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Ha 'laC"T"Q"I"C 180 Mf'u JKCnepliMenTaIlbl'IO 113y'JeHa )BOJUOUIJR MBrHI1TOnOflCBhlX 3B6liCHMOCTen BMnmlTYAbJ Ii epa:lhl KOJQJQJIJUI1

errra np oxoacneuua aKyeTIJ4ecKOn 6011Hhl 6 nilaCTIJHKe 60paTa »ce.neaa, npu H3MCHCHI1IJ nBHpaB JleHH~ BIICWHero Marlll1THOro no ns B 6a:lfIC-

HOn l1JJOCKOCnt xpueranna. Mil. 8. bH6mlOrp. 9 uara . 

IC~IO'leBhle cnoaa: 60paT xceneaa , MarHlITOynpyraJI e6~Jb, 

AHTHcPeppOMarHeTl1KH runa nerxan flJIOC


KOCTb (A<DJIIT) co CJla6blM cPeppOMarHeTH3MOM xa


paxrepnsyiorcs CI1JlbHOH MarHl1Toyrrpyrotl (MY)
 

CBH3blO, cB1l3aHHoH C 3cPcPeKToM «06MeHHoro YCl1J1e


HHH» [1]. Oc06eHHocTI1 ,UI1HaMH'ieCKol1 MY CB1l3H B
 

;mnl1'1HOM npezicraanrene A<DJITI - 60paTe lKeJle3a
 

(FeBO}) - npl1BOMT K pa:3H006Pa.3HbIM MarHHToaKy


CTI1'~eCKHM 3cPcPeKTaM H'\'OTHOCllTeJlbHO BblCOKIfX
 

«axycrnvecxax» 'faCTOTaX ~ 200 Mf'u. TaK, paaee
 
. HaMI1 B 6opaTe· lKeJle3a 6blJl ofinapyxeu 11 Jf3y'IeH 

3cP¢eKT MarHI1T03KycTwiecKoro nsyny-renpenorane
HHll [2]. Buna TaKlKe ofiaapyxcena JUmeHHall renepa
IlHii npononsnoro 3ByKa nepeuennsru M3rHHTHblM 

none», YKaJbI13310111aH na HaJJlf'{He CBil3H MarHI1THOH 

CI1CTeMbf 60paTa xceneaa C npO'uOJlbHOH axycmxe
CKOI1 BOJlHOI1 [3]. TIoCJle,UHee npencraanser cyuiecr
BeHHblH mrrepec, nOCKOJlbKY npexoie C'fI1TaJJOCb, 'fTO 

MarHlfTocTpI1KUHOHHaii casas np0,UOJlbHbIX yrrpyrux ' 
KOJle6aHHH C MarHHTHol1 CI1CTeMOH rtpenetipexcawo 
Mana H3-3a 60JIbillOH 3HepreTl1'leCKOH uterm BbICO

KO'IaCTOTHOH BeTBH cnexrpa cnHHOBblX sonn [4]. 

C 3TOti TO'iKI1 speana HHTepecHO I13Y'fI1Tb pons nse

30MarHHTlfOrO (TIM) BKJl311a B MY aaeprmo npa 

pacnpocrpauenau npOL\OJIbHOrO 3ByKa snons OCH C3 

KpHcTaJJJla (C3 - TpHroHaJJbHall OCb aHI130Tp0nHI1 

KpHcTaJJJla). 

B llaHHoH pa60Te 3KCnepl1MeHTaJlbHO 113Y


xeira 3BOJllOUIDI MarHHTOnOJleBblX 3aBl1CHMOCTeH
 

aMnJlI1TY,Ubl U(H) /U(O) H q>aJbI qJ(H)-qJ(O) K03cP


cPl1Ul1eHTa npoxoxcneuua 3BYKOBOH sonnoa KpH


CTaJJn3 FeB03 npn I13MeHeHHH aanpaaneuas sueur


Hero MafliHTHoro nons H, nescauiero B 6a3I1CHOH
 

nJlOCKOCTH oopasua. Feoaerpna s x c n ep a v ea r a
 

if 1- q1/ C3 (q - BOJIHOBOH BeKTOp npOL\OJlbHOrO 

3BYKa). 

1. MeTO,UHK3 3KcnepHMeHT3. ,[J,JlH H3Me


peHHH 6blJl crocpau oripaseu FeBO j BblCOKorO
 

MarHHTHoro K3'ieCTBa C H3MepeHHOH na yaCTOTe
 

60 TFu nonyurnpauo H JlHHHlJ aHTl1cPeppoMarHHT

• 

npononsnun Yilh11J33BYK. nbeJOMarHeTH3M. 

aero pe30HaHc3 "" 100 3. 06p33eu 6blJl Bblp3111eH 

MeTO,UOM cnOHTaHHotl Kpl1CTanJlH3aUlfH H3 pacTBo

pa B pacnnaae . OH HMeJl BHn nJlaCTHHKH, paamrrue 
noaepxaocrn KOTOpOH 6bIJIH rtapannensnu 6a3HC

HOH nJIOCKOCTH KpHcTaJJJla (nJlOCKOCTb XY, HOp

MaJJb K KOTOpOtl COBn311aeT C rJI3BHOH OCbIO TpHro

HanbHOH CI1MMeTpHH C3) . Ilnoiuazn, noaepxnocrn 
2

nJlaCTHHKH -10 MM , 3 TOJlllll1H3 ~ 140 MKM . I-bMe

prrrensnaa ilyeHKa npencraarrana C060H cocraaaoa 
aKycTI1'IecKHH pesonarop (CAP) [5]. CAP COCTOJlJl 

113 ,UByX OL\HOMO,UOBbIX LiNb03 nseaonpeotipaaona
TeJleH npcnonsnoro 3ByK3, MelK,Uy KOTOpblMH B 

MenHOM axpane pacrtonarancs ofipaseu. KOHCTpyK

UHll 113MepHTeJlbHOH llyeHKH orrTHMI13l1pOBaJJ3Cb C 

TO'lKH apenna MHHHMH33UHl1 napaaaraux BbICOKO

'IaCTOTHblX (BtI)-HaBOllOK. KpOMe 'roro , AlIiI nnen
THcPlIKaUI1H BeJlH'Il1Hbl H cnexrpa BtI-HaBOL\OK Hd

MH npnvenanucs cneuaansnue MeTOllHKH . I1be30

npeofipaaoaarena pacnonarannci, H3 axpaaapyro
uiax npoxnazrxax c novouu-to nonnpyacaueanux 
rrplllKI1MHblX KOHT3KTOB. COrJlaCHO HalllHM oueu

. KaM nasnenae na npeofipaaoaarena 6blJJO '- 5 r /MM
2 

B03M())KHble I13MeHeHI1ll n3BJleHl1H na npeofipaao

BaTeJlII B npouecce H3MepeHHH He KOHTponHpOBa

JlI1Cb. OllHaKO B npouecce yCTaHoB KH ((33KJla,UKI1l» 

06pa3u3 6blJla B0 3MOlKHOCTb aapsuposars BeJlHYH

xy llaBJIeHI1i1 B npenenax 50 %. B «axecrse axycrn

xec xoro KOHTaKT3 npl1MeHilJlaCb KpeM aeseanas 

rH'upocP06113HpyI01ll311 lK~L\KOCTb I1JlI1 3aMa3Ka 

Nonaq St opcock Grease. 

3KcnepHMeHTbl ssmonaeau CT3HL\apTHbIM 

pe30HaHCHblM I1HTePcPepoMeTpH1.£eCKHM MeTOllOM B 

pelKl1Me nerrpepuaaoa renepauaa. Ilonpotiao MeTO

mnca u3MepeHI1H II CAP onacana H3Ml1 B pafiore [5J. 
OTMeTHM, 'fTO CAP II npensapnrensnsui MaJJOllly

MlllllHH YCIIJlHTeJlb HaXO,UHJlIICb B 113MepIITeJlbHOM 

KaHaJJe sesropverpa (rpasoverpa - <DK2-12), KOTO

pblH peracrpaposan 3MrrJluTY,Uy Cl1fHaJJa 113MepH

'rensnoro KaHaJJa «ua npoxon» H Pa3HOCTb cPaJ 113

MepHTenbHoro H onopnoro KaHaJJOB ira cPHKCI1PO
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B. J1. X U){CilbI U II op. I OC06eH HOCmUp acnpocmpaneuun np O()Oll bHOZO 

BaHHOH 4aCTOTe. Ilp ouecc 1l3MepeHHH COCTOHJl 113 

HeCKOJlbKHX ar anos. ):ln H KO HKpeTHblX Ha6opOB npe

ofipaaceareneil II cepaii 1l3Mep eHlII1 naxona nncs 
ar.mJ1llTy.a.HO-LfaCTOTHble xapaxrepucr us u (AqX). 

Ilposonunu cs 113Mepemul <pa30- lJaCTOTHbIX xapaxre
PllCTHK (cI>q X) B ofinacra LfaCTOT MexaHII 'l eCKIiX 

pesoaancoa cI>a6pH-ITepo (cI> fT) aa ofipasue npa 
H = 0.11 [J onpenenennux TO'IKax, B MarHI1THOM 

none, Cornacao [5] Bbl6 11pallllCb .ull cKpeTHble pa

6 0411 e lJaCTOTbl cI>fT-pe30HaHcoB 10 (npn H = 0) , na 
. KOTOpbl X rtpoaonumrci, nOCJle.uYlOwHe 1I3MepeHIlH 

awnnurynst U II <pa3bl tp K03ljJqlllulIeHTa npoxoxcne
HIiH caruana B ljJyHKUIiH H. 3aTeM nporpaMMHblMl1 

Cpe.ucTBaMII C Y4eTOM xamrtiponox naxonnnncs OT
aocarensnue BeJ1lflJlIHbl U(H) / U(O) =::: - f (H) /r(O) 
II 6,{(H) /fo =-t,.v lv (f - 3ljJ<jJeKTlfBHbl l1 K03<jJljJIIU,lI

eHT nornourenna; v :::. .::.; ~,4 '1 05 
CM/C - <pa3OBa,q CKO

POCTb npOAOJlbHOrO 3BYKa). 3TlI nan asre 3aTeM Tec

rapoaanncs npHMblMIi 1l3MepeHIUlMli 1l3MeHeHIUI .u06

pOTHOCTH t,.Q (HJm aMriJ1lny .nbl t,.U(H) H t,.j(H) /fo) 
.!lJ1H BbJ6paHHbiX 3HalJeHIIH H. )J.rrH npoaeneaua 113Me

peHIlH Bbl61lpanliCb <DTI-pe30HaHCbI C f.lOMepOM n = 6, 

IlMelOllllle npaKTH4ecKIl JlIl Hel1Hble <DllX B 06 JlaCTIl 

1l3MepHeMbix .ueBll aUIi H lJaCTOT Sf> J(H) -10. OWIl6

xa B 1l3MepeHIl1l t,.U/.UTa KIiM MeTo.uOM He rrpessnua

na 0,2 %, a t,.f/J.:.....1O-5 

113MepllTe[f bHaH HLfeHKa noxreuiana cs B 

TepMOCTaT. M arHIITHoe none cosnasanocs xaryui xa 

MH Fenuxrronsua (0=-300 3 np n 300 K), xoropsie 

n03BOn llJ1l1 opnearupoaars aeicrop MarHllTHoro nons 

B 6a3IICHOIl nllOCKOCTH oepasua no a3IIMyry B IIH

r ep san e 0-180° C .ull cKpeTHblM urarox t,. ¢H = 5°. 

Ilorpeuiaocn, yCTaHoBKlI sexropa MarHllTHOrO non s 

if OTHOClfTenbHO ocea cliMMeTplHl ofipaaua B 6a

3HcHoll nJlOCKOCTII. He npensnuana 2.;.-3° . Ore-ret 
¢H - y rna opueurauau MarHlfTHoro nons H - npo

113BO.uIlJlCH OT aanpaanenns m.L C2, r ne in - ena

HlllJHblH sexr op, napannern. m.i a 6a311cHol1 nJlOCKO

CTIl, C2 - OCb cllMMeTpHIl 2-ro nopanxa, nexaiuas B 

6a3I1CHOH nJlOCKOCTI1 . TaKIiM 06pa30M, UIlKJl 113Me

peHI1H COCTOllJl B aan ac n MarHIlTononeBblX 3aBIi CIl 

MOCTeH av nmrrynu II <pa3bl .IInll 36 .uIlCKpeTHbIX na

npasneauit nOJlH H. 3aTeM nporpaMMHblMIi opener

BaMIl crpoanacs 3D -3aBIl CIl MOCTb: avnmrryzia (dia

aa) - MarHIITHoe none H - y r on ¢H' 
2. Pe3YJIbTllTbl 3KcnepnMeHTll n oticyzc

nex u e. B .uaHHoH nyfinnxamn: Mbl np lI.Bo.uI1 M pe
ayn sr ar u nc cnenoaaxxa TOJ1 bKO a3I1MYTanbHbIX sa
BHcHMocTel1. Peayrn.rarsi ner ans aor o 1l3Y4eHIlH 

MarHllTOnoneBblX 3aBIl c liM o cTel1 6y.nyT na ast HaMil B 

OT.uenb Hol1 ny 6JlIl KaU\1H. 
Ha puc. 1 .uJ111 'l aCTOTbl 3By KOBOH BOJ1Hbl 

wi 27C "'" 180 Mf'u npnsen en a 3D -«TeHeBaRl> no

aepxuocrs (shaded comp uter graphics) B xoopnaua
Tax : ar.InJlll ry.na 3ByKa - MarHIlTHoe none - a3Il MY

TallbHbd1 y r on. Ilp oexuns 3TOH nOBepXHOCTIi na 

nJlOCKOCTb MarHIlTHoe none - a3I1MYTall bHbl H y ron 

noxasana aa puc, 2, a, npoeKUI1H na Il1IOCKOCTb Mar

HIiTHoe none - ar.wJIllTy.ua npu aeneua Ha puc, 3, a. 

Aa anoruvaue 3aBIlCliMOCTli nOJlY4eHbI Har.fH II .unll 

ljJa3bl. 

KOCTb: 

puc, 3, 

PlIC. 2 , 6 COOTBeTCTB y eT npoexunn 
Mar HIITHoe none - a31lMYTallb HblH 

6 - MarmUHoe none  rpaaa. 
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PHC. I . 3D·«TeHeBaJI>I nOBc pXHOCTh B KOOpmtHaTaX: OTIl OC lrreJ1~ HaJI 

asnunrryna - U (H) / U (O), a:lHWf f aJT bHbl lt y ron - ¢>H, MarHHTHo e 
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PHC. 2. Il poexua a nosepxaocru pHC. I s a xoo pnnaaruyro nJ1OC

KOeTt H, ¢'If (a ) Ilpoexuns 3D- <rTeHeBolt » nOBcpX HOCTH B KOOp

n n n arax QJa:la, a:lHMYTaJIbHbIK y ron, MarHHTHoe n OJ1e ua KOOpllH 

HaTHy lO n J10 CKOCTh H , ¢Il (6) 
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6) 

PIlC. 3. Ilpoexuas noecpxuocra psc, I ua KOOPilllHaTHYIO lUIOC

KOeTh H, U( lf)/ U(O) (a). llpoexuua 3 D -«TeHeB oll» n o aepxuocrn 

o xoopnanarax : <l>aJa. a3I1MyranbHblll yron, MarHllTIlOC none ua 
xo opnnnarxyi o IL10CKOCTh II, \I'(lf)-'P(O) (6) 

I1HBepclUl MarHHTHoro nons, T. e 3aMeHa 

+fl ua - H ]VIH nannoro yrna ¢H' HC H3MemlJ1a Ha

6mo.uacMbIC rtoneasre 3aBHCHMOCTlI B none fl, npe

BOCXO.!I:HmeM none MOHo.uoMeHH3aWlH oopasua 
(H ::: 20 3 ). IT03TOMY .uOCTaTO'nJO 6hInO accnenoaan, 

3BonlOUlUO a3llMYTanbHhlx 3aBllclIMocTei1 B anrep

Bane ¢/{ =0-180° . 

ComaCHO pHC. 1-3 B an repnane MarHliTHO


r o nOJlH 0-60 3 HMeeM HeMOHOTOHHOCTll asmmrry

Llbl H !paJbl pesouaacuoro xapaxrepa (ocuannsu uoa


nsre crpyxrypu), Kpove 3TOro, M il scex yrnon a311


MyTanbHOil opnearauaa ¢H MarllllTOnOneBble saan


CHMOCTH I1CnbJT ~I~aIO T MOHOTOHHblil xon, COOTOeTCT
BYIOUIllH YMeHbw eHlllO aar yxaana 3ByKO BOil sonnsr 

C yaemrsenne« non» H. Xapaxrep awrrmrryn ao
!pa.JOBbIX OCUllJ1nHUllOHHblX crpYKTYP, T. e. HX !pop
Ma II nonoarenae B MarHllTHOM none, cyuiecraenao 

3aBIlCHT 01' y rna ¢ff ' Co maCHO pllc.2 crpyxrypa 

cyuiecrayer npu scex opHeHTaWlJIX aexropa H B 

6a.JHCHOH nnOCKOCTH oopasua. MaKcHManhHblll 01'

HOCHTeJJbHblH pasaax eapaauaa al\mJJHTYllbl 3By Ka 

npa H = 30-40 3 Il ¢H = 0- 180° nocruran BenH4H


Hbl U(H) / U (O) ::: 7 %, a llHcnepcllil CKOpOCTII np o

-4

non sao r o 3ByKa t.u / u "" 4 ·10 (pHC. 3). 

KaK H B CJJy4ae pacnpocrpaHeHHII 3ByKa 

non epe-mon nonap m auna an ons OCH C3 [2] , HaMil 
06Hapy>KeHO BJlIIIlHHe MexaHH4 eCKHX rpaHI14HbiX 
YCJIOBIlH na y CJIOBllJI pa cnpocrpanenas npononsuojt 
3ByKOBOH BOJJ Hbl. 3aMeTIlM , 41'0 B03MO:a<HOCTb cy
UIeCTBeHHO H3MeHHTb nasnea ae aa ofipaseu anons 

nHHIl H, COe1lIlHHIOUIeH rtseaonpeoopaaoaar ena, 01'
• cyrcraosana. Onnaxo 6blno ofi napysceao, 41'0 Mar

inrrononesue Il a3HMYTanbHble 3aBllCHMOCTll avn
JJ HTyllbl II <jJaJbl 6blJJll YyBCTBHTeJJ bHbl .K nepcycra

HOBKe «saxnan xu» oopasua, T. e. K H3MeHellHIO nas
JJeHM II He01lHOp01lHbIX HanpH:a<eHHH aa nonepxuo

CTH oopasua. Ha pllC. 4 npnaeneuu 3aBHcHMoCTH, 
anancraxnsre pHC. 2, nocne nepeycranosxa ofipasua 

Il npa yBeJJH'leHHH 1laBJl eHHH co CTOpOHbl nseaonpe
ofipasosa r eneti. 
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6) 

Pllc.4. COOlBeTCTByeT pnc . 2. a HOC!Je y oe!JJl 4 e HIIH )l;IB!JC HIlH aa 

ofpaac u (a) ; COOTBCTeTByCTpuc. 2, 6 n o c ne YBem I4CI:HH .llaB,le HIlH 

H3 ofipascu (6) 

COrJJaCHO puc. 4 YBeJJIlYlUlaCh xp yrmna MO

HOTOHHOro xona nonessix 3aBI1CIl MOCTeH. ITPH 3TOM 

MaKCHManbHblH OTHOCI1TeJlbHblH paaxrax 113MeHeHIlH 



-2 

B. J1 XUJfCHb/ll U op. I OC06eHHOCmU pacnpocmp aneuus np OOO/l bHOi:O . 

aMllJHl1)'!lb1 3ByKa npn H:: 30-40 3 11 rPH = 0 - 180° 

nocr uran U(H) / U (0) ;::: 20 %, a D.l1Cnepam CKOpOCTl1 

npononsnoro 3ByKa I'!.v / v :::: 5 '10-4. Cpasnes ae 
pnc . 2 ~t 4 YKa3hIBaeT aa cYIUecTBeHHoe BmUIHYle 

MeXaHIf'lecKol1 HarpY3KYI na xa paxreptrcr uxa 06Ha
py)!(eHHbIX 3CpCpeKTOB. C 3TOii: TOYKH speaaa 6bln o 
6bl mrrepecao Yl3YYI1Tb CB»3b 6a3~tC HOii: aHYl30TpO

mm C awnnarynoa 11 epa3oii: nponon sa oro 3BYKa. 
):LIm sr or o co rnacuo pac. 2 YI 4 6blJ1l1 nocr poenu 

3aBYlCYlMOCTYI avrtnxrynu YI epa3bl B epY HKUYIYI yrn a 

rPH npa JlBYX epl1KCl1pOBaHHblx 3HayeHH»X H = 30 3 

(coor aercr syer MaKClfMaJlbHOMY pasaaxy pe30HaHC
HblX ocofieaxocrea aMnnl1ry.nbl 11 epa3hl) 11 H= 100 3 . 

3aTeM .u.n» 3TI1X 3aBI1CIfM'OCTeJ1 6hIn nposenen epy
pse-aaanm 11 nocrpoeasr nepnonorpasoo.r: 3aBI1CYI

MOCTH I1HTeHCI1BHOCTli nepnona l'!.iP B cnexrpe OT 

era BeJ1l1'-ll1Hhl A (I'!. rpH)' Ha pnc. 5 .un» YCTa~oBKI1 
oopama, cooTBeTcTByIOJUeH puc . 2, npasenea a a311

MYTaJlhHall 3a B ~I C IfM'OCTb epalbI OT yrna rPH .un» 

H :::: 100 311 H ;::: 30 3 COOTBeTCTBeHHO. 
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6) 

PHC. 5. AJHM)'TllIlbHall 3aD HCIIMOCTb 4la:Jb l OT yrna ¢If Jl]I!I YCTIlHOBIGI 

o6pa:JUa, COOllleTC11lYJOLUe l1 pllC 2: a) - H -::. 100 3 , 6) - H -::; 30 3 

TIyHKTl1pHhle xprmsre na 3THX pucynxax Co

OTBeTcTByIOT an npOKClfMaUYIYI axcnepaaearansaux 
TOlIeK nOJ1l1HOMaMYI. Auanortoutst e 3aB ~I ClfMOCTl1 

npnaenensr tra puc , 6 .un» yCTaHoBKI1 ofipaaua, COOT

BeTCTBYIOJUeii: pHC. 4 . Ilepaonorpasoaa ,lIJIJl 3aBYlCYI
MocTeif ' p~IC . 5 rrpaae ne ua na puc, 7, a nna 3aBI1CI1
MOCTeH pac. 6 - aa puc . a. Cornacao PYlc. 5, a 6a

3lfCHa» aHYl30Tpo nl111 B none - 100 3 rrpo ssnaerca 
aecsaa cna fio. Eonee CYJUeCTBeH HblM 6blno ee rtpo

asneaae B MaJlblX no nax - pac. 5, 6. B 060HX cn ysa

lIX cOOTBeTCTByIOIUalI nepaonorpaaraa pac. 7 ffMeeT 

nepnon I'!. rPH == 60°. B 3TOM cnyn ae I1MeeM r excaro

HaJlbHYIO aamorpornoo, cooTBeTcTBJ'lOIUYIO CI1M 
MeTpHli 6-ro nopaaxa. 
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6) 

P HC. 6. A3 HM)'1llJl b HalI 3aBIlCHMOCTb !\Ja:Jbl OT yrna ¢It ,ll.IllI yCTllHOB

KII ofipaaua, COOllleTCTIlYJOLUCHpilC. 4: a) - lJ -::; 100 3 ; 6) - H == 303 

. H3M~HeH lIC 6u3I1CHOl:t aHYl30TpOfllil1 Ha6nIO

naer ca rrpu yBemfli eRI1Y1 nasneaaa, T. e. Yl3MeHeHIrn 

Mexa H~rq eCK~rx rpamomsrx ycnoBI1if otipas ua 

PI1C. 6, 8. A3I1MY1IDJbHhle 3aBYlCffMOCT~1 PI1C. 6 11 I1X 

nepaonorpasorsr p~IC . 8 HMeIOT nepaon I'!. rPH = 90°, 

'ITO CBI{JIeTenbCTByeT 0 npHCyTCTBlfl1 naseneaxoa 

xnanpynon snoa 6a311CHOH aunaorponan C ClfMMeT

plfefi 4-ro nopsnxa, OTMeTlfM TaKlKe, 'ITO I1HTeHClfB
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90 o-nepHOAOBHOCTb aa 2 nopsnxa npesocxonar 
HHTeHCHBHOCTb 60o-nepHo.uoB, COOTBeTcTBylOWHX 

OTHOCHTeJlbHO	 MaJlblM .D.aBneH H~M . 3aMeTI1M , 4TO 
3.D.eCb npaseneau AaHHbJe WUl ¢a3bI. Cyuiecr nen
HblX OTJll1411H B aHaJlOrH4HblX pesynsrarax .unH aMI1

JlHTy.ubl HaMl1 He 06Hap ylKeHO. 

40
 

35
 

30
 
t:i 
'!) 

ai 25
 
<"')
::s: 
0 
0. 20
 
c:: 

-.,,: 15
 

10
 

5
 

20 40 60 80 100 120 140 160 180
 

6.¢H, rpau
 

a)
 

160
 

140
 

120
 
e:i.., 

100
ai 
M 
:s: 
0 80
 
P-c::
 

-.,,: 60
 

40
 

20
 

0
 
0
 20 40 60 80 100 120 140 160 180
 

6.¢H, rpazt
 

6) 
PI1C. 7. Ilepaonorp asoaa nna 3aBI1cI1MocTell pac, 5: a) - H'" 100 3 ; 
6)- H "' 30 3
 

06CYAl1M n anee npapony 90 o-nepHo.uOB B 

a3I1MYTaJlbHbIX 3aBHcHMOCTHX, B none H - 100 3, 
60nbweM nona MOHOll,OMeHH3aUHH o fipaaua . 

Ilpa paccvorpeaaa Mbl y 'I TeM nseaoa ar 

HHTH)'IO nooamcy B 3Hepnuo MarHHToynpyroro 

B3aHMo.ueHcTBH5I [6, 7] H noxaxe«, 4TO 3Ta .D.06aBKa 

B cn y xae neon nopon aoa .ue¢ opMauHH HMeeT HHOH 

BHA, 4eM B paficre [7]. IlOA4epKHeM, 'ITO B ycnOBHJIX 

axycra-recxor o peaoaauca <1>11 ynpyroe none npo

non sno ro 3ByKa np ezicraanaer 4epeJ1YlOlllHeC5I ne

¢opMaUHH ClKaTJU! H paCWHpeHH5I, T. e. Ae¢opMaUIDI 

MeHJIeT 3HaK H BenH4HHY. 3 anHweM aupascenae D.JIH 

llJIOTHOCTH y npyr oit H MY 3Hep rHH anrutpeppoaar

HeTHKa (A<1» B MarHHTHOM none H, B oOllleM CJlY4ae 

HMelOlllero xovnoaeirry B nanpaanenna OCH 2-ro 
nopa axa xpxcranna (OCb X) H nnorn, OCH Y, 11 B rrpa
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CyTCTBHH CTaTH4eCKoro ynpyroro Hanp~lKeHlill,
 

oOYCJlOBJleHHOrO ClKaTI1eM otipasua anons HOpMaJlH:
 

1 2
 
Fo ="2Cnezz + {P23(m)y - m),!).) + 

+ Fmzl) ; - mxHx - myHy }ezz - (I) 

-azze zz · 

3AeCb C33 - ynpy ~all nOCTOHHHall; P H F 
nseaoaaraarnue nOCTO~ HH b le ; m, H Ii - KOMno-

HeHTbJ sexropoa in H I ; iii=(M)+if2 )/ 2M ;o 

1= (NIl+ Nt 2 )/2M 0 (ofi a BeKTOpa HOpMHpOBaHbl na 

MOAynb A<1> I-BeKTopa); M) H Nt 2 - sexropu rrep

BOH H BTOPOH MarHHTHOH nonpeui erxn; 

M 0- 500 Tc - paaaonecaaa HaMarHH4eHHOCTb xasc

.uot! MarHHTHOH nonpeurenor; e =ee lez - ztezz z 

cPopMaUJ1ll B HanpaBJJeHHH TIJHrOHaJlbHoH OCH Z; 
ez - aexrop ynpyroro cMellleHHll. peuierxa B Ha

npaanexua OCH Z, ynpyroe aanpasceuxe. a zz 
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6) 

PI1C. 8. Ilcpaonorpasoaa MJl 3aBI1CflMOCTeil puc, 6' a) - H:::: 100 3 ;
 
6)- H :::: 303
 

OTMeTHM, 4TO B ( 1) Hap5lAY co crannapr
HblM nbe30MarHHTHblM BKlTall,OM (- milt) [7] Mbl y4H



B. 11. XU.?lCllblli U op . / OC06e 1/HOCm U pacnpocmpaseuus npOOOflbH020 

TblBaeM nhe30MarHHTHhlH BKJJa.ll, Onl1ChlBaeMblH 

LJ JleHaMI1 nopxznca - mt' , L!,JJJl HeO,UHop0JJ,H0l1 n erpop 

MaUl11i e,,(z), 3aBl1CJlllleH OT xoopnuaars: Z 11 Me

HJlJ{)llleii 3HaK BJJ,OJlb 3TOH KOOpJJ,I1HaThI , I1HBapl1aHT

HOe supaxeaae .IlJlJl nbe 30MarHl1THOH .Il06aBKl1 I1Me

er 1111JJ, 

F"nI ={P;3(lyOm y /oz -r, om): / Oz) + 
(2) 

+ F'IJ ; 8mz /8z}8e, / oz. 

CpaBHI1BaJl (2) C (I), ner xo 3aMeTI1Th, 4TO B 

HeoJJ,HopoJJ,HOM ynpyrou none JJ,OJl)l(Hhl I1MeTh MeCTO 

rroxam.au e apaiuenaa (KoJle6aHI1Jl) m- 11 I-BeK

TOpOB OTHOCI1TeJlbHO paBHOBecHoro nOJIO)l(eHI1Jl 

cJlY4afi ( I ) . 3aMeTliM , 4TO B (2) LJ JleH, CTOJlllll1H B 

xpyrnux cK06Kax , He JlBJIJleTCJ'I I1HBapl1aHTOM one

pauuu spauieuas aoxpyr OCI1 C3 (a OTJll1411e OT xne
Ha npn nOCTOJ'lHHOH F'). 3TO 3Ha4 11T, 4TO CKOpOCTh 

3By Ka TaK)I(e MeHJ'le:rCJ'I npn spameaaa' nons H BO

xpyr OCI1 C3. JJ:el1cTBI1TeJlhHO, eCJlI1 nep ejrn, K BhI

paxemno 3Hepr l1l1 -repes y r JIOBY';' xoopmnrary ¢H: 

m(cos¢H' sin¢H) ; l(sin¢H ' COS¢H), TO nepaas JJ,O

6aBK<l 6YAeT - P:
? 

cos 
2
2 ¢H' a 'u06 aBKa npn nOCTOJ'lH

2
HOM F JJ,aeT 3<lBI1CI1MOCTh - P sin 3 ¢H' TaKI1M ofipa

30M, MO)l(HO 06bJ'lCHliTb 90o - nep I10JJ, nepsoa ,U06aB

KOH, a 60o-nep I10JJ, - BTOpOH, T. e. JJ,ByMJ'I KOHKYPI1

pyrounoan B MarHIiTHOM ncrre BKJIa.llaMI1 B MY snep 

r mo xpncr anna. nOJJ,p06HbIH aaamn, paJyMeeTCJ'I , 

rpefiyer TaK)I(e Y4eTa B03HI1KHOBeHI1J'1 Heo,UHopoJJ,HbIX 

MarHI1THhIX CTpyKTYP (MarH I1THbl X M0Ll)'.JIJ'lUliOHHbIX 

CTpyKTYP), paccaarpasaevux B pafiore [8] Ii penax

CaUI10HHoro axrrana [9]. MhI HaMepeHh[ nOCBJ'lTIiTh 

3T11M aonpocav OT.IleJlbH)'1O pa60TY. 

BbIBOJJ,bl. TaKI1M 06paJOM, 113YQeHhI a3HMY

r ansnue MarHI1TOnOJIeBble 3aBl1Cl1MOCTI1 K03ljJljJ11UI1

eara npOXO)l(.IleHI1J'1 np0JJ,OJlbHOH aKycTI14ec Ko H BOJl

Hhl B nJlaCTI1HKe fi op ara )l(ene3a. Bo BHelllHeM Mar

HI1THOM none ofinapyzcexo B3aI1MoJJ,eHCTBl1e npo

JJ,OJIbHOro 3By Ka C MarHI1THOH CI1CTeMOH KpHCTaJlJIa, 

xoropoe panee C4l1TaJlOCb npea efipesorao MaJlhlM. 

Oonapyxeaa 3aBl1CI1MOCTh 6aJHCHOH aamorponaa 
carnana aMnJlHTyJJ,hI H ljJaJhl OT MeXaHI14eCKI1X yc

JIOBI1H na rpanaue ofipasua. 3TO asneaae 06bJ'lCHJl

eTCJ'I KOHKypeHUl1etl OJJ,HOpOJJ,HOH 11 HeO.llHOpO,UHOM 

nhe 30MarHHTHOH JJ,06aBKH B nJlOTHOCTb MY 3Hep r l111 
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PECULIARITIES OF LONGITUDINAL SOUND 

PROPAGATION IN IRON BORATE. 

AZIMUTH DEPENDENCIES 

V .1. Khizhnyi, V. V. Tarakanov, A. P. Korolyuk, 

T. M: Khizhnaya, M. B. Strugatsky 

Evo lution of magneto-field dependencies of amplitude
and-phase transmission coe ffic ient for 180 MHz longitud inal ultra
sound in iron borate platelet under direction variati on of external 
magnetic field in base plate o f crystal is exper imentally studied. 

Key words: iron borate, magnetoclasti c coupling, lon
giiudinal ultrasound, piezomagnetism. 

OCOEJII1BOCTI nOWI1PEHH5I 

n03JJ:OB)KHbOrO 3BYKY B EOPATI 3AJ1I3A . 

A3I1MYTAJIbHI 3AJIE)KHOCTI 

B . I. XH)I(HHH , B. B. TapaKaHOB, O. n. KOPOJlIOK, 

T. M. XH)I(Ha, M. E. CTp yraUbKI1~ 

Ha xaero ri 180 Mlu cxcnepuveerr arrsuo B~IB'IeHO eBO
1lI0UllO MarHiTOnOJlboBHX 3B.!lCll<HOCTeH aMrmiryJlIl ra cjJa:l1l KOC
<l>iu icHTa npoxozoseaaa aKYCTH'lHo"i XBHlTi B nnacruaui 60paTa 
aanisa npa 3MiHi aanpsv xy soe uuuasoro MarHirn oro nOITH B 
6a:lHCHil1 nnouiuai xpncrana . 

I(.rllo'loai cnosa: 60paT aaniaa, MarHiTonpy)l(HHi'l 
3ll'H30K, n03,QoB;KHil1 YlTbTpa:lBYK, n'crova ruenua. 
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