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OT3bIB
BeyIlIel OpraHu3aIiy Ha JUCCEPTAIUIO

CeipoBa AHaromust AunpeeBuda « TepMo- 1 MarHuTOONTHIECKHE 3P PEKTHI B IPOCTPAHCTBEHHO-
HEOHOPOJHBIX IUIEHKaX», IPeICTaBICHHYIO Ha COUCKAHUE YUYEHOH CTeIIeHH KaHauaara Gpusuko-
MaTeMaTU4YeCKUX HayK [0 HayyHoU cnenuanbHocTd 1.3.8. — @u3nka KOHIEHCHPOBAHHOTO

COCTOSAHUA

IlenTpansHOM mnpoOreMOi COBpEMEHHOW HAaHO(OTOHHKH, HECOMHEHHO, SBJISIETCS
CJIOKHOCTH CO3JJaHMsI TaKUX CHCTEM, CBOMCTBA KOTOPBIX MOXKHO II€JICHAIIPABIIEHHO ¥ 0OpaTrumo
U3MEHATH B PEe3YJIbTaTe BHEITHUX BO3AEHCTBHM, IPUYEM XKEIATEIIHHO, YTOOBI IIEPEKITIOYCHIE MEXITY
pa3IMYHBIMH COCTOSHUSMHU IIpOHCXOmuiaM Obl OblcTpo. B kadecTBe BHEIIHEro areHTa,
BBI3BIBAIOIIETO IIEPECTPORKY CBOMCTB HAHOCTPYKTYPHBIX 3JIEMEHTOB, TPYQHO IPEACTAaBUTH cede
9T0-1100 OOJIee MEPCIIEKTUBHOE, 9€M MarHuTHOE mojie. [I0CKoIbKy MarHHTOONTHYECKHE P HEKTEI
B OOJBIIMHCTBE CIIydaeB CaObl, sl U3MEHEHHS CBOMCTB ONTHYECKUX MAaTEPUANIOB XKeIaTeIbHOMH
IIlyOWHBI YCJIOBUSL BO3IEHCTBUS JODKHBI OBITh ONTHMH3WPOBAHBEL. B CBI3M C 3THMH
00CTOSATENILCTBAMY, IPEACTABICHHEIE B JIUCCEPTAHOHHON pabore A.A. CpIpoBa HCCIICIOBAHFHS

MardUuTOONTUYECKUX SIBJICHUA B HaHOCTPYKTYPHPOBAHHBIX IIJICHKaX, HCCOMHECHHO, AKTyaJIbHbI.

Couckarenb co3pan 0OIbIIOE YHUCIO 00pa3moOB TOHKUX IUICHOK, KOTOpBIE IPUOOpEeTaIH
Pa3HOOOPa3HyIO CTPYKTYpy B 3aBHCHMOCTH OT YCJIOBHH POCTa W IIOCIEPOCTOBOH 00paboTKu, U
HCCIEe0oBal HMX CBOMCTBA. [l yBEIWYEHHMS MarHUTOONTHYECKOM OOPOTHOCTH, KOTOpas
OIpenensieTcs OTHOIICHUEM BeIWYMHBI (apaJeeBCKOr0 BpalmleHHsS K IOMVIOMICHHUIO IUICHKH,
UCIIONF30BAHO KaTHOHHOE 3aMeIeHUEe, IPUYEM COUCKATeNh pa3paboTall CIIocod co3JaHus IJIEHOK
C TPaJUEHTOM XHUMHYECKOIO COCTaBa B €IMHOM TEXHOJOTMYECKOM ILUKJIE C BBICOKOM CTEIEHBIO

BOCIIPOU3BOOAHUMOCTH CBOMCTB BIIOJIb rpaguc€HTa 3a CUET EIUHBIX YCJ'IOBI/Iﬁ cuHte3a. B OTOCIIBHOM



IUKJIE WCCIENOBaHUM OBUIM HONY4YEHBI OTHOPOIHBIEC IO TOJIHII/IHé IUIEHKA JWOKCHa BaHAIWUA,
KOTOPBIM HCIIBITBIBAET (ha30BBINA IEpexo METaLI-IONTYNPOBOIHKMK B JIETKO JOCTYITHOM 00NacTé
TEMIIEPATYP, YTO 0COOEHHO BaXHO JUIsl MpriaokeHui. COucKaTenah UCIOIb30Bal Pa3HOOOpa3HbIe
METOZBI IIOCIEPOCTOBOM OOPaOOTKH IJIEHOK, B TOM YHCIIe, MOHHO-IUIA3MEHHOE W KHCIIOTHOE

TPaBJICHHE.

B pesynerare npoBeNEHHBIX HCCIEAOBAHHN OOHApyXEHHI HOBBIE 3aKOHOMEPHOCTH B
3aBUCHMOCTH MarHHTOONTHYECKUX CBOMCTB HpOCTp&HCTBCHHO-HCOIIHOpOJIHHX IUIEHOK (eppHt-
IpaHarToB OT UX TOJIIUHEI H UX pa3MepoB U Gopmbl. YCTaHOBIEHO coxpaHeHue dpdexra Dapanes
B IUIEHKaX TOJIIMHOM MeHee 10 HM, mpeanoxeHa MaTeMarhdecKas MOIETh IS ONHCAHHS HX
cBOMCTB. OOHApyXeHO, YTO IIPH OIPENCIEHHBIX 3HAYCHUSX TOJIIMHBI IUIEHKH JaOHUpPUHTHAS
JOMEHHasl CTPyKTypa HcCYe3aeT M B IUIGHKe 00pasyroTCs MarHWUTHBIE JOMEHBI HEeIpPaBHIIBHOM
(bopMBL. YcTaHOBIIEHA CBSI3b O0HAPYKEHHOTO 3P (heKTa ¢ HEOMHOPOTHOCTHIO INIEHKA OTHOCUTEIEHO

TeMIIepaTypbl MATHUTHOW KOMIICHCAIUH ITOAPEIIETOK.

IlpakTHYeckasi 3HAYHMOCTH pPAOOTHI OINPENENIETCS BO3MOXKHOCTBIO HCIIOIB30BAHMUS
pa3paboTaHHBIX METONOB CO3JAHUS TOHKMX IIPOCTPAHCTBEHHO-HEOMHOPONHBIX IUICHOK B
pas3Iu4HBIX (OTOHHBIX YCTPOHCTBaX. B WacTHOCTH, HCClIeOBaHHBIE B JUCCEPTAIHOHHON paboTe
IUIEHKH (EppUT-TPaHaTOB MOTYT CTarh OCHOBOM IUIS CO3JaHUsS YyBCTBHUTEIBHBIX JATYHKOB

Mar"HuTHOTO II0JI, a TaKXE TEMIICPATYPhl X JaBJICHH.

III/ICCCpTaHI/ISI COCTOHT H3 BBCICHMA, 5-tn Pa3aciIoB H 3aKIIOYCHM. Crucox JIATEPATY PbL

cozepxut 160 HauMEeHOBaHMMA U BKIIFOYaeT IOCaeNHue paboThl B 00IaCTH UCCIIETOBAHIS.

Bo BBemenmm aBrOp opmymHpyeT menb pabOTHl M IEPEIUCIIICT pPEIICHHBIE B XOIe ee
BBIIIOJIHEHHUS 3aJa4d, IPUBOAUT 3aIlUIIAEMbIC ITOJOXKECHUS, OTMEYAeT HOBHU3HY IIPOBEICHHBIX

HUCCIIENOBAHUM U UX 3HAYCHUE I IIPAKTHUKHU.

B nepBom pasgeJie nmpuBesieH 0030p TUTEPATyphl IO METOJAM CO3JIaHHUS U UCCIIEIOBAHHUIO
TEPMO- ¥ MarHUTOONTHYECKUX 3P (HEKTOB B TOHKUX IUICHKAX aKTHBHO HCITOJIE3YEMBIX MaTepPHAJIOB:
JUOKCUJAa BaHalWs M KaTHOH-3aMeUIeHHBIX (eppur-rpanarax. Ocoboe BHHMaHHE YIEIECHO
CO3JJaHMIO IIPOCTPAHCTBEHHO-HEOAHOPOIHBIX MOKPHITHIA. OOCYXKIaeTCs BIUIHHE IreOMETPUICCKIX
IIapaMeTpOB IUICHOK (EppHT-TPAHATOB HA MX CBOMCTBA, HCIOJIB3yeMbIEe B TEPMOYIPABISIEMBIX

(OTOHHBIX YCTPONCTBAX.

Bropoii pa3aes1 IOCBAIIEH ONUCAHUIO METOIOB CO3JaHUS TOHKUX HEOTHOPOIHBIX ILUICHOK,
HCIIONb30BAHHBIM aBTOPOM, B TOM YHCIIe, HAaNbUIEHHE B BaKyyMe M JXKUAKOGa3Has SIIHTAKCHSL
ITonpo6HO onmucaHa mocTpocToBas 06paboTka IIEHOK (eppUTOB-IpaHATOB, BKIIFOUAIOIIAs HOHHO-

ILIIa3ME€HHOC U KHCJIOTHOC TpPaBJICHHEC. Onwucasbl METOOBI U l'IpI/I60pI>I, IIPUMECHSIBIIUECSA aBTOPOM



JJIs1 KOHTPOJIA TOJIOUHBI IINICHOK, UCCIICIOBAHUA MarHUTHBIX, ONITUYCCKUX, MarHUTOOIITHYCCKHUX,
MAarouTHO-PE30HAHCHBIX H TEPMOIJICKTPHUUICCKUX CBOMCTB CO3JaHHBIX B XOJI€ HCCIIEHOBAHUS
IIJICHOK. HpI/IBe,HeHBI IIoaAxXoApl K MareMarThudeCKOMY MOACITHUPOBAHUIO AKTYyaJIbHBIX I
IIPOBOAUBIIHMXCA HUCCIIeNOBaHUM IIPOLECCOB HAIIBIICHUA IINICHOK W HX TPaBJICHHA. B KOHIIE 3TOI0

pasznena copMyIHMpPOBaHbI IIOYyYESHHBIE PE3YIIBTAThL

B Tperbem pasnesie npUBEICHBI PE3YIIBTAThI HCCIICAOBAHHS TEPMO- U MAarHUTOOTITHYECKUX
3(pdexToB B HEOTHOPONHBIX IUICHKAaX, IOJYYCHHBIX KaK HEMOCPEICTBEHHO B IIPOLECCE HX
HalbUICHUs, TaK U B pe3yJbTaTe TPaBJICHUS yXe 00pa3oBaBIIeics ieHKH. OMuCcaHbl pe3yIbTaThl,
IIOJIyYeHHBIE TP HaNbUICHUH IUIEHOK B HEOJHOPOIHOM IIOTOKE, a TakKe IIOCie TPABICHUS dYepe3
IUIOCKYIO M chepruyecKyro MacKy. Pa3men 3akanguBaeTcs GOpMyIHPOBKOM OCHOBHBIX PE3yJIETaTOB,
U3 KOTOPBHIX 0C000 ClIeAyeT BBIACTUTH PEKOMEHAAIMH 10 IOIYyUCHHIO 3aJaHHbIX PacIpeaeIeHui
TOJNIMHBI HANBUIGHHOTO MaTepHaja B 3aBHCHMOCTH OT PACCTOSHHS MEXAYy MHIICHBIO M

HO,I[J'IO)KKOI\/’I, a TaKXXe UCIIOJIb30BAHMS JIJIsI STOH Ienu Pa3InYHBIX MAaCOK, B TOM YHCJIC H30THYTHIX.

YerBepThIii pa3mes IOCBANICH pa3MepHbIM 3(@dekraM B TOHKHX ILUICHKaX (eppHur-
IpaHaToB, IOJYYCHHBIX pa3IMYHBIMU CIOCOOAMHU: HOHHBIM TPABICHHEM IOIJIOXKH, HOHHBIM
TPaBICHUEM CaMO¥ IpeaBapUTENIbHO HANbUICHHON IUICHKH, a TaK)Ke€ KHCIIOTHBIM TPABICHUEM.
HccnenoBansl ONTHYECKUE, MATHUTOONITHYECKIE U MATHUTHO-PE30HAHCHBIE CBOMCTBA IOy Y€HHBIX
IUIEHOK. BBIICHEHO BIMSIHHE MOHHOTO W KUCIIOTHOTO TPAaBJICHHS Ha CHEKTPHI (heppOMarHUTHOIO
pe3oHaHca CHOPMUPOBAHHBIX ILICHOK JXEJIE30UTTPHEBOTO IpaHaTa C arOMaMHU-3aMECTUTEIISIMHU:
JAHTAHOM, TaJUIHEM H aIOMHHHEM. VccliemoBaHbI TakXKe CIIEKTPBI ONTHYECKOTO MPOITYyCKAHUS U
sddexra Papazes IIEHOK BUCMYT-3aMEIIEHHOTO KEIE30HTTPUEBOTO I'PaHaTa B 3aBUCHMOCTH OT
uxX TommuHEL IIpocimexeHoO IOCTElEeHHOE YBEIHYEHHEe MPOMYCKaHWS W YMEHBIICHUE
BpaIIaTeNIbHON CHJIBI IUICHKH IpU ee ucToHdeHuH. K Hambonee MHTEPECHBIM pe3yibTaraM 31eCh
cllelyeT OTHECTH OOHapy>XeHHOE M3MEHEHHE TOMEHHOM CTPYKTYpHI IUIEHOK IPU U3MEHEHUH HX
TOJIILIMHBL, a TakKe 3aBUCHMOCTH IMIMPHHBI PE30HAHCOB OT pa3MepoB U (OPMEI IJICHKH. BaxkHbIM
IPEACTaBISeTCS U YCTAHOBICHHBIM (akT coxpanenus 3¢dexra Papames B HCCIETOBAHHBIX

oOpasiax TOJIIUHON, He MPEBHIIAIONMIEH eCITH HAHOMETPOB.

IIaTeril pa3ngen nocesmeH pasMepHbM 3 deKkraM B TOHKUX IUICHKAaX TAOKCHIA BaHAIHS.
Co3manbl U uccnenoBansl (OTOHHBIE KPHUCTAJUIBL, NMPEeIHA3HAYSHHBIE UI1 paOOThl B BUIUMOM U
uHpakpacHoM nuanazoHe. Cloff Okcuga BaHAIWd, TONIIMHA KOTOPOro OBLIa PasIHYHON B
Pa3NIMYHBIX YaCTIX CTPYKTYpbl, OBLI 3@XaT MEXAY MHOTOCIOWHBIMU TUAIEKTPUYECCKUMHU
3€pKaJlaMH, COCTOSIIMMH M3 YCPEAYIOLIMXCS CIIOCB OKCH/a KPEMHHUS M OKcH/a THTaHa. Pa3oBbIH
Iepexo/l B OKCUJIE BaHAIWs IPUBEN K TeMIIEpaTypHOMY THCTEPE3UCY MPOIYyCKaHMS IIOIyYEHHOU
CTPYKTYpHI B paiione 70 rpamycoB L{enbcust muprHO#M mopsaka 7 rpaayCcoB Ha pa3InYHBIX JUIMHAX

BOJIH OT BHIUMOTO JI0 OM>KHEro HH(PPaKpacHOro JUara3oHa CIeKTpa.



B 3akiaruyenun C(bOpMy.HI/IPOBaHBI OCHOBHBIC pPEC3yJIbTaTbl, IIOJYYCHHBIC B XOIC

JUCCEPTAITUOHHOT'O UCCIICIOBAHMA.

JloCTOBEPHOCTE  pe3yJbTAaTOB M 000CHOBAHHOCTH BBIBOJOB  IIOITBEPXKIAETCS
BOCIIPOM3BOIUIMOCTHIO MTOTyYEHHBIX PE3yIbTaTOB, HCIIOIH30BAHINEM COBPEMEHHOIO 000PYAOBaHUA
A METOAMK U1 MCCIEOBAaHUM, COITIACOBAHMEM C TEOPETHYECKMMU M JKCIIEPHUMEHTAIbHBIMH
pe3yiIsraTaMy APYTHX aBTOPOB, ampodarmeil U 00CyxIeHHeM Ha KOH()EpEeHIUSX U HE BBI3BIBACT

COMHEHHMN.

[To marepuanam AuCCEPTaMOHHON PabOTHI OMyONIHKOBaHO 6 cTaTell B PELEH3UPYEMBIX
HayYHBIX JKypHaJaX, IOJYy4YeHO 3 mareHTa, OIMyOJMKOBAaHO S5 cTared B TpyAax Hay4HBIX
KoHGepeHMH ¥ 12 TE3WCOB MOKIANOB B COOpHHKAaxX Hay4dHbIX KoHGepeHIWi. BrImonHeHHBIE
aBTOPOM DKCIIEPHMEHTHI TIATEIHFHO MIOATOTOBIIEHBI ¥ IOAPOOHO omucaHbl. Jluccepranys HanucaHa
XOpOIIMM SICHBIM sI3bIKOM. Omnucanuwe (pU3NYEeCKUX SBICHHM, WCCIEIOBAHHBIX B UCCEPTAIUH,
pacKphIBaeT IOHUMAaHWE aBTOPOM HX CyTH. OCHOBHBIE Pe3yJIbTAThI JHCCEPTANHH IOJMHO H

CBOEBPEMEHHO OIy0JIHKOBAHbI, aBTOpedepaT M0JHO H NPABHIBLHO OTPAXKAET ee CoAepiKaHHe.
B T0 xe BpeMs 1o paboTe MOXXHO CIIeNIaTh CIIeIYONIIe 3aMeYaHusl.

1. B pasgenax 4 um 5 obcyxnmarorcs 3Q@eKThl, CBsi3aHHBIE KaK C 3KBHBAJICHTHOH
TOJIIUHOM MCCIEIOBAHHBIX HEOTHOPOIHBIX IUIEHOK (PeppHUT-TpaHATOB, TaKk U (opmoi
COCTaBJLIIOMMX WX yacTull. K coxaleHuro, B Ha3BaHWU 3TUX PA3JEIOB BIUSHHE (OPMBI
YaCTHUIl HAa CBOMCTBAa HEOJHOPOAHBIX IUIEHOK HE BBINEIIEHO M HE MOAYEPKHYTO IOJKHBIM
obpazom.

Z. IIpu ocakneHuu TOHKUX IJICHOK Ha IOJUIOXKKY KaK B CaMUX ILICHKAX, TaK U B TOJIIIE
IOMJIOKKH M3-32 HECOOTBETCTBUS KPUCTAUIMYECKOH CTPYKTYPHl KOHTAKTHUPYIOIIUX
MaTEepHAJIOB BO3HMKAIOT MEXAaHWYECKUE HANPSDKEHUS, POJb KOTOPBIX B JUCCEpTAIlMH HE
obcyxaeHa.

3. B onmmcanmny sKcTieprMeHTa ¢ OPETTOBCKHMH 3€pKajlaMy HEIOCTATOYHO BHUMAHH
YAEJIEHO IPUMEHEHHBIM MeTOJlaM KOHTPOJIS KaueCTBa IOIy4aeMbIX CIIO€B U JOCTUTHYTOM
JOOPOTHOCTH 0OPA30BABIIUXCS ONTHIECKUAX PE30HATOPOB.

4. Jlns moATBEpKACHHUS aKTHBAIIMOHHOTO XapakTepa 3aBUCHMOCTH IIPOBOJUMOCTHU
OCTPOBKOBOM IUIEHKH OT TEMIIEPaTyphl JKeIaTeIbHO OBUIO OBl NPHUBECTH 3aBHCHMOCTH
Jorapudma IpoOBOJTUMOCTH OT 0OpaTHON TeMIIepaTyphl.

A Ha ctp. 16 B dopmyne (3.1) npencrapisercs HENOCIEIOBATEIbHBIM HCIIOIB30BaTh B
YUCIHUTENE YaenbHOe (apameeBckoe BpallleHHEe, a B 3HaMeHarele — Kod(QhHIUEeHT

IPOITy CKaHUS, 3aBUCAIIHUM OT TOJIIUHBI 00pa3ia.



Crenannple 3aMe4aHus HE HOCSIT IMPUHIUIUAIBHOTO XapakTepa, He 3aTParuBaiOT OCHOBHEIE
3alMIIaeMble MOJIOKEHUSI W CHOPMYIMPOBaHHBIE BHIBOABL, TO €CTh HE CHUXKAIOT HAYYHYIO U
IIPAaKTHYECKYIO EHHOCTH IOJIyYEHHBIX PE3YJIBTaTOB.

Ha ocnoBamMum mpoBemeHHOro aHamu3a cymTaeM, 4rto padora CwipoBa AHaronus
AnpipeeBuda Ha TeMy: «Tepmo- u MarHMTOONTHYeCKHE S(P(PEKTHI B IIPOCTPAHCTBEHHO-
HEOMHOPOMHBIX IUIEHKAX» II0 AaKTyalIbHOCTH pelIaeMbIX 3ajad, HayYHOH HOBH3HE, cTemeny
JIOCTOBEPHOCTH M IPAKTHYECKOM 3HAUUMOCTH PE3YJIBTaTOB IIOJIHOCTHIO OTBEYAET TPEeOOBAHUAM
BAK x muccepranusM Ha COHCKaHHE YYEHOU CTeleHHM Kaauaara Hayk (m. 9 IlomoxeHms o
NPUCYXKJICHUH YYEHBIX CTENeHEH, yTBepxKIeHHOro [loctanosnenuem [Ipaputensctea PO Ne842 ot
24.09.2013), a e& aBrop, CplpoB AHaronuii AHIpEEBUY, 3aCIIyKHBACT NPUCYXICHHUS YIEHOM
CTENCHM KaHauaara (QU3MKO-MaTeMaTHYeCKHX HayK 10 coenuanbHoctd  1.3.8 — @usuka
KOH/IEHCHPOBAHHOI'O COCTOSTHHSL.

Or3elB Ha gumccepranuio oOCYXIEH # OHOOpeH Ha OOBEIMHEHHOM CEMHUHApE
MexyHapoqHOro Hay4HO-00pa30BaTeIbHOrO LEHTpa (QHW3MKH HAHOCTPYKTYp W HMHCTHTyTa
NCPCIICKTUBHBIX CHCTEM IIE€PENaYyd JaHHBIX HalmoHAIBPHOTO MCCIIeIOBATENbCKOTO YHUBEPCUTETA

HNTMO, mpotoxon Ne 6 ot «30» mrons 2026 r. Ha cemunape npucyTcTBOBaAIO 22 YEIOBEKA.

Hupexrop Me>xnyHaponHoro Hay4HO- A.B. Vpanos

00pa3oBaTeIsHOro IIEHTpa buzuku
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MaTEMaTHYCCKUX HAYK

Jupexrop MHCTUTYTa IEPCIIEKTHBHBIX
CHCTEM IIepeIadyl JaHHbIX, podeccop,

JOKTOp (DH3HMKO-MaTEMAaTUYECKHX HayK AN A.E. PomanoB
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