Ha npasax pykonucu

I'EPACUMOB

Muxaua BuxkropoBuu

KBABUCTATHYECKHUE U IUHAMHNYECKHUE IIETJIN
I'MCTEPE3UCA IVIEHOK ®EPPUTOB-I'PAHATOB

01.04.11 — ¢pu3uKa MATHUTHBIX SBJICHUN

ABTOPE®EPAT
AMCcCePpTALMU HA COMCKAHUE YYEHOU CTeneHu

KaHauaaTa GUusnKo-MaTeMaTH4eCKUX HAYK

CAPAHCK - 2002



Pabota BeInosiHEHA HA Kadenpe dKcnepuMeHTaIbHON (Ppu3nku Mop10BCKO-
ro rocynapcrseHHoro ynusepcurera umenu H. I1. Orapesa

HayuHblil pyKOBOAUTEIb: KaHAUAaT GU3UKO-MaTeMaTHYECKUX HayK,
noueHt M. B. Jlorynos

Od¢urnanbHbie ONMOHEHTHI:  JOKTOP (GU3UKO-MATEeMaTUYECKUX HAYK,
BEIYILIUN HAYYHBIN COTPYAHUK
B. I'. Knenapckuii

KaHAuaaT (I)I/ISI/IKO-MaTCMaTH‘{eCKI/IX HayK,

CTaplIMK HAYYHBIN COTPYIHUK
B. W. IlllernoB

Benymas opranuszanus: MOCKOBCKUI TOCY1aPCTBEHHBIN YHUBEPCUTET
nM. M. B. JlomoHocoBa

amura cocromtest 28 Mapra 2002 1. B 13 % wac. Ha 3acenanun auccepra-
nuoHHoro coera K 002.125.01 Bo ®psasunckoM otnenennn MHCTUTYTA paguo-
TEXHUKHU U 3JIeKTpoHukru PAH no anpecy:
141120, r. ®pszuno MockoBcko# 0011., TI1. akaj. BeegeHckoro, 1.

C muccepranueit MOKHO 03HAKOMHTHCS B Onbanoteke MIPO PAH.

ABtopedepar pazocnan 22 deppans 2002 r.

VYueHslii cekpeTapb
nuccepraimoHHoro copera K 002.125.01
KaHAUAAT (PU3UKO-MaTeMaTHYECKUX HAYK N. 1. Yycos



OBLIASA XAPAKTEPUCTHUKA PABOTbBI

AKTYQJIbHOCTh TeMbl. [IeT/isi MarHUTHOrO TUCTEpe3rca — OJIHA U3 BaXK-
HEUIMX U UHPOPMATUBHBIX XapaKTEPUCTUK MAarHUTHOrO Martepuana. [‘ucrepe-
3UCHBIE SIBJICHUSI OTPAXarOT M3MEHEHHsI B MaTepualie BO BpeMsl MepeMarHu4u-
BaHMS: T€HEPAILIMIO U aHHUTHIISIIIAIO IOMEHOB, MIEPEMEIICHUE U U3MEHEHHE JTH-
HbI JIOMEHHBIX TPAHUII, BpAlIEHUE BEKTOPAa HAMAarHUYE€HHOCTH.

C omHOI CTOPOHBI, TUCTEPE3UCHBIE CBOMCTBA, B YACTHOCTH KOAPIIUTUBHAS
cuwia H,., cBsa3aHbl ¢ TakuMu (GyHIaMEHTAIBHBIMU ITapaMeTpaMu MaTepuania, Kak
HAMarHUYE€HHOCTh, AHU30TPOIHS, KOHCTaHTa OOMEHa; C APYrol CTOPOHBI — Xa-
PaKTEpU3yIOT COBEPIIECHCTBO Marepuaia. JJoMeHHbIe TpaHUIlbl JEUCTBYIOT Kak
30HIBI 1€(PEKTOB U M3MEPEHHOE 3HaueHHe H,. JTOMEHHON TpaHUIIBI COACPIKUT
uHGOPMAITUIO O pACTIPEACIICHUH U KOTUYECTBE Ae(PEKTOB.

HHTepec K UCCIIEIOBAaHUIO MMAPAMETPOB METJIM TUCTEPE3UCA MOHOKPHUCTAI-
JMYECKUX TUICHOK (DeppUTOB-rpaHaTOB OOYCIIOBIICH MX MPUMEHEHHUEM B KauecT-
BE€ OCHOBBI JJISI PA3NIMYHBIX YCTPOUCTB MHUKPOAJICKTPOHUKH W MArHUTOONTHUKH.
Takue ucciaegoBanus BeayTcs, HaunHas ¢ 1970-x rogoB (cMm., Hanpumep, [1-7]).
brarogapsi coBepIIeHCTBY KPUCTAIMYECKOM CTPYKTYpbl U pa3zHOOOpa3uio ¢u-
3MYECKUX CBOWMCTB (DE€PPUTHI-TPAHATHI SIBISIOTCA OOBEKTOM MPOBEPKU TEOPETH-
YECKUX KOHIICMIMA MarHeTu3Ma TBepAoro Tena. OTHOCHUTENbHO Pe3yJbTaToOB
WCCIIEJIOBAHUSI TETENIb TUCTepe3nca MIEHOK (eppUTOB-TPAHATOB MOXKHO OTMeE-
TUTh, YTO OCHOBHBIC YCHJIUS OBLIIM HAIIPABJICHBI HA U3YUYEHUE KBAa3UCTATUUECKUX
nerenb [1,6], a B JUHAMHUYECKOM PEXKUME — Ha HM3YYECHHE KOIPIMTUBHBIX
CBOMCTB OTJICJBbHBIX JJOMEHOB U YYaCTKOB JIOMEHHbBIX IpanuI] [2]. OO0 akTyalib-
HOCTH MPOOJIEMbl TOBOPUT U TOT (PaKkT, YTO MOJIEIb METIN THCTepe3uca, oTpa-
KAIOIIasl XapaKTepHble OCOOCHHOCTH KBA3UCTATHUYECKUX IKCIEPUMEHTATbHBIX
neTeh TICHOK (heppUTOB-TPpAHATOB, pa3paboTaHa HemaBHO [8], a Mojenu au-
HAMHYECKHUX METEIh OTCYTCTBYIOT.

B mocnennee Bpemsi B CBS3M C MHTEPECOM K MporieccaM (GpopMUpOBaHUS
YIIOPSIOYEHHBIX JOMEHHBIX CTPYKTYp [9-12], B 4aCTHOCTH NBYMEpHBIX pellle-
TOK JJOMEHOB [ 13-16], uccneayroTcsi neTiau rucrTepe3nca B rapMOHUYECKOM Mar-
HUTHOM TIOJIE 3BYKOBBIX M YJIbTpa3ByKoBbIX yactoT [10,17,18]: ycraHoBiena
B3aMMOCBSI3b MEXK]ly (POpPMOI NETEh rucTepe3nuca u PopMUPOBAHUEM CIUPAIIb-
HBIX JOMEHHBIX CTpyKTyp [10,17], oOHapyxkeHa o01acTh HECTAOUIBLHOCTH JIU-
HaMUYECKUX MeTenp rucrepesuca [18]. B To ke BpeMs He CHO, N3MEHECHHE Ka-
KUX JUHAMHUYECKUX MEXaHU3MOB TMepeMarHMuUBaHus IPUBOJIUT K TpaHChopma-
MW TIETEIh TMCTEPE3UCa, KAKOBBI HEOOXOUMbIE YCIIOBUS Il (hOPMUPOBAHUS
YIOPSIIOUEHHBIX JJOMEHHBIX CTPYKTYp. OCTalOTCsl OTKPBITBIMU U Psii METOAUYE-
CKHX BOMPOCOB, HAIPUMEP COOTBETCTBHE PE3YJIHTATOB, MOIYyYaeMbIX MPU HC-
MOJIb30BAHUU PA3JIMUYHBIX METOJO0B M3MEPEHHUsI KO3PUUTUBHOM cuiibl. Takoe mo-
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JI0O)KEHHE BO MHOI'OM OOYCJIOBJIEHO OTCYTCTBHEM alllapaTyphl, MO3BOJISIONICH
MCCIIEI0BaTh TMHAMUYECKUE JOMEHHBIE CTPYKTYPbI B IIUPOKOM JIMANIA30HE YacC-
TOT TAPMOHUYECKOTO MarHUTHOTO TIOJISl B peajlbHOM MacITabe BpeMEHHU | IIPo-
M3BOJUTh UX COMOCTABJICHUE C COOTBETCTBYIOIIMMHU YYAaCTKaMU METENIb TUCTE-
pesuca.

Ieab padoThI: SKCIIEPUMEHTAIHLHOE UCCIIEOBAHME MEXaHU3MOB IepeMar-
HUYUBAHUS IUJICHOK (DepPUTOB-IPAHATOB B TAPMOHUYECKOM MArHUTHOM TIOJIE B
Jyara3oHe 4acTOT ITOJIS 10410 I y. JIns qOCTHKEHHWSI TTOCTABJICHHOW 1IEU B
paboTe pemanuch CIeAYIOINE 3a/1a4Hu:

1. Pa3zpaboTaTh METOAMKY 3allMCH TETENIb THUCTEPE3UCa IUICHOK (eppPUTOB-
IrpaHaTOB C OJHOBPEMEHHOW pErucTpalded JUHAMUYECKUX JOMEHHBIX CTPYK-
Typ, COOTBETCTBYIOIIUX Yy4YacTKaM IIETJIM THUCTEpPE3Uca, CTPOOOCKOMMYECKUM
METOJIOM.

2. VI3y4nTh 3aBUCUMOCTh IapaMETPOB YACTHBIX M MpPEEIbHBIX METEIb T'UC-
Tepe3uca MIeHOK (eppUTOB-IPAHATOB OT AMIUTUTY Ibl TAPMOHUYECKOTO MarHuT-
HOT'O MOJIA B JHUAIA30HE 4aCTOT 104+10° I Y.

3. BBISICHHTH B3aWMOCBSI3b IMPOIECCOB (HOPMUPOBAHUS AUHAMHYECCKUX J0-
MEHHBIX CTPYKTYp B IUIEHKaX (DeppUTOB-IpaHATOB C MapaMeTpaMH METelb THC-
Tepesuca.

Hay4yHasi HOBU3HA NIPE/ICTaBICHHBIX B JIUCCEPTAIIUU PE3YIHTATOB 3aKIIIO-
YaeTCs B CJICIYIOIINX MMOJ0KEHUSIX, BRIHOCUMBIX HA 3aLIUTY:

1. BniepBbie peann3zoBaHa METOAMKA OJJHOBPEMEHHOM 3alKCH MEeTelb TUCTe-
pe3uca B Auarna3oHe 4acTOT TAPMOHUYECKOTO MArHUTHOIO MOJIS 104200 I Y u
pErucTpanuyy COOTBETCTBYIOIIMX yYacTKaM METENb TMCTEPE3nuca JUHAMHYECKUX
JIOMEHHBIX CTPYKTYP CTPOOOCKOIMMYECKUM METOJIOM C BPEMEHHBIM pa3pelieHU-
em 0,8 mkc U perynupyemMon KpaTHOCTbIO cTpooupoBanus K,,,=1, 2, 3 ... .

2. OnpeneneHsl yCIOBUs, IPU KOTOPBIX PE3yIbTaThl U3MEPEHUSI KOIPIUTHUB-
HOU CWJIBL, TTOJTyYE€HHbIE METOJIOM OCUMJUISIIUU JOMEHHBIX I'PaHUIl, COBIAAAIOT C
pe3yibTatamMy, MOJYYEHHBIMU MO TMOJYIIUPUHE KBA3UCTATUYECKOW IMETIU THUC-
Tepe3uca.

3. YcraHOBIIEHBI MEXaHU3Mbl NIEPEMArHUYMBAHUS, MPUBOJAIINE K U3MEHE-
HUSM MapaMeTPOB METENIb TUCTEPE3Uca P U3MEHEHUN aMIUTUTY bl U YACTOTHI
rapMOHUYECKOIO MAarHUTHOT'O TIOJISL.

4. YCTaHOBJIEHO, YTO BEPXHSISI TpaHuUIla 00J1acTH POpMHUPOBAHUS JUHAMUYE-
CKHUX CIUPAIBbHBIX JOMEHOB [0 YaCTOTE€ MAarHUTHOTO TOJIS CBsi3aHa ¢ Mpeodpa-
30BaHUSIMHU CTPYKTYpbI IpaHull IoMeHOB. OnpesienieHbl ycaoBust GOpMUPOBAHUS
pslla yIOpsAI0YEHHBIX JOMEHHBIX CTPYKTYP B BUJE JBYMEPHBIX PELIETOK JIOME-
HOB B UMITYJIbCHOM U TQPMOHHYECKOM MAarHUTHBIX MOisiX. OOHApyKEHbI HOBbBIC
KOH(UTYpalUK IBYMEPHBIX PEIIETOK JOMEHOB.
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IIpakTH4YecKkasi 3HAYUMOCThL Pa0OTHI 3aKJIFOYACTCS B CO3/IaHUU YCTaHOB-
KU JIJIs UCCJIEIOBaHUS METENb TUCTEPE3UCca U JJOMEHHON CTPYKTYPhl MarHUTOOTI-
TUYECKUX MATEPHUAIOB B IIMPOKOM MHTEPBAJIE aMIUIUTYJ M 4acTOT rapMOHHUYE-
CKOro MarHuTHOro noJjs. IlomydeHnHsie B paboTe pe3ynbTaThl BHOCST CYIIIECT-
BEHHBI BKJIaJl B TOHUMAaHHE MEXAaHW3MOB IEpEeMarHUYMBaHUs, TPUBOIASAIIUX K
BUJIOM3MEHEHHUIO METENIh TUCTEPE3nca U (OPMUPOBAHUIO JOMEHHBIX CTPYKTYp B
IUICHKaX (PeppUTOB-TPAHATOB B TAPMOHUYECKOM MArHUTHOM IOJI€. DTO pacIIu-
psieT BO3MOXKHOCTH MPAKTHUYECKOTO MPUMEHEHHUS] MHOTOJOMEHHBIX MarHUTHBIX
IJICHOK Y CO3/IaHMs HA UX OCHOBE HOBBIX TEXHUUYECKUX YCTPOUCTB.

Anpobanus padboTbl. Pe3ynbTaThl UCCIEI0BAHUMN, U3JIOKEHHBIE B IUCCEP-
Tauu, JokinaasiBaMch Ha XV Bceepoceuiickon, XVI u XVII MexayHapoIHbIX
mKonax-cemuHapax «HOBbIE MarHUTHbIE MaTepHAIbl MUKPOAIEKTPOHUKNY
(MockBa, 1996, 1998, 2000), Mexnaynapoanoit koHdepeniuu «lIIpobiaembr u
npukiaaabie Bonpockl pusukm» (Capanck, 1997), IV Bceepoccuiickoit koHbe-
peHumn «MeToJibl U cpenicTBa u3Mepenuit pusnueckux Bennuun» (H.Hosropos,
1999), xkoudepenuuu «Ctpykrypa u cBoiictBa TBepasix Tein» (H.Hosropog,
1999), MexayHapogHoMm cummosuyme mo cnuHoBbIM BosiHaMm (C-IletepOypr,
2000), EBpo-azuarckom cummnosuyme «lIporpecc B marnerusme» (Exatepun-
oypr, 2001).

Ilyoaukauuu. Pe3ynbTaThl auccepTaivu OnyOJIruKoBaHbl B 12 medarHbix
paboTax, CIIICOK KOTOPBIX IPUBEEH B KOHIIE aBTOpedepara.

CTpyKTypa U 00beM auccepTamum. /(uccepraiusi COCTOUT U3 BBEIACHUS,
[T TJIaB, 3aKJIIOYEHUS] U CIUCKA LUTHPYEMOW Jinuteparypbl. OHa CONEpPKUT
184 cTpaHuIbl MAIIMHOMMCHOTO TEKCTA, BKJIOYas 98 pUCYHKOB, 4 TaOIUIbI U
148 HauMeHOBaHMI TUTUPYEMOM JINTEPATYPHI.

COAEPKXAHUE PABOTHBI

Bo BBeleHNMH 000OCHOBAaHA aKTyallbHOCTh TEMBI JAHMCCEpTalUU, cHOopMyIu-
POBaHBI 1IEJIb U 3371a4d pabOTHI, OMKMCAaHA CTPYKTYypa M COJIEp)KaHue JUccepTa-
IIUU, IPUBEJICHBI OCHOBHBIC PE3YIHTATHI PAOOTHI.

IlepBas rjaBa npeacTaBisieT co00H 0030p TEOPETHUECKUX U IKCIIEPUMEH-
TaTbHBIX Pa0OT, MOCBAIICHHBIX WCCIICAOBAHHUIO TIETENIb TUCTEpE3Uca M JIOMEH-
HOUM CTPYKTYpPHI TJICHOK (PEpPUTOB-TPAHATOB, U AHAIHU3 METOJOB PETUCTPALIMH
MeTeh TUCTEPE3nca M KOIPIUTUBHON CHUITbl. B KOHIIEe TIepBOI TJIaBBI Ompeesie-
HBI 1I€JTM U 33]]a4H TUCCEPTAIMOHHOMN paOoTHI.

Bropas rjaBa ToCBsIIEHA METOAWKE HCCIEAOBaHUS IUICHOK (EeppUTOB-
rpanatoB. OCHOBHOE BHUMaHUE YJIEJICHO pa3pabOTaHHOW CTPOOOCKOMUYECKOM
YCTaHOBKE JJISl KCCJICIOBAHMSI TTPOIIECCOB MEPEMAarHNYMBaHUS B TUAIIa30HE Jac-
TOT TAPMOHHYECKOTO MAarHUTHOTO T0JIs f =10%+200° I'y.
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VYcranoBka (puc. 1) padotaet ¢ ucnonbzoBanueM 3¢ dexra dapanes. B ka-
YECTBE MCTOYHHUKA ITOJCBETKHA MCIOJIb30BAH I'€JIMH-HEOHOBBIN Jla3ep C MOIepey-
Hoit CBY-nHakaukoil. OgHOBpeMEHHO ¢ (POTOMETPUYECKON perucTpaiuei re-
TEJIb TUCTEPE3UCa B YCTAHOBKE OCYIIIECTBJICHA BO3MOXXHOCTh BU3yaJIbHOTO Ha-
OJIIOICHHST TOMEHHOM CTPYKTYPBI HUCCIIEAyEeMOro mMaTepuala W 3alKcH ee U30-
OpaXeHUsI C MOMOIILI0 BUACOKaMepbl. BO3MOXHOCTH THOKOr0 M3MEHEHUS pe-
KUMa MOJYJISIIIUY JIa3epa MO3BOJIUIIU PEeaTn30BaTh CTPOOOCKOMUYECKUI METOT C
BpEMEHHBIM pa3zpenieHueM 0,8 mkxc U peryiupyeMoil KpaTHOCTbIO CTpPOOUpOBa-
nus K.,=1, 2, 3, ... (puc. 2).

IIpu K.,=1 (puc. 20) u ckaHUPOBAHUM UMITYJIbCA JIa3€pa M0 NEPHOJTY MO
M3yYaau HBOJIOLMIO JOMEHHBIX CTPYKTYp U JI€JaJd BBIBOJ O MOBTOPSIEMOCTH
nporiieccoB nepemarunuuBanus. Beidop K., ~>1 (puc. 2B) MO3BOJISIET TIEPEUTH B
PEXKUM BBICOKOCKOPOCTHOM (oTorpaduu, Korja 4yacToTa CJICIOBAHUS UMITYIIb-
COB TIOJICBETKH paBHa WJIA OJIM3KA K 4aCTOTE CMEHBI KaJAPOB BUICOKAMEPHI.

N3mepenre CKOpoCTH JBUKEHHSI JOMEHHBIX T'paHUIl U HAOIIOJIEHHUE DBO-
JIOLMH TOMEHHBIX CTPYKTYp B T€YEHHUE OJIHOTO MEPUOJA FAPMOHUYECKOTO Mar-
HUTHOTO MOJS JJIsI HEMOBTOPSIFOIIMXCS MPOLECCOB NMEPEMAarHUYMBaHUsl MIPOBO-
JIWIN C TIOMOIIIBbIO MAPHBIX UMITYJILCOB MOACBETKH (puc. 2r). Ha onHom Bujeo-
KaJ[pe PETUCTPUPOBAIM HAJOKEHHE JBYX IIOCIEI0BATEIbHBIX H300paKeHUN
JTUHAMHYECKUX JOMEHHBIX CTPYKTYP.

Hapsigy ¢ 0OBIYHBIM METOJIOM PErUCTpAlMK TUHAMUYECKHUX TMEeTelb TMcTe-
pesuca ¢ 3kpaHa ociwuiorpada, Korjaa Ha OJHOM KaJpe PEerucTpupyercst mo-
CJIEIOBATEBHOCTh NETENh ISl MHOTHX LUKJIOB MEPEMarHMYMBaHusl, YCTAHOBKA
MO3BOJIIET CTPOOMPOBAThH U 3aIUCHIBATH C MOMOIIBIO BUJIEOKAMEPhl IMHAMUYE-
CKYI0 TETJII0 TUCTepe3uca JUisl €JUHUYHOIO IMKJIA MepeMarHuuuBaHus. J{is
3TOr0 UMITYJIbC MOACBETKH JIa3epa CHHXPOHU3UPOBAIU 1O (a3e U JUIUTEIbHOCTH
C IEPHUOJIOM FAPMOHUYECKOTO MAarHUTHOTO TOJIs (puUc. 21).

B 3aBucumoctH OT pexuma pabOThl YCTaHOBKH OJoK-cxema (puc. 1) mo-
mudurupyercs. Hanpumep, npu perucrpanyd KBa3UCTaTUUECKUX TETENb THC-
Tepe3nca JiJisi TOBBIIICHUS YYBCTBUTEIBHOCTH U3MEHSIETCS PEXKUM MOIYJISIIUN
Ja3epHOr0 M3NMy4YEeHUs, JOOAaBJISIOTCS CEJIEKTUBHbIC YCHIHMTENH, AU(depeHIu-
AIBHBIN YCWINTEIh MOCTOSHHOTO TOKA U JIBYXKOOPIMHATHBIN CaMOTIHCEIL.

[IpoBenena onTumMu3aIus mapaMeTpoOB YCTAHOBKHU JIJI UCCIEOBAHUS Ma-
TEpPUAJIOB, PAa3IUYAIONIUXCA MO BeJMYMHE (hapaJeeBCKOTO BpallleHus Ha 2+3
Nopsiika. ITO MO3BOJIUIO CHU3UTh UCKAXKEHUS NIPU 3aIlMCH TIETENb TUCTEpE3nca
B HECKOJIBKO pa3. JIJis yBeJIMUeHHs pa3periaronie criocoOOHOCTH YCTaHOBKHU 0
S HC B PEXHUME BBICOKOCKOPOCTHOUM (oTorpaduui B Ka4yeCTBE MCTOYHHKA TOJI-
CBETKH HCIIOJIL30BAJIM JIa3ep Ha KpacUTENIe ¢ BHEITHEH HAKaYKOW UMITYJIbCHBIM
a30THBIM Ja3epoM. M3-3a orpaHWYEHUN MO YacTOTE CIEJOBAaHMS UMITYJIHCOB
(100 7y) a30THBII J1a3ep HE MOKET OBITh MCIIOJIb30BaH BO BCEX PEKHMMax pado-
Thl YCTAaHOBKH.
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Puc. 2. Bpemennsie auarpaMmbl pabOThl HICTOYHUKA TAPMOHUYECKOTO MAarHUTHOTO
o1 (a) ¥ UMITYJIBCHOTO Ja3zepa (0-1): B cTpobockommieckoM pexxume ¢ K.,=1 (0),
B PEKHME BBICOKOCKOPOCTHOM oTorpaduu ¢ K.,>1 (B), Ipu H3MEpEHUN CKOPOCTH
JIOMEHHBIX TpaHuI] (T), B PEKUME 3alMUCH €IUHUYHBIX TUHAMHUYECKHX METENIb TUCTE-

pesuca (7).

—

B _Tperbeil IJjlaBe JUCCEPTAIIMU W3JI0KEHBI PE3YJIbTAThl HMCCIECIOBAHUS
KBa3HCTAaTUYECKHX IETEIIb TUCTEPE3UCA.

OOHapyXeHO, YTO BEIWYMHA KOIPIIUTHUBHON CHIIBI IUICHOK (EeppUTOB-
TpaHaTOB, OMPENENIeMON KakK MOJYIIUPUHA METIM TUCTEPE3uca, 3aBUCUT OT
MaKCUMaJIbHOM HANPSHKEHHOCTH MAarHUTHOTO moist Hy, KOTOpoe JocTUraeTcst B
nporecce nepeMarauunBanus odOpasua (puc. 3), a Buja 3aBucumoctd H.(Hp)
CYIIECTBEHHO HU3MEHSIETCSl MPHU MOBBIIEHUH TEMIEpPaTypbl ¢ OJHOBPEMEHHBIM
YMEHBIIIEHUEM KOSPIIUTUBHOMN CUJIBI.

Peructpanus nerens ructepesunca MICHOK B MIMPOKOM YaCTOTHOM Juaria-
30H€ MAarHUTHOTO TOJIsI TTO3BOJIUJIA OMPENIETUTh TPAHUIILI Mepexoda OT KBasu-
CTATUYECKUX K JMHAMUYECKUM IpolieccaM nepemarinuuBanus. [lokazaHo, 4to
pe3yNbTaThl U3MEPEHUS KOIPIUTUBHON CHIIBI H,. METOIOM OCHMIIISIIANA JOMEH-
HBIX IPaHUIl COBMAIAIOT C PE3yJIbTaTaMu, MOJIYYEHHBIMU IO MTOTYIIUPUHE TETIIH
TUCTepe3nca, JUIsl YaCTHOTO Cydas, KOT/la He MPOSBISIOTCS TUHAMUYECKHE d(-
(GeKThI IpU IEpeEMarHiYMBaHUM, a KO3PUUTUBHAS CUJIa JUIs TIPEJEIbHOM 1 YacT-
HBIX TIETEJIb TUCTEPE3UCca OCTACTCS OJMHAKOBOM (puc. 3B).

OOHapy’keHO, 4TO Meperud Ha TeMIlepaTypHOU 3aBUCHUMOCTH KOIPIMUTHUB-
Hoii cwitel H.(T) coBnamaer (Mo TemrepaType) ¢ meperuooM Ha TeMIiepaTypHOu
3aBUCUMOCTH OTHOCHTEJIBHOTO PAaCCOTJIACOBAaHUSA KpHUCTAIOrpaduyecKux Ta-
pameTpoB IieHKH deppuTa-rpanara u nmoanoxku Aalay(T) (puc. 4), 4To 1mM03BO-
JSI€T MOJYYUTh KOJIMYECTBEHHYIO XapaKTEPUCTUKY B3aUMOCBSI3U HAIPSYKEHUM B
KpUCTaJUie ¢ BeNMUYMHOU H.. Paznuume mexny BenuuuHamu /1., U3MEpEHHBIMU
10 TOJYIIUPUHE MPEACIbHON KBa3ucTaThueckod mermm rucrepesuca (f [1o°
I'y) ¥ MEeTOIOM OCIIWILISIIUNH JOMeHHBIX Tpanull (f (107 I 1Y), HanboJIee BhIpaxKe-
HO B oOyactu neperuoa.
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Puc. 3. 3aBUCUMOCTH KOAPIUTUBHON CHIIBI H, OT MakCHMaJIbHOW HAINPSHKCHHOCTH
MarHuTHOTO 1ojis Hy, niis remnepatypsl 7=25 (a), 35 (0) u 45 °C (B).

H. 23 A/, x10° H, 3 Aa/ag, X107
100 3 I 100 - 2
14 T 10 4
] 406 ] T 16
! T ox I
a
0,1 : : : 02 0,1 : : : 1,2
0 25 50 75 100 0 25 50 75100
T, °C T, °C

Puc. 4. TeMHepaTypHLIe 3aBUCUMOCTHU KOBpHHTHBHOﬁ CHIJIBI Hc U OTHOCHUTCIIBHOI'O

paccornacoBanus Aa/as s TUICHOK (PEppUTOB-TPAHATOB ¢ KPUCTAILIOTpAPUISCKON
opuerHTaruert (111) (a) u (210) (6).



YeTBepTas rjaBa MocBsIIeHa UCCIEIOBAHUIO MEXaHU3MOB TIepeMarHu4u-
BaHUs, MPUBOAIINX K MOAU(PUKAINK TUHAMHYCCKUX TETENIb TUCTEpE3nca Mpu
U3MEHEHUH YaCTOTHI M aMIUTUTY (bl TAPMOHUYECKOTO MarHUTHOTO TIOJIS B LITUPO-
KOM JIMaIa30He YacTOT W aMIUIUTY/ ToJisi. PaspaboTanHas MeTOIMKa TIO3BOJIMIIA
IIPOBECTH COMOCTABJICHUE BUAA JTOMEHHBIX CTPYKTYpP C KOHKPETHBIMH y4acTKa-
MU TeTeNb rucrepesuca (puc. 5).

1 200 mrm

MaraMTHOC I10JIC /\ /\

| S | S

MMITYJIBC JIa3epa

Puc. 5. ITetnu rucrepesuca npu amruaryae moist H,=76 2 u yacrore moss f =100
(a) u 500 /'y (6) m TMHAMHUYECKHE TOMEHHBIE CTPYKTYPBI, COOTBETCTBYIOIINE (pazam
¢ =0° u 45° rapmonnveckoro MarautHoro mnoiist. Paze ¢ =90° cooTBeTCTBYET MO-
HOJIOMEHHOE COCTOSTHUE.

KBazucratuueckas mpenenpHas METIs THUCTEpe3uca IJICHKU HMEET BUJ,
TUTIAYHBIN JJIS1 OJTHOOCHBIX IJICHOK ()ePPUTOB-TPAHATOB (HE3HAYNUTEIHHO OTJIH-
4asiCh OT METJU Ha puc. 5a). BiusHue quHaMUYeCKUX MEXaHU3MOB MepeMarHu-
YUBAHUA IUICHOK (DEpPUTOB-TPAaHATOB: U3MEHEHHE YCIOBUN 3apOKICHUS JIOMe-
HOB, TIOCTHKEHUE CKOPOCTH HaChIIMEeHUs Vs JOMEHHBIMH TpaHUIIaMU U 00pa3o-
BaHHE HA HUX YYACTKOB C Pa3iu4HON 3P (PEeKTUBHON Maccoil — HAUMHAET CKa3bl-
BaThCsl B YBEIMYCHUH YHCJIa OTPOCTKOB HA yYaCTKaX MOJOCOBBIX JOMEHOB, MPH-
BOJIAIINX K 00JIee 4acTOMY BETBJICHHIO JOMEHOB (puc. S5a, 0) MO0 CpaBHEHHIO CO
CJIy4aeM paBHOBECHOTO ()OpMUPOBAHUS TAOUPUHTHOU CTPYKTYpPHI y’Ke B obJac-
TH 9acToT rapmonndeckoro mojis f (1100 /'y, oObrYHO cumTaromeics: KBa3nucTa-
TAYECKOM.

Tpanchopmanus neTenb TUcTepe3nca B aMIUTHTYAHO-9acTOTHOM Hpf mipo-
CTpaHCTBE MpeJcTaBicHa B Buje (a3zoBoii auarpammbl (puc. 6). CruiomiHas
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(copaBa) u WTpUXoBas (CBEpXY) JIMHUM, OrPAaHUYMBAIOLIME AHArpaMMy, MOKa-
3bIBAIOT OTPAHUYCHHE METOJIUKK H3MepeHuil. [Ipu Masblx amIuiMTyax moJis
(Hw<Ho, rne Ho — mone xoymanca [{M/I) metiu sSBISIOTCS YaCTHBIMH CHMMET-
puuHbiMA ((aza 1). C yBenmndeHueM aMIUIUTYIbI ToJist Hy, iMeeT MecTo mepexon
K [IpeAesIbHBIM CUMMETPUYHBIM NEeTisIM ((aza 2).

Hnr /HO

0 T T TTTI00 T I T T T TIITI T T TTTTI0 T I TTTI0 T Trrrmi

0,001 0,01 0,1 I 10 100 1000
fowly
Puc. 6. ®a3oBas quarpamma neTennb rucTepe3nuca Npu U3MEHEHUU aMILTUTyAbl Hy 1
qaCTOTHhI f FapMOHI/I‘—IeCKOFO MArgymuTHOTI O ITIOJIA. 1 - YaCTHBEBIC CHMMeTpI/I‘IHBIe; 2 -

npeeNbHbIe, 3 - MpeieiibHbIe TPAMOYTOJIbHbIE;, 4 - 00J1acTh HECTAOMIBHOCTH, 5 -
TPEYTOJIBHBIE; 6 - SJUTMIITUYECKHE ITETIIN TUCTEPE3UCA.

Spxum nposiBIieHHEM TpaHchOopMaIuu JUHAMUYECKON TETIM TUCTEpe3uca
C YaCcTOTOM MOJs sIBJIETCS ee HecTaOuibHOCTh [18] (a3a 4) B Buze Bapuanuu
nonis crapta AH,, (puc. 56, 7a). HezamrpuxoBannas o01acts Mexay (azamu 1,
2 u 4 (puc. 6) oOpasyercsi B pe3yjibTaTe OrpaHUYEHUN, CB3aHHBIX C TOYHOCTHIO
U3MEPEHUN apaMeTpoB METIU TUCTepe3nca B 00J1acTh HecTabuibHOCTH. Daza 3
ABJISIETCS] IPOMEXKYTOUHOU MEXTy (pazamu 2 u 4.

BrisiBiieHO, 4TO JJ1s1 ETJIM TUCTEepe3uca B 00JacTU HECTAOMIIBHOCTH MeXa-
HU3MBI TIEPEMAarHUYMBAHUSL 3aBUCIT OT CICAYIOIIUX OCHOBHBIX MapaMeTPOB:
CKOPOCTH HACBIILICHHS IOMEHHBIX IpaHull Vs U CpeAHEro yucia 3apo/Ibllei ne-
peMarHn4MBaHus N, Ha €IMHMILY IUTOM@AIM 00pa3na. 3apoAbIly epeMarHudu-
BaHMs 00pa3ylOTCs B pPa3HbIX MECTax MO IUIOMAAM o0pa3lia u B pa3HOE BpeMs
IIpU TTOBTOPEHUU IIUKIIOB MEPEMAarHUYMBAHUS, YTO U SBJISICTCS MPUYMHOU HE-
CTaOWJIBHOCTH TIETJIH.

OOGHapykeHO, YTO BpeMsl 3aJIEPKKH 3apOJIbIIIIc00pa30BaHUsl PU Mepemar-
HUYMBAHUM B TAPMOHUYECKOM TI0JI€ MOKET IMPEBBIIIATh BpEeMsI 3aICPKKH 3apo-
JpIIIe00pa30BaHMs B UMITYJILCHOM TIOJIe Ha J[Ba MOpsiAKa BeIW4yuHbl. B rapmo-
HUYECKOM TI0JI€ TIPOIIECC 3apOXKIACHUS U POCTa IOMEHOB C MPOTHUBOIOIOKHBIM
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HaIpaBJICHUEM HAMarHWY€HHOCTH IPOUCXOAUT IMOJ JECUCTBHEM MArHUTHOIO
MOJIsI, U3MEHSIOIIETOCA B TEUEHUE BCEro Ipolecca nepeMarHnunBanus. Bepo-
SITHO, 3TO W SIBJISIETCSI OCHOBHOW MPUYMHOM 3aJCP>KKU TOSBJICHUS 3apOAbIIICH
nepemaranunBanus Ha Bpems t, [100mxc.

1000 ? .\\
100 svgro-setem
E ""”." - \i
1 m\
310 o 4 N
4 {},1 _-_I_I_I‘I'ITI'I T T oo T ||:r:r 6
0,1 1 10 100

foxl'y

Puc. 7. Jlunamudeckas neTiasi TuCTepe3rca nmpu amiuiutyae noyist H,=76 9 u gacro-
te T =5 x/y (a) u yacTOTHAst 3aBUCUMOCTb BPEMEHH 3aJICPKKH 3apOoabliico0pa3ona-
Hus t, (6, 3amTpuxoBaHHas 06acTs). MapkepamMu 0603Hau€Ha 3aBUCUMOCTD b, OT
4acTOThI oJis f ipu amrumuTy te rapmMonudeckoro mojist Hy,=76 3. CIutoniHo# JIHHIH
COOTBETCTBYET JUIUTEIBHOCTh MOMyneproa moist 7/2, a mrpuxoBoi — 2% oT nmu-
TEJIbHOCTH MOIYTIEPUO/1a OIS

MakcuMalibHasi HeCTaOWIHLHOCTh METJIM TUCTEpPE3rca UMEET MECTO, KOTjia
MaKCUMaJIbHOE BpeMs 3aJIEp>KKH 3apojiblllico0pa3oBaHus t, CTAaHOBUTCS CpaB-
HUMBIM C BEJIMYMHOU Moynepruoaa nmojs 7/2 (puc. 76). DTa yacToTa moss siBisi-
ercs rpanngHoit f,,; npu f >f,, cocrosnue nacebimenus obpasua He gocTUraeTcs
B T€UEHHE O0OMX MOJYMEPHUOAOB TOJIA, UMEET MECTO HECTAaOMIBHOCTh BhIOOpA
MPEUMYIIICCTBEHHOM OpUEHTAIIMM HAMAarHU4EeHHOCTH U MPOUCXOIUT MEePexo K
TPEYroJibHOM acUMMeTpuyHOUW Tetnie (¢asa 5), Korma COCTOSHUE HACHIIICHUS
JIOCTUTAETCS TOJIBKO TIPU OJTHOU MOJISPHOCTH TIOJISL.

Beenennslii Hamu mapamerp N=Vgn,/f,, npakTnyecku nocrosiHeH Juis ce-
pun o6pasuos ¢ napamerpamu Vs, Ny, u f,,, paznuuaronmmucs Ha 1+2 nopsixa
(puc. 8). T0 MO3BOISET YCTAHOBUTH B3aUMOCBSI3b MEXK/Iy MapaMeTpamu o0pas-
11a ¥ YaCTOTHBIM JHANa30HOM TIOJIsl, B KOTOPOM HaOI0/1aeTCsd HECTaOUIbHOCTD
JTUHAMHYECKUX METENb TMCTEPE3Uca: HallpuMep, MPOBOJUTh OLEHKY TPAHUYHOM
4acToThl f., mpu u3BecTHBIX Vs 1 N,

B o6mactu 6 yacTHBIE METIN CTAHOBSITCS SJUIMIITUYECKUMH U3-3a KOHEYHOU
CKOPOCTH JBWXKCHHS JJOMEHHBIX TPAHUI] U OTCTABAHUS UX JIBHXKEHUS 1O (a3e oT
M3MEHEHHUs] MarHuTHoOro moJis (dasa 6). XapakTepHo, 4To B (azax 4-6 mpoiiecchl
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NepeMarHiuMBaHusl OYEHb YYBCTBUTEIBbHBI K HEOJHOPOJHOCTH MAarHUTHOTO
MoJIA W TapaMeTpoB TUICHOK. [IpuiokeHne HEOONBIIOTO IO CMEIICHUS
H_.,<<H ,, mpuBOIuT K aCHMMETpHH WU, HAOOOPOT, CAMMETPUPYET IETIIH THUC-
Tepe3nca B Ciiydae HEOOJIBIION acCHMMETPUH TapaMeTpOB IUICHKHA WJIH TapMo-
HHUYECKOro noJist (puc. 9).

1000

100

-]
L=1}

V,amleyns f, kly, N
=

0,1
1 2 3 4 5 6 7 8

Puc. 8. ITapameTpbl cepun 00pa3ioB mieHOK GpeppuTor-rpanaton (NeNe 1+8):
a) CKOpOCTb HACHIIIECHUS JOMEHHBIX rpanuil Vg;
0) cpeqHEe YHCII0 3apOABIIIEH NepeMarHuYuBaHus Ny,
B) TPaHUYHAS 4YaCTOTA FTAPMOHUYECKOTO oI f,,;
r) napameTp N=V¢n,/f,,.

r bl e

Puc. 9. lunamMudeckre MeT/IM TUCTEpe3nca Mpy aMILUIUTY/Ie TApMOHUYECKOTO Mar-
HUTHOTO TONst Hy=70 O m uvacrore nons f =5 xly (a-B), mpu amMIUATYZE MO
H,=12023 u gactore nosis f =40 k[y (r-¢) B MPUCYTCTBUU TIOCTOSTHHOTO TIOJIST CMe-

menus H,.,=0 (a, 1), -5 (6), -10 (), 0,6 (m) u 1,4 D (e).
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B nsToili rjaBe NnpuBeaCHbl PE3YJbTAaThl UCCIEAOBAHUS YAaCTHBIX METEIb
TUCTEpe3nca TJIEHOK (heppUTOB-TPAHATOB, COOTBETCTBYIOIIMX IpoiieccaM ¢Ghop-
MHUPOBAHUSI CTATUYECKUX U JUHAMUYECKUX JOMEHHBIX CTPYKTYP.

JInst ycTaHoBiIeHUST MeXaHU3Ma (POPMHUPOBAHUST CIIUPATIBHBIX JJOMEHOB HC-
CJI€I0BAJIM HAYaJIbHYIO CTAJIMIO Mpolecca — 00pa3oBaHKUE CIIHPATBHOrO JOMEHA
B pe3yJibTare pacmmpenus [IM/l npu kBa3uCTaTUYECKOM CHUKEHHUH TIOJISI CME-
LICHUSI HWKE T0J ayumnTuyeckon Heycronuusoctu LIM/I. Ilpouecc pasBopa-
yuBaHUs/cBopaunBanus S-momeHa (puc. 100, B) perucTpupoBaiu ¢ MOMOIIbIO
BUJICOKAMEPhl U OJIHOBPEMEHHO 3allMChIBAIM COOTBETCTBYIOIIYI0 3TOMY IMpO-
1IecCy KBa3MCTAaTHYECKYIO YaCTHYIO METIi0 Tuctepesuca (puc. 10a), poxycupys
Jyd TIOJICBETKH Ha 00JIacTh TUICHKH, coaepskarieit oqua [IM/I.

Ckauko00pa3Hoe yBeIMYEHUE/YMEHBIIIEHUE JITUHBI S-TOMEHA MPUBOJIUT K
MOSIBJICHUIO CTYIIEHEW pa3HOW BEJIWYMHBI HA METJIE THCTEPE3Wca, a pacuiupe-
HUE/CY>KEHHE MUPUHBI S-JOMEHA OTPaXEHO B BHUJIC HAKJIOHA CTYIEHEW (puc.
10). IIpu MHOTOKpPAaTHOM BOCITPOM3BE/ICHUH BBIILICYKAa3aHHBIX MPOIECCOB METJIs
TUCTEPE3UCa U3MEHSETCSI HE3HAYUTEIbHO C COXPAHEHUEM OOIUX 3aKOHOMEPHO-
CTEH: MOJYIIMPHHA METIA THCTEPEZNCA HA MOPSAIOK MPEBBIIAET KOIPLUUTHBHYIO
CUJIy NpU NEPEMAarHUYMBAHUU JTAOUPUHTHON TOMEHHOU CTPYKTYpHI (B 4aCTHO-
CTH, U3-3a THCTEpe3uca Mnepexoaa MoJIOCOBOU-IUIUHIPUIECKUI TOMEH), a MeT-
JIs1 TUCTEPE3HCA SIBIISIETCS CTYNEHYATOM.

| 0020,

a 6 v—20 mrm B

Puc. 10. YactHas nietnis rucrepesnca (a), COOTBETCTBYIONIASI TPOIECCY pa3BOpaAYM-
BaHUS (0) M cBOpaymBaHUsA (B) SApa CIHUPAIBLHOTO JOMEHA (B BHIE S-IOMEHA) MPH
KBa3UCTAaTUYECKOM MU3MEHEHHUU TOoJIsl cMemieHus H., (CTpelkamMu yka3aHa HUCXOJ-
Has/KOHEYHas 4acTh JOMCHA).

3akpyyuBaHHE TOJIOCOBOTO JOMEHA MPOUCXOJUT BO BPEMS CKAuKOB OJaro-
Japsl IEUCTBUIO THPOTPOITHOW CUIIBI HA TOJIOBKY IMOJIOCOBOTO IOMEHa. B pesyiib-
TaTe MCCIIEIOBAHUSA HECKOJIbKMX JIECATKOB OOpa3lioB YCTAaHOBJIEHO, YTO Mapa-
MeTpaMH o0paslia, XapakTEePU3YIOIUMU BO3MOXKHOCTh (DOPMUPOBAHHS CITHU-

14



paJbHBIX TOMEHOB, ABJISIFOTCS YAEIbHAasi THPOTpomnHas cuia Fg/Wg (rupoTpomnHas
CWJa Ha eIUHHUIYY LIMPUHBI AOMEHA) U IuIomans S,,,(H>2), 3aHIMaeMasi OJHUM
M/I B mtose, 6JIM3KOM K TOJTIO JUTUIITUYECKON HEYCTOMYUBOCTH Ho.

Uccnenosanue 3BOMIONMNA CHUPATBHBIX JOMEHOB B T€UCHHUE TEepUoa rap-
MOHHYECKOTO MAarHUTHOTO TOJII CTPOOOCKOMMYECKIM METOJIOM IMOKa3ayio, YTO B
TE€YeHUe nepuoja nosisi hopmMa CIUpPaIbHOTO JOMEHA 3HAYUTEILHO U3MEHSETCS
(puc. 11). XapakrepHo paznuure GopMbl TOMEHOB OJTHOM U TOM K€ MOJIPHOCTH
MIPU U3MEHEHUHU HANPSHKEHHOCTH TapMOHUYECKOT0 MarHUTHOTO TIOJISl B TE€UEHUE
MOJTYTIEpUO/Ia: HapacTaHUE U3TMOHBIX MCKaXXEHUU TIPU YMEHBIIICHUU MOJIs (pUC.
11B) 1 popMupoBaHUE OTPOCTKOB MPH yBeInueHuH noiis (puc. 11a). Ilpu cmene
MOJISIPHOCTH TIOJISI (CJIEAYIOIIEM MOTYIEPHUOJIe TO0JIs) KapTUHA TTOBTOpsIETCS. Y C-
TAHOBJICHO, YTO BEPXHsIS TpaHUIla 001acTH (OPMHUPOBAHUS JUHAMUYECKUX CITU-
paJIbHBIX JIOMEHOB 110 YacToTe mouis f cBs3aHa ¢ mpeoOpa3oBaHUSIMU CTPYKTYPHI
TPaHUI] JUHAMHYECKUX TOMEHOB, 00pa30BaHUEM YUYaCTKOB C pa3InuHoOn 3P dek-
TUBHOM MAacCOM JJOMEHHBIX T'paHUIl, YTO MPUBOJUT K pa3pbiBaM MOJOCOBBIX J0-
MEHOB.

a 1 100 s o B

Puc. 11. Jlunamuueckue JOMEHHBIE CTPYKTYPBI, COOTBETCTBYIOIIHUE Pa3IUUYHBIM
¢dazaM rapMOHMYECKOTr0 MarHUTHOTO Imoyis mpu vactote f =2 xly u ammmryne
H,=3803: ¢ =30° (a), 100° (6) u 135° (B).

MeTo/10M BBICOKOCKOPOCTHOM (pOTOTpaduil MBI BBISBHIJIM, YTO H3THOHAS
HEYCTOWYUBOCTh TPAHUIIBI THTAHTCKOTO JTMHAMHYECKOTO JIOMEHA, B pe3yJIbTaTe
KOTOpO# 00pa3zyercs CeTh IMOJOCOBBIX JOMEHOB KOHEYHOW JIUHBI (TpeOeHb),
UMEET MECTO B 00JIACTH CMEHBI MHOJSpPHOCTH mojis (rmpu dase ¢ =180t30°).
Bo3MoXHOCTE (hOpMHUPOBaHMSI TUTAHTCKUX JUHAMUYCCKUX JOMEHOB OIpEIes-
€TCsl CKOPOCTHIO HACKIIICHUS IOMEHHBIX TPAHUIL U TUIOTHOCTHIO JIe(hekToB (11eH-
TPOB 3apOKACHUS JTOMEHOB) B IJICHKE.

B oxHo¥ 1 TO e mieHKe 00HapyKeHO (PopMHUpOBaHHUE ABYMEPHBIX peIlie-
TOK JOMEHOB (pHcC. 12), mpuHa/IeKaUX K MATH TPOCTPAHCTBEHHBIM TpyMHam
pOMOMUECKON M TeKcaroHaapbHO# cunronmii: P2, Pab2 P6, Cmm2u Cmm6g B
pe3ynbTaTe MPUIOKEHHUS] TAPMOHUYECKOTO MArHUTHOTO TIOJiA B TEUCHHE HE-
ckoJibkux cexkyHia. Kak u B [14], Anana3zoH napaMeTpoB rapMOHHYECKOrO Mar-
HUTHOTO TOJIsI, P KOTOPBIX BO3MOXKHO (POPMHUPOBAHUE JABYMEPHBIX CTPYKTYP,
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pacimpsuics Npy MPUIIOKEHUU HEOOJbIIoro nojs cMmemenus H.,<Hg. Ilpume-
4yaTeJIbHO TO, YTO BCE Pa3HOOOpa3ue JTIOMEHHBIX CTPYKTYP, B TOM UHCJIE€ U HOBBIC
KOH(UTYpallui PEmIeTOK JOMEHOB, HaM YJajJoCh HAOIIOAaTh IMOJ JICHCTBHUEM
rapMOHUYECKOI0 MAarHUTHOTO MOJIsi HeUu3MeHHOU ammuuty bl Hy[ P, 5Ho. M3me-
HSUJTM TOJIBKO OJIMH ITapaMeTp BHEIIHETO BO3JACHCTBHS — YyacToTy 1o f.

r — 100 sk I c

Puc. 12. Cratudeckue JOMEHHBIC CTPYKTYPBI, C(OOPMUPOBAHHBIC HA OJTHOM U TOM
e yJacTke oOpaslia IUIeHKH (heppuTa-rpaHaTa B pe3ysibTaTe BO3JCHCTBUS TapMO-
HUYECKUM IT0JIEM C aMILTHTYA0u H,=77 D pa3nuunoii uactoter: f=0,1 (a), 60 (6), 70
(B), 90 (), 100 (), 160 xly (e). Ilone cmemenus H.,=0 (a) u 6 3 (6-e).

JlnHamMuyeckre MeTIW TUCTEpPEe3nca, COOTBETCTBYIOIIME TporeccaM ¢op-
MHUPOBaHUS W TIPeOOPa30BaHUs ABYMEPHBIX PEIICTOK JOMEHOB, SBIISFOTCS YacT-
HeIMH. WX XapaKTepHBIM MPU3HAKOM SBJISETCS ACHMMMETPUYHOCTb, KOTOpas
MPOSIBIISICTCS TIPU TPUIIOKEHHUH T10J1s1 cMmeteHus (puc. 130). Ilpu wacrore rap-
MOHHYECKOTO TOJIsi HUXKE 001acTu GopMUpPOBaHUS ABYMEPHBIX PEIIETOK JTOMe-
HOB TIETJIsI TUCTEPE3UCA CXJIOMBIBAECTCS] B TOPU30HTAIBHYIO JIUHUIO (puc. 13a), a
oOpasel] HaMarHuuuBaeTcs A0 HackieHus. [Ipu yactore mons Bbiiie 00JacTU
dbopMHpOBaHUS TBYMEPHBIX PEIIETOK JTOMEHOB METJSI TUCTEPE3UCa CTAHOBUTCS
cuMMeTpuuHou (puc. 13B).

ITox nercTBHEM TapMOHUYECKOTO IIOJI YaCTOTOM JIECATKH U COTHH TEPIL
dbopmupoBanach JabUpUHTHAs JTOMEHHasi cTpykrypa (puc. 12a). [Ipu yBenuue-
HUU YaCTOTHI TIOJI O HECKOJIbKUX KHJIOTEPIl U BBIIIE HAYMHAIOT UTPaTh CyIIle-
CTBEHHYIO POJIb JMHAMHUYeCKUe d(PQPEKTHI: B TEUCHHE MOITYIIePHO/Ia TOJIS TIJICH-
Ka HAMarHWYMBAETCA JI0 HACBIIICHUS, a MPOIECC pa3MarHWYMBaHUS HE YCIIEBACT
MPOTEeKaTh KBa3UCTaTH4YeCcKu (puc. 120); mojie cTapTa Ha METIe THCTepe3uca
yYMEHBIIAeTCSl.
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a 0 B

Puc. 13. [letnu ructepe3uca npu aMIUTUTYE TAPMOHUYCCKOTO MAarHUTHOTO ITOJIS
H.=7729 wnaacrore f =50 (a), 100 (6) u 150 /'y (B). [Toste cmemenus H,,,=10 0.

IIpy nanpHeneM yBEIMYEHUH YaCTOThI IOJIS MPOLIECCHI KOJUIAIICUPOBa-
HUSl TaOMPUHTHBIX IOMEHOB TMpeKpamiaroTcsa. FiMeer MecTo TONbKO COMMKEHUE
JIOMEHHBIX TPAaHHI] C HEPABHOMEPHO pacmpeneiaeHHON 3(()EeKTUBHON MacCOu.
OHO cOnmpOBOXKIAETCS Pa3pbIBAMU JTAOMPUHTHBIX JIOMEHOB, BCIEACTBUE YETrO
o0Opa3yeTcsi HeyMOpsI0YCHHBIM MACCUB KOPOTKHUX JIAOUPUHTHBIX JTOMEHOB (pHC.
12B). YBenuueHue 4acToThl MOl MPUBOJUT K TpaHchopmauu GopMbl TOMEHOB
B FAHTEJIEBUAHYIO, a 3aT€M — B JUIMNTUYECKYIO, IWJINHIPUYECKYIO, KOJIBLIEBYIO
¥ CONPOBOXKIAETCS MPOLECCAMH YIOPSAOYEHUS B PACIOJIOKEHUU JTOMEHOB
(puc. 12r-e).

B Hu3Kk04yacTOTHOH 0O0NacTH Auama3oHa MArHUTHBIX II0JEH, COOTBETCT-
BYIOIIUX (DOPMUPOBAHUIO JIBYMEPHBIX PEIIETOK JOMEHOB, (POPMUPYIOTCS pe-
etk ¢ cummMerpueit Pab2(puc. 12r); BOm3u BepxHei (110 9acToTe MMoJisi) rpa-
HUIIBl JMAaNa3oHa — TeKCcaroHalibHasl pelleTka MUWIMHAPUYECKUX JOMEHOB C
cumMmerpueit Cmm6 Haubonbiee pazHO0Opazue yHnopsA0UYE€HHBIX JBYMEPHBIX
pEIIETOK JOMEHOB UMEET MECTO B Jana3oHe 4acToT nojs — oT 100 go 110 x/ 'y,
r7ie OHU MOTYT cocyllecTBoBath (puc. 121). B a3ToM amanazone oOHapy>KeHbI
HOBbIE KOH(UTYypaluuu pemerok ¢ cummerpueit P2 (puc. 14a-8) 1 Cmm2(puc.
14r).

[IpoBeneHO cpaBHEHUE YCIOBUI 00pa30BaHUs PEIIETOK JJOMEHOB B TapMO-
HAYECKOM M MUMITYJIbCHOM MAarHUTHBIX MOJSIX. 3HAYUTEIHHOTO BIUSHUS (OPMBI
UMITyJIbCA MOJISl Ha Mpoliecchl HOPMUPOBAHUS ABYMEPHBIX PEIIETOK JOMEHOB HE
BBISIBJIICHO: MbI UX ()OPMUPOBAIM MO/ JCHUCTBUEM UMITYJIbCOB MOJIA C JJIUTEINb-
HoCThIO (poHTa 20 Hc U Oonee. lllupokuii nMuana3oH W3MEHEHUS AMILIUTY]IbI
uMIyJibca noist H,, mpu Kotopoil npoucxoauT hopMUpPOBAHUE JIBYMEPHBIX pe-
HIETOK, CBA3aH C TEM, YTO CKOPOCTh JABWKEHHUS JIOMEHHBIX I'PAHUI] JOCTHUIAET
HacklieHus: B noie H,<<Hg u ocTtaeTcsi mpakTU4eCKu MOCTOSSHHOW BIUIOTH JO
H,[11OH,.

3aBepiaercs AuccepTalys U3JI0KEeHHEM OCHOBHBIX MOJYYEHHBIX B paboTe
PEe3YyIbTAaTOB U CIIUCKOM IUTUPOBAHHOM JINTEPATYPHI.
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Puc. 14. ®parMeHTBl CTaTUYECKUX JOMEHHBIX CTPYKTYpP, COPMHUPOBAHHBIX IO
JEHCTBHEM rapMOHUYECKOT0 MATHUTHOTO TTOJIS C aMILTUTY A0 Hy=77 O 1 9acToToi
f ~100x/y Ha oqHOM M TOM Xe ydacTke oopasia. Ilose cmemenus H,.,=6 3. OTme-
YEHBI AJIEMEHTAPHBIE TUYCHKH U TIIOCKOCTH 3€pKaTBbHOTO OTpaskeHus (M).

OCHOBHBIE PE3YJIBTATbBI U BBIBO/IbI

1. Pa3paboTana ycTaHOBKa JJis UCCIEIOBAHUS MEXaHU3MOB IEepeMarHu4u-
BAHUSI MAarHUTOONTHUYECKUX MATEpHaOB B JUANA30HE YACTOT FAPMOHUYECKOTO
MarsuTHOro moust 107+200° I° y. BriepBple yCTaHOBKA MO3BOJISIET OJTHOBPEMEH-
HO C 3alIMCBIO TIETEJNIb TUCTEPE3NCA PErUCTPUPOBATH COOTBETCTBYIOIINE Y4YaCT-
KaM MeTeNlb TUHAMUYECKHE JIOMEHHbBIC CTPYKTYPhl CTPOOOCKOTTUYECKUM METO-
JIOM ¢ BpeMeHHBIM pasperienuem 0,8 mxc u kpaTHOCThIO cTpoOupoBanus K.,=1,
2,3 ...

2. IlpoBenena onrtuMu3zanus MapaMeETPOB MArHUTOONTHYECKOM YCTAHOBKH
Py UCCJIEAOBAaHUU MATEPUAIIOB, MArHUTOOINTUYECKAs JOOPOTHOCTH KOTOPBIX
pa3nuyaeTcs Ha HECKOJIBKO MOPSAKOB. JTO MO3BOJIMIIO CHU3UTh UCKAXKEHHUS MPH
3alKUCH TETEb TUCTEPE3NCa B HECKOIJIBKO pa3. OmnpeaesieHbl yCIoBuUs, IPU KOTO-
PBIX pe3yabTaThl U3MEPEHUSI KOIPIUTUBHOW CHJIbI, MOJYYEHHBIE METOJOM OC-
UWUISIUAA JOMEHHBIX TPaHUll, COBMNAJAIOT C PE3YyJbTaTaMH, MNOJYYEHHBIMHU IO
MOJTYIIUPUHE KBA3UCTATUUYECKOM METIIN TUCTEPESHCA.

3. OOHapy’>XeHO, YTO BEJIWYMHA KOAPLUTHUBHOW CHIIBI TJICHOK (DEeppPHUTOB-
IPaHAaTOB 3aBUCUT OT MAaKCUMaJbHOM HANPSKEHHOCTH MAarHUTHOTO TOJs, KOTO-
po€e JIOCTUTAETCs B Ipoliecce nepeMaranunBanus oopasua. [Ipu Hanuuuu nepe-
riuba Ha 3aBUCHUMOCTU KOAPIUTUBHOM CHUIIBI OT TEMIEPATyphbl OH COBIAIAET (10
TEMIIepaType) ¢ NepernooM Ha 3aBUCMMOCTH OTHOCUTEIBHOTO PacCcoriacoBaHUs
KpucTa/uiorpaduueckux napameTpoB IUICHKU deppUuTa-rpaHata u MoJjI0KKH OT
TEMIEPaATyPHI.

4. BrigscHEeHBI MEXaHU3MBbI MEpPEeMarHUYMBaHUs, TPUBOASIINE K HECTaOUIIb-
HOCTH TeTiv rucrtepe3uca. OnpeneneHsl napaMeTpbl MAarHUTHOTO MaTepHalia,
OnpeAesoNMe AMana3oH 4acToT TaPMOHUYECKOT0 MAarHUTHOTO TOJIs, B KOTO-
POM TIPOSIBISIETCS SIBIEHUE HECTAOMWJIBHOCTH METIM TMCTEpE3nca B BHUJIE Bapua-

18



IIUU TI0JIS CTapTa.

5. OGHapyXeHO, YTO MPOIIECC 3aKPyYMBAHUS IMOJOCOBOTO JOMEHA B CIH-
pPaNbHBIA IOMEH MPHU KBAa3UCTAaTUYECKOM M3MEHEHUU MATHUTHOTO TOJS MPOUC-
XOIUT CTymneHdaro. McciemoBana 3BOJONMS AUHAMUYECKUX CIUPATBHBIX J0-
MEHOB B TE€UEHHUE TMEPHOJia TAPMOHUYECKOro MarHuTHOTO Touis. [lokazano, 4To
BEpXHsS TrpaHUIa 001acTi (GOPMHUPOBAHUS JUHAMUYCCKUX CIUPATHHBIX JTOMe-
HOB TI0 YaCTOTE TOJIA CBSI3aHA C MPEOOPa30BaHUSIMU CTPYKTYpPbI TPAHUIL TOMe-
HOB.

6. YCTaHOBIICHO, YTO JBOJIONHNS TUTAHTCKOTO TUHAMHYECKOTO IOMEHA B Te-
YeHHe Mepruoga rapMOHUYECKOTO MArHUTHOTO MOJS YIbTPa3BYKOBOW YacCTOTHI
compoBOXXaaeTcss (GOPMHUPOBAHUEM TpeOCHYATONW TpaHUIBI JOMEHAa TOJHKO B
00JIaCTH CMEHBI MOJISIPHOCTH TOJIA.

7. OnpeneneHsl ycaoBus (GOPMHUPOBAHUS P YHOPSIOYCHHBIX TOMEHHBIX
CTPYKTYp B BHUJI€ IBYMEPHBIX PEIIETOK IOMEHOB KaK B TApMOHUYECKOM, TaK U B
UMITYJIbCHOM MarHuTHoM Tmose. [lokaszano, uto opmMupoBaHue IBYMEPHBIX J0-
MEHHBIX CTPYKTYp UMEET MECTO IO/ IeUCTBHEM UMITYJIbCOB MArHUTHOTO TOJIS C
IUTATENBHOCTBIO (ppoHTa 20 He 1 OGonee. OOHApYKEHbI HOBbIE KOH(PUTYpaLUH
pELIETOK JOMEHOB, COOTBETCTBYIOIIMX rpyIamM cummerpund P2 u Cmm2.
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