
rJ!>-~ ;tgo 
P17-95-290 

H.B.BbIOHf 

,UBYXITHKOBbIH 3cf>cf>EKT ,UHHAMW-IECKOH 

BOCITPI1I1Ml.JI1BOCTI1 ME)KI'pAHYilbHOH OEilACTH 

BbICOKOTEMITEPA TYPHbIX CBEPXIIPOBO,UHHKOB, 

I13MEPEHHbIX B HAilO)KEHHbIX IIOllilX Hdc I1 H ae 



"' 

© Qfu,e)\HHeHHhiH HHCTHTYT Jl)\epHhiX HCCJ:re)\OBaHHH, .ll:y611a, !995 

1. Bsep;eHrre 

0TJII!"lHTellbHOll '!epTo{r Bb!CO!<OTe~mepaTypHb!X CBepxnpOBOil;HllKOB 

(BTCIT) J!BliJ!eTCJ! cyll.\eCTBOBaHII€ Me;KrpaHyllbHOli 06l!aCTII (MrO), 

oxpy;Karoll.(eii cnepxnpoBO/IJ!ll.\He rpa:rrynhl. IIonecTHo, 'ITO MrO JIBl!J!­
eTcJI TaKiK€ cnepxrrpOBOfl.HHKOM BTOpOI'O po;rr.a, IIllOTHOCTh KpiiTH"i€CKOI'O 

TOKa K~TOpOI'O ITO cpaBH€HIUO C rpaHynaMli HII3KaJ! li CHJihHO naBHCJIIJJ,aJI 

oT TeMnepaTyphl rr MarHnTHoro norrJI, 'ITO nprmop;nT K P"AY JIBl!eHrrn 

npn Ha.v.tarHH"lHBaHnii, xapaxTepHhlX lll!J! BTCII-MaTepnarron: cnllbHOe 

cHIDKeHrre TeMIIepaTyphl mrKa Tp ( Ta TeMIIepaTypa, IIprr KOTopon B03-

HIIKaeT mrK Ha Kprrnon TeMIIepaTypHon oanrrcnMOCTll MHHMOH "!aCTll p;rr­

Ha.">III'!ecKon nociiprlllM"liiBOcTrr (ac-nociipiiHM"liiBOCTI>) x~.(T = Tp) IIpH 
nonpacTaHIHI aMIIJIIITJ"Ahi Ho II3MepHTerroHoro nepeMeHHoro nornr Hac= 
H

0
sinwt; no.HBITeHne '9:eTHhiX BhlCWIIX rapMOHHK ac-nocrrpHHM:'UIBOCTII 

H 
. • 

B IIOCTO..S:HHOM IIOIT€ de; B03HHKHOB€HII€ ;II.BYX IIIIKOB Ha KpHBOI! Xt, ll3-

M€pJI€MOH KaK <f>yHKl!HJ! oT Ho B nprrcyTCTBHH Hdc· C. )lJKOJIMecrrn 

II K. <t>occxanM [l]IIo;~;po6Ho norroJKrrnrr aKCIIepHMeHTMbHhle p;a:rrHhle 

IIOCJiep;Hero TaK Ha3b!Ba€MOrD p;B)'XHIIKOBOrO a<fl<fleKTa p;l!J! K€J'aMllKH 

Y Ba2Cu30
7
_, (YBCO) rr xa"!eCTBeHHO o6'bJICHHJIH ero B paMKax MO­

p;errn KJ'UTll"l€CIWrO COCTOJIHHJI C 6nH- U KHM-Bhlpa;KeHHJIMH 1\l!J! l!l!OT­

HOCTII KJ'llTU"l€CKOrO TOKa Jc. 
B npep;hlp;yll.\eH pa6oTe [2] HaMn 61>IJIO noKaoa:rro, 'ITO ac-nocnprrHM­

"liiBOCTb MrO IIOJIHOCTbiO OIIIIChlnaeTcJI n paMKax Mop;eJIII KpHTII"le­

cKoro COCTOJIHIIJI (MKC) C o6o6meHHhlM Bhlpa;KeHHeM p;l!J! Jc Tlll!a Jc = 
a<o(l- T/Tc)•/(Bo+ I B J)P (Tc- TeMIIepaTypa IIepexop;a B cnepXI!pOBO­
p;Jimee cocTOJIHHe MrO, B - JIOKMI>Hoe BHyTpeHHee norre, cTeneHHhle 

<flaKTOJ'hl q II (3 BhlpaJKaiOT TeMIIepaTypH)'IO II IIOJieByiO 3aBHCHMOCTH 

CIIOC06HOCTII 3aXBaTa MarHHTHhlX BHXpeii y D;€HTpOB ITHHHHHI'a, £Yo ·H 

Bo - KOHCTaHThl). 06ooHa"lHM aTy Mop;ellh KaK PMKC (pacrnHpeHHaJI 

MO;II,€Jih KpHTlrqeCKOI'O COCTOJlHliJ!). 

B HacTOJimen pa6oTe IIposop;HTCJI Mop;enHpona:rrHe p;syXIIHxonoro a<f>­

¢eKTa s paMKax PMKC, ocHosanHoe Ha cneAy:romHX coo6paJKeHHJIX: 

1) M3-3a HeKOHTponHpyeMoro oTKllOHeHHJI oT CTexHOMeTpHH y Ma­

Tepnarra MrO [2] oHa"leiiHJI <f>aKTopon q 11 (3 BTCII-o6panl!OB op;Horo 

H TOro JKe coep;HHeiiHJI napbHpyroTCJ! c 6ollhWllM pao6pocoM [3-5]. 8To 

ooHa"!aeT, 'ITO IIprr xorrii"!ecTBeHHOMaHMHoe HaMarHn'!eHHOCTH MrO, s 

TOM "li!Clle II p;B)'Xl!llKOBhlR a<fl<fleKT, <flaKTOphl q li (3 1\0lllKHhl OCTaBaThCJ! 
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CB060ll,Hh1MH:, IIX 3Ha'9:eHIIH OIIpe)l,E'JIHlOTCH npu ITO;:I,TOHKe paC'9:E'TOB IIO 

8KCI1€pin.IeHT&'IhHhi!IJ ~aHHhiM. Ilo8TO:-.Iy KO:IIPJE'CTBE'HHhiif aHamm ;::J;ByX­

II!IKOBOrO o¢><j>eRTa ~o~>KeH 6h!Tb npone~en n pa"Rax P!viK C. 

2) Ilpu H3Y'9:€HIIII T€MIIepaTypHOIJ: GaBHCIIMOCTII (lC-BOCIIpi1HM'9:H­

BOCTH B crra6oM ac-none nocrregHee HBrr.a:erc.a: 113!\lepnrerrhHhiM, a non­

)l;eilcTnne T€MIT€j)aTyj)hl Ha o6patl€!1 HB~JI€TCJ! o6paTIIMhiM, 'ITO ITOGBO­

ilH€T ll,OCTaTO'tJ.HO rrerKO IIHTepnpeTHpOBaT:b 3KCIIepHM€HTa.'lhHhl€ )l,aH­

Hhl€. O~HaKo npn nongeHcTBnn, KpoMe TeMnepaTypHoro, Harron.:eHHhiX 

noneil Hd, n H.,, nerrii'IHHhl KOTOj)biX napbHj)J"IOTCJ! n 6onbWOM iJ:Ha­

nanoHe, TeMnepaTypHhle H norrenhre 3amrcuMocTI:I a.c-nocnpiiiiM'tfliBOCTII 

CTaHOBHTCH 6orree CilOA\:HhiMH, !IX HHTeprrpeTaUIIII ORaObiBaiOTCH 6orree 

rp)'ll;Hh!MII. Mbi XOTHM nponepiirb n noRa3arb, 'ITO PMKC MmKer CIIO­
co6cTnonaTh TaKara po)l;a IIGy'IeHIIHM. 

Hn>Ke, no BTopoil '!acrn, II3liaraercH cywrrocrb )l;ByxniiKOBoro o<j>­

<j>exra. Ero MOiJ:€ll!ipoBaHHe n cpannerrue Bhi'IIICl!eHHh!X KpnBh!X c OKC­
nepnMeHTaJibHbiM!l )l;aHHh!Mil C. .[\>K011M€CJIII II I(. ¢OCCXaiiM [1 j ITj)€)l;­
CTaBil.IDOTC..S: B Tp€TI>eil: '9:aCTII. 

2 . .Il:BYXIIHKOBhlH acp.pexT B paMKax PMKC 

PacMoTpHM BTCII-o6pa<Jeu IIHJIIIH~pn'!ecKoii <j>opMhl iJ:HaMerpa R 
n ~l!HHhl L (L ~ R 1\l!J! nperre6pe>KeHIIH paGMarHH'IHBaiOwHM <j>axTo­

poM), OXlia>KiJ:a€Mh!H 6eo nonJI iJ:O reMnepaTyphl T < T, n noMeweHHh!H 

BO BHeWHHe :rwaxci:Ia.JThHhle MarHHTHI>Ie norur Hdc n Hac 1 HanpanrreuHh!e 

ITaj)aJill€llbHO ~JIHHHOH OCH UHJIHH~j)a. 

Ilpn paccMoTpeHHI! HaMarHH'IHBaHIIH Me>KrparryJibHOH o6nacTn 
BTCII-o6paGI(a MO>RHO paccMoTpeTb MrO KaK cnepxnpono)l;HHK BTO­

poro po;u;a co cnon:MH napaMerpaMn (Hc~,Hc2,.lc,Tc), IIMeiOW.HH reoMe­

Tj)IIIO ~aHHOrO 06pa3l(a C o<j><jleKTHBHOU ITj)OHH!1a€MOCTh!O fleff' KOTO­
j)aJI 3aBIICIIT OT ee o6'beMHOII )10l!H fn nOT MeiiccHeponcxoro cocTOJ!HllJI 
rparryn [3, 6]. 

B iJ:IIaHa<Jorre. II011J! Ho~ < H,. < H,2 (H,. = Hac+ Hac), B paMKax 
MO~eJIH KpHTHl:J:eCJWfO COCTOJIHRH, HepaBHOBeCHl:.I:R CTau;HOHapHhlii npo­

<j>HJib JIOKaJihHOro ITOJIJI B(r) BHyrpn o6paGua onpe)l;e11J!eTCJ! Cl!CiJ:YIOWHM 
ypaBH€Hll€M: 

a~~··J = a0 (1- fr /(Bo+ 1 B llp. (1) 
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1\:aK n B pa6ore [2]. ;x::r.a: npocTOThl Mhi npnpanHimae:-.r Bo K H)":IlO 

II IlfHOpllp,Y<'M paOphlDHOCTb IIO:IH Ha IIOBE'pXHOCTII 0 6paoua 3a C'9:€'T 

0 6paTlJ).IOii HH:!\lafHIPIPHHOCTII J/, ,1• 

B Hy.1rn<ni IIO:I<' H1f<-· npu H(/(' > Hd. nepe:-.teHHOe no:le npoHIIKaer D 

o6paneu B DII,l(~ !\IafHIITHhiX DIIXpeii. llo :-.I(:'p<' DOGpacTaHilH a~HI:liiT~:I,hl 

Ho H,1, rrpoHu:n:aer r:~y6;.Kr n o6pcmru. rrpiPir:-.r co6:Iro;ta.eTCH C'ID.nre­

TpnH gnyx DC'TDPii npo¢nr:111 n:oKa:IhHOro IIOJIH - no;:ro:,.n:nre;rhnoii B+ ( r) 
n orpnuareaMIO{I B-(r), coornercrnyiOwux :~nyM nmynepno:~a>I un­

Kn:a nept>1H'HHoro IIO:IH Hac > 0 II H(lc < 0. B CDJI::3II \ 8Tii~r ~"Df':IIP.:III­

DaRTC'H MHIIMaH ~IaCTh aC-DOCIIpiiii~PUIBOC'TII \
1

;, CBHOaHHaJI C IIOTepeii 

3Heprnn <tC-IIOJ:H. pac:r~rnTaHHoil Ha <';tiiHnuy noo;I,eiicrnyromeii: at.tnnn­

T)'il,hi H0 • lvlaKcn:t-.ry:rvr .\
1;1' Ha6monaereH, Kor;::ta <f?poHT rroJI..s: Ha, :l,OCTII­

raer cepei];HHhi o6panua. norKorrhKY r ;!laJibHellwnM ynemr:reHneM Ho 1!3-

oa KOHe~:IHOCTil pat1M<.'pa o6panna TaK<UI npiiB<';::t<.>HHaH IIOT(ip.a: ;::IOi.lhi:HR · 

YM<'HhWIIThCJI. AMITJIIIT)~a H~no, npn 1\0Topoii DOOHIIKa<'T ITIIK. Cil<'.l,YlO­

II!aH (p11c.1, TO'IRII): 
H~110 = Hp, (2) 

r;u;e H1, - none nonHero npoHIIKHODE'HIIH. KOTOpO(' oanncnr OT ("llo(·o6Ho­

CTII TIIIHHIIHra li paDHO [2): 

Hp= [(i3+1)n.(1- frl"(J+I) (3) 

B non<? HdC' > He~ n, ecnu ;3 > 0, To T<'p..S:<.>T<"H CIIMM(:'TpiiH ;:tnyx D<'Tn<.>ii 

B+ ( ,. ) II B- ( r ), 'ITO lljliiDOI\IIT K acmnH'Tj)IIII II~T~ab Ha,mrHII'I~HHOcrn. 

B oroM cny'lae MO)In<jlnunpyercH ycnonne (2), oHo Bhlr1!.HiJ:IIT crre)lyiOII!IIM 

o6paooM: 

(H +H"'I)Ii+l±iH -H"'II;'+l-?H.i+l de o de a -- 1' • (4) 

3;u;ech DME'CTO H~na o6o::ma~m.<'!I.·I aMIIJIJJTYA.Y II('l><'M<'HHoro nona. npn KO­

Topo:ii nonHnKaeT no~o6Hhxfx rrnx. ~xep<'::l H~111 • 3HaK n:noc .U.JIH <':ry~raH 

Hd, < H~" 1 (pnc.l, H~npeph!BHhl<' .RJ>IIBbi<') 11 MIIH)"C )I:JJ! Hdc 2: H,;" 1 

(J>IIC.1, j)ll,""lph!BHbl<' KJ>IIDble ). 

B cny•me c j} = 1 nMN'M 

H~~~~ = (H,~1w)2 
2Htli· 

('("Jill H(,r > H,, - 2 . 

H"'l = I(H"'")2 _ H2 () v 0 (k" 
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{'(':III Hd, < H,, 
2 

(5) 

(G) 
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Pnc.l. Ilpo<j)Iml! noKanLHoro BHyTpenncro rronl! B(1·, ±Ho), cooTneT­
crnyromero rrorriO H~110 (ro~n:n), nomo Hgll AJIJI cny>Iaa: H;:1 > Hdc (He­
rrpepbiBHb!e KpHBbie) n H~"1 S Hdc (pa3pbiDHb!e KpHBbie) 

.[pyrHM CJIC,ti;CTBI:I€M IIOTepH CI:IMM€Tpiiii IICTJIII HaMarHIP:I€HHOCTH 

.!VffQ JIB1JJI€TCH BO:)HHKHOB€HH€ ;II.OIIOjJHifT€1IbHOf0 BToporo IIHKa Ha KpH­

BOif X~(Ho) rrpn ynemt'leHI!II Ho n o6nacTI! H0 > H~"0• TaKoii: nnK KpKo 
nb!pa>Ken """ Mro BTCII-o6pa3na no-oa cnrrLnoii: oannciiMocTn Jc oT 
~<arHI!THOro IIOlll! (j3 > 0). 

Puc. 2 cxeMaru'9:eCKH noAanLIBaer anorriOI(Ino npoHHKHoBeHHK nepe­
MeHHoro IIOi!l! Hac npn npiiCYTCTBHH nolll! Hdc· C noopacTanneM aM-

H • IIJIIITJ~hl a, nocn:e .D;OCTH4{€HIIH BI:JIIIeynoMHHyroro nepnoro IIHKa, x
1 

CHH~KaeTCH CO CKOIJOCThiO, GaBIICHW.ei{ OT 4-aKTOpa /], KOTOpbi:H OIIpe,u;e­

ill!eT xpunnony rrpo<jnmx noKarrbHoro nonx B(1·). C 1\al!bHeii:wnM B003-
pacTaHIIeM Ho, xor,u;a Ho > Hdc' KpiiBHOHa JIOJGlJihHoro nomr B-(r) BO 

BTopoM norrynepnop;e nepeMennoro norrx oaMeTHO noMeHl!eTCJI (eM. Kpn­
Dhle, OTMe'leHHhle OHaKOM + Ha pl!c.2), 'ITO llpHBOIJ;HT K O'lepep;HOMY 
ynean'leHIIIO X~. TaKoe I!OMenenne 1\0CTI!raeT MaKCHMyMa npn norre 
Ho = HJ:2, npn: :}TOM BOOHIIKaeT ,n;onoJIHHTeJibHhlii BTOpoii: IIHK, rro­

CKOilbKy npH p;ai!LHeitWeM ynerrn'leHnn a.\lnliHTY;J;hl Ho > H;:2 OIIJ!Th no-
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Pnc.2. 8nomonHJI <f>poHTa rrepeMeHHoro IIOJil! Hac, rrpoHHKaiO!l\ero B 
o6pa3en, n rrpncyTcTBHII rrocTOl!HHoro rrorrl! Hdc- IIapaMeTphl, IIcrrorrh-
3oBaHHbie rrpn Bbi'IHCJieHnn: Hp = 500 A/M, Hdc = 500 A/M, Ho = 200 
(o), 400 (6), 600 (+), 800 (•) n 1000 A/M (-). HerrpepbiBHb!e KpiiBhte 
rroKauhrnaiOT ¢tpoHT rrepeMeHHoro nomr Hac c aMnllHTJ'}l;O:ll H[/'2 

oa reoMeTpn'lecxoro orpann'leH!Il! npunep;eHHM noTepJI GHeprnii p;on­
)KHa yMeHhlllaTbCJI. 

Ilorre H~»2 yp;onrreTnopJieT ycJIOBHIO 

H;:'2 = Hp + Hdc· (7) 

" "(Hml) " B crra6oM none Hdc CliiiBaiOTCl! 1\Ba III!Ka X!ml = XI o H X!m2 = 
x~ (H:;'2). Hx pacll\enrrenHe 6yp;eT BH/IHO n none Hdc 2: Hpj2f31P+I. 

3. · Mo}:lennposanne a }:IHcKyccn.ll 

PMI<C H ee npHMeHei!He II"" anarriioa ac-nocnpHBM'IHBOCTH MrO n 
BTCII-o6pa3nax HO/Ipo6no npep;cTanrreHbt B [2] .. B paMKax PMKC Mhl 
npOBO;J;IIM HII>Ke MO;J;el!IIpOBaH!Ie ;J;BYXITIIKOBOrO G<f><f>eKTa aC-BOCHpHIIM­
'IHBOCTH MrO, H03MepJie~wii: n narro>KeHHhlX HOJIJ!X Hdc H Hac· 
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3.1. H:JoTepMH'IeCKHe noneBbie aaBHCHMOCTH ac-oocnpHHM"<IHBOCTH 

lb <jlopMynhr (7) BII)(Ho, 'ITO norre H!i'' npli,IO:IIIHer"mo ynemi'lnnaeTeJI 
e nonbrmeHneM nol!H Hd, HeaanneiiMO oT <jlaKTopa !3. 

Ka.x OTMe'<!eao Bhillle, B cna6o1r rro:te H de gna nu:Ka cnunaroTca APYr c 

,u;pyroM B Oi];HH llHK, TIPil'"IeM Im-na TOTO: '9:TO x';ml < x'{m2' C!lli'I'hiif IIIIK 

HaXOi\l!TeJI npanee Hp ( n noToMy OH l!JleHnHjmuHpyeTe~ KaK BTopoii 

2 

R 
"' • N 

~1 
• • .. 

0 II I I I I I I I I l I I I I I I I I I I I I I I 
0.0 0.5 l.O 

Hdc• MTn 

Pne.3. 3annciiMoeTb nonJI H:;'2 oT Hdc· 3neaijO'IK!I - 3KenepiiMeHTaJib­
Hh!e i\aHHh!e pa60Tbi [1 J. K p!!Bal! - oannerrMoeTb Bh!'IneneHHaJI e no­
MOll!biO npone/IYphl HaXO>Ki\€IIH.ll MaKenMyMa na Kp!!BOIT x'; ( Ho) paCC'Ili­
Ta.HllOIT n paMKax ECSM i\ll.ll paaJIH'IHhiX ona'lenni\ Hd, 

nHK), HO cnerxa C)I.niiHYT n cTopoHy 6orree cna6oro noiDI, '9:TO rrpHBO­

,Il,IIT K KaiKyll.l,eMycH ~a axcnepiiMeHTe ocrra6neHH10 nanHCIIMOCTH H:Jl2 
oT Hd, (eM. a~o:cnepnMeHTaJibHhie TO'IKH na pne.3). Ho n 3KC!!epnMeHTe 
Ha6JIJOi(aeTeJI yermeHne TaKori oannenMoeTn npn Hd, > 0.1 MTh. TaKoe 
yenneHIIe o6o.JieHJieTeJI ynemi'IeHneM a<jl<jleKTHBHoro nonJI H'Jff Ha rpa­
HnQe Me>Ki\Y MrO H r0 oa e'!eT MerreeHepoBeKoro eoeTOJ!H!IJ! rpaHyJI [7]. 
Tipn BHemHeM noapaeTaJOll!eM none Hd, Ha rionepxHoeTn Me>KrpaHyJih-
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aoii o6:mcTII. norpy:,KcHHoii n rpe;:ry cnepxnpono;;rJiwnx rpaHy:I, noo­
i(eiieTnyeT o<jl<jleKTIIDHOe no~e H~[1 = Hd, + ~Hdc· qe oHd, eOOTBeT­
CTB)'E'T ITO)'JJO, DhiTO:ll\H)"BWt':~..I~TH II:) rpaHyJI II HanpaB::J€HHO:!\f)" napa::I­

ii€:IbHO rro!IJO H 11,. ITo;t,o6Hhiii 8cfl<fH?KT. ecTCCTDeHHO, IIMee:T uecTo II 

;u:ur rrepe?<.reHHoro rro:ui. IIoc:KO:JhKY rrpupaweHIH? no.1.H OHdc }l.I€HJieT cnofr 

0HaK il)I.H IIO::IOJI\.IITE':JhHOfO II OTpHUaTE'.1bHOro TI07lyrrepiiO,J:.OB nepe:t-.feH­

HOfO IIO:IH, TO ;I..:'IH npocTOThi Mhi npeHe6peraeM BITIIHHIIeM OHac Ha ::ma­

~reHue a:Mrr:.rnTy;a,hi IIG:!\lepnTe;'lbHOro no:r.H Ho. 
Ha pnc. 3, Hapa;u;y c 8Krrrepn1reHTanbHhiMII gaHHhiMII no;rJI Hbn2 ~ no­

MepeHHhiMII npn T = 80 E. noKaabmaeTcJI KPIIBaJI H~"2 (Hd,), Bbi'InerreH­
HaJI He no <jlopMyne (7). a e noMOll!h!O npone;<yphl HaxmKi(eHIIJI ~m~o:en­
lvlyMa TeOp€TIPI€CKIIX :JaDIICII1IOCTC'I1: \';(H0 ), paCC't.IIJTaHHhiX B pa1I:KaX 

Plv!K C c Y'ICTOM OKcnepmieHTarrbHoro wa<jl<jlunueHTa KOHueHTpannn 
nonJI i\lil! noeTOJIHHoro nonJI -1 = 1.2. Xopomee eonua)leHne· Me>Ki\Y Bhl­
-qncneHHbiMII II 3:KCIIepiiMf>HTaJihHbiMII )laHHbiMII orrpaB,Il,biBaE"T Ilpll'9:1IHbl 

yrroMHHYTDIX ocna6neHHH n ycnneHIIH nanuctn.WCTII H~112 OT Hdc· 
B OTJIH'9:Ue OT nonH H~112 none H~nl nanncnT OT <fla:KTopa .t3. Co­

rnaeHo [2] B HynenoM none Hd, <jlopMa !l(lOTepM!l'IecKoii Kpnnoii \';(Ho) 
AJI.H o6paaua c na)J.aHHhlM rroneti nmtaoro npoHII:KHOneHIUI Hp :JamtcnT 

TOIThEO OT B€nii'9:IIHhl ,/3. fio 3:KCII€'piiM€HTfu"IhHO:ii BeniPHIHC IIOITYWIIpiiHbl 

ITHKa x';(Ho = H~"0 ), HGMepeHHOii npn T = 80 I~. Hd, = 0 e H, = 
0. 79 MTh, O!!pe)\eliJ!CM GHa'!€Hl!C j3 = 1.55. C TaKl!M GHa'IeH!leM (j}aK­
TOpa ;3 aannenMoeTb nonJI H~nl OT Hdc Bhi'IHCll>IeTeJI no (jlopMynru.I (4). 
a p;mr cpaBH€HIIH C 3:KCIIepnMeHTaJihHhiMII p;aHHhlMII Ha piiC. 4 IIO:Ka3bl­

naeTCH OTHOlllCHIIe H~nl /(H~111)) 2 = H~111 / H'; KaK cflYHAUIUl OT IIOJIH Hdc 
(eM. paaph!BHYJO KpnnyJO Ha pnc. 4). H3 pHc.4 Blli\HO. 'ITO eemr y•wcTh 
a<jl<jleKT KOH!lCHTpanmr nonJI H~[f, TO ny'Illlee eonna)\eHne Bhl'lirmeH­
HhlX KpiiBbiX C 3KCIIepii1lCHTaJihHhiMII ;o;a.HHbiMII ;rtiTH Dcero )l,IIananoHa 

Hd, = 0 + 1.1 MTh n TCMnepaTyphr T = 78 + 84 K nony'raCTeJI co 3Ha­
'9:eHHeM (3 = 1.2, 0 '9:CM CBII,Jl.E"TCITl>CTBYIOT Henpepl:>IDHble EpiiBhH.' Ha 

puc. 4, Bbl'9:llCJif>HHhlf' C j3 = 1.2 U (' 3KCIIt'pii1H'HTaJibHblMII 3H<l'9:<'HII­

J!MII noJIJ! H, = 0.95, 0.79, 0.63, 0.46 MTh )ll!J! T = 78, 80. 82 II 
84 K e eOOTBCTeTB)'IOI!lliM KW<jl<jlHill!CHTOM KOH!lCHTpal!Illl l!Ollll )'= 

1.22, 1.2, 1.16, 1.14, KOTOpbiii np!! nOBbllliCH!lll T<'MnopaTyphl )'MCHbllla­
f>TCH H3-3a ocrra6neHIIH Meiiccaeponc:Koro cocToJIHIHI rpaHyn. 8To 03Ha­

-qaeT, "!ITO ;n;nH na)I.aHHoro IIHTepnan:a naewaero nonH Ha = 
Hdc + H~nl sinwt <PaKTop .13 rrren:a naphnpyeTcH n IIHTrpnmie 1.2 + 1.55. 
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Pnc.4. 3anncHMOCTb OTHOlll€H1I.J! H~" 1 / Hj OT Hdc· 8xcnepaMeHTaJib­
Hhl€ p;aHHbte pa6oTbt [1] p;:rH T = 78 (o), 80 (o), 82 (LI) n 84 K (.). 
HenpepbiDHhle Kpnnhte - Dhl'IIIcneHHhle c \l>aKTopoM ;3 = 1.2 p;ll.l! 'le­
Tbtpex 3ap;aHHhiX T€MHepaTyp C KOo\l>\l>IIHII€HTOM KOH!1€HTpaQ!{!I H01I.J! 
'Y = 1.22, 1.2, 1.16, 1.14 cooTBeTCTBeHHO. PaapbiBHaH KpnnM - Bhi­
'lncrreHHM ;~:rH T = 80 K c 11 = 1.55, 'Y = 1. IlyHKTIIpHM KpiiBM­
Bhl'IIICl!eHHaH p;Jil! T = 80 K c \l>aKTOpoM j3 = 0.35 n 'Y = 1.2 

IIo:renaH nannciiMOCTb <j>a.KTopa ;3 ua6mop;anacb ua npaKTIIKe [8,9], oua. 
ecTeCTBeHHO CBl!3a.Ha c npnpop;oii neuTpon nnuinmra MrO-o6pan11a II 
ItX BOaH~WgeifcTBHCM C MarHHTHhiMH DIIXp.HMU. 

Puc. 5 cpaBHnnaeT aKcnepHMeHTa.,.'IbHhle .n.aHHbre oaBIICMMOCTeH ne1!H­
... II:IH x'{ml .II x'{m2 OT Hdc c KpiiBbiMH, Bbl't:IIICJI€HHhiMU: B pa:t-.uax PMKC 
II HOpMHpOBaHHblMII llO 3KCll€piiMCHTaJihHOM.)' 3Ha'9:eHH10 x';ml, KOTOpoe 

HaCb!ll\aeTCl! B none Hdc <: 1 MTh uenanncnMo OT <j>aKTopa. ;3. Kpn­
naH :.:'{m 1(Hdc) (pnc. 5, uenpepbtBHaH KpnnaH), Bhi'IIICJieHHM c ;3 = 1.2 
II -, = 1.2, XOpOWO corrracyeTCH C 31\CllepHMCHTa.JlbHhiMII ;ll,aHHhlMH, B TO 

npe>IH KaK IJ;ITl! '3aBUCIIMOCTII x'{,.,2(HaJ Ha6mop;aeTC.l! pacXO>K)l;€HII€. 
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Puc.5. Cpanueune na.nucnMOCTH oT Hac ~KcnepnMeHTaJibHhiX ;J;a.HHhiX 
B€llli"iHH liUKOB x'{ml (o), x'{m2(o) Kepa.MUKH Y Ba2Cus01-6> HM€l0!11€R 
Hp = 0.79 MTn, nnMepeHHbiX npn 80 K c Bbl'lncneHHhiM!{ KpanhiMn ;J;1I.J! 
Xlml (Hdc) C j3 = 1.2, 'Y = 1.2 (uenpepbiBHM KpHBM) a IJ;ll.l! XIm2(Hdc) c 
j3 = 0.35 H "( = 1.2 (pa3pbiBHaJI Kp!{BaJI) 

PMKC IIOKa'3blBaeT, 'ITO Ha nerrn'IIIHJ IliiKa. x'{ B1!1I.J!lOT \l>aKTOp ;3 
n napaMeTp p.,ff. IIocKOl!bKY nonp;e:iicTnyromee ua. p;aHHbiR o6pa'3ell; 
ITOJI€ M€Hbi.l1e, '9:€M nepBO€ KpliTH'9:eCKOe llOl.le r'paHyJI, TO, €CT€CTB€HHO, 

l''ff na.nncnT o'leHb crra.6o OT noliJI. IIooTOMY ua.6nrop;a.eMoe pacxo)l(p;e­
Hne yKa'3hiBa.eT o nanncHMOCTII <j>aKTopa ;3 oT aMUJIIITJ)Ibi nepeMeuuoro 
nonJI, u OKa'3hiBaeTc.l!, 'ITO p;1I.J! nonl! H:;'2 B cpep;HeM ;3 = 0.35 (puc. 5, 
panpbiBHM KpHBaJI). MnMeHeHI:Ie KpHBHOHhl GaBIICHMOCTII X~m2 (Hdc) ro­

nopnT 0 CliO)I(HOM xapaKTepe 3a.BIICIIMOCTII \l>a.KTOpa (3 OT nepeM€HHOrO 

TIOJIJI. 

3.2. TeMnepaTypHbie oaBHCHMOCTH x;(T) B HaJJO)KeHHbiX nOJI.BX Hdc +Hac 

TeMnepa.Typht Tp1 n Tp2, cooTBeTCTBYtolllii€ IJ;BYM BhtrneynoMl!HyThiM 
nuKaM x'{m1, x'{m2, onpep;emrtoTCl! no <j>opMyJiaM ( 4) a (7) 'Iepen TeMHe­
paTypuyro na.nncnMocTb nonJI Hp, KoTopoe p;rrl! MrO Bbi'l!{CITl!eTc.l! no 
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<)iopMyrre (3). PMKC noKatlhlnaeT, 'ITO n ~a;r,aHHOM no~e Hex= Hd,+Ha, 
<)iopMa KjliiBOll \;(T) OIIj)€;:\Cl!HeTCJl <jJaKTOj)O'! q. C IIOMOIIIh!O GKCII€­

j)IIM€HTaJILHOTO 3H<l'I€HI!J1 I!O~)'WII])IIHhl IIIIKa Ha Kj)IIBO{I x'{(T) OIIpe­

)\€liJ1€TCJ1 :oHa'IeHne q = 3.1, 'ITO n ~aeT (n cncTeMe CII) :oHa'IeHne 

et0 = 3.27 · 1011 lilli! 1.86 · 109 i!,l!Jl :3 = 1.2 II 0.35 COOTBeTCTBeHHO. 

Pnc. 6 noKa.3biDa.eT :Janncn!'.wcTn Tp 1 n Tp2 oT a:t-.rnnnTJ"Ahi ncpeMeH­

Horo nomr B guananoHe 0 < Ho < 2 }.IT:I rrpn Hdc = _0.55 MTrr, Dbi'9:H­

crreHHbie ;r,rr.l1 (3 = 1.2 11 0.35 c KOG<ji<jJIII!IIeHTOM KOHIIeHTpanml norrJI H;[I 
1 = 1.2. HapH;::~;y c aTIIMH KpiiDhBHI Haxo;::I,HTCH n aKcrrepuMeHTa..llbHbie 

3Ha'9:€'-Hllil T€'-MIIepaT,Yphl IIUKa, IIpH KOTOpoll DOOHHKaeT IIHK Ha KpiiBO:ii 

x'; (T), H3MepeHHOIT B KepaMI!K€ y BCO B TaKnX TIOliJ!X. BIII\HO, 'ITO B 

oa.n.aHHOM rrorre Hdc' B 3aBIICHMOCTH or ::ma'9:eHnH ali-:IIIITI:ITJ~hl H0 II3-
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TeMneparypa, K 

Pnc.6. 3aancnMOCTll TeMnepaTyp nmwB Tp1 n Tv2 oT aMTiliHT~LI H3Me­

pnTellhHoro nepeMeHHOro TIOliJ! Ho npn Hd, = 0.55 MTh. KpnnLie, Bhi­

'IllCli€HHhle C KOo<ji<)iHnHeHTOM KOHI:(€HTpai:(IUI TIOliJ! "f = 1.2 )\l!J! p = 1.2 
(HenpephiBHLie) n(3 = 0.35 (nyHKTnpnLie). To'IKll- oxcnepnMeHTaJih­

HLie 1\il.HHLie pa6oThi [1]. Hoi n H0 2 - rp&HllnLI Toi\ o6rracTn Ho, r)le 

Ha6JIIO~aeTCH CJIIIHHHe ;a,B,YX IUIKOB 
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ME'piiTI?JibHOrO IIOJ.H. IIpll HarpeD€' OX:JRiK;J,a.f'!llOfO 6€'3 IIO:IH o6pa:Jna C 

Te>rnepaT)"j)hl Tb < T, ~o T, Ha Kpnnoii \i"(T) ,wn;eT Ha6mo~aThCJI IIIIK 

m16o nepnoro ( ecm1 Ho < H0 J), m16o BToporo po;J:a ( ecm1 Ho > H0 2), 

ml60 ;J:Ba IIIIKa. C:JIIThiX B O)IIIH WIIj)OKIIll IIIIK (npn Hoi < Ho < Ho2 ). 
Tc~mrpaTypa c~nToro nnKa np1mepHo panHa (T;,i + 7;,2)/2, 'ITO npnno­

/l.IIT K KR:iKYlll.f'}.l)'CH RHO!I.Ja:JbHO}.lY C)l.DIIry (TO I?CTh IIOBhlW€'HIIIO) TE'MIIE'­

paryphl IIIIKa. Ha KpiinoiJ: \ '; (T) Tip II D03pacTaHIIII a!IIIIiiiiT~-;:lbl II3ME'pH­

TE.'ilhHOrO IIO:rH H 0 • 

IV. 3aKJIIO'ieHHe 

Ha ocHone a.Ha;IIIUa :n.;:crr('pii~1eHTa:I:&HbiX ;:taHHhlX pa6oThi [1] B pa.:M­

Kax paCWIIpCHHOii: MO;I.!'i!II :K})IITIPI€'CKOro ('OCTO.HHIIH [2] :Mhl MO;tl€''1llp)'€'M 

ITOIT€'Dble II TE'MIIepaTypHbiE' 3aBIICilMOCTII 1IHII?<.10{I 't!aCTII· aC-BOCITpii-

" H u -IIM'tJIIBOCTH \l ~ U::lti.1C'peHHbie B HaJIO:iK<'HHhiX IIOITHX de+ nac• Ha. pnc. I 
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Pnc.7. IImmn:eHue )::(Dyx IIIIKOD Ha .Kpnnoii \';(Ho) rrpn pa:1Jlii'IHbiX non ax 
Hdc· IloKa:JhiDaiOTCH TaK£<' <'OOTB<'TCTDYIOUJ,IH' KpiiDbH' p<'aJibHoii ~uu·Tn 

\'i(Ho)· Ii:pnBLI<' BLI'IIH'li<'HHLI~ n pm1xax P!I-!KC c napaMrTpaMn ) = 
1.2, H1, = O.i9 MTh, 'Y = 1.2 1\ll.a H.t, = 0 (o), 0.44(o), 0.66(6) n 1.1 MTn 

( <>) 
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Puc.8. Bhl'!IIClleHHble TeMnepaTYPH!'fe naBIICIIMOCTII X~ (T) n none Hd, = 
0.55 MTll c j3 = 1.2, q = 3.1 u )' = 1.2 )lllH panrrii'!HhiX aMIIi!HTYi\ H

0
= 0.05 

(o), 0.8 (o) n l.i MTh (LI). IIpu H 0 = 0.8 MTh Ha6l!IO/IaeTCJI CllHJlHIIe 
;::J;B.)'X IIIIKOB, KOTOpoe IIpiiBO,!I.HT K pacwnpeHIUO TOTaJihHOrO IIIIKa Ha 

Kj)IIBOII X~(T) 

II 8 (eM. )J.:tH cpanHeHIIH puc. 3 II 9 n pa6oTe [1 ]). Oco6eHHoCThiO TaKnx 

OaBIICIIMOCTeii >IBiiHeTCH BO:)Hl:IKHOBeHIIe ;::J;B.)'X IIHKOB Ha 3TIIX KpiiBhiX, 

KOTOphie MOf.)'T C:.IIIBaThCJI B OJl.liH WHpOKH:ii TOTaJihHhii':J: IIHK, 'tfTO IIpH~ 

BOgHT K aHOMa."'hHOMy IIOBegeHHIO IIIIKa Ha KplrBOif X1
{, HOMepeHHO:ii KaK 

<jiyHKIIHJl aMIIllHTY/Ibl nepeMeHHoro norrH Ho u TeMnepaTypb! T B npn­

cyTCTBIIH BHeWHero nocTOHHHoro IIOllH Hd,· MmKHO C/lellaTb crre/IYIO!llHe 
DhiBOJ];hl. 

Mo)leiTb KpnTH'!eCKoro cocToHHUH c o6o6meHb!M Bb!paJKeHneM /Ill.!! 

nrroTHOCTH KpHTH'!ecKoro TaKa .J, = a:,(1 - T jT,)• / I B ip (PMKC) aile­

KDaTHo OIIHChlDaeT IIOJieBLie H TeMrrepaTypHhie OaBHCHMOCTII ac~BOCIIpH­

IIM'!IIBOCTII MrO BTCIT-o6pa::Juon, y KOTopoil: cnoco6HoCTh nnHHHHra 
~IarHHTHhlX BUXpeif CIIdhHO OaBHCUT OT IIpOI(ecca HGrOTOBJieHHJI 0 6~ 
pa::JUOB. 
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JlnyxmiKODhiii o<ji<jlcKT, Ha6mogaeMhiii B KepaMuKax Y Ba2Cu307_ 0 II 

npe;:~,cTan:reHHhii"'r B pa6oTe C. ,I!:.-Ko::rc:tvremi n K. <PoccxaJIM [1]) .HB::rJieTcJI: 
C:IE';:I.CTBIIE'M CUJibHOii: IIOITE'BOil: OaDIICIUI'!OCTH IIITOTHOCTH KpllTIPI€CKOrO 

TOKa MC>KrpaHy~hHOII o6nacTII BTCII-o6pa3!1a. chaT a<jl<jleKT KOllii'!e­

CTDeHHO onncaH n pa::-.n.:ax P1-1EC c y.._reTO:M. BiiiUIHHH MellccHeponcKoro 
COCTOHHHH rpaHJ":IbHOil: o6n:aCTII. 

Ilapan:rrerrbHO noncAy Honora cocTana c 6onee BhlCOKUM oHa'9:eHHeM Tc 
ITpOBO~IITCH pa6oTa ITO CHII:iK€HII10 CT€Il€HI:I OTKITOH€HIIH OT CTexHOM€­

TpHII MrO, .._ITO 61:>1 TeM caMbiM yrry-cxwnTh cnepxrrpono;n;Hw.n:e cnoiicTna 
MrO II IInroToBIITb KnannMOHOlliiTHhle BTCII-KepaMIIKII, y KoTophlx 

napaMeTpb! /l;OCTHra:IOT TeopeTII'!eCKHX npe/lellOB II"" /laHHoro Kllacca 

coep;nHeHnH. IIpn 'I'aKnx IICClle)l.OBaHIIHX MO!llHhiM HHCTpyMeHTOM .l!Blli!­

IOTCJI nnMepeHIIe /IHHaMII'!ecKoii nocnpnHM'!IIBOCTH B nanncnMocTn OT T 
n Ha.JIO)K€HHhiX norreir Hdc+Hac H o6pa6oTKa nmry'9:eHHbiX peoyrrDTaTOB 

B paMKa."< ynoMHHyToii PMKC. 

ABTop BbipaJKaeT 6naro11ap:S:ocTb O.IO ToKapenoii na KoppeKTnpo­

nxy T€KCTa. 
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