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IIe11aTaeTc.11 no pememm Y11eHoro coBeTn l1110T.wryi·n cllHs.lf<IecKKX 

HCCJie~o:eaHHI AI<a.neMHH HayK Apwmcxoa CCP O'l' 28 co11TJI6pJI I989r. 

AHHOTAUHH 

3KcnepHMeHTaJil>HO HCCJI0~0BaHO BJIWUme IIJIO'l'HOCTH KOJIJIOMOB, 

COCTOmiuot HS xaOT.lf<I0CKH pacnpe~eJieHHWC B napa(pmie OJIOBJIHHHX 

rpaHyJI .ItHBMeTpoM d-5 MKM, Ha npon:ecc paspymeHHR neperpeToro 

CBepxnpoBO.Itmllero COCTOJIHWI rpaHyJI npH 06.nyqeHHH peHTreHOBCKH­

MH JJ:Y'iaMH c cllHKCHPOBaHHoa SHeprHea KBWITOB £ y = II5 KSB. Ilo 

pesy.1IbT8TaM STHX SKcrrepKMeHTOB onpe~eJieHO IlOHJITHe pas6aBJieH­

Horo KOJIJIOMa }I Ha TaKOM KOJJJIOM0 HCCJI0~0B8Jili xapaxTepHCTHKH 

CBepxnpoBO.ltlilltlOC rrepexo~OB, CTID.fYJIHPOBaHHHX p0HTreHOBCKHM H3JIY­

'I0HH0M B .IniarrasoHe 3Heprd (5+II5) xaB. 

ABSTRACT 

The influence of density of colloid, consisting of random­

ly distributing in paraffin tin grains with diameter d•5 mm on 

the grain superheated superconducting state . destruc.tion under 

X-rays irradiation with constant quantum energy E•II5 keV is 

experimentally investigated. According to the ~esults of this 

experiments was defined the concept of diluted colloid and on 

this colloid characteristics of X-rays stimulated superconduct­

ing transitions are investigated in X-rays energy range of 

5-II5 keV. 

© H<t>H AH AIN.CCP 

Hs~Tem.cTBo AH AI*.llHcxoa CCP 

BBWID1E 

B ITOCJie~ee BpeMJI B KB.'I9CTB9 ~9T9KTHpyromett cpe,Il;l:l ,nJiff 3JI9-

M9HTap.Hb!X 'IaCTHD; H H3JIY'I8Hd Ha'IaJIH npHM9HJITnCJI M8JIKO.JnICilepc­

Hbl9 TB8p,Il;l:le KOJJJIOH,ll;H H3 CBepxnpOBO.ItmllHX rpruryJI B .JnI3JI8KTPHK8 

[I-4]. nettCTBH9 HOBHX ~8T8KTOpOB OCHOBaHO Ha JIBJl8HHH paspylile­

Hl'IJI MeTacTa6PIJinHoro c~epxnpoBo,niruiero cocTOJIHHJI rpaizyJI npz HX 

06JIY'I8HHH. MeTaCTa6HJlbH09 CBepxnpOBO.Itmll89 COCTOJIHH8 B TarotX 

axcnep.HM8HTax COS~aB.MOCn nyTeM HMOJKeHHJI MarHHTHOro llOJIH Ha 

KOJIJIO~, OXJI8JK,Il;0~ mute ipHT.lf<I9CKOa T9Mll0pe.TypH 're • 

~Hs.lf<Iecxa.11 npzpo~ M8TacTa6HJinHoro cBepxnpoBO.Itmllero coc-
' , 

TOJIHHJI o6ycJIOBJl9Ha IlOJIOJKHT9JlbHOCTDD IlOBepXHOCTHOa 9H9p!'HH rpa-

~ pas~eJia M9l!UJY CBepxnpoBO,ItltDlel H HOPMaJibHOI {f>asaMH B CBep.x­

npOBO,IOmKaX I-po~. 'ITO npHBP.ItRT K HBJieHHHM neperpeBa H nepe­

OXJial!,IJ;eHHH B o6pasnax MaJIHX paSMepoB (5). '.IJ)IJI ~0T0KTHPOBaHHH 

npe,ItllOJiaraeT~H HcnOJIDsoBaTn Tom.Ko HBJieHHe neperpeBa. 

. B HaCTOSDllea pa6oTe zccJie'AOBa.Jiocn BJIWIHl!!e llJIOTHOCTH KOJIJIOH­

'AOB, COCTOmiuot 113 xaoTH'I0CKH pacnpe~eJieHHb!X B napaiflwle OJIOBml-
' 

ma: rpa.Hyn .ItHB.MeTpoM d _. 5 MKM, Ha npon:ecc paspyme~ nepe-

rpeToro cBepxnpoio.ii.fDilero cocTOJIHWI ri>aHYJI npz 06.nyqeHHH peHT­

reHOBCKHMH ~SMJ[·C ~CzpOBaHHOI SHepl'Hel KBElli'rOB 'E'r =II5xaB. 

Ilo pesym.TaTaM STHX aiccnepBM0HTOB Ollp0'A0Jl8HO llOHHT.He pas6aB­

JI0HHOro KOJIJIO~ · H Ha TaK'OM KOJIJIO~e HCCJI0~0Ba.Hbl xapaxTepHCTH­

KH CBepxnpoBO~ nepexo~OB, CTJiIMYJIHPOBaHHblX peHTreHOBCKHM 

H3JIY'I8HH8M B .ItHallaSOH8 SHep!'lrlt (5+II5) K3B. 

OEPA3Ul:l. METO,lWKA 3KCIIEPHMEHTOB. 

0JIOBJIH.Hbl8 rpaHYJIH cos.Ita.Ba.imcn c IlOMOlltl>D ym.Tpa3BYKOBOro 
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.1UICD8prM'Opa Yaml-2T. MeTC>,ll;DB. DpJII'O'l'OBJ[8BJIJI, COpTBpOBKll OJIO­

BSBBYX J:'PBH1JI • 0Dp8,Jt8.118BJIJI BX paCDp8,Jt8JI8IDUI no pa8M8paM OnB­

caHa B pa00'l'8 (6) • 
Kouou COSJUm&ICJI TJQaT8JlldDDf nepe11euomamteu HSBecTHHX 

KomAecTB O'l'COpTJlpOB8HBHX rpaByJI H IIapeifama IIP• K<»ma.THol TEIM­

nepaTJP8. Pacupe,JtN8HJl8 J:'PBH1.1I no .Jt1(8118Tpall ll(J) B HCCJI8.Q'811ll 

KOJIJIOB.Jt8X Dpe.JtCT8BJleHo aa pBc.I~ Ta11 • npe,JtcTaBJieso paeupe.Jte­

Jiemte n011Horo 06'1.eua V ( d} sa111Df8eMOro rpaByJJBllll ,JtaHHoro .1tl'l8-

118Tpa. Mac111Ta6H no OCH OPJtlllRaT Ha pBCJ'HK8 BH6paHH T8It, 11To6H 

IIJI~ no.it Kpl[BHlll[ tl(d) • V(d) 6wm O,JtBHaKOBH. Hs npHBe,JteH­

ma ,JUUIHHX Biwro. "l'l'O I'paBy.llH B HCCJI8.Q'911<* K011.11011Ut8 6H.IJll: coc­

P8JlOTOll8HH B OCHOBBC* B ,JtH8II8.SOB8 paSMepoB OT I JtO 8 MlOI, npll-

11•, ll0,1{,8BJIJDlll88 BX ltOJ!H118C'1'BO BM8JIO pa8118Jll (2,5f6,5) lllQI, a 

OCBOBHOI o6f.eM M8Ta.&Da B lt0JUIOJJJl8 IIpUO,JtBJICJI Ha rpaByJIH C ,JtHa-

118'.l'p&MI[ (3,5.S,O) MDI. CorJl'BCBO npllB8,Jt8HHIDI .1t8HHIDI cpe,JtBHI 

U'8118TP rpaByJI B EO.UOJll,ll8 a COCT8U&11 5,0 lllQI. 

HcOJie.JtOBaBU nposO,Jt11JI111c1> sa K011JIOB.Jt8X c o6'1.8llBIDI co,Jtepsa­

BB8111 IMT&l.lla 0'1'
0 33.!% ,JtO 0,2%. 3'1'o COO'l'B8TC'1'BOB8JIO cpe,JtHBM 

·· paCCTomDIJDI L Ma.Q' rpaByJJBMll B BBTepBa.Jle OT I_,44 cl .JtO 8,0d. 

JlOCftI'BJ'T08 8Ba118Bll8 JJ.l[OTBOCTB KOJIJIOQ11 c L/d,.,I,44 6JJBSKO K 

reOll8TPIA8Clt0113' Dp8,Jt8JJY .Jl.1111 IIJIOTBol yna.KOBD 'l'B8P.JtHX mapoB. 

Ilpalt'?H118CKH 111CCJI8,Jt0BaHHJI JipOBO.lt'IUDICI> CH811&118. Ha Ha1160JI88 nJIOT­

Hc.l .. JtOJIJIOJIUt8, ltO'l'Opd 88'1'811 nOCJI8,JtOBaT8Jil>HO pas6a.BJI&1Ica sa 

- cqeT BBe,Jtemm nap$Ba. 

06pasttaM llp'll!JWB8.lfACI> ~80KM ~Opll& C XapaK'l'8plDDDl 

paawepmm nops,JtKa H8CKOJil>ltllX MILUIDl8TpoB. MaltcBM8JWJH8 pam1e­

PH o6pasttoB OJipe.Jt8.llSIJDIC:& pa911epmm odacu O.JtHOpo.JtHOCTH uar-
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HB'?HOI'O llOJDI HCnO.U.SOBaHHOI uarBJlTBOI CHCT811H • 

CBepmposo,MD1111e nepexoJIJil pel'KCTpllpOB8DCI> no CltBJll'1 118.CTO­

TH A F z911eplt'r8.llldlOro 1tp1itoreBBoro resepaTopa Ha T1BB8JDoH<* 

,JtZO,Jte •. B Jt8.T1DIK8 ltO.ll86aTeJILHOrO ltOR'1'JPll KOTOporo HaXO,JtBJICJI 

o6pas~ lt01IJIOB.Jta [7]. llacTO'l'a resepaTopa pa;BHRJJBCI> np11119pao 

IO Mnt. C.JtBlll' 118.CTOTH npz oBepmpoB0,1U11118M nepexo,Jte o6paana 

. OOCT8BJDIJI DO DO.PR.JtlC1 B8.1JIUHH H8CKO.l[LK0 KILJIONJ;ll. CTa6UJ.HO­

CTI> 118.CTOTH np• oXJIBJIQteBD resepaTopa • o6paana "JJ.O re.uema 

T.DepaT)'p B ope,lUleM 6Ha H8 %¥111J, 'lleM .± I I'U. 

IlOCTOSUIR08 Mal'Hll'rH08 non OO~OC:t. c DC*()lg>I) OB8pmpo­

BO~ K&TYJll8K ~. 

. ~8HB8 o6~0B llpOBOJl;UOClt B -onTR80KOM !EPllOO'faH 0 

llBibrapOBHllZ oltll8MK.. PeHT1'9HOBCKll8 nrutJI c 111epr1:d OT 5 "JJ.0 

45 1taB 008RUl8JillC1> c nc.roatY> cepdBol J'CT&Bom YFC-2,0, a B 

,JtZ8II880H8 SHeprd (25•II5) xaB BCDOJil>80BU801> cepd&as J'CT&­

HOBK& PYil-!50. 3Bep!'U KB8H'f0B ODp8.1tNsmclt DO 880,lUICllJ' B8lIPll­

Jr8HD> Ha peRTresosc1tol TPf6lte. IIepe1tJ;11TB8 JUUUJ880Ba 81leprd 

peBTl'8HOBCKZX )'CT8BOB0lt DOSBOJiaO ,JtOIIODll'l'e.nBO ltOHTpo.Dpo­

B&Tl> DOJ11'18811H8 pesynTa'l'H.· Peft1'9ROBCal IJ1110K ~J;liOIPOBNCJI 
c DOllODO>I> aa6opa C~OBKX . ltOUIDl&TOpOB. llcTBpOBBa DY1IK8 npc>­

BO,JtZJIBCI> BH8J'an&O ·UO T8HZ Ba ®me>P80JUIP)lilQU 8Kpall8 OT 118~­

HOI R&TYJ11lt111 KOJI86aTenHOI'O ltOHT)'pa 1'8R8pa'l'Opa. 06paslUI paCDO­

.lllll'8JIZOI> BJJ;OJII> OCH 8'1'01 RaTYJllKZ, HO 0'1'118'1'.DIBJ'I) T8Hlt Ba 8Kpall8 

,1t8B8JDI Tom.KO OTHOOJITenHO n.mTH118 B DpoTSDJDIH8 B,Jl;OJII> JJ11IE8 

o6paslUI. 

9KcnepZM8HT npOBO,JtBJICJI C.18JJ;1Dllill.o6pasc.r. 06pas• 0Ha11&1JB ' 

OX118l1,lt8JICJI B lfYJI8BOM 118l'BBTB<* D0.18 ,JtO 88,18HHOI T9MII8paTYI:H 
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T < Tc. 3aTeM IIpH ITOCTOSIHHOH T8MI1epaType Ha C8MOIUl'.CU8 3ailliCH­

BaJ:rn:C:& KPHBHe pa3pymeIDUI H BOCCTaHOBJI8HHJI CBepxnpoBO,IU!MOCTH 

MarHHTHHM IlOJI8M~ Ilo Ta.:Kmll 3ailliCRM, c~e~HHHM npvr pa3HHX TeMTie­

paTypax, onpe~emt7mc:& 3aBHCRMOCTH noJieli neperpeBa H SH H nepe­

o~eHwr Hsc oT TeMne~TypH. ,Uanee, Ha BCeM ,IJ;Hana30He l'I3Me­

HeHW! MarHl'IT_Horo IlOM BH6HPMCJI pR,Ii; IlOCJie~oBaTaJI:&HO pacrroJio-

~0HHHX 3Ha~eHl'Ili - pa6oi:rn:x T0~8K, npz KOTOPHX B ~aJI:&He:l!meM npo­

BO,Il;PIJIOC:& o6~eHHe. II ape~ o6~eHHeM B ~oil To~e H == C.On.st 

o6pa38U npl'IBO~CJI B CT~apTHOe HCXO~oe COCTORHH0, a fillf8HHO, 

MarHHTHoe noJie YBSJlH'!l'IBa.n:oc:& ~o traCTOJIDRO 6o.7ll>IIloro 3Ha'leHHR, 

npl'I KOTOpOM CBepxnpOBO,IU!MOCT:& IIOJ!HOCT:&ID pa3pymanac:&, .3aTeM 

YM8H:ouiaJIOC:& ~o HYM H MOHOTOHHO IlO,ItBO~OC:& K Heo6xo~OMY 

3Ha~aHHID. Ta.KHM o6pasOM o6ecne'lHBa.JIOC:& MarmrTHoe CTHpaHl'Ie npe­

~cTop:i>m o6pasua. ,Il,1r.R: o6JJY'ieHWi o6pasua c nyTH rrpe,ItBapHTeJI:&Ho 

HaCTp09HHOro no 3Hepr.IU!: H HHT9HCKBHOCTH ~ y6HpaJICJI MaCCKB­

HHit CBHHUOBHH norJIOTHT9JI:&. IIpH 3TOM qaCT:& CBepxnpOBO.JUmtllX rpa­

HYJI no~ ~9HCTBR9M H3JJY'i9HHJI rrepexo,IJ;PI~ B HOpMaJI])HOe COCTOJUme, 

0 'l9M CBH,It9T9JI:&CTBOBaJI 3aBHC~ OT Bp9M9Hl'I C~Hr 'laCTOTH 

AFr(i) reHepaTopa. 

B npouecce o6JJY'ieHRR aHo~oe HaTIPJDK9HHe H TOK peHTreHOB-
1 

CKOH Tpy6RR B~9pJKIIBa.JIRC:& O~B.ROBHMH BO BC9X pa6oi:rn:x TOi:ntaX. 

BpeMJI o6~eHRR BH6HPMOC:& HaCTOJI:&KO 60JI:&llll'IM, qTo6H 3aBHCH­

MOCT:& il. f'((i) ~OCTHrJia CBoero npe~eJI:&Horo sHa'leHWr fl F Ir • IlpaR­

T~ac:KK rrpH MOlllHOCTH 3KCII03HUIJOHHOit ~03H 2 P/MHH .!VIII aToro 

Tpe6oBanoc:& OT IO ~o 200 ceK. IIocJie saBepmeHIDI o6~eHRR Ha 

rryTH ~Ka CHOBa . CTaBMCJI CBRH;IJ;OBHH norJIOTHT8JI:&, BRJIIOqaJiac:& 

~aJI:&He:l!maR pa3B9})TKa"MaI'H1!THOro IlOM H npoBO,Il;PIJIHC:& npoue~pH 

... 6 -

rrp:Kse~eHRR o6pasua B HOBOS HCXO~oe COCTOJU!Ka. 

PE3Y JThTA'rn 3KCIJEPl1MEHTOB. 

OcHOBHHe qepTH npouecca paspymeHRR MeTacTa6zJI:&Horo cBepx­

rrpoBo,wmiero COCTORHH!i rpattyJI B KOJIJIOH,Ite Mal'HHTHHM IlOJI9M H 

peHTreHOBCRHM H3~9HH9M OTpaJ!t8HH Ha pzc.2. Ha JI9BOtt 'laCTZ 

pHcyHKa IJJiaBHott ~ett, rrocJie~oBaTeJI:&HO npoxo,wmiett OT HYJieBo­

ro SHaqeHRR Ma:I'lIBTHOro IlOJIJI no HailpaBn9HHID CTpeJIKH qepe3 1oq­

RH I+? B o6nacT:& cHn:&HHX rronett, noRasaH npouecc paspymeHRR rre­

perpeToro cBepxnpoBo,wmiero cocTOJIHIDl: rpattyJI MarHHTHHM noJieM. 

ITpH o6paTHOM xo~e MaI'HHTHoro rroJIJI Ha6JIJO,Itanca rHcTepeszc, o6yc­

JIOBJieHHHtt rrepaOXJI8'!r,Il;9Hl'I0M HOIJMBJI:&Horo COCTORHRR rpattyJI. 

ToqRR I+? Ha BaTBH neperpeBa RBJIJnOTCJI rrpfillfapaMZ pa6o~ 

ToqeK. Ba})T.HKaJI:&Hl:l9 OTpesRH (I+I 1)+(7+7 1) COOTB9TCTBYBJT npo­

ueccaM paspymaHHJI CB0pXIIpOBO.zcinfocTH KOJIJIO~ IlO~ 'A0iCTBH9M o6-

JJY'i0HHJI rrplt CJ)HKcHpOBaHHHX sHa'leHWIX Ma:I'lIBTHoro noJIJI. Ha'laJI:&HHa 

yqacT:KE: BpaMaHHHx pasBe})TOK 3TltX rrpoueccoB rroRasaHH Ha rrpaEott 

'laCTH pltcyHKa. 

IT.l!aBHH0 JIIDmH, HalUUiaIDlllH0CJI B TOi:ntaX (I I +7 1
) lt CJlltB8KJ!lR0-

CJI .zu>Yr c .zu>yroM rrpz 'AOCTaTOqttO C.lt1.tbHHX SHaqeHRJDC Mal'HHTHOro 

ITOM, COOTB0TCTBYJOT npoueccaM paspymeHRR CBepxnpoBO~OCTlt 

Ma!'HHTHHM noneM B CP9'A0 Tax rpattyJI, KOTOPH9 He nepemJIH B HOp­

MaJI:&H09 COCTOJIHH0 IlO'A 'A0itC'.1'BK0M 06JJY'i9HHJI B COOTB0TCTBYJ>IllHX 

pa60'lltX TOi:ntaX 'AaJ!t9 npH ~0JI:&Hott 3KCil03ltUKZ Ha rry'lK9. 

Ha IlpltMepe pa6oqett TO'lltH I 06'DJICH9H CMHCJI ltCIIOJI:&3Y9MHX 'Aa­

JI99 BaJIH'lKH: AF - noJIHott aMIIJIZTy~ cBepxnpoBo,wmiero rrepexoM, 

t. F ~ - aMIIJIHTy~ nepexoM, o6ycJioBJieHHott o6nyqeHlteM, AF H - Ha­

'laJI:&Hott BMWIHTY~ nepeXOM .B pa6oqett TO'IKe, l).Fr - T9K,Ylll9ro 3Ha-
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~eHRR: C,ItB.lll'a ~aCTOTH, o6ycXOBX9HHOrO rrepeXO,ll;OM qacTH rpaHYX B 

KO~OH'A9, crroco6HHX K rrepeXO.IJY IlO,ll; 06JJY'l9HH9M, 

B pesyJIDTaTe o6pa6oTIW ~. rro,I1;06HHx rrpHBe.D:eHHHM Ha 

pHC,2, 6~0 YCTaHOBX9HO CX9,DYlllll99: 

rr.I. Cy~9CTB9HHOI oco6eHHOCTDE OIIHCHBa9MHX pesyJIDTaTOB HB­

JIR9TCR HX BOCilpOHSBO,ll;HMOCTD, H9CMOTpa Ha TO, qTo CaMH rro ce6e 

HBJI9HHR rreperpeBa H rrep90XJI8JK,IJ;9HHR Ha.6Jrm)l;aDTCR Ha H9YCTO~­

BHX M9TaCTa6HJIDHHX ctiasax. BocrrpOHSBO,ll;HMOCTD COxpaHR9TCR rrpH 

MHoroKpaTHHX znn<,liax rrepeMB.I'HH'lll'.BaHRR:, rrpH T9PMOznn<JIHPOBa.mm, 

rrpH o6JJY'leHHH H ,ll;8llte rrpz TaKOM 'pa,:a;HKBJil>HOM BOs)l;elcTBHH Ha K~­

XOH'A, KaK ero pas6B.BxeHHe. 

rr.2. 06pamaeT Ha ce6a BHHMaHHe sHaqHTe~aa IIIHpHHa cBepx­

npoBo~ero rrepexo,I1;a KO~OH.D:a, KaK Ha B9TBH rreperpeBa, TaK H 

Ha B9TBH rrepeOXJI8JK,IJ;9HIDi, TOr,ll;a KaK Y9,tti!H9HHH9 OXOBRHHH9 rpaHy­

~ MHKPOHHoro pasMepa HMeIOT oqeHD pesIW:e cBepxrrpoBo)l;Rllll'[e nepe­

XO,ll;li [8, 9] , 
n.3. IlpH 06JJY'leHHH K~OH,ll;a B pa6o~ TOqKax, xelltalllRX Ha 

BepXHel ~aCTl/I rzcTepesllICHOI neT~ (cM,p!IIc.2) qyBCTB!IITeJIDHOCTD 

K HSJJY'leHHm 6~ o6Ha.PYJiteHa JimllD B TO'IKBX, xeJK8Jill'IX Ha ee HHC­

xo~eM yqaCTKe, COOTBeTCTBYD!lleM neperpeBy; Ha HH.llHeM yqacTKe 

r!IICT9p0S!IICHOI neT~ - B9TB!II nepeo:x:JialK,ll;eHHR, qyBCTB!IITeJIDHOCT!II 

K HSJJY'l9HHll o6HapyiteHO He 6~o - npz 06JJY'leHHH K0~9CTBO rpa­

~x B CBepxnpoBo~eM COCTOsnm:H He HSM0~0CD. 

n.4. Ha pHc.2 CilpB,Ba npHBe,ll;eHH SKCnepHMeHTaJD)H!ie SB.BHCH­

MOCTH c.rtazra qacTOTH no;n; o~eHHeM oT BpeMeHH AFr(tJ B pJUJ;e 

pa6oqzx ToqeK npzE1=II5KsB • . BH.D:Ho, qTo BO Bcex pa6o'!D!x TO't!Kax 

paspymeHHe CBepxnpoBO,ItHMOCTH CHaq~ ~eT IlpHM9pHO no ~elHO-

- 8..,. 

'MY OT BpeMeHH SaKOHY, saTeM SB.Bl'ICHMOCTH t:.Fr(i) II~HO BHXO­

,ll;RT Ha acHMIITOTH, .D:OCTHraa CBOHX rrpe,ll;e~DHHX sHaqemfit AF1r, He . 

Sa.BHCID!UlX OT BpeMSHH, 

IlpH ~HKCHpOBa.HHOI 3HeprHH KBaHTOB HaqMDHli9 CKOpOCTH l'I3M9-. 
HeHHR qacToTH no.D: o6JIYCieHHeM A Fr H acHMIITOT~ecrui:e sHa"remur 

C,ItBHra qaCTOTH .AF-It SB.BHCRT OT IIO~OJ!t9HHR pa6oqel TQqM Ha 

KpHBOI rrepeXO,ll;B.. Ha pHc.3 38.BllICHMOCTH Af¥(H) H .11F1r(H) f4306pa­

JKeHH COOTB9TCTBeHHO cm.mo~aMH It "H It ", rrp~eM 38.Bl'ICHMOCTD 

AF1r(H) rrpHBe,ll;eHa B HOpMHPOBa.HHOM Ha IIOJIHYKl aMII~TY.D:Y rrepexo,ll;B. 

AF BH'Ae. KaK BH,ll;HO HS rrpHBe)l;eHHHX ,ll;aHHHX, o6e Sa.BHCHMocTH 

HM9IOT BH'A KOXOKO~oo6pasHHX KpHBHX. llHTepecHO OTMeTHTD, qTo 

rpa.ij)HK rrpOHSBO,ll;HOI KpHBOI nepexo,ll;a cJF/dH ' HS06paJKeHHHI Ha 

pHc.3 CMO!llHOI ~HHel, c TOqttOCTDIO )l;O MacmTa6Horo MHOJKHT9JIR 

C0Brra,ll;B.9T c rpaiPHKOM 38.BHCHMOCTH AFr(H)' IIOJIYCI9HHHM 3KCII9pH-

. MeHTaJil>HO. 

rr.5. Ko,mrqecTBeHHHI aHMH3 sB.BHCHMOCTel .ti.Fr(i) noKasM, 

~TO OHR B ,ll;OCTaToqHo IDHpOKOM HHT9PBMe BpeMeH OIIHCHBaIOTCR sa­

BHCHMOCTRMR BH'Aa 

AF~(i}= tiFo[1-exp(-t/'t-'}] (I) 

r,ll;e rrapaMeTpH A Fo z t' no,I1;6HpaIOTCH qHCXeHHo ~ KalR,Il;OI Sa.BH­

CHMOCTH. 

Ha TeX SaB!IICHMOCT~, KOTOpHe sa Bp9Mli 1:' He ycrre~ BHITH 

Ha cBoe rrpe,ll;eJIDHOe sHaqemi:e A F It B rrocxe,DYllllleM BpeMeHHOM xo­

)l;e CTaHOBHXCR SaM9THl:lM 6oxee M9,IT,119HHHI qeM (I) H93KCIIOH9HUR-

8JI1>Hlil BMa,ll;, KOTOplil .D:OMHH!IIPOBM rrpH 60JIDWHX BP9M9Hax. 

lLJill pa6o~ ToqeK, pacnOXOJK9HHHX B6XHSH Ha~Ma rrepeXO,ll;B., 

H93KCIIOH9HURaxDHHI B~ B II~ aMIT.~TY.D:Y nepexo)l;a ,ll;OXO,ll;HX 
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,ll;O ~40%, a xaprutTSpHOS BPSMJI r: 3KCIIOHSHUHaJI!>HOtt 'laCTH coc­

T8.BJI&7.!0 3+4 CSK, 

Ilo Mepe IIpH6JIIDKSHHJI pa60'IHX TO'ISK K KOHizy' IlSpSXO,D;a HS3K­

CilOH9HIUiaJU.milt BKJia,D; CTp9MHJICJI K eymo, T. s. IlOJIHM aMIIJIHTY,D;a 

rrspexo,D;a AF* rrpH6JIIDKaJiac1> K AFo , a BSJIH'!HHa t' IIJia.BHO BHXO,D;H­

Jia Ha CB09 rrpe,D;SJU,HOS 3Ha'ISHHS ,....0,3+0,4 CSK, KOTOpos y~s HS 

38.BHCSJIO OT IlOJIO~SHIUI pa6o"<Istt TO'IKH, 

rr.6. BJIHJIHHS 3Hspr.rui: pSHTrSHOBCKoro H3JIY'!SHWI Ha rrpon;ecc 

pa3pynISHWI CBSpXIIpOBO,ll;HMOCTH HCCJIS,D;OBaJIOCJ> Ha rrp>IMeps 38.BHCH­

MOCTStt AF-1r(E1). 
Ha pHc.4 IIPHB9,D;SHl:l 38.BHCHMOCTH OT 3Heprlili HOPMHpOBaHHHX 

3Ha'ISHD Af·1t/'1fH B ,D;BYX YCJIOBHO Bl:l6paHHHx pa60'!HX TO'!Kax, co-

0TB9TCTBYJOll!HX Ha"<Ia.ny H KOHizy' CBSpxrrpoBO,ll;Jmlsro rrspsxo,D;a. H3MS­

PSHIUI IIPOBO,ll;HJIHCJ> Ha 06pa3n;s, CO,D;SPJKa!Q9M IIO o6~9MY 0,4% rpa­

eyJI, 'ITO COOTBSTCTBOBaJIO rrpe,D;SJIY pa36a.BJISHHOro ROJIJIOH,D;a c OT­

HOill9HHSM L/d-6,3 (cM.rr.7). 8a Ha"<IaJIO rrepexo,D;a 6l:lJia rrpHHJITa 

pa6o"<IM TO"<IKa, y,D;oBJieTBopmomM ycJioBmo AFH/AF~o.75, 3a Ko­

Hen; - TO'!Ka '1FH/AF~o,25, r,D;s, KaK OTMS"<IaJioc1> BJJJJie,AF - IIOJI­

HM aMILIDITy,D;a cBepxnpoBO,ll;Jmlsro rrspexo,D;a. 

XaprutT9pHott OC069HHOCT:oIO Ilpm39,D;9HHHX 38.BHCHMOCTett RBJIJI9T­

CJI HaJIH"<IHe JIRHettHoro Y"<IaCTKa rrpH MaJil:lX 3Ha"<IeHHmc E '( H Bl:lXO,D; 

Ha H0KOTOpoe rrpe,D;SJI:bHOS 3Ha'l9HHS, HS 38.BHCR1!199 OT 3HeprHH,IIPH 

60.JI:bmHX 3Ha'l9HIDIX f y. Ilo Mepe IlpH6~9HM pa6o"<Istt TO'!KH K 

K0Hizy' rrepexo,D;a OTHOUJeHHs AFA-/"'fH cTpeMHTCJI K S,D;HHHUs rrpH 

60JI:bmHX 3Ha"<IeHIDIX E y . 

KoJIWisCTBeHHHtt aHaJIHa aKcrrepHMSHTaJI:bHl:lX ,D;aHHHX rroKaaaJI, 

'ITO B6JIH3K ROHUa rrepexo,D;a OHH OIIKCHBaJDTCJI 3RCIIOH9HU.l'IaJil>HHMH 

- IO -

(pyHlUUU!MH BH,D;a 

aF-1r/f)FH = S [1-exp (-E;r/Eo)] (2) 

r,D;e rrapaMsTpl:l SH f o orrpe,D;SJIIDOTCJI '!HCJISHHO B rrpon;sccs arrrrpOKCH­

Man;HH. IlpH CM0l!1SHHH pa6o"<Iett TO'!KH K Ha"<Ia.ny CB9PXIIPOBO,ll;Jml9ro 

rrspeXO,D;a 3Ha'ISHH9 rrapaMSTpa ~ IIOCT9Il0HHO YMSHJ>maSTCJI OT CBOero 

rrps,D;SJil>HOro 3Ha'ISHHJI, pa.BHoro S,ll;HHHD;S B KOHD;S rrspeXO,D;a, 3Ha"<Ie­

HHS rrapaMeTpa Eo YBeJIH'!HBaSTCJI, a orm:caRHe aKcrrepHMSHTaJI:bHl:lX 

,D;aHHHX WOPMYJiott -(2) yxy,D;llaeTcJI. Ha pHc.4 '!apes aKcrrepHMSHTaJIJ>­

Hl:ls TO'!KH IIpOB9,D;0Hl:l HaHJIY'lmH9 paC'l9THl:l9 KPRBl:lS BH,D;a (2), HJIJI!O­

CTPHPYIOlllli9 CKa3aHH00, 

KoJIWISCTBSHHOS coBrra,D;eHHS pac"<IeTa rro WOPMYJie (2) c 3Kcrrs­

PHMSHTOM rrpH Bl:l6ops·pa6o"<Istt TO'IKH B6JIH3H KOHD;a CBSPXIIPOBO,ll;Jml0-

ro rrepexo,D;a Il03BOJIJIST BB9CTH IlOHSiTH9 0 rroporoBOM 3Ha'l9HHH 

3HeprHH E o , xapaKTSPH3YKllllSM ycTott'IHBocT1> cBepxrrpoBo,ll;Jmlero 

COCTOJIHHJI no OTHOlli0HIDo K 06JIY'l9HHKJ. B KOHD;S CBepxrrpOBO,ll;Jmlero 

rrepexo,D;a Eo = 20 KaB. 

rr.7. B3aHMH00 MarHHTHOS BJ!HJIHH9 rpaeyJI B KOJIJIOH,D;9 - 11,D;Ha­

MarHHTHl:ltt" acM>eKT [ro, II] , zccJie,D;OBaJioc1> Ha rrpIDAsps aa.BHCH­

MOCTH HOPMHPOBaHHoro 3Ha"<ISHIDI t.F 1t/L1FH OT rrapaMsTpa L/d rrpH 

pa3Jllitl:Hl:lX T9MIISpaTypax [r2] • PssyJI:bTaTl:l 3KCil9pHMSHTOB, IIOJIY­

'!9HHl:l9 IIpH 06JIY'l9HHH KOJIJIOH,D;OB peHTrSHOBCKHMH JIY'laMH C. 3H9p­

rHett Ei = II5 KaB, rrpe,D;CTa.BJISHl:l Ha pHc.5. ,Il.aHHl:le crpyrrIIHpOBaH­

Hl:l IIO TSMIIepaTypaM H ,ll;JIJI KaJl,Il;Ott T9Mll9paTypl:l CilJIOillHHMH JIHHH.RMH 

IIpOB9,lJ;9Hl:l ycpe,D;H9HHl:l9 38.BHCHMOCTH. COOTB9TCTBH9 M9lll,IJJ' OTHOCH­

T9JI:bHl:lMH T9MIISpaTJ'paMH i=T/Tc H 0603Ha'l9HH.RMH Ha PHC.5 CJI9,D;yKJ­

lll99: 

0,700 "O"; 0,800 "V"; 0,850 "fl"; 0,875 "e"; 0,900 "O"; 
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0,925 "•"; 0,950 "X". 

M3 rrpHBe'AeHHHx 'AaHHl:lX B~o, qTo B3a.HMHoe BJIIDIHHe rprury~ 

BC~9'ACTBHe liCKaJKeHru:r HMH MarHHTHOro ITOJ!!I rrpn H9 oqeHb 6Jll'I3KHX 

K Tc TeMrrepaTYpax ( t ~ 0, 9) CTaHOBHTCH cyI11ecTBeHHHM rrpn L/cl~3. 

B 6o~ee pa36aB~eHHHx 06pa3nax ycTo:ittumocTb MeTacTa6n~Horo 

CBepxrrpoBo~ero _COCTOHHWI He 38.BHCHT OT paCCTOHHHH M9'10JY rpa­

HY~aMH". 

OECYJK.DEHIIB PE3YJibTATOB. 

06cylK,I(eHHe pe3y~bTaTOB HaqHeM c paCCMOTp9Hru:r "~aMarHHTHO­

ro" ajxlleKTa. 3To Il03BOJll'IT c<f>OPMYJll'IPOBaTb ITOHHTHe pa368.B~9HHOro 

KO~~o~a, Heo6xo~oe )J)IJ! ~He:lhnero aHaJll'I3a. 

rro CYil19CTBY "~aMarHHTHJ:rlt" ajxlleKT 3aE.1IIO'IaeTCH B YCTaHOB~e­

Hlili cpe,IUiero 'A06aBoqHoro MarHHTHoro rroJ!!I .o H Ha KalK,I(ott cBepx­

rrpoBo~ett rprury~e KO~o~a 3a cqeT ajxlleKTa MettccHepa Ha ocTa­

~Hl:lX rprury~ax IlPH ITOM9Il19HHH KO~O~a B 0,IU!Op0,IUI09 MarHHTH09 

rro~e H [ro,n] . 
ITp~eM (12) 

H (d/2-A) 3 H 1 
t:.H ~ 2·[L-(d/2-A}]a = 2·r~L ---1]~3 

(d/2-J) 

(3) 

3'A9Cb L - cpe,IUiee paccTo.R:HHe M9'10JY neHTPaMH coca~ cBepxrrpo­

Bo~x rprury~. a d - nx cpe,IU!litt ~aMeTp. 

ITpn o6~eHHH Ko~o~a. Haxo~eroc.R: B rreperpeToM cBepx­

rrpoBo~eM COCTOJUUm, K0~9CTBO CBepxrrpoBo~ rprury~ y61i1Ba-

- eT co BpeMeHeM. Ilpn aToM 3a cqeT YB9~9HHH L y61i1BaeT n 'A06a­

BoqHoe rro~e. Oco6eHHO 3aMeTeH rrponecc cHWKeHru:r AH B rr~oTHblX 

Ko~o~ B rrepBHe MOM9HTH 06.nyq:eHHH, KOr'Aa L eI11e M~o li CpaB­

HHMo c d . CHWKeHHe 'A068.BOtIROro ITOJ!!I IlpH 06.nyq:eHHH IlpHBO'AHT K 
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CHID!t9HHll CT9Il9HZ M0TacTa6HJIDHOCTH OCTalllltKXCH B CB0PXIIPOBO,Il;H-

1110M COCTOmnm rprury~. K KB.K CJI9'ACTBH9, K YM0HI>lll9HHll 'AOJIK CBepx­

rrpOBO,Il;Hil1KX rprury~. rrepeXO,Il;Hil1KX B HOp.t~bHoe COCTOHHZ0 3a cqeT 

06.nyq:eHWi, T.e. K YM9Hl.Ill0HHll aKcnepm.teHTaJI:&HO Ha6~eMoA Be­

mmmH AFA-. 
Ta.Krul ~O'llta spemu1 -HamJia CB00 ITO'ATB0pz,IJ;0HZ0 RB KOHTpMh­

HOM 8KCrrepRM0HT9, B KOTOpOM npz 06.nyqerum: B9~0Cb O'AJiOBpeMeHH00 

YM0HD1110HZ0 BH01DH0I'O MaI'HZTHOI'O llOJill, TB.Klle npmW,Il;Hil100 K CIDDK0-

mm A FA rro cpaBHemm co CTali'AB.PTHYM CJIY11aeM, KOr'Aa BHe1DHee 

MarHKTHoe nMe no~ePJKHBB.JIOCh Ha HeK3MeHHOM ypoBHe. 

CorJiacHo aKcrrepliMeHTaJI:&HYM 'AaHHliM, npKBe'AeHBliM B rr.7, 

llJIOTHOCTh KOJi.no~a He CK8.Slill8.0TCH Ha pesyJIDTaTax 06JI3'11emul npK 

n~oTHOCTHX, cooTBeTcTBymiwc SHB.'lemm napaMeTpa L/d ~ 3, KOTO­

poe 0CT0CTB0HHO rrpKHHTh B K8.'10CTB0 KpHTepru:r pas6~0HHOCTK KO~­

~OK'Aa. IlOJIY110HH00 yc~OBK0 ll0SBOJill0T llOJJY'tl!Th oneHiey' K )J)IJ! ca­

MOA B0.mmmH 'A06aBOqff0I'O llOJili B pas~0HHOM KOJJJIOH'A0. HS COOT­

HOW0HM (3) ;a;u1 c.JIY11aa A <<d H L/d ~ 3 nOJIY11aeMAH/H~o.4%. 
IlpR KCITOJIDSOBaHZK KOJJJIO~OB KS neperpeTHX CBep~pOBO,IVllllKX 

rprury~ B Ka'leCTBe 'A0T0KTKPYD!leA cpe.n;H ;a;u1 KOHZSKPYJllllWC KSJJY'ile­

HKA ecTecTBeHHo llO'A ajxlleKTKBHOCTbD TaxoA cpe.n;H noHKMaTh BeJiltllll:­

HY, rrporroprtROHBJIDHYD '1F-it/AfH. C aToA TO~ speHM CYJll0CTBeHHo, 

qTo 'A06aBoqHoe MarHKTHoe nMe AH HBJilieTca MOHOTOHHO y6HBa.mteA 

~el cpe'AJiero paccToHHRH M0JlfJIY rpa.eyJIBMK L .x rJIY6mm npo­

HZKHOBemm .A , a, c~e'AOBaTe~o. K TeMIIepairypH Bc~e'ACTBKe sa­

BKCHMOCTK A (T} • IIpx BH6ope TeMnepaTYIJ>I KOJJJIO~ HBMHoro IDDKe 

Tc "~arHKTHHA" acMexT nepecTaeT cYIIlecTBeHHo samrneThOT TeM- · 

rrepairypH K ero OTPRnaT~JIDHoe BJll1!JDille HS. 81lxl>eKTKBHOCTh 'A0T0KTK-
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.PYJOOl9tt cpe,ll;l:l MOJKHO HC~T:& TOJThKO rryTeM pa36aBJI9HKli KOJIJIOH­

.na, T. e. YBeJm"i:eHK!i L (CM. pHc. 5) , "l!TO CaMO no ce6e Ta.Kl!t9 orpa­

HH'UmaeT ~KTHBHOCT:& perHCTPaIUIB H3ny-qemrl1 TaKOtt pa36a.BJI9H­

HOtt cpe.I(ott. 

IlpH BH6ope T9Mil9paTYPH KOJIJIOH,I(a B6D3H Tc BCJI9,I(CTBH9 pes­

KOil: T9MII9paTYpHoi1 3a.BHCHMOCTH >. (7') MOJ!tHO 3Ha"l!HT9JI:&HO YM9H:&­

lllll:T:& .I(06aBO"l!Hoe MarHHTHoe noJie AH ,n:aJite B IIJIOTHHX KOJIJIOH.l'.(8.X 

H, T9M CaMHM, CYil19CTB9HHO nOBHCHT:& ~KTHBHOCT:& KOJIJIOH.I(a,KaK 

.I(eTeKTHpyiomett cpe,ll;l:l [r2] . 
Ilepe~eM K o6cyJK,IJ;el:fi!:Jo ~OpMli B9TBH neperpeBa CBBPXIIPOBOWl­

mero rrepexo,I(a pa36~eHHoro KOJIJIOH,I(a 6930THOCHT9Jll>HO K BDH­

Hl'ID o6ny-qeHHH. Ha ye,IJ;HH9HHHX rpaHYJia.X 3Ta BSTB:& HM99T BM.I( pes­

KOtt cTyrreH:&KH (8,9] , rrpH"lieM caMo sHa"l!eHHe noM rreperpeBa HsH 

HBM9TCH O,IJ;H03Ha"l!Hott ~ett KaK T9MIIepaTypH, TaK H pa3M9pOB 

rpaeyJI. OTMeTHM rrpH STOM, "l!TO TeMIIepaTypHaH 3aBHCHMOCT:& HsH(r) 
CTaH.I(apTHaH, TaKaH JKe KaK H Hc(J') , a sa.BHcm.iocT:& HsH OT ,IJ;Ha­

MeTpa rpaeyJI o6paTHaH - B HCCJI9.I(y9MOM ,IJ;HarrasoHe ,IJ;HaMeTpOB 

Hswv1 /cl [I3] • :fl'o IIO.I(TBepJK,IJ;eHO R HaJ.lllOOt He~aBRCHMl:lMH H3Mepe-

IIBSIMH. 

Y-q.!fTHBaH CKa3aHHoe pa3YMHO 6Wio rrpe,nrroJIOJKHT:&, "l!TO B pas-

6~eHHHX KOJIJIOH.l'.(8.X ~p.ta R nmpmia BeTBH neperpeBa onpe,n:eMeT­

CH pas6pocoM rpaHyJI no pasMepaM, KOTOplitt 6JiarO.rtaPH YKa3aHHOtt 

Bllllle 3aB.Hcm.tocT]I[ HsH OT .JJ:]l[8M8Tpa TpaHc~opM.HpyeTCH B pas6poc 

rpaeyJI ITO Kpl'IT]i[q8CK]l[N IIOJIJ!M, 

JJ;pyrm.iR CJIOBaMR, Ha rRcTorpaMMax pacrrpe.I(eJieHKli rpaHYJI no 

pa3M9paM MOll!.HO 6WIO 6H MT:& eme O.JJ:HY 00:& a6cimcc H IIpOCTa.Bl'IT:& 

Ha Hett Hapg,z;y c .JJ:RaM9TpaMK H KPHT.H-q9CKHe noM HsH(d). IlpH 
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3TOM, O,IJ;HaKO, CJI0,I(OB8JIO 6H IIOMH.HT:& "l!TO MaKCHMaJIDHOe 3Ha"ll9Hl'I9 
M.W<C ) 

n9M H SH ( 'T' , cooTBeTCTBYDIItee KOHIJY rrepexo,na npR .I(aHHOtt 

TeMIIepaType, Ha6~.rta9TCH Ha Ca.MliX M9~ rpaHYJUlX c ,IJ;RaM9TpOM 
. MHH( ) dmfH , a M.HHHMaJIDHoe sHa"l!eH.He HsH T - Ha ca.Mlix KpyrrHHx 

rpaeyJiax c ,Il;R8M9TpOM cl Mt KC • Ilpe,nrrOJiaI'M, ,l'.(8JI99, DHettHyio 

CBH3:& MeJE,IT,y noJISM.H neperpeBa H SH .PI o6paTHHMH .JJ:RaM9TpaMR 

rpaHYJI 1 / d [I3] , MOll!.HO 6Wio Ha.n;eHT:&CH no r.HcTorpaMMe CMO.I(e­

DpoBaT:& ~opMY BeTB.H rreperpeBa. 

TaKaH pa6oTa 6HJia HaMR npo.I(eJiaHa. IlpH STOM 6J:lJIH npoBepeHli 

,I(B9 B03MOJKHOCTH; 

I) C.I(BHI' -qacTOTH H3M9PHT9JI:&Horo reHepaTopa AF npR cBepx-
. · MHH M*Kl 

npoBo.nmqeM nepexo.I(e B MarIIBTHOM noJie HsH (dM.+Kc) < H < HsH @11HH) 
IIpOIIOpl4l'IOH8JI9H CJ1MMapHOMY o6'b0MY rpaHYJI, npHXO,nR:lll9MYCH Ha HH­

T9PB8JI ,IJ;RaMeTpOB OT d Mi+Kc .I(O d ( H). 
2) C.I(BHI' -qacTOTH . IIpH Tex JKe ycJIOBWDC nponopl4l'IOH8JI0H cYM­

MapHOMY ~KTHBHOMY 06'1>9MY rpaHYJI ( c y-qeTOM CKHH-rJIY6HHH) , 

cocpe,I(OTO"l!SHHOMY B RHT8PB8JI9 .JJ:]l[aM8TpOB OT d Ml\l'.C ,I(O d (H). 
06a BapRaHTa paC"l!STa ,I(aD pesyJIDTaTH, COBIIB,I(a!Jllll'{9 c SKcne­

pHM0HTOM B npe,n:eJUlX TO"l!HOCTH HSMepeH.Htt. :fl'o co~a,n;elrRe o6ycJIOB­

JI9HO TSM, "l!TO B HCnOJI:&30BaHHOM KOJIJIOH,l'.(9 B HOIJMaJI:&HOM COCTOJnil!H 

corJiaCHO HaumM H03a.BHC.11'.MHM R3Mepe.HKliM CKHH-rJIY6.HHa COCTa.BJIH-

8T 3,3 MKM H H3M9PHT8~08 B'I-noJie npaKTH"l!9CKH IIOJIHOCT:&D npo­

Hl'IKa0T B 06'1>9M rpaHYJI H, CJI0.I(OB8.T9JI:&HO, !pyHKI(lllI pacnpe,n:eJieIDUI 

o6'b0Ma R ~KTHBHoro o6'l>eMa,npHXo,D;lD!lerocH Ha rpa.Hy~ ,ItaHHoro 

.JJ:HaM9Tpa, np.H HOp.fHpOBK9 Ha O.JJ:ID!aKOBYJO IIJIOma,iu, no,n; KpmmMH Ma­

JIO OTJm"i:aDTCH ,n;pyr OT ,n;pyra. 0TM9THM, "l!TO H3 CKB.38.HHOro mune 

BHT0Ka9T H o6paTH09 YTB9pg.D;9Hl'I9, a HM0HHO, -qTo npoHSBO,Il;HaH 
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' Kp.1mott nepexo~a no MarHHTHOMY noJIIO ,nJil1 HCnOJib30BaHHOro KOJIJIOH­

~a c TO'qHOCTbID ~o MacmTa6Horo MHOJKPIT0JIH ~oJDRHa COBn~Tb c 

qiy~ett pacnpe~eJieHH.A: 061,eMa, npHXO'AllllterocH Ha rpa.HYJIH .na.HHO-
. tt.\-KC 

ro ~aMeTpa, npH co6~eHHH, KOH9'qHO, COOTB0TCTBM QMUH..:..Hsu 
MlllH 

H d MiH<C - H SH • Mo~eJIHpOBaHHe BeTBH neperpeBa no rncTo-

rpaMMe ~OKa3HBaeT H 3TO npe~OJIOJ!t0HH0. 

B nJIOTHHX KOJIJIOH,naX HM0IDTCH CBOH Cil0IJ;H~Jif'l'.0CKH0 npJif'l'.l'!HH 

ywHp0HM KPHBHX nepexo~OB B MarHHTHOM IlOJI0 f I4] • HeKOTOpHe H3 

HHX 6HJIH paCCMOTpeHH BHill0. EoJiee IlO):U>06H00 paCCMOTpeHHe aToro 

BOilpoca BHXO~T sa paMKR ,na.HHOtt pa6oTH. 

PaccMoTpHM Tenepb pesyJibTaTH no BJIIDDmJ> o6JIY'qell'L'! Ha xa­

paKTep paspymeHH.A: CBepxnpOBO~OCTH KOJ!JIOH,ll;OB B MarHHTHOM no­

JI0, llOKa3aHHH0 Ha pHc.3. By~eM HCXO~Tb H3 o60CHOBaHHOro BHlll0 

pesyJibTaTa, 3B.KJilO'IaIDmerocH B TOM, 'qTO H3M0H0HHe co Bp0M0H0M 

't!aCTOTH H3M0pHT0~Horo reHepaTopa 11F(t) npH paspymeHHH CBepx-
n. 

npoBO~OCTH ni rpa.HYJI ~8M0TpOM di B paccMaTpHBaeMOM CJTY-

-qae (KOrM B HO:pMaJil,HOM COCTOHHHH Btl-nOJie noJIHOCTbID npoHHKaeT 

B o6~eM rpaHyJI) onpe~0JIH0TCH HX Cyr.tMapHHM o6~0MOM, T.e. 

AF (i)"" L_ n?"(t) • df (4) 
l=1 . 

H3 3TOro COOTHOW0HM CJI0,Dy0T, '!!TO CKOpOCTb H3M0H0HIDI -qac-

TOTH aBToreHepaTopa AFt(tJ npn o6JIY'qeHHH KOJIJIOHM ~oJOKHa 
Y~OBJI0TBOPHTb YCJIOBHID 

• • n. 3 
AFr(tJ~~ni (i)·dz , .. ., (5) 

BeJIH'q.RHa ii[L(t) s cl [tti(O)-nf(t}J/dt - KOJIH'q0CTBO rpa-

HYJI onpe~eJieHHoro paSMepa, nepeme.nmnx sa e~HHIJY BpeMeHH ns 

CBepxnpOBO'Allllt0ro COCTOJUIWI B HO~Hoa· npH 06JIY'q0HHH KOJIJIOK-

- I6 -
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M, B CBOID O't!epe~ MOX0T 6HTb onpe~eJieHa H3 CJI0,n:yJ0mHX coo6pa­

xeH.Rtt: 
•S $ 

I) ITpoHsBO~M fii (t} nponopn;HoH~Ha Bemrume ti; (t)-
KOJIH'qeCTBY rpa.HYJI onpe~eJieHHoro pasMepa, Haxo~cH Bee eme 

B CBepXIIpOBO'Allllt9M COCTOHHHH, nponopn;HOHaJII>Ha BepOHTHOCTH nona­

~aHHH KBaHTa Ha JII06yID CBep:xnpoBOMIQylO rpa.HYJfY IWJIJIO.RM. T. e. 
$ 2 

reoMeTpH't!eCKOMY MHOX.RTeJllO n.; (t}· di • MIDmeMY Cyr.tMapHYfil npH-

~e~HYID IIJiom~b npH 06JIY'qeHHH o~opo~ no ce't!eHHID ny't!KOM 
. -

KBaHTOB paspexeHHoro KOJIJIOH~a H TaIOKe nponopn;HOHaJII,Ha IlOTOKY 

KBaHTOB, T.e, MOmHOCTH 3KCil03H!l;HOHHOtt ~03H :;D [2]. 
•S 

2) n; (t) nponOp!UrOH~Ha Ta.IO!te BepOHTHOCTH TOl'O, '!!TO 

IlOilaBIIIHtt B l'paHyJrY KBaHT norJIOTHTCH, T.e. B KOHe't!HOM C't!eTe 

npo6ery KBaHTa B l'Pa.HYJie, KOToplitt ,nJil1 l'Pa.HYJI MHKPOHHlilX pasMe­

poB H ,nJil1 Hcno~syeM!:lx B ~aHHOtt pa6oTe SHeprlitt KBaHTOB nponop­

Il;HOHaJieH ero ~aMeTpy di , T.K. l'paHyJIH MHKPOHHO!'O pasMepa 

HBJIRJOTCH 11 TOHKHMH" norJIOTHT0JIRMH, 

3) ilpH npo't!HX paBHHX ycJIOBHHX ecTeCTBeHHo, '!!TO BepoHTHOCTb 

paspymeHHH CBepxnpOBO~OCTH rpaHyJIH npH IlOila,I{aHHH B Hee KBaH­

Ta c 3Heprzett frB nepBOM IlpH6JIWKeHHH IlPOilOPIJ;HOHaJII,Ha Be'1H'UIHe 

E '( H o6paTHO nponopn;HOHaJibHa TeIIJioeMKoCTH rpaeyJIH, T. e. ee 
3 

o6MMY d;_ • 
CYMMHPYH CKasrurnoe BHllle, HMeeM 
•$ t 2 3 n-; (t)"-'-[ni. (t)·olz ]·!D· di·fEr/dl J = 

==-nf(t}·Er~ 
$L 

'!!To ~aeT ,nJil1 ni ( f) 
nf (t} = nf(o)exp[-E0 ·~·t] 

(6) 

(?) 
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n 
CooTB0TCTB0HHO, ,IV1l'I _ n.t ( t) HM00M 

n[ (t) = nz(O)-n/(i)= ni (O)·U-exp(-Er~·t)] (8) 

3To npr.mO,IUrT K CJI0.IJYIOll1HM BaJltliHM COOTHOlli0IDUIM 
• d 3 

ti.F~(t)- clt[1-exp(-Ea-·!D·t)}?.. ni(o)·di 
• 1=/ 

A Fr(O)~ ~Er· :J). {;, rLi (o). df 
OcTa.HOBHMCR Ha H0KOTOpHX BRBO,IJ;ax, CJI0,IJyIDllll!X R3 HHX! 

(9) 

(9a) 

I) IlpR npo'iHX paBHHX ycJIOBID!X ( T = Con.sf, :1J::: ~nst, Ei::tDnsi) 
saBRCHMOCTh Ha'iaJThHOit cRopocTR AF~(O} OT copTa rpruryJI onpe-

3 
.n;eMeTCH MHOXRTeJieM ti;• di . B cwry cymecTBoBamm o6paTHo:I! JIR-

He:l!Ho:I! CBJJSH HsH(d} sTa saBRCHMOCTh TpaHc~opMzpyeTcR B saBRCR­

MOCTh AF1(D) OT MarHHTHoro noM, npR'ieM c TO'iHOCThID ,n;o MacmTa6-

Horo MHOJKRT0Jlfl OHa .ll;OJDKHa COBIIa,IJ;aTh c 3aBHCHMOCThID OT MarHHT­

HOro ITOJIR ITPOH3BO.IJ;HO:I! Rpr.moit ITepexo,n;a dF(H)/dH . 3TOT BRBO.IJ; 

xoporno corJiacyeTCH c 3KCil0pHM0HTOM H 'iHCJI0HHblM MO.IJ;0JIRPOBaHH0M 

~opMR B0TBH ITeperpeBa, 'iTO MOJKHO paccMaTpRBaTh, KaK o6ocHOBa­

HH0 C.IJ;0Jla.HHHX Bllll.l0 ITp0.ll;IIOJIOJK0Hd. 

2) Ilp11: npo,rnx paBHHX ycJioBMX ( T= Con.st , fr:;:; C.Onsf. H =Const 
HMeeT MecTo JIRHeiiHM saB.11cHMocTh AFr(O),.,:J), T.e. Ha'iaJThHM . 
cRopocTh AF~(OJ ITpoITopnHoHaJihHa MOillHOCTR SKCITos.mu.roHHoit ,n;osH. 

3TOT BRBO.ll; corJiaCY0TCH c 3KCil0pHM0HTOM li MOJK0T HM0Tb rrpRKJia.IJ;-

H00 3Ha'i0Hli0. 

3) Ilp11: rrpo'ilix paBHHX ycJioBMX (T::Con..st ,aJ=CcJn.st, H=Const) 
ro.1eeT MecTo JIRHeitHM SaBHcHMocu AF~(o),...f0• 3ToT BRBO.IJ; cor.na­

cyeTcR c 3KCII0pHM0HTOM H MOJK0T,T8Kll0 HM0Th rrpHRJia,Il;H00 3Ha'ie-

HH0. ' -

4) IlpH npo'iHX paBHHX YC!IOBW (-T=Cori,st ,aJ==-Con.st, f~{i,_nst, 
' ' 

- :i:s -

' 

i1 

H =Const) HS cooTHorneHRR (7) -oJie,nyeT, 'iTO 3aBHCHMOCTh nf (t} 
HM00T BH.IJ; 8KCIIOH0HTH n1 ( t) "-exp (-t/t) , r,n;e xapaKT0pH00 

BP0MH '{;'He 3aBRCRT OT ,IU18M0Tpa rpruryJI. 3To IIpliBO.ll;RT' corJiaCHO 

(4) H (8) K saBHCHMOCTR AF1(i)=AF(O){j-exp(-t/rj], Ha6JIJQna­

IDI11eitcR 3KCIT0pHM0HTaJihHO (cM.(I)). 

OCTaHOBHMCR T0II0pb Ha a:fxileKTaJC, CBH3aHHHX c pas6pOCOM 

rpruryJI B KOJIJIOH.ll;0 ITO pasMepaM H c HX xaOTR'i0CKHM pacITpe,n;eJie­

HH0M B rrap~HH0. 

Ka.K OTM0'iaJIOCh Blllll0 BaJKHOit xapaKT0pHoit oco60HHOCThID 3Hep­

reTH'i0CKOit 3aBHCHMOCTR OTHOCHT0JlbHOro OTRJIBKa AF-it /11FH KOJIJIOH­

,n;a Ha ITeperpeTHX CB0pXIIpOBO.wmtIDC rpaHYJiax RBM0TCH BHXO.IJ; Ha 

ac:m.m:ToTy B o6JiacTR 6oJihmHX sHeprd Er . Ac:m.m:TOTH'iecRoe sHa­

'ieHHe T0M BHlli0, 'i0M O.IJ;HOpO.ll;H00 KOJIJIOH.IJ; ITO pasMepaM rpaHYJI. 

3To, ITO-BH.ll;HMOM], MOJKHO 06'hR:CHHTh T0M, 'iTO B KOJIJIOH.ll;0 C 60Jib­

lliHM pas6pOCOM rpaHYJI no pa3M0paM BCer,n;a HM00TCR 3Ha'iHT0JlhHM 

.IJ;OJIR CBepxrrpOBO.ll;Rl.IIHX rpaHYJI, KOTOpHe H0 rrepeBO.ll;RTCH li3 M0Ta­

CTa6HJihHOro CBepxrrpOBO.ll;Rlllero COCTO.fiHHSI B HOpMaJThH00 rrpH o6Jzy­

'i0HHH peHTreHOBCKHMli KBa.HTaMli .ll;aHHO:I! 8HeprHR. IlpliB0A0HH00 

06'hR:CH0HH0 xopomo corJiacyeTCR c T0M ~TOM, 'iTO acHMIITOTH'i0C­

K00 sHa'ieHHe oTHOCHT0JlbHoro OTKJIRKB. AF1r/AFH B Ko~e ITepexo,n;a 

6JIRSKO K CB00MY rrpe,n;eJibHOMY 3Ha'i0HliID - 0,IJ;R~e li Bcer,n;a 38M0T­

HO Bllllle, 'ieM B Ha'iane ITepexo,n;a, a BpeMeHHOit xo,n; rrponecca pas­

pymeHHR M0TaCTa6HJibHOro CBepxnpOBO.ll;Rlllero COCTO.flllHR 6Jrn30K K 

3KCilOH0HnliaJihHOMY. B Ha'iaJI0 ITepexo,n;a IIpaKTH'i0CKR BC0 rpaHYJIH, 

HM0IDillH0CH B KOJIJIOH,IJ;e, eme CBepxrrpOBO.IJ;RT. Ilpli STOM B CHJfY xao­

TH'iHOCTli paCITOJIOJK0HWr rpruryJI B rrpOCTpaHCTB0 HM0IDTCH JIOKB.JlbHH0 

CKOIIJI0HWr CBepxrrpOBO.ll;Rllll!X rpaHYJI, BCJI0.ll;CTBH0 ~ero OHR, KaK 6H-
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JIO CRa.38.HO Bl:lIJJe, HaJCO,IUITCJ1 B pas.mrqHHx YCJIOBIDIX no MaI'HRTHOMY 

noJIIO. KpoMe Toro, cBepxnpoBo;iv.tT rpaH]JI!:l pasHHx pasMepoB, HMeIO­

llll'!e pasJIH'IHHe noporoBHe sHeprHH H noJIH neperpeBa. IlpH oOJzy'le­

HHH Ta.Rora ",n;aaJli,ll;H" H90.nHOPO.nHOro KOJIJIOHM B nepByIO O'l'.epe,IU> 

npOHCXO,nHT paspymeHHe CBepxnpoBO,Il;ID.10CTH rpaH]JI, HaJCO.ll;filllHXCJ1 

B CKOilJI9HKIDC, ?- T8.IOK9 rpaHyJI, HM9!0llll'!X M9H1,JI199 sHa'l'.eHHe noporo­

BOtt aHeprHH H noJIH neperpeBa. B nponecce oOJIY'leHHH Ta.Karo KOJI­

JIOH,D;a KBaHTaMH ~ott 3HeprHH Bcer.na BHHBJIJ19TCJ1 38M9THM "He-

8.RTHBHM" ,noJIH cBepxnpoBO;iv.£llll'IX rpaHyJI. B "KOHne" nepexo.na B 

CBepxnpoBO,Il;lllll9M COCTO.IIHHH OCTa9TCJ1 Jilllll:b MaJIM ,noJIH rpaHyJI KOJI­

JIOH,D;a, npH'l'.eM npH YBSJIH'l'.emrn: MarHHTHoro noJIH .no era paOo'l'.ero 

3Ha'l'.9HHJ1 B nepBYIQ O'l'.epe,n:D paapywaeTCJ1 CB9pXIIpOBO,Il;ID.10CTb rpaH]JI 

B CKOnJI9HH.f!X, 'ITO npHBO,IU{T K roMoreHHSaIUiR pacnpe,neJieHHJ'I OCTa:B­

nmxcs:r B CBepxnpOBO,Il;lllll9M COCTO.IIHHH rpaHyJI, a T8.IOK9 rrpOHCXO,IU!T 

paspyweHHe cBepxnpoBo,Il;ID.1ocTH OoJiee KPYITHHX rpaHyJI, nocKOJIDKY 

aKcnepHMeHTaJIDHO HaOJIIOMeMHe aHa'l'.eHRR: noJiett neperpeBa YM9HDllla­

IOTCH B 3TOM ,nzarraaoHe pa3M9POB c pOCTOM paaMepa rpaH]JI CTpe­

MJ1Cb B npe,neJie K KpHTH'l'.9CKOMY noJIIO MaCCHBHOro OOpaana, 'ITO 

npHBO.IU!T K roMoreHHSB.UHH KOJIJIOH,D;a no pasMepaM. 

TaIWM oopasoM, B KOHn9 nepexo.na KOJIJIOH,ll; COCTOHT H3 OOJiee 

O.nHOPO,nHOro H no pa3M9paM H no npOCTpaHCTB9HHOMY pacnpe,neJieHHIO 

OCTaTRa CBepxnpOBO~X rpaHyJI, BCJie,nCTBH9 'l'.ero H HaO.mo,naeTCJ1 

npaKTH'l'.9CKH npe,neJIDHHtt OTHOCHT9JIDHHM OTKJIHK ,neT9KTOpa (cM.pHC. 

4). 

Ilpe;n;n:oJio~eHHe o roMoreHHsanHH KOJIJIOH,na no,nTBe~aeTcs:r eme 

H T9M, 'l'.TO 8KCil9pIDll0HT8J!DHH9 3a:BRCHMOCTH OTHOCHT9JI:bHOro OTKJIH­

Ka .neT9KTOpa OT 3HeprHH ,IJ')lJi KOHna nepeXOM KQJilrq9CTB9HHO OilH-
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CHBaIOTcs:r ~OPMYJIOtt (2), a BpeMeHHott xo.n nponecca paspymeHHH Me­

TacTaOKJIDHoro CBepxnpOBO,Il;lllllero COCTOHHHJ'I - ~OPMYJIOtt (I), Tor­

M KaK ,IJ')lJi aHaJIOrH'l'.HHX 3a:BHCHMOCTett ,ll;JIJ1 cepe,nHHH H Ha'l'.aJia ne­

peXOM HM99TCJ1 JmlIJ:b Ka'l'.9CTB9HH09 corJiaCHe • . 

PacxOJK,IJ;eHHe pac'l'.eTa no ~OPMYJie (2) H 3KcnepHMeHTa ,IJ')lJ{ ce­

pe.n;wra H Ha'l'.aJia nepeXOM oOyCJIOBJI9HO, IlO-BH.D;HMOMY TeM, 'ITO B 

KOJIJIOH,D;e, COCTOJ1m9M H3 rpaHyJI c OOJIDIIIHM paaopocoM no pa3M9paM, 

OTHOCHT9JIDHHtt OTKJlliK c.F-r't/t.FH JIBJ¥{9TCJ1 HHTerpam,HHM s@>eKTOM H 

.noJDKeH 0IlHCHBaT:bCJ1 CYMMOtt 3a:BHCHMOCTett THila (2), OTB9'l'.aIOllll'IX 

rpaH]JiaM c paaHHMH noporoBHMH aHeprHJIMH. 

B K0Hn9 OTM9THM, 'ITO Bp9M9HHOM xo.n (I) nponecca paapyweHHs:r 

neperpeToro cBepxnpoBO,Il;lllllero cocTOJ1HRR: (cM.pRc.2) noaBoJis:reT on­

pe,neJIRTI> H3 peayJIDTaTOB H3Mepe:mr:lt ,n;aa B8.lKHl:lX ~R3H'l'.9CKHX napa- . 

MeTpa: SHeprRIOft H MOmHOCTI> aKcnoamnroHHott .noaH OOJIY'l9HHS1 :JJ 

Il~ero Ha KOJIJIOH,ll; H3JIY'l'.9HR1i. nettCTBHT9JibHO, IlO B9JIR'l'.HH9 aM­

IIJmTY.u;H nepexo.na ti. F-r'r , ooycJioBJieHHott oOJiy'l'.eHHeM, c y-qeToM 

3HepreTH'l'.9CKOtt 3a:BHCHMOCTR 8.HaJIOrH'l'.HOtt npHBe,neHHott Ha pRc.4, 

MO~O onpe,nemi:T:D SHeprRIO na.nruomero R3Jzy'l9HHJ1 Er ' . a no R3M9-

peHHott Ha'l'.aJIDHOtt CKOpOCTR R3M9H9HHH 'l'.aCTOTH H3M9pHT9JIDHOro re-• 
HepaTopa AFr(O) B coBolcy'IlHocTR c aapaHee HsBeCTHott JIHHettHott 

3a:BHCHMOCTI>Kl 4 F~~) MO~o onpe,neJIRTI> BeJIH'l'.HHY MOmHOCTH 3Kcno-

3m:tl'IOHHott .noa1i11J • PasYMeeTcs:r, 'l'.To .nJis:r Toro, 'l'.To.61i1 npe.nJIOJKeH­

HHtt M9TO,n O.nHOBP9M9HHOro H3M0p9HHJ1 SHeprHH R HHT9HCHBHOCTH na­

.na!Xllero Ha KOJIJIOH,ll; .H3JIY'l9HRR: HOCHJI KOJIH'l'.0CTB9HHblft xapaKTep, 

H900XO,nlil'.MO, 'l'.TOOH HCilOJID3yeMHtt KOJIJIOH,ll; OHJI KaJIHOpoBaH B pao~ 

'l'.ett TO'l'.Ke Ha B0TBH neperpeaa KOJIJIOH.D;a ROHHSHPYJXllRM HSJiy'l'.9HH9M 

c 38.paHee HSB0CTHHMH napaMeTpaMH. 
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Cy~ecTBeHHHM npe.l!MYllleC~BOM npe'AJIOXeHHoro MeTo,na o,nIIOBpe­

MeHHott ,JJ;HarHOCTmtK 3Heprlili li l!HT0HCliBHOCTli liOHli3liPYlOill0rO (B 

'ClaCTHOCTli peHTreHOBCKoro) li3JIY"l0HIDI RBJ1110TCH TO, 'CITO npli liC­

IlOJTh30Balilili pa368B.JI0HHHX KOJIJIOIU(OB liCCX0)1Y0Mlrl!: ~OK nprutTli­

'110CKli H0 B0~0TCH B npo~ecce ,IU'IarHOCTliK!i!. 

B H B 0 .ll H 

I. 3K,cnepHM0HTaJThHO onpe.u;exeH KPHTepztt paa6aBxeHHOCTli 

KOJIJIOIU(a B TePMmrax cpe,nIIero paccTo.fllIM M0lR.DY u;eHTpaMli coce.u;-. 

ImX rpaHYx L , HOJlMHPOBaHHoro Ha zx cpe,nIId: ,JJ;HaMeTp cl : 

L/d ~3. 
2. BBe.u;eHo noHHTHe o noporoBoM aHa'!lelilili aHepru Eo, xa-

prutTepH3YlOill0M ycTOtt'ClliBOCTb neperpeToro CB0pXIlpOBOw:mt0rO coc­

TOHHWI KO~OH,na no OTHOW0HHID K 06JIY"l0HIDO H npe'AJIOX0Ha 3KCil0-

pliM0HTaJThHM MeTo,JJ;HKa KOJm'110CTBeHHoro onpe.u;exeHIDI fo. 
3. HcCJie.u;oBa.Ha KHH0THKB. n~o~ecca paapymeHHH neperpeToro 

CBep:x:npOBO,nmnero COCTOHHID! OXOBHHHHX rpaHYX p0HTr0HOBCKliMH 

JIY"laMH, 

4. YcTaHOB~eHo, 'CITO K0~0.111'.,IJ;li Ha neperpeTHx cBepxnpoBo.u;n-

lllHX rpaHYX MOryT liCilOJTh30BaTDCH ,IJ;J1l1 O,nliOBp0M0HHOrO H3M0p0HliH 

3H0prM li liHT0HCRBHOCTH peHTr0HOBCKOrO H3JIY"l0HIDI. 
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)11l.8M9Tpa ( CIIJIOlllH8JI JIHHBll) • 
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10 20 30 4 6 t. ,ceic. 

PHc.2. OcHOBHHe qepTH np~ecca paspymemm MeTacTa6.ltlt&Horo 

CBepmpoBOMJllero COCTosmHJI rpaHYJI B . ~JIJIOH,lte ua;t'HKTHHM IIOJl9M 

B peHTreHOBCKBY KSJIY'i9HH9M (o6oSHaqeHIUI CM B TeKCTe). 
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Plic.3. ~YBCTBliT8JI:bHOCTb KOJIJIO~a c o6~eMHHM CO'A0PJKaHR0M M8T~­

~a.., 0, 4% B saBHCIDllOCTH OT Be.Jm1mHH pa6o'lero MarHHTHoro no.IDI 

npz Er = II5 RsB z T = 3,52 K. F(H)- KPRBM nepexo'Aa KO~­
~o~a li3 CBepxa:pOBO.ItmnSrO COCTOJIHKJI B HOpM~H09 H o6paTHO. 

dF(H)/dH- npo:ZSBO,Il;l{M KPHBO! nepeXO'Aa no MarHRTHOMY noJIIO. 
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Plic.4. OTKJIHK KOJIJIOH,I(a, CO'A8patalll8rO no o6~8MY 0,4% rpaHy~. 

Ha peHTreHoBcRoe HSJIY'iSHRe npH TeMIIepaType T = 3,53 K B SaBH­

cID11ocTH OT aHeprlili KBaHTOB. 

Cn~oIIIHHe ~ paC'lliTa.Hl:l no ~OfMY~e (2) MSTO'AOM HaHMeHb­

IllHX KB~TOB. 

3aBHCIDIJOCTb OT aHeprlili li3JIY'i0HIDI npe'ACTaBJieHa 3Ha'l.K8Mli 

"•" li "o" npli 6FH/llF = 0,25 li "Y" H "V" npz AfH,Af=D,75 

"Y", "•" - YPC - 2,0 - p~HTreHoBCKali ycTaHOBKa, 

"V", " o" - PYTI - I50 - peHTreHOBCKali ycTaHOBRa. 
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PBc.5. 3aBBCJDfOCT11 OTROC11'1'8.nRol )tOD rpasta, nepex0Jt11111HX 

118 MeT8CTa6B.nROl'O CB8pmpmo,1UllQBro COC'l'08HHS B HOJ;lil!Ull>Hoe 

IIC>,lt .itelcTBBelf odl;yqeBD, OT Cpe,1Ulero pacCTO$DIM Mex.DY <:S.lumal­
mmm rpeHyJmllll B KO.uQJUle, BllpU8JD1oro B eJOIH1Dl1'x cpe,1Ulero 

.Jnl8M9TP8 rpeHy.K. 

HSMepemm npoBQeBB Ba capo oCSpuo;OB c pas.mtmHYK suaqe­

HHJIMll napaMeTpa L/ct np11 Ue.QllllU OTHOCHTe.in.HHX TeNIIeJaTY­

pax T/Tc: 

0,700 - "O". 

0,900 - "a". 
0,8CXl - "V", 

0,925 - ...... 
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0,850 - "A", 0,875-"e". 

0,950 - "l ". 
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