJUIMTHBIMU TI'paHHUIIaMH, OOpa30BaHHBIMU HealMaszHOM ¢a3oil yriepoma. Kaxmpriit
KPUCTAJJIUT, B CBOIO OYEpe/b, COCTOUT U3 OJOKOB MO3auMKH, Pa3/IEICHHBIX MAaOyIJIIOBBIMU
JMCIIOKAIIMOHHBIMM TpaHUIlaMU. BJIOKKM MoO3aMKH NpeacTaBisioT co0oi 00JacTH H30JUPYIOIIEro
anmMasa.

Bo Bcex paccMmarpuBaeMblx oOpasnax ObLIM YCTaHOBJIEHBI 3aBUCHMOCTH CHJIBI TOKa OT
INPWIOKEHHOT0  HampsbkeHus. Bce  BombT-ammepHble  xapaktepuctuku  (BAX)  umeror
CUMMeETpUuHYIO0 ¢opMmy. HaumHas ¢ HEKOTOpOro 3Ha4YeHHs HANpsDKEHUs,, HAUWHAETCS CHUJIbHBIN
HEJTMHENHBIN oIbeM cuiibl Toka. C UCTOIb30BaHNeM JIMHEWHOro yyacTtka BAX mpoBeneHa oreHka
YJIeIbHOTO COTIPOTUBIIEHUSI PAaCCMAaTPUBAEMBIX 00pa3LOB MPHU HU3KUX HampspkeHusxX. I1ockoybky
AIIEKTPUYECKUE KOHTAaKThl MMEIOT OMHUYECKHH Xxapaktep, HenuHeilHocTh BAX ompenensercs
MaTepUajIoM, U3 KOTOPOTO M3TOTOBJIEHBI BapUCTOpHL. BennumHa yneapbHOro CONpPOTHBIIEHUS BCEX
HCCIIETyeMbIX 00pa3lioB YMEHBIIAETCS C YBEIUYEHUEM JIOKATbHON TUIOTHOCTH AUCIOKAITH.

V3MeHeHne MeXaTOMHBIX PAaCCTOSHUM B sIpax JUCIOKALMN MPUBOAUT K (HOPMUPOBAHHIO
JTUCIIOKAITMOHHOM 30HHOW CTPYKTYpHI, JIOKaJW30BaHHOW B 0O0OJacTu sjaep AWciIokamuii. B
pe3ysbTaTe MOSBISAETCS BO3MOXHOCTH JIBJKEHUS DJJIEKTPUUECKHUX 3apsAl0oB  BJIOJIb  OCEd
Jquciokauui. Jluciaokanuy MOKHO paccMaTpuBaTh Kak MPOBOJAIINE KaHANIBI. DJIEKTPOIIPOBOIHOCTh
ITAIT ompenenseTcss NPOBOIALIMMHM KaHAJIaMH, COCTOSALIMMH M3 OTAEIBHBIX JHUCIOKALHMH,
BXOJILINX B COCTaB MaJOYIJIOBBIX JMCIOKAIIMOHHBIX IpaHUl. JIMCIOKalMu B KpUCTaJaX MOTYT
00pa30BbIBAaTh METJIH, BBIXOAUTh HAa TTOBEPXHOCTh KPUCTAJUIA HJIM OOPBIBATHCS HA IpaHUIlax OJoKa
Mo3auku. OOpazoBaHHe MPOBOAALIMX AMCIOKALMOHHBIX KaHAJIOB — 3TO BEPOSITHOCTHBIN IpoIECC.
Ecnu Ha rpanunax 6JIOKOB MO3auKM BCTPEYAIOTCS JBE JUCIIOKALMU, TO 00pazyeTcsl MpOBOASIINN
JUCIIOKallMOHHBIN KaHall. [[o Bceill BEpOSITHOCTH, NMPU HU3KUX HANPSKEHUSAX TAKUX MPOBOIALIMX
KaHaJIOB OyaeT He MHOTO, U Oyzaer coOmonatbes 3akoH Oma. [1o Mepe yBenMYeHHs HaIPSKEHUS
OyayT oOpa30BBIBATHCS HOBBIEC NMPOBOASAIINE KaHAIBI 32 CUET IEepPexo0/ia HOCUTENEH 3apsaaa ¢ OJHON
JUCIOKalMM Ha Jpyryto. B a3rom ciydae mnpoBozsdmiye KaHaibl OyayT 0Opa3oBBIBATHCS
JTUCIOKAMAMHY, HAaXOIIIIMMHUCS Ha HEKOTOPBIX pacCcTOSIHMAX Apyr oT apyra. BAX Oyxer
MIPEACTABIISITH COO0H BO3PACTAIONTYIO HETMHEHHYIO () YHKIIHIO.
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METO/J NOJYYEHUSA HAHOPABMEPHOI'O ®EPPUTA KOBAJIbTA B CUCTEME
Fe2(SO4)3 + CoSO4 + Na202

Ceemaaxos O.10., I'pomenko B.O.
OI'BHY «HaydHo-ucCiIe10BaTEeNbCKUI MHCTUTYT «PeakTUBIEKTPOH», I'. JlOHenK
berestova865@mail.ru

MukpoHHBIE, CYOMHUKPOHHBIE M HAaHOpa3MEpHbIC MOPOLIKM M MaTepHanbl Ha UX OCHOBE
NEPCHEKTUBHBl KaK KOMIOHEHTBI JUIi  TIOJYYEHHUS  CBEPXTBEPIBIX, CBEPXIPOYHBIX U
BBICOKOTEMIIEPATYPHBIX MAaTEpHAJIOB; 100aBKH B CMa304YHbIE MaTEpUalIbl, KATAIN3AaTOPbI, CPEICTBA
3alIUTHl PAaCTeHUH, MHUKPOyJOOpeHus; (OTOKaTalu3aTopsl, MarHuTHbIE Marepuaisl. Cpenn
METOJIOB IOJyYEHHUS] HAHOPAa3MEPHBIX (EepPUTOB BBIACISIOTCS TBepAO(a3HbIE, KHUIAKO(DA3HBIE H
razodasznapie. Kakaplii M3 KJIaccOB METOJOB OTPAaKAeT arperaTHOE COCTOSHHE pearnpyroNInx
BemiectB. [l  TBepmodasHBIX METONOB XapaKTepHA peakius MEeXIy IOPOIIKaMH, JUIs
KHUIKO(pA3HBIX — pEakUusi B pacTBOpax, /Ui ra30()a3HbIX — pEaklus pearcHTOB B BUIE Tapa,
wia3mMbl wim rasa. lllupokoe pacmpocTpaHeHHE MOTYYHINM METOJBI: KepaMUYECKUU, 30JIb-
rejib METOJ, XMMHYECKOE COOCAXKIECHHE, THAPOTepMabHbIA. OHAKO MPUMEHEHHE 3TUX METOJIOB
OIPaHUYCHO TOJBKO OKCHAHBIMH coenuHeHussMu [1]. K mepcrexkTHBHBIM MeToJaM CHHTE3a
MaTepHaJioB C MAIBIMH Pa3MepaMH YaCTHI] OTHOCHUTCS METOJ] TBEpI0(a3HOro oOMeHa ¢ TTOMOIIBIO
KOTOPOT'O MOXKHO HOJydYaTh HE TOJBKO OKCHJIHBIC COCTMHEHUS, HO M KapOHIbl, HUTPUIBI, OOpPHIbI
MeTaiioB. OcoOEHHOCTBIO TBEpAO(PAa3HOro OOMEHa SBISETCS peaau3alus TaKuX YCIOBUHM, NpU
KOTOPBIX 1I€JE€BOM MPOJIYKT CHHTE3UPYETCSs B TBEPIOM COCTOSHHUM, a «IIOJJIEPKUBAIOIINE €ro
coequaeHust Na2SO4 1 O2)» MOTYT HaXOIUTHCS B Pa3HBIX arperaTHbIX COCTOSHUSX U MPETSTCTBYIOT
YKpyMHEHuto  yactuu. Peakuum — TBepmodasHOro  oOMEHa  MPOTEKAlOT B PEXKUME
HU3KOTEMIIEPAaTypHOTO TOpPEHHs, B KOTOPOM JOCTHTaeMas TeMIleparypa HIKE TEeMIIepaTypbl
arJioMepaluy ¥ IUIaBieHus o0pa3yomuxcs: GyHKIMOHAIBHBIX MatepranoB [2]. Hamu ¢ momoliso
MeToaa TBepaoda3sHOro oOMEHa pealn30BaH CIOCOO MOJTYy4YeHHs HAHOPA3MEPHOTO MAarHUTHOTO
MmarepHaia — gpeppura KoOanbTa.

Fe2(SO4)3+ CoSO4 + 4Na202 — CoFez04 + 4Na2SO4 + 202

CeMMEHTALIMOHHBIM AHAJIM30M M JJIEKTPOHHOM MMKPOCKONHMEN YCTAHOBIIEHO, YTO C
YBCIIMUCHUCM pasmepa qacCTHuIj MAarHuTHBIC CBOICTBa Marcpuaia YBCINYNBACTCA.
CenuMeHTAIIMOHHBIA aHanu3 (Tabiuiia) mokaszal, 4To okoio 59% wvactuil uMeroT 3¢ GeKTUBHBII
pasMep MEHee 2 MKM.

Tabnuia. Pacripenenenne mo pazmepam 4acTHIl B 00pasiie nopoimika Gpeppura KodanbTa.

OTHOCUTEIRHOE OTHOCUTENHLHOE OTHOCHUTENBLHOE
Huamerp coJiep>KaHue Huametp coJiepKaHue Huamertp CoJiep)KaHuE
3epHa, MKM | CYCHEH3MH, % | 3epHa, MKM | CYCHEH3MH, % | 3epHa, MKM | CyCHeH3uH, %
6,6 8 3,4-3,0 1 24-23 3
6,6 —4,8 5 3,0-2,7 4 23-22 1
48-39 6 2,7-25 6 <2,2 59
39-34 5 25-24 2

1. 3upnux I'M., Yepuyxa A.C., Hexopvicnosa H.C. u op. // Becmuux IOYpl'Y. Cepus «Xumusy,

T. 14, Ne 4, C. 127-139 (2021).
2. Yononanom V., Tepmuuecxkue memoowt ananuza, Mockea: Mup, 1978, 526 C.
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OIITUYECKHUE UCCIIEJOBAHUSA TOJTUKPUCTAJVIMYECKUX
HAHOPA3MEPHBIX IJIEHOK Lao,7Sro3sMnO3z-5

Tuxuii A.A., Kuxapee HU.B.?
ldI'BOY BO «Jlyranckuii rocy1apcTBEeHHBIH IeJarorndeckuii yHUBepcuTeT, T. JIyranck

2PI'bHY «JloHenukuii pu3nko-TeXHHuecKnii nHCTUTYT M. A.A. Tankunay, . JJoHemk
ea0000ffff@mail.ru

OnTHdeckre METOJIbI UTPAOT BAXKHYIO POJIb B MCCICIOBAHUN TOHKOIIEHOYHBIX MOKPBITUN
Onarogapsi CBOei BBICOKOM UyBCTBUTEIBHOCTH M HepazpyllarolieMmy xapaktepy. OHU MO3BOJISIOT
MoJTy4aTh WHPOPMAIUIO O CTPYKTYPHBIX U ONTHUYECKHX CBOMCTBAX IUIGHOK — TOJIIIMHE CIOEB,
MOp(}OIOTHH TMOBEPXHOCTH, CHEKTpax IMoOKa3aTeNnell mpeiaoMyeHus u mnorjomeHus. OmHuM u3
Han0OoJIee YHUBEPCATBHBIX METOJIOB ONTHYCCKHUX HWCCIICOBAHHUMA SIBISICTCS SJUTUIICOMETPUICCKUI
[1]. Baxnast 0COOEHHOCTH 3TOrO METOAA — BO3MOXKHOCTh M3MEPEHHs TOJIINH, CYHIECTBEHHO
MEHBIIHX JUTHHBI BOJHBI 30HIUPYIOMIETO U3TyICHUS.

[IpuMeHeHre MHOTOYTJIOBBIX  AJUTUIICOMETPHUUYECKUX  HM3MEPEHHH  MO3BOJIUJIO  HaM
MIPOU3BECTH W3MEPCHHE TOJIIMH PsIa TOJUKPUCTAIUTMUSCKUX HAHOPA3MEPHBIX IUIEHOK COCTaBa
Lao,7Sro3sMn0Oz.5, momy4eHHBIX METOAOM dC-MarHeTPOHHOTO pacmbUIeHUs [2] Ha MOUIOKKAX U3
canpupa W TaJ0JMHUA-TAJUIMEBOTO TpaHaTa. Takke Uil HUX OBUIM OINpPENeICHBI IOKa3aTeln
npenomiieHusi, KO3(pGUIUEHTHl TMOTJOMEHUS M ONTUYEeCKas MPOBOAMMOCTh. OTH JaHHbBIE
MIO3BOJIMJI KOCBCHHO OILIEHUTH JIC(DUIUT KUCIOpO/Ia d B MCCIEA0BaHHbBIX oOpa3max [3].

CyliecTBeHHBIM JIOMOJHEHUEM K MHOTOYIJIOBBIM JIUTUIICOMETPUUECKUM H3MEPEHUSIM
SBIITIOTCS. M3MEPEHUS ONTHYECKOro Tmporyckanus. OHM HE TOJBKO ITO3BOJISIOT TONYyYUTh
COOTBETCTBYIOIIIME CIEKTPBI, HO TaKXe MOTYT OBITh HCIOIH30BAaHBl COBMECTHO C Pe3ylIbTaTaMu
DJUTUTICOMETPUYECKUX W3MEPEHUH JUIS TIOBBIINICHUS TOYHOCTH OINPEICIICHUS IapaMeTpOB
uccienyeMoit cucrembl. Tak, mpu uccleqoBaHHMsIX IUIEHOK cocTtaBa Lag7SrosMnOss yuér
pPE3YJIBTaTOB M3MEPEHHI ONTHYECKOTO IPOIYCKAHUS IO3BOJIMI HE TOJHKO IMOBBICHTH TOYHOCTH
ompezeNieHusl TOJIIUH U MOKa3aTeeil MOromeHusl, HO U KOHTPOJIHPOBaTh HATUYHUE B CIEKTPax
MaKCHMyMa, COOTBETCTBYIOIIETO MEPEHOCY 3apsijga MEXITy Pa3HOBAJICHTHBIMA MOHAMH MapraHIla

[4].

1. Tompkins H.G., Irene E.A. Handbook of Ellipsometry, USA, William Andrew Publishing, 2005,
902 p.

2. Huxonaenko FO.M., Myxun A.b., Yatika B.A., Bypxoeeyxuii B.B. | )KT®, T. 80, Ne8. C. 115-119,
(2010).

3. Tuxuui A.A., Kapa-Mypsa C.B., Huxonaenxo FO.M., I puyxkux B.A., Kopuuxosa H.B.,
JKuxapes U.B. // Heopeanuueckue mamepuanet, T. 51, Ne9, C. 1008-1012 (2015).

4. Tuxuu A.A., I puykux B.A., Kapa-Myp3a C.B., Kopuukosa H.B., Huxonaenxo FO.M.,
Pesenxo FO.®., Pewuuoosa U.IO., Kuxapes U.B. // DHT, T. 40, Ne§, C. 968-974 (2014).

20


mailto:ea0000ffff@mail.ru

-

ﬁE Hoegvie ghynkyuonanvrvle mamepuail
YJIK 546.05

CHUHTE3 LINMUHEJMN CuAl204 B CUCTEME CuSO4 — Al2(SO4)s — Na202
METOAOM CAMOPACITPOCTPAHAIOIIEI'OCA BBICOKTEMIIEPATYPHOI'O
CHUHTE3A

Hlaswuna A.H., bepecmosan A.A., Ceemnaxos O.10., ®uounyux E.I0., Mopsakoe B.B.
OI'bHY «Hay4uHo-uccienoBaTeIbCKU HHCTUTYT «PeakTuBIIeKTpon», T. JloHenk
berestova865@mail.ru

[InuHenn Ha OCHOBE ATIOMHHMSA MPECTABISAIOT COO0M HMHTEPECHBIH KIIacC OKCUAHOMN
KepaMHUK{, HMEIOUINI BaKHOE TEeXHOJormdeckoe mnpuMmeHeHue. OHU 00JaJal0T ONTUYECKUMU
(manmpumep, CoAl204 xopomio u3BecTeH Kak TeHapoBa CHHb) U XUMHUYECKUMH (KAaTAIUTHIECKOE
npuMeHeHue) cpolictBamu. (CBOHCTBAa alllOMMHATOB TMEPEXOJHBIX METAJUIOB IPEACTaBISIOT
3HAUUTENbHBII UHTEPEC B KAUECTBE HAHONIUTMEHTOB U KaTalu3aTOPOB.

Martepuansl Ha OCHOBE OKCHJIOB MEIM U AIIOMHHHS HAXOIAT IIMPOKOE MPUMEHEHHUE B
KauecTBE KaTaJlM3aTopa pa3zjUYHbIX MPOLIECCOB IPEBPAIICHUS OPraHUYECKUX M HEOPraHMYECKHUX
coenuHeHuil. Kak mpaBuio, karanuTH4eckas akKTUBHOCTh OIMpPENENsieTCsl COCTAaBOM M CTPYKTYpOit
MEAbCOJEPKAIIET0 COEAUHEHUs, a MEXaHHW4ecKass MPOYHOCTh, TEPMHUYECKas CTAOMJIbHOCTb, B
HEKOTOPBIX CIy4asiX CEJIEKTUBHOCTB, 3aBUCAT OT MOP()OIOrHH, MOPUCTON CTPYKTYPHI, KUCIOTHO-
OCHOBHBIX CBOMCTB OKCHJA AaJIOMUHUS, BBINOJHAIOMIETO poJiib HocutTens [l1]. AJroMUHATHI
MEPEXO/IHBIX METAJIOB OOBIYHO TMONYYarOT C TMOMOINBIO TBepAo(a3HON peakuuu, MeToja
COBMECTHOT'O OCQXKJICHUSI, TUAPOTEPMATHHOM PEaKINK, C)KUTAHUS U 30JIb—TeIb peakuuu [2].

B Hacrosmem wuccnemoBanuu mmuHenb  CuAl:Os Obula  modydeHa  METOAOM
CaMOpacHpOCTPAHSIONIErocs BBICOKOTEMIIEpATypHOro cuHTe3a. lccnenoBaHus XapaKTEpUCTHK
ObUIM TPOBEJEHBI C MCIIOJIb30BaHHEM TepMorpaBumerpudeckoro ananuza (TT'A), peHTreHOBCKOM
mudpaxuu (POA), pacTpoBoil ckaHUpYOIIEH AMEKTPOHHOW MUKpockonuu (POM).

O6pazoBanne mmuHend B cucteMe CuSO4-Alx(SO0s)3-Na2O2 MOXHO MpeacTaBUThH
CJIEIYIOIIMMU OCHOBHBIMH YPaBHEHUSIMH pEaKLIUM:

3Na20z + Al2(SO4)3 = 3NaxSO4 + Al2O3 + 1,502, (AH,95= -886,52 kJI>k/MOJB )
Na202 + CuSO4 = NaSO4 + CuO + 0,5 O2, (AH,9g= -268,1 kJI>x/M0J1b)
Al203 + CuO — CuAl20..

PentrenodasoBslii
aHanu3 mokaszan (puc. 1), yto o<
OpU TOCTENEHHOM Harpene
oOpasyercss aJqlOMHUHAT MEIU
cocTaBa CuAl204 co
CTPYKTYpOl WIMMHEIM U C
IPUMECHIO 0
CuO, uro moxTBEpKAAETCS, B
TOM  4YHCJIE,  DJIEKTPOHHO- T mmmmmm——
MHUKPOCKOTUYECKUMU | T
UCCIICIOBAaHHSIMH. o o <o o

Two-Theta (deg)

Puc.1. Perrrenorpamma oopaszosasiimuiics mmuHean CUAI2O4

2
g

1000

Intensity(Counts )

1. Wenting Hu, Felix Donat, S. A. Scotta and J. S. Dennis. // RSC Adv., 2016, 6, P. 113016-113024.
2. basan, E. M., Bonxosa M.I. Memoovl nonyuenus HAHOPAZMEPHBHIX OKCUOHBIX MAMEPUANLO8 :
yueonoe nocooue, FODY, Pocmos-na-/lony: Hzoamenvcmeo IODY, 2022, 174 c.
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PACHPEJAEJIEHUE HOHOB KOBAJIBTA CO?* BMOHOKPUCTAJJIAX JINTUM-
I'AJIVIMEBOU HITTUHEJIA LIosGA2504
Hlanoeanoe B.A., Toxuii H.B.,
OI'BHY «/loneukwuii Gpu3nKo-TeXHUYECKHi HHCTUTYT UM. A.A. ['ankunay, r. Jlonenk
vashapovalovli@mail.ru

AKTUBHOE U3y4Y€HHE UINUHeNIed B HacTosIlee BpeMs OOYCIOBIEHO HX MIUPOKUMHU
HAyYHBIMH W TEXHOJOTHYECCKUMH TpUMEHeHHsIMH. JlaHHas paboTa SBISETCS MPOJIOJIKCHHEM
uccinenoBanuii criekrpoB DIIP B MOHOKpHCTaIax JUTHH-TauiieBoi mmuHenu LiosGazs0s c
wonamu: 3d3-Cr¥*; 3d®-Mn?*; 3d’-Co?"; 3d®-Ni?*; 3d%-Cu?*. Mm mokasanm Ha mOpuMepe
MOHOKPHUCTAJIJIOB, YTO BBOJUMbBIEC MPUMECHBIE MOHBI paclpelesstoTcss paBHoMepHO. Ho B ciydae
MOJIYYEHUS! TUICHOK M Jp. MOPOIIKOBBIX MAaTEpUAJIOB TOTO K€ COCTaBa, YTO MU MOHOKPHUCTAJLIBI,
CBOMCTBa OyayT Apyrue M 3aBUCAT OT TEXHOJIOTUU MOJIy4yeHUs OOpasloB, T.K. pacrpeselieHue
BBOJIMMBIX TIPUMECHBIX HOHOB MPOUCXOJUT HEPABHOMEPHO.

Cnektp DIIP unonoB Co%* wuccnenoBaics Ha
yacrote 37 I'Tu B mHTepBane temmeparyp 4.2K +
77 K. bpuio oOHapy)keHO M H3y4y€HO [Ba

OKTa3IpU4ECKHUX LEHTpa Co*, KOTOPBIM !
COOTBETCTBYIOT CIIEKTPBI aKCHaJIbHOU u \/
pOMOHMUECKO CUMMETpPUH. CootHo1ieHne y
UHTEHCUBHOCTEH CIIEKTPOB OKTa3JpUYECKUX

Co**akc.: Co?*pom6. = 2:1 mpu T=4.2 K. TpeTuii THII  Ezsex
CcrekTpoB 06s3aH uoHy CO0?*, Haxomsmemycs B
TETPadIPHUECKOM  OKpykeHuu. CTpyKTypHas U
MarHuTHas HE’KBUBAJIEHTHOCTH bopmupyIOT Eaax
MHOTOMHUHUMYMHOCTb NoTeHLKaza Cmverye ; *

. . Co(1t) Co(2t) Co(3t) Co(4t) R
KPUCTAJNINYECKOTO TOJsI B D3JEMEHTapHOW sueiike Co(10) Co(20) Co(30) Co(do)
monokpuctamia (puc. 1). Monsr Co?* maxonsTcs B
KOMMJIEKCAX € TCTPA3APHUYCCKHUM U OKTa3APUYCCKUM Puc.1. 3aBucUMOCTh MOTEHIIMANA
OKPYXEHUSMH MOHaMU Kuciopona. OGHApy:KeHbl U KPUCTALIMYECKOro nmois E ot paccrostHust
¥iccIeI0BaHbl TpH THHA criekTpoB DIIP nonos Co?*.  R. MHHMMyMEBI pacronoeHs! BB oceii
Crnektp C0%*1erp 06s13aH mony C0?*, 3amemaromemy  THHa [111]. IToka3ansl TeTpasapuyeckue
won Ga®, maxomsmmiics B Terpasapuueckom (1) M OKTasmpuueckue (0) Y3/l C HOHAMH
KHCTIOPOZHOM  okpykeHmH.  Crektp  C0%ogr, Co®" B aneMeHTapHOH sUeliKe..
HaXOJALIerocs B KPHUCTANTHYECKOM nosne
aKCHANBHOH CHMMETpHM, TIpHHAIIEKHT HoHy CO?', 3amemaromemy mon Li*, maxomsmmiics B
OKTAdIPUYECKOM KHCIOPOIHOM OKpykeHHuH. CrekTp C02* o, HAXOAAIIEToCs B KPUCTAITMYECKOM
ToJie HU3KOH CHMMeTpuHM, mpuHaanexat nony Co?*, zamemaromemy mon Ga®*, maxopsmmiica B
OKTa3JpUYEeCKOM KHCIOPOAHOM OKpPY)XKEeHUH. bimkaiiliee KaTHOHHOE OKpYXEHHE MOHA CO3aeT
poMOHUecKie HCKaKEHHs 3a cueT pasHoi BamentHoctw Lit m Ga®'. Ha puc. 1 mokasama
3aBHCUMOCTh TOTEHLIMANa KpHCTaIM4eckoro moisi E or paccrosHus R B OTHOCHTETBHBIX
enuHMIAx. Paccrosune R OTNOKEHO B OTHOCHTENBHEIX €IMHUIAX, T. K. KOHIIEHTparus HoHoB Co?’
MaJla ¥ PacCTOSIHUS MEK/y HOHAMH B JJIEMEHTAPHBIX SYeHKax pazIHyHBI.

B snemenTapHO# sueiike MoHOKpHucTamia LiosGaz 504 monmpoBanHbIe HOHEI KobansTa CO%*
UMEIOT pa3IMyuHble MPEANOUYTUTEIbHBIE BOZMOKHOCTH JJISl paclpeesieHs B YeThIpeX TeTpa-y3iax,
3amernas moHsl Ga®*, deThIpex OKTa-y3max akCHANbHOH CHMMETpHH, 3aMemtas uoHsl Li* |, u B
JBEHAJIATH OKTa-y3JlaX HU3KOH cuUMMeTpuu, 3amemias uoHbl Ga*. Takum oGpasom, B ciyuae
HEPAaBHOMEPHOT'O pAaCIpe/esieHUs] IPUMECHBIX MOHOB CYIIECTBYET BO3MOXKHOCThH MOJYYEHHSI, KaK
MUHUMYM, ABAANATA TUIIOB MATEPUAIOB JUTHH-TaJUIHEeBOU mmuHenu Lios5Gaz 504, nonmpoBaHHON
nonamu Co?*.
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YJIK: 548.4; 620.186.4
MOJUPUKALUSA 3AKOHA XOJIVIA-TIETHA
B HAHOKPUCTAJUVIMYECKUX U KPYITHO3EPHUCTBIX MATEPUAJIAX:
POJIb MEK3EPEHHBIX U MEK®A3HBIX 'PAHULL PA3IEJTA

Bapwxun B.H., Menvnux T.H., @envoman 3.11., I Opuenko B.M.
OI'BHY «/lonenkuit puznko-TexHuYecKnii MHCTUTYT UM. A.A. ["ankunay, r. JloHenk
vmyurchenko@mail.ru

MexaHOIIPOYHOCTHBIE ~CBOWCTBA MAaTEpHAIOB  OMMCHIBAIOTCS MPU  MOMOIIM  JTHOO
cratuueckoro (I'pudpdurc A., Uopde A.D., bapenbnarr I'.M.) mubo kuHeTmueckoro (XKypkos
C.H., @penkens S.M.) moaxoma. OmnucaHue SKCIEPUMEHTANBHBIX JaHHBIX TpeOyeT yMeHus
OTJEIIATh MOBEPXHOCTHBIC A((HEKThI, KOTOPBIC CBSA3aHbI C HAIMYUEM HHTEP(EHCcoB, OT 00BEMHBIX,
OTIpeNieNIIEMBbIX pa3MepoM dacTull. HaHOKpHCTaIIMUECKHe MaTepuanbl 00NagaroT, Kak MpPaBHIIO,
BBICOKOM TBEPIIOCTHIO, KOTOPAsi XapaKTEPU3YyeT UX COMPOTUBICHHE IUIACTHYECKOW Jedopmaluu,
TBEPJIOCTh B OCHOBHOM ONpEAETSETCS TMPENeoM TEeKydecTH Gy. llapameTpbl CTPYKTYPHBIX
2JIEMEHTOB OKa3bIBAIOT CYIIECTBCHHOEC BIUSHHE HAa MHUKPOTBEPIOCTh: 3aBUCHMOCTH IpeJelia

TEKYy4ECTH OT pa3Mepa 3€pHa ONUChIBAETCs 3aKkoHoM Xomna-llerya: o), = oj + kyD‘l/ 2. 3nech 0y -
BHYTPCHHEE HAlpsDKEHHE, MPEMSITCTBYIONICE BMKCHHIO AUCIOKauuil; Ky — mocrosHHas; D —
pasmep 3epHa. /laHHOe COOTHOLIEHHE CIPaBEIIMBO JAJIS 3€pEH uaMeTpoM bosiee 1 MKM.

B peanbHbIX arperarax ymnpyrue MOJAYJIH, a 4YacTO U IUIOTHOCTb, CKa4yKOOOpa3HO
U3MEHSIOTCS, MpeojioieBas Oapbepbl B BHJE I'paHMIl pasfena (a3 U KpUCTAUIMTOB. DTOT (akKT
CKa3bIBAETCSl HA MPOIECCaX Pa3BUTHS TPEIIMH, IBOMHHUKOB M IMOJIOC CKOJIBKEHUS, UMEIOMINX JTHO0
IUIOCKOCTH, MO0 ocu cuMMmeTpuu. B paboTe mpoBeleH aHalu3 pa3BUTUS TOHKOW TPEIUHBI UIIH
yIOpYyroro JBOMHUKA B cpede C JBYMs TIpaHuuamu pasjena. [lodydeHO HMHTerpajibHO-
TuddepeHIMaIbHOe  ypaBHEHHUE PpABHOBECUS AMCIOKALMU (MOJAEIMPYIOLIEH TpelmuHy Win
JIBOMHMK) W HalJleHa pa3peliuMOoCTh 3TOr0 YpaBHEHHs B HY)KHOM Kjiacce (QyHKIUHN (MCIOJIb3YyeTCs
yCIOBHE OpPTOTOHAJIBHOCTH). YIpPYyrue MoJs, MOpPOKAaeMble IUCIOKAlMed B cpene ¢ JByMs
rpaHULIaMH, MO3BOJIAIOT 3alUCaThb MHTETPaIbHOE ypaBHEHUE PABHOBECHS, HE MMEIOIEE OCOOBIX
TOYEK B BHUJI€ BBIYETOB WJIM TOYEK BETBJICHUA. Ero aHamm3 JaeT MCKOMYIO CBA3b MEKIY BHEIIHEH
Harpy3koil W JUIMHOM TpeuiuHs! (ABOHHUKA). OTIWYME TPEHmMHBI OT JABOWHMKA COCTOUT JIMIIbL B
pasInYMM CUJI HEYIPYroro MpoMCXOXKAEHUS BOMU3M KOHIA cKomieHus nucinokanuii (boiiko B.C.,
I'ap6ep P.M., KoceBnu B.M.). M3 skcnepuMeHTa HM3BECTHO, UTO TPEIIMHA MOACPKUBACTCS
OJIHOPOJHOM HAarpy3Koil B PAaCKpBITOM COCTOSIHUM, TOIZAa Kak YNPYTHMH JBOMHHMK BO3HUKAET U
pacnpocTpaHseTcsl IpU HAJIMYUK COCPEAOTOUEHHOM Harpy3ku. CBsA3b MEXKIY JUIMHON TpeuuHbl R 1
COCpPEIOTOUEHHOM HArpy3Kou P maercs cleayronM BEIpaKEHUEM:

=) gy

st onHOpOJHOM HArpy3KU G° U JJIMHBI TPEeIMHBI R MHTepHOIsSMOHHas (OpMyIia UMEEeT BU:

1 1
VR 1 d 5 |1 L1/R\Y*"2 d/R\"272
M, —( +7) R (7) +7(7) '

rae v, = m tarccos((uy — puy)/(z + 1)), v = m~ tarccos((us — uq)/(us + 11)); 3mech py,
Uz, U3 — COOTBETCTBEHHO YIPYTHe MOJYJIH JIEBOW CPEbl, IPOCIOWKH TOMIUHBI 0 MEXAy cpenamMu
U yIpyrue MOJYJIH MpaBoi cpeibl; | — paccTossHuE OT MPOCIOWKU 10 ABOWHHUKA /WM TPCIIUHBI;
Mc — KOHCTaHTa, 3aBHUCSIIAsl TOJFKO OT CBOHCTB MaTepHaiia (Ul TPEIIWHBI Ha3bIBaeMasi MOIYJIEM
cuemsienus). B npenene 06a nosyueHHbIE BRIpaKEHUS JalOT KiIacCHUecKuil pesynbraT [ puddurca.
Cuenapuii pa3BUTHS COOBITUH B TaKOW KOMOWMHUPOBAHHOW Cpelle CYIIECTBEHHO 3aBHCHT OT
COOTHOIIICHUSI MEKAY ynpyrumu Mmoayismu u ortHomenus (R-1/d). CranoBuTCS BO3MOKHBIM
CYIIIECTBOBAaHHE YCTONYMBBIX TBOWHUKOB, TIOTEPS MX YCTOWYMBOCTH, PEaM3alUsl THCTEPE3HCHBIX
SIBIICHUH ¥ CKQYKOOOpa3HOE pacpOCTpaHEeHUE KaK JBOMHUKOB, TaK U TPEIIHH.
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UCCJEJIOBAHUE BJIMSAHUSA PASMEPOB 3EPEH HA MEXAHUYECKHUE
XAPAKTEPUCTUKU KEPAMUKMH ZrO2

Axumenxo M.H.'?, Beauuxo JI.P.?, Maneyxuit A.B.?, J/lonaoze JI.B.%, 303yna A.A.*?
l®I'B0Y BO «/lonenkwuii rocy1apCTBEHHbBIN YHUBEPCUTETY, T. JloHEIK
2OI'BHY «JloHenkuii pu3nKo-TeXHUUIeCKuii HHCTUTYT UM. A.A. Fankunay, T. JloHenk
3 MMO «O6berHeH b UHCTHUTYT SIACPHBIX UCIIEAOBaHUI», I.J]lyOHa
nicksonnll@gmail.com

Kepamuueckue MaTepuaibl Ha OCHOBE JIMOKCH 1A UPKOHKS (ZrO2) UrparoT KIHYEBYIO POJIb
B COBPEMEHHBIX TEXHOJIOTHX Oiarofapsi BBICOKOW MPOYHOCTH, TEPMOCTOMKOCTH M KOPPO3UOHHOM
YCTOMYUBOCTH, YTO JCIACT UX BOCTPEOOBAHHBIMHU B IJICKTPOHHUKE, MEIUIIMHE U adPOKOCMHYECKOM
oTpaciu. Temneparypa CuHTE3a M TEIUIOBOH 00paObOTKH CYIIECTBEHHO BIIUSET HA UX MEXaHUUYCCKHE
CBOMCTBA M CTPYKTypooOpa3oBaHHE. YCJIOBHS CHHTE3a KCPaMHMKH, B YaCTHOCTH TeMIIepaTypa
00’KHTa, ONPEACIAIOT MOHOKJIMHHYIO, TeTParoHaJbHYI0 WM KyOMYeCKyr MOIu(MUKAIUU, KaKaas
13 KOTOPBIX UMEET CBOIO CTAOMIILHOCTh, MEXaHHUECKUE XapaKTEPUCTUKH, a TAKKe pa3Mep 3epHa [ 1-
2]. IlosTomMy HM3ydeHHE BIMSHUS TEMIIEpAaTypbl Ha CBOWCTBA KepaMuku ZrOz SBISETCA BaXKHBIM
HaIpPABJICHUEM HCCIIEIOBAHUM.

B pamkax pa0GoTsl mpeAmnosaraioch MPOBEACHHE CEpUl IKCIEPUMEHTOB, B XOJ€ KOTOPBIX
OyIyT BapbHPOBATHCS TEMIIEPATYPhl CIICKAHUS U MCCIIEIOBATHCS MX BIUSHUE HA (a30BBIA COCTaB,
MUKPOCTPYKTYPY U MEXaHUUECKHE XapaKTEPUCTUKHN KEPAMUUYECKUX MaTEPHUAIIOB.

B pabGore mpoBogmiIMCh: CUHTE3 KEpPaMHKHU C Pa3HOOOpPAa3HBIMH pa3MepaMu 3€peH IpHu
pa3IMYHBIX TEMIIEpaTypax; MolydeHue CyOMUKPOHHOTO 3€pHA; aHAIM3 BIHMSHHS TeMIepaTypbl Ha
MIPOIIECC 3epPHO0OPA30BaHUS; CPABHEHHE (PH3NIECKIX CBOMCTB KepaMHUECKUX 00pa3IoB C pa3HBIMHU
pa3mepamu 3epeH. Ha puc. 1 mokazaHbl CHUMKH IMOBEPXHOCTH, MOJy4YEHHbIE MTpU noMommu COM-
MHKPOCKOIHH, MaTeprana Z8Y npH CeKaHUH ITPH Pa3HBIX TemIiepaTypax

20kV  X10,000 1pm 0305 10 30 SEI

Puc. 1. CpaBuenue nosepxHoctu npu marepuanoB Z8Y nasienuu 3 MlIla u cniekanuu npu 1350°C
(@) m 1500°C (6)

BeiBog. O6Hapyxeno, uto B Z3Y HaOdrogaeTcss HEMOHOTOHHAsl 3aBUCUMOCTh IIOTHOCTH U
HNOPUCTOCTH OT JIaBJEHHUs, Toraa Kak B Z8Y 3aBHCUMOCTh MOHOTOHHO BO3pacTarollas.
Ob6Hnapyxeno, uto B Z8Y mnpu cnekanuu 1500°C mpoucxoaut usmMeHeHue (a3zoBOH CTPYKTYpPHI
Mmarepuaina. [1osBISIOTCS OCTPOBKOBBIE BKIIOUEHHSI ¢ MEHBILINM Pa3MEPOM 3€pHA.

Mexanuka mnporecca 0o0pa3oBaHUSI OCTPOBKOBBIX BKJIIOYEHHH HE M3y4yeHa JI0 KOHIA, 4YTO
CO3/1a€T MHOKECTBO BOIIPOCOB U OTKPBIBAET MEPCIEKTUBHI JUIsl JAIbHEHIINX HCCIIeI0BaHUMI.

1. Qusuueckoe memannoseoernue. [100 peo. P. Kana. Buin. 2. M.: Mup, 1968. 490 c.

2. Maletskii A.V., Volkova G.K., Belichko D.R.// Ceramics International, V.50, Ne22, P.46506-
46515 (2024).
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BJIMSIHUE ®OHOBOM IMMONPABKH KOCMOJIOTMYECKOI'O KPACHOI'O
CMEIIEHUSA HA AMOP®HOE COCTOAHUE HAHOOBBEKTOB

Abpamos B.C.
OI'BHY «/lonenkuii puznko-rexHuueckuii MHCTUTYT UM. A.A. ["ankunay, r. JloHenk
vsabramov2018@gmail.com

MeTo0oM YHCICHHOTO MOJEIMpoBaHus B [1] ucciaenoBaHo BIMSHHUE Pa3IMYHBIX KYOUTHBIX
COCTOSIHUM OTJIENBHBIX (PPaKTaJIbHBIX CTPYKTYp Ha KOMIUIEKCHOE IoJie AedopMaiiu CBsI3aHHOM
cTpykTyphl. Ilokazano, 4To moBeAeHHE MOJIA AePOPMALUU CBS3aHHOW CTPYKTYPHI 3aBUCHT OT
YIOPSIOYEHHsI ONepaTopoB Mosed AedopManuu OTAENbHBIX (PAKTATIBHBIX CTPYKTYP U HAJIUYMA
CTOXACTHYECKOTO (OHA.

CnonranHas aedopManust U e€ BIMSHUE Ha COCTOSTHUS 3JIEKTPOHOB, JIBIPOK, Map 3JIEKTPOH-
JBIpKa, JIOKAIM30BAaHHBIX HA AaKTUBHBIX HAHOOOBEKTaX M MHKPOOOBEKTaX B YIIIEPOIHBIX
MarepHuaiax ¢ GpakTaibHON CTPYKTYypol (MyapOBbIe CBEPXPELIETKH, MHOTOCIIONHbBIE CTPYKTYphI Ha
OCHOBE Tpad)eHa, TPaHMIIBI METAJUT-TTOJIYIIPOBOIHHUK ), TCOPETHYCCKH UCCIICIOBAHBI B [2].

DHepreTUYecKre COCTOSIHHS aKTUBHBIX HAHOOOBEKTOB PACIIOIOKEHBI BHYTPH 3aIlPEUICHHOM
30HBI BOMM3K ypoBHS Pepmu. Ilpu onmcanuu CTpyKTypbl OTAEIBHBIX MOJEIBHBIX HAaHOOOBEKTOB
UCTIOJIB3YIOTCS BBIITYKJIbIE MHOTOTPAaHHHUKH M (opMya Ditsiepa, KOTOpas CBSI3bIBAET YHCIIAa TPAHEH,
BEpILIMH, pedep MOJENbHOTO CTPYKTYpHOro oOBbeKkTa. PaccMOTpeHbl OCOOEHHOCTH CTPYKTYpbI
YIJIEPOJHBIX IJICHOK C MOJCIBHBIMH CTPYKTYPHBIMH OOBEKTaMH THNa rpadmura, anmmasa, rpadeHa.
[Toka3aHo BIMSHHE TOJILMHBI YIJEPOJHOM IUIGHKM HAa OCHOBHBIE IapaMEeTpbl MOJEIBHBIX
CTPYKTYPHBIX OOBEKTOB. J[JIsI TOJCTBIX YIIIEPOIHBIX IJICHOK XapaKTEPHO TOSBICHHUE Pa3TUIHBIX
neGeKTOB ¢ 00BEMHOM CTPYKTYpOIl (THUIIa arperatoB, KJacTepoB). B TOHKUX yriepoaHbIX IUIEHKaX
BO3MOYKHO TIOSIBIIEHHE PA3JIMYHBIX MOJIEIBHBIX OOBEKTOB C KBAa3HJIBYMEPHOW CTPYKTYpo#l (Thma
rpageHa).

Teopernueckn o0Cy)aar0TCsi 0COOEHHOCTH HOBOTO MaTepuaia ¢ ppakTalbHON CTPYKTYpoOil
Ha OCHOBE POMOO3IPHUYECKOTr0 MATUCIONHOrO rpadgeHa. DKCIepUMEHTAIBHO 3TOT HOBBIN MaTepHal
ObLT HCCIeNOBaH METOJOM pPAMAaHOBCKOM CIEKTpockonmuu B psae pabor. OOcyxnaercs
BO3MOXHOCTh YMPAaBJICHUS OCHOBHBIMH IapaMeTPaMU CTPYKTYPHBIX OOBEKTOB B 3TOM MaTepHale.
[TokazaHo, 94TO POJH BHEUIHETO KaHAA YIPABJICHUS MOTYT BBITOIHATh M3MEHEHUS JIJTMHBI BOJHBI
BO30Y>KJIAIOIIIEr0 Jla3epa, MPUBOIAIINE K U3MEHEHUSIM SHEPrMM Hakauku. MI3MeHeHus 0aprOHHOTO
noJisi XWrTca BBHIMONHAIOT POJIb BHYTPEHHETo KaHama yrpaeieHus. [loka3aHo, 4To Temmeparypa,
BHEIIHUE CTAaTHYECKHUE IOl TaKKE€ MOTYT BBINOJHATH PpOJb BHEIIHEro KaHajla YIpaBJICHUS
CTPYKTYpPOI 0OOBEKTOB B 3TOM MaTepHare.

JInst ucciieoBaHUsl AJIEKTPOHHBIX, JBIPOYHBIX COCTOSHUM M COCTOSIHUM Hap 3JIEeKTPOH-
IBIPKa, PA3JIMYHBIX BPEMEH pellakcalliii W3 ATHX COCTOSHHHA aKTUBHBIX HAaHOOOBEKTOB B
Martepuaiax C (paKTaJbHOW CTPYKTYpOH HPEISIOKEHO HCIIOJIb30BaTh COBPEMEHHbBIE METO/IbI
UMITYJIBCHOM JIa3epHOH crieKTpockonuu. [Toka3zaHo, 9TO Ui aKTUBHBIX HAHOOOBEKTOB XapaKTEPHO
HaJINYMe KOPOTKHUX M JUIMHHBIX BPEMEH peaKcaluil.

Onnako HaOIrOMaeMble OCOOCHHOCTH TIOBEIEHHS DHEPreTHUECKUX H TEeMIIEpaTypPHBIX
CHEKTPOB B HOBBIX MaTepuanax HE ONHUCHIBAIOTCS B PaMKax CYIIECTBYIOIIMX TEOPETHUYECKHX
MOJICNIEHBIX TPECTaBIeHU. BoO3HWKaeT HEOOXOAWMOCTh CO3JaHHUS HOBBIX TEOPETHYECKHUX
MOJICIIEH.

B nanHoit paboTe npeaioxkeHa HOBast MOJIENb, YUYUTHIBAOIIAS BIMSHNUE (POHOBOW MOIMpPaBKU
KOCMOJIOTUYECKOTO KPAacCHOTO CMeELIeHHs (CTOXacTH4eckoro (ona) Ha aMop(HOE COCTOSHUE
HaHOOOBEKTOB B MaTepuajax ¢ (PpakTaIbHOU CTPYKTYpOil.

1. A6pamosa O.I1. || Becmuux [JonHY, Cep.A: Ecmecmesennvie nayku, Nel,, C.45-57 (2023).
2. A6pamos B.C. Il ®TBI, T.34, Nel, C.41-54 (2024).
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KUHETUKA MATHUTOCTPYKTYPHOI'O ®A30BOI'O IIEPEXOJIA 1IPH
JOINOJIHUTEJIBHOM YUYETE HHBAPUAHTA 5-T'0 IIOPA KA

Topoei M.M., Memanoe JI.C.
OI'BHY «/lonenkuii puznko-rexHuueckuii MHCTUTYT UM. A.A. ["ankunay, r. JloHenk
gordei-maksim@mail.ru

B nacrosimiee Bpems ucciiejoanue (pa3oBbIX Mepexo 0B B cIuiaBax I eliciepa npeacTaBisier
0oyplIOe 3HAUYEHWE TPU CO3JAHUHM HHTEJUIEKTyaJbHBIX MarepuaioB. Jlns omucaHus (a3oBbIX
MEepPEexo0/I0B, B TOM 4HuCIie U B ciuiaBax ['eilciepa, 4acTo HCIONBb3YIOT TEOpUIO (Pa30BBIX MMEPEXOA0B
Jlannay [1]. [lpencraBiser nHTEpEC AOMOJHUTEIBHO K HHBAPHAHTAM, yUYUThIBaeMbIM B [1], yuecTb
TaK)Ke MHBAPHUAHT S5-TO MOPsIKa

K'(m;m3e, + mimze,, + mmie,,) (1)
OTBEYAIOLIUI 3a OPUEHTALMIO0 BEKTOpPAa HAMarHWYeHHOCTH BJIOJIb IJIABHOM JUAroHaId UCKaXEHHON
B pe3yibTate (ha30BOro Mepexoia KyOndeckoi aieMeHTapHo# suetiku [2].

[Ipu coBMecTHOM y4€Te CMEIIAaHHBIX HWHBAapUAaHTOB 3-T0 W 5-ro mopsakoB [3], mpu
CTPYKTypHOM (pa30BOM mepexojie, OyaeT NPOUCXOAWTh HM3MEHEHHE PAaBHOBECHOTO 3HAYCHUS
BEKTOpa HaMarHWYeHHOCTH OT HampasieHus [111] x nanpasnenuro [001], 9TO COOTBETCTBYET
pe3yJsbTaTtam, mojay4eHHbIM B [1].

[Ippuém 1aHHOE W3MEHEHHE
OyIeT OTIHYaThCsi OT CTPYKTYPHOTO
nepexoja  NOpU  y4yeTe  TOJIbKO
CMEUIaHHOTO WHBapHaHTa 3-ro
nopsiika. A HMMEHHO, criepBa OyaeT
MPOUCXOJUTh HEOONbIIOE OTKIOHEHHE
ot HanpasieHus [111], a 3aTem pe3kwuii
ckauok K Hampasieruto [001], uro
MOoKa3aHo Ha puc. 1.

N3 3aBUCUMOCTM KOMIIOHEHT L4 - ]
BEKTOpa HaMarHum4eHHOCTH u S O .{ ]
o~ < 02+ _
nedopmaruit oT TEMIIEPATYPHI, sl /’ 5 ]
MOKA3aHHOW Ha puC. 1, MOXKHO CJIeNIaTh oL 3 ]
. oL ‘47 |

BBIBOZ, YTO  Y4E€T  CMENIIaHHOTO GH04L 1
05— —

WHBapuaHTa 5-ro TNOpsAKa, JeNaer T P R B
N N 165 180 195 210 25 240

cuctemy Ooliee yCTOMYMBON K ClaObIM T K

HMCKaXEHUSIM, CTapasch IOBEPHYTh

BEKTOP  HAMarHM4€HHOCTH,  BJOJIb

JIAarOHajld  UCKaXEHHOW  PEMIETKH.

[ToaTomy, BcneacTBHE CIAOBIX

Puc. 1. 3aBHCHMOCTb PaBHOBECHOT'O 3HAYCHUS
KOMITOHEHT BEKTOpa HaMaruuueHHocTH (1-3) u
nedopmanuii (4-5) mpu MUKIMUECKOM OXJIAXICHUH U
Harpese: y4€T UHBApUaHTOB 3-TO U 5-T0O MOPSAKOB (—),

WCKQKCHUH,  JaHHOE  HM3MCHCHHE !
BeKTOpa HAMATHHYEHHOCTH oOnervaer —YU€T TOJBKO HHBAPHAHTA 3-TO nopsiaka(-++), TOIbKO 5-Tr0
¢da30oBbIii TEpeXo] MPU COBMECTHOM nopsizka(-—).

y4é€Te MHBApUAHTOB 3 U 5-TO NOpsAIKA.

1. AN. Vasil 'ev, A.D. Bozhko, V.V. Khovailo, I.E. Dikshtein, V.G. Shavrov, V.D. Buchelnikov, M.
Matsumoto, S. Suzuki, T. Takagi, J. Tani. // Phys. Rev. B59, 1113 (1999).

2. JI.C. Memunos, E.JI. /laxno [l @®TB/], T.34, Ned, C.49 (2024).

3. M.M. Topoeu, JI.C. Memnos, B.H. Baproxun, A.I'. Ilempenxo [l @TB/], T.35, Nel (2025) (s
nevamu,).
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PEJKHUE TAYTOMEPBI B OJJHOIIEIIOYEYHOM PHK

I'peonesa E.A.
OI'BHY «/lonenkuii puznko-TexHuYeckuii MHCTUTYT UM. A.A. ["ankunay, r. JloHenk
grebneva@gmail.com

['eHeTnyeckuii MaTepuaT BUPYCOB MOKET IPEACTABISITh COOON OJTHO- UITU IBYXIICTIOYCUHBIC
monekyael JIHK, a Takke omgHo- wim aByxnenodeunble Mosekyiabsl PHK. KoponaBupyc
SARS-CoV-2 — 310 mramMmm kopoHaBupyca, BeibsBarommii COVID-19, octpoe pecnuparopHoe
3a0osieBaHNe, OTBETCTBEHHOE 3a naHaeMuto 2019 r. ['eHOMBbI KOPOHABHPYCOB MPEACTABIISIOT COOOM
onnouenoyeunsile PHK. CymectByer mHoro teicstu BapuantoB SARS-CoOV-2, koTtopbie Obun
CTpYNIHUPOBAHBI B HECKOJIBKO IITAaMMOB. DTH BapraHThl KopoHaBupyca SARS-CoV-2 nosBunucs B
pe3ynbrare oOpa3oBaHus HacheayeMbix aedextoB moiekyn PHK (myramwuit) [1]. TloaTomy BaxHO
MOHUMATh, Kak 00pa3yloTcs Hacieayemble nedekTsl B onHonenoyeunoit PHK.

beumm  pa3paboTaHbl MOIMMEpPA3HO-TAYTOMEpPHBIC MOAEIH yibTpaduoieTroBoro (YD)
myTareHeza [2-4], omuparomuecs Ha runoredy Yorcona u Kpuka [5] o Tom, 4TO B OCHOBE
MyTareHe3a JIeKHUT crnocoOHocTh ocHoBaHuil JIHK HaxomuTbecsi B pa3iMuHBIX TayTOMEPHBIX
dopmax. TlonmumepasHo-rayromepHble Momenu Y®d-myrarenesa [2-4] paspabortaHbl st
neyxuenoyeynorn JHK. B To xe Bpems mid MOCTPOCHUS MOJMMEPA3HO-TAYTOMEPHBIX MOJEIIEH
00pa3oBaHus pa3IMYHBIX MyTallUi B KOPOHABUPYCaxX B MEPBYIO o4Yepeb HE0OX0IuMO pa3padboTaTh
MeXaHMU3Mbl 00pa3oBaHusl peakux TayroMmepoB ocHoBaHuil PHK, mosBnstonmxcsa npu odmyuyeHun
onuorenoyeynsix PHK Y®-cBeToMm.

boul paspaboran mexaHu3M oOpa3oBaHMsI pelnkux TayromepoB ocHoBanuil [IHK mnpu
obiryuennu aByxuenodednoi monekyiasl JJHK Yd-ceerom [6]. Onnorenoueunass PHK Haxomutcs
B BOAHOU cpene. [Ipm 3TOM MOJIEKysbl BOABI IpucoenuHstorcs kK moisekyine PHK ¢ momomisro
BOJIOPOJIHBIX CBsi3ell. MexaHu3M oOpa3oBaHUS PEIKUX TayTOMEpHBIX (opM, oOpaszyrommxcs B
monekynaax JIHK [6], cnpaBeqmus u mis mosnekyn PHK. Monekyner JIHK u PHK pasmuuarorcs
TOJBKO TEM, YTO y HHUX HEMHOIo pasiauyaroTcs caxapodocdarHele ocTtoBbl. Kpome Toro, B
monekynax JIHK ucrnonp3yroTcss ocHOBaHMSI TyaHUH, LUTO3UH, alCHUH U TUMHUH, a B MOJIEKYJIax
PHK — ryanun, UMTO3MH, aICHUH U YpaLIUJL.

ITocTpoeHa monens M3MEHEHHsI TayTOMEpHBIX cocrosHud B Monekynax PHK ypamuna,
anenuHa [7] u uurosmHa, ryanuHa [8], Bxomsmux B ofHouenoudeunyro PHK mnpu obmydenun ee
Y®-cerom. Ilpu o6nyuenun oxanouenodeunod PHK, cBs3anHOl ¢ MosiekylnamMu BOIBI
BOJIOPOJIHBIMHU CBSI3SIMH, MOT'YT 0Opa30BBIBATHCS MO 7 PEIKUX TayTOMepoB ypaiia [7], aneHuna
[7], uuTo3una [8] u ryanuna [8], koTopbie MOTYT BIMATH HA XapaKTep CliapuBaHHs OCHOBaHUiA. Bee
pelkue TayromMepsl, oopasyronmecs B ogHonenodeyHoi PHK, OynyT cTraOmibHBIMUA. DTH BBIBOJIBI
XOPOIIIO COYETAOTCS C MPSIMBIMH SKCIIEPUMEHTAIbHBIMU TaHHbIMU [9, 10].

1. Koyama T., Platt D., Parida L. // Bulletin of the World Health Organization, V.98, Ne7, P. 495-
504 (2020).

2. Grebneva H.A. // International Journal of Molecular Biology: Open Access, V.4, Mel, P.1-15
(2019).

3. Grebneva H.A. // LAP LAMBERT Academic Publishing, 2017, 132 p.

4. I'pednesa E.A. Il LAP LAMBERT Academic Publishing, 2019, 345 c.

5. Watson J.D., Grick F.H.C. // Cold spring Harbor symposia on quantitative biology, V.18, P.123-
131 (1953).

6. Grebneva H.A. // Journal of molecule structure, V.645, p. 133-143 (2003).

7. I'pebnesa E.A. Il ®TB/], T.34,Nel, C. 96-104 (2024).

8. Ipebnesa E.A. // AkmyanvHoie éonpocwl 6uon. ¢pusuxu u xumuu, T.9, Ne 1, C. 7-15 (2024).

9. Bebenek K., Pedersen L.C., Kunkel T.A. // Proc. NAS USA, V.108, Ne5, P.1862-1867 (2011).

10. Wang W., Hellinga H.W., Beese L.S. // Proc. NAS USA V.108, Ne43, P. 17644-17648 (2011).
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JUHAMHUYECKASA CIIMHOBASA BOCITPUUMYNBOCTD B CHJIBHO-
KOPPEJIMPOBAHHOU BJIFiKTPOHHOI‘/'I CUCTEME KYIIPATOB "1
HEMATHUYECKOU ®A3E ®EPPOITHUKTHIOB

Kopuiynos M.M. *, Tozywoea 10.H.?
! Uncturyr pusuxu um. J1.B. Kupenckoro CO PAH, ®UILI KHII CO PAH, r. Kpacnospck
2 Cubupckuit @enepanbHblii YHUBEpCuTer, r. KpacHospek
mkor@iph.krasn.ru

B ClOXHBIX CHCTEMax OUY€Hb YacTO BO3HUKAET COYCTAHHE HECKOJBKUX KOHKYPHPYIOIIHX
WIH COCYIIECTBYIOUIMX JalbHUX MOPSAIKOB pazHOM mpupoabl. K Takum cuctemMam OTHOCSTCS
MHUKTUIBl M XaJIbKOTEHHUIBI JKeJe3a, MHOrOOpOUTaNbHBIE A(P(EKTHl B KOTOPBIX TMPUBOIIT K
BO3HUKHOBEHHIO B HHX HEOOBIUHOH CBEPXIPOBOAUMOCTH. DKCIEPUMEHTaIbHO OOHApY>KEHHas
pa3HUIlAa B COMPOTUBIICHUN BJI0Jb B3aUMHO NEPICHIUKYIISIPHBIX HAIPABJICHUH B IUIOCKOCTH JKeJe3a
B TETParoHambHOW (a3e CBUAETEIHCTBYET O BO3HUKHOBEHUHM OJIIEKTPOHHOTO HEMAaTHUYECKOTO
HOpSIZIKA.

B gpyrom kiacce HEOOBIYHBIX  CBEPXIIPOBOJHHKOB —  BBICOKOTEMIIEPATYPHBIX
CBEPXMPOBOJSIINX Kylparax — ONHCAHWE CBOWCTB CYIIECTBEHHO YCIOXKHSIETCS W3-3a
MPUCYTCTBYIOIIMX TaM CHJIBHBIX AJIEKTPOHHBIX Koppemsaiuil. OauH U3 BO3MOXHBIX CIIOCOOOB
IPEOAOJIETh ATy NpodIeMy — HalTH TOYHOE pELIeHHE N0 KpaiiHell Mepe B HEOOIbIIOM KJIacTeEpe U
3aTeM pacHpOCTPAHUTh €ro Ha Bech KPUCTAIUL. Takol MOAXO0M JIGKUT B OCHOBE KJIACTEPHON TEOpUn
Bo3MyteHui (cluster perturbation theory, CPT). Ilpu 3TOM BaXHBI HE TOJBKO OJIHOYACTUYHBIC
KOppesIHOHHbIe (YHKIUH, TaKkue KakK CHOeKTpaibHass (YyHKIWA, HO U JABYXYAaCTUYHBIE
KOppEeSIIUOHHBIE (YHKIINU — CIUHOBAS U 3apsA10Basi, HETIOCPEJICTBEHHO CBSA3aHHBIE CO CITMHOBOM 1
3apsAI0BOM TMHAMUYECKUMHU BOCIPUUMYHUBOCTSAMU. B pamkax KiacTepHOW TEOpHUH BO3MYILEHUMN
JUIS CIIMHOBOM M 3apsoBOM JuHamudeckod BocnpuumunBoctd (spin-CPT wu  charge-CPT)
KOppesIHOHHbIE 2(PQEKTh SBHO YUUTHIBAIOTCS B paMKaX TOYHOM JIUArOHANIM3AIMH Majoro
kiactepa [1]. PaccunTanbl 3aBUCIMOCTH AJIEKTPOHHOW CTPYKTYPHI U CIIMHOBOW BOCIIPUUMYHUBOCTH
OT JnonupoBaHus. M3MeHeHHE BOCHPUUMYHBOCTU MPH YBETUYCHUU OMHUPOBAHHS Ka4eCTBEHHO
COOTBETCTBYET AIKCIEPUMEHTAIBHBIM JIaHHBIM TI0 PE30HAHCHOMY HEYIPYIOMY PEHTTC€HOBCKOMY
pacCestHUIO ¥ HEYIIPYTrOMY PacCesTHHIO HEMTPOHOB, a TAK)Ke pacyeTaM B paMKax KBaHTOBOTO METO/1a
MomnTe-Kapio [2].

Jlis onucaHusl BIMSHUS HEMaTHYECKOTO TMOpsiika Ha (POPMHUPOBAHUE CBEPXITPOBOISIIETO
COCTOSIHUSI B (DEPPOITHUKTHIAX HCIOIB30BANaCh MATHOPOUTANLHAS MOJETh COSAWHEHHH JKene3a.
Hematuueckuii mopsinok cummerpun Bog MonenupoBancs kak HectabunbHOCTh [Tomepanuyka d-
TUTa. BEIYHCIICHHBIA B paMKaxX TEOPUHU CPEIHETO TOJIS HEMAaTHYCCKUI TapaMeTp MOpsIKa 3aBUCUT
oT kod(p(dullMeHTa HEMATUYECKOTO B3aUMOJCHCTBUS Vnem M HM3MEHSETCS CKauKOM TIPU €ro
yBenmmueHuu. Hapymenue cuMMerpun moBepxHOCTH DepMul MPUBOJANUT K HAPYIIICHHIO CHMMETPUHU
¢ C4 1o C2 B 3aBUCUMOCTH CIIHHOBOM BOCHPUHMMYHBOCTH OT BOJHOBOTO BEKTOpa (. YBEIHMUYEHHUE
napamMeTpa Vnem NMPUBOAWT K BO3pacTanwio muka BOmm3u q=(m,0) mo cpaBaenuto ¢ q=(0,m). B
paMKax CIHH-(QIYKTYaI[MOHHON TEOPHH CBEPXIPOBOJAIIETO CIAPWUBAHUS ATO MPUBOAUT K TOMY,
YTO B HEMATHUYECKOH (pa3e IIaBHOE pPENICHHE WMEET CTPYKTYPY Syt THIA W OOJBIIYIO BEIMYUHY
KpUTHYECKON Temreparypbl T¢ mepexoja B CBEPXMPOBOAIIYIO a3y, ueM OOBIYHBIE B CIydyae
OTCYTCTBHSI HEMAaTHYHOCTH COCTOSHUSA S+ U dx’.y? THIIOB [3].

1. Kuz’min V.1, Nikolaev S.V., Korshunov M.M., Ovchinnikov S.G. Materials, vol.16, no.13,
p.4640 (2023).

2. Kysomun B.U., Kopwyrnoe M.M., Hukonaee C.B., Osuunnukosa T.M., Osuunnuxos C.I. [Tucoma
6 KOT®, T.120, B.1, C.45-48 (2024).

3. Kopuynos M.M., Toeywosa IO.H. I[Tucoma ¢ JKOT®D, T.119, B.4, C.302-307 (2024).
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INPUMEHEHHWE MOJEJIX KPOHUT'A-ITEHHUA J1JIS1 HAXOXJIEHUSA
SJIEKTPOHHBIX CIIEKTPOB CJIOKHBIX OJHOMEPHbBIX CBEPXPEIHIETOK

Jpazynoe U.E., [Tununenxo E.A.', Cemeniox F0.A.%, Twouanckui H.JI.'?
IOI'BHY «/lonenkuii pusnko-TexHUYeCKUi MHCTUTYT M. A.A. ["ankuHay, r. JloHenk
2OI'bOY BO «JloHenkuii rocy1apcTBEHHBINH YHUBEPCUTET», T. JIOHEIK
igorl@donfti.ru

HccnenoBaHue  3JEKTPOHHBIX — CIIEKTPOB  MEPUOAMYECKHX  CTPYKTYp  IpEICTaBIIseT
HECOMHEHHBII HHTEpPEC, MOCKOJIbKY pa3jinyHble TUIbl cBepxpeuieTok (CP) HaxonadT mumpokoe
MIPUMEHEHNE B COBPEMEHHOM MUKPO-, HAHO- M ONTO3JICKTPOHUKE [1].

B cratee [2] BmepBbie Oblna pelieHa KBAaHTOBOMEXAHWYECKasl 3ajada O HaXOXKIECHUU
CIEKTpa 3JIEKTPOHA B I10JI€ NMEPUOANYECKOT0 MOTEHIMAIA KPUCTAIUIMYECKON PEIIETKH U HOJIYYEeHO
AQHAINTUYECKOE BBIPAXKEHHUE Ul JAUCIEPCUOHHOTO YPAaBHEHMSI, PELIECHUS KOTOPOIO OIpPENEsoT
CHEKTp 3JIEKTPOHOB. PelieHne 3TOro ypaBHEHHUs IOKAa3bIBA€T, YTO B JHEPreTHUYECKOM CIIEKTpe
AJIEKTPOHOB BO3HUKAIOT 3alPELICHHbIE 30HBI, T.€. TAKWE UHTEPBAJIbl 3HAYCHUI SHEPIUil, KOTOPHIMU
HE MOryT o00J1aaTh CBOOOJHbBIE 3JIEKTPOHBL. MHBIMM clioBamMH, 3J€KTpOHHbIH crnekrp CP
XapaKTEepU3yeTcsl 30HHOM CTPYKTYypoll [2], a COOTBETCTBYIOIIAs MOJEb, KOTOpas HCIOJIb3YyeTCs
OpU TEOPETUYECKOM MCCIEIOBaHUM MMOJOOHBIX 3a/7ad B (U3UKE TBEPAOIro Teja, Has3bIBaeTCs
moaenbto Kponura—Ilennn [3].

B mHacrosimiem cooOLIEHMM NPEACTaBICHbl PE3ylbTaThl AHAIUTUYECKMX M YHMCIEHHBIX
UCCJIEJOBAaHUM 3JIEKTPOHHBIX CIEKTPOB 4YeTblpexkoMnoHeHTHOM CP, o0pa3oBaHHON [ByMs
NOTEHIMAJIBHBIMU SIMAMU U JBYMsI MOTEHIMAJIbHBIMM OapbepaMu C IIUPUHAMH S1, S2 U f1, to,
COOTBETCTBEHHO, CXEMATHIECKH n300pakeHHBIMU Ha puc.l.

A

\/: _____________________________

o f 2 ¢ . t > . -
AT sy » \‘(‘\ \‘ % w Xi XA, (. X

) ) N)

Puc.1. Ilorenuuanbusiii npogmis CP ¢ snemeHTapHOW SUEWKOW, coCTOAlEH M3 JBYX

MNOTCHIUAJIBHBIX AM U IBYX TOTCHIHUAJIbHBIX 6apbepOB pa3H0171 BBICOTHI V1 1 V2

<
<

Ha ocnoBe monenu Kponura—IleHHu B IBHOM BHJI€ NIOJyYEHO aHAJIUTHUYECKOE BBIPAKEHUE
JUISL TUCTIEPCUOHHOTO YpaBHEHMs, KOTOPOE€ 3aBUCHUT OT IMapaMEeTpOB CBEpPXpEIIeTKH (LIIUPUH U
BBICOT 5IM U OapbepoB). [lyTeM YMCIIEHHOTO pelIeHus 3TOro IUCIEPCHOHHOIO YpaBHEHUS HaiiieHa
30HHAsl CTPYKTypa 3JEKTPOHHOTO CHIEKTpa U MCCIEIOBAHO MOBEIEHUE MUHU30H OT MapaMeTpoB
CBEPXPEILETKH.

[TokazaHo, yTo: 1) MpM OJMHAKOBBIX MIMPUHAX MOTEHUUAIBHBIX SM YHCIO pa3pelleHHbIX
30H (MMHU30H) OyJeT MUHUMAJIbHBIM; 2) P U3MEHEHUN OTHOCHUTENBHBIX IIMPUH MOTEHIIUATbHBIX
AM B Ty WIHA B JIPYTyI0 CTOPOHY YHCJIO MUHH30H OYAET yBEIWYHUBATHCS; 3) C POCTOM pa3iHuus
BBICOT MOTEHIUAIBHBIX OaphepOB MIUPHUHBI MUHU30H YMEHBIIIAIOTCS, a IIUPHHBI 3alPEIICHHBIX 30H
YBEJIMYUBAIOTCA; 4) MPHU ONPENENICHHBIX 3HAYEHHUSX OTHOCUTENIbHBIX HIMPUH MOTEHIUMAIBHBIX M
MUHU30HBI MOTYT COIIPUKACcaThCs.

Pabota Bemonnena npu noanaepxkke PH®, rpant Ne 25-22-00134.

1. R. Tsu. Superlattice to Nanoelectronics. 2-nd Edition. (Elsevier, Amsterdam, 2011).
2. R. de L. Kronig, W.G. Penney// Proc. R. Soc. London, Ser. A. 130, 499 (1931)
3. H. Awxpogpm, H. Mepmun. Quzuxa meepooco mena. (Mup, M., 1997)
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MPOMEXYTOYHBIE COCTOSAHUSA CETPETALHTUOHHOI'O CJIOA ITPUMECH HA
CBOBOJHOM NOBEPXHOCTHU TOHKOM MJIEHKA
Menvnux T.H., IOpuenxo B.M., /lasviooea H.M.
OI'BHY «/loneukuii Gpu3nKO-TeXHUYECKHA HHCTUTYT UM. A.A. ankunay, r. JloHenk
ttt_ meln@rambler.ru

[Iporpecc B oOnactu pa3pabOTKM MHUKpPO- M HAHOPA3MEPHBIX 3JIEKTPOHHBIX YCTPOHCTB
CTUMYJIMpPYET HeocaabeBarolnii HHTEpEC K U3yYEeHUI0 0COOEHHOCTE! MPOILIECCOB MacComepeHoca B
TBEPJIBIX TeJaX OTPAHUYCHHBIX U MaJIbIX pa3MepoB. D((eKThl, BCTpeyaromuecs Ipu U3roTOBICHUN
U O9KCIUTyaTalldd TOHKHUX METa/NIMYECKUX U IOJIYMPOBOJHUKOBBIX IUICHOK, NMPUBJIEKAIOT K cebe
Oojee aKTMBHOE BHUMAaHUE HccienoBaTened. Pa3BUTHIN ammapar KIacCUYECKUX YypaBHEHUI
MaccollepeHoca TMO3BOJIIET OMKCHIBAaTh M IMPOTHO3UPOBATH TMOSBICHHE CHEHU(UYECKUX YepT
cerperaliii TpUMeceld B CHCTEMax, XapaKTepU3YIOIIMXCS MAIbIMH pa3MepamMu 3epeH (B
MOJIMKPUCTAIIIAX ) WK MaJIO TONIIUHON IIJICHKH.

Ha BHemiHe# MOBEPXHOCTH IUICHKH TONIMHON O 0Opa3yeTcs cerperardoHHBIA CIIOH O,
d>>6. JIBwkeHHe TNPHMECH OIMUCHIBAeTCS ypaBHeHHeM auddy3un. B HayaabHBIA MOMEHT
KOHIICHTpPALUS IPUMECH B TUIEHKE Co, @ KOHIIEHTPAIHUS PUMECH B CErPETAllMOHHOM CJIO€ Cs paBHA
Hymto. [lpuHuMas BO BHUMaHHE OrPAHHYEHHYIO €MKOCThb CErPEralliOHHOTO CJofg |
B3aMMO/ICHICTBHE MEXITYy aTOMaMH NMPUMECH, TPAHUYHBIM yCIOBHEM BBIOMpaeMm u3orepmy Dayrepa
[1] ¢ xpuruueckoit Ttemneparypoir Tj = z|ug|/4,TH€ Z — KOOPAMHALMOHHOE YHCIO B
CEerperaloHHOM CII0€, Us — SHEPTHsl MEKATOMHOTO B3aUMOJICHCTBUSI IPUMECH B CETPETal[HOHHOM
cinoe. B muieHke, MO CpaBHEHHMIO C TMOJTYOTpaHHMYEHHBIM O0O0pa3loM, H30TEpPMa CYHIECTBEHHO
u3MeHsieT cBoto Gopmy npu cootHomenun 6/d~0.1. TIpuBenennas B [2] orieHKa TOJIIUHBI IIJICHKH,
KOTOPYIO MOKHO CUHTATh TOHKOH, kKak 6/d~0.001, mpencTaBisieTcs 3aBbINICHHOM.

KonneHnTpamus mpuMecu Ha TTOBEPXHOCTH o
IUICHKH TpU TeMIepaType HIDKEe KPUTHUECKOH i
BHAuale pacTeT Mo 3akoHy ~t'/2, a 3arem
npuOJIMKaeTcsl K paBHOBECHOMY 3HAUEHHUIO Kak

-2

t¥?. EBom wavambmas KOHIIEHTpALUI  Co
HEHaMHOT'0 IPEBBIIIAET MAaKCUMYM Ha H30TEpME,
TO HaONIOaeTcs 3aMeUIeHHe Cerperandud Ha
IPOMEKYTOUHOH cTaaum 1o 3akoHy t¥* [1].
Ecnu ¢, mpeBbilaeT MakCUMyM Ha H30TEPME TIPU {,- / 4
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TOPU3OHTANBHBIA  ydacTok (puc. 1). Takum e o e
oOpasom, B IUIeHKax cerperauus mpu T<T, t, arb.units
Puc.1. Cerperanus npumMecu Ha

MIPOXOAUT o IIyTH (hopMupoBaHHUS =
ITOBEPXHOCTH IIJIEHOK PA3JIUYHON TOJIIIUHBI

MPOMEKYTOUHBIX METa-CTaOMJIBHBIX COCTOSIHUIA,
CYIIECTBYIOIIMX TeM Jjonbmie, uem Ommke  PY c0=0.4 u TW/T=1.2: 1 - 6/d=0.0001, 2 -
HayalbHas  KOHIEHTPAIUS K  MakCUMyMy 6/d=0.001, 3 - /d=0.01, 4 - §/d=0.1
u3otepmbl.  ClieIOBaTeNbHO, CYIIECTBYeT O0O0JACTh TMapaMeTpoB, B KOTOPOM pearn3arust
IPOMEKYTOUHBIX COCTOSIHHM, OTJIMYHBIX OT PABHOBECHBIX, CTAHOBHTCS BO3MOJKHOM, YTO
MOATBCPKIAACTCA NOCTYITHBIMHU SKCIICPUMCHTAJIbHBIMU JaHHBIMU. Hckiroyenne cocTaBiIslIoT 0C000
TOHKHE IJIEHKHU (KOT/1a TOJIHHA MOHOATOMHOT'O CETPEraliiOHHOTO CIIOSI BCETO Ha MOPSIOK MEHbIIIE
TOJIIIMHBI TUICHKH) WM CITydad Majioro 3amaca MpuMecd. DTOT (akT IerecooO0pa3HO YYUTHIBATH
IIPU IIPOTHO3UPOBAHUM SKCIUTYaTallMOHHBIX XapAKTEPUCTHUK IIJIEHOK U YCTPOMCTB HA UX OCHOBE.

1. Menvnuk T.H., @®envoman I.11., FOpuenxo B.M. // MOuHT, T.21, Ne4, C. 28-34 (1999).
2. Krajnikov, A.V. Yurchenko V.M., Feldman E.P. et al. // Surf. Sci., V.515, P.36-44 (2002).
3. Watanabe K., Hashiba M., Yamashina T. // Surf. Sci., V. 61, Issue 2, P. 483-490 (1976).
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VIIK 538.9
BJMSIHUE TPEXYACTUYHOT O B3AUMOJIENCTBUS U JED®OPMALIMHT
JIEKTPOHHBIX OBOJIOYEK ATOMOB HA V/EJBHYIO TEILIOEMKOCTb
CHKATBIX KPUCTAJLIOB Ne, Ar M Kr

Ilununenxo E.A.
OI'BHY «/lonenkuii puznko-rexHuueckuii MHCTUTYT UM. A.A. ["ankunay, r. JloHenk
pilipenko.katerina@mail.ru

Kpucramnel wuneptHeix ra3zoB (KUI) sBmasroTcs nOpoCTEMIIMMU — MOJEKYJISPHBIMU
Kpuctaiiamu, obpasyromuMu ['TLIK-cTpykTypy ¢ 3aMKHYTBIMH 3JEKTPOHHBIMH OOOJOYKAMH U
OTHUM aTOMOM B DJIEMEHTAapHOH s4elke. DTO [enaeT HMX He3aMEHUMBIMH OOBEKTaMU JIJIs
TEOPETUYECKUX HCCIEIOBAaHUNM M TECTUPOBAHUM pa3nuyHbIX Mojened. Kpome 3Toro, mockonbky
KUI' ocratorcs craOWIbHBIMM JaX€ NpPU BBICOKMX JIaBIEHUSX W Temmeparypax [l], ux
TEPMOJIMHAMMYECKUE CBOICTBA B TaKUX SKCTPEMAIbHBIX YCIOBUSAX WIPAIOT BaXHYIO pOJb B
NOHMMAHWU U IUIAHUPOBAHUM SKCIIEPUMEHTOB C HCIOJB30BAHUEM SUYECHKU alMa3HbIX HAKOBAJICH
[2].

Jia HaxoxnaeHuss tepmoauHamudeckux csoiictB KUI' Obinma moctpoena auHamMuyeckas
MaTpHlla Ha OCHOBE HEAIMIIMPHUYECKONW BEPCHU KBAHTOBO-MEXaHUUYECKON MOJeNnu 1ehOopMUpPYEMbIX
U TOJISIPU3YEMBbIX aTOMOB C YYE€TOM TPEXYAaCTMUHOIO B3aWMOJEWUCTBUS KaK 3a CUET MEPEKPBITUS
JJIEKTPOHHBIX 000JIOUEK, TaK U 3a cueT UX Jedopmanuu. DTO Mo3BoJMIO paccuutars ans KUD
(oHOHHBIE 4acTOTHI [3] B HY)KHBIX TOUKaX 30HbI bpuiuitosHa, a Takke (C UCIOJIb30BAHUEM METOAA
Yanu-Kosna) ynenbayto temnoeMmkocts Cv cxkareix ['LIK- Ne, Ar u Kr B mmpokom uHTEpBaie
naBieHui. beimm paccumtansl Temneparypuble 3aBucuMocTH (ot 25 K no 400 K) pemerounoit
terutoemkoctr C, B mHTepBane cxarus ot 0 mo 0.7 (p=169.6 GPa) ans Ne, ot 0 mo 0.6 (p=97.9

GPa) mns Ar u ot 0 1o 0.6 (p=93 GPa) mns Kr, a Takke MCCIIeJIOBAaHO BIUSHUE TPEXYACTHIHOTO
B3aUMOJICHCTBHUS M JeGOopMaIui JIEKTPOHHBIX O0OJOYEK aTOMOB B TAPHOM M TPEXYaCTUYHOM
npuOMmKeHnsX. bpio 0oOHapykeHO, 4To ¢ pocToM cxatus 3HadeHuss C, yMEHbIIAIOTCS B

COOTBETCTBYIOLIMX TeMIEepaTypHbIX HHTepBaiax. OHM HE TOCTUTAIOT MpeaesbHOro 3HaueHus 3R, a
TaK)Ke U3MEHSETCsl BUJ KPUBOM Kak B Mojenu M3 (pacueT Ha OCHOBE MapHOTO B3aUMOJIEHUCTBUS B
KOPOTKOJCHCTBYIOIIEM MOTEHIMaNe OTTaJKHBaHUA), Tak W B wMojenu MT2 (k mapHOMY
B3aMMOJEHCTBUIO JOOABJISIIOTCS TPEXYaCTUYHBIE CHUJIBI 32 CYET MEpPEKPBITUS BJIEKTPOHHBIX
o0oJouek U edopmanus IEKTPOHHBIX 000JI0YEK B MApPHOM M TPEXYaCTUYHOM MPUOIMKEHHUSX).
Kpome Toro, TpexwacTuyHoe B3auMOAEHCTBHE U Aedopmanus 3IEKTPOHHBIX 000JI0YEK aTOMOB
HECKOJIbKO MOBBIIAIOT 3HAYEHUS TEMJIOEMKOCTH JlaXke B HeAe(POPMHPOBAHHBIX KpUCTAJUIAX psiza
Ne-Kr.

K coxanenuro, B HacTosIIee BpEMsI HaM M3BECTHBI DKCIIEPUMEHTAJIbHBIE JTaHHBIE yIEIbHON
TETUTIOEMKOCTH TOJIBKO TIpW HYJIeBOM AaBiieHHH. [lomydeHHble TemmnepaTypHble 3aBUcHMOCTH Cy
kpuctamuueckux Ne, Ar u Kr HaxoasTcs B XOpOIIEM COTJIAaCHH ¢ UMEIOIIHUMCS KCIIEPUMEHTOM.
PacueTpl TEIIOEMKOCTH TMOKAa3alM, YTO OTHOCUTENIbHAs MOTPEIIHOCTh IIOJIYYEHHBIX HaMH
pE3yNbTAaTOB II0 CPABHEHUIO C JKCIEPUMEHTAIbHBIMM JAHHBIMH YMEHBIIAETCA C YBEIMYECHUEM
TEMIIEpaTypBhl.

Takum o00pa3zoMm, MpencTaBIEeHHBIE PE3YNbTaThl IOKA3bIBAIOT, YTO PACUYETHl JAMHAMUKHU
pemieTkn Juisl ckaThix Kpuctaummyeckux Ne, Ar u Kr, BbINOJIHEHHbIE B paMKax TEOpHH,
YUUTBIBAIOIIEH OePOpMalIO 3JIEKTPOHHBIX 000J0YEK, MO3BOJISIOT KOJMYECTBEHHO MCCIIE0BAThH
(GOHOHBI, yIIpyrue cBoiicTBa U TepMoanHaMuyeckue xapakrepuctuku KUI' B mupokoM mHTEpBasie
JIaBJICHUS U TEMIIEPATyphl C XOPOLIEH TOYHOCTBIO.

1. A. Dewaele, A.D. Rosa, N. Guignot, D. Andrault, J.E.F.S. Rodrigues, G. Garbarino// Sci. Rep.
V.11 (1), P. 15192 (2021).

2. A. Jayaraman// Rev. Modern, Phys. 55, pp. 65-108 (1983).

3. E.I1. Tpouyxas, E.A. [Mununenxo, E.E. I'opbenxoll @TT, T. 61, c. 1890 (2019).
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VJIK 539.2

KBAZNYACTHUYHBIE BO3BYKJIEHUA B HEU/JIEAJIBHbBIX
I'EKCATI'OHAJIBHBIX PEHIETKAX MUKPOIIOP

Deoopos C.A., besyc 10.A., Pvioanka A.E.
OI'BHY «/loneukwnii Gpu3nKo-TeXHUYECKH HHCTUTYT UM. A.A. ['ankunay, r. Jlonenx
paladyan0108@yandex.ru

B pabore mpoBeAEHO TEOPETUYECKOE HCCIIEOBAHUE HHEPreTUYECKUX  CHEKTPOB
KBa3MYaCTUYHBIX BO30YKACHUN B HEUCATIbHBIX F€KCArOHAIBHBIX TOMOJIOIMYECKH YIOPSA0UEHHBIX
HaHOKPHUCTAJNINYECKUX CUCTEM C IPUMUTUBHON U CIIOXKHOM pelIeTKaMu.

C  mnoMOLIpI0  YHUCIEHHOTO  MOJEIMPOBAaHUS  HANAEHbl  3aKOHBl  JUCHEPCUU
SKCUTOHOIOOOHBIX U TMOJIIPUTOHHBIX BO30YX/IEHUH, BBIABICHBI UX OCOOEHHOCTH CBSI3aHHBIE C
CUMMETpUEH CHCTEMbI, MO3BOJIAIOLIUE OIpPENEIsITh O00JIACTU CYIIECTBOBAHUS IOJISIPUTOHHOTO
KOHJIEHCaTa JUIsl TeX CUCTeM, B KOTOPbIX BO3MOXXHa bo3e-3iHIITEHHOBCKAs KOHAEHCAILMSL.
HccnenoBaHa KOHIIEHTPALMOHHAs 3aBUCUMOCTH JIMCIIEPCUOHHBIX U 30HHBIX XapaKTEPUCTUK INPU
pasIMYHbIX TapaMeTpax HaHOKpHUCTaLIA.

[IpoBeieHHBIE WCCIENOBAHMS PACIIUPSIOT BO3MOXKHOCTH (DYHKIIMOHAIBHBIX IOPHCTHIX
MaTepHalioB KaK MyTEeM YIPABISEMOI0 BHEIPEHUS] B HUX CTPYKTYPHBIX 1e(EKTOB, TaK M IyTEM
U3MEHEeHHs cUMMeTpuu pemetk bpase. [IpuBenennsie B padotax [1-2] geranbHbIe HCCIeIOBAHUS
KBAa3MYaCTUYHBIX COCTOSHUN HEUJEAIbHBIX IOJIIPUTOHHBIX CTPYKTYp, HEOOXOAMMBI Kak MJIs
NOHMMAHHUS  MEXaHW3MOB  PACIHpPOCTPAHEHUs  JJIEKTPOMArHUTHBIX  BO3OYXICHHMH, B
COOTBETCTBYIOIIMX IIOPUCTBIX MaTepuanax, Tak W M8 JaJlbHEMIIEro pa3BUTHS KBAaHTOBOHN
HaHO(OTOHUKHU.

y e — |-9 nogpeLweTka
Ya o— ll-a nogpelueTka

4n t
\3a

E o

Puc.1. I'ekcaronanpHas JByXIOApEIIETOYHAS IByXMEpHas PEIIeTKA U
nepBas 30Ha bpuiltooHa U1 TAKOTro KpucTasuia

X

IlokazaHo, 4TO B HacTosIlee BpeMs pacCIIMPeHHE BO3MOXKHOCTEH (DYHKIIMOHAIBHBIX
MOPUCTHIX MaTepUaIOB UJIET HE TOJBKO 3a CUET YIPABISEMOro BHEAPEHUS B HUX KBAaHTOBBIX TOUYEK
[1], cTpykTypHBIX nedekToB [2], co3manust ymnpyroi aedopmarnuu [1], HO U myTeM U3MEHEHHUS
KpucTayiorpadguueckoil cMiMMeTpHH HaHOpeleTok bpase.

1. V. Rumyantsev, S. Fedorov, K. Gumennyk, M. Sychanova, A. Kavokin // Scientific Reports, 4,
2014, P. 06945.
2. llanaosn FO.A. Dgghexmvr  pacnpocmpanenus 1eKMPOMACHUMHBIX U AKYCMUYECKUX

8030VHCOEHULl 8 HECOBEPUIEHHBIX KPUCMALIUYECKUX Cpedax: OUC. ... KAHO. Qu3.-mam. HayK:
01.04.07 / JOH®THU. — ]I, 2022. — 112 c.
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VJIK 538.91
MOJEJIMPOBAHUE CIIMHOBEIX BOJTH B BUCJIOMHO TETEPOCTPYKTYPE

Canuzynnuna A.U., IHlapagynnun U.D.
@I'bOY BO «Y pumckuii yHUBEpCUTET HAYKU M TEXHOJIOTUIY, T. Y da
angelasamig2002@gmail.com

CnuHOBBIC BOJIHBI TIPEICTABIAIOT COOOH KOJUICKTHBHBIC BO30YXKICHUS B MarHUTHBIX
CUCTEMaX, KOTOpPbIE BO3HUKAIOT W3-32 B3aWMOJACWCTBHS CHUHOB B (EppOMarHeTHKax U
anTudeppomMarHeTukax. ITH BOJIHBl WIpalOT BAaXHYI POJIb B 00JaCTH MarHeTU3Ma W HMEIOT
3HaueHUE JUIsI Pa3pabOTKM HOBBIX TEXHOJOTHH. M3ydeHue mOBeNeHUS CIWHOBBIX BOJH TOJ
BO3J/IEUCTBUEM BHEIIHETO MAarHUTHOTO IOJIS SBJISIETCS aKTYaJIbHOM 3a/1auel, MOCKOJIbKY U3MEHEHUE
MarHUTHOTO TIOJII MOXET CYIIECTBEHHO BIUATH HAa XapaKTEPUCTUKU ITUX BOJIH.

OnHUM M3 METOJIOB, IMO3BOJISIONIMX HMCCIEAOBATh JUCIIEPCUOHHBIE CBOMCTBA CIIMHOBBIX
BOJIH, SIBJSIETCS MeToJ]] pyHkumu ['puHA. DTOT MOIXOJ MO3BOJSET IMOJYYUTh 3aKOH UCIEPCUN
CIIMHOBBIX BOJIH, ONUCHIBAIOIIUM 3aBUCUMOCTh MX YACTOTHI OT BOJIHOBOTO BeKTOpa [1].

B nannoit pabote paccMaTpuBaeTcs BIUSHHE
BHEIIHETO MArHUTHOI'O MOJS Ha CIMHOBEIC BOJIHEI,
BBIBOJUTCSl 3aKOH JHCIEPCUM C HCIOJIb30BaHUEM
MeToqa NByxBpeMeHHbIX (yHkiui ['puna. Umerorcs
JIB€ TOHKHE TUICHKH, OJTHA U3 KOTOPBIX MarHuUTHas, a
JIpyras CETHETORJIEKTPUYECKAas. IlonHprit
raMUJIbTOHUAH CUCTEMbI UMEET CIACAYIOIINI BU/:

Hy=—)1 ;S5 — X1 ;S?S7 — gugh ¥ S7 — os|

zZ > - = ~1.01 R -,
Jms Zi,j(gi 53) P — J: ¥ PP, — X E*P} ;S T
1) St .
rJie IEePBOE CIaraeMoe B FAMHJIBTOHHAHE ONUCHIBAET 302 a0 '
(beppomMarHuTHOE B3aMMOJICHICTBUE MEXIY
OMDKANUIIIMA ~ COCCTHUMH  CIIMHAMH,  BTOPOE Puc.1. 3asucumocts SHeprun ot
cllaraeMoe — aHM30TPOITHOE B3aMMOJICHCTBHE, TPEThE BOJTHOBOTO BEKTOPA k.
claraeMoe —  B3aUMOJEHWCTBHE CO  BHEUIHUM
MarHUTHBIM II0JI€, YETBEPTOE CIAaraéMoO€ — MAarHUTONIEKTPUYECKOE B3aMMOICHCTBHE MEXKIY
IJIEHKaMH, [9TO0€ U HIECTOE CJIaraéMble — FTaMUJIbTOHUAH CErHETORJIEKTPUUECKON CUCTEMBI.

3asaBaeMble TapaMeTpbl MOJACIIA UMEIOT ciaeaytomue 3Hadenust: I = 0.1, J; = 1, Jmp = 0.1,
Jmg = 0.66, yron 6 = 0.58, rme BeaMuMHA MAarHUTHOTO IIOJIST CHHETO IBera - h = 0, 3eJIeHoro -
h = 0.25, xpacnoro - h = 1 (puc. 1).

B Mozenn co cnupanbHOM CTPYKTYypOH, YYHUTBHIBAIOLIEH B3aUMOACUCTBUE TOJIBKO C
OmwkalmMMu  cocessMHU  J;, JHUCIEPCUs CIMHOBBIX BOJH ONMCHIBAETCS  KBAJApPAaTHUYHOMN
3aBHCUMOCTBIO JHEPTHH OT BOJHOBOTO BeKTOpa k,. POCT HampssKeHHOCTH MarHUTHOTO ITOJIS
NPUBOJUT K IEPEOPUEHTALMM CIIMHOB W HW3MEHEHHUIO DSHEPreTHYecKHX YpOBHEH. VYcuiieHue
MarHUTHBIX B3aUMOJICHCTBUII BHYTPH CJIOS, BBI3BAHHOE OTUM IIPOLECCOM, NPOSBISAETCS B
pa3auuHbX 3¢ddexrTax, Takux Kak (popMHpOBaHHE JOMEHHBIX CTPYKTYp OIpeneiaéHHON
KOH(UTIypaluy ¥ BOSHHKHOBEHHE HOBBIX, 00JIee CI0KHBIX MarHUTHBIX COCTOSIHUH.

Taxxe ObUIM W3y4eHBI MarHUTHBIE XapaKTEPUCTUKHU, TaKUe€ KaK HaMarHWYeHHOCTH,
BOCIIPUUMYHMBOCTD, TEIUNIOEMKOCTb U DHEPTHS B 3aBUCUMOCTH OT TEMIIEPATYPHI.

PabGoTa BpITIONHEHA B paMKax TrocyaapcTBEHHOTO 3amaHusi cornamenue Ne (075-03-2024-
123/1 ot 15.02.2024 tema Ne 324-21.
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1. S. El. Hog, I. F. Sharafullin, H. T. Diep et al. // Journal of Magnetism and Magnetic Materials,
V. 563, P. 169920 (2022).
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VJIK 517.93
KMHETHYECKHUE MPOLIECCHI C UHBAPUAHTHOI IVIOTHOCTHIO

Camonemos A.A.
OI'BHY «/loHeukwii (pu3nKo-TeXHUYECKH HHCTUTYT UM. A.A. 'ankunay, r. JloHenx
samolet@donfti.ru

[louck u wuccrnegoBaHME YpaBHEHWM JBMKEHMS, AT KOTOPHIX 3aJaHHasl IUJIOTHOCTH
pacripesieieHus] BEpOSATHOCTEH SBJISIETCS WHBApUAHTHOM, — HA MEPBBIM B3I, aOCTpakTHas
aKajgeMHuueckasi 3a/1a4a. JTO IepBOe BIEYATICHHE OIIUOOYHO.

[Tokazano, yTo (OPMYIHPOBKA KOHIEMIUU TE€HEpAIllMd CHUCTEM YPAaBHEHUH JBUKEHHUS C
JAHHOW WHBApPUAHTHOH IJIOTHOCTHIO SIBISIETCA 3agadeld OOIIero IMOJOXKEHUS B MOAETUPOBAHUU
KMHETUYECKUX MTPOLIECCOB.

Jlano TeopeTndeckoe OOOCHOBaHHE, MpPUBOJsAIIEe K (OPMYTUPOBKE (PYHKIIHMOHATHHOTO
YpaBHEHHUS, MHOXECTBO pEUIEHHH KOTOPOro CyTh KHHETHYECKHE YypaBHEHHUS C 3aJaHHOMN
WHBApUAHTHOM TIUIOTHOCTBIO [1-4]. JlaHO mpeacTaBieHHEe O CHEKTpE 3adad, AONYCKAKIINX
MCII0JIb30BaHUE JIAHHOM TeopeTndyeckoi cxemsl ([5-7] 1 mpuMepbl U3 TEKYILEH JIUTepaTyphl).

B kadecTBe KOHIENTYyaJbHOTO TMPUMEpPA BHIBOJAa KHHETUYECKUX YPAaBHEHHH B paMKax
c(OpMyJINPOBAHHOM TEOPETUYECKOM CXEMbl PAacCMOTPEH Clydyall YacTUIbl, IOMEUICHHOM B
KUAKOCTH (OpoyHOBCKasi dactuia). Yactuiia U OKpyKaromas ee KHAKOCTh HE CYIIECTBYIOT
000CO0JICHHO, HO TOCTOSTHHO HAaXOJSATCSI B COBMECTHOM IBM)KEHUH. JI1000€ NBHMKEHHE YaCTHIIBI
BO3MYILIAET OKPYKAIOIIYIO0 >KUIKOCTb, YTO, B CBOIO OYEpE/b, OKa3bIBaeT BIUSHUE Ha JIBIXKEHUE
camoii yactulbl. Borpoc coctout B Macimtadbe BpeMeHHU POTEKaHUs 3TOT0 Mpoliecca.

B npenmosiokeHMH, YTO WHBAapHaHTHAs IUIOTHOCTb CYTh IUIOTHOCTh paclpeicieHUs
MakcBesia o CKOpOCTSM, MOJyY€Hbl PEIIEHUs: UTHOPUPYIOIIEe COBMECTHOE JIBUYKEHUE YACTHIIbI
U BMEIAloIIe ee )KUAKOCTH (KJlaccuyeckoe ypaBHeHHe JIaHXKeBeHa) U yuuThIBarolee TakoBoe. Bo
BTOPOM BapHUaHTE ypaBHEHUH JABI)KEHHUS ypaBHeHUE JIaH)KeBeHa MOJyYyeHO B MPEAEIbHOM Cllydae
OBICTPBIX MPOLIECCOB PETAKCALUU B )KUIKOCTH.

1. Samoletov A, Vasiev B. // J. Chem. Phys., V.147, 1ss.20, P.204106 (2017).

2. Samoletov A.A, Dettmann C.P, Chaplain MAJ. // J. Chem. Phys., V.132, Ne24, P.246101 (2010).
3. Samoletov A.A, Dettmann C.P, Chaplain M.A.J. // J. Stat. Phys., V.128, P.1321-1336 (2007).

4. Samoletov A, Vasiev B. // J. Phys: Conf. Ser., V.2090, Nel, P.012059 (2021).

5. Samoletov A, Vasiev B. // BioSystems., V.246, P.105342 (2024).

6. Samoletov A., Vasiev B. // Springer Proc. Math. Stats., V.446, P.67—77 (2024).

7. Camonemos A.A. Il ®TB/], T.35, Nel, C.22-43 (2025).
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VJIK 534-16

PACIHIPOCTPAHEHHUE BOJIHbI HEPEK/TIOYEHHW A 1P HAJIOXKEHUH
MHTEHCUBHOMU IIVIACTUYECKOU JE®@OPMAIIUU KPYYEHUEM

Inaounun 0.A., 3asopomnes 10./1., 'yvmennux K. B.
OI'BHY «/loneukwuii Gpu3nKo-TeXHUYECKH HHCTUTYT UM. A.A. ['ankunay, r. Jlonenx
zavorotnev.yurii@mail.ru

Marepuainbl, HCIOJB3YeMbIE B IMPOMBIIUIEHHOCTH, YacTO IOABEPTalOTCs TOBBINICHHBIM
paspymaronmM Harpy3kam. [1o3TOMy akTyanbHBIMU SIBJISIFOTCSI MCCIIEOBAaHUS WX CBOWCTB IPH
HAJIO)KEHUHM  METaIUIaCTUYeCKOH  JedopManuu, B YaCTHOCTH HMHTEHCHBHOM IUIACTHUYECKOH
nedopmaruu kKpydeHrneM. CKOpOCTh MOAOOHBIX HArPY30K MOXKET OBITh Majod Wi Ooibinod. B
MOCJICTHEM CJIyYae BO3HHKINAS B BEUICCTBE B PE3yJIbTaTe BHEIIHETO BO3JICHCTBHS yIapHas BOJIHA,
nepeqHui PPOHT KOTOPOU HA3bIBACTCS KMHKOM, HE HYXIACTCS B IMOABOJIC SHEPTUU. DTOT MPOIIeCC
SIBIISICTCS ABTOBOJIHOBBIM M IIPEJICTABIISAET COOOM MPOCTEUIIIHIA TOMTOJIOTUIECKUIN COJIUTOH.

w

,relative units
N

U, relative units

Puc.1. DBosmorus kuHKa (4) obiieii (B)
u BuHTOBOH (C) muciokanui

ﬁ
e

+ 1, «relative unit
o - N w & b &

)

5 U relative units

N
i

(i) (

LU SR

Puc.2.  Cxopoctm  poxIeHHs U
AHHUTWIISLUU JUCIIOKAU I pu
IPOXOXKJICHUN KHHKA.

3aKOHOMEPHOCTH  PACHpOCTpPaHEHUs  KHUHKa
M3YYaloTCsl ¢ MOMOIIBI0 (PEHOMEHOIOTUYECKON TEOPHH
Jlanmay. B pa3nokeHMM HEPaBHOBECHOTO MOTEHUHAJIA
YUUTBHIBAIMCh WHBapuaHThl Jludimia, ciaraemsie 10
IIECTOr0 IMOpsiIkKa MO BEKTOPHOMY CTPYKTYPHOMY
napamerpy mnopsaka (IIII) w  gns  Tpersero 1o
ckamsipubiM 111 (mmoTHOCTM OOMIMX W BUHTOBBIX
JIMCITOKAITUI ). B MUHUMU3UPYIOIIEH cCHUCTEME
ypaBHEHUW OWjepa OCYIIECTBISUICS IMEPexoa K
aBTOMOJIENIBHON TIepeMEeHHON U=z—Ct, e ¢ —CKOpPOCTh
kuHKa. HoBas mepemeHHasi CBS3BIBA€T BPEMEHHYIO t 1
JIEKApTOBYIO Z mepeMeHHble. [lomydeHHbl pe3ynabTar
npeAcTaBieH Ha puc.l. PacnpocrpaHeHne KMHKa HIET
crpaBa HaJIEeBO. OueBugHoO, 4TO nporecc
MEPEKIIIOUCHNUST UMEeT  KoJIeOaTeIbHBIM  XapakTep.
[TokazaHo, YTO HE3aBUCUMO OT HAYaJbHBIX YCIIOBUH B
WTOTE CHCTEMa TMEPEXOJAUT B OJHO M TO K€
CTallMOHAPHOE COCTOSIHUE.

O6Hapyx)eHbI 0COOEHHOCTH TOBEICHUS
CKOpPOCTEM PpOXIACHUS U AHHUTWIALHUUA JIUCIOKALIHUM.
Beuny BOJIHOBOTO Xapakrepa mporecca

pacrpoCTpaHEHUs 3TH CKOPOCTH UMEIOT OCOOCHHOCTH B
TOYKaX JKCTpemMyMa KuHKa (puc.2). Ha stom pucynke
JTuHUSA A — CKOPOCTh poKAeHus, B — anHurmwisauuu, C —
CyMMapHasi CKOpOCTb.
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CBA3AHHBIE COCTOAHUSA B AKYCTHUKE CJIOUCTBIX MAT'HUTHBIX CTPYKTYP

Cyxopykoea O.C.12, Tapacenxo? A.C., Tapacenxo C.B.2, |[Llaspos B.I".° |
lduzuko-rexunyeckuii Gaxymnbrer, JJOHEIKHiT TOCYIapCTBEHHBIH YHIBEpcuTeT, 283001, 1. JIoHenK
2 [lonenxuii pU3MKO-TeXHUUIECKHH HHCTHTYT UM. A.A. Tankuna, 283048, 1. JloHenk
SMHCTUTYT paJMOTEXHHUKH 1 3IeKTpoHuKH nM. B. A. Kotensankosa PAH, 125009, r. Mocksa
shavrov32@mail.ru

JU1 IOIyOTKPBITOM BOJIHOBEAYIIEH CIIOMCTOM CTPYKTYPBI (B TOM YHUCIIE U Ul YEIUHEHHON
IpaHUIbl pa3fena cpeA) MNpemIokKeH Kpurepuil (GOpMUPOBaHMS CBSI3aHHBIX COCTOSHUI B
KOHTUHYyM€ («TEMHBIX» COCTOSIHMI), B OCHOBE KOTOpPOIO JIEKUT BBEIEHHOE aBTOpaMU
Ipe/CTaBiIeHue 00 0cob0il noeepxHocmHou 60aHe. AJIGKBaTHOCTb 3TUX IPEICTaBICHUN
IIPOJIEMOHCTPUPOBAHA HA KOHKPETHBIX IPUMEPAX B AKYCTUKE MATHUTHBIX T€TEPOCTPYKTYP.

Ha mnpumepe cios ONTUYECKH IPO3PAaYHOIO MATrHUTHOIO JUIEKTPUKA MEXKIY IBYMs
UJACHTUYHBIMUA aHU30TPOITHO MPOBOJAAIIMMHI METAIOBEPXHOCTIMHU (@ TaKKe KOHEYHOW OJHOMEPHOMN
CBEPXpEIIETKH C TaKUM DJIEMEHTapHbIM IE€PUOAOM) H3Y4YE€Hbl OCOOEHHOCTH PE30HAHCHOI'O
(OTOHHOTO TPOXOXKIEHUS, CBA3aHHBIE C TUOpUAM3ALMEH JBYX HE3aBUCHMBIX MEXaHU3MOB
dopmupoBaHus Koianca pe3oHaHca daHO: TMpPOTPONMM M INPOCTPAHCTBEHHOHM aucnepcuu. B
YaCTHOCTH, IIOKa3aHO, YTO BO3HUKHOBEHHME B CIEKTPE M3IY4YCHUS PaJUALMOHHBIX IOJSIPUTOHOB
UHTEPPEPEHIIMOHHOIO TUIA «TEMHbBIX» COCTOSHUN C HYJEBOW paJuallMOHHOW IIMPUHONH MOKET
COIIPOBOXKIATBCSA TOAaBlIeHHEeM d(dekra MOoNMHON 3IIEKTPOMAarHUTHOM IPO3PAYHOCTH  CJIOA,
KOTOPBII XapakTepeH /js JBYXMOJOBOM MOJAETM o00pa3oBaHMs JAHHOTO THUMA CBSA3aHHBIX
COCTOSSHMM B KOHTHHYyyMe. IIpm 3TOM OJHOBPEMEHHO BO3HMKAKOIIAs B CJIOE paJdallMOHHAas
HNOJSIPUTOHHAS MOAa s (OTOHHOTO KpHUCTasla paccMaTpUBaeMOro THIIA MOXET CTaTh
CBEPXU3JIydaTeIbHOM, UTO MPUBEAET K MPAKTUUECKH IMOTHOMY (DOTOHHOMY OTPaXEHHUIO.

I'uGpuau3anys MarHUTOYNPYroro ¥ HEOJHOPOJHOIO OOMEHHOTO B3aMMOJEHCTBHM MOMKET
OpUBOJIUTH K (HOPMHUPOBAHMIO HHTEP(EPEHIIMOHHOTO THUIIA CBSA3AHHBIX COCTOSHUN B CIEKTpe
U3JIy4CHHUS BBITEKAIOIUX ITOBEPXHOCTHBIX MAarHOHHBIX IIOJSPOHOB. B  OKPECTHOCTH TakuX
«TE€MHBIX» COCTOSHUH MX paJualoOHHAas IIUPUHA MOXET OBITh CKOJIb YIOJHO MaJIoi
(«cyneppe3oHaHC»), BCIEACTBHE YEro Ui Majarolledl M3BHE Ha MAarHUTHBIM CIIOM KBa3MILIIOCKOM
(WM KBa3MTapMOHHUYECKOW)  ympyrol  BOJHBI  HEOTpaHWYEHHO (B O€3aUCCUTIATHBHOM
npUOJIMKEHNH) yBEIMUMBaeTcs NpoaosibHbl 3gdext [loxa (mnm BUTHEPOBCKOE 3ama3ibIBaHHeE),
nonasisoTcss  A(Q(EKTbl HYJIEBOTO paccesHUs Mol Majaroleil M pacuierieHuss  (opMbl
OTPa)KEHHOU BOJIH.

PuHaHCUPOBaHUE

HccnenoBanne posnn rubpuanzauuu  3((EeKToB MPOCTPAHCTBEHHOW JUCHEPCHUH U
TUPOTPONHUH Ha 3JIEKTPOMAarHUTHYIO MPO3PAuYHOCTh CJI0Sl C OJIHUM OTKPBITHIM KaHaJIOM (POTOHHOTO
paccessHUS BBIIIOJHEHO Npu nojaepkke MuHoOpHayku P® 3a cyeT rocygapcTBEHHOTO 3aJaHuUs
OI'BHY “Jlonenkuii pu3nKo-TeXHUUYECKUM HHCTUTYT UM. A.A. ['ankuHa”, 010/ KeTHas TeMa.
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CKPBITBIE «TEMHBIE» HOJAPUTOHHBIE COCTOAHUA (QJEKTPOMAI'HUTHASA
MPO3PAYHOCTH MATHAUTHOM I'ETEPOCTPYKTYPBI B YCJIOBUAX
MHOI'OMOJOBOU UHTEP®EPEHIINN)

Cyxopykosa O.C. 22, Tapacenxo A.C. 2, Tapacenxo C.B.2,[lllaspos B.I')3

L ®I'BOY «Jloneukuii rocynapcTBeHHbIi yHuBepeutet, 283001, lonenx»

2 ®I'BHY «JloHenKuii (pU3NKO-TeXHHUECKUil MHCTHTYT uM. A.A. Tankunay, r. JJoHenx

3 ®I'BHY «HCTUTYT paJMOTEXHUKH U d5eKTpoHuKH uM. B.A. Kotensaukosa PAH »,r. MockBsa
shavrov32@mail.ru

[Tonck HOBBIX A(PPEKTHBHBIX CIIOCOOOB YMPaBICHUS AIIEKTPOMATHUTHON MPO3PAYHOCTHIO
ONTHUYECKH aAHU3OTPOIHOM CIOUCTOM TETEPOCTPYKTYPbl IPHU MPOXOXKACHUM Yepe3 Hee
aJIeKTpoMarHuTHOW (OM)  BOJIHBI IPEJCTaBIsSIET B HACTOSIIEE BpeMsl 3HAYUTENBbHBIN Kak
Hay4HbId, TaK U npakTuyeckuid wuHTepec [l1]. B 3Toil CcBSI3U, HECOMHEHHO, BaXHBIMU
IPEJICTABIISIIOTCS. pe3ysibTaThl paboThl [2], B KOTOpPOW Ha MpUMEpPEe KBAHTOBOIO BOJIHOBOJAA C
NPUTATUBAIOLIECH NPUMECHI0O KOHEYHBIX pa3MEPOB M3Yy4aJOCh PACHPOCTPAHEHUE SIIEKTPOHHBIX
BOJIH. B wacTHOCTH, OBLTO TIOKA3aHO, YTO (hOpMa KPUBOH MPO3PAYHOCTH B 3aBUCUMOCTH OT DHEPTUU
3JIEKTPOHA, MPOXOJIAILIETO Yepe3 MPUMECh, MOXKET MPEACTABIATh CO00M aCUMMETPUUYHYIO KPUBYIO,
xapakTtepHyro s pe3oHanca ®ano. Ilpu 3TOM ciusgHME MakCMMyMa M MUHHMYMa Ha TakoW
KpUBOIl B HEKOTOpOW Touke (Kosuanc pe3oHaHca PaHo) orTBeyaeT (GopMUpOBaHUIO Ha (PoHE
CIUIOIIHOTO CIEKTpa CBA3aHHOTO COCTOSIHHS B KOHTHHYyME (CCK), uro BcneacTBue
JIECTPYKTUBHOM JIByXMOJIOBOW MHTEp(EPEHLIMH B OTKPHITOM KaHaJle M3Jy4eHUsI COIPOBOKIAETCS
PaBEHCTBOM e€AMHMIE KO3(QPUIMEHTa NPO3PAaYHOCTH B TOYKE KoJUlarnca. ITO COOTBETCTBYET
IIOJIHOM PE30HAaHCHOW IPO3payHOCTH NPHUMECH B CTPYKTYpEe U IO3BOJISIET XapaKTepU30BaTh
nonoonsie CCK kak «reMHbIe» cocTossHUA. OIHAKO 10 CUX MOp 3HAUUTENbHbIE YCUIIUS 10 MOUCKY
aAHAIOTUYHBIX 3((EKTOB B OMNTHUKE OBLIM COCPEJOTOYEHBI, TJIaBHBIM O0pa30M, Ha CIOUCTBIX
reTepOCTPYKTYpax C y4yacTHEM HEMarHUTHBIX JHUAJIEKTPUKOB. B yacTHOCTH, 0COOBIM MHTEpec B
3TOM IUIaHE MPEICTaBiIseT H3ydeHHe 3(P(PEKTOB 3IEKTPOMATHUTHOM MPO3PAYHOCTU OTKPHITOrO
MHKPOPE30HATOPa, HO HE BCJIEJICTBUE KOTE€PEHTHON ONTHUYECKON HEIIMHEWHOCTH, a KaK Pe3yibTar
JUHEWHOW ONTUKHU, COMYTCTBYIOUIMH (OPMHUPOBAHUIO B CIUIOIIHOM CHEKTpE HU3IY4EHHUS Takou
cTpyKTyphl 0ocoObix Touek - CCK. Bmecrte ¢ TeM B mocieaHue rojapl O0NbIION HCCIIeT0BATEIHCKUN
UHTEpeC TNMpHUBIIEKIA M MJes CO3JaHMs ObICTPOACHCTBYIOIIUX U IHEProdPPEeKTUBHBIX YCTPOMCTB
CIIMHOBOM 3JIEKTPOHUKU 32 CYET MEepexo/ia OT 3apsAJOBBIX TOKOB K CIHMHOBBIM, B TOM YHCIE U
00yCJIOBJICHHBIX CIMHOBBIMU BOJIHAMH B JUAJIEKTpHUKax (MarHoHamu). Ilpu 3TOM HEOOXOIUMOCTH
JAIbHEWIET0 CYIIECTBEHHOIO TIOBBIIIEHHUS] OBICTPOACHCTBHUS YCTPONCTB (YHKIIMOHAIHHOM
MarHUTORJIEKTPOHUKH MpUBeNa K GOPMUPOBAHUIO U OYPHOMY POCTY MAarHUTHOW CIIUHTPOHUKH Ha
OCHOBE aHTHU(EPPOMATHETHKOB U (pepprUMarHeTHKOB.

Jns  minockoil 00BEMHOW DIEKTPOMArHUTHOM BOJHBI, MAJAlONIeil Ha CIOW ONTHYECKU
Mpo3pavyHol (EepPPUMATrHUTHON CpeIbl, CBSA3BIBAIOIIUN JIBE€ METAIIOBEPXHOCTH, OIHOBPEMEHHBIN
y4eT Kak NPOCTPAHCTBEHHOW AMCIEPCHM, TaK W TUPOTPOIHMU HE TOJBKO YBEJIMYUBAET YHUCIIO
«TE€MHBIX» COCTOSIHUN B OTKPBITOM KaHajie ()OTOHHOTO paccesHus, HO U MPUBOAMUT K MOJIaBICHUIO
s deKTa MoJTHON AMEKTPOMArHUTHOM MPO3PauHOCTH CJI0S B TOUKaX Koyuiarca pesoHanca dano (B
CIEKTPE M3JIy4YeHUs paJualliOHHBIX MarHUTHBIX MOJISIPUTOHOB COOTBETCTBYIONME «TeMHbIe» CCK
CTAHOBSTCA CKPBITBIMH).

1. Maekawa S., Kikkawa T., Chudo H., leda J., Saitoh E. // Journal of Applied Physics, V.133,

P.020902.(2023)
2. Kum 4.C., Camanun A.M., {orco 10.C., Kocou P.M. [l 2KOTD, 116, 263 (1999).
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COOTHOWEHUA MEXKAY TEPMOJAUHAMUWYECKUMHA
KOO PUIIMEHTAMMU, ITIOJYYEHHBIMHU C UCITIOJIb30OBAHUEM
PA3BEPHYTOM ®OPMbI IKOBUAHOB

Xpucmos A.B., Yepeunckuii /I.A., Illenecm B.B.
OI'BHY «/loHeukwii (pu3nKO-TeXHUYECKHA HHCTUTYT UM. A.A. [ankunay, r. JloHenk
chervin@dfti.donbass.com

TepmomuHaMudeckuMu  KO3(QPUIMEHTAMH HA3bIBAIOT BEJIMYMHBI, OCHOBOH KOTOPBIX
ABISIOTCS  mpow3BoaHbie Ha  MHOkectBe  (T,S,P,V). Kosdbdummentsr  xapakrepusyror
JMJIATOMETPUYECKHE M KAJIOPHUMETPUYECKHE  CBOMCTBA  TEPMOJIMHAMHYCCKOH  CHCTEMBI.
CymectBytoT 12 Takux Ko3(pQGUIIUEHTOB, CPEAN KOTOPBIX TOJBKO TPH SIBISIOTCS HE3aBUCHMBIMHU.
BbI00p mOCIeHUX MPOM3BOJICH U OMPEICIACTCS MPEXK/IE BCETO YA00CTBOM ONMUCAHUS (DU3UUECKON
cucteMbl B 9KcrepuMmente. llemb pabOTBl - TMONYYHTh HETPUBHAIBHBIC CBS3H MEXKIY
TEPMOAMHAMHYCCKUMH KO3 PUITHEeHTaMU Ha OCHOBE MPUMEHECHHUS METO/1a SIKOOUAHOB, B TOM YHCIIE
C UCIIOJIb30BAaHUEM KATHMOPOBOYHBIX COOTHOIICHHH.

HccnenoBanbl  CHTyalldd, KOrJa TMPH YMHOKEHHH  SKOOHAHOB,  OMPEICIIAIOIINX
TEPMOIUHAMHYICCKHE KO3(D(DHUIMEHTHI, Ha YCIOBHBIC EAWHMIBI (KATHOPOBOYHBIC COOTHOIICHUS
tuma  O(X,y)/o(X,y)=1, rme Xy — TepmoauHamudeckue cuiasl (T,P) u TepMoanHaMUYECKHUE
koopauHaThl (S,V)) B mporecce mpeoOpa3oBaHuil MOSBISIFOTCS HOBBIC JIETCPMHHAHTBI, TPEOYIOIINE
3aliCcH UX B pa3BepHyTO# ¢Gopme. EnuHuUYHBIC SIKOOMAHBI MOXKHO TEPEMHOXATh U MPUMEHSThH K
HHM YHCTO aireOpanyecKue METO b THIIA:

_o6E.T)axy) _o6.T) olxy) ,_o(PV)axy) _o(P.V) o(xy)
o(P V) a(x,y) a(xy)a(PV)" ~ oS, T)a(xy) a(xy) aS,T)

[TonydeHHblE  HECTaHAApTHBIE M [PH  OTOM  HETPUBHAIBHBIE  CBSA3M  MEKIY
TEPMOAMHAMHYECKUMH KO3(P(HUIIMEHTAMH CBSA3BIBAIOT MX W B OCHOBHOM IIPUBOJSTCS BIIEPBBIE.
[TpuMepbl MOMYyYEHHBIX COOTHOIICHHUI:

C:V — (XPI‘I('V) + aPCP za_i’_'_aPKP _ CP +& CP _ m(T) _ m\(/T)

P

= = + = )
KT”\(/T) m\(/T) C, a; K PTVB, TV K;TVa, K,T TV

V) C. TPaB. TV’ Pvm{"p
asz_c\/ __ k7 F;)z I(PS)BS s , C, = KT“«/”\/) C, =— PV

op =

P
Vi TV il { 1) K,
K. =K.+ CV :_TV(PBV+KT(’“S)_CVKTT:mI(Z’T)_KTn]\(/T)1
T S m\(/T)(xS I-l(—V) I.l(_v)l_l(.P) T(X.P TVG.P
(P)
KS=KT+PVIT v :KT_PBV :CPKT :CPKS+ (S;D TPV PsPy ,
C, Qs C, G mog
B _1@) _ G _ K KB, ch . Vias o G,
YoPleT ), PmiY P ml  pvmD S P S i
|§V>:T(§j —TVa, =& = ,mw:T(@j S VSV
P ) PBs  asK; P )y PB,  Krap
rae o — KOdQPUIMEHT H300apruuecKoro/aguadbaTnyeckoro pacuIupeHus, [ — TepMUYECKHit
kodpduuueHt nasineHus, K — MoOIynab ymnpyrocrw, Iﬁv), Iﬁp)— TEIJIOTa HM30TEPMUYECKOTO
COKATHA/PACIINPEHUS m(,T) m{") — Termora M30XOPUYECKOTO CIABIMBAHUSA M N300apHUUECKOTrO
s 1 P
pacuIMpeHus..

B pesynbrare mpoaemoHcTpupoBaHa 3(PGEKTHBHOCTH METOAAa SKOOMAHOB, B TOM YHCIIE
3P PEKTUBHOCTh TPUMEHEHHUSI KATMOPOBOYHBIX COOTHOIIEHUH. [Toka3aHo, HACKOIBKO pacIIUpsieTCs
CHEKTpP TEPMOAMHAMUYECKUX CBSI3EU TPHU HMCIOJIH30BAHUN BBIYHCICHUN SIKOOMAHOB B Pa3BEPHYTOM
dopme.
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TEPMOJANHAMUKA U KNHETHUKA ITPOHECCOB 3APOXIEHUSA U POCTA
KPUCTAJIJIOB B METAJIJIMYECKUX CTEKJIAX FesoNiswoP14Bs U FessCo32P14Bs

Bacunves C.B. 2, Ceupuoosa E.A.*?, Tumanoeckuit A.U.*, Tkau B.U.!
IOI'BHY «/lonenkuii pusuko-rexuudyeckuit uHCTUTYT UM. A.A. Fankunay, r. JloHenk
2PpI'bOY BO «JloHbacckast HAMOHAIBHAS aKaJIeMHs CTPOUTEIBCTBA M apXHTEKTYPhD»,

r. MakeeBka
ksvir@list.ru

UccnepoBanusi TepMHUUECKOM YCTOMYUBOCTH CTPYKTYypbl MeTtaiimyeckux crékon (MC)
ABIIAIOTCS AKTyaJIbHBIMH C TPAaKTHYECKOM U (yHIAMEHTAIbHON TOUEK 3pEHUs, IOCKOJIbKY
MO3BOJIAIOT YCTAHOBUTh HE TOJIBKO TEMIIEpAaTypHO-BPEMEHHBIE Mpelenbl 3KCIUTyaTallud, HO U
3aKOHOMEPHOCTH TpoIlecca KPHUCTAJUIM3AIMKM PACIUIaBOB B JAIEKHX OT PABHOBECHUS YCIOBHSIX.
Pemenune nocnenHux 3agad JOCTHraeTcsl MyTEM aHAU3a SKCIEPUMEHTAIbHBIX KUHETHUUECKUX U
CTPYKTYPHBIX JaHHBIX.

Lenbto Hacrosmied paboOThl SBISJIOCH YCTaHOBJIEHUE (PAKTOPOB, OIPENEISIOLINX
cymectBernbie (~ 60 K) pasnuuus temnepatyp Havana kpuctauiusanud MC FeqoNisoP14Bs (1) u
Fes4sC032P14Bs (Il) ¢ BBICOKMM YpOBHEM MArHUTHO-MSTKHX CBOWCTB, KPHCTAJUIU3YIOLIMXCS TI0
MEXaHHM3MYy HECTAIlHOHAPHOTO TOMOTEHHOTO 3apOXkACHUS W JMHEWHOTO POCTa SBTEKTHUUYECKUX
KOJIOHHH. J[JIs1 TOCTHIKEHHUS TIOCTABICHHOMU 11e/T ObLT IPOBEICH aHaIN3 KHHETHYeCKUX KpuBbIX X(t)
n3oTepMuyecKoit kpucramumsanuu crekon | u |l B emneparypubix nuanazonax 617-662 K u 682—
714 K coorBercTtBeHHO. COIOCTaBIEHUE TEMIEPATYPHBIX 3aBUCHMOCTEH BpEMEH Haudala
KPUCTAIM3AIMU TI0Ka3ajio, 4YTO B Juama3oHe TemrmepaTyp OT KOMHATHOW JI0 TemrmepaTyp
kpuctaum3anuud MC 3HaueHus tons crexia |l Ha HECKOIBKO MOPSAKOB BETUYHUHBI BbIIIE, yeM |.
Ananu3 kuHeTHYeCKHX KpuBBIX X(1) B pamkax komOuHUpOoBaHHOM Mojenn Konmmoroposa—Koiuesa
[1] moka3an, uyto crteneHb HectamuonapHoctd MC I, Beime, yem |, W MO3BOJMWI OIEHUTH
TEMIEPAaTypHblE 3aBUCHUMOCTH  XapaKTEPUCTUYECKMX BPEMEH HECTAlMOHAPHOCTH Tns W
KPUCTAJIIIM3ALUH Tc, KOTOPBIE CBSA3aHBI CO CKOPOCTSMHM CTAIlMOHAPHOIO 3apoxaeHus Jst 1 pocta U,
kak 7c = [(0/3)JsUS]Y4. B cBolo ouepemb, ¢ MCIIONB30BAHMEM paHee HAiiJICHHBIX 3HAUCHHIL
cKopocTeil pocta kpuctauioB B creknax | [2] u Il [3] Obut0 ycTaHOBIIEHO, YTO CTAallMOHAPHBIC
CKOpOCTH 3apokJeHus B 3TuX MC nexar B AuanazoHax 3,4x10%-10Y/ M3ctu 3x10Y-7,5x10Y M~
3¢7L cootBeTcTBEHHO.

AHanu3 OIeHeHHBIX TaKUM 00pa3oM 3HaueHui Jst 1 U, MpoBeCHHBII B paMKax ypaBHEHHIA
KJIACCUYECKON TEOpUHU KpUCTAIN3aluuu [4], IO3BOJMI YCTAHOBUTH TEMIIEpaTypHbIE 3aBUCUMOCTH
KMHETUYECKUX U TEPMOJMHAMHUYECKUX IMapaMETPOB, OMPENEISAIONINX CKOPOCTU 3apOXkKACHHUS U
pocra: »ddekTuBHbIX KodpPuumentoB aupdy3uun Ha Mex(pazHOW TpaHHUIE, Pa3HOCTU
TEPMOJMHAMHYECKHUX MOTSHIIMAIOB, PAa0OTHl 00pa30BaHUsl KPUTHUECKUX 3apPOJIbIINICH U yAeTbHON
CBOOOJHOMN SHEPruU I'paHULbl paszerna 3apojsli/paciiaB. KoppekTHOCTh MPOBEAEHHOIO aHaIn3a
MOJITBEPKIAETCS Pa3yMHBIM COTJIACHEM MapaMeTPOB, XapaKTepu3yroux kpucrammuianuio MC | u
Il, ¢ umerommMucs B IuTeparype JaHHbIMU. V3 pe3ynbTaToB aHanu3a cienyer, yTo 0oJiee BhICOKas
TEpMUYECKas yCTOMUUBOCTHL amopdHoi ¢a3el B ciuiaBe FesgC03:P14Bs 0OycrnoBiena Oosee
HU3KUMH 3HaueHUsIMH 3ddexTuBHOro xodpduiuenta nupdy3un u Oojee BHICOKOH CTEHEHbIO
HECTAIMOHAPHOCTHU TpolIecca 3apOXkKIeHHs, KOTOpasi CHUXKaeT 3HaueHus Jst B 3—7 pa3 B AuMana3oHe
TEeMITEpaTyp KPHCTAUTM3aIllMK, B TO BpeMsi Kak aisi crekna FesNizoP14Be stor k03ddumment
cocrasiuseT 1,1-4,5.

1. Bacunves C.B., Tkau B.H., Ceupuoosa E.A. u op. // @®TB/, T.27, Nel, C.63-76 (2017).

2. Vasiliev S.V., Kovalenko O.V., Svyrydova K.A. et al // J. Mater. Sci., V. 54, Me 7, P. 5788 —5801
(2019).

3. Bacunwves C.B., [lapgenuii B.U., u op. // @TT, T.62, Nel12, C. 2012-2019 (2020).

4. Kpucmuan Joc. Teopus npespawenuti 8 memannax u cnaagax. 4. 1. M.: Mup, 1978, 806 c.
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YK 544.015.4

KHHETUKA HAMATHHYEHHOCTHU U MATHUTOKAJIOPUYECKHUE CBOHCTBA
B CIUVTIABE TEUCJIEPA NisosMnasslniseVos BBJIM3W TOYKHU KIOPU

Kapnyxun JI.A.Y, Moposoe E.B.', Koneooe B.B.', Mycabupos H.U.?, Anuee A.M.°,
Tamzamoe A.I'.%, A6oyakaouposa H.3.°
' MuctuTyT panuoTexHUK U 3nekTpoHnkn uM. B.A. Korensankoa PAH, Mocksa
2 IHCTUTYT IpOo6IIeM CBEepXIIacTUYHOCTH MeTawioB PAH, Yda
$Nucturyr pusnkn nm. X.W. Amupxanoa JIOUI] PAH, Maxaukana
Interceptor1986@mail.ru

Nzydenne kamopudeckux 3¢ dekroB (KD) B TBepHmbIX Tenax moj BO3ICHCTBHEM CHIIbHBIX
MEPEMEHHBIX MOJe MPU3HAHO MEPCHEKTUBHBIM JUIS CO3AaHUS HOBOW TEXHONOTUHU S()(PEKTUBHBIX
TBEPJOTEIBHBIX XOJOAWIBHUKOB. HamOonpmmii WHTEpEC BBI3BIBAIOT MaTepualibl ¢ (Ha30BBIMHU
nepexonamu (PII), obnanaronme «rurantckumu» K3. YpaBuenus cocrossaus Bonm3u OI1 umeror
anomaimu, onuceiBarone KD. Henasuo B pabote [1] oOHapyxeH 3¢ (deKT pe3koil 3aBUCUMOCTH
MarHUTOKaJopu4eckoro 3Qd¢ekra OT YacTOThl MNEPEMEHHOT0 CHUIBHOTO MArHUTHOTO TIOJIA.
N3yueHne MarepuasoB B KPUTHMYECKUX YCIOBHSAX B MOMeHT DIl 3arpyIHEHO OTCYTCTBHEM
CTaHJApPTHBIX METOJOB M3YYEHHS TEPMOJMHAMUYECKHX MapaMeTpoOB BELIECTBA, TO €CTh
HEINoCpeaCcTBeHHO B nponecce OII.

Lenp HacTosmedl pabOTHl 3aKIOYAeTCAd B SKCIEPUMEHTAILHOM H3YUYEHHUU 3aBUCUMOCTEH
TEPMOJMHAMHYECKUX I1apaMEeTPOB TEMIEPATypbl U HAMArHUYEHHOCTH Ui PEUICHHs] ypaBHEHUN
COCTOSSHUSI M KHHETMKM B MarHuTHeIX noax mnopsaka 1 Tan B crmaBe  [edicnepa
Niso5Mnzs4lnis6Vos. BeiOpanHblii B KauecTBe oOpasma crutaB, cornmacHo gaHHeiM JICK

MarHuToMeTpuu, umeerT naBa cBsa3aHHbIX @PII: Touxky Kropu npu TC = 286,5 K u
METaMarHUTOCTPYKTYPHBIN DIl c S
— 1 m

XapakTepHbIMH TemnepaTypamu Ms = 261 K, ] —— 26640 A/m
— — — e 24790 A/m
Mf = 250 K, As = 258 K, Af = 268 K. Jlna 40000 4 25160 A/
HUCCIeI0BaHUsI KHHETUKU MKD = ggg}g m
HCIIOJIb30BaHAa METOJMKa, omnucaHHas B [1]. 19610 A/
30000 ~ | |—— 18870 A/m

s WCCIIEIOBAHMS KHHETUKH ¥ | 16280 A/

e 14060 A/m
—— 10360 A/m
4810 A/Mm

HAMAarHMYEHHOCTH  BOJM3M  MarHuTHoro &
dazoBoro  mepexoma  oOpasla  criaBa & 20000 3
Niso5Mn334lN156Vo5 B MMITYJIBCHBIX TOJISX =

Obula co3/aHa OpHUTMHAJbHAs YCTAHOBKA, 10000 ~
BKJIOYaroass B ce0s OJOK TeHepaluu 3
MPSIMOYTOJIBHOTO ~ MMITYyJIbCA  MarHUTHOI'O 0

nonst Ao 1 Tn nepeMeHHON JIUTEIBbHOCTH OT 0 20 40 60 80
1 ¢ mo 10 MKC u OBICTPOJAEHCTBYIOIINE t ms
JTATIYUKH MarHuTHOTO MOMEHTa u
TEMIIepaTyphl, a TaKxXe 010K
TEPMOCTAaTHPOBAaHUSI W yrpaBieHus. [lpu
n3ydeHun kuHetuku @Il pemancs Bompoc
m3mepenuss M(H, t) B Touke DIIL
3aBUCUMOCTh HAMATHUYEHHOCTH OT BPEMEHU
MPY pa3HbIX MarHUTHBIX NOJISIX B Touke Kropu. Bpems ennHudHOro mmmyinbca coctaBisuio 70 mMc

(puc. 1.)

Puc.1. BpemeHHbIE 3aBUCHMOCTH
HaMarHM4YeHHOCTH o0Opa3la npu pa3HbIX
MAarHUTHBIX ITOJISX.

Pabota BeImoHeHa B pamkax roc3amanus PO um. B.A. Kotensaukosa PAH (FFWZ-2024-0007).
1. Aliev A.M. et al., J. Al. Com. V. 676, P. 601-605 (2016).

40


mailto:Interceptor1986@mail.ru

-

ﬁE Daszosvle nepexoObt U KpumudecKkue s6J;ieHus

V]IK 538.913/.953

TEIVIOEMKOCTbD CJIOKHBIX OKCHAOB IIEPEXO/IHBIX METAJIJIOB IIPH
CTPYKTYPHOM ®A30BOM IIEPEXO/IE, ObYCJIOBJIEHHAS CKAYKOM
CIIOHTAHHOMH MOJAPA3AIIMA 1 HAMATHUYEHHOCTHA

Kysenko /I.B.
OI'bHY «HayuHo-uccienoBaTeIbCKui UHCTUTYT «PeakTuBaIeKTpoH», T. JloHelk
danil.kuzenko.84@yandex.ru

[lpn ananm3e TeMmepaTypHBIX 3aBHCUMOCTEH TEIUIOEMKOCTH KPUCTATIMYECKUX TEN JUIS
OIICHKU (DOHOHHOTO BKJIana mpuMeHstoT GyHkimu [ebas u DitamreitHa. OMHAKO B COSTUHEHUS,
KOTOpBIC SIBIISIIOTCS CETHETOYIEKTPUKAMH M (eppoOMarHeTMKaMu IpH  (a3oBBIX mepexonax
HPOUCXOJUT CKaYOK MOJSPU3ALUMU U HAMArHUYCHHOCTH, KOTOPBIA BHOCHT BKJIA] B TEIUIOEMKOCTh
oOpaslia 1 He MOKET PacCMaTpUBaThCs B paMKax Teopuil Temmoemkoct [lebast n DitHmTeliHa. B
Ka4yeCcTBe BO3MOXKHOTO OINKCAHUS TAKOrO BKJIAJa TNPEAaraercsi MOJENb aKTHBAIMOHHBIX
MEXaHU3MOB (Da30BBIX MEPEXOJIOB, PACCMOTPEHHAs paHee JJIsl CErHETODJIEKTPHKOB, B KOTOPOH
HAJIMYUE MaKCHMyMa JIUDJICKTPHUYCCKON IPOHHMIIAEMOCTH CBS3BIBACTCS C  OCOOCHHOCTSIMH
¢dononHoro crekrpa [1]. [Ipeanonaraercs, 4To ¢ y4eTOM CHHH-(OHOHHOTO B3aUMO/ICHCTBUS TaKOE
paccMOTpeHHe BO3MOXHO MW B (eppomarHetvkax. [IpoBepka MojeIM MPOBOAUTCS HAa OCHOBE
aHalM3a OSKCICPHMEHTAIbHBIX JAHHBIX TeMIepaTrypHbiX 3aBucumMocTeil TerutoeMkoctu Cp(T)
CIIOKHBIX OKCHIOB TIIEPEXOJHBIX METANIOB: KepaMHuyeckux cernerodnektpuka PbTiOz [2],
marHetuka COFe20s [3] u mymbTudeppouanoro kommnosuta 0.3CoFe.04—0.7PbTiOs [3], mis
KOTOpBIX B nuana3zoHe temneparyp 500-800 K cymiectByeT Bkiajx B TEIJIOEMKOCTh OT CKadka
HOJSIpU3alid M HaMarHudeHHocTH. AHamu3 3aBucumoctd Cp(T) mpoBoauics B KOOpAMHATAX
In(Cp)—-1/(KT), u3 yero ompenensiuch Y4acTKH, allpOKCUMHPYEMbIC YPaBHEHHEM, COACPIKAIUM
BEPOSTHOCTHBIN (hakTop bonbiiMaHa, XapakTepHBII U1l aKTUBAIIMOHHBIX MTPOIIECCOB!

Ug
C,~ exp (— ﬁ) 1)
Ua — SHeprus akTHBAIMK TEMIOEMKOCTH, K — mocrosiunas BonbsiMana, T — Temneparypa (puc.1).

W3 nannbix puc.l u ypaBHenus (1) ans
0o0pa3loB  Ha  TpeX  BBIIENCHHBIX  y4acTKax

PbTi04

BerunciieHHbIC 3HAUYCHHSI SHEPTUH aKTHBAIMU
termoemkocT PHTiOs cornacyroTces ¢ morydeHHbBIMA
paHee OHEPIrusIMA AaKTUBALUK  JHAICKTPHYCCKON

3aBucuMocTd B KoopauHatax In(Cp)—1/(KT) waiineHst 56 | ; 3
3HAYEHMs DHEPIUI AKTUBAIIMU TEIIOEMKOCTH: .
No U, eV s2 | \i .
" | PbTiO3 | CoFe204 | 0.3CoFe;04—0.7PbTiOs3 |
1| 0.026 0.020 0.009 ~ 56| L
2 | 0.288 | 0.080 0.036 * N S
3| 2852 | 0.185 0.144 £

nponuriaemoct  BaTiOz wu  Pb(Zr,Ti)Os [1] wu 52

00yCJIOBJICHBI HAJMYHUEM JOMEHHOW U Je(EeKTHBIX

ctpykryp. s CoFe;Os akTHBAIMOHHBIC MPOIIECCHI 5.1

TaKXe BBIPAKEHBI, HO C MCHBIIUMH DSHEPTHIMHU 09 I T3
aKTHBAIlMH, 4YTO, BEPOSTHO, OOYCJIOBJIEHO OoJee (k' T). 1102031

HU3KUM TO-CPaBHEHHIO C CETHETOJJICKTPUUYCCKUM Puc.1. 3asucumoctu In(Cp)[1/(KT)].
CUH-(QOHOHHBIM B3aUMOJICHCTHEM B MarHETHKE. Vuactku 1-3 — nuHeiiHas annpoKCHMALHS.

1. Kysenko JI.B. // Hzeecmusi PAH. Cepus ¢pusuueckas, T.88, Neb, C.740-746 (2024).
2. Muxanésa E.A., ®népos U.H., I'opee M.B. u op. // @TT, T.54, No9, C.1719-1726 (2012).
3. Mumapoe P.I'., Kannaes C.H., Omapos 3.M. u op. // @TT, T.65, Ne2, C.361-364 (2023).
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VJIK 534.8.081.7

NCCIEJOBAHUE ®A30BOI'O IIEPEXOJA KUAKOCTb-TBEPJIOE TEJIO ITPU
IMOMOIIIN AKYCTHYECKUX JATYUKOB

Ky3neuoea U.E., Anucumkun B.H., Illamcymounoea E.C.
HNucTuTyT pannorexHuku u 35ektpoHuku um. B.A.Korensaukoa PAH, r. Mocksa
kuziren@yandex.ru

W3meHeHne kiaumara, KOHTPOJIb 3a COCTOSIHHEM KHJKHUX BEIIECTB MPH W3MEHCHUU
TEMIEpaTypbl, pa3paboTka METOJOB KOHTPOJISL 3a OJIeIGHEHHUEM CaMOJIeTOB, Kopaliiei,
ABTOMOOWJIBHBIX JOPOT U T.J. TPeOYIOT BHEPEHUSI HOBBIX 00Jiee COBPEMEHHBIX TaTYMKOB. PaboThI
B OTOM HAmpaBJICHUH BEAYTCSA B TOM YHCIE B OOJACTH MCIIOJIB30BAHUS AKYCTOAIEKTPOHHBIX
texnosioruit [1,2]. B nannoi pabore onmcaHa BO3MOKHOCTh peayin3allii MOAOOHBIX JTaTYMKOB Ha
pa3HBIX THMAaX aKyCTUYECKUX BOJH - 00beMHbIX (OAB) u Bonnax B ruiactuHax (ABII).

Hatunk Ha OAB cocrout u3 m3mydarens BOMHBI 1, ee mpHeMHHKA 2 W KIOBETHI 3 IS
BemiectBa (puc.l,a). Korma BemecTBo HaXxoAWTCA B KHJAKOM COCTOSHUHM, MPOJAOJibHas L-BomHa
pacmpocTpaHsieTcst OT W3JIydaress K NPUEMHHKY, M Ha €ro BBIXOJE PETUCTPUPYETCS CUTHAI
S12(TL), 3amepKKa KOTOPOro TL(3K) COOTBETCTBYET CKOPOCTH L-BomHbl V(%) B 3TOH XKUAKOCTU
(puc.1,0). Ilpu oxmaxxAeHUM >KUAKOCTH W OOpa3oBaHMM JbJa CHUTHAT Si12(TL) CKaukooOpa3HO
YMEHbIIIAETCS 10 aMIUIUTYyJIe M CABUTAaeTcs B 00JacTh MEHbIIUX 3aaepikek T (puc. 1, 6, B), T.K.
VL (mex) > Vi(x) 1 tL(iten) < te(k). ITOT PaKT ciyKaT HHIAUKATOPOM JIbI0OOPa30BAHHUS.

H20, +15°C
o -120
@ o

ICE, -15°C

s, dB
s, dB

4—@ -140 -170
150+ 0.000000  0.000005 0.000010 0.000015 ~0.000020

0.000000  0.000005 0.000010  0.000015 ~ 0.000020

a T, 1S 6 THs B

Puc. 1. latuuk onenenenuss Ha OAB: a — cxemaTudeckuii BuJI, O — UMIYIbCHBIM OTKIUK B
KUAKOH (pasze, B — TOT K€ OTKJIMK JUIs Jibaa; 1 - u3mydarens, 2 - MPUEMHUK, 3 - KIOBETa.

AxycTrudeckue BOJIHBI pa3HOro nopsaka (puc. 2,a) 06J1a1al0T pa3HOH 4yBCTBUTEIBHOCTBIO K
arperaTHOMy COCTOSIHUIO BelIecTBa Ha MOBEPXHOCTHU IIACTUHBI (pHC. 2,0, BCTABKA).

Water/lce
£

L SH Lamb
u3 Ll

)

‘ 38.4 MI'n (6)

-80 - 0 2000 4000 6000 8000
a EJ 3B 40 M Bpews, cex (B)

S12, 1B

as, (HZD) 3415
45,,(D20) = -36 16
48,,(H20+ 105 Nach = 111

F T

L")
IRRR!
RN

£}

Puc. 2. Jlatuuk onenenenus Ha ABIIl: a — monspuzanus BosH, 6 — AUX BOJIH mpu pasHbIX
Harpyskax, B — OTKJIMKH MoJibl 38.4 MI'1] ipH J1b1000pa30BaHUU JJISL PA3TMYHBIX KUJIKOCTEH.

st m3mepenus ucnonbs3zoBanack BoiHa (f = 38.4 MI', A = 200 Mxm) B tutactuae YZ-
LiNbO3z h= 500 mxm. ITpu oxnaxaenun H20, NaCl u D2O ot +20 no —5°C BenuunHa BHOCHMBIX
NOTEeph JIMHUHU 3aJIEPKKH S21 ocTaetcs HemsMeHHo (puc.2,B). [Ipu —5°C (H20), —8°C (NaCl) u —
11°C (D20) npoucxomur peskoe yBenuueHue Spi. Bennumna pomoiHuTenbHBIX motepb ASio,
CBs3aHHAs C JIbJooOpazoBanueM, coctaBisser 36, 34 w 11 ab muma D20, H,O wm NaCl
COOTBETCTBCHHO.

Pabora Bemonnena mnpu mnoagepxke [oczamanms MPD wum. B.A.KorensHukoBa PAH
(FFWZ-2025-0001).

1. Anisimkin V., Kolesov V., Kuznetsova A. et al. // Sensors, V.21, P.919 (2021).
2. Smirnov A., Anisimkin V., Voronova N. et al.// Sensors, V.24, P.414 (2024).
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VK 539, 53.09

OCOBEHHOCTHU TOHKOM CTPYKTYPHI CILTABOB CUCTEMBI Ni-Mn-In
HOCIJIE PA3JIMYHBIX TEPMUYECKHUX OBPABOTOK

Kysneuoe JIJI.Y, Mawupoe A.B.', Kysneyosa E.H.%, IIpoxynun A.B.",
HManunoe /I.B.%, Mycaoupoe H.HU.*, Koneoos B.B.
MPD um. B.A. Korenbrukoa PAH, r. Mocksa
2IdM um. M.H. Muxeera YpO PAH, r. Exatepuntypr
SMPILI no nanpasnenuto «Hanorexuonoruuny, Hayunsiit napk, CII6I'Y, r. Caukt-Iletep6ypr
*MucTutyT npobieM ceepXIuacTHyHOCTH Metamio PAH, r. Via
kuznetsov.dmitry89@gmail.com

Pe3ynbrarhl nccienoBaHusl MOKa3bIBAIOT, YTO 3aKajka OT TEMIEPaTypbl, IPEBbIIIAIOIICH
TeMuneparypy ynopspgoueHus B2 — 121, yBeJIMUYMBAeT CKpBITYIO TEIUIOTY MapTEHCUTHOIO
IPEBpALIEHHs] IO CPAaBHEHHUIO C MENJIEHHO OXJIaXJIECHHBIM CIUIaBOM, TEM CaMbIM MOTEHIMAIBHO
HOBBIINIAS 3HAYEHHE MarHuToKaisopuyeckoro 3¢ddekra. bbulo 00HapyXeHO, YTO CKOPOCTh
OXJIAKJEHUS BIMsIET Kak Ha TemmepaTypy Kropu (HMke ajis 3akajleHHOro cIujiaBa, 4eM JUIs
MEIJIEHHO OXJaXICHHOr0), TaKk M Ha TeMIepaTypbl HpPsIMOrO M OOpPAaTHOTO MapTEHCUTHOTO
npespauienus. OAHAKO IIMpPUHA THUCTEpPE3UCa OCTAETCA MPAKTUYECKH HEU3MEHHOW s
UCCIIEIOBaHHBIX TepM00oOpaboTok. Ilocie 3akanku U MEUIEHHOTO OXJIaX/IE€HUSI TOHKas CTPYKTypa
ayCTeHWTa B HecTexmoMmeTpudeckoM cruiaBe Ni-Mn-In mpencraBisier co0oif cMech TBEPABIX
pactBopoB (B2 + L21) B pasnuunbix nponopuusx. IlepBuunble nu¢pakuMoHHbIE ISITHA
3 PEeKTHBHO MHIEKCUPYIOTCS KyOHM4YecKoil sueiikoif ¢ mapameTpoM pemetku a = 5,99 A g L21.
O06a crutaBa mpeTepneBalOT MAapTEHCUTHOE NpPEBpallleHHe W3 ayCTeHHWTa B MOJYJUpPOBaHHbIC
ctpykTypsl 10M u 14M. YckopeHnne ckopocTu oxJaxaeHus criaBoB cucteMbl Ni-Mn-In (¢ In 10 <
x < 16%) ot TemmepaTypbl BbIlIe TeMIepaTypsl ynopspoueHus B2 — L21 mpuBogur K
MOJIaBJICHUIO pacraja TBEpJOro pacTBOpa ayCTEHUTA U, KaK CJIEACTBUE, YBEIMUEHUIO ITUIOTHOCTH
A®I'. 3akaneHHBIH CIUIaB OCTaBAICA B aycTeHUTHO-MapTeHcuTHoM (L21/B2 + 10 M unu 14 M)
cocrosiHuu 1o temmnepatypsl 120 K. bBornee monmHoe aToMHOE ynopsiiou€HHE CTPYKTYpPBI 1O TUITY
L2: B MeUIEHHO OXJIaXKICHHOM CIIJIaBe NMPHUBEJIO K yMEHbIIeHUI0 MiIoTHOCTH ADI™ u mosBieHuto
obmactu Temrieparyp nepexoza (150-120 K) ¢ neyxcrynenuyarsim npespameranem L21/B2 — 10 M
— 14 M1, 2].

Pa6boma svinonnena 6 pamxax 2oczaoanus UPD um. B.A. Komenvnuxosa PAH (FFWZ-2024-0007).

1. Kuznetsov D.D. et al. // Nanomaterials, V.13, /o8, P.1385 (2023).
2. Kuznetsov D. et al. // Journal of Composites Science, V.7, Nel2, P.514 (2023).
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V]IK 536.656

TBEPJOTEJIBHBIE CUCTEMBbI OXJIAKAEHUSA
HA OCHOBE 3JIACTOKAJIOPUYECKOI'O D®PDPEKTA
B ®YHKIMNOHAJIBHBIX MATEPUAJIAX C 9®®EKTOM ITAMATHU ®OPMbI

Mopo3zos E.B., Kapnyxun /[.A., Koneooeé B.B.
WNHcTuTyT paguoTrexHuku U 3nekTpoHuku uM. B.A. KorenpnukoBa PAH, r. Mocksa
evgvmorozov@gmail.com

Ha cerogusmnuii 1eHb BOIPOC CO3AaHUS M MCCIIEAOBaHUS (PYHKIIMOHAIbHBIX MaTepUAJIOB
UMeeT OYEeHb BaKHOE 3HAUYCHHUE B HayKe M TeXHHUKE. B noxmane mpenacraBieH 0030p COBPEMEHHBIX
paboTr B o00NacTh TMOMCKA MAaTepUAIOB [UIsl CO3JAHMSI TBEPIOTENBHBIX aTbTEPHATUBHBIX
DHEPTeTUYECKUX CHCTEM C HCIIOJIB30BaHHEM 3jacTokanopudeckoro s¢dekra (DKD), KoTOpbIit
BO3HUKAET B MarepHasax ¢ 3ppexrom namsaté Gopmbl 3a cUeT CTPYKTYpHOTo ($a3oBOro mnepexona,
BBI3BAHHOTO  BHEUIHMM  MEXaHWYECKHUM  HampspbkeHueMm. I[lpemyaraempie  TBEpAOTEIbHBIE
9aCTOKAJIOPUYECKHE  CHCTEMbl  OXJKICHHS  SBISIOTCSA  OCHOBOM  BBICOKOA(D(EKTHUBHOI,
OKOJIOTUYHOW W MEHEe DJHEPrOeMKOW TEeXHOJOTHMH JUIs MpHUMEHEHHss B (apMaleBTHKE,
pUOOPOCTPOCHUH U Ipyrux obmactsx [1-3].

Jlnist co3aanust TBEPAOTENBHBIX OXJIaIUTEIFHBIX CHCTEM BaKHBIMH ITapaMeTPaMu SBIISIOTCS:
makcuManbHas BenuuumHa DKD (AT) B marepuane moj AeCTBHEM BHEIIHEIO0 MEXaHHYECKOTO
HanpshKeHus (6), I3MeHeHue SHTponnHd (AS), MakCUMalTbHast 4aCTOTa TEPMOJINHAMHYECKUX [TUKIIOB
B cucreme (f), MakcuManbHas ynaenbHas MOIIHOCTh pabodero tena ¢ DK (W). Hawnyumve Ha
CeTONHSIIHUN JEHb JOCTHTHYTHIE B MHPOBOW JIMTEpaType 3HAUEHHUS OTUX MapaMeTpPOB:
makcuManbHbiii KD wHabmiomaercs B crutaBe (NisoMnaisTiigs)eesBo2, AT = 315K mpu
Hanpsbkeann 6 = 700 MlIla; pexopaHOoe W3MEHEHHE OJHTPONHUM HAONIONAETCS B  CIUIABE
TisoNiasCusAly, AS = 53,5 JIx/(xrK), Ho mpu 3ToM Makcumanbhbiii DKD cocraBiser AT = 25 K
npu MexaHudeckoM HanpsbkeHuu o = 700 MlIla. HaGonpiee 3HaueHMe MakCUMaJbHOM 4aCTOTHI
muksioB f = 50 ' u ymenpHO# momuoctn W = 150 kB1/kr ans pabodero tena ¢ DKD B Buje
obicTpo3akanenHoi ientsl Ti2NiCu mpogemonctpupoansl B [3]. C 2010 roga ObII0 IPEACTaBICHO
MHOXECTBO MPOTOTUIIOB CHCTEM OXJaxAeHus Ha ocHoBe OKD. PasHuma Ttemmeparyp Mexay
XOJIOAHBIM M TOpsYUM pe3epByapamu He npesbimaeT 20 K npu vacrote teronepenaun 0,5 ' [4],
a 4acToTa TEIUIONEPEayt OT XOJIOAHOIO K ropsiueMy pesepByapy He npesbimaet 4 I'n [5] npu OKO
8 K u ynmenpHOM MomaOcTH 18 BT/r. B crarhe [6] 2022 rojma omwicaH MPOTOTHI XOJOIUITBHON
cUcTeMbl Ha OcHOBe MpoBoJiokH Ni-Ti. AnnabaTtndyeckoe M3MEHEHHE TeMIIepaTypbl COCTaBIISIET
6,6 K mpu gepopmammm 4,8%. Ilpemmaraemplii  XOJNIOJAMIBHUK MOXET  BBIpaOATHIBATH
Temneparypubelii nuanason g0 9,2 K um umeer MmomHocTh oxyaxjaeHus no 3,1 Br. B nmoxmazge
NPUBOJIUTCS CPAaBHEHHE pPA3IMYHBIX CXEM TBEPAOTEIBHBIX XOJOIWIFHUKOB Ha ocHOBe OKD,
BKJTI0Yas MIPEUIOKEHHYIO0 aBTOPAMU CXEMY «TEIJIOBOro cenapaTtopay [7].

Paboma evinonnena 6 pamxax eoczaoanusi UPD um. B.A.Komenvnuxosa PAH (FFWZ-2024-0007).

1. Chen J., Lei L., Fang G. // Mater. Today Commun., V.28, P.102706 (2021).

2. Wang, S., Shi, Y., Li, Y. et al. // Renew. Sustain. Energy Rev., V.187, P.113762 (2023).

3. Morozov E.V., Fedotov S.Yu., Petrov A.V. et al. // PhSS., V.62, Ne6, P.972-975 (2020).

4. Tusek J., Engelbrecht K., Eriksen D. at al. // Nature Energy, V.1, Nel0, P.16134 (2016).

5. Frenzel J., Eggeler G., Quandt E. et al.// MRS Bulletin, V.43, Mo 4, P.280-284 (2018).

6. Chen Y., Wang Y., Sun W. et al. // The Innovation, V.3, P.2 (2022).

7. Mopo3sos E.B., Koneooe B.B., Ceménos JI.C. u op. Il Uzeecmuss PAH. Cep. @usuueckas, T.81,
Mell, C.1542-1545 (2017).
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MAHUEPJICOBCKHI MEPEXO/ B KBASUOJJHOMEPHBIX TPOBOJJHUKAX:
IHOYEMY 9TO UHTEPECHO U AKTYAJIBHO

Ilokpoeckuit B.A.
®OI'bYH HHCcTUTYT paguoTeXHUKHU U 3ieKTpoHukd uM. B.A. KorenbnukoBa PAH, r. MockBa
vadim.pokrovskiy@mail.ru

B3nér nntepeca k malepioBCKOMY Iepexoay npuiuéncsa Ha cepeauny 1980-x rogos, koraa
Hay4YMJIMCh CUHTE3UPOBAaTh KBa3MOAHOMEPHBIE IPOBOIHUKH, Takue kak NbSes, TaSz u Ko3Mo0Os. B
ATUX COEAMHEHHUSX peanusyercs unes llaiiepiica, n3BecTHas €mE C JOBOEHHBIX BPEMEH: HUKE
TEMIEpaTyphl Niepexoia Tp BOZHUKAET CAMOCOITIACOBAHHOE MEPHOUUECKOE UCKAKEHUE PEIIETKU U
MOJYJIALIUSA 3JIEKTPOHHOW IUIOTHOCTH, XapaKTEpHU3yeMbI€ BOJIHOBBIM BEKTOPOM C IPOJOJIbHOMN
komioneHToi =2kr, rue ke — hepMueBckuii umIysbe 35ekTpoHoB. IIpu s3Tom Ha ypoBHe Depmu
oOpasyercst quasiekTpuyeckas menb 2. Takoe COCTOsIHUE BEIeCcTBa MOJYYHIO Ha3BAaHUE BOJIHBI
3apsigoBoit wiotHoctu (B3I1). B TpéxmepHom mpezncrasnenun odpazoanue B3Il MoxxHO omucath
KaK HaJO)KEeHUE JAPYr Ha apyra nmoBepxHocteir depmu — mmockocreit k=Kr u k=-kr. B3aumopeiictaue
MEXy IeTIOYKaMU MPUBOIUT K TOQPUPOBKE MOBEPXHOCTEH, U (-BEKTOP OMpPEIEsIeTcs YCIOBUEM
WX OINTHUMAJIBLHOTO COBMEIICHUs — HecTuHra. B obmem cinydae B3II nHecomsmepuma ¢ pemérkoit
KpUCTaJUIa U MOXKET MEPEHOCUTD TOK 3a CUET CKOJIBKEHUS B MOJISIX BBILIE IOPOTOBOTO.

TouHo 3a/1aya 0 MaepICOBCKOM MEPEX0/I€ PEIIaeTCs JUIIb B MPUOIMKEHUN CUIIBHOW CBSI3U
Ut ciyvasi ABykpatHoit comamepumoctu B3I ¢ ocHoBHO# pemiéTkoil. Ero onucanue dhopmaibHO
unentnyHo teopun BKIL. B wactHocTH, npenckassiBaercs otHomeHne A/Tp=1.76. [Toaxon k B3I1
B nyxe bKII npumMeHsIoT 1 B 00111€M cilyyae, 0OJJHAaKO IIPH TOM BO3HHUKAET PsJl 3aTPyIHEHUH.

Hawubomnee siBHOE — BbicOKOE oTHOIIeHUE /A\/Tp, TO ecTh, HU3Kas Tp. K moHmwkeHuto Tp MOTYT
IIPUBOJUTH KaK HENOCTAaTOYHAsl, TAaK M CIMIIKOM BBICOKAsl CTENIEHb OJHOMEPHOCTH. B mocnennem
ciydyae Tp MOHMXKAETCA U3-3a OJAHOMEPHBIX (IyKTyanui. YCIOXKHSETCS CUTyalus U B cllydae
cocyiiecTBoBaHus Heckoybkux B3I, B yacTHOCTH M3-3a X B3aUMOJIEHCTBUS.

B noxnmane Oyner cnenmaH KpaTkuii 0030p Hammx padboT B 00JIACTH IKCIEPUMEHTATBLHOTO
WCCIIEIOBAaHMSI M OIMCaHUs NanepiaoBCcKoro mnepexona. [loka3aHo, 4To B yCIOBUSAX BBICOKHX
GiykTyaluii moBeieHNE pa3IUYHbIX MapaMeTpoB BOJIU3U Tp OMHMCHIBAETCS MOJEIBIO TEPMUUYECKU
aKTUBUPOBAHHOTO Mpockaib3biBanus ¢asel B3I1. IIpu sTom nmepexon obpeTaeT HEKOTOpBIE YEPThI
nepexoqa | poma. OnHa U3 mepBeIX padboT Ha ATy Temy Oblna npeactaBieHa Ha Ceccuun HT-90 B
Jonenke [1], HO 1 103K€ MBI HEOJTHOKPAaTHO BO3BPAILAIUCH K 3TOH MOJEIH.

Co Bpemenem umcno coeaunenui ¢ B3I pocno. B wacTHOCTH, OBIIM MONYYEHBI YCIOBUS
pocTa pa3nuyHbIX nonuTuinoB NbSs. B moHokimHHO#M ¢aze NbS3 nHabmonatorcs pu B3I1, kotopsie
MOTYT CKOJIB3UTh B AJIEKTPHUECKOM Ti0JI€. J[Be M3 HUX MMEIOT pekopaHble 3HaueHust Tp — 360 K u
460 K. MIx Q-BeKTOphl ONpEIENSAIOTCS U3 YCIOBHI HECTHUTAa HECKOJNBKHX YYaCTKOB IMOBEPXHOCTH
®epmu. 3HaueHUs1 (-BEKTOPOB MOAAIOTCS JOCTATOYHO TOYHOMY pacd€Ty UCXOS U3 ONTUMHU3ALUU
HecTHHra [2]. OfHaKO HaIll¥ HEJJaBHUE CTPYKTYPHBIE HCCIIEI0OBAaHUS HA CHHXPOTPOHE NOKa3aiu [3],
yto oaHa w3 B3Il moacTtpamBaeTcs moj Ipyryro, 9To JelaeT KapTuHy emé Oosee Ooratoil. B
JIOKJIaJIe MBI TaKkXke 00cyAuM, Kak Jedopmanus o0pasiia MOKET MPUBECTU K BBIBOLY ojtHOM 13 B3I
U3 «IOJYUHEHUs» IPYroi, 4To MpOsIBUTCS B BUJE (pazoBoro nepexoaa I pona.

Takum oOpazom, uccrnenoBanus B3Il akTyanbHBl W B HAlIU JHHU, YTO BO MHOTOM CBSI3aHO C
UCKJTIOYMTENIbHO BBICOKMMU TeMIlepaTypaMH HX (OPMHUPOBaHUS WU YHUKaJIbHBIMU CBOWCTBaMH,
KOTOpbIE paHee MOXHO ObLI0 HAOIIOAATh TOJIBKO MPU KPHOT€HHBIX TeMIIEpaTypax.

1. 3aiiyes-3omoe C.B., Iloxposckuii B.A. // Tesucvt XXVI Bcecowsmnoii ceccuu no ¢gpusuxe HusKux
memnepamyp, Honeyk, 1990, uacms 3, c. 100-101.

2. Conejeros S., Guster B., Alemany P. et al. // Chem. Mater. V.33, P. 5449 (2021).

3. Hokposckuut B.A., Bacunves A.JI., boromuna H.b. u op. // [lucoma KIT®D, T.121, C.412-418
(2025).
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PA3JIMYHBIE BUIbI PABHOBECHOM 1 HEPABHOBECHOM KPUCTAJUIN3ALIAA
HEIIPEPBIBHOT'O U JIUCKPETHOI'O THUIIOB

Coboab O.B., llokunmenuua E.A.
OI'BOY BO «/lonbacckas HaloHAIbHAS aKaIEMHUsI CTPOUTENBCTBA U APXUTEKTYPBI», T. MakeeBKa
0.v.sobol@donnasa.ru

Kak wu3BeCTHO, paBHOBECHBIC JHArPaMMBl COCTOSHHS CTPOSIT B OCHOBHOM METOJIaMHU
TEPMHUYECKOTO aHAJIN3a MPU JOCTATOYHO MEIJICHHBIX CKOPOCTSX OXJaXKIeHUs. B qaHHOM ciydae 3a
cueT UG PY3MOHHBIX TPOIECCOB MOJIEKYJIBI U3 KUIAKON (Da3bl yCIEBalOT BCTPAUBATHCS B TBEPIYIO
dazy. B pesymprare cucrema CcoxpaHseTrcs 7, x i
paBHOBecHOH. OmHAKO Jake TNPH HOPMaIbHBIX
ckopoctsax oxnaxnmenus (~0,001-1,0 K/c), kak
NpaBWIO, KPUCTAUIM3AIMS  HACTYMaeT  IIOCJe
JOCTHIKEHUS OIPEICIICHHOTO MEePEOXIAXKIACHUS KaK

OTHOCHUTENBHO Temmneparyp JukBuayc AT, Tak u

oTHOcHTeNnbHO Temmeparyp comunyc ATl . C

y4eToM HepeoxJIax1eHUHI CTpOSAT T.H.
HEpPaBHOBECHBbIE JuarpaMmbl cocTtosiHusd. Kpome
3TOr0, XOPOILO M3BECTHO SIBIICHHE «Pa3]IBOCHUS»
TEIUVIOBBIX  3(PQeKxToB:  3HA0AIP(DEKTOB  IMpHU
IUIaBJICHUN M K303 (EKTOB NpHU 3aTBEPAECBAHUM.
Ot 3¢p(dEeKTh CBUACTEIBCTBYIOT O TOM, YTO
yKa3aHHble (pa30BbIE IEPEXO/bl HE BCEra UMEIOT
HENPEPBIBHBIA XapakTep Jaxe MpU PaBHOBECHOM
KpucTaiu3anuu 0e3 nepeoxiaxzaeHus. Ha puc. 1
NPUBEIEHbl Pa3HOOOpa3HbIE BapUAHTHI 3amHCcel
KPUBBIX OXJ@XICHUS CIUIaBOB C IOAOOHBIMU
s dexramu, mosydaemMbie METOJAOM IHKIUYECKOTO
TEPMUYECKOTO aHajau3a (ITA) u
muddepeHIIMaTbHOr0  TEPMUYECKOTrO  aHalM3a
(ATA).

KpuBas oxnaxnaenus | xapaktepusyeT mporecc
PaBHOBECHOM KPHUCTANIM3ALMK C HENPEepPhIBHBIM
HK30TEepPMHUUECKUM d(PPEKTOM TETUIOBBIACICHHUS TI0
HanpaBnenuto b—d—di. Kpussie Il u Il orpaxkaror
PaBHOBECHYIO  KPHCTAJUIM3AIMI0  CIUIaBOB €
JCKPETHBIM XapakTepoM 9H103(PPEKTOB.
Tepmorpammer IV — VI  nonywatorcs  mpu
HEPABHOBECHOM  KPHUCTAUIM3AallMM  OTHOCUTEIIBHO
TEMIEPATypbl JIMKBUAYC M PAaBHOBECHOW KPUCTAJUTM3ALMKA OTHOCUTENILHO TEMIIEpaTypbl COJIUAYC
(T.e. mpu sBTeKTHYecKoil Temmeparype T7g). Ilpu stom Ttepmorpammser IV — VI otpaxator
«B3PBIBHOI» XapakTep KPUCTAJUIM3AIMH, O YeM CBUAETEILCTBYET OBICTPHIN MOIBEM TEMIIEPATYPhI
OoT Touku ¢ a0 Touku b (wmm b’). Tepmorpamma Ill cBuaeTenbCTBYeT O «HEB3PHIBHOMY» THIIC
KPUCTAJIIIM3ALMHU OT TOUKH ¢ 10 Touku M. Cnenyromue tpu tepmorpammsl VI — 1X 3anuceiBarorcs
IPU Pa3IUYHBIX BUJAX KPUCTAIIM3ALMH OTHOCUTEIIBHO TEMIIEpaTyp JIMKBUIYC M KPUCTAJUIN3ALUU
«B3PBIBHOTO» TUIIA OTHOCUTEJIBHO TEMIIEPATYP COJIUIYC.

Puc.1. Kpusble oxyaxaeHus,
OTPAKAIOILKE PA3JINYHBIE BUbI
PaBHOBECHOM M HEPABHOBECHOM

KPUCTAJUIM3ALUHA HETIPEPBIBHOTO U
JUCKPETHOT'O TUIIOB.
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HNCCJIEJOBAHUE KEJE30-MAPI'AHUHEBBIX TEPMAHHU/10B METOJ1OM
AAEPHOT'O TAMMA-PE30HAHCA

TI'vpbanoeuu A.B.', Mumiwok B.H.', Tkauenxo T.M.%, Bapaitmyx C.M.%, I'onosuan A.B.%,
|Banskoe B.H.3, Anuxeee C.I'.

'Hayuno-nipakTnueckuii nentp HAH Benapycu o matepuanoseeHuio, r. Musck, benapycs
’BenopyccKuii rocy1apCTBEHHBIH arpapHblii TeXHUYECKUii yHUBepCcUTeT, I. Munck, bemapych
3[[0Hem<1/1171 (U3UKO-TEXHUYECKUI MHCTUTYT UM. A.A. ["ankuHa, r. JlIoHenk
3Tomcknii TocynapcTeennslii YHuBepeutert, . ToMmck
gurbanovic@gmail.com

Llens manHOM paboOThl — mosiyueHHe HH(GOpPMAIMM, MO3BOJISIONIEH BBIICHUTH MEXaHU3MbI
(GOopMUPOBAaHUS MarHUTOCTPYKTYPHbIX (a3 M HUX POJIb B BO3HUKHOBEHHMM TI'MTAHTCKOU
MarHuTOCTpuKIMU B cucteMe MnixFexNiGe. [lns peamusanuy MOCTaBICHHOH LEMH METOIOM
peaKku B CMEIIaHHOW (a3e ObUIM CHHTE3MPOBAHBI MOJMKPUCTAIUIMYECKHE TBEPABIE PACTBOPHI
MnixFexNiGe, cymecTBoBaHHE KOTOPBIX OKazajioch orpanudeHo obmnacteio 0,05<x<1,00.
Oco0eHHOCTH KPUCTAJUIMUECKOTO YHOPSAJOUYEHUS! U MAarHUTHBIX CBOMCTB M3YYEHBI C IPUMEHEHUEM
peHTreHorpa(guu, MarHUTHBIMU U3MEPEHUSIMH U METO/I0M MeccOay’pOoBCKOl criekTpockonuu [1].

[lo pe3ynbraTaM MarHUTHBIX U3MEPEHUH, BCE UCCIIEOBAHHbIE PACTBOPHI YK€ IIPU a30THOU
temneparype 77 K NposBIsSOT MarHUTHBIE CBOMCTBA. JlaHHBIE, NOJIY4YEHHbIE IIPU ITOH K€
TeMIeparype, He OOHAapyKMBAIOT MArHUTHBIX B3aUMOJICHCTBUM BILUIOTH JI0 COJAEpKAHUS XKele3a
x=0,20. Takue pe3yabTaThl MOXKHO OOBSICHHTH C yueToM ocoOeHHOcTel cTpykTypbl Tunia B8 (NiAs
u Ni2In), a UMEHHO HaJIMYHS JBYX THUIIOB MO3MIIMI, KOTOPBIC MOTYT 3aHMMaTh aTOMbI METAJLJIOB, —
okTasapuueckue Mel u TpuronanbHo-Ounupamunansasie Mell. Mbl npennonaraem, 4to atomsl Mn
B mnozapeumietke Mel, ompenenstomme MarHUTHbIE B3aMMOJICHCTBUS B CIUIaBE B IIEJIOM, HE
3aMEIIAIOTCs aToOMaMM JKelle3a MPU MajblX €ro KoHLEHTpamusx x. To ects no cocraBa x=0,20
aTOMBI JKeJe3a BXOAAT B mozpeunierky atomoB Hukens Mell. VMcxonsa w3 wm3BecTHOro ¢akra
BO3MOKHOH BBICOKOW NEPEKTHOCTH CTPYKTyphl TNa B8, mospnstommuiics npu TakoM 3aMeIleHud
neduIUT aTOMOB Maprasiia B no3uuusx Mel kommneHcupyercst oOpa3oBaHHEM BaKaHCUW B ATOU
NOJPEIIETKE, YTO HAaXOAUT IOATBEP)KIEHUE B BO3PAaCTaHMM BEJIMYUHBI KBaJIPYIOJBHOTO
paciierneHus MeccOay’ poBCKOro crekrpa. MarHuTHOE CBEPXTOHKOE B3aUMOJICHCTBUE aTOMOB
xeneza B mojpemerke Mell Omokupyercss aromMamMu HUKENs, HaXOAAUIMMHCA B Oivpkaiiiem
JIOKAJIbHOM OKpYXXEHHHM pe30HaHCHOro aroma Fe. DT1o orpakaercs B HaOmomaeMoil dopme
MeccOayIpOBCKOTO CIIEKTPa, a UMEHHO - B OTCYTCTBHMHM MAarHHUTHOTO PAaCIIEIUIEHUS! CIEKTPOB IpHU
77 K npu Takux KOHIIEHTpaIMsIX keie3a. Hamm npeanonoxeHuss He MpoTUBOpEYaT JIUTEPATYPHBIM
JAHHBIM 00 OTCYTCTBMM MAarHMTHBIX MOMEHTOB Ha aToMax HuKkens B moapemerke Me II [2].
MarsuTHble aTOMBI JKeJle3a U Maprasua, nepeias B nojapemerky Me I, mepecraror yuacTBoBaTh B
MarHUTHOM B3aWMOJICHCTBHUHU, TEM CAMbIM HECKOJIbKO CHIDKas OOILIYI0 HaMarHM4eHHOCTh CIUIABa,
YTO MOJTBEPKIAETCS MOTYYEHHBIMU HAMH JAaHHBIMUA MarHUTHBIX U3MEPEHHI.

B paboTe nokaszaHo, 4TO B YETHIPEXKOMIIOHEHTHBIX TBepAbIX pacTBopax MnixFexNiGe npu
x<0.20 xene30 NpeuMyIECTBEHHO MOMaJaeT B MOAPEIIeTKY aTOMOB HUKeNs B no3uiusax Mell u B
MarHUTHBIX B3aUMOJCHCTBUSAX HE Y4acTBYET. DTOT (PAKT OTpa)kaeTCs U HAa CHU)KEHUHU BEITMYMHBI
HAMarHWYeHHOCTH MO0 JAaHHBIM MarHUTHbIX u3MepeHuid. C pocToM X JKelne30 B COCTaBe

Mn1.xFexNiGe 3amermaer maprasen B no3unusax Me .

1. Mitsiuk V.1., Tkachenka T.M., et al. //J. of Phys. and Chem. of Solids, V. 182, P.111600 (2023).
2. Szytula A. et al. // Journal of Magnetism and Magnetic Materials, V. 25, P.176-186 (1981).
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SOPEKT ®PAPAJES B BUTUPOTPOITHBIX ®OTOHHBIX KPUCTAJLJIAX CO
CJIO)KHOU CTPYKTYPOM DJIEMEHTAPHOU SITYEMKHA

Haodoenxosea H.H.', IlansaeeH.C.%, [Jaooenkosa I0.C.% I'nyxoe H.A.%, Cannuxoe JI.I'.
'®I'BHY «JloHenkuii GpU3NKO-TeXHNUECKUi HHCTUTYT uM. A.A. FankuHay, T. JJoHeIK
2OI'bOY BO «YIbsAHOBCKHi TOCYAapCTBEHHBIH YHUBEPCUTET, I'. Y IbIHOBCK
3Laboratoire Hubert Curien, Université Jean Monnet, Saint-Etienne, France
dadoenkova@yahoo.com

DOTOHHBIE CUCTEMBI CO CIIO)KHOM CTPYKTYPOH DJIEMEHTAPHOM SYEHKHA Ha OCHOBE (hparMeHTOB
Pa3IMYHBIX JBYXKOMIIOHEHTHBIX (poToHHBIX KpucTauioB (PK) mpencraBisiioT ocoOblil MHTEpeC i
cozmanus @K c 3aganupiMu xapaktepuctikamu [1,2]. Ocobenno nepcrnektuBHbIME siBisitoTcs: K Ha
OCHOBE MarHUTOONTHYECKUX MaTepualioB, YTO MO3BOJISIET YIPABIATH COCTOSHUEM MOJSPU3ALUU WIH
MHTEHCUBHOCTBIO AIEKTPOMArHUTHOTO U3TTy4YEHUS, B3aUMOICHCTBYIOIIETO C 3TON CTPYKTYPOIl.

B nacrosieii paboTe mpoBeIeHO TEOPETUUECKOE

ND, MD,

nccienoBanne dpdexta dapazes B OTHOMEPHBIX | B so.
Tpéxnepuoauueckux MarHUTHbIX PK Ha ocHoBe i \‘T‘ B Y| —vie
mnektpukoB  Si0z2, TiO; u  OUTHPOTPONHBIX i W e, — o
deppuros-rpanaroB  YsFesO12 (YIG) u Bi:YIG. P B —sivic
[omy4ensl CIIEKTPBHI IIPOITYCKaHHUsI |9 Yy P —

OMB) 6mmxnero MK- B o D, D, Al
9IICKTPOMArHUTHBIX BOJH ( e 2 (STY(YB)"]
Juyaria3oHa, MpoOXOoaAIInX CKBO3b L ’ [(SBYYTY)" ]

tpéxnepuommuecknii ®K suma [(SY)3(TB)®], rae S,
T, Y u B 0003Ha4aloT COOTBETCTBEHHO CJIOH
cinenyromux matepuanos: SiOz, TiO2 u deppuros- i
rpanatoB Y3FesO12 (YIG) u Bi:YIG. Ceepxbsueiika " IND,+MD,IK

takoro @K cocroutr wu3 (QparmMeHTOB ABYX Puc. 1. Crepxbsueiixa (SY)X(TB)? (a):

marauTHbIX OK ¢ mepuogamu D1=ds+dv u D>=d7+ds .
s ekt Dapanes B Tpéxnepuoanueckom OK
u tormmuaamud ND1 1 ND2 cootBerctBenHo (puc. 1,a). [(SY2R(TB)IX (b)

Tomumua Bcero @®K paaa K(ND1 + ND).

TonmmuHb! c10EB BHIOMPAIOTCS B COOTBETCTBUM ¢ ycnoBusmu bparra s A=1.5 um [1,2]. Bee deppur-
IpaHaTOBbIE CJIOM HaMarHWYEeHb! BAOJIb OCH Z MEPHEHIUKYISIPHO TpaHUIaM pasjiena cpen (NmossipHas
MArHHTOONTHYECKAs KoHpurypamus). [Tnockas DMB 4acToToii ® 1 BoITHOBEIM BekTopoM K' (S- 1 p-
NOJIIPU30BaHHas ) TafaeT o yriom 6 Ha moBepxHocTs PK (puc.1,b).

Pacyérsl  YacCTOTHO-YITIOBBIX  3aBUCUMOCTEH  KOI((HUIMEHTOB MpPOMYCKaHUS M YIJIOB
dapaneenckoro Bpamenns (®B) mna ®K [(SY)3(TB)°]’ Bemonnensr B npemenax mepsoii 303 B
BOJIHOBOM JIMAIa30HE BHYTPU30HHOM IMOJIOCHI MPOIYCKAaHHs B OKPECTHOCTH TEIEKOMMYHHKAITMOHHON
JUTMHBI BOJIHBI A=1.5 pm. Paccmotpens! Taxoke aHanornunbie @K-cTpyKTyphl ¢ MHBIMU COYETAHUSIMU
BHIOpaHHBIX MaTepuanoB B mnombsueiikax ([(ST)(YB)®]', [(SB)3(TY)®]"), mposeneHo cpaBHeHHe
PE3YJIbTAaTOB.

[TokaszaHo, 4TO TpH BBHIOOPE TOJIIMH HANIEKTPUUECKUX CI0EB ds m drt, paBHBIX OpIITOBCKUM
TOJILIMHAM MpH Ao=1.55 pMm, a MarHUTHBIX CJIOEB - YTPOEHHBIM 3HAUEHUSM COOTBETCTBYIOIIUX UM
OpATTOBCKUX TONIIUH, Yriibl @B Moryr nocturaTh JECSTKOB IPaaycoB IPU JOCTATOYHO BBICOKHX
3HAYCHUSIX KOX(D(UIMEHTOB TMPOMYCKAaHUs, YTO MOXET OBITh TEPCHEKTUBHO ISl TMPUMEHEHUS B
Pa3IUYHBIX (POTOHHBIX YCTPOUCTBAX.

1. Panyaev LS., Sannikov D.G., Dadoenkova Y.S., et al. // IEEE Sensors Journal, V.22, Ne23,
P.22428-22437 (2022).

2. Panyaev I.S., Sannikov D.G., Dadoenkova N.N., et al. // Applied Optics, V. 60, Ne7, P.1943-1952
(2021).
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NCCIEJOBAHUE BbIXOJHOI'O CUT'HAJIA ®EPPO30OHIOBOI'O
MATHUTOMETPA

oopwviones A.B., besxoposaitnwiii B.C.
®OI'bOY BO «Jlyranckuit rocyiapcTBeHHbINM yHUBEpCcUTET UM. B. [lansay», r. Jlyranck
mushroomrace@yandex.ru

[Ipemararorcst K paCCMOTPEHHIO PE3YJIBTATHI UCCIEAOBAHUS BIUSHUS aKTUBHO-€MKOCTHOM
Harpy3KH Ha BBIXOJHOH cHTHaJ (peppOo30HI0BOIO MarHUTOMETPA MPH OJHOMOISIPHOM HMITYJIECHOM
B0o30yxkaeHuu [1]. @eppo30HI0BBI MAarHUTOMETP HCHOJB3YET NMPUHIUI HU3MEHEHUS MarHUTHBIX
CBOMCTB Marepuaja II0J BO3JCHCTBHEM BHELIHEIO0 MArHUTHOIO II0JIS, IIPENOCTAaBIsAs TOYHBIC
JaHHBbIE O MarHUTHBIX TOJSAX HUCCleayeMoro oobekta. deppo30HIOBBII MAarHUTOMETp SBISETCS
KJIFOYEBBIM MHCTPYMEHTOM JIJISi U3MEPEHHUS] MarHUTHBIX IOJIEH B Pa3jMuYHbIX OOJIACTSIX HAayKu U
TEXHUKHU. TOYHOCTh M CTAOUILHOCTH MAarHUTOMETPA 3aBUCIT OT MHOXKECTBA (PAKTOPOB, BIHSIOIINX
Ha BBIXOJIHOM CUTHAJI, B TOM YHMCJIE U OT NOAKIOYEHHON AKTUBHO-EMKOCTHOM Harpy3KH.

[IpoBeneHHbIe HCCIENOBAaHUS TMOKa3ald H3MEHEHHs (OpPMBbI BBIXOJHOTO CHUTHAla U
aMILIUTYIbI [P BapbUPOBAHUM AKTHBHO-EMKOCTHOW HAarpys3kKH, 4TO CBUIETEIBCTBYET O HAJIMYHH
MIPOLIECCOB, HCKaKAIOMUX (POPMY CHTHAIA M OKA3bIBAIOIIUX 3HAYUTEIbHOE BIMSIHIE HA TOYHOCTh U
CTaOWIBHOCTh U3MEpEHUH [2].

CymiecTByeT HECKOJBbKO BUIOB (opM curHaia (eppo3oHAOBOTO JaT4yHMKa, MpH Pa3sHOU
AKTHBHO-EMKOCTHOH Harpyske, MOoAKII04YaeMOM K €ero BbIXOJHOM 0OMOTKE.

Hanpumep, npu akTUBHOM Harpyske, paBHo# (1), (hopma BBIXOIHOTO CHUTHAlAa MpUOOpeTaeT
KoJieOaTeNnbHbIA BU/I, TOKA3aHHBINA Ha pHC. 1,a:

L
r, >0,5 ,é : 1)

IIpu axkTuBHOW Harpyske, paBHOW (2), (opma
BBIXOJIHOT'O CHTHaJla IMpUOOpeTaeT anepuoanyecKuil BUA
¢ 00paTHBIM BBIOPOCOM, ITOKa3aHHBIH Ha puc. 1,6:

r, =0,5 - (2)
H

[Ipn axTuBHOW Harpy3ke, paBHou (3), ¢opma
BBIXOJIHOTO CUTHAJIa MPUOOpETaeT anepuoIuuecKuil BUj,
MOKa3aHHBIN Ha puc. 1,B:

[, <05 |2 . (3)
CH

JlaHHbIE HCCIENOBaHUS TO3BOJISIOT OINPEACIUTh
pa3iauuHble (POpPMBI BBIXOJHOTO CHUTHala MpPHU aKTUBHO-
€MKOCTHOW Harpy3ke. B Xxoae wuccrnegoBaHuil ObLIO
ONpeZeNIeH0, 4YTO HEOOXOAMMO  BBIOMpPATh  TaKYIO
AKTUBHO-EMKOCTHYIO HArpy3Ky JaTuuKa, IpHU KOTOpPOM
BBIXOJHOM CUTHaI OyJIeT anepuoinyecKuM.

1. beskoposaunvii B.C., Tapacenxo O.B., Axosenxo B.B.,
Usowcenko A.A. // Becmnuk Jlyeanckoeo HayuoHaibHO20
YHugeepcumema umeHu Braoumupa lans, Ne 4(10), C.
159-166 (2018). Puc.1. ®opma BBIXOIHOTO CUTHAA
2. Ilonosunxa O.[., Hnvunckuu J.U., be3sxoposaiinviti beppozonia

B.C. // Cmyoenueckue nayunvie ucciedosanus: cOOpHUK

cmameti XXII Medxcoynapoonoti Hayuno-npakmuyeckou koughepenyuu, Ilenza, 15 noabps 2024
200a. C. 24-26(2024).
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PABHOBECHAS JOMEHHAS CTPYKTYPA B INIEHKAX )KEJE30UTTPUEBOI'O
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/Ipazynoe U.E.
OI'BHY «/lonenkuii puznko-TexHudeckuii HHCTUTYT UM. A.A. ["ankunay, r. JloHenk
i_dragun60@mail.ru

VHTEeHCHBHOE HUCCIIEIOBAHUE MAarHUTHBIX CBOWMCTB IIJIEHOK CMEIIAHHBIX PEIKO3EMEIbHBIX
(GeppUTOB-TPaHATOB, BBIPAIIEHHBIX METOAOM XHUIKO(PA3HON 3MUTAKCHUHU, ObUIO CBSI3aHO B IEPBYIO
odepelb ¢ MEPCIEKTUBOM MX MCIOJIb30BaHUSA Ul CO3JaHUs IaMATU Ha OCHOBE LMIMHIPUYECKUX
MarHuTHbIX AomeHoB (LIMJI) [1]. B stux maTtepumanax ynaBajlloch peajM30BbIBATb JOCTAaTOYHO
Oonbiioe none Huy HaBeEHHOW MEPIEHAUKYISIPHOW MarHUTHOW aHU3O0TPONMM, YTO MPHUBOJIMIO K
BBICOKMM 3HAaYeHMAM (QakTopa KadecTBa Q M yaydllalno XapakTepUCTHUKU IIeHOK ¢ LM/
(Q=Hu/4nMo, Mo — HaMarHUYEHHOCTb HACBILICHUS).

[IneHkn Ha OCHOBE YMCTBHIX KeJIe30UTTpueBbIX rpaHatoB (OKUI') ¢ HM3KOH MarHUTHOMN
AQHU30TPONMEN HCIOJIB30BAIUCh B OCHOBHOM s CBU-npumeHeHuil. DTH IUIEHKHM HMEIOT
AQHU30TPONHIO, OJM3KYIO K JIETKOIIOCKOCTHOMY THILY, YTO NPUBOJUT K OTKJIOHEHHIO BEKTOpa
HaMarHW4eHHOCTU M OT IUIOCKOCTH MOBEPXHOCTHU IUIEHKH Ha HeOosbIoi yroia Oo. [Ipaktuyeckoe
npuMmeHeHne IeHok JKUIT cBA3aHO ¢ HCIONB30BaHMEM MX B CEHCOPHBIX YCTPOMCTBax Ul
BU3yAJIN3allUM PAaCHpEACIICHUs] HEPAaBHOMEPHOCTEM MAarHUTHOTO II0JS M MarHUTOMETPUH
cBepxHu3kux mnoser [2,3]. Kpome Toro, mienku JXUI' cranmm HMHTEHCMBHO MPUMEHSATHCS B
menunuHe. HenasHo [4] Ha ocHoBe mieHok JKUI™ paspa®oTan HOBBIMA TUI JaTYMKa, TPUMEHSIEMBIi
B MarHutosHuedanorpapuu. Ero s¢pdexruBHOCTs ObUIa MPOJEMOHCTPUPOBAHA B SKCIIEPUMEHTAX
o perucrtpanuu anb@a-puT™MoB. Bce 3TO 01HO3HAYHO TOBOPUT OO AKTYaJIbHOCTH MarHUTHBIX
uccienoBanuii niueHox KNI

Jlis pacueta paBHOBECHBIX IMapaMETpOB MOJ0coBOM nomeHHoN crpykTypsl (IIJIC) B
wienkax JKUI co cnaboit anuzotponueit (Q<1) ucnons3zyeTcst mpocTasi MOJIeNb, B paMKaxX KOTOPOit
IUDIOTHOCTh MAarHUTHOM DSHEPIMM COCTOUT M3 CYMMBbI IUIOTHOCTEH DJHEPrMMl MarHUTHOU
AQHU30TPOINH, MATHUTOCTaTUYECKOW M JTOMEHHBIX I'paHull. MUHMMM3AIMs IUIOTHOCTH MarHUTHON
OSHEPIrUH INPUBOJUT K CHCTEME HEIMHEWHBIX YPAaBHEHWM /I PAaBHOBECHBIX 3HAYEHUM IepHOJa
JIOMEHHON CTpyKTypel W yria 6o. B 3Ty cucremy ypaBHeHMH B KadecTBE MaTepUalbHBIX
napaMeTpoB BXOIAT (akTop kadectBa Q M xapakrepuctudeckas jamuHa odpasna lo. B mepemenHbIx
Q — h paccuurana ¢aszoBas auarpamma, 3agarolias JUHAK KPUTHYECKUX 3HA4YeHHH Nc TommmH
wieHku h, mpu koropeix cymiectByeT [1JIC. Beiiie 3Toi JMUHUM CYHIECTBYIOT OTIMYHBIC OT HYJIS
3HayeHus yria 0o u, ciaenosarenbHo, cymectByeT ITJIC. Huxke 3Toil JTMHUM BO3MOXHO TOJBKO
COCTOSIHME OJJHOPOJHOW HAMATHUYEHHOCTH.

B cnydae meprosoB AOMEHOB, OOJIBIIMX 1O CPABHEHHUIO C TOJIIMHOM IUIEHKH, MOIY4EHO
AQHAJIUTUYECKOE BBIPAKEHHUE JUIS 3aBUCUMOCTH INEPHOJA JOMEHOB OT TOJIMHBI IUIEHKH. OTa
3aBUCHUMOCTh HMEET DKCIOHEHLMAJIbHBIM XapakTrep. PaccunTaHbel M TIOCTPOEHBI KpHBBIE
HamMarHuyuBaHuss M Kkak (yHKUMM TOJNIIMHBI TUJIEHKH TPH Pa3IMYHBIX 3HAYEHUSX (QakTopa
kagectBa Q. DTH KpHBBIE JEMOHCTPUPYIOT YMEHBIIEHHE KPUTHYECKOW TOJIIIMHBI IUICHKH C
yBenuueHueM Q. Takas e TeHAEHINS HaOI0JaeTCsl M [UIT KPUTHYECKHUX YTII0B 0o.

PaccmorpenHas Mozenb  I03BOJIAET  NPOBOAUTH  JETAJbHBIM  aHAIU3  IPOLIECCOB
HAMarHW4YUBaHUSI B TOHKUX (EPPOMATHUTHBIX IUIEHKAX, a TaKKe BBIYUCIATH PaBHOBECHbBIE
IapaMeTpsl OJOCOBBIX JOMEHHBIX CTPYKTYP.

1. bobex 3, Hena Tope J. {ununopuuecxkue macHumuvle domerwvl, M: Duepeus, 1977, 197 c.
2. Koblischka M.R., Wijngaarden R.J. // Supercond. Sci. Technol, 8, 199 (1995).

3. Skidchenko E., Butorina A., Ostras M.,et. al. // Sensors, 23, 4256, (2023).

4. Huxonaenxo IO.M., Myxun A.5., Me3un H.U. Il ®TBJ, T.33, Nel, C.86 (2023).
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CMEIHEHUE XAPAKTEPHBIX TEMIIEPATYP METAMATIHUTOCTPYKTYPHOI'O
DA30BOI'O IEPEXOIA B OBOFAH_[EHHOM HUKEJIEM CILIABE 'EMCJIEPA
Nis72Mnaislnii2

Koganée O.E.%, I'onoeuan A.B.Y, Benuuxo /I.P.Y, Hupkoe H.IO.., Illesenésa A.B.
Caghonoe P.A.', Mawupoe A.B.?, Mumiox B.U.2
onenxuii hpusuko-TexHmdecknii ”HCTHTYT UM. A.A. Tankuna, r. JloHenK
2MHCTUTYT paJMOTEXHUKH 1 d1eKTpoHuku uM. B.A. Korensaukosa PAH, r. Mocksa
SHITL] HAH Benapycu o MaTepuanoBesieHnio, r. Munck, benapych
oleg_kovalev_2018@mail.ru

B nannoil pabore uccienyrorcs (a3oBble mepexonbl B 0OOraméHHOM HUKEIEM CILUIaBe
['eiicnepa Nis72Mnz1.6In11.2. B JTAHHOM CILIaBE HaOJIrogaercs «CITUBLLIUUACS
METaMarHUTOCTPYKTYpHbIN (a3oBelii nepexox (MMC®II), B kotopom Ttemneparypa Kropu
ayCTEHUTHOM (a3bl pacmoiokeHa OJIM3KO K TeMIlepaTypaM MapTeHCUTHOTO Mepexoa. ITo, B CBOIO
ouepelb, BIUSCT Ha XapakTep (a3oBbix nmpeBpameHuid. [Ipu yBenmueHnn MarauTHOTO 1o ot 0 1o
1Tn wHabmomaercss cMmelleHHe XapakTepHbix TemmepaTyp MMCOII ¢ monoXUTeNbHBIM
ko3 dunmrentom uyBcTBUTENbHOCTH (K) K MarHutHOMYy moji0. B momsax cBeime 1 Ta 3nak K
MeHsieTcs. Tak, HampuMep, TemIrepaTypa Hauana MapTEHCUTHOTO MPEBpaIleHUs MPU MPUIIOKEHUN
MarHUTHOTO IMOJIs yBeau4yuBaeTcs Ha 3HaueHue Kus = 13 K/Tn B marautHbix mossix ot 0 g0 1 Tnu
ymenbiaercs Ha kms = -0.8 K/Ti ot 1 10 13 Ta (110 1aHHBIM HHTEPIOJSIKA pHC. 1).

CornacHo JaHHBIM JIUTEPATYpPhl, B CIUIABE
«e_Nigz ,Mn3, ¢ln;, , annealing 1173K 24h NisoMnasslniss  [1]  mo  EDX-amammsy ¢
N pazaenbHbiM - MMCO®OIT kums = 10K/Tn B
AN :81335} T MarHuTHBIX noyssx oT 0 mo 1 Tin u kms = -3+
‘ 6 K/Tn or 1 mo 12 Tn. B pabote [2] B crutaBe
Niso3sMnazglnise ¢ pasmensasiv MMCOIT npu
Ms = 210 K kms = -11 K/Tm ot 1 go 12 Ta. B
pabote [3] B crutaBe NispMnszsslniss mo EDX-
aHAIM3y B  MEUIGHHO  OXJIQXJIEHHOM  CO
cmumumces MMCOIT kvws = 10K/Tn B
MarHATHBIX TMOJAX OT O mo 1 Tm m kms = -3+-
0 - - - - - - | 6 K/Tn or 1 mo 13 Tn. B pabote [3] B cruiaBe
50 100 150 200 250 300 350 400 NisoMnzssiniss mo EDX-ananu3y B 3akajieHHOM
Temperature, K co cmuBmmmmMcs MMCOIT kus = 6.6 K/Ta B
Puc. 1. 3HaueHNe HAMATHMYEHHOCTH 0Opasna  MarHuTHRIX 1mojaXx oT 0 mo 1 Tm m kws = -3+
Nis72Mn3z16In11 2 B MarautHbIX onax 0.155u 6 K/Tn or 1 no 13 Tiu. IloBenenue ¢ nepemeHoin
0.97 Tx B 3aBHCUMOCTH OT TEMIIEPATYPBHI. 3HaKa CMCIUEHHUA XapaKTEPHBIX  TEMIEPATyp
npucyiie Takke u coemuHeHusM Ni-Mn-In,
JETUPOBaHHBIM KoOambTOM [4]. 3HaueHue ko3(duIMEHTa YYyBCTBUTEIHHOCTH OOOTAIIEHHOTO
HUKeJIeM 00pasiia COMOCTaBIUMO C MEJIEHHO OXJIaKIEHHBIMU 00pa3iaMu, KOTOPhIE MPETEePICBAIOT
cauBmmiics MMCOII.
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Chernenko V.A., Cesari E., Salas D., Lazpita P. et al. // Appl. Phys. Lett., V.102, P.071904 (2013).

Krenke Th., Duman E., Acet M. et al. // Phys. Rev. B, V.75, P.104414 (2007).

3. Barandiaran J.M., Chernenko V.A., Cesari E., Salas D., Gutierrez J., Lazpita P. // J. Phys.:
Condens. Matter, V.25, P.484005 (2013).

4. Recarte V., Pérez-Landazdbal J.I., Kustov S., Cesari E. // J. Appl. Phys., V.107, P.053501

(2010).
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Koneoos B.B.'|Banvkos B.H)% Bemowko II.M.Y|Illaspos B.I'.},| Cycnoe /.A.%, oiimanos B.J1.3*
'Nucrutyr paguorexuuxu u snexrponuxu uM. B.A.Korensuukosa PAH, . Mocksa
ZHOHeuKHﬁ (UBUKO-TEXHUYECKUI MHCTUTYT UM. A.A. ["ankuHa, r. JloHenk
SMI'TY um. H.D. Baymana, r. Mocksa
“MICTIM um. H.C. Enukosnonosa PAH, r. Mocksa
victor_koledov@mail.ru

ITouck HOBBIX TBEPAOTENbHBIX MATEPHAIIOB, IPOSBIIAIOLINX CHIIbHBIE Y3PPEKTH U3MEHEHUS
GOpMBI M DHTPONMU TOA JACUCTBHEM (DHU3MYECKHX TOJIeH HAIeIeH Ha OOHApY)KEHUE HOBBIX
¢usnueckux 3PGEeKTOB M HA CO3JAHUE IPOPHIBHBIX TEXHOJIOTMH B O00JIACTSIX CEHCOPHKH,
CIMHTPOHUKH, MHKPOCHCTEMHON TEXHUKH, KaJOPUTPOHMKH u Jp. Hawmbonpmme >¢dexTs
U3MEHEHUs CBOMCTB HalmonaroTest BOIM3M (pa3oBbix nepexonos (PII), 3To kacaercs Kalopu4ecKux
3 PEeKTOB (MarHUTO-, AIMEKTPO-, ANACTOKATOpHIecKoro 3¢pdexroB), apdexra mamaru Gopmsr U ap.
B marepuanax, B KOTOpBIX IIPOTEKAIOT HE OJMH, a J1Ba u 6oinee PII, BciencTBue B3auMoaecTBUs
MOJICKICTEM MOTYT UMeTh MecTo 3¢ dekrsl B3aumuoro BiusHus OII. Bzaumoneiicteue ®I1 moxet
OPUBOAUTH K  MAaKCUMaJbHOM  BeluuMHE (YHKIMOHAIbHBIX CBOMCTB. Hampumep, B
MHTEpMETATNYeCKUX cruiaBax [eiicnmepa NizMnGa BciencTBue B3aUMOICHCTBUSL YIPYrod W
MarHUTHOH MOACUCTEM HAOII0AAETCs CUIbHOE B3aUMHOE BIMSHME MAarHUTHOI'O Iepexo/ia 2-ro poja
(rouka Kropu) u TepMOympyroro MapTEHCUTHOro Imepexoaa. B pesynprate, mnoabOupas
KOHIIEHTPALMX KOMIIOHEHTOB B COCTaBE MHTEPMETAIIN/IA, MOXKHO JOOUTHCS COMMMKEHUS U CIUSHUSA
CTPYKTYPHOTO  MapTEHCHTHOTO M  MarHUTHOro  (pa3oBBIX  TIEpEeXOJOB B  CIUHBIN
MarHUTOCTPYKTYpHbIH PIT 1-ro pona [1]. Cnusaue ®II MoxeT mpUBOAUTE K ycUIIeHHIO 3¢ dekToB
M K TOBBIIICHUIO UYBCTBUTEIBHOCTH K TMIOJNIO, Kak 93TO, Hampumep, HaOIogaercs Mpu
MarHUTOCTpykTypHOM DIl B coenuHenun MnAs, B KOTOPOM TMTaHTCKMH MarHUTOKAJIOPUYECKUI
abdext (MKD) B H30TEpPMUUYECKOM PEKUME MUMEET PEKOPIAHOE ISl TBEPIOTEIHHBIX MaTEPHAIIOB
3HaueHue [2].

B [3] npu m3ydyennn cruaBa ['eiicnepa Ni2 07C00.090MnNo.g4Ga ¢ MAPTEHCUTHBIM ¥ MAarHUTHBIM
@I, koTopble HAOMIOAAIOTCS MPH OJIU3KUX TeMIepaTypax, Obul 0OHAPY)KEH HEOKUAAHHBINA 3 et
CHWJIbHOM yacToTHOM 3aBucuMocTH MKD. UccrnenoBanue AMHaMHUKM HaMarHWYeHHOCTH BOJIM3HU
toukn @Il B Hacrosiee BpeMsl OYEHb AKTyallbHO, TaK KaK C (yHJaMEHTAJbHOW TOYKU 3pEHHUs
BOIPOC HE MOKET OBbITh PEIleH B paMKax TPaJAMIMOHHOTO MOJAX0/a Ha OCHOBE ypaBHeHHUs JlaHnay-
Jlupmuna u3-3a TOro, YTO MOAYJIb BEKTOpPa HAMAarHUYEHHOCTH HE SBIISETCS MOCTOSHHOU
BennunHo# BOIM3u PII. C npukiaaHoN TOUKHM 3peHusl TMHAMUKA U3MEHEHUS! HAMarHU4eHHOCTH U
SHTPONMM MaTepHaja B IEPEMEHHOM WM MMITYJIBCHOM I0JI€ YPE3BbIUAHO Ba)KHA, TaK KAaK OHA
ornpezenseT ObICTPOJEHCTBUE aKTIOATOpa WM MOIIHOCTb TBEPIOTENbHOM TEIIOBOM MAaIIMHBI, Ha
ero ocHoge. SIBnenue B3aumoseiictBuss DI HabmogaeTcs Takke B AMIICKTPUUECKUX MaTepHaiax.
HenaBHO Ha OCHOBE pe3yibTaTOB KCIEPUMEHTAIbHBIX MCCIEIOBAHUI MOBEICHNU MarHUTHBIX (a3
YaCTMYHO 3aMEIICHHBIX peako3eMenbHbIX  (eppuroB rpanatoB (BiYLu)s3(FeGa)sO12 w
(BiGd)3(FeGa)sO12 BOMM3M TOYKM MATHUTHOW KOMIICHCAIIMM B CHJIBHBIX MArHUTHBIX TIOJISX
npeiokeHa (PeHOMEHOJIOTHYecKass MOJIeNb, BKIIIOYAIOIasi BHIPAXKEHUS Uil CBOOOJHOW PHEPTruu
¢da3 ¢deppruMarHeTvka B 3aBUCUMOCTH OT BHemIHero marautHoro nossg H u temneparyper T [4].
Pacuer mo M™oxmenu o0bscHseT ocobeHHocTH (azoBoit T—H-guarpammbel M moBeneHHE
HEKOJJIMHEapHO! (a3pl Ha OCHOBE YyueTa Hapampolecca, TO €CTh B3aWMOBJIMSIHHS CIIMH-
nepeopueHtannonHoro ®II u touku Kropu.

Paboma evinonnena 6 pamxax 2oczaoanusi UPD um. B.A.Komenvnuxosa PAH (FFWZ-2024-0007).

1. Vasil’ev, A. N., Bozhko, A. D. et al. I/ Phys. Rev. B, V.59, No2, P.1113 (1999).

2. Koshkid'ko, Y. S., Valkov V.I. et al. // J.Alloys.Comp., V.798, P.810 (2019).

3. Aliev, A. M., Batdalov A.B.// J. Alloys.Comp., V.676, P.601 (2016).

4. Cycnos JI.A., Lllaspos B.I". u op. Il XKypnan paouosnexkmponuxu. Ne 11, C. 12. (2024).
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TEILNIOEMKOCTbD, TEMIIEPATYPA JJEBASI U MATHUTHBIE CBOMCTBA
PEAKO3EMEJIbHOI'O COEIMUHEHUS DyNi2

Kysneuos A.C., Mawmupos A.B., Konecoe K. A.
OI'BYH «MHCTUTYT pagroTeXHUKH U 31eKTpoHuKU uM. B.A. Korensuukosa» PAH, r. MockBa
kuznetsovalserg@gmail.com

OnHuM U3 Hanbosee NoJIe3HbIX MHCTPYMEHTOB UCCIIeI0BaHUS MarHUTHBIX CBOMCTB TBEPABIX
TCJI U, B 4aCTHOCTH, CO€I[I/IHCHI/II71 Ha OCHOBC PCAKO3CMCIIbHBIX 3JICMCHTOB ABJISAIOTCA U3MCPCHHA
TEIIOEMKOCTH.

B Hacrosdmein pabore NpoOBEAECHbI

UCCIIEI0BaHMS TEPMOIMHAMHYECKUX U 2

MAarHuUTHBIX CBOMCTB NOJUKPHUCTAIIIMYECKUX DyNi2

00pa3loB OMHAPHOIO HHTEPMETAIINYECKOTO 40 ©p=242K 3

coeaunenusi DyNiy. - y=35.5 mJ mol" K
[Momukpucramnueckue oopasisl DyNiz E‘ 30l

ObUTM  CHMHTE3UPOBAHBI METOJOM JYrOBOM S

IUIaBKM B aTMocdepe aproHa, Kak ObUIO E 55

omucano  panee B [1].  HM3mepenus -

TEMIIOEMKOCTH BBIIOJIHEHbI HAa YHUBepcanbHoit O Cot

YCTaHOBKE NIl  U3MEpEeHUs  (U3HUECKUX 10 P " Cetepn

cBoiicte  PPMS-9T Quantum Design npwu Crnag

KPHOTCHHBIX TEeMIlepaTypax B IHala3oHe oot | . . : :

temneparyp ot 5 K o 70 K 6e3 npunoxenus 0 10 20 30 40 50 60 70

BHEIIHEro MarHuTHoro mond. IIpoBenenue Ty &

HMSMCEPCHHH — OCYIICCTRIANOCE B POXHME Puc.1. TemnepatypHoe pacripeneneHue

OXJTAXKICHUSI.

. TEIJIOEMKOCTH 00pa3ioB coenuHenus: DyNi
[To pesynbratam wu3Mepenuit (puc. 1)

oOHapykeHa A-aHOMaJWs, BO3HUKaromias mnpu Ttemmeparype Tc = 20 K, 49to cooTBeTcTByeT
MarHuTHOMY QazoBomy nepexoay (PII) uz napamarautaoro (IIM) cocrosiHus B peppOMarHuTHoOE
(®M) ynopsimouenne u xapakrtepHo s PII 2-ro poxa [2]. Ucnons3yst pe3ynbTaThl U3MEpEHU
Cp(T) xommuecTBeHHO omnpeneneHbl AeKTPOH-HOHOHHBIH Cel+ph(T) 1 MarHUTHBIA Cmag(T) BKITa/BI B
MOJTHYIO TETUIOEMKOCTh METAJTMYECKOW CHUCTEMBI. DIIEKTPOH-(OHOHHBIA BKIJIAJ B TEIJIOEMKOCTbH
oTpeneNsIcs TUHeHo komOunanuen ¢pynkuuit Jlebas u 3ommepdensa:

T 0p/T x*e*
Cetvpn = YT +9NR (o) [ 55 d. ®

KoapduuneHT »IeKTpoHHONH TEIIOEMKOCTH 7Y ONpEAeieH IyTeM O3KCTParosliuu
SKCTIepHMEHTANBHBIX JaHHBIX B obmact T < 10 K u cocraBun 35.5 mJlx/moms K2, Tlyrem
anmpokcumaruu ypaBHeHneM (1) xpuBoii Cp(T) temmeparypa JlebGas Obuia HaiiieHa paBHOU
® =242 K, 9t0 XOpomio corjacyercs ¢ JMTepaTypHbIMU UcTouHUKaMu [3]. C ucnoian30BaHHEM
TemIiepaTypHoro xoja KpuBOH Cmag(T) ompeneneHa »HTpoOmHs MarHUTHOM MOJCHCTEMBI Smag,
BENMYMHA KOTOpOH TpH HachlleHuu cocTaBuna 15.6 JIx/mons K™, uro me mnpesbimaer
TEOPETHYECKOTO MaKcHManbHOTo 3Hauenus 23 Jx/momb K Bo Bcem nmamaszome Temmepartyp,
ToTydeHHoro s HoHoB DY®* ¢ BenmumHOI MOTHOTO yriaoBoro MoMeHnTa J = 15/2.

1. Kysneyos A.C., Mawupos A.B., Anuee A.M. u op. // PMM. 2022. T. 123. Ne4. C.425.

2. C:wik J., Koshkid ko Yu.S. et al // Acta Mater. 2017. V. 133. P. 230-2309.
3. Cwik J. etal /] J. Alloy. Comp. 2010. V. 506. P. 626—630.

53


mailto:kuznetsovalserg@gmail.com

N /Lo
\

ﬁ Maznumnuwle aenenus

VJIK 548:537.611.44

OBJIACTH CYHIECTBOBAHUA TBEPJIbIX PACTBOPOB Mn(Co)ZnSb u Mn(Ni)ZnSb

TI'ypoanosuu A.B.*, Mumiok B.U.', bapaiimyx C.M.?, Tkauenxo T.M.?, 'onoeuan A.B.°,
[Banvkoe B.U3, Anuxees C.I'*

'Hayuno-npaxtuueckuii nentp HAH Benapycu no MatepuanoBeienuio, r. Munck, benapych
?BenopyccKuii roCyIapCTBEHHBIN arpapHbIi TeXHUYECKHil YHUBEPCHTET, T. MuHck, benapychs
3 lonenxuii pusuko-TexHMIeckuii MHCTUTYT UM. A.A. [ankuna, T. JloHenk
*Tomckuit I'ocynapcTennsblii YanBepeuret, T. ToMck
gurbanovic@gmail.com

B pabore ObutM moOCTaBiEHBbI 3aJa4d CHHTE3a aHTHUMOHWAA wmapranma MnZnSb c
3aMelIeHIeM Maprasila Ha aTOMbl HUKETS U KOOalibTa, a TAK)Ke UCCIIeI0BAaHUSI MATHUTHBIX CBOMCTB
MOJTYYCHHBIX MaTEPHUAJIOB C LIEIBIO BBISIBICHUS MIEPCIIEKTHB UX MPAKTHYECKOTO TPUMEHEHHUS.

B OCHOBY
TEXHOJIOTMYECKOW  METOIUKH
MOJTyYeHUs TBEPABIX i
pactBopoB Mn1xCoxZnSb u 600
Mn1xNixZnSb co crpykrypoit i
tuna CuzSb Obuta moJOXKEeHa
anpoOupoBaHHAs panee
TEXHOJIOTHS MOJTyYCHUS
U30CTPYKTYPHBIX TBEPJBIX
pacTBOpoB Ha OCHOBe MnaSh
[1-2], omTumu3HMpoBaHHas B
npoiiecce paboThl TUTSt
UCCIIEyEMBIX 00OBEKTOB.
O6pa3ibl MOJTy4Yau
METOJOM PSIMOTO
CIIJIaBJICHUSA B3ATBIX B 150
HEOOXO/IMMBIX PAaCCUUTAHHBIX
KOJIMYECTBAaX U  TIIATEIBHO i
NepeMelIaHHbIX  MOPOIIKOB Mnj 4Cog 1ZnSh

0 1 i i 1 |
Maprasiia, KoOaibTa, HUKEI, n 30 40 50 50 70 80

LUHKA U CypbMBI.
PenTrenorpagpudeckuii 20 (deg)

aHau3 nokasall, 4To .
omHodazHble  0o6pasibl B Puc.1. Pentrenorpammsl  TBepabIxX pacTBOpoB MngoNio1ZnSb u
npefenax — TeTparoHalbHOM Mno.sC001ZnSh.

¢a3er Tuma CuzSb BO3MOXKHBI TOJIBKO TIPY HE3HAYUTEIFHOM COJICPKAHNH 3aMEAOIINX KOMITOHEHT
~10 ar.%. bonee BbICOKME COAEpX aHUSA 3aMELIAIOIINX KOMIIOHEHT MPUBOJAT K TOSBJICHUIO HA
pPEHTreHorpamMMme,  COOTBETCTBYIOIIEM  CTPYKType tuna  CuzSb,  JOMONHUTENHHOTO
MaJIOWHTEHCHBHOTO THKa. TakuMm 00pa3oM CHHTE3UpPOBaHBI TBepable pacTBopbl Mni1xCoxZnSh,
0<x<0.1 u Mn1xNixZnSb, 0<x<0.1. ITpoBemeHHBIE MarHUTHBIE HCCICIOBAHMS I[OKA3aJld, YTO
YaCTUYHOE 3aMEIICHWE MapraHlla Ha HUKeIh W KOOAIbT  CHIDKAeT BEJIMYUHY YACITbHOU
HAMarHWYEHHOCTH 00Pa3IloB.

(112)

Radiation CuK,

(002)

)

o

3
(020)

(110)

(8%
(]
o

T
(101)

(111)

Intensity (a.u.

(102)

1. Ryzhkovskii V.M., Mitsiuk V.I. // Inorganic Materials, V. 46, No6, P. 581-586 (2010).
2. Pankratov N.Yu., Mitsiuk V.I., Ryzhkovskii V.M., et al. // JIMMM , V. 470, P.46-49 (2019).
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AHU30TPOIIHBIE MAI'HUTHBIE XAPAKTEPUCTHUKH IVIEHOK
KEJIE3OUTTPUEBOI'O I'PAHATA CIIEHUAJIBHOU ®OPMbI

Myxun A.b., Hukonaenxko FO.M., Me3un H.U., /I[pacynos U.E.
OI'BHY «/loneukuii Gpu3NKO-TeXHUYECKHA HHCTUTYT UM. A.A. ankunay, r. JloHenk

nik@donfti.ru

AHH30TPONIHBIE XAPAKTEPUCTUKH, MPOSBIISIIOLIMECS B MPOLECCE HAMATHUYMBAHUS IJICHOK
xenezoutrtpueBoro rpanara (QKUI'), oOycioBiIeHb KOHKYpPCHIIMEH SHEPreTUYECKMX BKJIAJIOB,
CBS3aHHBIX C MAarHUTOKPUCTAJUIMYECKOM W HaBEACHHOM aHU30TPONMUSMH, a TaKkKe C
MarHUTOHUIIONIBHBIM B3auMoieiicTBreM. [locieHee MOKHO yuecTh MOCpecTBOM (hakTopa popMmBl,
KOTOPBI 00YCIIOBJIEH KOHEYHBIMU pa3MepaMu o0pasiia.

B mporecce HaMarHMYMBaHUA TUIGHOK B (hopMe NMCKa MOCTOSHHBIM BHEIIHUM mojiem H
MPOUCXOIUT TOCTENEHHBI MEepexo]l OT JAOMPUHTHOW CTPYKTYphl K IIOJOCOBOM U 3aTeM K
MOHOOMEHHOH [1]. B muieHkax mnpsMoyroipHOW (GOpMBI C OOJBIIUM OTHOIICHHEM pa3MEpoB
JUIMHBL K mupuHe L/d>6 nabupuHTHas CTPYyKTypa HE pEalM3yeTcsi, a IOJIOCOBBIC JTOMEHBI
BBICTPAUBAIOTCS BJIOJIb HAIIPABJIEHUS JJIMHHOM CTOPOHBI IUIEHKH.

Ecnim  BHemHee  MarHMTHOE — TIOJIC (MII),
koiumHeapHoe BY-momto h, HampaBieHo BOJIb JTHHHOM h HyLh(3)

CTOPOHBI IUIEHKH (puc. 1), mepexogq K MOHOIAOMEHHOM OTH

CTPYKTyp€ MPOUCXOJUT MYTEM MOCTENEHHOI0 pocTa 0ObeMa
HHEPreTUYECKU BBITOJIHBIX JIOMEHOB 3a CUET HEBBITO/IHBIX 0€3
VU3MEHEHHUs HalpaBJIeHUsI HAMarHWYeHHOCTH B JOMEHax.
Hao6opor, eciu BHEIIIHEE MII OPUEHTHUPOBAHO
neprneHauKyisippo BU-momto, To mpolecc HaMarHU4MBaHUS Puc.1. Kondurypanus MIT
HAQYMHAETCA C Pa3BOpPOTA IIOJOCOBBIX JIOMEHOB BJOJb MOJsS. MBI KOHTPOJIUPYEM IIpOLECC
HaMarHWYMBaHUS IUIEHKH METOJOM aBTOJ/IMHA, KOTJa IUIEHKA UCIIONIb3YETCs B KAUeCTBE CEeplIeUHHKA
KaTyIIKH PE30HAHCHOIO KOHTYypa aBToreHeparopa. Ilpu 3ToM m3MeHeHue 4acToThl reHeparopa B
OCHOBHOM OTIpeJIeNseTcsl BEMYMHON MaTHUTHON MPOHMIIAEMOCTH cepednuka (mienku) u~F2. Ha
puc. 2 mpexacrasied Bua MII-3aBucuMocTeil MarHUTHOM BOCHPHUMMYMBOCTH IUIEHKH JUISL TpeX
NOJIEBBIX KOH(UTypaIHii, MOKa3aHHBIX Ha puc.l.

Hy| k()
/
H,LhQ)

W3 pmaHHBIXx Ha pHC. 2 BHJIHO, YTO Ha
HayvaJIbHOM 3Tane KpuBble 2 U 3 ¢ yBenuueHuem MIIT
MMOKA3bIBAIOT POCT MArHUTHON BOCIPHUHUMYHBOCTH.
1.0 Takoe moOBeZICHUE COOTBETCTBYET MPOIIECCY MOBOPOTA
noMeHoB Ha 90° Bmonb moisa. Ilocie pocTHKeHUS
MakCUMyMa BOCHPHUMYHMBOCTH Ha KpuBbIX ¥ (H)
HaOII0JaeTCs nporiecc, COOTBETCTBYIOIIUH
(bOpMHPOBAHHUTO MOHOJIOMEHHOM CTPYKTYPBI
(cocrosstHue  HachilieHus1). [Ipuuem  cocTosHHE

0'0‘6 2 ” » 5 100 HACBIIIEHUST  JOCTHTaeTCs B  Pa3HBIX  BHENIHHUX
MarHUTHBIX TOJISIX B 3aBHCHMOCTH OT KOHQUTYpaIUH
H, Oe
. mexxny H u h. MunumansHoe 3Hauenune H=20 Oe
Puc.2. MII-3aBUCMMOCTH MarHUTHOM
HaOmonaercs st konpurypauu H || h. dns cyyaes

BOCIIPHUUMYHUBOCTHU
H 1 h Bemnumna moms HaCbhIIICHUA 3HAYHUTCIBHO

x* , a.u.
N

0,5

BBIIIIE, YTO OOBSICHSACTCS (POPMOH TUICHKH.

1. Huxonaenxo FO.M., Myxun A.B., Mesun H.U. || ®TB/], T.33, Nel, C.86-92 (2023).
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BJIMAHUE OPUEHTAIIMU B MAT'HUTHOM ITOJIE U PABMEPOB IIVIEHKHN
OEPPUTA-I'PAHATA HA EE BBICOKOYACTOTHBIE XAPAKTEPUCTHKH

Henouamuix I0.U.
OI'BHY «/loneukwuii Gpu3nKo-TeXHUYECKH HHCTUTYT UM. A.A. ['ankunay, r. Jlonenx

nepo@bk.ru

B  pesymprare  xmmumueckoro  crpaBiauBaHus  (111)-opueHTHpOBaHHOW — IUICHKH
xkenezouttpueBoro rpaHata (OKUI) no rtommumuel menee 0,3MKM B HEW MPOSIBISIOTCS HOBBIC
BBICOKOYACTOTHBIE XapaKTEPUCTUKH, KOTOpPhIE HE OOHApPYKMBAJIUCh B 00Jie€ TOJICTHIX IUICHKAX.
[TostBisIFOTCSL OTJIMYMS HA 3aBUCUMOCTH BOCHPUMMYHUBOCTU OT NEPIEHIUKYJISIPHOTO K IJIOCKOCTH
IUICHKU TIOJIs, @ B HYJIEBOM €ro 3HAa4eHWHM BO3HUKAeT HOBBbIM Oonbinod muk. [Ipenmonararorcs
OTIMYUS B MAarHUTHOM cTpykType [1]. U3menenust popmMbl 1 pa3mMepoB B IIIOCKOCTH 00pa3ia Takxke
MMEIOT CYLIECTBEHHOE 3HaueHue [2].

Bnusiaue opueHTalMM B MarHUTHOM TIOJIE M Pa3MEpoOB IUICHKH (eppuTa-rpaHata Ha ee
BBICOKOYACTOTHBIE XapaKTEPUCTUKU HM3YyYEHO C MOMOIMIbIO KOHTPOJS HECKOJBKUX MapaMeTpoB
aBTOJIMHA, B M3MEPUTEIbHYIO KaTyIIKy KOTOPOTO IOMEIaics uccileayeMbiii obpazen [3].
MHoromapamMeTpoBble HU3MEpPEHUsT MPUMEHEHbl [UIs pPAaCUIMpPEHUss CPEICTB OOHapyKeHUs
BO3MOXHBIX I(PPEKTOB M OOBSICHEHUS HMX pe3yibraroB. Ha puc. 1 mpuBeneHbsl 3aBUCHMOCTH
OTHOCUTEIIbHBIX U3MEHEHUN KOHTPOJIUPYEMbIX BETUYUH OT BHEIIHETO IOJIs, OpPUEHTUPOBAHHOTO 10
OJIHOMY U3 IIOCJIEJIOBATEILHOCTH a3UMYTOB B IIJIOCKOCTH TUIEHKH.

Puc.1. [ToneBwie 3aBUCUMOCTH

4yacToThl v aBToAuHa (4,993 — SMI'm) (1),
cymmapHoi B nuanaszoHe 50 — 300001
TITyOUHBI MOJIYJIALIAN aAMIUTUTYIbI
aBToMHa (2),koMnoHeHTOB o U [ (3,4) u
pPacCYUTaHHOTO u3 HUX MOJTyJIst
KOMIUJICKCHOW ~ BEJIMYUHBI  CHHXPOHHOTO
OTKJIMKA aMIUIUTY[bl aBToauHa (5) Ha
MOYJISIITUIO (330I'm) JTUHEHHO
HU3MEHSIOIIET0Cs BHEIITHETO oI,
OPUEHTUPOBAHHOTO B TUIOCKOCTH TUICHKH
KUI' Tonmmnoin 0,2 MKM

AA, Rel. units

T T T T

T
-20 -10 0 10 20
H, Oe

[Io 3HaueHUsIM NPUBEACHHBIX KPUBBIX PACCUMTBHIBAECTCS IIOBEICHUE BOCIPUHUMYHMBOCTH,
OTIpeNIeTISIeTCS] BO3SHUKHOBEHHE PE30HAHCOB W JPYrUX ocoOeHHOCTeil. B BeiOpanHOM st puc. 1
a3UMYyTe TOJS B MIIOCKOCTH TNIEHKH XOJ1 3aBUCUMOCTEH OJM30K JUIS CPaBHEHUS C UX MOBEJACHHUEM B
0ojilee TOJCTHIX IUIEHKax. B APYyrux OINpEACICHHBIX YCIOBUAX BBIABIIMIOTCA CYHICCTBCHHBIC
OCOOCHHOCTH, CBSI3aHHBIE C pa3MepaMd IUIGHKH W €€ OpHUEHTalueld B mojie; (PUKCHPYIOTCS
JOMOJIHUTCIIBHBIC OaHHBIC, HCIIOJIB3YCMbIC JJIA 00BICHEHUS MOBEACHHA BOCIIPUUMYHUBOCTH U
JeTaneil OpueHTAIIMOHHBIX ()a30BbIX IEPEXOJIOB.

1. llxape B.®@., Baproxun B.H. Il IDKT®, T.92, ¢vin.5, C. 3375 — 380 (2010)

2. Hukxonaenxo FO.M., Myxun A.B., Mezun H.U. Il @TBJ], T.33, Nel, C.86 — 92 (2024).

3. Henouamwix FO.U., Bapioxun B.H., Koneoog B.B., [llaspoe B.I'. // ®TB/, T.34, Ne4, C.55 — 62
(2024).
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MATHUTO®OTOHHBIN KPUCTAJLJI C MACCUBOM IOJIOC U3 CEPEEPA

Ocmanoe C.B., Muxainoea T.B.
Kpeivckuii penepansubiil yauBepcutet umMenn B.U. Bepranckoro, r. Cumdeponosnsb
osmanovftil@mail.ru

B pabote mpemnaraercs marautodotoHHbIH Kpuctamwn (M®PK), B KOTOpoM peann3oBaHO
rubpunnoe cocrossuue TammoBckoro (TIIIT) m moepxnoctHOro (IIIIIT) MIa3MOH-TIOISPUTOHOB.
st cozmanust THOPUIHOTO COCTOSIHUS HCIIONIB3YETCSl MAaCCUB TIOJIOC U3 cepedpa.

MopaenupoBanne MPK npoBoauiock B
MakeTe MPHUKJIATHBIX IPOTpaMM, allfOPUTM KOTOPOTO
MOCTPOEH HA METOJIe KOHEYHBIX PA3HOCTEH.

MO®K o6magaer (QOTOHHOW 3ampenieHHON
30HOM, KOoTopas dbopmupyercs Onmarogaps
nepuoauyHO uepenyromumes cinosam [1, 2]. Oxaum
U3 CJOEB, 3a/laBaeMbIX TIPU  MOJIEIHPOBAHUH,
SIBIIICTCS. MATrHUTOAKTUBHBIM BHCMYT-3aMEIICHHBII
beppur-rpanar  (Bi:YIG), KoTopelii  MMO3BOJISET
HaOmromate Marautoontudeckne 3ddexrer. MODK-

—— SI02/BIYIG8
—— Si02/BI-YiG]8/Ag

Faraday rotation, deg

b b N4 b &H B L A L o

KPHUCTAJUTBI YacTO MCHONB3YIOT JUis ycuieHuss MO- 500 0 1000
3(1)(1)CKTOB [3] Wavelength, nm
[SiO2/Bi:YiG]™/Ag, (1)  Puc.1. ®apaneesckoe Bparieane MOK ¢

[oJIocaMu U3 cepedpa u 0e3 HUX.
rae M — 3To KonuuyecTBO nap cioes B MOK, Ag — peop

CIIOM, TPEICTaBISIIONIMIA CcOOOW  uepeayromuecs
moJIockl 3 cepedpa. [lepruox monoc cepedpa cocrapusier S00 HM, mmpuHa moxoc — 250 HM.

Ha puc. 1 or4ernuBO BUAHO, YTO B OTCYTCTBHUE CTPYKTYPUPOBAaHHUS CEpeOPSHOIrO Clos
OTCYTCTBYIOT SIPKO BBIPQKCHHBIE PE30HAHCHBIE OCOOEHHOCTH, OJHAKO TpU JO00AaBICHWH Ha
noBepxHocTh M®K cepebpa BO3HMKAIOT ONTHYECKHE DPE30HAHCHI, KOTOPHIE COMPOBOXKIAIOTCS
yeunenneM >ddexra Dapanes. [lomoxkeHre pe30HAHCOB BO3MOXKHO KOHTPOJIMPOBATH, M3MEHSIS
reoMEeTpHYECcKUe MapaMeTpbl cepeOpsHbIX Mosioc. VHTepecHBIM SIBIISETCS TakkKe Haludue JIBYX
MPAKTUYECKH OJMHAKOBBIX IO aMIUIMTYAE PE30HAHCOB Ha JUIMHaX BoJH 650 m 679 um. Takas
CTpYKTypa no3Boisier ycuinutb 3pdext Papanes >40 pa3 (B cpaBHeHun ¢ MOPK co cruiomHbsiM
cioeMm cepebpa), OJJHAKO MMEET Psii HEAOCTATKOB B BHJIE CJIA0OW MPOMYCKHON CIIOCOOHOCTH H
CJIO’)KHOCTEH B CUHTE3E.

PaGora mommepxana Poccuiickum HayyHbIM  doHIOM  (mpoekT Nel9-72-20154,
https://rscf.ru/project/19-72-20154/).

1. Lyubchanskii I.L., Dadoenkova N.N., Lyubchanskii M.I. et al. // Phys. D: Appl. Phys. 2003.
V. 36. P. R277.

2. Inoue M. Magnetophotonic Crystals: Experimental Realization and Applications / M.
Inoue, A. V. Baryshev, T. Goto [et al.] ; M. Inoue et al. (eds.) // Magnetophotonics. Springer
Verlag Berlin Heidelberg. 2013. P. 163.

3. Mikhailova T.V., Berzhansky V.N., Shaposhnikov A.N. et al. // Opt. Mater. 2018. V. 78. P. 521.
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OBMEHHOE CMEIIEHME B SIIMTAKCUAJIBHOI IJIEHKE
KOMITEHCAIIMOHHOTO ®EPPUMATHETHKA (BiGdLuTm)3(FeGa)sO1z

Hpunenckuiit U.B.Y, Ipucancuiok A.B., Bemowxo IL.M.*, Ilonynsax C.H.*, benomenoe B.U.?
1O AOY BO «KpeiMcknii henepanbHblii yausepenutet uM. B. . Beprajckoro», r. Cumdepornoms
2dI'bOY BO «MockoBckuii rocyaapcTBenHbIH yHuBepcuteT uM. M. B. JlJomoHocoBay, . Mocksa

prilepskii.ivan@yandex.ru

KoHTpOb MarHUTHBIX CBOMCTB KOMIIEHCAIIMOHHBIX (PEppHUMAarHUTHBIX MaTepUaoB UIPaeT
KJIIOYEBYIO POJIb JUISl MX JAIbHEHIIEro MpakTHYecKoro mpuMeHeHus. B kadectBe oOpasua Oblia
HCCIIeIOBaHa SIMTaKCHalbHas TUIeHKa skee3Horo rpanara (BiGdLuTm)sz(FeGa)sO12 Tommmnoii 4.8
MKM, 00JIafaroniasi KOMIIEHCAlluel MarHUTHOTO M YIJIOBOTO MOMEHTOB. MarHuTHast KOMIICHCAIUS
0o0yCIIOBJICHa HAJIMYUMEM B COCJUHEHHH MAarHUTHBIX WOHOB TaJOJHMHMS, TYyIus M >Kejesa.
Pa3baBnenue peako3eMenbHON MOAPEIIETKH HOHAMU TyJIus ¢ §-pakTopoM, OTIMYAIOUIUMCS OT -
dakTopa S-MOHOB TafOJIMHHS U Kele3a, MPUBOAUT K BO3HUKHOBEHHUIO KOMIICHCAIUU YTIIOBOTO
MOMEHTA.

Temnepatypsl MarautHol Komnencauuu (Tm = 160 K) u Heens (Tn = 455 K) onpenenenst
0 MarHUTOONTHYECKMM TETIsAM rHucTtepesnca. Bmamm or Tm memm rucrepe3nca HMEIOT
CUMMETPUYHBIA BHJI, YTO COTJIACYeTCsl C MpEeIroyiokeHueM 00 ogHodasHOM (eppuMarHeTHke ¢
PaBHOMEpPHBIM paclpe/ieIecHHeM MarHuTHBIX HOHOB. Ilpm mepexome uwepes Tm mpoucxomut
pa3BopoT meriu (puc. 1, BcraBka cmpasa). [lpu 3ToM HabmogaeTcsi 3HAYUTENBHOE YBEITUYEHUE
ycpeaHeHHoH kodpuutuBHOM cuitbl (Hc) BOim3u Twm (puc. 1, kpacHsiii rpaduk).

Eme omuH sbdekTuBHBI Mmapamerp mneriaum — mnoje obmenHoro cmerenus (Hes),
XapaKTepu3yrollee TOPU30HTAIBHOE cMelleHre neTinu. Bennmunna Heg cymiecTBeHHO BO3pacTaer B
HEOOJIBIIIOM TeMIIepaTypHOM Juarna3oHe BOIM3M Twm M U3MEHseT 3HaK NpH mepexojne uepe3 Tm
(puc.l, cunmii rpaduk). 3Hak Heg BOmM3m Twm MoXxkeT OBITH U3MEHEH MyTeM BbIOOpa
TEMIIEpaTypHOTro  MPOTOKOJIA.

500 : 500
3aBHUCUMOCTH Hes(T), ; B 159K _ 167 |
IOJy4YeHHass B XOJ€ Harpesa 400 < o5 | | Ha0o
o0pasma, SBIsETCS 3epKaTbHBIM . % oo} ‘
300 : = | 4300
OTpaXEHUEM 3aBUCHUMOCTH, g o o flT 205} . 5
N o 1 -2 A VO B e 3
~ @ Eo S——
IOy CHHON B xoxne @ 200 . : 105 0 500 2500 0 so0 290 o
OXJ'IEI)KI[GHI/ISI. HpI/IBeHeHHaH Ha T O/ External field (Oe) External field (Oe) ] I
100 | PN 100
puc. 1  3aBucumocts  Hep(T) R S S S e e e o e o]
BOmm3u Tm momydeHa B Xofe ] e e —
HarpeBa oOpas3la M COBIAJAET . ~— .

1 R ; I L . I R I .
100 150 200 250 300 350 400

o0 3HaKy C 3aBUCHUMOCTBIO
Temperature (K)

Heg(T) mpu marpeBe B pabore
[1]. B cBowo ouepenb, BenmuunHa
Hes(T), mpoxomsmias depe3
Hy1b npu 1 =Twm, sBIsercs
cieacteueM M=0 npu sToM

Puc. 1. 3aBHCUMOCTB KOIPIIUTHBHOTO TOJIS
Hc = (HcL — Her) / 2 (kpacHbIe CHMBOJIBI) B OOMEHHOTO
cmemienns Heg = (HeL + HCRr) / 2 (cuHME CHMBOJIBI) OT
temriepatypsl T. HCL 1 Her — koapumTrBHas cuia B 001acTi
Temnepatype. OTPUIATENLHBIX U MOJIOXKHUTEIbHBIX MATHUTHBIX TOJEH

OOwmennoe  cMelenue COOTBETCTBEHHO. BeTaBka cripaBa — MeTiiu rucTepesuca
MeTM  MArHUTOONTHYECKOTO aGm3n To = 160 K.

rUCTEpe3rca 00yCIJIOBIIEHO

BJIMAHUCM CUJIBHO KOSPUUTHUBHOI'O MEPCXOAHOIO CJIOA HaA I/IHTep(beI\/'ICG IJICHKAa-IIOAJIOXKKaA. O,[[HaKO
TOJIIIIMHA ATOTO CJIOS Maja HAacTOJBKO, YTO HE OKa3bIBaeT 3aMETHOTO BIHUSHUS Ha (apajceBcKoe
BpallieHue.

1. Fita l. et al // Phys. Rev. B V.93, 184432 (2016).
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BAPUYECKHUE OCOBEHHOCTH MATHUTOCTPYKTYPHOI'O IIEPEXOJIA
B MATHUTOKAJIOPUUYECKOM CILIABE NiMnogoCro1:Ge
C IOHMWKEHHOMW TEMIIEPATYPOUM KIOPA

I'pubanoe U.®., I'onosuan A.B., Cagponos P.A., Kosanés O.E., Huipxos H.IO.,
OI'BHY «/lonenkuii puznko-rexHuueckuii HHCTUTYT UM. A.A. ["ankunay, r. JloHenk
romansafonovOS@mail.ru

Kak u3BectHo, cpeau cmiaBoB cucteMbl NiMn1xCrxGe, MO3UIHOHUPYEMBIX KaK «3EJIEHBICY»
MarHUTOKAJOPUUYECKUE MaTepualibl, Hauwlydline (yHKIMOHAJIbHBIE XapaKTEPUCTUKU HMMEIOT
TBepa0(a3HO 3aKaJeHHbIE CIIaBbl, OJM3KkKe 1Mo coctaBy K NiMnogoCro11Ge [1]. B atux crmmaBax
UMEET MECTO MarHUTOCTPYKTYPHBIM (ha30BbIN Mepexo]l MEepBOro pojia U3 BhICOKOTEMIEpPATypHOI
napaMarHuTHOH (a3pl ¢ TreKcaroHaJbHOW KPHUCTAJUIMUECKOW CTpyKTypoir THma Nizln B
HU3KOTEMIIEPaTypHYIO (heppOMarHuTHyIo a3y ¢ opTopoMONYECKOi KpUCTAIUINYECKON CTPYKTYpPOit
tuna TiNiSi, KOTOpblii M OOYCIOBIMBAET TOSBICHWE TUTAHTCKOTO MAarHUTOKaJIOPHYECKOTO
apdexra (MKDI) [1,2].

VYCTaHOBIIEHO, 4YTO TPHUHATHIA B JHUTEpaType METOA CHUHTe3a TaKhX MaTepUaloB,
BKJIIOYAIOIIUI TBepAoGa3Hylo 3aKajlKy OT TeMIepaTypbl roMoreHusupymouero orxura (850°C),
npUBOAMT K pa3bpocy temmeparyp Kropu B amanazone mpumepno 220<Tc<280 K 6e3 nmorepu ux
dbyHkoHanpHOU 3 dexTuBHOCTU. B HacTosIei paboTe momydeHsl 00pasibl ¢ moHmkeHHo Tc u
UCCIIC/IOBAHO BIIMSHUE [ABJICHUS HAa MAarHUTOCTPYKTYPHOE IIpEBpalleHHe B JTHX oOpasmax.

Pesynbrar
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Puc. 1. TemnepaTypHbIe 3aBHCHMOCTH HaMarHU4eHHOCTH ciutaBa ¢ X=0,11 mpu pa3HBIX JaBICHUSX.

225 T T T T T hlex(IPM)l T T
200 ] Puc. 2. daszoBasa P—T-nuarpamma
175 orth(FM) e ] uccnenyemoro criasa. PM, FM, HM -
= 150l cooling| COOTBETCTBECHHO MapamMarHuTHOE,
1251 —e— heating| | (dbeppoMarHuTHOE, TEeIMMArHUTHOE COCTOSHUS;
orth(HM+FM hex, orth — cooTBeTCTBEHHO rekcaroHajibHas U
wor o, ] opTopomMOUYecKas KPUCTaJUIMYECKUE

0123456 789101

CTPYKTYPHI.
P, kbar

Kak BugHO u3 puc. 1 u 2, 3aBUCHUMOCTh OT JAaBlieHHs TemmepaTyp nepexonoB hex(PM)-
orth(FM) wu mnpu oxjaxaeHuu, U TpPH HarpeBe o0O0pa3lloB SBISETCS HEMOHOTOHHOM,
4TO PE3KO KOHTPACTHUPYET C IOJYYEHHBIMH PaHEE MOHOTOHHO CHM)KAIOIIMMUCS 3aBHCHUMOCTSIMHU
Tc(P) anst ciryuast 60s1ee BoICOKO# Temrieparypsl Kropu [2]. YKa3aHHbBIE pa3indus CBI3aHbI, CKOpEe
BCET0, C MPOIIECCOM 3aKaJIKH (T.K. BapHAIlU¥ XUMCOCTaBOB HEBEJIMKH) U TPEOYIOT €r0 KOHTPOJIS.

1. U®. [pubanos, B.B. Bypxoeeyxuii, B.U. Banvkos, A.B. [onosuan, B.J]. 3anopooicey,

B.U. Kamenes, T.C. Cusauenxo. @TB/] 30, Ne 1, 83 (2020).
2. T. Jaworska-Golgb, S. Baran, R. Duraj, et all. J. Magn. Magn. Mater. 385, 1 (2015).
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®A3O0BbIE ITEPEXO/IbI B PEHIETKE HUJINHIPUYECKUX MATHUTHBIX
JAOMEHOB IIVIEHKHA ®EPPUTA-I'PAHATA
Cupiwk I0.A.Y, bezyc A.B. ', Kononenxo B.B.?
1®I'BOY BO «JloHenkHii rocy1apcTBEHHbIH YHHBEPCHTET», T. JIOHEIK
2OI'BHY «Jlonenkuii Gpusuko-Texauyeckuii uHCTUTYT UM. A.A. Tankunay, r. JJonenx
juliasiryuk@gmail.com

OKCIIEpUMEHTAJIBHO  UCCJIEJOBaHbl HMHIYyLIMPOBAaHHBICE MArHUTHBIM IIOJIEM CMEILEHUS
¢a3oBble mepexonbl B JABYX BHIAX PEIICTOK LWIMHAPUYECKUX MarHUTHBIX aoMeHoB: PII/I, —
paBHoBecHas U PII/l1 — HepaBHOBecHas. COOTHOIIEHUE YNCIIa BEPTUKAIBHBIX OJIOXOBCKUX JIMHUN B
JIOMEHHBIX IpaHulax 3tux pemerok N1>Na.

Pemerku LIM/I ¢dopMupyroTcst MMIyJbCHBIM MarHUTHBIM II0JIEM, HEPHEHAUKYJSPHBIM
TUTOCKOCTH TUICHKH. [Ipy 3TOM co3maercs CioKHasi TOMEHHAs! TpaHuIla, HMEIomIast OO0JIbIIOe YUCIIO
BepTUKANbHBIX O5oxoBckux JauHui (BBJI). [{nuna oxpyxuaoctu LIM/] orpanuumBaeT 4ucio JUHUI
broxa. Paccrosuue mexay nunusmu binoxa S = md/2N , rae d- amamerp IIMJI, N- uucno
o0oporoB cnuHOB. IIpu auamerpe 4-13 mxm makcumanbHoe 3HaueHHe N=90, 4TO COOTBETCTBYET
180 ymuausim broxa [1].

Ilenp paboThl — MOKa3aTh: MHAYLHUPOBaHHbIE (ha30BbIE MEPEXOJbl B JIOMEHHOW TpaHHLEe
BBI3BIBAIOT ()a30BBIE MEPEXOIBI B JOMEHAX, B pemerke LM/l 1 onpenensor BUI ATUX TEPEXO/I0B.

Jlns uccnenoBaHusl BbIOpaHa IUIEHKA € pa3BUTOW MOBepXHOCThi0 <111>, BblpamieHHas
METOIOM  JKHAKO(A3HOH  JNHUTAKCMU  HAa  TaJOJIMHUH-TAIUIMEBOM  TOJIOKKE  COCTaBa
(TmBi)3(FeGa)sO12. [Ipu komHaTHO# Temmeparype hakTop kadectBa Q>5.

B paboTe ucnonbp3yroTcs ABa MarHUTHBIX MOJIS, IEPIEHANKYISPHBIX TUIOCKOCTH IJICHKU: 1 -
HOCTOSIHHOE JIBYX HampaBlieHuit (mone cMmereHus: Hey); 2- MOHOMONsIpHOE UMITYJIbCcHOE. JJoMeHHasI
CTpYKTypa Habmoaaercs 6maronaps a¢pdexry Dapayes.

Uccnenytotes asa Buaa pemerok LIM/I: 1- PL/{1, hbopmupyercs UMIyIbCHBIM MarHUTHBIM
1oJieM MpH OTCYTCTBMM Tojs cMmemenus; 2 - PL /2, gopmupyercs UMNyiabCHbIM IOJEM B
HOPUCYTCTBUH MOJS cMelieHusi. O6e perieTku ABISI0TCS paBHOBECHBIMHU, HO MPH HAJIOKEHUM TOJIS
cmemenus PIJ11 oka3siBaeTcsa HepaBHOBECHOM, a PLI/[> — paBHOBECHOI.

BeiBogel. IIpu moisie cMmelieHus, aHTUIIapaJUIeIbHOM HaMarHUYEeHHOCTH BHYTPH JOMEHA, B
penieTkax HaOmromar0TCs (Ga3oBbie TMEPEXObI MEPBOro poaa B HOBYIO pemetky [IMJl ¢ 6ombimmm
nepuonoM, MeHpMM auaMerpom LIMJI u menbmuM uuciiom BBJI B nomenHsix rpanunax. Ilpu
JAIbHEWIIEM YBEJIMYEHUM TOJS CMEUIEHMs] HaOMIoJaeTcsl psii TaKuX ke (a3oBBIX IMEPEXO0/I0B
IIEPBOrO poa. DKCIEPUMEHTAIBHO JOKa3aHa KBaHTyeMOCThb pemerku [IM/I, nomena, noMeHHON
TPAHUIIBI U ITOJIEBOM YCTOMYMBOCTH IMOTYyYEHHBIX pemeTok [IM/I.

IIpu none cmenieHus1, COHANPaBICHHOM ¢ HAMarHUYEHHOCTBIO BHYTPU JOMEHA, B PELIETKAX
M/l npoucxoasT ¢azoBble Mepexo]bl BTOPOro poja B COTOBYIO CTpyKTypy. Ilpu srom LIM[J]
npuobperaeT GopMy IIECTHYTOJIBHUKA; COXPAHSIOTCS YUCIO AOMEeHOB U uncio BBJI B nomenHo#
rpanuue. [lpu mocnenyromeM yBETWYEHMM MOJII B COTOBBIX CTPYKTYpaxX MPOUCXOAAT (a30oBbIe
TIepex oIl IIEPBOTO POAA B SIUEHCTHIE CTPYKTYPHIL: |Hci| > |Hcz| mpm N1 > No.

DKCIepUMEHTAIBHO JI0Ka3aHo: (ha3oBble Mepexoibl B JOMEHHOM TpaHUIIE BbI3bIBAIOT
(a3oBbIe EPEX0/Ibl B JOMEHHOM CTPYKTYpE U OMPEIEIISAIOT PO ATUX (Pa30BbIX MEPEXO0B.

PabGora BBIMONHEHa B paMKax TOCYJapCTBEHHOTO 3a/aHus (perucTpalioHHBI HOMep
124012400345-8).

1. Manozemoe A., Cnowsycku [ic. [lomenuvie cmenku 6 mamepuanax ¢ YUuiuHOPUYECKUMU
macnumuvimu domenamu, M: Mup, 1982, 382 c.
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ABYMEPHAS MOJEJIb MATHUTHBIX XOII®NOHOB
Memanoe K. JI., Tapacenko A. C., besyc IO. A., 3anoposcey B. /1.

OI'BHY «/lonenkuii puznko-rexHudeckuii MHCTUTYT UM. A.A. ["ankunay, r. JloHenk
metlov@donfti.ru

MaruautHbie XonuoHbl [1] TpPencTaBISIOT 3HAYUTEIBHBIA HHTEpPEC IS COBPEMEHHOM
GU3MKM KOHJACHCUPOBAHHOTO COCTOSHUA M TPEXMEPHON CHUHTPOHUKU [2] Onaromaps ux
YHUKAJIBHBIM CBOMCTBAM U MOTCHUIUAIBHBIM MPHIOKEHUSM B YCTPOHCTBAX XpaHEHHUS H 00pabOTKU
uHpopmanuu.

B3sB 32 ocHOBY Monenb Xon(puOHOB B renumarHeTuke [3], Mbl noOaBuimm K e€ mpoOHOM
(GYHKIIMM JOMOJMHUTETbHBIE CTETIEHU CBOOOJBI, JOMYCTHB 3aBUCHUMOCTh Mpoduis xomnduoHa oOT
azuMyTanbHoro yria. IlomyuuBiiasicss Mozelb 3aBeOMO JaeT Jydyllee MPUOIMKEHUE K SHEPruu
TOYHOTO pelIeHUs, HO B Mpenaese (OTCYTCTBUS a3UMYTaIbHOW 3aBUCUMOCTU Mpoduis xonduoHa)
cBoautcs K Mojenu [3]. YucieHHas olleHKa BEPXHEr0 KPUTHUYECKOIO MOJIs XON(UOHHON pEelETKU
MoKazaja, ¢ y4€TOM YHCIEHHOW MOrPENIHOCTH, COOTBETCTBUE MOIYYCHHOMY B [3] aHAIUTHYECKOMY
BhIpaKeHUIO. PaccMoTpeHHass 00O0OIIEHHAsT MOJENb OTKPHIBAET BO3MOXKHOCTH MOJCIHPOBAHUS
KOHTaKTHOTO B3aUMOJICHCTBUS MEX]y XOM(PHUOHAMU B PELIETKE.

Pacuérbl noka3pIBaloT, 4To (Kak
BHJIHO W Ha puc. 1), yto dopma sapa
xorduona (obmactu CHIIBHO | [1f}1iibhas t baetas he] 8[| = Wi
HEOJTHOPOJHON HAMarHW4YeHHOCTH) U IRy e Ty

XSRS REY) -

2 Lphphpas
€ro BHENIHETO KOHTypa HE TOBTOPSIOT friteteeei]

Ipyr apyra. BHemHHil KOHTYp MOXKeT b7 GaeRdiek
o [EEERIRERY
(o BIIUSHUEM MArHUTHON -o.: HHH

aHI/I3OTpOHI/II/I) CHJIBHO BBITATNBATbCA

)
— Q5%
——= /10, 97/10

w2

ITMNTUYECKHU, HO SAOpo  XomduoHa -4
COXpaHsieT MOYTH UJealbHYIO
Ak A hAland L il 0
-1 0.5 0.5 1
chepuyeckyto hopmy. ITH pe3yIbTaThI VR 0 N —— I

HE3aBUCUMO MOATBEPKIAIOT  BBIBOJIBI
paboTeI [3] o6 SILIHITHIECKOM Puc.1 Ceuenue pacnpeneneHrus HAMArHUYEHHOCTH

CTaGMIIBHOCTH XOTI(HOHOB. (cnmeBa) ¥ HEKOTOpBIE Cpe3bl PyHKIMU Mpoduis e(X,
0) (cripaBa) paBHOBecHOTrO Xomnduona ¢ H=1 npu
q=1uh=0.

HccnenoBanue BBINOJIHEHO 3a cueT rpanTta Poccuiickoro Hayunoro ¢onna Ne 25-22-00076.

1. U. E. /[3anowunckuii, b. A. Hsanos, Jlokanuzosannvlie monoiocuyeckue COIUMoHbL 8
geppomacnemuxe, Iucvma 6 IKOTD 29, 592-595 (1979).

2. G. Gubbiotti, A. Barman, S. Ladak, et al., 2025 roadmap on 3D nanomagnetism, Journal of

Physics: Condensed Matter 37, 143502 (2025).

3. K. L. Metlov, Elliptical stability of hopfions in bulk helimagnets, ArXiV preprint 2501.05290
(2025).
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VJIK 538.9:537.6:548.4

CTPYKTYPHBIE U MATHUTHBIE XAPAKTEPUCTUKU TBEPAbIX PACTBOPOB
MYJIbTUP®EPPOUKOB BiFe1xMnxOs (0.0 < x < 0.1),
INOJYYEHHBIX 30JIb-I'EJIb METOJOM

Tapacenko T.H., Boakosa I'.K., Cagponos P.A., Bypxoeeykxuii B.B., Tkauenxo B.M.,
Ilomanckan O.H., Hatimywuna /I.E., Illeeenéea A.B., Muxaiinoe B.H.
OI'BHY «/lonenkuii puznko-TexHuYecKknii MHCTUTYT UM. A.A. ["ankunay, r. JloHenk
t.n.tarasenko@mail.ru

MarHuTHble M 3JICKTPHUCCKHUE CBOMCTBA CIOXHBIX OKkcuaoB Bi(Mn,Fe)Os 3aBucsaT or
0COOEHHOCTEH OOMEHHBIX B3auMoOjAeHCcTBUH B cBia3ax Mn-O-Mn, Fe-O-Fe u Mn-O-Fe, kotopsie
CHIIBHO CBSI3aHBI C JIOKJILHOW CTPYKTYpoit okTasapa Fe/MnOe.

®eppur BUCMYTa BiFeO3 SIBIISIETCS o2 ‘ ‘ ‘ ‘ ‘

antudeppomaruetukom (A®M) G-tuma, B TO BpeMs Kak ’
BiMnOs —  ¢eppomarnetrikom (DOM)  BcimeacTBue 022l
OpOUTAILHOTO  YIOPSJIOYECHUS H  CBEPXOOMEHHOTO
B3aMMOJIeHCcTBHs ¢ HU3KOM Temmeparypoit Kropu (105 K)
[1]. Ilpennonaraercs, uyro npucyrctsue Mn B TBeprom
pactBope BiFe; xMnxOs 6yaer cioco6eTBOBaTh ero dM-  =0.18¢ /
ynopsnoueHuto. OnHako B 00pa3iax, CHHTE3UMPOBAHHBIX

METOJIOM TBep0(ha3HOTO CHHTE3a, 3aMellleHre HoHOoB Fe oler /
nonamMu Mn** me mpuBOAMT K mposBIeHNI0 OM-CBOKHCTB.

M, emul/g

0,14

L L L L L
0 0,02 0,04 0,06 0,08 0,1
X

O6pasupl ocratotcs ADPM s Bcex coctaBoB BiFer
xMnxO3 (0.0< x<0.4) [2].

B nanHO#l palGoTe wu3yuyeHBl CTPYKTYpHBIE U
MarHUTHbIE  XapaKTEpPUCTUKU  CUCTEMBI  TBEPIBIX )
pactBopoB BiFe1xMnyOs (0.0<x<0.1), cMHTEe3UpOBaHHBIX HamarmienHocT BiFe1xMnxOs
30J1b-T€Jb METOAOM. JIJil BCceX COCTaBOB KPUCTAILIIMYECKAs (0.0=x<0.1) B noe H = 9.7 kOe
CTPYKTypa ollpejesieHa Kak pomOosapuueckas (mp. rp. R3c), Ha peHTreHoamdpakTorpammax
MMEETCs] HECKOJIbKO MaJIOMHTEHCUBHBIX pediekcoB mpumecHbix ¢a3. Ilpu X > 0.08 mossustores
peduekcel opropomOuueckoil ¢aspl (mp. rp. Pbnm). C pocrom X cpenHuil pasmep TpaHyl
ymenbiraercss or ~500 wM (X=0.0) mo ~400 um (x=0.1). Ha pwuc. 1 mnpeacraBieHa
KOHIICHTPAIMOHHAS 3aBUCUMOCTh Y. HaMarHu4eHHocTd M(X) Asst 3Toi cucTeMbl TIPH KOMHATHO
temneparype. W3mepeHuss mNpoBOAWINCH C TIOMOIIbIO MarHUTHbIX BecoB Jlomenukanu. C
YBEJIMUYCHUEM KOHIICHTpAMU Maprania 3aBucuMocth M(X) mis BiFeixMnxO3 MOHOTOHHO
Bo3pactaer 10 3HaueHus X=0.08, 3arem pe3ko ymeHbliaercs npu X=0.1 mpakTHuecku A0 ypOBHs
X=0.0. Takoe mnoBeaeHne M(X) MOXET CBHJETEIBCTBOBATh O HAJIUYUM B CTPYKTYype
JIOTIOJTHUTEIIbHON  (OpTOpOMOMUECKOi) TepoBCKUTHOM  ¢a3sl  Pbnm  [3,4], ocraTouHas
HAMarHUYEeHHOCTh KOTOPOH 10BoNMbHO Mana [4]. IIpu HeGombIIoi KOHIEHTparl HoHoB Mn®* sH-
TEJUIEPOBCKHE UCKakeHHs OKTadApoB F&/MnOg moryT ycunute ®M-B3aumoneiictBus. OqHaKO ISt
Xx>0.08 HaMarHMYEHHOCTH YK€ MPECTABIIICT HATOXKEHNE ABYX (a3, mpu d3ToM 00beM (a3el R3c ¢
BBICOKOH yJeNTbHON HaMarHWYeHHOCTBIO YMEHBIIAeTCs, B TO BpeMs kak Pbhnm ¢ Hu3koii ynenbHOi
HAaMarHWYEHHOCTHIO YBEJIMYUBACTCS, @ 3HAYUT, CyMMapHbIi 00beM M(X) yMeHbIaeTcsl.

Cnoxnble okcunasl BiFeixMnxOz, nmomumo ®PM-dassl, conepxkar u ADM-¢azy, u
ymenbiienne Benuunabl M(X) mpu X>0.08 MOKeT CBHIETEILCTBOBATH O IepepaclpeaeIcHUN
00BbeMoB 3Tux (haz: yncno GM-ceszeit Mn-O-Fe ymenbmaercs, a AOM — yBennuuBaeTcsl.

Puc.1. Konnentpaunonnas
3aBUCUMOCTD YAEIbHOU

1. Chi Z.H., Yang H., Feng S.M. et al. // JIMMM, 310, P.358-360 (2007).
2. lanculescu A., Gheorghiu F.P., Postolache P. et al. // J. All.Comp., 504, P.420-426 (2010).
3. Tapacenxo T.H., Muxaiinos B.U. u op. // U36. PAH.Cep. gpus., T.87, Ne3, C.412-416 (2023).
4.Chen L., Zheng L., He Y. et al. // J. All.Comp., 633, P.216-219 (2015).
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OCOBEHHOCTH PEI'’UCTPALIUU CIIEKTPOB ®MP C IOMOIIBIO
IIVIOCKHUX ITOJIOCKOBBIX PE3OHATOPOB

Xoaun A.A.', Bemowxo II.M.'?, ITaenwoxk E.H.%, Ionynax C.H.', Benomenoe B.H.3
v, 1. Vernadsky Crimean Federal University, 295007, Simferopol, Russia
2Kotelnikov Institute of Radioengineering and Electronic, 125009, Moscow, Russia
3Lomonosov Moscow State University, 119991, Moscow, Russia
sunellsters@gmail.com

JlanHas paboTa HaleleHa Ha HCCIElOBaHME BIMSHHUA Ha ILIMPUHY JIMHUHU
nepreHaukysipporo ®MP-pezonanca ¢pakTopoB, CBI3aHHBIX C KperuieHHneM oOpasna. B kadectse
o0pa3siia ucrob30Banach i€HkKa xenesoutrrpueoro rpasara (QKUI) TonmuumHo# 5,3 MKM.

OOpazenr ObuT BBITpaBiieH B (opme aucka auamerpom 1,7 MM st 60pbOBI ¢ KpacBBIMHU
s dexramu.

[In€uka pacrnosarajach Ha CIELMAIbHO CIPOEKTUPOBAHHOM JATYUKE, MPEICTABIISAIOIIEM
coOOl TMOJOCKOBYK JMHHMIO Iiepenad. Pasmepsl naTumka coctaBistoT 2X3,5 cMm, HIMpHHA
HEIOCPE/ICTBEHHO IOJIOCKOBOM JMHMU cocTaBisieT 2 MM. OOpaszel pa3Melaics B LEHTPE JMHUU
cinoem KHUI' k monocky.

Perucrpanus CIIEKTpa
OCYILIECTBIISIACh C IOMOULIBIO BEKTOPHOTO —=—300K_Omkm —— 150K_Omkm —=— 3K_Omkm
aHaM3aTopa nerei, KOTOpBIi —— 300K_125mkm —— 150K_125mkm —— 3K_125mkm

8,5 1
OIHOBPECMCHHO TI'CHCPUPOBAJI CHUIHAJI Ha 8.0 -

(UKCUPOBAaHHOM YAacTOTE M PETUCTPUPOBAI 7-2‘
. 7.0
CUTHAQJI, MPOUICAIINNA Yepe3 TMOJIOCOK C g5

3aKpeIICHHBIM 00pa3IoM. 6.0 -
Jlatuuk ¢ o0paslnoM Momemancs B 8::3: ]
MOCTOAHHOE MArHHUTHOE TOJIC, HANPABIICHHOE = 45 -
MO  HOpMATM K TUIOCKOCTH — 00pasia. g % :
PeructpupoBanace 3aBUCHMOCTH 30 .
koddduimenta nepenaun S21 pgaTumka C ig: ﬁ :
00pa3sloM  OT  BEJIMYMHLI  BHEIIHETO 15 / i
MarHUTHOTO TIOJsI Ha  (DPUKCUPOBAHHOM ;g* . | | | _F
HacCToTC. 3000 4000 5000 6000 7000 8000
DKCTepuMEHTAIBHO OBLIIO Freq, MHz
00HapYXEHO BITUSTHHE Ha CHIEKTP

PpAaCIIOJIOKEHUSA 06pa3ua B JIMHUU 3aJICPKKU. Puc. 1. 3aBucumocts IIWPUHBI JIMHUKU OT YaCTOThI
B uyactHocTH, mmMpuHaA peructpupyemoro HaKa4YKu JUIs  HECKOJIbKHUX  TEMICPATyp IpH
CIIEKTpa 3aBUCUT OT pacCTOsiHUsA Mexay HAIMYUHM U OTCYTCTBHM 3a30pa.
MMOBEPXHOCThbIO JaTyuka u rmi€Hkon KUID
(tastee mpoCcTo «3a30p»).

MOo’KHO TIPEINONI0KUTh, YTO yajieHHe 00pa3iia OT MOBEPXHOCTHU MOJIOCKA XOTh U MPUBOJUT
K YMEHBUICHHI0O HWHTEHCUBHOCTM CHTHAJa, 3TO TaKXXe IEepeHOCUT obOpaszer; B obiacTb Ooiee
OJHOPOJHOTO TEPEMEHHOT0 MAarHUTHOTO TMOJIA, YTO MW TMPUBOJUT K CYKEHUIO IIHPHUHBI
PErUCTPUPYEMOTO CIIEKTpa. MOYKHO CUMTAaTh, YTO MEHSETCS MUMEHHO WCTHUHHAs JIMHUSA, a HE
3apEerucTPUPOBAHHAS.

B pesynpraTe paboTHl MPOJEMOHCTPUPOBAHO, YTO HAJIM4YME 3a30pa TPUBOAHUT K
YMEHBIICHUIO IIMPUHBI JMHUU TepneHaukyisipporo ®MP-pezonanca u gmaHHbI 3 dexT
YCUJIMBAETCS BIUIOTH JIO TEJIUEBBIX TEMIIEPATYD.
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VJIK 535.5

aﬂeKmPOHHble U KUHemuuecKue ceoiicmaea

NCCIEJOBAHME JUCIHHEPCHUHU OIITHYECKOI'O BPAIIEHUSA
AHM30TPOITHOM IVIEHKHU CBEPXBBICOKOMOJIEKYJISAPHOI'O IMTOJIUDTUJIEHA

Byxun I'.B.Y, Bykuna K.I'?, Bopsenko A.IL", IOpuenko B.M.
'®I'BHY «JloHenkuii GpU3NKO-TeXHNUEeCKUi HHCTUTYT uM. A.A. Tankunay, T. JJoHeIK
2r. JloHenk
bukinfti@rambler.ru

B Hacrosiiee Bpemsi 00JbIioe BHUMaHUE UCCIIeIOBATENCH YCNIeTC s TIOUCKY BO3MOKHOCTEH
yrpapieHUs] (YHKIMOHAIBHBIMU MapaMeTpaMu MaTepuaioB, CO3/aHHBIX HA OCHOBE THOKOIEITHBIX

YaCTUYHO-KPUCTAIUTMIECKUX MouMepoB [1], k 150
KOTOPBIM ~ OTHOCUTCSL ~ CBEPXBBICOKOMOJIE- 160
KyJsipHbId nonmdTwieH (CBMIID), uznenust uz £ 140}
KOTOPOTO 00JIa/IAl0T YHUKANBHBIMY SKCIUTyaTa- £ 120}
IMOHHBIMH XapaKTEPUCTUKAMHU. g 100}
UssectHo [1], uto AByXdasHble cuctemMbl D o1
THOKOIICTIHBIX KPUCTAUIO-aMOPPHBIX MOIHME- 3 col
pPOB B KOHJCHCHPOBAHHOM COCTOSIHUM MOTYT
MMETh YPE3BbIYAHO CJIIOKHBIA XapakTep B3au- i

550 600 650

A, NM

o o 400 450 500
MOJCUCTBHUH, MCXaHHU3MbI KOTOPBIX Ha CCroaHs

HN3YUYCHbI B HG[[OCTaTOtIHOfI CTCIICHU.

Kaxnapiii copT ONTHYECKHM aKTHUBHBIX
KOMIIOHCHTOB C KOHIeHTpanuei C, BXOASIni
B COCTaB ONTUYECKU AKTUBHOM Cpebl, HA JITTNHE
BOJIHBI A TIpU MOCTOSIHHOM Temmeparype T u

Puc.l. DkcnepumeHTalbHas KpHUBas IUCIEPCUU
CYMMAapHOTO OINTHUYECKOro BpamieHus & (ﬂ) @)

u ee noxaronka (/) ana mcciaeayemoro oOpasia
aHn3oTponHoy wieHku CBMIIO.

naBieHuu P Xxapakrepusyercss cBOeW BpalllaTelbHOW CHOCOOHOCTBIO, KOTOPYIO MOXKHO ONHUCATh
BeIpaXKeHHeM [2]:

TpPC_ @
o, = q 1)
T7I€ (¢ — YroJ TOBOPOTa IIOCKOCTH MOJsipu3aiiiu, d — TOJIIWHA CI0S ONITUYECKU aKTUBHOM CPEJIbI.

BpamieHuss (ﬂ)
MOJIAPU3AIMOHHOTO  pyAHoro Mukpockoma [IOJIAM P-312 MoOXHO, €Clid  HCIOJB30BaTh
Hepas3pyIIaIHi SKCIpecc-crnocod, pazpaboTanHblii B padote [3], a yros moBopora (P MmioCKOCTH

HOJ'IyLII/ITB KpUBYHO  OUCICPCHU  OINTHYCCKOI'O npu 1oOMOIIr

NOJIAPU3alUU  JIMHEHHO TMOJISIPU30BAaHHOTO CBETa M3MEPUTh Ha pPa3HbIX AJIUHAX BOJH A
MOHOXPOMAaTHYECKOr0 TOTOKAa JIa3epHOT0 H3JIy4eHHUs. DKCIEpUMEHTAIbHBIN rpaduk nucnepcuu
CYMMapHOT'0 OINTHYECKOro BpalleHus JUid HcciaexyeMmoro obpasua mienkn CBMIID nonyuen B
JIMana3oHe UIMH BOJIH 32 MpeieiaMi PE30HAHCHBIX MOJIOC MOTJIONICHHUS U OMTUCaH BhIpaXKeHUeM [2]:

A
a(d)= T2 ()

/102
re A ¥ Ay’ - KOHCTAHTBI COOTBETCTBEHHO BPAIICHHS H THCIIECPCHHL.
PaccunTanHbIe IO SKCIIEPUMEHTAIbHON KPpUBOM «(A) 3HA4YE€HMs] KOHCTAaHT BpamieHus A
JIACIIEPCUU XZO i ucceayemoro obopasma rieaku CBMIID, B COOTBETCTBHH € BhIpaxkeHHeM (2)
paBHbI cooTBeTCTBEHHO A=0.000021 grad -mm A%, = 3.176982E-8 mmz_ JlocTOBEpHOCTH MOATOHKH

sKcriepuMeHTanbpHoi kpuBoit & (A) mmeer Bemmunay 0.991595.

1. Mott P.H., Roland C.M. // Macromolecules V.31, P.7095 (1998).
2. [lpyoe I1., Onmuxa, Mocksa, 1935 — 458 c.
3. Bykun I'.B., Bykuna K.I". Il @TB/], T.34, Ne 2, C.51 (2023).
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VJIK 538.915

JIBYMEPHbLIV HUTPUJI BOPA. OT CBEPXTOHKOM IVIEHKH K
OBBEMHOMY KPUCTAJLIIY

bymoko B.I., I'vcee A.A., Xauamypoea T.A.
@OI'BHY «/loneukwuii Gpu3nKo-TeXHUYeCKHii MHCTUTYT UM. A.A. [ankunay, r. Jlonemnx
vg-bt@mail.ru

MerogamMu  ¢QyHKIMOHaJa  IUIOTHOCTM  IPOBEJIEHBbl  NEPBONPHUHIMIIHBIE  PacyeThbl
AIIEKTPOHHBIX W CTPYKTYPHBIX CBOMCTB pAa3JIMYHBIX OOBEKTOB, IIOCTPOGHHBIX HA OCHOBE
reKCaroHaJlbHOr0 HMUTpHJA Oopa: MOHOCJOS, IUIEHOK HAaHOMETPOBOW TOJIIUMHBI M OOBEMHOIO
KpucTaiia. B pe3yiaprare caMoCOTIacoBaHHBIX PACYETOB HAXOIWIM ONTHMHU3HPOBAHHBIC TIO3UIIUU
BCEX AaTOMOB M IIOJHYK) SHEPrHI0 CUCTEMbI, a 3aTe€M pacCUMTHIBAIN 30HHYIO CTPYKTYpPY
COCIMHEHUS, TUIOTHOCTh AJIEKTPOHHBIX COCTOSHUH M T.1. IlodydeHHbIe pe3yabTaThl CYIIECTBEHHO
YTOUHSJIM JOMOJIHUTEIbHBIMU pacyeTaMu ¢ oMoIibio GyHkiuii ['puna.

Jlo HemaBHEr0 BpPEMEHHM BEIIMYMHA 3alpelieHHOH 30Hb Eg g  MIMPOKO30HHBIX
JUBJIEKTPUKOB CUUTajJach IMOCTOSHHOM. HexaBHO, opHako, ObLJIO IOKa3aHO, YTO JAJS IUICHOK
JIUOKCHZa KPEMHHUS HAHOMETPOBBIX TOJIIMH Eg He sBIseTCs MOCTOSHHON BEIMYMHOW U
CYIIECTBEHHBIM O0pa30M 3aBUCUT OT TOJIIMHBI IUIEHKU. B Hacrosimeidl pabote HalifieH psin
3HaueHuit Eg nist mienok asymepHoro h-BN tomnmunoit ot 0.34 10 18 HM, 4TO CBUAETEIBCTBYET O
HAJIMYUK 3aBUCUMOCTH HIMPHHBI 3alpEIeHHON 30HbI OT TOJILMHBI IIeHKU. Kpome Toro, BrepBbie
HOJTyYeHBI 3Ha4YeHUs1 dHeprun DepMu s pasnMyHBIX TONIIMH JByMepHOro kpuctayuia h-BN u
NoKa3aHo, uTo Ef 11 1ByMepHOMN IUIEHKHM HE SBJSETCS MOCTOSHHON BEJIMYMHOM M 3aBHCUT OT €e
TOJIIIAHBL.

B tex cTpykTypax, U3 BbIIIENEPEUNCIEHHBIX, TJie U3BECTHBI IKCIEPUMEHTAIbHBIEC JJaHHbIE
10 3arnpeneHHoH menu Eg, OHM TOBOJBHO XOPOIIO COTIIACYIOTCS ¢ PACYETHBIMU BeTMUMHAMU. [1pu
tonuuHe HaHomieHkH N-BN okoso 18 HM mosyueHHble 3HaUeHHs dHeprud DepMu U 3amperieHHON
menn Eg mpakTHUeckH paBHBI COOTBETCTBYIOIIMM BEIMYMHAM B OOBEMHOM KpHUCTaJIe
reKcaroHajabHOTO HUTpuAa 6opa. B oboux ciywasx Eg = 6.11 3B (camblif TOYHBII SKCHEpUMEHT
naetr BenmuuHy 6.0 5B), a B HaHomuenke n kpuctauie Ef = 2.16 »B. Takum oOpa3zom, MOKHO
YTBEPXKJaTh, YTO BaXHEWIIME (QyHIaMEHTaJIbHbIE HJIEKTPOHHBIE MapaMeTphl MOTYIPOBOIHUKOBON
HaHomieHKH N-BN mpu Tommmue 18 HM MOCTHrarOT 3HAYEHHWH COOTBETCTBYIOIIMX BEIMYHH B
KpHCTajljle FeKCaroHaJIbHOro HUTpHaa dopa.

TmarensHOE WCClIEOBaHUE TUIOTHOCTH OJJIEKTPOHHBIX COCTOSHHM HM3ydaeMBIX CHCTEM,
BO3MOJXKHO, JacT HEOOXOIMMBIE apryMEHTBI, 4YTOObI YTBEp)KAaTh, 4TOo uMeeM jaeno c¢ 2d-3d
HIepeX0/I0M.

65



)

ﬁ Inekmponnvle u KuHemu4ecKue ceoiicmea

VJIK 533.9

WOHHBIN 3BYK, JEBUTAIIUSA U CAMOOPI AHU3AIIAA IOTOKA YACTHI]
LaSrMnO B MATHETPOHHOW ITJIA3ME

Oxynees B./I., Camoiinenko 3.A., bypxoeeuxuit B.B., Huxonaenko IO.M.
OI'BHY «/loneukwuii Gpu3nKo-TeXHUYECKH HHCTUTYT UM. A.A. ['ankunay, r. Jlonenx
vladimir.okunev2010@mail.ru

MarneTpoHHOE pacHblICHHE MUIICHEH SBIISETCS OJHUM U3 OCHOBHBIX METOJOB I€HEepaluu
HU3KOTEMIIEPATYPHOU IJIa3Mbl U MIUPOKO HCHOJB3YETCs JUIsl IPUTOTOBJICHUS TOHKUX TUICHOK [1,2]
IPU BO3MOXKHOCTHU TOJIYYUTh OBICTPBIA pe3yabTaT C HEBBICOKUMH 3aTpaTaMH, OCOOEHHO B cllydae
CIIOKHBIX ~ MHOIOKOMIIOHEHTHBIX ~XUMHUYECKMX coeluHeHuH. Mbl mnokaszanu  [3], 4TO
YHHUBEPCATbHOCTh MAarHETPOHHOTO PACIBUICHHUS MO OTHOIICHHIO K CaMbIM Pa3HBIM MaTepuaiam
CBf3aHA C KJacTepu3alued IUIa3Mbl, CO3Jarolleil OJaronpusTHbIE YCIOBUS AJI POCTa IUIEHOK:
oOpa3yromuecs B IIa3Me aTOMHbBIE KJIacTepbl C OOJBIINM KOJUYECTBOM HEHACHIIIEHHBIX CBSI3EH U
BBICOKOW XMMHYECKOW aKTHMBHOCTBIO O00ECIIEYMBAIOT MUHUMAIIbHYIO KOHIIEHTPALUIO Je(QEeKTOB Ha
rpaHuIax, 0bjeryast pocT IIEHOK C MOAXOAAIICH [T MPOBEACHUS SKCIIEPUMEHTOB CTPYKTYPOH.

B nmanHO#l pabore wWccienoBaHO BIMSHHE (DOPMHUPYIOMIMXCS B MAarHETPOHHOW ILIa3Me
pasHopasMepHbix KnactepoB (D=50-400 A) ma cTpykTypy M cBoiicTBa 36 00pa3sLoB IIEHOK
Lao.7Sro3MnOs.x, ocaxaIeHHBIX Ha CTEKIIO BIOJIb IIOTOKA YACTHII.

B pesynbraTe comocTaBieHHUS <«3aMOPOXKEHHBIX» KoJeOaHWN mapaMeTpoB IUJICHOK C
pEIbHBIMU  MOHHO-3BYKOBBIMM  KOJIEOAaHMSIMM B  IUIa3ME BOCCTAHOBJIEH CLIEHApHil ee
KJIacTepU3allii, HEBO3MOXHOM 0e3 mneBuTauuu vactull. [IpemnokeHo (eHOMEHOJIOrHuecKoe
onucanue 3toro siBieHus. [lokazaHo, 4To nmpu paccTosHUAX OT MuIleHu L<2.15 cm knacrepuzanus
MOTOKA JTUMUTUPYETCS JIEBUTAIIMEN aTOMHBIX KJIACTEPOB B PE3YJIbTATE€ PABHOBECHUS MEXKIY CHIION
TSKECTH, JABJIIEHUEM MOHHOTO 3ByKa W CHJIOM B3aUMOJIEHCTBUS 3apsDKEHHBIX YacTUI[ C
ANEKTPUUECKUMHU MOJISIMU; BKJIaJlL HOHHOTO 3BYKa B JIEBUTALIMIO YACTHUII 37€Ch HE mpeBbimaeT 12 %.
[Tpu otcyrcTBuM 3nekTpuyeckoro mois (L>2.45 cm) neBuTanus 3aBUCHUT TOJBKO OT YBJICUEHUS
YacTUIl HOHHO-3BYKOBBIMH KoleOaHHsIMH. Pe3ynapTaTel pacueTa KpPUTHYECKHX pPa3MEpOB
JIEBUTUPYIOIIMX aTOMHBIX IPYIIHPOBOK COTJIACYIOTCS C SKCIIEPUMEHTOM.

N3ydyeHo BIMsHHME W3MEHEHHWI B 3apsl0BOM COCTOSHUM HMOHOB MapraHiia BJIOJIb IIOTOKa
yacTUll Ha (OPMHPOBAHUE KJIACTEPHOW CTPYKTYpbl IUIEHOK. B muTepBane 2.15<L<2.45 cm, rae
BJIBO€ YMEHBIIAETCS pa3Mep KIACTEPOB, KAUECTBEHHO MEHSETCS CBA3b JJIEKTPUUECKHUX CBOMCTB
IJIEHOK C WX CTPYKTYypoW. [l KIacTepoB ¢ pasMepamu, MEHBIIMMH J1€0aeBCKOTO paanyca
skpanruposanus (Ip=175 F30 A), mabmronaromuecs B 00pa3nax pasMepHbie 3PHEKThl COrIacyoTCs
C MOJIETIBIO JIOKAJTU3AIMH JJIEKTPOHHBIX COCTOSIHUH, Mpe/iiokeHHou JIudmmiem.

OO6cyxnaioTcss 0COOEHHOCTHM TEXHOJOTMHM MAarHeTPOHHOTO  PACIbUICHUS MUIIEHEH,
MO3BOJIAIONIME T[OJIy4aTh IJIEHKM MHOTOKOMIIOHEHTHBIX XMMHMUYECKHUX COEJUHEHHI BBICOKOTO
KauecTBa.

1. Kawmanoe I1.B., Cmupnoe B.M., Xunnaep P. // Y®H, T.177, Ne5, C.473-510 (2007).

2. M. Panjan and A. Anders // J. Appl. Phys., V.121, Ne6, 063302 (2017).
3. Oxynes B./[., Camotinenxo 3.A., Huxonaenxo FO.M. u op. // @TT, T.67, Nel, 90-104 (2025).
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V]JIK 538.9; 537.6; 548.4

I'PUOPUTCO-ITIOJOBHAS ®PA3A B JIEIT'HPOBAHHOM BUCMYTOM
MAHI'AHUTE JIAHTAHA

Tapacenxo T.H.
OI'BHY «/lonenkuii puznko-rexHudeckuii MHCTUTYT UM. A.A. ["ankunay, r. JloHenk
t.n.tarasenko@mail.ru

MaHraHuThI JaHTaHA U BUCMYTa UMEIOT CTPYKTYpy nepoBckuta ABO3, rine A — La unu Bi, B
— Mn. na LaMnOsz xapaktepHbl opTopoMOuueckue (Wi pOMOOIAPUUYECKUE) HCKAKCHUS
KyOH4YeCKOW CTPYKTYphI MEPOBCKUTA, a it BIMNO3 — MoHOK/IMHHbBIE HCKakeHUs. C TOYKH 3pCHUS
MarHUTHOTO YIOPSJAOYCHHS KpailHHE COCTaBbl CHCTEMbI TBepAbIX pacTBopoB BixLaixMnOs
cymectBeHHO paznuyarorcs: LaMnOs siisercst cionctbiM anTudeppomarseTukoM, a BiMnOs —
dbeppomaraeturom (OM). Bennunns! nouHEX paanycos La®t u Bi®* Becsma 6musku (1.22 A n 1.24
A), HO B ommmume or wona La®" Ha BHemmHeil snmexTpoHHON o6onouke mona Bi*t mmeercs
CTEpEOXMMHYECKH aKTUBHAS M30JIMPOBAHHAs mapa 6S?-3IeKTPOHOB, KOTOpas JaeT MOHY BUCMYTa
JIOTIOJTHUTEIIbHYIO CTENEHb CBOOO/IBI [l IiepeMelieHnst Boab <111>-HanpaBieHus NepoBCKUTHOM
KyOHueckoi stueiiku [1].

daza I'puddurca [2,3] Bo3HHMKaAET, KOTAa B

3aMELICHHOM MaHI'aHUTE OTCYTCTBYIOT
HEKOTOpblE€ MAarHUTHBIE CBS3M, UYTO MOXET <
Xx=0. s
IIPOUCXOIUTH npu JIETUPOBAHUH w0 N P
MOHAMH LIEJI0YHO3EMEIbHBIX DJIEMEHTOB. LN -
OtknoHeHne oT IIPSIMOJIMHEWHOCTH S N ya 1%
e 2 A a
TEMIEPATypHOU  3aBUCUMOCTH  OOpaTHOM % 4 e N
v - &’ - N ‘A —
MarautHO# Bochpummumboctd y (T) ans &:—20 % ‘

00pa31oB cucteMbl BixLa;-xMnOj3, mOTy4eHHBIX

MeTonoM TBepaodaszHoro cuHteza [4] (puc.l),
CBUJIETENILCTBYET O CYLIECTBOBaHUM (ha3sbl, 0
nofo6Hoil ¢aze Ipuddurca, B nuamasone
temnieparyp Tc<T<Tg, rae remneparypa Kropn
Tc = 143 K u temneparypa I'pucdpurca Tg =
300 K (mim x < 0.2). MHUccnenosanue
temneparypHsix 3aBucumocteit  y"(T) ans
00pasioB CHUCTEMBI BiLa; xMnOs3,
CHHTE3UPOBAHHBIX 30JIb-TeNIb METOJOM [4], mokaszano mpucyrcTBue B cucreme Tpex ®M-¢a3 B
unrepBaie ot 150 qo 170 K, 4to cBsi3aHO C HATMYMEM TPeX HEIKBUBAJICHTHBIX MO3UILIMI HOHA Mn’*
B cTpykType BiMnQOs. Bce st Tpu ®M-(a3pl HaxomaTcs B TeMIepaTypHOM Auana3zoHe (asbl
['puddurca.

Bamemenne La®t ma Bi*" u3-3a 61130cTH UX HOHHBIX PaJMyCOB M OJMHAKOBOH BAIEHTHOCTH He
JOJIKHO TIPUBOJUTH K CHJIBHBIM HMCKKEHUSM KPUCTAJUIMUECKON CTPYKTyphl. OJHAKO Xapakrep
opbuTanbHOro ymopsjodenus d-opOuraneit wmonmos Mn’" cymecTtsenHo pasnumuaercs: 2d-
ynopsipouerue — st LaMnOsz w 3d — st BiMnOs.

Takum oOpa3om, dasa, mogodHas ¢asze ['puddurca, Hadbaromaemas B cinabonernpoBaHHbix Bi-La
MaHT'aHUTaX, BO3HUKAET HE M3-3a OTCYTCTBUS HEKOTOphix DM-cBs3eil [4], a BcrencTBre H3MEHEHHS
YacTH ATHX cBsi3eil ¢ 20- Ha 3d-opOuTanbHOE YHOPSIOYCHHUE, & TAK)KE BBUY KOHKYPEHIIMH MEXITY
stmu PM-(pazaMu 1 UX COCYIIECTBOBaHHEM B cucteMe La-Bi MmaHranuTos.

1. Moreira dos Santos A. et al. // Phys. Rev. B66, 064425 (2002).

2. Griffiths R.B. // Phys. Rev. Lett. Vol. 23, P. 17-19 (1969).

3. Kpusopyuxo B.H. Il ®HT, T.40, Ne7, C. 756-774 (2014).

4. Tapacenxo T.H. u op. // Hzéecmus PAH. Cepus ¢pusuueckas. 81, Ne3, C. 344-348 (2017).

Puc.1. Temneparypusie 3aBucumoct o(T) u
Y(T) Bio.2LaosMnOs (TB.-ha3HEI cuHTES).
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3JIEKTPOHHBIE CBOMCTBA OKCUJHBIX TUSJIEKTPUKOB B
I'ETEPOIIEPEXOJAX

Xauamypoea T.A.Y, I'vces A.A.Y, Bymvko B.I.}, Kopxuwro B.B.?
IOI'BHY «/lonenkwmii pu3nko-TexHUYECKUd MHCTUTYT M. A.A. ["ankunay, r.JloHenk
2OI'bOY BO «/loHenkuii rocy1apCTBEHHBIH YHUBEPCUTET», T. JloHeIK
khachaturovat@mail.ru

I'maBHBIMM KaHIUAATaMU B KayeCTBE OCHOBBI HOBEWIIMX 3JIEMEHTOB HAHOJJIEKTPOHUKU
BBICTYNAIOT TYHHEJbHBIE TE€TEPOINEPEXOAbl C€ METAUIMYECKUMH U IOJIYIPOBOJIHUKOBBIMU
anekTpoaamMu. MMeHHO 3a Ccu€r CcBepXMalblX TOJIILIUH JHUIJIEKTPUKA TOKOBBIE CBOWCTBA B
paccMaTpuBaeMBIX TEPEX0/ax pealn3yroTcs Onarojaps SBICHHIO SJEKTPOHHOTO M JIBIPOYHOTO
TYHHEJIMPOBAaHUS CKBO3b TOHKMM JAWDJIEKTPUUECKUN CIIOM, pPasfeisAIoOIUN J1Ba MPOBOAALIMX
anektpona. Ilapamerpuzanusi AMAIEKTPUUECKOTO CJIOSI B TYHHEIBHOM II€pEXOJ€ SIBISIETCA Ha
CETOAHSIIHUN JE€Hb BaXHEHIIEH 3afadyedl NpU MOJECIMPOBAHMM €r0 JJIEKTPOHHBIX CBOMCTB. [lo
HACTOALIET0 BPEMEHM YUET MapaMeTPOB AUDIEKTPUKA OTTPAHUYUBAIICS TOJIBKO €0 TONILUHOM, IpU
9TOM HE YYMUTBHIBAJIUCH 3HAUCHHsI (PYHIaMEHTAJIbHBIX (PU3MUECKUX BEIMYMH, TAaKMX KaK LIMPUHA
3alpelIeHHON 30HbI, 3Hepruss depmu, CABUT 30HBI NMPOBOJUMOCTH. JIEHCTBUTENBHO, BO MHOIHMX
paboTax, BBIOJIHEHHBIX paHee, O0apbep, CKBO3b KOTOPBIM TYHHETUPYIOT YacTHUIIbl, OMHCHIBAJICS
NOTEHIMAIBHON CTYNEHBKOW OIpPENEeJEHHOW BBICOTHI W IIMPUHBL, OOBIYHO  SIBIISIOIIUXCS
IIOJArOHOYHBIMU [IapaMETpaMU IIPU CpPaBHEHUMM TEOpUHM C 3KcnepuMeHToM. Ha camom gene
KJIACCHMYECKU 3alpelleHHas o0JacTb Nepexo0B o0pa3oBaHa 3allpEIlEHHON 30HOW UAJIEKTPUKA,
KOTOpasi UMEEeT He TOJIbKO BEPXHIOK I'PaHUIly (30Ha MPOBOAMMOCTH), HO U HUXKHIOIO (BaJIeHTHas
30Ha), U MEPEHOC 3apsAja W3 OJHOTO 3JIEKTPOoAa B JPYrod OCYIIECTBISIETCS 4Yepe3 3Ty 30HY.
CrnenoBarenbHO, NP MOJEIMPOBAHMM TPAaHCIOPTHBIX CBOMCTB B MHOTOCJIOMHBIX IPOBOZSIINX
CHUCTEMaX BO3HHMKAeT HEOOXOAMMOCTb YUYUTBHIBATH TaKHE€ BaXKHbIE IapaMeTpbl, Kak IIMpUHA
3alpeleHHoN 30Hbl audnekTpuka Eg, sHeprus depmu ausnexkrpuka Er, caBurum 30HBI
npoBoaumoctd Ag. Kpome Toro, mocnegHue HcciaeioBaHUS CBUJETENBCTBYIOT O TOM, 4YTO
YKa3aHHbBIE BEJIWYMHBI TaKXe ONPEINEISIFOTCS TONIMUHOM JIuasieKTpudeckoro cnos. Ilyrém
NEPBONPUHIMIHBIX ~ pacu€ToB  METOAOM  (QYHKIMOHAJa IUIOTHOCTH M MPOEKIMOHHBIX
npucoeTuHEeHHBIX BoJH PAW paccuuThIBaIMCh 3J€KTPOHHAS CTPYKTYpPa U BEIMUYUHA 3alpelieHHON
30HbI O0BEMHBIX IUVIEHOK AMOKCHA KPEMHUS JUIsl Pa3HBIX THUIIOB AJIEMEHTAPHBIX SYEEK U TUOKCHIA
ragHua. 3areM NPOBOJMIUCH PACUEThl IEKTPOHHOW CTPYKTYPbl M JHEPreTMYECKHX CBOICTB
JUOKCH/Ia KPEMHHSI B TETParoHaJbHOW (CTUILOBHUT) M TPUTOHAIBbHON Moaudukauusix (anbda-
KBapII) JUIsl TOJINH TUIEHOK, BapbupyeMbix oT 0.3 1o 4uM. MccnenoBanue 2IeKTPOHHON CTPYKTYPBI
00BEMHBIX KPUCTAJUIOB JIBYX TE€TPAaroHANbHBIX (POPM TUOKCHIA KPEMHHUS MOKAa3ajo, YTO BEIMYHHA
3ampenieHHON 30HBI JJIs CTUIIOBUTA MW anbda-kpucrodbamuta coctaBuna 8.11 u 8.33 »B
COOTBETCTBEHHO, UYTO COTJIaCyeTcs ¢ IKCIEPUMEHTAIbHBIMH HaOMoeHUsIMU. J{71s1 okcua radHus B
MOHOKJIMHHOW (popme 3ampernieHHas 30Ha paBHa 5.79 5B, ciBuUr 30HBI MPOBOAMMOCTH Ha TpaHUILIE
HfO2/ SiO2 6omnee 1 3B. CpaBHHTENBHBII aHAM3 TOHKUX IUIEHOK ABYX TETPAroHAIBHBIX (HOpM
JMOKCHJIa KPEMHUS NOKA3aJl, YTO IIMPHUHA 3alPEIEHHON 30HBI Bo3pacTaeT oT 6.56 no 8.15 3B
TOJIIMH cTUloBuTa OT 1.24 1o 3.94 uMm. BennuuHa 3anpeméHHoi 30HbI Bo3pacTtaet oT 7.58 1o 8.26
9B nns tommue anbda-kpuctodbanuta ot 1.14 1o 2.59 am. CaBur 30HI MPOBOAMMOCTH Ha TPAHUIIC
HfO,/ SiO2 aiist 06enx MoaudUKaImii JMOKCHIA KPEMHHS YMEHBIIIACTCS C YMCHBIICHHEM TOJIIIUHBI
IUIEHKA, W OpH TOJNIIMHAX 3 HM M MEHbUIIE JOMyCKaeT 3HadeHHWs MeHblme 1 3B. JlanHyro
0COOEHHOCTh HEOOXOJMMO YYMTBHIBATH TPU aHAJHM3E IMPOBOMAALIMX CBONCTB I'eTEPOINEPEXOO0B C
OKHCHBIMH CJIOSIMA HAHOMETPOBBIX TOJILIHH.

1. T.A. Xauamyposa, B.I'. Bymvko, A.A.I'yces, [lucoma 6 KT® 49, ¢vin. 15, 3 (2023).
2. T.A. Xauamypoesa, B.I'. Bymuko, A.A.I'yces, [Tucoma ¢ JKITD 115, 48 (2022).
3. T.A. Xauamyposa, B.I'. Bymvko, A.A. I'yces, @®TB/] 34, Ne 1 (2024).
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OCOBEHHOCTH JIEKTPHUECKHUX CBOMCTB KOHTAKTHBIX IIEPEXO/IOB
«METAJUI-YTJIEPOJHAS IIJIEHKA»

Hlanaes P.B., H3omoe A.H, Cupomkun B.B., AIkosey A.A.
OI'BHY «/loneukwuii Gpu3nKo-TeXHUYECKH HHCTUTYT UM. A.A. ['ankunay, r. Jlonenx
sharos@donfti.ru

B mocnexnee necsTuieTHe aKTUBHO HCCIEAYIOTCS MOJIYIPOBOJHUKOBBIE YTIIIEPOIHBIC
matepuaisl [1-2], obnagaromue 3a4acTyro 0osee BBIJAIOMIMMUCS CBOMCTBAMH, YEM KIIACCHUECKUE
HOJYIIPOBOJHUKH. AKTyalbHOW Ha CEroIHS 3ajavyell sBISIETCS W3ydeHUE Iepexoja «MeTal—
yIIIepoa», KOTOPBIA MOXKET JEMOHCTPUPOBAaTh HMHTEPECHBIE KOHTAKTHBIC SIBJICHUSA. B maHHOU
paboTe pacCMOTPEHBI HEKOTOPBIE 3JIEKTPHYECKHUE CBOMCTBA TAKOTO KOHTAKTa B 3aBUCHMOCTH OT
TEMIIepaTypbl U IOBEJCHHUE €T0 C TEUCHHEM BPEMEHHU.

OOpasupl Uil UCCIENOBAaHMK OBUIM TIOJIY4EHBI METOJAOM MAarHeTPOHHOTO DAaCIbUICHHS
rpaduta B atMmocdepe aprona [3]: yriaepoaHbie TUIEHKA HAHOCHIIMCH HA TTOAJIOKKH U3 AUAJICKTPUKA
U Pa3IUYHBIX METAJUIOB (TUTaH, CTallb, HHOOM U TIp.).

DNEeKTpUYECKUE CBOMCTBA
MOJyYEHHBIX 00pa3IOB U3y4aIlCh METOJIOM )
pEe3UCTOMETPUHU B TepMOKamepe B 150 J
nuanasone ot 20 mo 150°C. JIByX30H/10BBIM <.5§ /'
METOJA0M H3ydJanaach KaK IOIIEpeYHasi, TaK U 1004 ya
POJOTbHAS MIPOBOIUMOCTD ] e
TUIEHOK/TIEpEX 0/10B. UccnenoBanuch * i /_/'/
TEeMIEepaTypHbIe 3aBUCUMOCTH : : ™ .
COIIPOTHBIIEHUS  YITIEPOAHBIX IUIEHOK H -1000 ‘/5.09"'/ >0 ey
BOJIbT-aMIepHble XapakTepuctuku (BAX) e 504 '
KOHTaKTa «METAJT-YTJIEPOI» npu /-/ oo ]
pa3iMyYHBIX TeMmmeparypax. ['paduueckum . ]
MyTeM OIEHMBAJIACh IIMPUHA 3aMPEIeHHON ./ 150 -
30HBl TOJYYEHHBIX MOJYIPOBOJIHUKOBBIX
TIJICHOK.

Cpenn Hpo4ero NPOBOIUIOCH  Puc.l. BAX KOHTakTa «TUTaH—yraepoa» uepes 20
TIOBTOPHOE HCCIIEIOBAHUE BAX MecAIeB MOCIIE €ro MOIyYeH s

KOHTaKTHBIX MEPEXO0J0B «TUTAH—YTIIEPOI»,
MOJIYYeHHBIX HEKOTOpPOe BpeMs ToMy Hazan (Oosee 20 mecsieB mocie HambuieHus). McxomHbit
nepexoJi, Kak ObUIO MOKa3aHo B padote [3], JeMOHCTpUPOBAT HEMWHEHHYI0 U HECUMMETPUYHYIO
BAX wu, crmemoBarenpbHO, 00J1aman BBIIPSIMIISIIOIAMH CBOMCTBAMH TOTEHIIMAIBHOTO Oaphepa
[ortkn. M3 puc.l BugHo, uro BAX panHOro mnepexoja MO MNPOIIECTBUU BPEMEHH HMEET
CUMMETPUYHYIO HEIMHEHHYIO 3aBUCUMOCTD, TAK)KE XapaKTePHYIO /1T OMUYECKOTO KOHTAKTa.

Takum oOpa3oM B paboTe MOKa3aHO, YTO CO BPEMEHEM XapaKTEPUCTHUKU TOJOOHBIX
KOHTAaKTOB MOTYT M3MEHSATHCS: MPOUCXOAT JCTPAJAIMs KOHTAKTHOTO IMEPEX0/ia M MCUYE3HOBEHHE
BBIMPSMIISIOIIIUX CBONCTB, HAOIIOAAEMBIX paHee.

1. Kanunun FO.E., Kawupun M.A., Makazonog B.A., Ilankos C.IO., Cumnuxos A.B. // KT®, T. 87,
eoin. 11, C. 1722-1728 (2017).

2. Xeocmos B.B., Cmpeneykuit O.A., Axynun B.B., Usanenxo U.I1. u op. // Becmn. Mock. yn-ma.
Cep. 3. Qusz. Acmpon., Ne 1, C. 78-82 (2012).

3. Uzomos A.U., Kunoman I'.B., Cupomkun B.B., lllanaes P.B. Il @TB/J], T.32, Ne3, C.76-80 (2022).
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BJIMAHUE AMMUAKA HA ITIPOBOAUMMOCTD TIOJIMKPUCTAJIJIOB, TOJICTBIX U
TOHKUX IIVIEHOK OKCHUJIA TI'AJLIJIUA

Idpoc H.b., Huxonaenko IO.M., Myxun A.b., Me3un H.H., Camoiinrenko 3.A.,
Ilywenxo E.U., /oauenxo T.A.
OI'BHY «/lonenkuii puznko-rexHudeckuii MHCTUTYT UM. A.A. ["ankunay, r. JloHenk

nik@donfti.ru

Kak Obulo HaMH yCTaHOBJEHO paHee, MPOBOJUMOCThH IMOJMKPHCTAIIMUYECKUX O00pa3lioB
OKCHJa TaJulMsl MPU KOMHATHOW TemIiepaType MpOSBIIAET YyBCTBUTEIBHOCTh K BIAXHOCTH H K
napam psiia JIeTYy4Hux >Kuakoctedl. HamOonpinee BIUsSHHE OKa3bIBaeT NMPUCYTCTBHE B atMocdepe
amMmuaka [ 1]. Hanuuune B Bo3nymHow cpene napoB pactBopa 10% ammuaka u 90% BoJbI BBI3BIBAET
YMEHBIICHHWE COMPOTUBJICHUs O0Opaslia MpPUMEPHO Ha JBa MOpsAAKa BedudyuHbL. [lpu sTOM
dbusznyeckuif MeXaHW3M KpalHe HHU3KOH NPOBOJMMOCTH OCTaeTcs HeACHbIM [2]. MokHO
IPEIIOJIOKUTh, YTO IPOBOJAMMOCTb OCYIIECTBIISIETCS 10 MOBEPXHOCTU oOpasma. Tem He MeHee
HAIlll KCCJIENOBAaHUS YKAa3bIBAIOT HA JOMOJIHHUTEIbHBIA BKIJIAJ OT MPOBOAMMOCTH MO TpaHUIAM
KpUCTATUTOB (WK TpaHyn). C Henbio BBISICHEHHS 3TUX OCOOCHHOCTEH MBI ITPOBEIHM U3MEPEHHS Ha
HECKOJIbKUX 00pa3iiax B BUJIE TOJCTHIX U TOHKUX MIEHOK Gaz0a.

[Tonukpucranael ObUIM M3rOTOBJIEHBI 10 KEPAaMUYECKOW TEXHOJIOTUH, TOHKUE IJICHKU
HOJTyYEHBI METOIOM MarHETPOHHOTO pacibUieHHs MuIlieHH Ha ook Al2O3 B atmocdepe 80%
Ar — 20% O2. [Ins npuroToBICHHUS TOJICTHIX IUIEHOK Mopomok GaxOs cMauuBaiics 3THUIIOBBIM
CIIUPTOM, 3aTeM HaHOCHJICS Ha audnekrpudeckue Al2O3 MouI0kKKK | 3areKancs npyu TeMIeparype
400°C Ha BO31yXE.

Ha pUCYHKE MPUBEACHBI
3aBHCUMOCTH  BPEMEHHBIX  W3MEHEHMH 10004 1 1 - Ga,0, thin film
CONIPOTHBIIEHUSI  OTHUX  OOpasloB  IpH LL%. 2 - Ga,05 polycrystall
KOMHATHO#M TeMIeparype. [apsr (R 3+ G2;0 thick Film
CO3/1aBaJIMCh B TEPMETUYHOW Kamepe C 100+
o0pa3lloM myTeM pa3MelleHus B Hel
HEOOJBIIOH €MKOCTH C  HalllaThIPHBIM
CIIUPTOM.

Kak BuaHO, compoTuBieHHE Tpex
obOpasioB  Ha  Bo3zayxe (mpu  t=0) 14
CYIIECTBEHHO pazianvaeTcs. 910
KOppenupyeT ¢ HMX  IJIOTHOCTBIO. 0 5 10 15
MuHNMaIbHOHN MIIOTHOCTBIO (OTCYTCTBUEM t, min
[Op) XapaKTepU3yeTcsl TOHKas IUICHKA.
bonee MTOPUCTON MHKPOCTPYKTYpPOI

R, GQ

101

w

BpemenHbIe 3aBUCUMOCTH H3MEHEHUS
conpotuiieHust 00pa3oB Ga;O3 nmpu KOMHATHOH

XapakTepusyercs HOJMKPUCTAILT, a
. temrneparype: 1 — ToHkas 1ieHka, 2 — TabneTka,
MaKCUMalbHOH —  ToJCTas  IUICHKA.
3 — ToNCTAas TUICHKA.
CoOTBETCTBEHHO ux CTapTOBOE
COIIPOTHUBIICHUE MOCJIeIOBATEIHHO

MU3MEHSIETCS Ha MOPSAOK BEJIMYMHBI. TeM He MeHee Juana3oH M3MEHEHMs] CONPOTUBIICHHHA MOJ
JIEHCTBUEM TIaPOB HAIIATBIPHOTO CIIUPTA MPUMEPHO OJIMHAKOB U COCTABIISECT OKOJIO ABYX MOPSIKOB
BEJIMYMHBI, YTO, MO HAIIEeMy MHEHHWIO, YKa3blBaeT Ha JBa MEXaHHW3Ma IMPOBOJUMOCTU — TIO
MOBEPXHOCTU 00PA3OB U MO IPaHUIIaM KPUCTAILIIUTOB.

1. Huxonaenxo FO.M., D¢ppoc H.B., Camotinenxo 3.A. u op. // @TBJ], T.34, Nel, C.77-81 (2024).
2. Wang J., Jiang S., Liu H. et al. // Journal of Alloys and Compounds, V. 814, P.152284 (2020).
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YK 533.9
YINPOYHEHUME ITPOKATHBIX BAJIKOB IINIASMOTPOHOM C ‘KUJIKUM
IJIEKTPOJOM

Bapéawuna E.P., Iccenvoax P.B.?, Kopcynos K.A.°
12 ®I'bOY BO «Jlon6accKkuii TOCy1apCTBEHHbIH TEXHHUECKNH YHUBEPCHTET», T. AT4eBCK
3 ®I'BOY BO «Jlyranckuii rocyapcTBeHHbIH yHuBepcuTeT uM. Bragumupa Jlansy, r. Jlyrasck
elizaveta.malyuta@list.ru

[IpokaTHble  BajgKM  SBJISAIOTCS  KIIOYEBBIMH  DJIEMEHTAMM B METaJUIypru4ecKou
IPOMBIIIJICHHOCTH, HCIOJNBb3YEeMBIMU ISl OOpaOOTKM METaIOB IO/ BBICOKMM JaBJeHHEM. B
IIPOLIECCE DKCIUIyaTallUd OHHU IIOJABEPrarOTCs 3HAYUTENBHBIM MEXaHHYECKUM, TEPMUYECKHUM U
aOpa3uBHBIM Harpy3KaM, 4TO IPUBOAUT K UX U3HOCY U HEOOXOJMMOCTH YacTOH 3aMEHBI.

JUIg TOBBIIEHHUS AOJITOBEYHOCTH U M3HOCOCTOMKOCTH BAJIKOB IIPUMEHSIOTCS Pa3jIM4YHBIC
METOJIbl YIPOYHEHUS, CPEeAU KOTOPBIX 0cOo00€ MECTO 3aHMMAeT TEXHOJOTUS IUIa3MEHHOTO
IIOBEPXHOCTHOI'O YINPOYHEHUS IUIA3MOTPOHOM C JKMJAKUM 3JIEKTPOAOM, KOTOPBIM IIO3BOJIAET
00pabaTbIBaTh TN BpaIICHUs HapsAy ¢ HemoABWXHBIME (puc. 1). [lpumenenne metona co3maer
Ha IIOBEPXHOCTH BajKa TBEpbIH CIIOH, MOBBIIAs yCTOWYMBOCTh K MCTUPAHUIO U aOpa3MBHOMY
M3HOCY. YTPOUHEHHBIM cioii MoxkeT uMmeTh TBepAocTh a0 70 HRC wmnm Bbllie, B TO BpeMsi Kak
TOJILIMHA CJIOS1 MOKET COCTaBJIATh BCEIO HECKOJIBKO MUKPOH, IO3TOMY OOeclieurBaeTCsi COueTaHue
BBICOKOW TBepaocTH u ruOkocTH. OOpaboTaHHas TIIa3MOW MOBEPXHOCTh HUMEET HHU3KUH
KO3(QQULUUEHT TPeHMs, YTO YMEHbIIACT M3HOC W 3aJUpbl. YIPOUHEHHBIM cION Takxke oOjanaeT
HU3KOM aJre3nel, 4ro IMPeNOTBPAINACT HAIMIIAHME MAaTEepUaloB K ITOBEPXHOCTH. YIIy4IIAETCs
TEPMOCTOMKOCTh K TEIUIOBOMY OKHCICHHMIO M 00€3yrJIepOKMBaHUIO. DTO jAenaeT oOpaboTaHHBIE
BaJKW Oojee yCTOMYMBBIMH K BBICOKMM TeMIlepaTypaM W TEIUIOBBIM LIMKJIaM, IUIa3MEHHOE
MIOBEPXHOCTHOE YIPOYHEHHE CO3JAET 30HBl CXKUMAIOIIMX HANpPsKEHUH HA IMOBEPXHOCTH, 4YTO
MOBBIINIAET YCTAIOCTHYIO MPOYHOCTh. YIPOYHEHHBIN CJIOH MpEoTBpaliaeT oopa3oBaHnue TPEUIHH U
pacmpocTpaHeHue ycraioctu [1].

Puc.1. 3akanka neranu BpalleHus B IJIa3MOTPOHE C KUJKUM JIEKTpoAoM: 1 — moaenb
BajKa, 2 — MPUBOJ MOJIETH BaJIKa.

[ToBepxHOCTHas 3aKalika MPOKATHBIX BAJKOB C HCIIOJIb30BAaHUEM IJIA3MOTPOHA C YKHMJIKUM
ANEKTPOAOM SIBISIETCS TEPCIEKTHUBHOW TEXHOJOTHEH, TMO3BOJIAIONICH TMOJIYYHTh TpeOyemble
napaMeTpbl TEPMHYECKOr0o YHNPOYHEHHs [2], YTO 3HAUUTEIbHO IOBBIIMIAET HW3HOCOCTOMKOCTH M
JIOJITOBEYHOCTH BAJIKOB.

1. Suminov I. V., Belkin P.N., Epenfeld A.V. et al. Plasma-electrolytic modification of the surface of
metals and alloys , Vol.l., M.: Technosphere, 2011, 464 p.

2. Kopcynos K.A., Mantoma E.P., Dccenvoax P.B. // Becmuux Kyzbacckozo eoc. mex. ynusep., Ne5
(165), C. 30-39 (2024).
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OU3NYECKHUE OCHOBBbI ®OPMUPOBAHUSA HAHOCTPYKTYPUPOBAHHBIX
JNEKTPOJUTUYECKHUX IMMOKPBITUI

Kemenacanosa A.E., Amuudbaesg P.A.
Kazaxckuit HarmoHanbHeld yHuBepcuTeT uM. Anb-Dapadu, HUN DT, Anmarsl, Kazaxcran
aiman_90.08@mail.ru

B coBpemeHHOM MUpe KOPpO3HUs, U3HOC U TPEHHE SBISIOTCS OCHOBHOM NMPUYMHOMN BbIXO/AA U3
CTpPOSI MAIlIMH, WHXECHEPHBIX KOMMYHHUKALUNA M MPOMBILIUICHHOTO 000PYAOBaHU. DTO MPUBOAMUT K
OTPOMHBIM  MaTepuaibHbiM moTepsiM [1]. YToObl MpenoTBpaTUTh MpOILECC pPa3pyLICHUS
METAIIMYECKUX KOHCTPYKIMH, MCIIOJIB3YIOT 3alllMTHBIE MOKPHITHSA. Takasl 3amuTa YBEIMYHMBAET
CPOK CITY>KOBI METAINIOKOHCTPYKIIHA, TO3BOJISIET CHU3UTh BBIHYKJIEHHBIE TPOCTOM, 00YCIOBICHHbBIE
PEMOHTOM M 3aMEHOM MOBPEKIAEHHBIX JJIEMEHTOB KOHCTPYKIMM. M3ydeHne KOppO3MOHHOU
CTOMKOCTH MOKPBITHI OMpeeNsieT akTyallbHOCTh MPeACTaBIeHHON padoThl [2].

Lenbto nanHOM pabOTHI sABISETCS UCCIENOBaHHE (U3NYECKHX OCHOB (POPMHPOBAHUS
0ecroprucTOil MIOTHOW CTPYKTYPhl KOMITO3ULIMOHHBIX 3NeKTpoiauTHueckux mokpuituil (KOII) mpu
UCTIOJIb30BAaHUM HAHOIIOPOIIKOB JUCHEPCHON (pa3pl B KadyeCcTBE KOMIIOHEHTA 3JIEKTPOJINTA-
CYCIICH3HH.

[TokpbITHSI HAHOCUIIMCH HA TOBEPXHOCTh 00pa3uoB crtanu Mapku Ct3 pazmepom 50x20x2 mm.
Temneparypa snexkrpoocaxkaenus 333 K. J{nsa nanecenuss Hano-KOII ucnonb3oBanu 351€KTpOIUT-
CYCIICH3HIO ClIe/yoIIero cocrara: okcua xpoma 200-300, cepras kucnora 2-3, SiO2 — 12, C-8. B
MIPOLIECCE OCAXKJICHUS TeMIlepaTypa JIEKTpoauTa Haxoauaack B auana3zoHe 303-343 K, mioTHOCTh
Toka — 6 kA/mM?. C yBenuueHMEM KOHIIGHTPAIMM YITIEpoJa B MATPHIE XpOMa IIOBBHIIICHHE
KOPpO3MOHHOM cTOWKOCTH HaHO-KOII cBA3aHO ¢ yMEHBIIEHHEM MOPUCTOCTH IOKPBITHS, YTO
00yCIIOBJIEHO 3JIEKTPOHHBIMU KBaHTOBO-pa3MEPHBIMU 3P PeKTaMu.
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Puc.1. O6pa31is! ¢ MOKPHITHAMU XPOM-AHUOKCH KPEMHUS-YTIEPO]T

Takum oOpa3zom, 3a cu€T oOpa3oBaHMsI CTAaOWJIBHOM KOMIIO3UIMM C YIJIEPOJAHBIMU
HAHOYACTHIIAMH C YBEJIMUYEHUEM KOHIIEHTPALUU yriepoja mnopuctoctb HaHO-KOII ymensImaercs.
['myOuHHBIA TIOKa3aTehb KOPPO3WUH CHIDKACTCS C 1,8:10? mo 0,5-10* mm/rom mis TTOKPBITHH,
MOJYYEHHBIX B IHana3one temnepatyp 313-343 K.

1. Hughes A.E., Mol J.M.C., Zheludkevich M.L., Buchheit R.G. // Springer Netherlands, V.140,
P.125-428 (2022).

2. Apocnasyesa O.B., Ocmanuna T.H., Pyooiui B.M., Mypawosa HU.F. Kopposus u 3awuma
memannos, Ekamepunoype: Hz0-6o Ypan. yn-ma, 2021, 90 c.
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INFLUENCE OF ELECTROLYTE COMPOSITION ON SELECTIVE PERFORMANCE
OF SY018 FE-MO ALLOY COATINGS
Huang Maohua -2, Yar-Mukhamedova G. S. !
! Faculty of Physics and Technology, al-Farabi Kazakh National University, IETP, Kazakhstan
2 Changchun University of Science and Technology, China
maohua0ll4@gmail.com

In the electrodeposition process, electrolyte composition significantly affects the chemical
composition, microstructure, morphology, and selective performance of SY018 Fe-Mo alloy
coatings. Key electrolyte parameters, including primary salt concentration, additive types, and pH
value, directly govern the reduction behavior of metal ions during deposition, thereby determining
the quality and properties of the final coatings. This section systematically investigates the
influence of individual electrolyte components on the selective performance of Fe-Mo alloy
coatings.

Although significant progress has been made regarding the effects of electrolyte composition
and electrolytic parameters on the properties of Fe-Mo alloy coatings, there are still many unsolved
issues. Firstly, recent research strongly focuses on single-factor optimization, without
systematically addressing multifactorial interactions between electrolyte properties and electrolytic
parameters. Synergistic optimization studies are few, and the varying requirements for performance
in different industrial processes limit the generalizability of the existing evidence. Second, the
underlying mechanisms of additive functionality in electrolytes are not well understood, especially
the synergistic interactions between various additives. In addition, although significant
improvements in coating quality have been attained by using pulsed electrodeposition, the pulsed
current parameters and coating performance relationship is not yet well understood. Experimental
methods currently in use are predominantly empirical in nature, with little systematic theoretical
tools to direct optimization procedures.

1. Wang Teng, Chen Yexin, Xie Yagian. Effect of Fe content on the crystal structure and properties
of ordered Ni4Mo alloy. Journal of Shanghai University (Natural Science Edition), 2020, 26(01):
85-94.

2. Zhang Fan, Zhang Jinxiang, Wen Xiaogiang, et al. Microstructure and properties of WC-Ni-Fe-
Mo cemented carbide. Rare Metal Materials and Engineering, 2020, 49(11): 3950-3956.3.

3. Sun Yang. Research on structure and properties of (Fe1xyCoxNiy)79M010B10Cu1
amorphous/nanocrystalline soft magnetic alloy. Dissertation, Chongging Jiaotong University,

2024.
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MNPOYHOCTDH KOMITIO3UIITUOHHOI'O MATHUTHO-ABPA3UBHOI'O 3EPHA
IHepecaduenko A.H., Anexoe I0.A., Agpanacves B.B., Illaguiuna A.H.

OI'bHY «Hay4uHo-uccienoBaTeIbCKui HHCTUTYT «PeakTuBAIIeKTpoH», T. JloHelk
reaktivelektron@mail.ru

MaruautHo-abpa3uBHasi 0o0padorka (MAQO) — coBpeMeHHBII BBICOKOA(D(PEKTUBHBIN CIIOCOO
4yiCcTOBOM 00pabOTKM MoBepxHOCTeH neTaneil. KoMno3uunoHHble MarHUTHO-aOpa3uBHbIE TOPOILIKH
(KMAII), cocrosimue u3 (eppoMarHUTHOM OCHOBBI M aOpa3sHBHBIX BKIIOUEHHH, SBISIOTCS
pexymuM vieMeHToM MAO. OpHako [0 CHX NOp OCTarOTCS HEHU3YYECHHBIMH 3aBUCUMOCTHU
MU3HOCOCTOMKOCTH, abpa3uBHOTO pecypca, nmpouyHocty KMAII ot xumudeckoro u (GpakiimOHHOTO
COCTaBOB, TEXHOJOIMM HaHECEHHsI aOpa3MBHOIO CJIOS HA MarHUTHYIO MaTpully U T. 1. Pemienue
ATHX TPOOJIEM TOPMO3UTCS U T€M OOCTOSTENBCTBOM, YTO TOKAa TOYHO HE M3BECTHBI MEXaHH3MBI
pa3pyLIeHHs] MHOTOKOMIIOHEHTHBIX KOMIIO3ULIMOHHBIX MaTepHaios [1].

Hamu npennoxeHa MeToaMKa, MO3BOJIAIOINAS MCCIEAO0BAaTh XapakTEp pa3pylIEHUs 3€pHa
KMAII npu BO31€HCTBUM MEXaHUUECKON HAarpy3KH B UCTHPAOIEM PEKUME MEXKIY PUTUPAMU U3
CTEKJa C IEPUOJAUYHOCTBIO U Harpy3Koi, JOCTaTOUYHOM JUIsl BBIABICHUS IMHAMUKHU IIpoLEcca, T. €.
olpeziesieHue MPOYHOCTHBIX CBOMCTB 3epHa npu MAQO. OCHOBY METOJMKHU COCTaBJISIIOT YCTaHOBKA
i ucnbitannii KMAIL B nctupatomieM pexxume U nporpamma o0paboTku n3odpaxkenuit Imagel
(Fiji) [2].

JUid u3ydeHus: XapakTepa pa3pylIeHUs 3€pHA IPU MEXAaHUYECKOW HArpy3ke B UCTUPAIOLIEM
pexuMe 10 yKazaHHOW Metomauke Obul m3rotoBieH KMAII, mnpencraBieHHBI dYacTUIIAMHU
ro0ynsipHOil (OpMBI C MOBEPXHOCTHBIM PACMOJOKEHHEM adpa3uBa CJEIYIOIEro COCTaBa:
skene3Hbiit mopomok Mapku [DKP — 76 % wmacc., kapoun turana TiC — 19 % wmacc., smokcuaHas
cmona D) — 5 % macc.

Ha pucyHke mnokasaH pe3ynbTaTr
paspymienust 3epHa KMAII B pesynprate 5 1
00paboTKH.

Kak BuIHO M3 pucyHKa, 00paboTka
OpU  JJTaHHOM  peXHUME MPUBOAUT K
YBEJIMUEHUIO IPOLIEHTHOIO COAEpKaHUS
Mmenkon ppakunu (8-4 MxM u 14-10 MxMm) 1
nossneHuto ¢paxmuit 400-350 mxm u 500-
450 MKM, KOTOpBIE OTCYTCTBOBAIM B

30

20 -

15

10

Coaepxanne ppaxman, %o

HUCXOJJHOM  TIOpOIIKe. DTO, IO BCeH - H }H { I]
BHMMOCTH, CBA3aHO C 00pa30BaHHEM 0 |:| oll 1 H HD -H- H Blwm .
KOHIJIOMEPATOB, SIBISTFOILIHX CSI LI “«,\"?\\9\;«“\: ,\*‘“\\*::3-“‘iﬂ“ﬂﬁiﬁ‘;?:»“;?:?‘*@f\i“%“i&°Q\
pe3ypTaTOM YBCJIMHYCHUA aaresnu JpderTHBHBIH THAMETP, MRM

HCKOTOPBIX qaCTuIL B PE3YIbTATC OHcxoznan OPexuy 4

BO3JICHCTBHUS JaBJICHUS.
Puc.1. Mcxoauslil mopomiok u 00paboTaHHbIN pH
pexume 4: nasnenue 7 r/cm°, 75 060pOTOB HCTHpATES

1. bacaiicxos, FO.C., lllymauep B.M. Ilosviwienue dKCcnayamayuoOHHbIX nokazameneti u30enutl u3
abpasuUHBLIX KOMNOZUYUOHHBIX Mamepuanos, Boneoepad: BUCTex (Bonel’ACY), 2005, 200 c.
2.1lepecaouenxo A.H., Anexos I0.A., A¢panacves B.B., lllaswuna A.H., Anenun B.I. // Jloneyxue
umenuss 2024: obpazosanue, HayKka, UHHOBAYUU, KYIbIMYPA U 6bI306bl COBPEMEHHOCHU:
mamepuanst IX Mexcoynapoonot nayunou koughepenyuu (Joneyx, 15—17 oxmsaops 2024 2.). — T.
2, Y. 1. — Joneyk: Joneykuii cocyoapcmeennviii ynusepcumem, 2024. — C. 302-304. — EDN:

KLCPZI.
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MOJIYYEHUE HAHOPA3MEPHOI'O IIOPOIIIKA BEOPA IIYTEM ILUIASMEHHOM
OBPABOTKHA

Yypunos I.H.'?, [nywenxo I'.A.', Huxonaee H.C.', /lokmee A.H.'?, Enecuna B.U.'?
'Mucruryr dusuku nm. J1.B. Kupenckoro CO PAH, ®UI] KHI] CO PAH, r. KpacHospck
2Cubupckuii henepanbHblil yHuBepcHTET, I'. KpacHospck
churilov@iph.krasn.ru

B cuHTe3e KOMIIO3UTHBIX MaTepUajoOB U JIETUPOBAHUM Ba)KHBIM HAMpABICHHUEM SIBIISIETCS
JIOCTH>KCHUE PAaBHOMEPHOCTU PACTIPEICIICHUSI B MaTPUIIe BBOJUMOTO BetiecTBa [1]. Yoporaer sty
3aJady NpaBWIbHBIM mOA00p ero pasmepoB. Yem MeHbIIEe pa3Mep, TeM IMPOIIe MOTYyYUTh
paBHOMepHOE pacnupezneneHne. Hamboiee BaXHO 3TO TpH BBEJeHHHM OOpa, M3BECTHOTO CBOEH
3(h()EeKTUBHOCTHIO TOTJIOMICHHS] TEIUIOBBIX HEHTPOHOB U SIBJISIIOIIETOCS OJHMM U3 Haumbojee
HPUBJIEKATEIbHBIX JICTUPYIOLIUX 3JIEMEHTOB [2].

O6paboTka  MHUKPOHHOTO  mopomkooOpazHoro ©6opa  (100-1000 wHm) mIa3Mou
HU3KOYaCTOTHOTO JIyroBOro paspsaa (66 kl'1) 3HaYMTENbHO YMEHBIIMIO pa3Mep yacTtull (1o 4-11
HM). M3MeHeHnid B 3JIEMEHTHOM COCTaBe YacTull OOpa mpH 3TOM He HaOmonanock. [lomydenne
HAHOJIMCIIEPCHOTO TOPOIIKa 0opa OCYIIECTBISUIOCH OJHOBPEMEHHO C €ro BBEJICHUEM B pPacIliaB
ATIOMHUHHS C WCIIOJB30BAHHEM MOJIU(DUIIMPOBAHHON HaMU KOHCTPYKIMH IUTa3MOTpoHa [3,4],
MPEJICTaBICHHOTO Ha puc. 1. LleHTpanbHbIN 31eKTPOa BHIMOIHEH B BHJIE BOJIb(PAMOBOTO CTEPKHS,
TPAHCIOPTHBIN Ta3 (aproH) MOJABaJCid B MPOCTPAHCTBO MEXKAY IEHTPAIBHBIM JJIEKTPOJIOM H
KepaMHYeCKHM COIUJIOM, OTPAaHUYMBAIOIIMM O3TOT TIOTOK B paJuallbHOM HANpaBlIE€HUU U
MO3BOJIIOIIMM OCYLIECTBIIATH €0 M0JIauy BO BpAIIaloIIEeMcsl COCTOSsHUU. Posib BTOporo anekTposaa
MOJKET BBIMOIHITH KaK METAJUTMUECKOE H3/eNne, TaK U pacliaB MeTalljia Uik COJIEBOM pacTBOp.

Pacnnas
THrens
\"\.

a o

Puc. 1. Konctpykius onHocTpyiHOTO tasmMorpoHa (a) (1 — monoe ocHoBaHUe, 2 — TOJIOBKA
AIIEKTPOAA, 3 — MMoJIa4a OXJIAXKIAIONICH KHUIKOCTH, 4 — To1ada T1a3Mo00pa3yoIIero raza) u
¢dororpadus miazmorpona B padore (0)

Pe3y'J'ILTaTBI HCCICAOBAaHUA IIOKasallkd, 4YTO MOI[I/I(I)I/II_II/IPOBaHHHﬁ IJI1a3SMOTPOH MOZKHO
HCIIOJIB30BAaTh JIA MOJIYYCHUA 60p-aJ'IIOMI/IHI/IeBI)IX CIIJIaBOB.

HccnemoBanue BBITIOTHEHO 3a cdeT rpaHTa Poccuiickoro Haydnoro ¢onrma Ne 25-29-00794,
https://rscf.ru/project/25-29-00794/.

1. Chervyakova K.Yu., Samoshina M.E., Belov N.A. // Non-ferrous Metals, 2, P. 34-40 (2016).

2. Malkin A.l., Aliev A.D., Klyuev V.A. et al. // Colloid J, Ne 82, P. 403-407 (2020).

3. Churilov G.N., Nikolaev N.S., Glushenko G.A. et al. // International Journal of Hydrogen
Energy, 47(11), P. 7299-7309 (2022).

4. Yypunos I''H., @unnuxoe K.A., Huxonaee H.C. // Kocmuueckue annapamuol u mexuonocuu, T. 2.
M 4(26), C. 212-219 (2018).
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Ilpoueccot depopmavyuu u puzuxo-mexanuyeckue ceoiicmea noo
oelicmeuem 8blCOKUX 0A61eHUN U 6HEUHUX 8030€lIC UL

VJIK 542.8 : 620.18 : 620.191 : 621.385.833.28
MOP®OJIOTI'UsSI U MEXAHU3M OBPA30BAHMSA ITIOBEPXHOCTHBIX
HHOBPEXJAEHUU BABBUTOBOI'O BKUIAJABIIIA ITOJAIINUITHUKA TYPBOAI'PET'ATA

Bypxoeeuxuii B.B.Y, I'aepunoe 3.H.%, lopoxun I'.B.?, IlIkypamos b.E.", Yepnuaeckas H.B.!
LOIrBHY “JloHenkui (HU3UKO-TEXHHUECCKUI HHCTUTYT UM. A. A. ['ankuna”, r. JloHenk
2000“Duxum”, Tymnbckas 0611, T. Y3noBas
val-bur_63@mail.ru

B mpouecce skcrtyaTanuu NapoBbIX TYpOMH pa3HONW MOIIHOCTH Ha JIIEKTPUUYECKUX

craniusax Poccuiickoit d)e;[epauym Ha TIOBEPXHOCTH JeTajeidl oOpa3yloTcsi SPO3MOHHBIC
; noBpexaeHus [1], 4To MPUBOAUT K UX MPEKICBPEMEHHOMY H3HOCY

U 3HAYUTEIIbHOMY YXYJALICHUIO CIY)KEOHBIX XapaKTEPUCTHK
arperara, CHIDKEHUIO MPOU3BOAUTEIHHOCTH, BIUIOTh J0 MOJIHOM €ero
ocraHoBku (puc. 1). ITo manasiM «YpanBTH», 3a nocnennue 25
JIeT TOBPEXICHUS TMOAIIUIHUKOB COCTaBISIIOT 25% OT o001ero
ylyclia TMOBpexJIeHuM (pe3ynpraThl oOcienoBaHus Oosiee 800
TypOOyCTaHOBOK). Bpemsi Ha BocCcTaHOBJIEHHE 11O MPUYKUHE OTKA30B
MOAIMIMUITHUKOB J0X0auT 710 30% OT 00111eT0 BpeMEHU PEMOHTA.

MCTOI[aMI/I CKaHI/IpyIOH_IeI/I AIIEKTPOHHOW MHUKPOCKOMUU M MHUKPOPEHTIC€HOCHEKTPAIbHOTO
aHaym3a [2] mpoBeeHBI UCCIICOBAHUS MTOBEPXHOCTHBIX TTOBPEXKICHUN U CTPYKTYPBI 6a00MTOBOTO
BKJIaJIbIIIIA MOAIIUITHUKA TypOoarperara.
Pric.2. e ; - Omnpenenenbl MOPQOIOTHS TOBPEKACHHONW IMOBEPXHOCTH,

‘ ; AIIEMEHTHBIM COCTAaB PA3TUYHBIX YYaCTKOB MOBEPXHOCTH, YACTHII,
IJIEHOK, OTJIOXKeHuil. [IpoBeeH aHanmm3 MpeaoCTaBICHHBIX
3aKa34YMKOM MPOTOKOJIOB OCMOTpPa M (DOTOCHUMKOB MOBPEXKIEHHBIX
y4acTKOB 000py/I0BaHU.

Yaie Bcero nedeKThl Kak Ha MOANIUITHUKAX, TaK M Ha IIeHKe
Bajia, (DUKCUPYIOTCS HA MOMIIMMIHUKOBBIX y3max 1 wu 11. Jlna
: MOJAUIUITHUKOB Hanboliee XapaKTepHBIMU SIBISIOTCS JEPEKTHI IO
TUTIAM: 3p031/1;1 HATAT, U3HOC, 00PO3/bl, PAKOBUHEI (pHUC.2).

Pazpymenne mnoBepxHOCTH 0aOOMTOBOrO BKJIAJbIIIA IMPOUCXOAUT, B OCHOBHOM, IIO
MexXaHu3My spo3uiiHoro m3Hoca (puc. 3). Ilpu sTOM mporecc mpoTeKaeT AOCTATOYHO OBICTPO C
JIOKAJIbHBIM TOBBIIIEHUEM TEMIIEPaTyphl, BO3MOXKHO, U3-32 CPhIBA MACTISTHOM MJICHKH, YBETUYCHUEM
IIPU 3TOM CHUJIbI TPEHUS U pa30rpeBOM JI0 TeMIEepaTyp IiaBieHus 6a00UTa B TIOKAIbHBIX yU4acTKaXx.

[Io pe3ympraTaM MPOBENEHHBIX HCCIEAOBAaHUN ObUIH
clenaHbl BBIBOJABI O XapakTepe U MeXaHu3Me 00pazoBaHUs
MOBPEXJCHUN Ha MOBEPXHOCTH 00PA3II0B CIUIABOB MOBPEKICHHOTO
000py/s0BaHusA, JaHbl PEKOMEHJAIMM M0 YIYYIIEHHI0 KauecTBa
UCCJICIOBAHHBIX MAaTEepUaOB, TMOBBIINICHUIO WX KOPPO3UOHHOU
CTOMKOCTH.

Pe3ynbpTartel 3TOrO HMCCIENOBaHUS TIOMOTYT 3aKa3uUKy
JRICLERS pa3paboTaTh  MEpONpUATHS IO CHHKEHHUIO HWHTEHCHUBHOCTHU
o0pa3oBaHUS U CKOPOCTH PACIpPOCTPAHEHHS MMOBEPXHOCTHBIX pa3pyIIeHUH, YTO TPUBEIET K
MTOBBIIICHUIO CPOKa CITY>KOBI 000PYyI0BaHUS.
Pa6ota Bemonnena no gorosopy HUP Ne 02/23 ot 25.12.2023 .

1. bakaes A.B., Hcaxos H.IO., Canoosckuii A.B., Cepeenv A.H. O630p ucmounuxo8 u aumanus
NPUYUH  2NeKMPOIPOIUOHHBIX Nno8pexcoeHull mypboazpecamos. Hadescnocms u 6ezonacHocmo
anepeemuku. 2017;10(3):206-210.

2. Pacmposas snekmpounas muxpockonus. Paspywenue: Cnpas. uzo./ Sueenw JI., Knuneene I

Ilep. c nem. — M.: Memannypeus, 1986, 232c.
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®U3UKO-MEXAHUYECKHUE CBOVCTBA HUKEJIHUJIA TUTAHA, ITPOIIEJIIIETO
BAPOKPUOJAE®OPMHUPOBAHUE

Xaiimosuu I1.A.Y, Andpees B.A.%, Kucenes A.F0.3, Cyndees P.B.*, |benoycos H.H.5,
Kamaee A.0.5, Ocmponuxo E.C.", Bonkoe I'A.”, Bvionenko 10.H.®

'HanuonaneHbIi HayqHBIH HEHTp «XapbKOBCKMH (QH3HKO-TEXHUYECKHIl HHCTHTYT, T. XapbKOB
2OI'BYH «HCTUTYT MeTa/LTypruy U MaTepuaioseienus uM. A.A. Baiikosa PAH», r. Mocksa
3AO «ATtomdHEpronpoekT», r. Cankt-Iletepbypr
*MUPDA «Poccuiickuil TeXHOIOTHYECKHIl YHIBEPCHTET», T. MOCKBa
SOI'BHY «JloHeukuit pU3NKO-TEXHUYECKHUIM HHCTUTYT UM. A.A. [ankunay, T. JloHenk
S ABTOHOMHAs HeKOMMepUecKast opranu3anus «LleHTp ucrbITanuii, cepTHhUKALNT 1
CTaHAapTH3aUHU (PYHKIIMOHAIBHBIX MaTEPHATIOB M TEXHOJIOTHII», T. MockBa
'®I'BOY BO «Cankr-IletepOyprekuii TocyiapcTBeHHbIH yHuBepcHTET», I. CankT-IleTepOypr
8000 «OIITUMUKCT JIT/», r. Canxt-IlerepSypr
6840817@mail.ru

Wzyueno Bnumsiaue OapoxpuonedopmupoBanus (BKJ) Ha Qu3mueckue CBOWCTBa crijiaBa
TiNi 55,15 Bec%. HccnemoBaHbl MPOYHOCTHBIC XAPAKTEPHUCTUKH, Pa3BUTHE APQeKTa MmaMsaTu
¢opmbr  (OIIP),  kanopumeTpuyeckue  HapaMerpbl — HUKenuaa  TutaHa.  [IpoBenén
PEHTTEHOCTPYKTYpHBIA aHanu3 ciuiaBa nocie BbKJ[-oO6paboTku B Tpéx pexumax. PesynbraTsl
CpPaBHMBAJIM C XapaKTEpUCTUKaMM HMCXOJHOro Marepuana. Ha puc. 1 mpuBeneHbl rMCTOrpaMMBI,
JeMOHCTpHpyomue (Ha3oBblii cocTaB 00pa3loB C Pa3IMYHON TepMOMEXaHMUYECKOW 0OpaboTKon
P KOMHATHOW TEMIIEpAType.

0-0-100 9.4-260-64.6  21.0-264-52.6  23.0-12.9-64.1
|:| aycTeHuT
MapTeHCUT
. 5 . , L | map
[ -
cocToaHue

Puc.1. IToce terioit koBku (~350°C — 400°C) (a), BK/I-006paboTka mox gasienuem 1,1 I'Tla (0), —
1,4 T'lla (B), — 1,8 I'T1a (7).

[NosiBnenue aycreHuTa U amophHOU (ha3bl B HUKEIUIEe TUTAHA TPUBOAUT K MOBBIIICHUIO €T0
NPOYHOCTHBIX XapakTtepucTuk. HeszaBucumo ot masnenus Bo Bpems BKJ[-oOpaGoTku mpoucxoaut
MOBBILIEHHE TEMIlepaTyp OOpaTHOrO MAapTEHCUTHOIO mpeBpamieHus. As U Ay MOJHUMAIOTCA OT
~65°C u ~85°C mogaumatorcs 1o ~130°C u ~275°C cootBercTBeHHO. [[ehopmarimoHHbIe MPOIECCHI
OI® B o6pa3slie mocae BTOPOro pexkuMa KBa3UTUAPOIKCTPYAUPOBAHUS aKTUBHO PAa3BUBAIOTCS IPU
temneparypax oT ~100°C no ~180°C. Crenenp BoccTaHOBIEHUS (HOPMBI OTHOCUTEIHLHO MaTeprasa
B UCXO/IHOM COCTOSIHMM 3HAUUTENNBbHO CHUXkKaeTcs. OTMEYeHO U3MEHEHNE KOHLIEHTpAu aMophHON
(a3bl HIDKE TEMIIEPATYP PEKPUCTAILTU3ALHH.
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BJIUAHUE NIPECCOBAHUSA U BOJIOYEHUA MEJHO-TUTAHOBOTI'O BUMETAJIJIA
HA ®OPMUPOBAHUE I'PAHULIBI PA3JEJIA MATEPHUAJIOB

Tancano A.H., Cyposeuyxuit B./[., Bypxoeeyxuii B.B.
OI'BHY «/loneukwuii Gpu3nKo-TeXHUYECKH HHCTUTYT UM. A.A. [ankunay, r. Jlonenx
al-gangalo@yandex.ru

Jl1s IpOU3BOJACTBA MUKPOIIPOBOJIOKH U3 TPYAHOAE(HOPMUPYEMBIX MaTEpPHAIOB, B YACTHOCTH
TUTaHAa, C LEJIbI0 00Jeryenus npoiecca aehopMupoBanus 00padaTeiBaeMblii MaTepHall MOKPHIBAIOT
MeIHOM 000JI0UKOI METOJIOM TOpsiYero MpeccoBaHusl, Moaydas OMMETaNIMYeCKyI0 3arOTOBKY JUIs
JanbHelero BonoveHus [1]. MiccnenoBanne 60k0BOM MOBEPXHOCTH TUTAHOBOM MUKPOIIPOBOJIOKH,
HNOJYYeHHOM ¢  NpUMEHEHHEeM  3aIllUTHOW  MeJHOW  OO0OJOYKHM, IMOKa3ajJlo  HaJludue
KOPPO3UOHHOCTOMKOTO MEIHO-TUTAHOBOI'O MHTEpMETAILTUAHOTO ciios TICU, KOTOpBIN OCTaeTcs Ha
IOBEPXHOCTH KOHEYHOIO M3JAEIHs IOCHE CHATUS OOOJIOUKM MYyTEM TPABJICHUS U KaJIUOPOBKHU
BojioueHueM [2]. B pabore Takke OTMEYEHO, 4YTO [IJIi TIOJIHOM OYHMCTKH THUTAaHOBOM
MHUKPOIPOBOJIOKH JruaMeTpoM 50 MKM Heo0X0auMO yOpaTh He MeHee 4 MKM [TOBEpXHOCTHOTO CJIOS.
OnHako MexaHu3Mbl (POPMHUPOBAHUS M DBOIIONHMK MHTEPMETAJUTHA HA TPAHHIIE pa3fesia MEAH C
TUTAHOM B IIpOLECCE MOTY4YE€HUSI MUKPOIIPOBOJIOKU HE aHAJIU3UPOBAIINCH.

Lenp naHHOTO WICCIEIOBAHUS OLIEHUTD BIMSHUE JABJICHUS, TEMIIEPATyphl U J1eOpMali B
npoliecce NMPeccoBaHMsl, a TAKXKe BBITSDKKU IPU BOJOYEHUU HA (POPMHUPOBAHUE METHO-TUTAHOBOTO
MHTEpMETaJNIN/ia Ha IPaHuULIE pa3/iesa MaTepralloB.

B kauecTBe MaTepuasoB I UCCIEN0BaHMS HMCIIOJIb30BAIachk Meab Mapku M1, u3 koropoi
U3roTaBiMBajach 00ojouka Oumeraiia. [[isi M3roTOBIIEHUS CEplEYHMKA HCIOIb30BAJICA TUTAH
mapku Grade 4.

HccnenoBanue TemMnepaTypHOTo pexxuma ropsidero npeccoBaHusl (KO3()PUIIMEHT BBITSXKKU
u=16) mokasano, 4To yBeIMUYeHHE TEMIEpaTyphl HAarpeBa 3aroToBok ¢ 650 1o 850°C mpusoauT: K
CHIDKEHUIO JTaBJICHHs TipeccoBaHusi 6osiee yeM Ha 30% ¢ 1250 mo 800MIla; ymeHbIeHHIO Ynciia
o0pa3oBaBIIMXCS TpeOHEN Ha rpaHuIle pas3zesa MaTepualloB Meb/TUTaH Oojiee yeM B 2 pasa ¢ 88
10 39 mT./MM; YBETMYEHUIO CpeAHEW BBICOTHI rpeOHs Oosee uem B 2 paza ¢ 14 mo 31mxm;
YBEJIMYEHHUIO TOJIIMHBI CPOPMHUPOBAHHOTO OJHOPOAHO HHTEPMETAJUIUIAHOIO CJIOS COECTUHEHHUs
TiCu npakTuyecku B 2 pasa ¢ 0,54 10 1MkMm.

HccnenoBanue BIMSHUS JABICHHUS TOPSAYEro IpeccoBaHMs Oe3 BIMAHUS JepopManuu
(ko> durment BeITsRKE p=0) A7 cTydas Harpesa 3arotoBok 10 850°C mokasaso, 9To TOMIMHA
oOpaszyromerocsi uHTepMetauuaa 1i1CU HE3HAYMTENFHO YBEJIMYMBACTCS 1O 2 MKM OT pOCTa
naBnenus BIIoTh g0 1000 MIla. Ilocne mnpeBwlieHHss HTOTO 3HAYCHHUS HAOIIOMaeTCS
CYILIECTBEHHBIN MPUPOCT TOJNIIMHBI CII0sA, KOTOPBIN gocTUraer 6 MxM npu aasiennn 1400 Ml]a.

AHnanu3 BinusHUA JnedopManuu (BBITSDKKH) Ha (OPMUPOBAHHWE MHTEPMETAJUIUIHOTO CIIOS
TIpeCCOBaHMM MPOBOAMJICA TNPU TeMIepaType HarpeBa 3aroToBok mo 850°C, mokasan, 4ro
yBenuueHue Kod((uiMeHTa BBITSKKA NPUBOAUT K MHTEHCH(PHUKAIUHU Ipoliecca (pOopMUPOBAHUS
UHTEepMeTaTUAHOrO cios. [Ipu yBenmuenun ko3 duimenta BHITSHKKA ¢ u=0 10 u=16 ckopocTb
o0Opa3oBaHMs HHTEPMETAJUIH 1A Bo3pacTaeT Oosee 4yeM B 4 pasa.

HccnenoBanue BIMAHHSA BOJOYEHMSI MOKA3allo, YTO HE3aBHCHUMO OT HAYaJbHOW TOJILIVHBI
uHTepMeTauTUaHOrO ciosi TiICU Ha TpaHuWIle pasjena MaTepHajoB B MPOIECCE BOJOYCHUS
OuMeTaIa pH HAKOIIEHUH KOA(PPHUIMEHTa BHITSDKKUA L=25 1 60see GopMHUpyeTCst KyIpHJ TUTaHA
TOJNIIUHON OKOJO 7,5 MKM, KoTopelid pazaeneH Ha cimou TiCu4, Ti2Cu3, TiCu mo 2-2,5MkMm.
Kondurypauus nHTEpMETAITUAOB COXpAHIETCS PU TIEpeX0/ie B MUKPOHHBIE Pa3Mephl IPOBOJIOKH.

1. Ilamenm RU 2146975 Cl. Cnocob uzeomosnenus MUKpOnpo8oioKu U3 mpyoHooeghopmupyemulx
mamepuanos, 3anazunckuil A.I'., Cokonos M.B., lllabawos A.A., Hosoaxconos B.HM. 2000 2
2. I'aneano A.H., Ilpoxoghvesa O.B., Bypxoseykuii B.B. u op. // @TB/, T.32, Ne3, C.108-113 (2022)
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IHOBEJEHUE HAHOTBEPJOCTH PACTBOPOB MEJIM U THTAHA 11PH
HAJIOKEHMUW UHTEHCUBHOMU INTACTHYECKOU JE®@OPMALIMU KPYYEHUEM

3aseopommnes 10./1.
OI'BHY «/loneukwnii Gpu3nKO-TeXHUYECKHA HHCTUTYT UM. A.A. [ankunay, r. Jlonenx
zavorotnev.yurii@mail.ru

B mocnennee BpeMsi HHTEHCHBHO HCCICIAYIOTCS PACTBOPHI MEIM M THTaHA C pa3IMYHBIMU
MeTayuilaMi. Takoil MHTepec BbI3BaH HEOOXOJMMOCTBIO YIPABICHUS W YIYYIIEHUS Pa3TUYHBIX
CBOWCTB ATHX BOCTPEOOBaHHBIX B TPOMBIIIICHHOCTH coenuHeHnid. B wactHoctn, Cu-Ag
UCTIONB3YeTCSI B MPOU3BOACTBE MHTEIPAIbHBIX MHUKPOCXEM, a pacTBOPHI HAa OCHOBE THUTAaHA - B
MaIIMHOCTPOCHUH, aBHa- U KOCMUYECKOW MPOMBIIIIEHHOCTU. OIHUM U3 CIIOCOOOB HCCIIETOBAaHUS
SBIISICTCS METOJ HEpa3pyLIaloIIero HAJ0XKEHUsS WHTCHCHUBHOM IUIACTUYECKON nedopmanuu
kpyuenuem (MITJIKP), mpu kotopoil momyckaercs 1o HSATH M Oosnee 000poTOB oOpasilia BOKPYT
HekoTopoir ocu [1]. Ilpm 3ToM OBUIO OOHAPYKEHO, YTO HE3AaBUCHUMO OT HAYaAIbHBIX YCIIOBUH
(TemniepaTypa omkura) cucrema mnocie Hanoxxenuss UITJIKP npuxoaut B 0JTHO ¥ TO e COCTOSIHUE,
XapakTepu3yeMoe ONpEACTICHHON KOHICHTpAalUMed MpeaesibHOW pPacTBOPHUMOCTH  IPUMECH,
MaKCHUMaJIbHOW HAHOTBEPAOCTBIO U T.J. B Hacrosieil paboTe 3KCIepHUMEHTAIbHBIC PE3yJbTaThl
TEOpPETUYECKH OOBSICHSIOTCS Ha OCHOBE (heHOMEeHoJormueckoi Teopun Jlanmay. HepaBHOBeCHBIN
MOTEHIIMAJ pa3jiaraeTcsi Mo CTPYKTypHOMYy mapamerpy mnopsiaka (1) mo mecroit cremeHu
BKIIIOYMTENbHO. KpoMe »3TOro, BKIIOYEHBI Takke WHBapUaHThl Jlndmmwma, omnuchBaromume
BO3HHUKAIOIIYIO CIIUPATBHYIO CTPYKTYPY. MUHUMU3HUPYS 3TOT (PYHKIIMOHAI, TOJTyd4aeM
n300paxeHHy0 Ha puc.l 3aBUCHUMOCTbH cTpykTypHOro IIII

Z} - OT 4YKcia 00OpPOTOB Uil Pa3HBIX Temmeparyp oTxwura. U3
9 “ puc.l cnenyer, 4To CyIIECTBYET KpUTHYECKas TeMIleparypa
“ o 'c OTXKUTra, IPU KOTOPOM HAJOKEHUE KPYTALIEr0O MOMEHTA HE

' 8200 U3MEHseT BenMuuMHbl cTpykTypHoro IIII, T.e. pa3mepa

\ 570°C JJIEMEHTAPHOU SYEHKU. BUAHO, 4TO MMeeTcss HEKOTOpas

s N 950 °C KpUTHYECKasl TemmepaTrypa, IpU KOTOPOM BeIUYMHA

N T crpykrypHoro IIII He mensercs.

s AHaIIOTUYHBIM oOpa3om TEOPETUYECKU
P e UCCIEN0BAIACh  HAHOTBEPAOCTh B CIUIaBAX  TUTaHa.

COOTBETCTBYIOIIMNA  JKCIIEPUMEHT  MPOBOAWICA  IPHU

HEU3MEHHOM  3HAYEHUU  KPYyTAIIEro  MOMEHTa W

3aKpEeIUICHHBIX  Kpasx  IWIMHAPUYECKOro  obpasna.

‘/":A:__'\' ~ Ilokazano, 4Yro B WHACATLHOM COCIUHCHUH MaKCHUMyM

~ N W R UM g S
-

Puc.1. 3aBucuMoCTb CTPYKTYpPHOIO
I[IIT or wuwmcma o0OOPOTOB MAJIA
pa3HBIX TEMIEPATYp OTKHUTa

\ |

% HaHoTBepaocth HP HaxoguTcs B cepeawHe paauyca
I
|

aa
’

: /
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mIMHApHYeckoro  obpasua  (puc.2). Kpome storo,
e MoKa3zaHo, 4yto pacmpeneinenne HP mo paguycy umeer
’ OCLMJUTUPYIOIU T XapakTep. [Ipennonoxenue 0
) ' BO3MOXKHOCTH TPOCKaJb3bIBaHUS OOpaslla Ha Kpasx U B
; e HEHTpe  TO3BOJMIO  OOBSICHUTh  HECHMMETPUYHOCTD
SKCIICPUMCHTAJIBHBIX 3HAYeHUH HaHOTBEPAOCTHU
OTHOCHUTEJIBHO CEepeMHbl paauyca M CIBUT MaKCUMyMma
HAHOTBEPJOCTH.

R
Puc.2. Pactipenenenue
HAHOTBEPAOCTH MO Pauycy
oOpa3sia.

1. Straumal B.B., Kilmametov A.R., Korneva A., Zieba P. , Zavorotnev Y., Metlov L., Popova O.,
Baretzky B. // Crystals, V.11, P.766-778 (2021).
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BBICOKOCKOPOCTHASI JE®GOPMALIMSI METAJLJIOB U CILIABOB B YCJIOBHSAX
WHTEHCHUBHBIX BHELITHUX BO3IENCTBUIA

Manawenko B.B.
OI'BHY «/lonenkuit puznko-TexHUYeCKuii HHCTUTYT UM. A.A. ["ankunay, r. JloHenk
malashenko@donfti.ru

B noxiane M3510KEHbI OCHOBHBIE IIOJIOKEHUS TEOPUU JUHAMUYECKOIO B3aMMOJICHCTBUSA
nedexroB (JIBJl), mO3BONMBINEGH C €IWHBIX TO3UIUK pENIMTh IIUPOKUH Kpyr 3amad Iio
BBICOKOCKOPOCTHOH  IIaCTHYECKOM  Jedopmanuu, OOBSICHUTH  pSA  AKCHEPUMEHTAIBHO
HaOJII0AAIOLIMXCS 3aKOHOMEPHOCTEH, a TakKe IpeJICKa3aTh HOBbIE JTUHAMUYecKue 3(PQeKTbl, 4To
MOXET O0Kas3aTb CTUMYJIUPYIOIIEE BIHSAHME Ha LEJICHAIIPAaBICHHYIO IIOCTAHOBKY HOBBIX
skcnepuMeHToB [1-3]. B uwactHocTH, ObLIa OOBSICHEHA IMHEHHAs, KopHeBas W N-oOpasHas
3aBUCHMOCTb JIMHAMMYECKOrO IIpeZesia TEKy4eCTH OT KOHLEHTpauuu JIETMPYIOLEH NPHUMECH,
HEMOHOTOHHAs1 CKOPOCTHasl 3aBUCUMOCTb, UMEIOIIAsi MAaKCUMyM, HEMOHOTOHHAs 3aBUCUMOCTH OT
IUIOTHOCTH JHUCJIOKALMKM, HUMeEmas MakcumMyM u MmuHuMyM. Teopus JIBJI npenckassiBaer
OPUEHTALMOHHBIH  3(p(deKT  IUHAMUYECKOIO  TOPMOXEHHS  JUCIOKalMA  KPYrOBBIMH
JVICIIOKAIIMOHHBIMHA TETISAMH, d(PQPEKT OJIOKUPOBKM ITUHAMHYECKOTO TOPMOKEHHS TUCIOKAINN
TOYCUHBIMU JleeKTaMM B IPUIIOBEPXHOCTHOM obmactH, 3ddekr cyxoro TpeHus mpu
JUHAMHYECKOM TOPMOXEHUHU JAucCIOKanui 30Hamu ['mHpe-IIpecToHa W IHMCIOKAMOHHBIMHU
nerinsamu. Mccnenyemblii MexaHM3M JMCCHUIALMK  3aKIIOYAeTCs B HEOOpAaTUMOM  IE€pexoje
KAHETHYECKOW SHEPIHU JMCIOKAUN B SHEPTHIO €€ IOMEPEYHBIX KoJeOaHWi. DTOT MeXaHU3M
BECbMa YYBCTBUTENIEH K BHJIY CIEKTpa JAUCIOKAIMOHHBIX KojeOaHuil. Hamuume menu B
JIMCIIOKAllMOHHOM CIEKTPE OKa3bIBAET CYLIECTBEHHOE BIMSHHE HA JHHAMHYECKOE TOPMOKECHHE
JUCIIOKAlUU CTPYKTYpHBIMU JedekTamu. CHeKkTpanbHas IIellb MOXET BO3HHKAaTh B pe3yJbTaTe
KOJUIEKTUBHOTO B3aMMOJEHCTBUS TOYEUHBIX NE(PEKTOB WIM JPYrMX IJUCIOKalui aHcamOns ¢
JBIKYIIEHCS  OUCIOKALlMEH, B3aUMOJEHCTBUS C IIOBEPXHOCTBIO HJIM  MarHUTOYNPYTOI'O
B3aUMOJICUCTBUSL C MarHUTHOW cCHCTEMOM Kpuctamwia. [Ipm 3TOM 1O MOPAAKY BEIUYUHBI
CIEKTpaJIbHAs 11I€Jb PABHA OTHOIIECHUIO CKOPOCTH PacIpOCTPAHEHUS MOINEPEYHBIX 3BYKOBBIX BOJH
B KpHUCTaJUIe K XapakTepHOMY MacuTaly B3auUMOJCIHCTBHUS, BHOCSILErO TJaBHBIM BKJIaa B
dopmupoBanue cnekTpanbHoi menu. Teopus [ABJl mo cyTu siBisercss Teopuell KOHKYPHPYIOIIUX
B3aUMOJCUCTBUH. [IMEHHO KOHKYpEHLHs pPa3Iu4HbIX B3aWUMOJCHCTBHM C JIBHXKYLIUMUCS
JMCIIOKAUAMU 32 IOMUHUPYIOIIUN BKJIad B (OPMUPOBAHUE CHEKTPAIbHOM LIENU M MOJTHON CHJIIBI
JUHAMHAYECKOTO0 TOPMOXKEHHUS ONpENesieT pas3JInYHbI XapakTep MNPOTEKAHWS HEYNpPyTrux
IPOIECCOB B KPHUCTAIMYECKUX (DYHKIIMOHAIBHBIX MaTepuaiax. AHaIU3 3TOH KOHKYpPEHIIMU
no3BosiieT  cHOpMyNIUpOBaTh  KPUTEPHUH  BO3SHUKHOBEHMSI  SKCTPEMYMOB  3aBHCHMOCTEHN
MEXaHUYECKUX CBOMCTB METANIOB M CIUIaBOB OT XapaKTEPUCTUK CTPYKTYPHBIX JAe()EeKTOB U
CKOPOCTH IUTACTUYECKOH aedopmannu: MUHUMYM Ipejesia TeKydecTh HaOdrofaeTcs MpU CMEHe
JOMUHUPYIOLIETO BKJIaJa Ae(PEKTOB B MOJHOE TOPMOXKEHUE TUCIOKAIMMA, MAKCUMYM UMEET MECTO
Ipy CMEHEe JOMUHHUPYIOLIEro BKJIana B (opMHupoBaHHE cHEKTpaibHOM mienu. Pa3Burtas Hamu
TEOpHsI TIO3BOJISIET TAKXKE BBIIBUTH OOIIME YEPTHl JUHAMUYECKOTO MOBEICHUS CUCTEM pa3IMYHON
(bU3UYEeCKON TPHUPOIBI, 00JIAAIOIMNUX KOJeOATEIbHBIMA CTETICHSIMU CBOOOJBI. DTO OTHOCHTCS, B
YaCTHOCTH, K TOPMOKEHHUIO TUCIOKAIMi MarHOHaMH, TOPMOXKEHHUIO JJOMEHHOM CTEHKH TOUEYHBIMHU
MarHUTHBIMH JleheKTaMu, pa3psly HOHUCTOpa, paboTe nuona ["aHHa.

Teopus 1B/l no3BosisseT aHaIM3MpOBaTh HEYNPYTHE IPOLECCHl B METallaXx U CIUIABaX,
KOTOpblE B Ipoliecce OOpabOTKM M SKCIIyaTallud IOJBEPraioTCs BBICOKOIHEPIreTHUECKUM
BHEITHUM BO3/I€HCTBUSM.

1. Malashenko V.V. // Modern Phys. Lett. B., Vol. 23, Ne 16, P. 2041-2047 (2009).
2. Manawenko, B.B. Il ®TT, T. 56, Ne 8, C. 1528-1530 (2014).
3. Manawenko, B.B. // @TT, T. 57, Ne 12, C. 2388-2390 (2015).
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YUCJEHHOE UCCIIEJOBAHUE TNIAPOCTATUYECKOI'O HAIIPAKEHUS B 30HE
IJIACTUYECKOM JE®OPMAILIMHA ITPU PABHOKAHAJIBHOM YIJIOBOM
IKCTPY3UUN. BUAHUE YIJIOBbIX IIAPAMETPOB

Mupownuuenxo C.B., 'anzano A.H.
@®I'BHY «/loHeukwuii Gpu3nKo-TeXHUYECKHi HHCTUTYT UM. A.A. ankunay, r.Jlonenk
svmiro@mail.ru

OU3MKO-MeXaHNYECKUE CBOMCTBA MAaTEpUANIOB, IOJy4YyaeMble METOJOM pPaBHOKaHAIbHOU
yrinoBoit akctpy3un (PKYD), 3aBucar or psnma ¢akTopoB, cpeau KOTOPBIX 0cobas poiib
MPUHAJICKUT TUAPOCTATUYECKON COCTaBisAronled aaBiaeHus [1]. YopaBiaars 3Tod cocTaBistonien
BO3MOXXHO NyTEM M3MEHEHHUS TeOMeTpuu pabodero kaHaia. B manHOW pabore wuccienoBaiu
BJIUSHUE YTJIOBBIX MapaMeTpoB IMepecedeHHus KaHaioB @ M BHEUIHEro pajuyca 3aKpyrieHHs
KaHaJIOB R Ha ruapocTaTiyeckoe HapsHKEHUE B 30HE TUIACTHYECKON AedopMari.

Kak mpaBuno, uccnenoBarenu nporecca PKYD onennBaioT BenHunHY THAPOCTATUYECKON
COCTaBJISIOLIEH C NOMOUIbIO aHAJIWTUYECKMX BblpakeHuid B.M. Cerana, HCHOJB3YIOLIETO IS
pellIeHUs] CXEMAaTUYEeCKOe TMPEACTAaBICHUE 30HbI IUTaCTUYEeCKoW nedopManuu TOJMSIMU JIMHUN
ckonbkeHus [2]. OgHako TakoW MOAXOJA IOCTPOEH Ha pAje AONYIIEHUH, NpPeanoJararoiiux
NPSIMOJIMHEHMHOCTh TPaHUIl 30HBI TUIACTHYECKOW naedopmalii U paBHOMEpPHOE paclpeiesieHue
THJIPOCTATUYECKON COCTaBIISIONIEH Oe3 ydera ero M3MEHEHHs Ha TPaHMIAX 30HBI jJe(OpMallHH.
[ToaToMy IpUMEHEHHE JAaHHOTO METO/Ia pacyeTa OMpPaBIaHO TOJIBKO JJIsl MPUOIU3UTEIHHBIX OLEHOK
uin B yactHoM ciydae PKVYD, korma 3oHa nedopmaiuu BBIpOXKAAECTCS B MPSMYIO JIMHUIO,
COBIMAJAOLIYIO C OCBIO IEPECEUECHMSI KaHAJIOB.

JlanHbIe OrpaHUyYeHUs OBLTN YCTPAHEHBI C UCIIOIH30BAHUEM METOJa KOHEUHBIX JIEMEHTOB,
KOTOPBI JTa€T BO3MOKHOCTh YYMUTHIBATh B pacyeTax Kak pa3BUTUE B 30HE IUIACTHYECKOU
nedopmaiuu yrnpyrou 30HbI, Tak U 2Q(EKT HE3aMOIHEHHs KaHata JeOpMUPYEMBIM MaTepUalIoM,
YTO HEBO3MOKHO PEaIn30BaTh B PaMKax aHAIMTHYECKOTO MOIX0/1a.

UucnenHoe wuccienoBanue mporecca ocymectBisum B cpeae [IK  Deform-2D B
MPEIMOJIOKEHUN TUIOCKOW JedopMaIiui UeanbHO-TUIACTUYECKOTO Tella B YCIOBHUSX TPEHHUS IO
3akoHy AMoHTOHa—KynoHa ¢ koa¢pduurentom, paBHbiM 0,1. YriaoBble napameTpsl paccMaTpUBalIn
B uHTepBasiax: ® = (90°-120°), R = (0,05-1)D, rae D-mmpuna kaHana.

B pesynbraTe MOJeNUMpOBaHMS TOJYYEHbl KapTHUHBI PacHpelesieHus T'MIPOCTaTHYECKON
KOMIIOHEHTBI HAIPSKEHHOTO COCTOSIHUSL B 3arOTOBKE, OMNPEAENIEHbl 30Hbl KOHIEHTPALMH
HalpsOKEHUH W paclpOCTpPAaHEHHWE WX BIMSHUSA. OTH JaHHBIE WCIIONB30BaHBI JIsi pacuera
TUAPOCTATUYECKON KOMIIOHEHTHI BJIOJIb OCH 30HBI TUIACTHYECKOW NedopMalud ¥ Ha TpaHHIAX ee
BXOJla M BBIXOJIa. YCTAaHOBJIEHO, YTO C POCTOM yIja IEpeceuyeHus KaHAJOB CPEAHUH YpOBEHBb
TUIPOCTATUYECKOTO HAMPSHKEHUST HAa OCH 30HBI JedopManu yMeHbIIaeTcsl mpuMepHo Ha 65%, a
YBEJIMYCHUE BHEITHETO PaJiiyca MPUBOIUT K CHIDKEHUIO TakoBoro Ha 40%.

Takke JaHa KOJNMYECTBEHHAs! OLIEHKA paclpelleleHUsi TUAPOCTATUYECKOTO HANpPSIKEHUs C
HCIIOJIb30BaHUEM TIOKa3aTelis HEOJHOPOAHOCTH M Kodpduuuenta Bapuauuu. llokazano, d4To
MHTEHCHUBHBIA POCT HEOJHOPOAHOCTH €ro pacnpeneneHus HaunHaetcs npu ©@>100°. [{ns BHenIHero
paanyca 3aKpyTJIeHUs KaHaJI0B HEOHOPOIHOCTh Bo3pacTaeT mpu R>0.5D.

[IpoBeneHHbIE MCCIEIOBAHMS MTO3BOJIWIM PACIIUPUTH MPEACTABICHUE O BIMSHUM YTIOBBIX
XapaKTepUCTHK KaHaJla Ha paclpeeseHre rHApOCTaTHYeCKOro HAPSKEHUS. B 30HE TIACTHYECKON
nedopmaruu. [loHnMaHue NPUHIUIA €r0 W3MEHEHUS JacT BO3MOXKHOCTh KOHTPOJIHUPOBATH €ro
YPOBEHb M PACOPECIICHUE, UTO MO3BOJIUT YIIPOCTUTH 33/1ady onTUMU3anuu npoiecca PKYO.

1. Bamues P.3., XKunses A.Il, JIsneoon T./Dic. ObvemHvle HAHOCMPYKMYpPHbIE MAMEPUATLL.
¢dynoamenmanvhvie ocHoswl u npumenernus. CI10.: xo-Bexmop, 2017. 479c.

2. Ceecan B.M.,, Pesnuxos B.U., Konwinoe BH. u 0p. Ilpoyeccor niacmuueckoeo
cmpykmypooobpazoeanus. Munck: Hasyxa i moxuixa, 1994. 232 c.
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BJUSTHUE MHOTOCTAIMITHOM MPOKATKA HA MOJEKYJISIPHYIO CTPYKTYPY
1 MEXAHUYECKHUE CBOVCTBA IUVIEHOYHBIX JJEHT CBMIID

Jpobomsko B.®.}, Macuukoea JI.IL.?, Bapoxun B.H.', Makxmax U.M.', Mapuxun B.A.?,
Trkauenxo B.M.%, Tepexos C.A."
1[[0Hem<1/1171 (bUBUKO-TEXHUUECKUI MHCTUTYT UM. A.A.TI"ankuna, J{oHenk.
2dusuko-Texuudeckuit uacTuTyT HM. A.®. Uodde PAH, Cankr-IletepOypr.

liu2000@mail.ru

B mHacrosimmee BpemMsi HMHTEHCHBHO pa3BHBaeTCs TBepHO(]a3HBI MeTon mepepaboTKu
peaktopubix  mopomkoB  (PIT)  cBepxBeicokoMousiekymsipaoro  monudTwicaa (CBMIID) B
BBICOKOIIPOYHBIE W3/EJNs, aJbTEPHATUBHBIN JOPOTOCTOSIIEMY M HKOJIOIMYECKH HEOe30I1acCHOMY
METOAY Tellb-TEXHOJOrHU. TBepaoTenbHas MPOKaTKa YaCTUYHO-KPUCTANIMYECKUX IOJUMEPOB C
MOCJIEAYIOLUM OPUEHTALIMOHHBIM YIIPOYHEHHUEM MO3BOJIIET OCYIIECTBUTH HENPEPHIBHBIN MPOLIECC
IPOM3BOJICTBA OPUEHTHPOBAHHBIX BBICOKOMOJAYJIBHBIX IUIEHOK, JIEHT M JUCTOB [1]. BakHbIMuU
HEPEMEHHBIMM 3TOTr0 IIpoliecca SBJSAIOTCS TeMIepaTypa BajJKOB, TOJIIMHA HCXOJHOIO JIUCTA,
CpeIHsIsl CKOPOCTh AeopMaIuy py MPOX0KICHUN BAJIKOB (CKOPOCTh BPAIICHHUS BAJKOB, THAMETP
BAJKOB) M MCXOJHOE MOP(OJIOrMYECKOE COCTOSHHE MOHOJUTH3MPOBAHHOIO  IOPOIIKA,
JIOTIOJIHUTEIBHO CIIEUEHHOrO NP TEMIEpaType HHUKE TeMIIepaTypbl IUIABJICHUS IOJIMMEpa IMOCie
KOMIIaKTUpOBaHus [2].

B pabote npoBe/ieHbl CUCTEMATUUECKHUE MCCIIEOBAHMSI BIUSHUS CKOPOCTH U TEMIIEpaTyphbl
BAJIKOB, HCIOJb3yEeMbIX IIPU MHOIOCTaJUHHON MPOKATKE CIEYCHHBIX PEAKTOPHBIX IOPOIIKOB
CBMIID (cepus 5230), Ha pu3HKO-MEXaHUUECKHUE CBOMCTBA MIPEKYPCOPOB, MOIYyYAEMbIX Ha Pa3HbIX
CTaJUsAX MPOKATKHU C UCIOIb30BAHNEM IIUI-T1a3a.

IIpn MHorocranuiinoil ropstuet npokatke (T=128°C u T=131°C) cneueHHbIX 00pa3LOB B
BAJIKOBOM IIpecce ¢ IMOCJIEI0BATENbHO YMEHbIIAIOIUMUCS 3a30paMu Mexay Baimkamu (280, 200,
100 1 50 wm) u npu pazIUYHBIX CKOPOCTAX mpokaTku (5, 50 u 167 mm/s) mokazaHo, 4To MOPGO3bI
CJIOEBOTO THUIIA, MPEINOJOKUTEIBHO COCTOSALINE M3 KPUCTAJUIMYECKUX JIaMesed MoJ JeHCTBUEM
CABUTOBBIX YCHUJIWH, Pa3BUBAIOIIMXCS B IMOJIMMEpPE NPU IPOXOXKACHUU Y3KOTO 3a30pa MEXIY
BaJIKaMH, NEPECTPauBaIOTCSl MOCTENEHHO B Madyku MakpoduOpwii. Ha MonexkynasipHOM ypoBHE
JIOJDKHBI MTPOMCXO/UTH J1Ba (U3NYECKUX Ipoliecca: MepecTpoilka CTPYKTYphl U3 JIaMEJUIIPHON B
MUKPOQUOPMIIIPHYIO C pa3BOpauMBaHMEM ILeNeil B HaIlpaBI€HWU OpHUEHTAllMM, a 3aTeM —
I1acTHueckas fedopmanust MUKpoGUOPMILIAPHOM CTPYKTYPBHI.

[Tpu CylIecCTBEHHOM YBEIWYEHHWH CKOPOCTH MpoKaTku a0 183 mm/s u B Oosiee MIMPOKOM
uHTepBasie Temmepatyp 68-128°C Taxke HaOIr0AaeTCsl poCT Mapamerpa KpucTauiorpaduueckon
iockocTHOU opuenraruu «crystallographic plane orientation» (KPO), koTopslii conmpoBokacTcs
yBeIMueHueM Moayis ynpyroctu (ot 2 no 3.1 I'Tla) u npenena npouHoctu npu paspsise (0T 84.2
1o 242.4 Mlla).

C yBenuueHueM cpefHel ckopocTu aepopmamuu 10 ~22-36 s mocruraemble 3HaueHus
YIOPYTUX MOJYyJEH M MpeAesoB MPOYHOCTH Ha PaspbiB y JIEHT MPHU BCEX TEMIEpaTypax MEHbIle
MEXAHUUYECKUX MOKA3aTeNeH JIEHT, I0Iy4aeMbIX TP MEHbBIIEH CKOPOCTH IPOKATKH.

Monynb ynpyroctTu M Mpeaena TEKYy4ecTH KOpPPEeIupylT ¢ MIPeaeioM HPOYHOCTH Mpu
IpOKaTKe KaK JMHeWHble (PyHKIMH, He3aBUCUMBIE OT Temneparypsl (85, 116 u 124 °C) u ckopocTu
nedopmarmu (1.1 - 36.1 s2).

Pe3ynpTaThl 1aHHOTO UCCIEI0BAaHUS MOTYT CIOCOOCTBOBAThH YIYYIIEHUIO MPOESKTUPOBAHUS
Y MIPOTHO3MPOBAHMS MEXaHUUECKUX XapaKTEPUCTUK KOMIIOHEHTOB U KOHCTpYKuii u3 CBMIID.

1. E. K. Tonybes, T. C. Kypxun, A. H. O3epun. // H36ecmus Axademuu nayk, Cepus xumuueckas, 1.
72, Ne 3, C.749-762, (2023).

2. B.A. Mapuxun, JLI1. Macnukoga; 1100 peo. 0-pa ¢u3z.-mam. nayk C.A. @penkens. - Jlenunepao:
Xumus. Jlenunep. omo-nue, 1977. - 238 c.
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NHTEHCUDPUKALMUA ITPOHECCOB OBPABOTKH METAJIJIOB JABJIEHUEM C
MOMOIIIBIO YJIbTPA3BYKOBBIX KOJJEBAHUM

Pybanux B.B., Pyoanuk B.B. mna., Jlomau M.C.
I'HY «MHCTUTYT TeXHUYECKOW aKyCcTUKU HanmonanbHOM akajemMuu Hayk benapycuy,
r. Butebck

ita@vitebsk.by

PaBHokanansHOE yriioBoe npeccoBanue (PKVYII) npencrasnser coboi oauH U3 OMYISIPHBIX
METOJI0B MHTEHCUBHOM IJIACTHYECKON Ae(opMalii METAJUIOB U CILUIABOB. DTOT MPOLIECC O3BOJISET
nosyyaTh OOBEMHBIE 3arOTOBKM C pPa3MEpPOM 3€peH, BapbUPYIOIIUMCA OT EAWHHI] MHKPOH
(YIBTpaMeNIKO3epHUCTHIC) 10 JIeCATKOB U coTeH HaHomeTpoB [1]. CyTh Meroma 3akitoyaeTcsi B
MPOJABIMBAHUM 3arOTOBKM Yepe3 MepeceKarollnecss KaHallbl MaTPUIIbl C OJIMHAKOBOH IJIOIIAJbIO
nornepeyHoro cedenus [1, 2]. MHorokpaTHoe NpOJaBIMBAHHE 3aroTOBKH 4Yepe3 ATH KaHaJbl
CHOCOOCTBYET KOHTPOJIIO CTPYKTYPBI U MEXaHWYECKHX CBOWCTB 00pabaTbiBaeMbIX MaTepuasioB. B
3aBHCHUMOCTH OT XapaKTepHUCTUK oOpabaThiBa€MOro MarepHualia BO3MOXKHBI MpeIBapUTEIbHBIN
HarpeB 3aroTOBKH, a TAK)KE BpallleHHe €€ B/10JIb IIPOJI0JILHOM OCH.

OpguM U3 METOAOB YyMEHbIIeHUS JedOpMallMOHHBIX HamNpsoKeHUM mpu  oOpaboTke
METAJIJIOB JIaBJIEHUEM SIBIISIETCSl HAJIOXKEHHUE YIbTpa3BYKoBbIX KojebOanuit (Y3K), s dero
pa3palaThIBalOTCs Pa3IMYHBbIE YCTPOICTBA M CXEMbI Meperadyu yabTpa3ByKa K 30HE jAe(opMariui.
VYapTpa3BykoBOe BO3CHCTBHE B Ipoliecce 00pabOTKH MaTepHalOB MPUBOJIUT K HM3MEHEHHUIO HMX
CTPYKTYpbl M  (PU3MKO-MEXaHHYECKHUX CBOWCTB. B 3aBHCHMMOCTH OT 4acTOTHl U aMILIUTY/bI
yIbTPa3BYKOBBIX KOJIEOAHUMH, a TaKKe OT JIOKAJIbHOCTH BO3JEMCTBHSI BO3MOKHO KaK YIPOUYHEHUE
MeTajula, Tak W €ro pasynpouHeHue. B HMHcturyre TexHudeckon axkycTuku HanuonaibHOU
akaJeMuu HayK benapycu CIpOEKTHpOBaHO OPUTMHAIBHOE YCTPOWCTBO ISl YJIBTPa3BYKOBOT'O
PKVII, B K0TOpOM BOJIHOBOJ C MaTpULIEH BBIIIOJIHEHBI KaK €IMHOE LEJI0E, a DJIEMEHTBI KPETUIEHUS
BOJIHOBO/Ia PACMOJIOXKEHbl B Y3JIOBOM IIOCKOCTH MEXAaHMYECKMX CMEIIEHUH CTOsSYeld BOJIHBI,
BO30Y)XJIEHHE KOTOpPOW IPOUCXOAUT HEMOCPEJACTBEHHO B MaTpHUIle M 3aroTOBKE B Ipoliecce
npeccoBaHust [3]. DTO MO3BOJUIO MOBBICHTH 3((PEKTUBHOCTH YIBTPA3BYKOBOI'O BO3JEHCTBUS 3a
CYET CHIKEHMS CHJI TPEHMSI MEKY TOBEPXHOCTBIO 3arOTOBKH U ITIOBEPXHOCTHIO KAHAJIOB MaTpPHIIbI,
a TaK)Ke 3a CUeT CHM)KEHHUS 1e(hOpMallMOHHBIX YCUIIUI B 30HE NEpeceueHus] KaHaJl0B MaTPULIbl, TJe
HIPOMCXOTUT MPOCTON CABUT J1eOPMHUPYEMOro MeTailaa. Y CTaHOBIIEHO, 4To HanoxeHue Y 3K npu
PKVYII nmuHka m amtoMUHUEBOro crjiaBa A7 NMPUBOAUT K CHUKEHHUIO yCWIUA NpeccoBaHus B 1,5
pa3a. CTpykTypa IpeccyeMbIX MaTepuaioB H3MeHseTcs nocie oaHoro npoxona PKVII ¢ V3K:
HaOMIO/IaeTCsl yMEHbIIEHHWE pa3Mepa 3€peH M U3MEHEHHE HUX KpucTamiorpapuueckoi
OPUEHTHUPOBKU. BBISBIEHO TOBBINIEHHE MEXaHMYECKHX CBOMCTB Jae(OpMUPYEMOT0o MeETaia,
yBEJIMUEHHUE MUKPOTBEpAOCTH. V3MeHeHus (a3oBoro cocraBa sl BCeX 0Opa3lioB, MOJYYEHHBIX
PKVII ¢ Y3K u 6e3 Y3K, ne nadnromaercs.

PabGora BrimonHeHa mnpu nojaepxkke bemopycckoro  pecmybnukanckoro  ¢oHzaa
(dyHnameHTanpHbIX UccaenoBanui (mpoekt Ne T22KUTT-011).

1.Cecan B.M., Pesnuxoé B. H., Konvitos B. H. u 0p. Ilpoyeccvi naacmuueckozo
cmpykmypooobpazoeanus memainos, Munck: Hayka u mexuuka, 1994, 232 c.

2.Banues P.3., Anexcanopos HM.B. Hamocmpykmypuvie mamepuanvl, NOLYYEHHble UHMEHCUBHOU
nracmuueckou depopmayueti, M..: Jlococ, 2000, 272 c.

3.Pybanux B.B., Pybanux B.B., Jlomau M.C., JIyyxo B.®@. Ilpecc 0ns pagHoKanHaibHO20 Yen08020
npeccosanus; Onucaxue K noaesHou mooeau Kk nameumy Pecnyoiuxu Benapyco Ne BY 13457,
2024. 6 c.
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JANODY3Us ITPU CIIEKAHUU U JE®OPMALIUN
IMOPOHIKOBBIX IIOPUCTBIX 3AT'OTOBOK

Paouuesa JI.A., baouu U.H., beno3up U.HU.
®OI'bOY BO «Jlyranckuit rocyiapcTBeHHbIN yHUBEpCcUTET UM. B. [lansay», r. Jlyranck

IIpu cniekaHuu MOPOIIKOBBIX MOPUCTBIX 3arOTOBOK HAOIIOAAIOTCS Mpouecchl Juddy3uu, 3a
CYeT KOTOpPbIX IPOMCXOAWUT O00pa3oBaHUWE CBA3CH MEXIy dacTuuamu mopomka. Jlus
XapaKTEepUCTUKHU IpoueccoB Aupdy3un NpUMEHs0T 3akoHbl (Duka, CBSA3bIBAIOLIME BEIMYUHBI
HAIpPaBJIEHHOI'O MTOTOKA aTOMOB C BBIHYXK/IAIOIIKUM €TI0 IpaJueHTOM KOoHIeHTpauuu. [lnactnueckas
negopmanus OpU PasIMYHbIX TEMIIEPATypHO-CKOPOCTHBIX YCJIOBHUSAX CIIOCOOCTBYET YCKOPEHHUIO
TU(GPY3MOHHOTO B3aUMOJCHCTBUS W BIMSAET HAa MPOIECC TOMOICHHM3AaMH TOPOIIKOBBIX
MaTEepUasoB.

Lenpto paboThl sBIsieTCS aHanM3 mporecca Muddy3un nmpu YIUIOTHEHUH MOPOIIKOBOM
IIOPUCTOM 3aroTOBKM IIPH PA3JIUYHBIX TEMIEPAaTypHO-CKOPOCTHBIX YCIOBHUSIX Ha OCHOBE
MaTeMaTHYeCKOM  MOJETH,  YYMTBHIBAIONIEH  B3aUMOCBS3b  mapaMeTpoB  auddysuum  u
ne(popMHUpPOBaHUSL.

Jia aHanusza ogHOMEpHOW Mu((y3uu UCIOIb30BAIM BTOpOe ypaBHeHHE DHKa, pelieHHe
KOTOPOI'0 OCYIIECTBIISIIM MeToAoM (yHKimil I'puHa. DTOT METOA 3aKI04aeTcsl B HAXOXKACHUHU
¢ynkuuun ['puHAa M MpOBEpKe €ro 3aKOHHOCTH AM(QepeHIUpPOBaHUEM IO 3HAKOM HHTErpaja
HeoOxonumoe yuciao pa3. Dynkuus ['puna sBisercs pelieHueM BTOpPOro ypaBHeHus Puka u
3aBHCUT OT KOOPJIUHATHI, BPEMEHH M TOYHOCTH BBIUUCIICHUH. J{J1s pemenus ypaBHeHUs Tudy3un
VCIIOJIb30BAJIM HAYAJIBHBIE U IPAaHUYHBIE YCIOBHS U3MEHEHMSI KOHLIEHTPALUKA BO BPEMEHHU.

[TonyueHHOE BBIpa)KEHHE MaTeMaTH4eCKOW MojAenu AU(PQY3UH B MOPOIIKOBON MOPUCTON
3arOTOBKE CBS3bIBAET KOHIEHTpaLuio AU(GQYyHAUPYIOIIEro BellecTBa CO BpPEMEHEM Ipoliecca
mubdy3un 1 KOOPAUHATON, B HAIIPABJIEHUU KOTOPOU MpoucxoauT quddysus. ITo BeIpakeHHE JaeT
BO3MOXKHOCTh ONPEETUTh KOHIIEHTPALNI0 KOMIIOHEHTOB B (D (y3MOHHON 30HE U CPAaBHUTH €€ C
AKCIEPUMEHTAJIbHBIMUA 3HAYCHUSIMHU.

OKcIIepUMEHTAJIbHbIE MCCIIEJOBAHUS BBIOJHEHBI Ha 00pa3lax, HW3TOTOBIEHHBIX U3
MexaHnueckoil cmecu nopoika meau [IMC-1 u nopomka turana BT1-0. MaccoBast 10715 THTaHa
cocrasisina 0,5 %, nopuctocts 5 % u 10 %. IlomyueHo, uro ko3pduiuent aupdys3uu Meaun D,
Ha TOPSJIOK Oosble, yeM TuTaHa Dy, YTO CBUIETENbCTBYET O NMpEeUMyIlecTBEHHON Auddy3uu
menu B THTaH. [locne cnekanus koddduuuenTsl Auddy3un npuHUMAOT HAaMMEHBIINE 3HAYCHUS U
HECKOJIbKO YBEJIIMYMBAIOTCA B pe3yibTaTe nedopmauuu. [lpu cnekaHum ¢ pocToM HCXOTHOU
nopuctocTd Kodpduuuentsl auddy3un yMeHbIIAOTCA U cocTaBisioT Dg, = 0,65-107 cm?/c,

Dg, =054-107"° cM?/C COOTBETCTBEHHO npu nopuctoctd 5 u 10 %. Temmneparypa nedopmanuu
OKa3bIBAET 3HAYMTEIBHOE BIHMSIHHME HA BEJIWYMHY Kodpduimento auddysuu. [Ipu temneparype
nedopmarui, COOTBETCTBYIOIIEH Temmeparype Bo3Bpara (100 °C), nabGmromaercs Hadaio
mubdy3MOHHOTO  B3aUMOJIEHCTBUS, B pe3yinbrare uyero koddduuuent uddysun D,
yBenuuuBaercs B 1,6-2 pasza, a D; — B 1,3-1,8 pa3za mo cpaBHEHMIO ¢ MX BEJIWYMHOW IOCIE
CIIEKaHUS.

Temnepatypa Hauana MHTEHCHBHOM JU(QYy3UH COOTBETCTBYET TeMIlepaType Haudaja
pekpuctaumm3anuu. Yckopenue gauddysuun npu 600 °C  mpuBogur K 0Opa3zoBaHUIO
JIOTIOTHUTEIBHOTO YUCIIa CBOOOJHBIX BaKaHCUU Onarojapsi yBEIMUYEHHUIO KOJIMYECTBA M MUIPALUH
OO0JBIICYTTIOBBIX TPAHUL, BAOIb KOTOPHIX TUPQPY3Us HIET C MAKCUMAJIbHON CKOpOCcThi0. C pocTOM
temneparypsl nepopmanuu ot 100 no 600 °C Bennunna D, Bo3pactaer B 2,5 pa3a, a D; —B 2
pasa, 4TO CBUJCTEILCTBYET 00 MHTeHCUUKAIK ITporiecca 1uddy3un.

C yBenumveHHeM CcKopocTd Aehopmanuu KoIPGUIHUeHTh AUPOY3UH  YBETUUHBAIOTCS
BCJICJICTBHUE YBEIMUCHHS SHEPTHH aKTUBALIMU TIpoliecca 1eopMalti.
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BJIUSHUE PA3OBOM CTEHEHU NJE®OPMAIIUA TUJAPOIKCTPY3UEHN HA
MEXAHHUYECKHUE CBOUCTBA CIIJIABA AMI, IPEABAPUTEJIBHO
OBPABOTAHHOI'O PABHOKAHAJIBHBIM YTI'JIOBBIM IPECCOBAHUEM

Cennuxoga JI. @., I'anzano A.H., Ceupuoosa E.A., Bacunves C.B., Tkauenxko B.M.,
Knumoea E.X.
®I'BHY «/loneukuii Gpu3nKO-TeXHUYECKHA HHCTUTYT UM. A.A. [ankunay, . JloHenk
ludsennikova@mail.ru

N3BecTHO, 4TO 00pabOTKa METAIOB METOJaMU MHTEHCUBHOM IUIACTHUYECKOW nedopmanuu
(UIIH) sBusercs oAHMM W3 HambOoyiee TEPCIEeKTUBHBIX METOJOB IOJIYYECHUS MAaTepHaioB C
BBICOKUMH (DU3MUECKUMH U MEXaHUYECKHMH CBOMCTBAMHU, TaK KakK MPUBOJIUT K (OPMHUPOBAHUIO
HaHO- Wiu yapTpamenkozepuuctoir (YM3) crpykrypel. Metoast UIIJ] mO3BOJSAIOT TOCTUTAThH
BBICOKMX IUIACTMYECKUX JedopMaluid, cOXpaHss 3aroTOBKY IPAKTHUYECKH B HEU3MEHHOM BUJIE.
Onun u3 uzBectHbix Meto10B UITJl — paBHOKaHanbHOE yrioBoe npeccoBanue (PKVYII) [1]. Onnako
3TH METOBI HE ABISIOTCS POPMOOOPA3YIOMIMMH, a TpeTHA3HAUCHBI JJIs1 (JOPMHUPOBAHUS CTPYKTYPHI
U CBOMCTB Martepuana. [ JajpHEHIIero moixyd4eHus: U3 3TUX 3ar0TOBOK M3JEeNuil HeoOXOAMMO
UCIIOJIb30BaTh TPAIUIIMOHHYIO 00paboTky meramuioB naeineHuem (OMJI). IToatomy B mociemHee
BpeMs IOJlyyeHHEe HaHO- U YM3-CTpyKTyphl METaJJIOB Bce OO0Jjbllie KOHLEHTpUPYETCS Ha
koMOuHanmu metonoB UIIJ u tpagummonnsix OM/I. OguuM U3 nepcrneKTUBHBIX MeTo10B OM /]
apasierca ruaAposkeTpysus (I'D). OcobeHHOCThIO MeToJa SBISIETCS BbIIABIMBAHHUE 3arOTOBOK
KUAKOCTBIO BbICOKOTO AaBiieHus. IIpu I'D cHmxkaroTcst cuiibl TpeHus B odare aedopmanuu U TeM
caMbIM IIOBBIIIAETCS KayecTBO mosiydaeMmoro usnenus. Kpome toro, I'D MOXKHO cyliecTBEHHO
MOBBICUTH IPOYHOCTHBIE CBOMCTBA MaTepHara.

Ienp nanHON pabOTHI — U3YYUTh BIUSHUE TUAPOIKCTPY3UU HA CTPYKTYPY M MEXaHHUECKUE
cBoiicTBa craBa AMu, penBaputenbHo nedpopmupoBanHoro PKVII.

MatepranaoM Uil MCCIEN0BAHUMN CIIY>)KWJI IIPOMBIIUIEHHBIN TOPSIYENIPECCOBAHHBIA NPYTOK
AMOMUHHEBOTO criaBa AMu. OGpasmsl  crmaBa oTxkuranm 1mpu  Temmeparype 400°C n
negopmupoBaiy, ucnonb3ys 8 nepexonoB PKVYII u ero komOunammio ¢ I'D, ¢ pa3oBoii cTeneHbro
nedopmaruu e = 0,3; 0,6; 0,9; 1,2. PKVII ocymecTBisiiocs C UCTOIB30BaHuEM Tpecca cuiioi 100
T.C. P KOMHATHOM TeMIlepaType ¢ MpUMEHEHNEeM KOHTelHepa ¢ paboyuM JuamMeTpoM KaHanoB 20
MM ¥ yTIIoM nepecedenns = 90° mo cxeme B (c moBopoTom 3arotosku Ha 90° BOKpyT cBOE# ocH).
Hedopmarus 3a onun npoxon PKVYII e ~1. I'maposkcTpy3uio OCYIIECTBISIN MPH KOMHATHOM
temneparype. B xauectBe paGoueil kuakocTu ObUIO BbIOpaHO MHAYCTpuanbHoe Macio M30. Jlns
peanu3auuu npouecca I'D ncnonezoBanuck npeccst cuitoit 500 u 100 T.c.

B pesynpraTe mmactuueckoi aedopmarmu Mo KOMOWHHUPOBAHHOM cxeMe 00pabOTKH C
yBENIMYEHUEM pa3oBoil creneHu Jedopmanuu [D HaldromaeTcss MOHOTOHHOE IIOBBILICHHE
NPOYHOCTHBIX CBOWCTB cIuiaBa. [Ipw yBenwmueHWH pa3oBoi cTerneHW aedopmarmm 10 e = 1,2
NOJy4eHOo 3HauuTenbHoe (B 1.9 pa3) ynpoyHeHue amoMUHHEBOro cijiaBa AMII 0 OTHOIIEHUIO K
OTOXCKEHHOMY COCTOSIHUIO MaTepuana. [1macTH4HOCTh ocTaeTcsl Ha y/IOBIETBOPUTEILHOM YPOBHE.
[Ipenmonaraercs, 4T0 OCHOBHOM BKJIan B ynpoyneHue BHocuT (aza Als(Mn,Fe). IIpounocts atoii
da3pl mpu nepopmanuu MoxkeT yBenuuuBatbes 110 48% [2]. Ona sBisercs cBoero poja
«apMarypoil» AN CTPYKTYpbl aTIOMHMHHMEBOM MaTpHIbI, TOCKOJBKY OHa Oojee IJIOTHAs U ee
YaCTUIbl HEKOTEPEHTHO CBS3aHBl C AJIOMMHUEBOM MaTpuuUed, T.K. HMEIT Jpyrol TUl
KPUCTAJUIMYECKOU PELICTKH.

1. Banues P.3., XKunses A.IL, Jlbueoon T. [Joc. / Obvemuvie HAHOCMPYKMYPHbIE MAMEPUATLL.
¢dynoamenmanvrvie ocnoswl npumenenus. Canxkm-Ilemepoype, Jxo-Bexmop, 2017, 479 c.

2. Tpepunos B.U., Moucees B.®., I[leuxosckuii O.I1. | JJepopmayuonnoe ynpounenue u
paspyuterue noaukpucmaniudeckux memannos. Kues, « Hayxkosa oymxay, 1989. - 255 c.
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JE®OPMAIIMOHHOE INIOBEJAEHUE CYBMI/IKPOKPI/ICTAJIJII{'I‘:[ECKQI‘/'I
MEJIH B YCJIOBUAX BHEIIHUX MEXAHUYECKHUX BO3JEUCTBUU

Tkauenxko B.M., Bapoxun B.H., Canponoe A.H.
OI'BHY «/lonenkuii puznko-TexHuuecknii MHCTUTYT UM. A.A. ['ankunay, r. JloHenk
v.tkachenko@mail.ru

Marepuansl ¢ HAaHO- U CyOMHUKPOKPUCTAUIMYECKON CTPYKTYpoil 0071aal0T YHUKATbHBIMU
GU3MYECKUMA W MEXaHWYECKUMH cBoicTBamMu [1,2], KOTOpBIE IIMPOKO BOCTPEOOBAHBI B
MaIIMHOCTPOCHUH, MEIUIIMHE, CTPOUTENbCTBE W JpYrux otpaciax. OgauM u3 3(deKTuBHBIX
CHOCO0O0B JTIOCTUKEHUS MEJIKO3EPHUCTOTO CTPYKTYPHOT'O COCTOSIHUS B METAITIMUECKUX MaTepUanax
SBIISICTCS TPUMEHEHHE METOJO0B MHTEHCHBHOW mactuyeckoi aedopmarmm (UILJ]). Cyrp sTHx
METO/IOB 3aKJIIOYaeTCsi B MHOTIOKpaTHOM 0O0paboTKe MAacCUBHOW 3aroTOBKM B CHELHMAIbHOM
OCHACTKE C COXpaHEHHEM IIepBOHAYAILHBIX (POPMBI U pa3MepoB 00pabaThIBa€MOro MaTepualia, 4ro
NO3BOJISIET HaKalJIMBaThb B HEM OOJIbLIME CTENeHU JedopMaluy 3a ONpEeAEICHHOE KOJINYECTBO
IIUKIIOB 00pabOTKH.

3aBUCUMOCTb M3MEHEHMsI CTPYKTYPHBIX IIapaME€TpOB M MEXAHHYECKUX CBOMCTB OT
BEJIMYMHBI HaKOIUIEHHOH JlehopMaliii, KaK IpaBUiI0, HOCUT HEMOHOTOHHBIA XapaKTep ¢ BBIXOI0M
Ha HACbIILIEHUE JaHHBIX MapaMeTpPOB IPH JOCTHKEHUU ONPEAEICHHOM BEIMYMHBI JedOopMalHH.
[Ipr W3MEHEHUH YCIOBWI BHEIIHMX MEXAaHMYECKHX BO3JCHCTBUH B CYOMHKPOKPUCTAJUIMYECKHX
MeTajljjaX IMPOUCXOIAT AAJbHEHIIME IEPECTPOMKU TOHKOW CTPYKTYpbl M COBEPIICHCTBOBAaHUE
MEXaHHUYECKHX CBOMCTB [3,4].

Jlns monmydyeHHs B MeIu CyOMHKPOKPHCTANIMYECKOTO COCTOSHUS B JaHHOH pabore
ucnonp3ytorcsi Takue wmertonsl WIIJ, kak BUHTOBas 3KCTPY3Usi M KPY4YEHHME II0JI BBICOKHUM
JlaBlieHNeM. BHelltHee MexaHMUYECKOe BIIMSHUE Ha CYOMHMKPOKPHUCTAIIIMUECKYIO MeJllb CO37aeTcs
IyTeM BO3JAEUCTBUSA TPAAMIIMOHHBIMU METOAAMHM OOpaOOTKM METAJJIOB JaBlieHWEM (IpoKaTKa U
ocajka), a TaKKe C IIOMOIIBIO YIbTPa3ByKoBoH oOpaboTku. Pacuer HampspkeHHO-
nehOpMUPOBAHHOTO COCTOSIHUS MaTepuana npu JaedopmManmoHHON 00paboOTKe OCYIIECTBIISIICS
METOJIOM KOHEYHBIX JJEMEHTOB. CTPYKTypHBIE HCCIEIOBAaHUSA TPOBOJMINCH C IOMOULIBIO
IIPOCBEYMBAIOIIEH JJIEKTPOHHOM MHUKPOCKOIIMU M PEHTTEHOCTPYKTYPHOTO aHanu3a. IIpouyHocTHBIE
cBOMcTBa OOpa3lOB ONPEACISUINCh IMYTEM H3MEPEHHUS MHKpPOTBEPAOCTH B PA3HBIX CEUEHUAX
oOpa3lia ¥ UCTIBITAaHUH Ha pacTSKEHHE.

IIpoBeneHHbBIE HCCIIEOBAHUS  BIMSHUS KOMOMHHUPOBAaHHBIX  METOJOB  00paboOTKH,
couetatormux Metoasl U/ v oguH U3 TpaAULIMOHHBIX METOAOB 00paObOTKM METAIIJIOB JIaBJICHMUS, Ha
U3MEHEHUS CTPYKTYPbI U IMPOYHOCTHBIX CBOMCTB MeIHU MOKa3zaau 0osee BBICOKYIO A(PHEKTUBHOCTD
NPUMEHEHUS JaHHbIX METO/J0B OO0OpaOOTKM IO CPaBHEHHMIO C OJHOCTaJAUWHBIMH METOJIaMHU.
[lpumeHeHne  KOMOMHMPOBAHHBIX  METOJOB  OOpabOTKM  CIIOCOOCTBYeT  JajbHeHIemy
peoOpa3oBaHNI0 KPUCTAJUIMUECKON CTPYKTYpbl MaTepHalloB U TIOBBIIIEHHIO KOMILIEKCa
MEXAHUUYECKUX CBOWCTB.

[IpencraBieHsl cXeMbl ISl YIbTPA3BYKOBOM 00pabOTKH CYOMHKPOKPUCTAIIIMYECKONH MEIH,
MOJIyYUEHHOW METOJJaMU BUHTOBOM JKCTPY3UM U KPYUYEHHMsI MO/l BBICOKMM JABICHUEM U MPEAJIOKEH
Croco0 MOJKIIIOYEHUS YIbTPa3BYKOBOTO OOOPYIOBaHMS K YCTAaHOBKE BHUHTOBOW JKCTPY3UHU IS
COBMECTHOI'O BO3IEMCTBHS 3TUX METO/IOB.

1. Banues P.3., Anexcanopoe U.B. Ob6vémmubie HAHOCMPYKMYPHbIE MemaliudecKue Mamepuavl,

M: Axademxnuea, 2007, 398 c.

Zhilyaev A.P., Langdon T.G. // Progress in Materials Science, V.53, P.893-979 (2008).

3. Pahynskaya E. G., Myshlyayev M. M., Varyukhin V. N. and all // Bulletin of the Russian
Academy of Sciences Physics, Vol. 73, No.9, P. 1249-1252 (2009).

4. Cennuxosa JI.@., Boaxosa I'K., Tkauenxo B.M. u op. // Bonpocer mamepuanosedenus, T.105,
Mel, C. 21-27 (2021).
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Cae’. IIpoueccol degpopmayuu u gusuxo-mexanuueckue ceoiicmea noo
ﬁ oelicmeuem 8blCOKUX 0A61eHUN U 6HEUHUX 8030€lIC UL

YK 621.77,620.172
BJIMAHUE 'MAPOSKCTPY3UN HA MEXAHUYECKHE CBOMCTBA
YJIBTPAMEJIKO3EPHUCTOU MEJIN

HAwaposa E.B.'?, F'anzano A.H.'3, Cenuuxosa JI.D.', Bypxoseyxuii B.B.), I'nasynoeéa B.A.",
Cyposuyxuii B./I.,' Tkauenxo B.M.*
IOI'BHY «/lonenkuii pusnuko-rexuudeckuit uHCTUTYT UM. A.A. Fankunay, r. JloHenk
2OI'bOY BO «JloHenKHii rocy1apCTBEHHbIH YHHBEPCHTET, T. JIOHEIK
SOI'BHY «HCTUTYT QU3HKH TOPHBIX TIPOLIECCOBY, T. JloHeIK
yasharova.liza@yandex.ru

OnHUM M3 MEPCHEKTUBHBIX MPOLIECCOB TPATUIMOHHON 0OpabOTKH JaBIEHUEM SBISAETCS
ruapo3ketpy3us (I'9). DTor Merox mNO3BOJIAET MPOBOAUTH OOpPabOTKY C BBICOKMM YpPOBHEM
THJIPOCTATUYECKUX [JaBJIEHUH, pealu30BbIBaTh OOJIBLIME pA30Bble CTENEHU JedopMmanuu, B
pe3ysbTare 4ero B 3HAUMUTENIbHOM MEpEe MOBBILIAIOTCS MPOYHOCTHBIE CBOMCTBA METANIMYECKUX
matepuaios [1]. boapmuHCcTBO paboT o I'D HampaBieHO Ha MCCIe0BaHNE BIUSHUS Ipoliecca Ha
M3MEHEHHS MEXaHHMUECKUX CBOWMCTB KPYMHO3EPHHUCTBHIX MaTepUaioB. B To ke Bpemsi 0ocoOeHHOCTH
BIMsIHUA ['D Ha MexaHHWYecKHue CBOMCTBA MaTEpUAIOB C MAJIBIMU pa3MepaMM 3epHa, UCCIIeI0BaHbI
HenoctaToyHo. Llens nmaHHOW pabOTHI OLEHWTH BIMSHHE THUAPOIKCTPY3UHM HA MEXaHHUYECKHE
CBOWCTBA B YJIbTpaMeNKo3epHUCTOM (YM3) coCTOSIHUN 3aTOTOBOK.

B kauecTBe Marepuana A UCCIIENOBaHMSI MCIIONb30BaJIachk Meab Mapku MO0 ¢ pazmepom
paBHOOCHBIX 3epeH 200-300 uM. VYM3-cocrosHue Marepuana ObUIO JOCTUTHYTO TOCIHE
MHTCHCUBHOW IUIACTUYECKOW aedopmanvy METOJOM pPaBHOKAHAJIBHOTO YIJIOBOI'O IPECCOBAHUS
(PKVTII). Mexanndeckre CBOMCTBA B HICXOAHOM COCTOSTHUN 0n=434 Mlla, 6=19,3%.

Jna peanuzaumu ['D ucnonp3oBajach yCTaHOBKA € paboOyuM JuaMEeTpOM KOHTEWHepa
D.=22mM. Hccnenyemble 3aroTOBKM IMPOAABIMBAINCH Yepe3 KOHMYECKYIO MaTpHIly JUaMETPOM
D,=11mM. Benuuuna pasosoii crenenu aedopmanuu I'D onpenenena € = In(Di/DZ) = 0.3 ...1.2,
rae Do — ucxoHbIi AuaMeTp, Ha KOTOPBIN NpeABapUTEIbHO TOKapHOH 00pabOTKOM MpoTaunBaInCh
3aroToBku U3 YM3-menu ¢ marom € = 0.3.

MexaHuueckne CBOWCTBAa OLIEHUMBAJIM HUCHBITAHUSAMU Ha pPacTsDKEHUs, JUIsl 3TOro U3
oOpaboranHoro I'D wMarepuana BbITaunBamuch obOpasupl no ['OCT 1497-84 ¢ nuamerpom
pa3peiBHOM yacTu 5 MM. Takxke mpumeHsics ¢pakTorpa@uueckuil aHaau3 MOBEPXHOCTU pa3phiBa
00pa31oB C MOMOIIIBIO BU3YaJIbHOTO OCMOTPA U CKaHUPYIOIEH 3JIEeKTPOHHON MUKPOCKOIIHH.

@pakrorpaduyeckuil aHaanM3 IoOKa3ald, 4YTO B HMCXOJHOM COCTOSHMM YM3-menp mocie
PKVII pa3pymaercst mo TUIy BS3KOTO KOHHYECKOTO M3JI0Ma IOJT YTIIOM K ocH Harpyxenus a=50° ¢
OJIHOI BOJIOKHUCTOMN 30HOM pa3pylIeHHs], TPOEKIHUS U3JI0Ma MEPIEeHIUKYIISIpHAs K OCH HarpyXeHus
UMeeT OBaJbHYI0 (GopMy ¢ m3onepumerpudeckuM koddduuuentom ki=0.81, uro, mo-suauMomy,
CBSI3aHO C MPUOOpeTeHHON MaTepuaioM Tekctypoid B nporecce PKVII. [Ipumenenne I'D naxxe npu
ManbIX 3HaueHusx nedopmanuu & = 0.3 OPUBOIUT K MEpPEeXOqy Ha THUIl Pa3pyLICHUs «dallKa-
KOHYC» C 00pa3oBaHHWEM JIOTIOJIHUTEIBHOW 30HBI Cpe3a. YBEIWYCHHE pPa30BON CTEICHH
nedopmaruu ['D 10 € = 1.2 npUBOIUT K MOCTENIEHHOMY IE€PEXOAY B THUII pa3pyLICHUs «JalllKay,
yBenmuenno: yrna msnoma ¢ a=50° 1o a=90°; monepnmerpnueckoro korpdurmenta ¢ ki=0.81 1o
ki=0.98; momu 30HBI cpe3a ¢ y=0 mo y=0.53. [lomyueHHbIE pe3yNbTaThl YKa3bIBAIOT, 4TO mpu [D ¢
€ = 1.2 npoucxoaut o=kl nepexoa Y M3-mMenu B akCHAIBHYIO TEKCTYPY.

IIpouHOCTHBIE CBOICTBAa MEM YBEIMUYMBAIOTCS C HaKOIUIEHUEM aedopmaruu I'D BIIOTh 10
€ =09 u pocrurator op=477 Mlla. Ilpu nepopmauuu ['D cBeime & = 0.9 uzper mnaaeHue
IPOYHOCTHBIX CBOWCTB, CBSI3aHHOE C IPOLIECCAMU BO3BpaTa BCIEACTBHE J1€(OPMALMOHHOTO
pazorpeBa. OTO NOATBEP)KIAETCSI YBEIUUEHUEM OTHOCUTENIBHOTO YIJIMHEHUS, KOTOPOE BO3pacTaeT
¢ 0=18,9% npu € = 0.9 10 6=21% npu € = 1.2.

1. benowenxo B.A., Baproxun B.H., Cnycxantok B.3. Teopus u npakmukxa euoposxcmpyszuu. Kues:
Hayxoea /{ymka, 2007. — 245 c.
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V]IK 662.697

TEIIVNIOAKKYMVYJIATOP HA OCHOBE ®A3OIIEPEXOJHbBIX MATEPUAJIOB

Cobonw O.B., Casenkoe H.B., I'peones /1.C., bopucos /I.B., Kocmpoeckuit M.O.
®OI'BOY BO «Jlonbacckas HallMOHAIbHAS aKaJIeMHsI CTPOUTENBCTBA U aPXUTEKTYPhI», T. MakeeBKa
0.v.sobol@donnasa.ru

B coBpeMeHHOM SHEpreTHKe K YUCITy aKTyalbHBIX U HanOOJIee HHTEHCUBHO pa3padaThIBacMbIX
HalpaBJIeHUH C HUCIOJb30BAaHUEM PA3HBIX BEIIECTB OTHOCATCA AKKYMYJIHMPOBAaHHE TEIUIOTHI Ha
ocHOBe (Da30BBIX TpEBpalllCHWN; MNPUMEHEHHE KPUCTAUIOTHAPATOB  PA3IUYHBIX  COJIEH,
HU3KOMOJIEKYJISIPHBIX OPraHUYECKUX COEIMHEHUH, CIUIABOB LIBETHBIX METAJUIOB JUISL CO3/IaHUs
TeIUI0akKyMysupyoomux annapatoB TA. VX ucnonap3yroT B MpUOOPOCTPOSHUH AJIsl CHATHUS TeIlia
npy OOJIBIIMX TEIUIOBBIX HAarpys3kax, JUIsl 3alUThl 3JIEKTPOHHBIX NMPUOOPOB OT Meperpena, A
cTabuiau3alnuy TeMIleparyp B IOMEIIEHUH. B TenaosHepreTuke OHU CIy’KaT JUlsl pallMOHAIbHOIO
UCMOJIb30BaHUSI ~ TEIUIOBOM  SHEPrMM M aKKyMYJUPOBAHMS
COJIHEYHOI'O TeIja, JJI CIJIaKWBAHUS CYTOYHBIX U CE30HHBIX
[UKOB MOTPEOJICHUs SHEPIUU, CHUKEHHS SHEPreTUYECKUX 3aTpart.
Celiuac nosiBuiIach HEOOXOJUMOCTb B aKKyMYJIATOpax TeIJa s
XpaHeHUs M TPAHCIOPTHUPOBKM MEAUIMUHCKUX IPErnapaTtoB MU
MUIIEBBIX MIPOIYKTOB, JJIS MOAJIEPKaHUS TEMIIEpaTypbl B KaOMHAxX A
aBTOMOOWJIEH M JIeTaTEeJIbHBIX allnapaToB, B cKadaHIpax Ul
JIETYUKOB, KOCMOHABTOB U BOJI0JIa30B.

TennoakkymynsTop ¢ HOpUMEHeHHEeM  (pa3omepexoaHbIX
Terloakkymynupymoomux  marepuanoB  (OIITAM)  paGoraer
CJIEIYIOIIHUM obpazom. [TpunynutenbHast LUPKYJISALUSA
TEIJIOHOCUTENS B THJIPABIMYECKOM KOHTYpPE CUCTEMBI OTOILICHUS
OCYILIECTBIISIETCS € IIOMOIIBIO HAcoca 4Yepe3 HarpeBarelb U
pamuaTtop oborpesa (puc. 1). [Ipu 53TOM NBHKEHHE TEMIOHOCUTES
BO BHYTpeHHeM oObeme Koprnyca TA opraHum3oBaHo uepes
MEXTpyOHOE  MpPOCTPAaHCTBO  rpymm  (KackaioB)  TpyOok

5
g
&
o
s
3

nocienosarenbHo. Harpes («3apsiika») 10 IOJTHOTO paciijiaBieHHs Puc.1. llpuHnmnuanbHas
OIITAM, pacnonoxkeHHbIX BO BHYTPEHHEM NPOCTPAHCTBE TPYOOK cxema TerIo00MeHHOTo
BCEX KACKaJ0B, OCYLIECTBIISAETCSA OT BHEIIHETO UCTOYHUKA SHEPTUH armapara ¢ NpUMEHECHUEM

(,Z[.]'If[ OTOro MOXET MNPUMCEHATHCA OJJICKTPUUCCKAA OHCPIrusd,
OpUPOAHBI WM  HeTAHOW Tra3, MKHUAKOE YIJIEBOJAOPOIHOE I
TOIUIMBO, pa3orperbii map u T.1.). OOorpeB ocCylecTBiIseTcs 3a H
cyeT oTOOpa TEIUIOTHl OT paauaropa, KOTOpas OTBOAUTCS OT F

#2090\
TEIJIOHOCUTENISI, HArpeBaeMoro B MEXTPYOHOM MPOCTPAHCTBE # Oggo‘:’
kopryca TA 3a cyer pasHHMIBI TeMIlepaTyp C BHEIIHEH g':'c- oog
TIOBEPXHOCTBIO TPYOOK 10 MOMEHTa IIOJHOW KPHMCTAUIM3ALUM U Yogo 080/
Woio /s

TOCIIEAYIOMIETO OXJIAXKACHUS («Pa3psAIKU») PACHOIOKEHHBIX B UX :
BHyTpeHHeM npoctpaHcTBe DIITAM. TpyOku pasneneHsl |T']
IIEPEropoAKON Ha TIpymmbl (Kackamsl) (puc.2), OTIMYAIONIHECH
TemmepaTypamMu  (pazoBOro Mepexoja TelIOaKKyMYJIHPYIOIIUX
MaTEPHAIIOB — OT MAKCUMAIBHOM tmax ~80°C 10 MHHMMANLHOHU tmin  PUc.2. OcHoBHOM By TA ¢

~20°C. Tlomy4aemblii B UTOTe CTYICHYATHIA (KacKaJHBIH) PEKUM npumereHnem CIITAM
paboTsl TA, 0COOEHHOCTBIO KOTOPOTO SIBISETCS MOCEI0BaTeIbHAass ~ CHUCTEMBI TEPMOPETYIIALUN
paspsaka (oTmada Tersia) TPyOOK, MO3BOJSET JTUTEIHHOE BpEMs (momepeuHsIit pazpes).

MOAJICPKUBATE TEMIIEPATYPY TEIUIOHOCUTEINS AAXKE IIPU YCIOBUH
HETOCTOSIHHON pabOThl CUCTEMBI TEPMOPETYIISAIIUH.
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VJIK 538.945.91
HNOJIBbEMHBIE CWJIbI U JUCCHUIIAIIMS DHEPTUA B BAKYYMHOM
MATHUTOJEBUTAIMOHHOM TPAHCIIOPTE HA OCHOBE BTCII

Kananues A.I1.1%, Kapnyxun JI.A.Y, Koneoos B.B.Y, Tepenmuoes F0.A.
'MHcTuTyT pagnorexHuky n >aextponuky nM. B.A Kortensrukosa PAH, r. Mocksa
2 [lonenkuii GU3MKO-TeXHMIECKHI HHCTUTYT UM. A.A. ["ankuna, . JloHenk
kaman4@gmail.com

Bonpme 100 ner Hazam Obuia OMyOJIMKOBAaHA CTAThS 3aMEYATEIHHOIO PYCCKOTO YYEHOTO
B.I1. BeitnOepra: «llamvcom munv 6 uac. OneKmpoMacHUMHbLIL CNOCOO nepemMecmumuvcs no
eaxyymy uz Hvio-Hopxa 6 Can-Ppanyucko 3a nononsa» [1]. B HacTosimee BpeMs ujest BAKYYMHOTO
MarHuTosieBuTalMoHHoro TpaHcnopra (BMJIT) mnpuoGpena eme OoJblIyi0  aKTyalbHOCTb.
OxonornyHbli U d3koHOMUYHBIH BMJIT kak nns rpy3oBoro, Tak U i NACCa)KUPCKOTO BBICOKO-
ckopocTtHOro coobmenus (10 6000 km/4) kpaiine HeoOxoaum it pa3Butus Poccun B XXI Beke.
Cwmeicn konntenmmu BMJIT nmox Ha3BaHUEM «KBAaHTOBBIHM IpaBUIIET» [2] 3aKIII0YaeTCs B YIPaBICHUN
JBYDKEHUEM TPAHCIOPTA 32 CUET YCIOBHO-0ECIUIATHOM SHEPTUU TPaBUTALMOHHOTO MOJIS 3€MIIU, YTO
MIO3BOJIIET UCIIOJIB30BaTh IPOLECCHl PEKYIIEPAaTUBHOTO ME€PEX0/1a MOTEHIUATbHON U KUHETUYECKOMN
9Hepruil B mporecce aBwkeHHs [3]. A TakKe B pealn30BaHHOM 3/1€Chb OCOOOM MEXaHH3Me
BEPTUKAIBHON 1 OOKOBOW CTAOMIM3ALMHU ABM)KEHUS BICOKOTEMIIEPATYPHBIX CBEPXIPOBOIHUKOBBIX
(BTCII) snemeHTOB 3a cYeT MUHHUHTA BUXpEH. YHUKaIbHbIE 3JIeKTpoMarHuTHbeie cBoiicTBa BTCII
KEPaMHK M3BECTHBI C MOMEHTA UX OTKPBITHS B 1985 1. 1 u3y4anuce B Tom uncie u B JJoudTU [4].

B namux skcnepumentax kpuoctat ¢ BTCII kepamukoit u3 YBa,CuzO7 neButupyer Han
TpaccaMd M3 JIMHEEeK NOCTOSHHbIX MarHuToB (IIM) m3 NdFeB, BbulOKEHHBIX clielHMaIbHBIM
oOpaszom. Jlns ouenku cwibl eButanuu Mexay BTCII u IIM 3anumem cuity, AeHCTBYIOLIYIO Ha
MarHUTHbII MaTepuan B mosie. MarHuTHass paboTa, coBepiiaeMas Ipu  YBEIUYEHUU
HaMarHMYeHHOCTH MaTepuajia Ha OecKOHeuHO Manyto BenumuuHy dM, pasaa dW = VBAM, rae V —
o0vemM obOpasua, B — npumnoxenHoe nose. MaruutHas paOoTa, coBepliaemas MpH MEepeMENEHUU
MarHUTHOTO MarepHaia Ha OSCKOHEUHO Majoe paccrosuue 0z, paua dW = F.dz, rone F, — z-
KOMITOHEHTA CUJIBI, IEHCTBYIOIIEH Ha oOpa3ell.

_ww_a
F=% =5 (VEM) ®

Ecnu obpazeny eppoMarHuTHbIN, TO €ro HAMarHUYEHHOCTh MPAKTUYECKHU HE 3aBUCUT OT
HPUIOKEHHOTO TMojsg, mnodtomMy cuina Oyaer Fz = V. M (dB/dz). T'paguent mnons dB/dz
OTPHUIIATENIbHBIN, MOATOMY CHiia Oyner mputsaruBaroniei. Ecnu oOpasenr — CBEpXIPOBOJIHHUK, TO
HaMarHMYEHHOCTh OTpULaTeNbHa (B HANpPaBICHUHU, MPOTHUBOMOJIOXHOM IPHIOKEHHOMY IIOJIIO),
modTOMy cuja Oynmer orranmkuBaromed. B cocrosamm Melicnepa namaramdeHHocth BTCII He
IOCTOSIHHA — OHa 3aBUCUT OT MPUJIOKEHHOTo moist kak M = -B/uo, THE po — MarHUTHas
MPOHUIIAEMOCTh BaKyyMa. 3HAUUT CUJa JIEBUTALMU 3aBUCUT KaK OT HANpPSKEHHOCTH MarHUTHOTO
OJIs1, TaK ¥ OT rpajauenTa moss dB/dz.

F=—rt(B)=-"B7 2)
Wo dz W dz

[Mockonbky dB/dz orpumarensno, cuna — nonoxurensHa (BTCII B cocrostaun MeiicHepa
orrankuBaercss ot [IM). B3ss B = 1 Ta u dB/dz = -20 Tn/m, noiy4um, 9TO CHJIa HA CIUHUILY
oobema BTCII cocraBnser okono 30 H/em®. [TnotHocTs YBa2CusO7 okoio 6 r/cM?, mosToMy cuia
TSOKECTH OyeT HaMHOTro MeHbIe — Bcero 0,06 H/em®.

Paboma evinonnena 6 pamxax coczadanusi UPD um. B.A.Komenvnuxosa PAH (FFWZ-2024-0007).

1. Weinberg B. // Popular Science Monthly, V.90 (1917).

2. Kapnyxun J[.A., [lempos A.O., Koneoos B.B. u op. // KP3, Ne 8, C. 20 (2021).

3. Kapnyxun /1.A., Ilempos A.O., Koneoos B.B. u op. // KP3, Ne 11, C. 5 (2022).

4. Bvikos A.M., Kopenusckuu B.H, Ynvanoe A.H. u op. Il @®TB/], T.2, Ne4, C. 77-82 (1992).
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ITAPAMETPbBI MEXAHUYECKOI'O TEIIYIOBOI'O KJIIOYA JJISA IPUMEHEHUA B
MATHUTHOM OXUIAKJIEHUU B IUAITAZOHE TEMIIEPATYP 15-300 K

Konecos K.A.', Mycabupoe H.HU.?, Koneooe B.B.', Kysneyoe A.C.:, Mawupoe A.B.*
'®I'BYH «MHCTHTYT paiHOTEXHUKH U eKTpoHUKU uM. B.A. Kotensaukosa PAH», r. Mocksa
2OI'BYH «MHCTUTYT cBepXIUIacTHYHOCTH MeTamnoB PAHy, r. Va
kolesovkka@mail.ru

Kpuorennsie CHUCTEMBI SABJISIFOTCSA
HEOTHEMJIEMOM YacCThbI0O MHOTMX 00JacTel HayKu U
TEXHUKH, OJIHAKO YIIPABIIEHUE TEIUIOM B 3THUX
CHUCTEMax OCTaeTcs CIOXKHOW 3amayed. TermioBbie
Kioun [1] SBISIFOTCS yCTPOMCTBaMH, CIIOCOOHBIMH
JUHAMUYECKH WU3MEHSATh CBOIO TEIJIOBYIO
MPOBOJIUMOCTh, OOECIIeYrBas TEM CaMbIM TEILJIOBYIO
CBSI3b BO «BKJIIOUEHHOM» COCTOSSHUM U TEIUJIOBYIO
W30JSIIIUI0 B «BBIKJIIOUEHHOM COCTOSTHUWY. JlaHHBIE
YCTPOMCTBA NPHUMEHSIOTCS, HAaIpUMEpP, B CHUCTEMAaX
KOCMHUYECKHX amnmnapaTroB, ACTEKTOpaxX W3IydeHUs,
MAarHUTHBIX XOJIOOWIBHUKAX W JIPYTUX HAyYHbBIX
MIPUIOKEHUSX B IIUPOKOM JHANa30He TeMIepaTyp OT
MUJUTMKEIBBUHOB 10 TEMIEPATYpP BbIIIE KOMHATHBIX

[2, 3].

Puc.1. Mexannyeckuii TEIUIOBOU KIIIOY.

B nanHnoit pabote uccneayeTcs mporecc Temioo0MeHa B MEXaHMYeCKOM TEIIOBOM KITIOUE B
YCIIOBHSIX, TPUOTMKEHHBIX K peabHbIM, /ISl TPUMEHEHUS B MAarHUTHOM OXJaxJaeHuH. M3ydatorcs
TEIJIOBBIE XapaKTEPUCTUKH MEXAHUUYECKOr0 TEIUIOBOTO KJIF0Ua, KOTOPBIM COCTOUT U3 pPa3beMHOU
KOHTAKTHOM Mapbl MeIb-Meb, MEXAY KOTOPBIMH PACIOJIOXKEH TEPMOMHTEpENHC W3 HHANECBOU
doneru Tommuuoi 100 Mkm. PaccmarpuBaroTcsi nBa BHaa 0Opas3ioB, BBIIOJHEHHBIX W3 MEIH,
nuaMetrpoMm 15 mm, BeIcOTOM S MM U 15 MM. MBI HcclieoBallM BpeMsl JOCTHIXKEHUS TEIJIOBOTO
paBHOBECHSI «CYXOro» KOHTakTa MEXIy MEIHbBIMH o0Opa3llaMu TMpH Ha4yalbHON pa3HHIIe
temneparyp 3 K, 5 K u 10 K, a takxe BnusHue tepmonnrepdeiica u3 nHANEBONH (OJbIM HA BpeMs
JIOCTH>KEHHS TEIJIOBOTO paBHOBecHs B Auana3zoHe temmeparyp ot 15 mo 300 K. Jlns Bo3BpaTHO-
MOCTYIATEeFHOTO TIEPEMEIICHHs TTOBMKHOTO MEIHOT0 00pasiia 0 KOHTAaKTa C HEMOJABUKHBIM
MEIHBIM 00pa3I[OM HCIIONH30BANICS JTUHEHHBIA AIIEKTPOJIBUTATeNlb, C TIOMOIIBI KOTOPOTO TaKKe
BapbUPOBAIOCH YCHIIME MPUIKATHS MEKy METHBIMU 00pa3iamu.

DKCnepUMEHTAIbHBIE JAHHBIE MMO3BOJIMIIM MOJYUYUTh 3HAUEHHS KOJIMYECTBA TeIljia, KOTOPOE
HEOOXOIMMO O0TOOpaTh OT OOBEKTA OXJIAXKIACHUS, IS TOIACPKAHHS 3aJlaHHOW TeMIiepaTypsl. B
paboTe TaKkKe UCCIENYIOTCS Pa3IMYHbIe YCUITUS TMPIKATUS MEXy 00pa3llaMu KOHTAKTHOM Maphl.
Kak mokaszanu pe3ynabTaThl, MCIOJIb30BaHHUE HWHIUEBOTO TepMouHTepdeiica TommuHoi 100 MkM
CYILIECTBEHHO COKpAI[ae€T BpPeMsi HACTYIUIEHUS TEIUIOBOIO PAaBHOBECHS B JUANa30HE TEMIIepaTyp
15-240 K nipu yemmmn npmxatust 380 kl]a.

1. Klinar K., Swoboda T., Rojo M.M. et al. // Advanced electronic materials. V.7, Me.3, P.2000623
(2021).

2. Shu Q.S., Demko J.A., Fesmire J.E. // IOP Conference Series: Materials Science and
Engineering. IOP Publishing. V.278, Ne. 1, P.012133 (2017).

3. Glaister D.S., Curran D.G.T., Mahajan V.N., et al. // 1996 IEEE Aerospace Applications
Conference. Proceedings. IEEE. V.2, P.115-127, (1996).
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YK 628.169.7

MPUMEHEHUE KEPAMUYECKHUX ®UJIBTPOB JIJISI MEXAHUYECKOMW OYUCTKH

IMAXTHOM BOJIbI

Kyopasues 10.A., IIpununko C.IO.

OI'BHY «/lonenkuit Gpu3nKo-TeXHUUECKUH HHCTUTYT UM. A.A. ["ankunan, . JJoHenk
iXx@uask.biz

Kepamuyeckne QuIbTpbl U3 OKCHAA ATIOMUHHS O0JIAAAI0T MCKIIOYUTEIBHON XMMUYECKOH
CTOMKOCThIO, Onarojapss KOTOpPOH HMX MOXHO HCIOJNb30BaTh MpU (GUIBTPALMM  OTXOJOB
IIPOU3BOJICTB, a TAK)KE€ TEPMHMUECKON CTOHMKOCTBIO, MO3BOJISAIOLIEH MPOBOJIUTH PETEHEPALUIO NPU
HOMOILM TepMUYecKOM 00pa®oTku. Ilpum 3TOM OKCHA @IIOMUHUS SABISETCA OJHUM M3 CaMbIX
JIEIIEBbIX MaTEPUAIIOB JIJISl TIOJTYYEHUS] KEPAMUKH.

B pabote wuccienoBanbsl crnocoObl
ONTUMU3ALMU PEXKUMOB (DUIBTPOBAHUSA U

TIOBBIIIICHUS AKCIUTYyaTaI[HOHHBIX
xapaktepucTuk ¢uibTpoB (puc. 1). Kak
BUJTHO u3 rpaduka, CKOPOCTh

q)HHBTpOBaHI/IH IMOYTH JIMHEHHO pacTeTr C
INOBBIICHHUEM  JABJICHHA BOJABI, 4YTO C

y4eToM BBICOKOM IPOYHOCTH
kepamudeckux ¢GmibTpoB (1o 50 Mlla)
Jaet BO3MOXHOCTb MHOTOKpPaTHO

MOBBINIATh HMX TPOU3BOAMTEIBHOCTD IO
CpaBHEHMIO ¢  (uiabTpoBaHueM  0e3
JTABJICHUSI.

Jns  u3MepeHuss  QuIbTpyromen
CIIOCOOHOCTH  TOJYYEHHOW  KepaMHUKHU
IPUMEHSIIACh CYCHEH3HS
Jie3arperipOBaHHOTO HaHOMOPOIIKA
yriepoja C MHHHUMAIbHBIM — pa3MepoM
qactuly, 50HM B Boae. AHAJOTHYHEIE
UCCIIeIOBaHUsI  ObUIM  NIPOBEAEHBI  JJIs
poObI MAaXTHOW BOJIBI (pHC. 2).

[Tpumenenue KEePaMUYECKUX
GuUIbTPOB JUII MEXaHWYECKOW OYHCTKHU
IIaXTHOM BOJBI B COCTaBE OYHMCTHBIX
YCTPOMCTB ~ SKOHOMHMYECKH  OINPaBIAHO
BO3MOXHOCTBIO ~ HMX  BOCCTAHOBJICHUS.
Crpykrypa Marepuaia MTO3BOJISAET
¢GWIbTPOBaTh CYCHEH3HM, B TOM YHCIE C
pa3MepoM TBepabIX yacTuil 50 HM.

Bbu10 yCTaHOBIEHO, YTO MPOYHOCTD
MOPUCTBIX  KEePaMHUYECKHUX ¢buIbTPOB
MO3BOJISIET ~ MPUMEHATh  JABJICHUE 10

I/m?-h

250

200

150 A

100

50

0

-@-2 mm
=3 mm
== 4 mm
=&=5mm

0,0

05 20 25

1,0 15
P, 10°Pa

Puc.1. IIpon3BOAUTENTEHOCTh KEPAMUUECKHUX
(GWIBTPOB Pa3TUYHON TOIIIMHBI B 3aBUCIMOCTH OT
BEJIMYMHBI HarHeTaeMoro aasneHus. [lopucrocts
kepamuku 60%, Temnepatypa Boasl 20°C.

Puc.2. Bun npoOsl 1axTHO# BOABI 110
U 1ociie GUIbTPaIUH.

200 kITa, 9TO CyIIECTBEHHO MOBBIMIACT MPOU3BOIUTEIIBHOCTh YCTAHOBKH.
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YK 538.91

NCCJIIEJOBAHUE ®OTOINOJUMEPHOI'O KOMITIO3UTA HA OCHOBE Al(OH)s AJIsA
INPUMEHEHMUS B 3D-IIEYATH

Huipros H.IOQ.', Benuuxo JI.P.', Coxonosckuii A.C.*, Haitmywuna JI.E.*, Axumenxo M.H.*,
Jlezenvkuii F0.A.?
Nonenxuii pusuko-rexumdeckuii ”HCTUTYT UM. A.A. ankuna, r. JloHenk
2 JloHeLIKHii TOCYIapCTBEHHBII YHUBEPCHUTET, T. JlOHeIK
nekit.diver@gmail.com

AJUTUTUBHBIE TEXHOJOTMU — OJIHA U3 CaMbIX OBICTPOPA3BUBAIOIIUXCS OTpacield B
COBPEMEHHOM IPOU3BOJICTBE, HAXOAAIIasi CBOE MPUMEHEHHE B PA3IMUYHBIX OTPACISIX, HAUMHAsl CO
CTPOMTENBCTBA M MAIIMHOCTPOCHHUS W 3aKaHUMBas MeAUIUHOW. OcoObIil MHTEpEeC MPEICTaBISIOT
KOMIIO3UTHBIE MaTepuaibl, NpuMeHsemble B 3D-meuatu, KOTOpblE MO3BOJISAIOT CYIIECTBEHHO
00JIerYuTh NPOM3BOJICTBEHHBIE 3a/1a4M 110 CO3JaHMIO JieTallell, He TpeOyrolmX mocTtoOpadoTKu, 1
CYIIECTBEHHO COKPAaTUTh IMPOM3BOJCTBEHHBIC LUKJIBI [0 CPABHEHHIO C KJIIACCHUYECKUMH METOJIaMH
(ToxapHast 00paboTka, (hpe3epoBka U T.1.). C y4eTOM BBIIIEU3IIOKEHHOTO TEXHOJIOTHSI TPEXMEPHOM
neyaTH KepaMHYeCKMMH MaTepHallaMH SIBJSIETCS JTOBOJIBHO MEPCIEKTHBHOM B CHITY TPYIOEMKOCTH
MeXaHU4ecKo 00paboTku kepamuku. IIprMeHeHHe TEXHOJIOTMH aJJUTHUBHOIO IPOU3BOJACTBA
MIOMOTAET YACUICBUTh M YIPOCTUTh NOJIYYCHHUE H3ICTUN CIOXKHBIX (OPM H3 KEPAMHUUYECKHUX
MaTepHaoB.

enbto naHHON pabOTHI ABISETCS MOJyYEHHE KOMIIO3UTa Ha OCHOBE (DOTOIOJIMMEPHON
cmonbl U mopomka Al(OH)z mns nanmpHeiimero npumeHeHus B QotomnonuMepHoit 3D-neuyaru
merogoMm DLP.,

Jlns monydeHuss KOMIIO3MTa 3a OCHOBY ObLIa B3siTa «4UCTas» (POTOMOIMMEpHas cMoja
Jewelry J-Cast mpousBoactsa HARZ Lab. ITposenensr MK-criekTpockonust JaHHOW CMOJIBI ISt
YTOYHEHHSI HCXOJJHOTO COCTaBa M CPABHEHHUE C «ITATOHOM)» -—CTOMATOJIOTHYeCcKoi cMoroit Dental
Sand Pro or HARZ Labs, coaepxariieit kepaMudecKuii HamoHUTEb. Jlajiee Ha OCHOBE MOJUMEpa
ObLIa TosTydeHa ceprst 00pasioB myteM no6asienus nopomika Al(OH)s B cmoiy.

B xonme pabGoTbl ObUIM TPOBEACHBI U3MEPEHUS TUDJICKTPUUYECKON MPOHHIIAEMOCTH CEpUHU
00pa31oB, MOKa3aHHbIE HA PUC. 1, U UX MEXaHUYECKUX CBOMCTB.

0%

4%

— 10%
— 14%
18%
22%
26%

6 T
0 1 2
yactoTa, My

Puc. 1. CpaBHeHHUE TUANEKTPUIECKON TPOHUIIAEMOCTH (POTOMOIMMEPHBIX KOMITO3UTOB C
pa3HOM KOHIIEHTpalMel HAMOJIHUTEIS

B X0J€ UCCIICA0OBAHUA OBLII0 BBIAABJICHO, YTO U3MCHCHUC I[PI3J'ICKTpH‘I€CKOI>i IMPOHUIIACMOCTHU
KOMITIO3UTa HCCYHMICCTBCHHO H3MCHACTCA C YBCIIMYCHUCM [JIOJIM HAIIOJIHUTCIIA IMPU MNOBBIIICHHUN
MEXaHUYECKHUX CBOMCTB mMmarcpuaiaa, 4To aAcjaacT ,I[ﬂHHI)IfI MaT€pural HHTCPECHBIM JJI1 IPUMCHCHUA B
PaarO3JICKTPOHUKE U CO3JJaHUS HA €TI0 OCHOBC BOJIHOBOJOB CJIOKHBIX q)OpM
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YV JIK 532.78:539.214:539.319

CTPYKTYPA M CBOMCTBA JIEHT ITPUIIOSA Cu-10Ag-37Zn, HOJYYEHHBIX
IMPOKATKOM U 3AKAJIKOM U3 )KUJAKOI'O COCTOSIHUSA

Csupuooea E.A.'2, Bacunvee C.B.22, I'anzano A.H.23, Anuee A.H.', Coxonoeckuii 5.C.%,
Bypxoseuxuii B.B.', Yepnuaecxaa H.B.', Tkau B.U.*

Nonenxuii pusuko-rexumdeckuii ”HCTUTYT UM. A.A. ["ankuna, . JloHenk
?JlonGacckast HAIMOHAIBHAS aKaJeMHs CTPOMTEILCTBA H APXUTEKTYpHI, I'. MakeeBKa
SMHCTUTYT (DU3MKH TOPHBIX TIPOLIECCOB, T. JloHenK
ksvir@list.ru

Tpoiinbie cruaBel cuctembl AQ-CU-ZN MIMPOKO MCIOJB3YIOTCS B IPOMBIIUIEHHOCTH B
Ka4yecTBE MPUIIOEB /IS TUTABKH CTadu M OpoH3bl. OIHAKO OCTAIOTCA AKTYaJbHBIMH 3aJa4d Kak
pa3pabOTKNM HOBBIX KOMIIO3MLMH C MHOHMKEHHBIM COJIEep)KaHHeM cepedpa, Tak U IOJYy4YEeHUs
CIulaBoB B (hopMme, ymoOHOM Ui NPaKTUYECKOro NPUMEHEHUs (Hampumep, IJIAaCTUH, TOHKHX
NPYTKOB WJIX JICHT), YTO OCOOCHHO Ba)KHO JJISl aBTOMATHYECKON TTalKH.

Mertonamu peHTreHorpaduu, CKaHHUpYIOLIEit 3JIEKTPOHHOU MHUKPOCKOIIHH,
MHUKPOPEHTI€HOCIIEKTPAJIbHOTO  aHaIM3a, W3MEpEHHs] MHUKPOTBEPJOCTH M HCIBITAHUH Ha
TPEXTOUYEUHbIH W3rM0 OBbUIM TNPOBEJEHBbl HCCIEAOBaHUS (HAa30BOrO COCTaBa, CTPYKTYpbl U
MEXaHUYECKUX CBOMCTB JiIeHT mpumnoiHoro cmiaBa Cu-10Ag-37Zn, moidyd4eHHBIX MeETOAaMHU
00pabOTKM METaJUIOB JaBlieHMEM (rOpsSYdM IPECCOBAaHMEM M IPOKATKOM C MPOMEXYTOYHBIMH
OT)XUTaMH) U HETIOCPEICTBEHHO M3 PacIlylaBa METOJIOM CIUHHUHTOBaHHUSI.

VY CTaHOBIIEHO, YTO BIIEPBbIE MOJIyYEHHAs
nyTeM OBICTPOTO OXJAXKACHHUS pacIiuiaBa Cco
ckopocThio 2.4-10% K/c nenta npunost Cu-10Ag- _
37Zn umeer Takou ke (a3zoBbiii cocTaB (T.ILK. 1200 |-
TBepAble pacTBOpHI Ha ocHoBe Cu (o) 1 Ag (a’) u I o
Ha OcCHOBe O.IL.K. B-da3zel FOm-Pozepu), xak u
JIeHTa, MOJy4YeHHasl MPOKATKOM, oJHaKo ¢ Oosee
HU3KAM COJEp)KaHHUEM O-TBEPIOTO pPacTBOpa,
NOBBIILIEHHBIM coJiepkaHueM [B-¢a3pl u Oosee
MEJKOAUCIEPCHOW  cTpykTypou. Ilpm  sTom
NpoKaTaHHas  JIGHTa  paspyllaeTcs  Iocie
nedhopmaruun 4.6%, B TO BpeMsl KakK JICHTA,
NOJydEeHHasl 3aKaJIkOM W3 pacIulaBa, HE TOJBKO

nedbopmupyercss  0e3  paspymieHus, HO U & %
BBIJICPKUBAET MOJHBIA 3aru6 Ha 180° ¢ HyIeBBIM
pannycom. AHQJIOTUYHBIN YPOBEHbB

Puc.1. McnpiTanus Ha TpeXTOUCUHBIH N3rHO
MIPOKATaHHOM (CBETJIbIE CUMBOJIBI) U
OBICTPOOXJIAXKIACHHON (CIIOLTHBIE CUMBOJIBI)

IUTACTUYHOCTH MPHOOpETaeT MpoKaTaHHAs JIEHTa
nocine noiydacoBoro orxkura npu 500 °C, yro

00ycIoBIEHO CHIKCHUEM BEJINYHHBI

y . nent criaBa Cu-10Ag-37Zn (3Be3mouxkamu
MHUKpPOHAIPSKEHHI B (-TBEPIOM pacTBope U [3-
pase MIOKa3aHBbl TPEJIEITbI TPOIIOPIIMOHATEHOCTH )

OpHocTanmuiiHBIA ~ XapakTep  MpolLecca,  BBICOKAass  NMPOU3BOJUTEIBHOCTH  METOJA
CIIMHHUHIOBaHUs  paciulaBa M [PUEMJIEMBI  YpPOBEHb  MEXAHMUYECKUX  XapaKTEPUCTHK
(mukpotBepaocts 1.81 I'Tla B coueTaHuu ¢ BICOKOW MJIACTUYHOCTHIO) OBICTPOOXITAKICHHOM JICHTHI
MPOMBINIICHHOTO mpunoiHoro cmiaBa Cu-10Ag-37Zn CBUIETENBCTBYIOT O MEPCIEKTHBHOCTH
MIPUMEHEHHUS 3TOT0 METO/1A JUIsl MOJYYEHHUs IUTACTUYHBIX JIEHT NPUIIOMHBIX CIIJIaBOB.
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YK 537.622.6
BJIMAHUE ®A30BbIX IEPEXO/10B HA MAT'HUTHBIE BUOKJIETKH B IIVIEHKE
OEPPUTA-T'PAHATA
Cupwk I0.A.', Kanwykoe P.A.*, Kononenxo B.B. 2, /lezenvkuit }0.A."
1®I'BOY BO «JloHenkHii rocy1apCcTBEHHbIH YHHBEPCHTET, T. JIOHEIK

2OI'BHY «Jlonenkuii Gpusuko-Texauyeckuii uHCTUTYT uM. A.A. Tankunay, r. JJonenx

juliasiryuk@gmail.com

DKCIepUMEHTAIBFHO MCCIEI0BAHO BIMSIHUE HHIYLMPOBAHHBIX MarHUTHBIM T0OJeM (a30BBIX
IIEPEXOJ0B B PEIIETKE UWIMHAPUYECKUX MArHUTHBIX JIOMEHOB MArHUTOOJHOCHON IIJIEHKU
deppuTa-rpanara Ha 0COOCHHOCTH MOBEJICHUS MAaTHUTHBIX OMOKIIETOK.

B mnacrosmee Bpems nyOnMKyeTcs MHOro paboOT, CBSI3aHHBIX C  HaIpaBJIEHHOM
TPaHCHOPTHPOBKON KOJIJIOMIAHBIX YAaCTHIL IT0 TIOBEPXHOCTH JIOMEHHOW CTPYKTYpHI IUIEHKHU (heppuTa-
rpanara [1]. IlepemelnieHne napaMarHUTHBIX YacCTULl MPOMCXOAUT MOJ BIUSHUEM BHEUIHUX
MarHUTHBIX Toned. Ho 3Tu monist BAMSIOT M HA JOMEHHYIO CTPYKTYPY, BBI3bIBasi B Hell (a3oBbIe
nepexoibl (PII). Takoe BIusHUE HEOOXOJUMO YUUTHIBATD.

Lenb paGoThl — U3Y4YUTh OCOOEHHOCTHU MOBECHUS apaMarHUTHBIX KOJIJIOUIHBIX YacTUIl HA
MOBEPXHOCTH TUICHKHU MPH HHIYIIUPOBAHHBIX MarHUTHBIM 10JIEM (ha30BBIX MEPEX0/IaX B TOMEHHBIX
CTpyKTypax. Pe3ynbpTaThl UccieqoBaHUs MOTYT OBbITh MCIIOJB30BAHbl B Pa3HBIX OOJIACTSIX HAyKHU: B
MHUKPOAJIEKTPOHHUKE — 3aMKCh U XpaHeHHe HH(OpMAIHK; B OMOJIOTUU ¥ METUIIMHE — HAIlpaBIICHHAS
TPAHCIIOPTUPOBKA OUOJIOTMYECKUX YACTHII, T.€. JIOKAJbHOE JICUEHHE; B XUMHUH — COPTHPOBKA
YaCTHUII [10 UX Pa3MEpPaM.

s uccrnenoBaHusi BbIOpaHa IJIEHKAa C Pa3BUTOM MOBEpXHOCThIO <111>, BhIpaimieHHas
METO/JIOM  KHUAKO(DA3HOM  ASMUTAKCHMM  HA  TAJOJIMHUN-TANIMEBOM  TOJJIOKKE  COCTaBa
(YSmLuCa)3(FeGe)sO12. ITpu Temmneparype 7=300 K HamaruuueHHOCTh HachieHust 47Ms=258-10
*Tn, ¢akrop KagectBa Q>5. B  KauecTBe MAarHMTHBIX  4YaCTHI[  HCIIONB3YIOTCS
MarHuToMapkupoBaHHbie HoHamu Fe3O4 mposokeBble KiIeTKH Saccharomyces cerevisiae. Pemerka
LWIMHJPUYECKUX MarHuUTHBIX nomeHoB (LIMJI) co3nmaercss MMmysabCHBIM MarHUTHbIM nosieM. Ha
JOMEHHYIO CTPYKTYypy JEHCTBYIOT JBa MArHUTHBIX mois: | — mose cmemeHus Hey
(mepneHAUKYISPHO IJIOCKOCTH TUIEHKH, ABYX HAIlpaBJICHUN); 2 — HUPKYJISAPHOE MOJIE B IJIOCKOCTH
I€HKU. PacTBOp ¢ OMOMAarHUTHBIMU KJIETKAMH HAHOCHUTCSI HA IOBEPXHOCTh JJOMEHHOM CTPYKTYPBI.
Jomennas rpanuna (') reHepupyeT CUIbHBIN JOKAJIbHBIA IT'PAAMEHT MAarHUTHOTO I0JIS, KOTOPBIN
OKa3bIBAET BJIMSHUE Ha 0OCOOEHHOCTH MOBEAECHUS MAarHUTOMapKUPOBAHHBIX OMOJIOTHUYECKUX KIIETOK.
buoknerkn BeicTpauBaroTcs BOKpyr rpanun LIMJI. Ilox neficTBHeM IUPKYJISPHOIO MAarHUTHOIO
1oJisi OMOKJIETKHM COBEpIIAIOT JIOKabHbIEe BHKeHUs: BOKpYyr LIM/I. Takoe nBuxeHue Habaromaercs
B 00J1acTH HaMarHW4eHHOCTH IMieHKU 4nMs= (~ 01,+0,22) kak B OTCYTCTBUU MOJSI CMELICHUS, TaK
B €ro nmpucyrctBuM B npenenax He,~=(-10+45) 3. Tlpu H,>450, aHTUnNapanielbHOM
HamaranueHHoctd BHyTpu LIMJ (1H cm |Ms), B pemerke IIMJ] mporcxoauT ¢a3oBblii mepexon
IIEPBOrO pOJa; MPU ATOM HCYE3AET KAXAbI LEHTPalIbHBI JOMEH TI€KCAaroHaJIbHOW YIAKOBKHU.
BUOKIETKM XaOTHYECKM PpACIpPENENsAoTCs 110 IOBEPXHOCTH JOMEHHON CTPYKTyphl. Ilpu
YBEJIUYCHUH TI0JIS CMEIIICHHSI, COHATIPABJICHHOTO ¢ HaMarHuueHHOCThI0 BHYTpU [IMJ1 (| H cm | Ms),
npoucxoauT ¢Ga3zoBelii mepexon BToporo pona: kaxaeli  LIMJ] mpuoOperaer  dopmy
LIECTUYTOJIbHUKA, a PELIETKAa NEPEXOIUT B COTOBYIO CTPYKTYpy. llpu manpHelinem yBenuueHUU
noJist emerterus (He,>10 D) B cOTOBOM CTPYKType MPOUCXOTUT (ha30BbIi TIEpeXo] IEPBOro pojaa B
AYEUCTYIO CTPYKTYpPY.

BriBonibl. JloMeHHbBIE TpaHULIbI OYEHb YYBCTBUTENIBHBI K H3MEHEHHIO BHEIIHETO MarHUTHOTO
HoJIsl U TeMmreparypbl. B HUX mpoucxonsT (as3oBble MEpexo/bl, KOTOPhIE BBI3BIBAIOT (a3oBbIC
nepexoAbl B CaMOil IOMEHHOM CTPYKTYpe. A MOCKOJIbKY JOMEHHAs TPaHHUIA TEHEPUPYET CHIIbHBIN
IPAJAMEHT JIOKAIHHOTO MarHUTHOTO TIOJIS, OHA MPHUTATHBAeT K ce0e MarHuTHbIE OHOKJIETKH,
KOTOpBIE BU3YAIM3UPYIOT KapTHHY MpOHCXOAdluX (a3oBbIXx mnepexoaoB. Pabora BhIONHEHA B

paMKax rocy/IapCTBEHHOTO 3a1aHus (perucrpannonHsii Homep 124012400345-8).
1. Tierno P., Johansen T.H., Fischer T.M. // Phys.Rev.Lett., Vol.99., P. 038303 (1-4) (2007).
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NOJYYEHUE TEPMOIIVIACTUYHOI'O IIOJIMMEPHO-KEPAMAYECKOTI'O IIPYTKA
AJIA 3D-IIEYATH METOJ0OM ITOCJIOMHOI'O HAIIJIABJIEHU A

Cokonoeckuu A.C., benuuxo /I.P., Heipxoe H.IO., Kosanée O.E., Illesenésa A.B.
OI'BHY «/loneukwuii Gpu3nKo-TeXHUYECKH HHCTUTYT UM. A.A. ['ankunay, r. Jlonemnk
yaroslav.sokolovskiy.80@mail.ru

OnHuM n3 Haubosee NMEepPCNEeKTUBHBIX HANpPABICHUN MOMYyYEHUs M3JEIMHA U3 KepaMUYECKUX
MaTepHaJioB SBIAETCS AJTUTHBHOE NMPOHM3BOJCTBO, MPH KOTOPOM H3JEIHS HM3TOTABIMBAIOT IyTEM
IOCJIOMHOIO HapalMBaHUsA. OTO OOYCIOBJIEHO TEM, 4YTO MHOTME BHJbl KEpaMHKU HMEIOT
Ype3BBIYAHO BBICOKYIO TEMIIEpaTypy IUIABICHUS M OSTOT (aKT HE TIO3BOJISET HCIOJIB30BaTh
JIOCTYIIHBIE TEXHOJIOIMHU JUIsl JIUThsS. METAJUIOB U noiuMepoB. Kpome Toro, Tpéxmepnas (3D) neuath
MO3BOJISIET 33/1aBaTh CIOKHYIO T€OMETPUIECKYIO (POpMYy Kak BHEIIHEH MOBEPXHOCTH W3JIENUs, TaK U
BHYTPEHHEH, a TaKk)Ke JOCTUraTh HE0OXOAUMOTO YPOBHS NOPUCTOCTH.

BeiOpaHHOEe SKCIIEpUMEHTAIBbHOE HANpaBICHHWE - METOJA IOCIOWHOrO  HAaIUIaBJICHMS
marepuana (FDM-texnonorus). [IpuHimn paOOThl TEXHOJIOTMH IOCIOHHOIO HAaIlIaBICHHUSI
CJICAYIOUIMNA: TBEpAbI TEPMOIUIACTUYHBIM MaTepual B BHUJAE IPYTKAa MPOTAIKHUBACTCS POJIMKAMU
Yyepe3 HeOOJIbIIOe HArpeToe COIUIO, TJe OH IUIABUTCS, a 3aT€M HAHOCHTCS B BHAE TOHKOTO CIIOS Ha
no/u10kKy. COIuIO mepeMeriaeTcsi B COOTBETCTBUU C COCTAaBJIEHHOM Mporpammoi, TBepias ¢gopma
MEJUICHHO M3rOTaBJIMBACTCS CJIOH 3a CIIOEM, U TOJIy4aeTcs y)Ke TOTOBbIi oOpaser (puc. 3).

B kauectBe HamosHHUTENsl OBUIO PEIIEHO HCHOJb30BATH MOPOLIOK OKCHAA ATIOMHMHUSA
mucriepcHbrii Mapku MITALOX A-95-1.5-LS npomssonctea OO0 «MUKPOUHTEK»Y. B kauecTBe
CBSI3YIOILIETO MCIIOJIb30BAJIaCh CMECh IOPOIIKOB C3BMJIEHa M cTeapaTa LMHKa. MaccoBas 10
HaIoJHUTEN cocTaBisiia 65%. [lomydenHas cMech 3achinanach B IIHEKOBBIA SKCTpyaep (puc. 1), ¢
MOMOIIBI0 KOTOPOTO U MOJY4Yajcss KOMIO3UTHBIA NpyTok (puc. 2). Ha craguu nmomydeHus npyTka
OCHOBHBIMH TNapaMeTpaMH SIBISLINCH IPOYHOCTh, THOKOCTh U TEMIIEpaTypa, MpH KOTOPOi MaTepua
CTaHOBUTCS JOCTAaTOYHO TeKy4uM Juist 3D-neyatu o6pa3uos.

OCHOBHBIE TEXHOJIOTHYECKHE MTApaMETPHI:

1) Temniepatypa skcTpy3uu punamenrta 115 - 145°C;
2) Temmieparypa coria 3D-npunTepa 200 - 210°C;
3) ckopocTb nepemertenus coria 3D-npunTepa 10 mm/c.

Puc. 2. KoMno3uTHbIN IpyTOK Puc.3. O6pa3zen B Buze
¢ coaepxkanuem 65% macc. TabNeTKH, HareyaTaHHbIH
noponrkoBoro Marepuana Al,O3 Ha FDM 3D-nipunrepe

Puc.1. IlIHekoBbIi 3KCTpyHIEp
1 OJIOK yIpaBleHUs

1. Ilamenm na uzoopemenue RU 2760015 C1 / Anoxun A.C., Cmpenvnuxosa C.C., Epmaxosa E.A.,
Heanoe B.C., Anexcanoposa /J{.C. u op., UMET PAH, 22.11.2021.
2. Tuck C., Binner J., Terry A., Goodridge R. // Progr. Mater. Sci., V.116, P.100736 (2021).
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ONITUMM3ALUA PABOTbBI JIEKTPOHHOI'O MUKPOCKOIIA B 9KCTPEMAJIbBHBIX
YCJIOBUAX

Txauenko A.M.
Honenkuii pu3nko-TexHuIecKuid MHCTUTYT uM. A.A. ["ankuna, r. JloHenk

[Ipo6nema peduiura Boasl B JIHP BbI3Basia HEeoOXoaumocTh pa3pabOTKU allbTePHATUBHBIX
CHOCO0OB OXJIAXKJCHHSI TPUOOPOB, TPEOYIOMUX 3HAYUTEIBHBIX OOBEMOB BOJBI, B YaCTHOCTH
MPOCBEUMBAIOIIETO AIEKTPOHHOTO MuKpockona JEM 200A, npenHa3HAaYeHHOTO ISl MU3MEPEHUS
JUHEWHBIX pa3MepoB (a3oBBIX W CTPYKTYPHBIX COCTABISIIONIMX METAUIOB U CIUIABOB,
KOMITO3UIIHOHHBIX u MOJUMEPHBIX MaTepHuaios, MIOPOIIIKOB, JIOKAJILHOTO
MUKPOPEHTI€HOCIIEKTPAIbHOTO aHAIN3a, OIIPEIEICHUS TapaMETPOB KPUCTAIUIMUECKHUX PEIIETOK.

OauH W3 BapHaHTOB pEUICHHs] ATOW MPoOJIeMbl — MOAKIIOUEHHE MPUOOpa K aBTOHOMHOM
cucteme oxJjaxjaeHus. J[ms 3Toro ObLI MPOU3BEICH MOHUTOPUHI HACOCOB, MOJAIOUINX BOAY B
cucteMy. B mepByro ouepenp paccMaTpuBajIMCh BapHaHThI, MMEIOLIME HEOOJIbIINE pa3MeEpPbl U
CHaO)XEHHBIC PETYNHUPYIOIIMMH KJIallaHaMu JUId  MOJAJAEPKaHUS ONTHUMAlbHOTO  JaBJICHUS.
Hanpumep, UMPKYJISLUOHHBIE HACOCHI, NPEAHA3HAUYEHHBIE JUISI CUCTEM OTOIJIEHHS B YacTHBIX
JTOMOBJaieHuAX. Ho TexHMueckue XapaKTepUCTHKU TaKUX HACOCOB HE IMO3BOJHIM MOJyd4aTh
HeoOXO0IUMbIE JaBJICHUs Ul oOecriedeHus] paboThl MUKPOCKOIIA.

OkoHYaTeNbHBIM  BAapUAHTOM BbIOpaH JauadparMeHHbBI  aBTOMaTHYECKHH  Hacoc K
AIIEKTPUYECKOMY oOmpbIckuBaTento «YMuuua» (mozens H-1, 128, 3,5 na/mun) (puc.l). B
OTIPBICKUBATEINAX, KOTOPbIE MOXKHO HCIIOJIb30BaTh B MPOMBIIUIEHHBIX 00beMax, HEOOXOauMoe, a
IJIaBHOE — JOIMYCTUMOE JIaBJICHHUE MOXKET ObITh 3-4 Oap, a B HEKOTOPHIX W J0 6 0ap, uTo
COOTBETCTBYET MHABJICHHUIO B CHUCTEME BOJOMPOBOAA W TIO3BOJSET HCIOIB30BaTh JIaHHBIA BHT
HACOCOB JJIsl OXJIaKIEHUS 3JIEKTPOHHOTO MUKPOCKOTIA.

Puc.1. Hacoc auadparmeHHbIli aBTOMAaTUYECKUN K 3JIEKTPUUECKOMY ONPBICKUBATENIO «YMHHIIA»
(momens H-1, 128, 3,5 n/Mun).
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PA3PABOTKA PEKOMEHJAIIMI 11O IPUMEHEHUIO
KOPPO3MOHHOCTOMKNUX HAHOCTPYKTYPUPOBAHHBIX
KOMITO3UIIMOHHBIX DJIEKTPOJIUTUUYECKHUX MMOKPBITHUI

Ap-Myxameoosa I'.11l., Mykawes K., Mypaooe A./I.,
Hluoepos C.P., /[rcanawoe H.M.
Kazaxckuit HarmoHanbHelii yHuBepcuteT uM. Anb-Dapadu, HUN DT, Anmarsl, Kazaxcran
shariphovna@gmail.com

OcoObIif HHTEpeC K KOMITO3UIMOHHBIM MaTepuajgaM M MOKPBITHSIM MOSBHICSA B IMOCIEIHUE
JECSTUIIETUS. B CBSI3M C PE3KUM POCTOM TpeOOBAaHUI K YPOBHIO 3KCIUIyaTallUOHHBIX CBOMCTB
MaTepuasoB, padOTAIOIIKNX B YCIOBUSX arpeCCUBHBIX Cpell, TpeHUs u u3Hoca [1]. B cBs3u ¢ atum
pa3paborka 3((HEeKTUBHBIX M SKOHOMHUYHBIX CHOCOOOB TONYYEHHUS HAHOCTPYKTYPHUPOBAHHBIX
KOMIIO3UIIMOHHBIX  JJIEKTPOJIMTHYECKUX  MOKpbITUM  HaHO-KOII, wu3yueHue  mpoieccos
3JIEKTPOOCAXKIACHUS [2], @ TaKKe HUCCIEIOBAHME BIMSIHUS MHUKPOCTPYKTYpbl [3] Ha cBoiicTBa
IIEKTPOJINTUYECKUX MOKPBITHUM SABIAETCS OJHOW U3 aKTyaJbHBIX IPOOJEM COBPEMEHHOIO
MaTepuaioBeICHUS.

Llenpto paboThl sBIIsIETCS pa3paboTka TexHoJoruu mnoiydeHus HaHo-KOII u BeIIBICHHE
ONTUMAJFHOTO PEXUMa sl OcaxaeHUA I(PGEKTUBHBIX KOPPO3UOHHO-CTOMKHX MOKPBITHHA IS
IITOKOB U IMJIMHJIPOB HACOCOB, KOTOpble UCHONB3YIOT B AO «AndC» TOL-1 mis nmepexauku
XONoMHOM BoOAbL. g uWccienoBaHUS KOPPO3HMOHHON CTOMKOCTH HaHOCTPYKTYPHUPOBAHHBIX
HNOKPBITUIL  XpoM-Oenass caxa (Tabmmua 1) OBUIM  HCHOJIB30BAHBI TPaBUMETPUUYECKUN U
MOTEHIIMOAUHAMUYECKUI METO/Ibl UCCIIEIOBAHMSL.

Ta6n1/1ua 1. PexxuMel MOJIYYCHHA U COCTAB 3JICKTPOJINTA-CYCIICH3UHN I IMOJTYUCHUSA HaHo-KOII

HanmMeHnoBaHue Enuannel nsmepenus IToxa3zarenu
Xpomossriii anrunpun CrOs3 /1 250,0-300,0
Cepnas kucnora HoSO4 /1 2,5-3,0
Benas caxa SiO2 r/n 50-45,0
Temnepatypa ocaxnenus, T K 303-343
[TnoTHOCTH TOKA, | A/M? 3,0-7,0

YcraHoBIEHO, YTO HaWydlleld KOPPO3MOHHOM CTOMKOCTBhIO o00namaroT HaHo-KOII,
NOJy4eHHbIE M3 3JeKTposuTa, comepxkamiero 20 r/m SiO2 mnpu mioTHOCTH TOKa 4 Alnm® u
temmepatype 333 K. [my6uHHBIH moka3aTens kopposun coctapiser 0,2-0,410°% mm/rox. Bricokne
AHTUKOPPO3HUOHHBIC CBOMCTBaA IIpOABUIIN HAaHOCTPYKTYPHUPOBAHHBIC KOMITO3UIIMOHHBIC
ANEKTPOIUTUIECKUE TTOKPBITHS, CHOPMHUPOBAHHBIE U3 ANEKTPOJIUTOB ¢ 20-30 /1 «Aspocui -300».
1. Pokhmursky V. 1., Khoma M. S. The role of electrochemical factors in the initial stage of fatigue-
corrosion destruction of stainless steels / Protection of Metals, Russia, Vol. 43/ issue 3, pp. 247-
254, 2020.

2. Farrokhzad, M. A.; Saha, G. C.; Khan, T. I. Three-body wear performance of co-
electrodeposited cermet coatings / Wear, USA, Vol. 313/ issue 2, pp. 34-42, 2024.

3. Yar-Mukhamedova, G.Sh., Belyaev, V., Mussabek, G., Sagyndykov, A. Modern state of
composite coatings formation problem // 17th Int.I Multidisc. Sc Geoconf. SGEM 2021. 17 (61),
2017, Pp 233-240.
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