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HOBbi:A: MEXAHM3M OrPAHHqEHMH AMIIJIMTYADI 
CIIHHOBbiX BOJIH IIPH IIAPAJIJIEJibHO:A: HARA qKE 

B. E. 3axapoe, B. C. Jlbeoe H C. C. Crapo6unelf 

HaBecTI:ro, "'TO crrHHOBhle BOJIHnr MoryT B3aHMO.D;efrcTBOBaTI> c O.D;HOPO.D;HhlM 

rrepeMeHHhlM MarHHTHbiM ITOJI8M hp (t) = hpe>wpt, rrapaJIJJ8JibHbiM HaMarHH"'8H­

HOCTH (1J. faMHJibTO~HaH 3TOrO B3aHMO.D;8HCTBHJI HMeeT BH.D; 

X P = ~ ~ V k (h; (t) aka-k + hP (t) a~a~k), (1) 
" k 

r.D;e ak- HOpMaJibHhle rrepeMeHHI>Ie, V k XapaRT8pll3Y9T B3aHMO.D;8HCTBHe 

C TIOJieM HaRa"'RH. 

IlpH hPV k > lk B CHCTeMe 3I<CITOHeHn;HaJibHO HapacTaiOT naphl BOJIH ak, 

wp 
a_k C Wk = 2 [2J. 8TH naphl HMeiOT CYMMY cpa3 (j'k TaRyro, 'ITO ITOTOR 3Hep-

l'llll OT HaRa'IRH P,. = wPhPV k! ak 1
2 sin <pk rrpeBnnnaeT )J.HCCHrran;Hro P dis= 

= wPrk [ ak [
2

• 

IlpHHJITO C"'HTaTb (2• 3), qTO aMLIJIHTY)J.hi CITIHWBhlX BOJIH orpaHH"'HBaJOTCJI 
w 

HemmeHHhiM aaTyxaHIIeM. B aaBHCHMOCTH OT noJiotKeHIIJI T B crreRTpe crrH-

HOBhiX BOJIH Hemme:Huoe aaTyxaHHe o6ycrrosJieHO rrpon;eccaMH B3aHMO.D;eii­

cTBHJI BOJIH TpeTbero, lJ8TBepTOrO II T. )].. IIOpJI.D;ROB. IlpH nepeXO.D;e OT O.D;HOfO 

npon;ecca I< .D;pyroMy ypoBeuh orpaiiHTJ:eHHJI )J.OJIH<eH MeiiJITI>CJI Ha ,ll;Ba-TpH 

ITOpJI)J.Ra. 0.D;HaRO, Rai< CJie,LJ;yeT H3 <mcrrepHM8HTa ( 4J, pa3JIH'IHe aMIIJIHTY,ll;hl 

TipM 3TOM He rrpeBI>ImaeT HeCROJil>RHX ll;8CJITROB IlpOIJ;8IITOB. 

B Ramen pa6oTe rroKaaaHo, "'TO, IIOMI:IMO HeJII:IHe:i1Horo aaTyXaHI:IJI , cym;e­

CTByeT «cpaaOBhlH» MexaHI:I3M orpamr'IeHHJI al\mmny.n;hl BOJIII aa noporoM, 

no acpcpeRTHBHOCTH cpaBHIIMhiH c HemmeHHhlM aaTyxanneM Tpen.ero rropJI.n;Ra . 
w 

8TOT MeXaHH3M ne I<pHTH'l8H R IIOJIQ}K8HHIO tJ:aCTOThl T B CII8RTpe CII:U.HO-

BbiX BOJlH. 

<DH3H'I8CKOH IIpH"'HHOH orpaBHlJ8HHJI JIBJIJI8TCJI cpa30BOe paCCOrJiaCOBaHHe 

BOJlH C Harta'IROH, B03HHKaJOm,ee B peayJibTaTe "'8TblpeXBOJIHOBOrO B3aHMO­

.D;8HCTBHJI BH,JJ;a 

wk+w_k=wk' +w_k, =wp. (2) 

PaccMOTpHM npocTyro naoTponrryro 1\.IO.D;eJib cpeppoMarHeTHRa, B ROTopoH: V k 

H l k He 3aBHCJIT OT k H raMHJll>TOHHaH B3aHMO.JJ;8HCTBHJI CTIHHOBhlX BOJIH 

Hl\l88T BH.D; 

Xint = ~ ~ a~,a~,ak,ak/j, (k1 + k2 - k3 - k4). (3) 
k,k,k . k , 
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B peayn:oTaTe ~eHCTBHH nai<R<JKl£ rnaBH:Oie 'l:IeH.bi B (3) onuci>IBaiOT 
B3aHMO~ei'rcTBHe nap ~pyr c ~pyrm.r u 

:/iCint = ~ ] (2a~a~,akak, + a;a~kak,a-k, ). (4) 
kk' 

0lJeBH~Ho, lJTO B CTaD,HOHapnoM cocTOHIIHH Boa6ym.n;eahl naphl c I k I = k0 
H CYMMOM <flaa <pko' orrpe,n;eJIHeMOH H3 ycJJOBHH oa::ranca ::meprHH 

(5) 

C 0 ~ A2 ""' + TaD,HOHapHI>IH ypoBeH:O B03uym,n;eHHH BOJIII ko = ~ akak CJie~yOT 
fkf=ko 

Onpe~eJIHT:O H3 YCJIOBHH YCTOlflJliBOCTH COCTOHHHH ITO OTHOIDeHHIO K B03Hl!R-
HOBeHHIO nap BOJIH ak, a_k c I k I =I= k0. IIocKoJJ:oKy ~JHI HOBhlX Bonn naKatmoii 
cny)l{HT ae TOJII>KO Bnemnee none, rro rr Boaoym~eHHhle BOJIHbi c I k I = k0 , 

nocTyrraiOIII,HH K HHM nOTOK aaeprHH eCTI> 

}' CTOHlJHBbiMH oy~yT CTaD,HOHapiihle COCTOHIIHH, ~JIH KOTOphlX max p < 
< P dis· iho yc.rwmre BhliiOJIHHeTCH .n;rra O~HIICTBeHHOro auaqemm At= A5 

A2 _ hp V COS 'Pko 
o-- tS (6) 

IIpH I{QTOpOM HHKpeMeHT BOJJH B03Mylll,eHHH Vk = -"( [1- COS (<flk- <fl,...)] 
oTpnD,aTenen. 

TaRHM oopaaoM, Baan~w.n;ei:i:cTBHe ( 4) crrnnoBhlX BOJIH rrpnBo~HT I< orpa­
IIH'IeHHIO HX aMn.TIHTy,n; 3a UOpOfOM na ypoBne, onpe~eJIHeMOM H3 COOTllO­
IDeiiHH (5) 11 (6) 

On1eTHM, 'ITO cTaD,nonapnoe ana'lemre k0 onpe;~.enaeTcH na yc.:JOBWI 

gA2 
x"~--o - hp • 

llpu OOJI:OIDOM npeBhlmenHH MOID,IIOCTH na~ noporoM (hpV ~ r) 

II gV 
x=s· 

(7) 

~(8) 

(8') 

,Il;nH nTTpueBoro rpanaTa npu wP = 2r.. 1010 ceR.-1, S ~ ! wM = 4r.g2 (5], 

gwM 
V =--~ 10-I g (g- rupo.MafUIITIJOO OTnomeBHe). 

Wp 
IIo,n;cTaBJIHH nu anaqenBH B (8), nony'linr x" ~ 10-2, 'ITO no nopH,n;J.<Y 

BeJIH<JHHI>I COBna~aeT C <lKCUepuMeBTa.TI:OllblM 3Hat.leH1reM X~Kcn. = 2 • 10-~ ,ll;.'HI 
HTTpneBoro rpanaTa. 
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11HCTUTYT nonynpOBO~HHKOB 
AH CCCP 
JienHnrpa~ 

IIocTymrJio B Pe~aKn;mo 
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MArHliiTHhlff PE30HAHC H,[(EP B 11 

B AJIIOMOBOPOCliiJiliRATHOM CTEKJIOBOJIOKHE 

A. n. Crenmwe, c. H. Hoeunoe liP. H. llAeTnee 

CTpOeHHe CTe.K.iiHHHbiX BOJIOIWH B CBH3H C HX BbiCOKOH npO'lHOCTbiO IDHpOKO 
o6cymp,aercH B JlHTeparype (eM., nanpnNrep, [1 ]). I.J;errrpaJII>Hoe l\Iecro B yRa­
aanrroii npo6JieMe aamnraer nonpoc o BJIHHHHH npon;ecca 4Jop:..wnamm BOJiorma 
na ero CTpyRrypy. B nacroJIID;e:ii pa6oTe rrpep,npHHHTa norrMTKa o6napyamn 
H3MenenHe cneKTpa Jip,epnoro JliarHHTHoro peaonanca (flMP) B 11 crer<Jiono­
JIOKHa ITO cpanneHHIO CO cneii:TpOM MOHOJIHTHOrO CTeKJia, II3 KOTOpOrO OHO 
BbiTJIHYTO, H CBJI3aTb 3TO M3MeHeHRe CO CTpyRTypHblMH OCOOeHHOCTJIMM BO­
JJOI<Ha. 

IIccJiep,onanHe rrpoBO)J,HJIH na o6paan;ax KOMnaRTnoro 6eaiD;eno'Inoro amo­
Mo6opocnJIHI\arnoro crerma, nMeioiD;ero cocraB (n % ): Si02 - 53.8, Al20 3 -
13.4, CaO - 13.4, B 20 3 - 10.4, MgO - 4.5, npO'IHe- 4.5%, 11 BhiTR.By­
Toro na nero npoMnrmnennoro creRJIOBOJIORHa co cpep,nnM p,naMerpoM 6-7 MKM. 

06paan;nr na creRJIOBOJiorma npe)l.craB:>IJIJIJI co6oii nnorrro Hal\rorannyro Ka­
rymRy 6ea cepp,e'IHHKa p,na:MeTpoM 12 H ;:t;JIHHOH 20 11m (Bee o6pasn;on 5 r). 
HeKoropnre H3 HHX OhiJIR nop,Beprnyrhl ormnry B re'leHHe 1 'laca rrpn 300 n 
500° C C llOCJie)J,yiOID;lll\I OXJiaJI\)J,eHl'reJII B BO)l,e. 

IIepnMe nponano;:t;HI>Ie JIHHnfr flMP B 11 aannc»ma;m rra cneKTpoMeTpe 
JNM-3, BL-1 na 'laCTOTe 12 ~Irn; npn ROMHaTHOH Te?>mepaType. THnH'lllnie 
cneKTphl npep,cTannenni na pncynRe. Bnp,no, 'ITO nee onn JIBJIJIIOTCH cyMMOil 
)J,ByX KOMDOHenr: CH:IhHO aCIIJIIMeTpH'IHOH IDHpOROH :IHHIIH II Yl3KOll JIHHHH 
B n;eHTpe. illnpoRyiO aClll\IllleTpH'IHYIO JIHHHIO p,aiOT Hp,pa oopa, HaXO)J,HID;HeCH 
B TpHronaJII>HhlX rpynnax B03. ITo paccTOHHHIO MeJ-KAY aKcrpeMyMal\m nerRo 
HaHTH KOHCTaHTY KBap;pyiTOJlbHOrO B3al!MOp;e:iiCTBIIH e2qQ, eCJII.I npep:UOJI01HHTb, 
'ITO napaMeTp acnMMerpnn 11= 0 [2 ]. ,I(nJI rpynn B03 ana'leHIIJl e2qQ JJen\aT 
n npe;o;eJiax 2.4- 3.1 Mrn; [31. 'YsKafl ROMnonerrra rroJiy'l<lPTCH 01 Hl tep B 11, 
aaxo;o;HID;HXCJI B no'lrn CHM:MeTpH'IHOl\1 OI\pyn\emrn B rpynrrax B04 • IIpe,n:nona­
raJI, 'ITO ee mnpnna nonnocTbiO orrpe;o;enJieTCJI Rna;o;pynoJII>HbiM B3aHMo;o;eii:cT­
BHeM, OllHCbiBaeMhiM reopHeii: B03MyiD;eUHH B'l'OpOrO llOpHp;Ka, MOJI\HO OD;eUHTh 
MaKCHMaJibHoe ana'lenHe e2qQ B rpynrrax B04 [

4
]. 

Peaynnrarhl onpe;o;enennH KOHCTaHT e2qQ )J,JIJI rpyrrrr B03 n B04 rrpnne-
N 

)l.enhl B Ta6nnn;e. TaM >I<e npnne)l.ena on;errKa neJllilUlB N:- OTHOCHTeJinrroro 

cop,epmaHHH aTO:IfOB DOpa B tJ.eTBepHOli IWOp,II,IIHan;rur ITO cpaBHeH'IHO C 'IHCJI0:\1 

aTo:-.IOB 6opa B rpynnax B03. 
0THOCHTeJibBOe 'lHCJIO rpynrr B04 cocTaBJIHeT 22% B Hcxo;o;noM ;\IOIIOJIHTBO:II 

crerwe. RaK H3BeCTBO, BBe;o;errn:e nonon-Mo;o;H4JHKaropoB (~a+, Ca ++ H ;o;p.) 
B 6opocop,epmaiD;He creKJia npHBO,D;JIT I\ neperpynmrpoBRe RHCJiopo;o;nr,rx aro­
MOB B crpyKrypHniX rpynrrax B03 R o6paaonarrmo reTpao;o;pH'IeCKHX rpynmr-


