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OEW:Afl XAPAKTEPMCTMKA PAEOThI 

AKryanLHOCTh npo6neMLI. Ilpo·rne}lrnee }leC.SITHneTHe - ,Qnjj q:JH3HKH 

TBep~oro Tena llBHnOCh 3HaMeHaTenhHhIM nepHO}lOM. Ee}lHOpJ..t H Mronnep 

CBOHMH OTKphlTHjjMH HOBOro Knacca CBepxnpOBO,UHHKOB CTHMYnHpOBanH 

HCCJie}lOBaHlfjj BhICOKOTeMnepaTypttoi! CBepxnpOBO}lHM0CTH. IlpHCTMhHOe 

BHHMaHHe K HOBhIM MaTepHanaM. 061>.SICHHMO HX O'leBH,QHhIM 3Ha'IeHHeM He 

TOnhKO ,Qnjj ttaYKH, HO H TeXHHKH. MnTeHCHBHOe pa3BHTHe, B 3TO )Ke 

}leCllTHneTHe, MeTO}la neiiTpOHHOH peciJneKTOMeTpHI:1 ycTaHOBH.iio yttHK.anbHOe 

ero nono:iKem1e B pllJlY ll~epno-q:JH3H'leCKHX MeTOJlOB myqettlfjj TBep.uoro Tena. 

3HattIIe HeiiTpOHHhIX MHH paccellHlfjj c OTHOCHTenhHO BhIC0Koii TO'IHOCThIO 

o6ecne'IHn0 B03MO)KHOCTh a6conIOTHhIX H3MepeHHH B q:JH3HKe MarHHTHhlX 

.SIBneHHH. TO'IHOCTh, C KOTOpoii H3BeCTHhl MHHhl paccellHlfjj, 1103BOmeT HX 

Hcnonh30BaTh ,Qnjj H3BJie'IeHlfjj a6COJIIOTHhlX MarHHTHhlX BenH'IHH C 

He}lOCTynnoii }lO CHX nop npeUH3HOHHOCThlO. K TaKHM BenH'IHHaM, . B 

qaCTHOCTH, OTHOCHTC.SI my6HHa npOHHKHOBeHlfjj UOCTO.SIHHOro MarHHTHOro 

nom B T0HKHe nnenKH cBepxnpOBOJlHHK0B. B 3TOM nollBnjjeTC.SI CMhICJI H 

MeTponornqecKoe 3Ha'IettHe a6conIOTHhIX H3MepenHii MeT0JlOM neiiTpOHHoii 

peciJneKTOMeTPHH. 

.!(HccepTaJ..tlfjj Il0CBllllleHa 3KcnepHMeHTanLHOMY H TeopeTH'IeCKOMY 

myqeHHIO npOHHKHOBeHlfjj CTaJ..tHOHapttoro MarnHTHOro nom B MeiicnepOBCKOH 

¢a3e B nneHKax BhICOK0TeMneparypnoro CBepxnpoB0~HHKa YBa2Cu3O1-x 

(Y-Ba-Cu-O), a TaK)Ke KnaCCH'leCKHX cBepxnpoB0JlHHKOB HH06ID,I H Batta,ll.lfjj 

MeTO}lOM 3epKanhHOro · OTpITTKeHlfjj TennoBhIX nompH30BaHHhIX neiiTpOHOB 

· (o6mee na3BanHe MeTO}la - HeiiTpottn~ peciJneKTOM~Tplfjj). qHcneHHhie 

pacqeThl IlOKa3anH, 'ITO HMeeTC.SI yttHKanhH~ nepcneKTHBa IlOBhlllieHlfjj 

npeUH3HOHHOCTH B H3MepeHHH my6HHhl npOHHI~:HOBeHlfjj ,Qnjj BaHa,lJ.Hjj. 

3KcnepttMeHTanhHhie Hccne~oBaHlfjj nnenoK HH06Hjj H Y-Ba-Cu-O 

BhmonHeHo na nynhcttpyro~eM peaKTOpe MEP-2 B ,Ify6ne, Ha cneKTpoMeTpe 

nompH30BaHHhIX tteiiTponoB CIIH. 

, llem1 pa60TL1: 

Ko BpeMeHH tta'Iana HallIHX HCCJie}loBaHHH HMeJIHCh npOTHBOpe'IHBhie 

.uattHhie o my6Hne npoHHKHOBeHlfjj B coe}lHHeHHH YBa2Cu3O7 .. x. HaMH 6Lm 

YKa3aH IlYTb YBentt'IeHIDI TO'IH0CTH H }lOCTOBepHOCTH H3MepeHlfjj 3TOH 

(pYH.QaMeHTanhHOH noCTO.SIHHOH C npHMeHeHHeM TOHKHX 3IlHTaKCHanhHhIX 

nneHOK. IlpoBe,QeHHhIH 3KCnepHMeHT Il0Ka3an npaBHnh
0

HOCTh UOCTaBJieHHOH 
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3a,n;aqH, O,IJ,HaKO HOBH3Ha . HCnOJib30BaHHOI'O MeTO,IJ,a (HeiiTpOHHOH 

peqmeKTOMeTpHH) C03,IJ,aBana He)'BepeHHOCTb · B Ha.D;e)KHOCTH 3KCnepHMeHTOB 

BbIIlOJIHeHHblX Ht:HTPOHHbIM MeTO,Il,OM. 

EbmO npiIIDITO perneHHe npoBepllTb , MeTO,IJ,, B351B ,urrn H3Mepemrn 

rJiy6HHbl npOHllKHOBeHl151 KJiacc~eCKHH CBepxnpOBO,IJ,HHK (HH06Hii). Ha 

TOHKoii nneHKe HH06l151 6bmo o6HappKeHo HecooTBeTCTBHe BenHqHHbI · 

H3Mep51eMOH KOHCTaHTbl npH cpaBHeHHH co MHOlliMH MeTO,IJ,aMH ee H3MepeHl151, 

KpOMe O,IJ,HOI'O, OTHOCHru:eroc51 K npHMeHeHHIO Mern.n.a H3MepeHl151 1 np51MOI'O 

TOKa B ,Il,)K03ecpcoHOBCKHX TyttHeJibHbIX nepexo.n.ax. ,UaHHbie HeiiTpOHHOH · 

pecpneKTOMeTpHH Ha HH06HH, nony1IeHHbie B 1984 ro.n.y rpynnoii cpH3HKOB . H3 

AproHCKOH HaU:HOHaJibHOH na6opaTOpHH,' . OTMeqanH 3TO . HeCOOTBeTCTBHe 

ou:eHOK rny6HHbl npoHHKHOBeHl151. Ko BpeMeHH HallIHX H3MepeHHH ,IJ,J15I HH06l151 

CTaJ\0 . 51CHO, qTO npou:e.n.ypa yqern MHKpornepoxoBaTOC,Tll .n.pyrnMH aBTOpaMH 

6i,ma He BnOJIHe KOppeKTHOH. 

. , Mbl B351JIH cneU:HaJibHO, npHrOTOBJieHH)'IO TOJICT)'IO nneHKY, HMeBaI)'IO 

MHKpornepoxoBaTOCTb, ,IJ,JI5I npoBepKH CBOero anropHTMa qHCJieHHOI'O aHaJIH3a I. 

H3MepeHHH B HeiiTpOHHOH pecpneKTOMeTpHH. C)'Tb yqern MHKpornepoxoBaTOCTH 

B HarneM MaTeMaTHqeCKOM annapaTe CBO,IJ,llTC51 K. tt:CI10Jlb30BaHHIO nnaBHO 

HapaCTaIOIUero OnTHqecKOI'O . nOTeHU:HaJia ,IJ,J15I pacqeTa K03qJ(pHU:HeHTOB 

OTpa)KeHl151 HettTpOHOB. Cl>aKTn:qeCKH nOBTOpeHHe 3KCnepHMeHTa 1984 ro.n.a Ha 

nneHKe C MHKpornepoxoBaTOCTblO n03BOJIHJIO o6HappKHTb aHOMaJIHIO 

~pOHHKHOBeHl151 nocT051HHOro MarnHTHOI'O nom Ha rpaHHU:e C 
0

BaKY)'M0M. 

IlOBbillleHHe HHTepeca K HettTpOHHOH peqmeKTOMeTpHH CTHM)'JIHp0B3;1IO 

n0HCKH H0BbIX MO,IJ,HqJHKaU:HH HeiiTpOHHOH pecpneKTOMeTpHH, KaKHM 

0K~3bIBaeTC51 peqmeKTOMeTpl151 C npHMeHeHHeM C0BeprneHHbIX KpHCTaJIJIOB B 

,IJ,B)'XKpHCTaJibHOM . pecpneKTOMeTpe BbICOKOI'O yrn0BOI'O pa3perneHl151. 

Ilpe,IJ,JIO)K~HHe HCn0Jib30BaTb TyttHenHp0BaHHe HettTpOHOB B BaHa.n;HeBOM 

pe30Harnpe, B KOTOpOM pecpneKTOpbI M0iyr 6bITb H3I'OTOBJieHbl H3 H30TOna 

BaHa.D;Htt-50, n03B0JIHJIO 'qHcneHHblM aHaJIH30M noKa3aTb nepcneKTHBH0CTb 

COOTBeTCTByIOru:eii MO,IJ,HqJHKaU:HH MeT0,IJ,a HettTpOHHOH pecpneKTOMeTpHH. 

OKa3aJIOCb, qTO TOqH0CTb MeTO,IJ,a MO)KeT . 6b1Tb cyru:eCTB~HH0 \ )'BeJIHqeHa .n.:';i51 

u:eneii H3MepeHl151 napaMeTpOB ,IJ,HaMarneTH3Ma BaHa,n;l151. BMeCTe C TeM ,IJ,J151 · 

pa3BHTI151 MeT0,IJ,a H )'BeJIHqeHl151 CBeT0CHJibl B MeTO,IJ,e ,Il,B)'XKpHCTaJIJibHOH 

pecpJieKTOMeTpHH fam . npe,IJ,JIO)KeH n03HU:HOHHO-q)'BCTBllTeJibHbIH ,IJ,eTeKTop 

HettTpOHOB. 

HoBH3Ha pa60Tbl. Pa3Bl1Ta OpHrnHaJibHM MeTO,Il,HKa perneHl151 np51MOH 

3a,n;aqH ,IJ,JI5I 3epKaJibHOI'O 0Tpa)KeHl151 HettTpOHOB. ,Un5J: O,Il,HOMepHOH CTp)'KTypbI 

np0H3B0JibH0I'O Hanepe.n. 38,IJ,aHH0ro COCTaBa , 51,Il,ep C HCnOJib30BaHHeM 
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KBa3ttnoTeHu:uana Cl>epMH pa3Bma npou:e.n.ypa . pacqern Ko::icpcpnu:HeHTa 

0Tpa)KeHl151 HettTpOHOB. ,UaHHM npou:e.n.ypa o6ecneqIDJa K0ppeKTHOe onHCaHHe 

0Tpa)KeHl151 HeihpoHOB OT o6pa3U:OB C MHKpornepoxoBaTOCTblO, qT0 npHBeJI0 .K 

o6HappKeHHIO aH0MaJIHH, CB513aHHOH C no,IJ,~BJieHHeM, napaMeTpa nop51,I1,Ka 

. CBepxnpOB0,IJ,HM0CTH y rpattHU:bI C BaKY)'M0M. . 

BnepBbie npoBe,IJ,eH 3KCnepHMeHT Ha CBepxnpOBO,Il,5IIUeii nneHKe HHo6mi, 

KOTOpbIH noKa3an aH0MaJibH0e np0HHKHOBeHHe MarHHTH0I'O noJ151. 

IlocTaBJieH 3KCnepHMeHT Ha Bb!C0K0TeMnepaTypHOM CBepxnpoBO,IJ,HHKe 

cocrnBa Y-Ba-Cu-O, no3BOJIHBllIHtt ou:eHHTb rny6Htty npoHHKH0BeHl151 

MarHHTHOI'O nom B 3T0M coe,IJ,HHeimH, Kor.n.a no' ycJIOBl151M IJPHKJia.D;bIBaeTC51 

none B MettcHepoBCKOH cpa3e. ,UaHHM ou:eHKa ycTpaIDieT npOTHBOpeqHe 

K0HCTaHT npH cpaBHeHHH C H3MepeHl151MH IlJia3MeHHOH qaCT0Tbl. 

IlpoBe,IJ,eH qHcJieHHbIH aHaJIH3 B03M0)KH0I'O 3KCnepHMeHTa Ha 

MHOrocnoiiHoii CTp)'KType H3 H30TOrra Bamt~Hii-50, ecTecTBeHHbIH BaHa,n;Hii, 

BaHa.n;Hii-50 (HettTpOHHbIH . pe30HaTOp), KOTOpbIH n03B0JIHJI HaHTH ycnOBID.I 

npHHU:HnHaJibHOfO )'BeJI~eHl151 q)'BCTBHTeJibH0CTH MeT0,IJ,a HeHTpOHHOH 

pecpneKTOMeTpHH . ,IJ,JI5I myqeHl151 CBepxnpoBO.IJ.HMOCTH BaHa,n;l151. IlonyqeHHbIH 
. . 
pe3yJibTaT BbIBO,IJ,llT HeHTpOHHbIH . MeT0,IJ, B pa3p51,I1, !3bIC0K0:YBCTBl1TeJibllblX 

Hap51,I1,y C MeTO,IJ,OM npeu:ecCHH cmrna MIOOHa H MeT0,IJ,a H3MepeHl151 np51MOI'O 

T0Ka B ,Il,)K03ecpcoHOBCKOM TyttHeJmp0BaHHH. 

Ilpe,IJ,JIO)KeH . n03HU:HOHHO-:_q)'BCTBHTeJibHblH ,IJ,eTeKT0p HeHTpOHOB C 

BblCOKHM K00p,I!,HHaTHbIM pa3perneHHeM H ::icpcpeKTHBHOCTblO perncTpau:HH 

HettTpOHOB, a,n;eKBaTHbIH . 3a,n;aqe pernCTpaU:HH MaJI0yrJI0B0ro pacce51Hl151 B 

reoMeTpHH nnocKoro o6pa3u:a. 

IlpaKTHqecKruI H uayqHM IIeHH0CTb pa60TbI: 

IlonyqeHbl ,IJ,aHHbie Merpom:irnqeCKOH u:eHH0CTH, qTo n03B0J15IeT CIDITb 

np0THB0peql151 B TPMHU:H0HHbIX cxeMaX H3MepeHl151 (pytt,IJ,aMeHTaJibHbIX 

KOHCTaHT: rny6HHbl npOHHKH0BeHl151 H IlJia3MeHHOH qaCT0Tbl. PacqeTaMH 

noKa3aHbl npaKTHqeCKH 3HaqHMbie H0Bbie HanpaBJieHl151 pa3Bl1Tl151 MeT0,IJ,a 

HettTpOHHOH pecpneKTOMeTpHH B myqeHHH CBepxnp0B0,IJ,HHK0B. 

Anpo6aul151 pe3ynhTaT0B H nyfuIHKaIIHH: 

Pe3)'JlbTaTbl, H3JI0)KeHHbie B ,Il,HCCeprnu:HH, ,IJ,0KJia.D;bIBaJIHCb H~ HayqHbIX 

ceMHHapax, pa6oqux C0Beru:aHl151X B na6oparnpHH HeiiTpOHHOH qJH3HKH HM. 

11.M.Cl>pattKa, Ha Me)K,Il,ytt,apo,I!,HbIX HayqHblX KOHcpepeHU:l151X B ,Uy6He B 1989 

ro.n.y, B Ea,n;-XoHHecpe (I'epMaHI151) B 1991 ro.n.y, B CaH-,UHero (CIIIA) .B 1992 

ro.n.y, Ha pa6oqHx C0Beru:aHl151X B r. 3apeqHOM, CBep,IJ,JIOBCKOH o6n., Ha 

Me)K,Il,yttapo.n.Hoii KOHcpepeHU:HH "KaypoBKa-94", Ha PoccHiicKo-Cl>paHa:y3KoM 

ceMHHape no HCCJie,IJ,OBaHHIO KOlf,IJ,eHCHpOBaHHblX cpe.n. 51,Il,epHo-cpm~eCKHMH 

MeT0,IJ,aMH r. rarquHa B 1993 I'O.IJ.Y, Ha HayqHOM CeMHHape B r. raTqHHa B 1992 
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ro;zy, Ha XXX CC>Be~amrn 110 qm31IKe HII3KIIX. TeMnepa:ryp B_ r. Jly6mt B_ 1994 
roey. OcHOBHbie pe3yJibTaTbl npe,ncTaBJieHbl B ceMII ny6JIIIKaiurnx [ 1-7]. 

· 06:I,eM -n1Icceprntrnn: -
.IJ:m::cepTaUIDI II3JIO)KeHa Ha 119 CTpaHIIuax II C0CT0IIT 113 5 . maB II 

Jaiono<iemrn. B Hett. co,nep)KIITCH 29 -p1ICJHK0B, 5 rn6JI1IU II CIIIIC~K JIII;~paTyphl · 

B. 95 HalIMeHOBaHIIH. . . 

ABTOp 3llIIIIIIIIaeT: _ 

1. - PaJpa6oTKY' H0B0ro cnoco6a qlicJieHH0ro aHanma npouecca 

0Tpa)KeHIDI HeiiTpottoB IICII0Jib3YH KBaJ1I110TeHU1IaJI <l>epMII. 

2. YcoBeprneHCTBOBaHIIe ,neTeKTopa TeIIJIOBblX HeHTpOHOB • 

. 3. 3Kcnep1IMeHTaJibtt;Oe myqeHIIe . npOHIIKH0BeHIDI _II0CT051HH0ro 

MaIBIITH0ro II0JI51 B TOHKOIIJieHoquoM H1I061IeB0M CBepxnpOBO,nHlfKe; 

4. qlICJieHHbIH amuim YCJIOBIIH 0IITIIMaJibH0ro myqemci 51BJieHIDI 

' ~poH~H0BeHIDI II0CT051HH?ro 

cBepxnpoBo,nttlIKa Y-Ba..:cu-O. · 

. 5. 3Kcm:piiMeHTaJibHOe 

t.f!lTI:IIITHOro II0JI51 B TOJICTOH 

rnepoxoBaTOH II0BepXH0CTblO II 

II0JI51 Ha rpaHIIUe C BaKYJM0M. 

MarnlITH0ro- II0JI51 B T0HKIIe IIJieHKII 

myqeHIIe IIp0HIIKH0BeHIDI II0CT051HH0ro 

IIJieHKe HII061IeBoro c~epxnpoBo,nHIIKa c/ 

06HapJ)KeH1Ie • aHOMfillbHOro npOHIIKHOBeHirn 

, 6. 3KCDep1IMeHTaJibH0e onpe,neJieHIIe rJiy61IHbl IIp0HIIKH0BeHIDI 

MarttlITHOro nom B BbICOKOTeMnepaTJPHbIH CBepxnpoBo,nHIIK cocrnBa Y-Ba-

cu·-o. 
7. qlicneHHJIO oueHKY B03MO)KHOCTeii TJHHeJ!IIpoBaHIUI HeihpoHOB .nJI5I 

,n0CTII)KeHIDI H~BbIX npeUII31I0HHbIX yCJIOBIIH myqeHIDI 1IpOHIIKHOBeHII51 

MarnIITHoro nom B BaHa,nlieByro T0HK0IIJieHoqHyro CTPYKTYPY (pe3oHarnp Ha 

0CH0Be II30T0IIH0ro KOHTpaCT1IpOBaHII51). . , 

CO.IJ:EP)KAHHE .IJ:HCCEPT AIJHH 

D1aBa I. Bue,neHHe 

B ,naHH0H maBe paccMaTpHBaIOTC51 0CH0BHbie SJieMeHTapHbie 
' < ' ' ', 

rrpe,nnochIJIKII, noJB0JIIIBllIIIe ccpopMyn1IpoBaTb TeMy ,n1Icceprnu1I1I. 

' BBe,neHbl · O0H51TII51 -Kp1IT1IqeCKIIX. M8IBHTHbIX IIOJieu B CBepxnp0B0,nHIIKaX, 
, I ' 1 • 

,naeTC51 .. onpe,neneHIIe II0H51TIDI myt5IIHa npOHIIKHOBeHIDI MaIBIITHoro . II0JI51 II 

CB513b ee C cpytt,naMeHTaJibHblMII BeJI1Iq1IHaMII xap:aKTep1IJyrom1IMII C0CT051HIIe 

CBepxi:rpoim,nlIMOCTH. B MaTepliane. O111ICb1BaIOTC~ MeT0,nhl II3Mep-eHII51 my6ttHbl 

np0HHKH0BeHII51. 
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KpaTKO 0111IcbrnaeTc» MeTo,n HeHTpOHHOii pecpneKTOMeTplIII, CTaHoBJieHIIe 

KOTOpOro Haq1IJiaJIOCb C paHHIIX II0IIbIT0K II3MepeHII51 rJiy61IHbl IIp0HIIKH0BeHII51 

B H1I061I1I II myqeHII51 IIOBepXHOCTHOH cnepx~p0B0,nlIM0CTJ:! B coe,n1IHeH1III 

· Pb0 _992 Bi0_008 • TToHcH51eTC51 cpu31111ecK1Iii MexaHII3M, Ja cqeT K0Toporo 

0Ka3bIBaeTC51 

IICII0Jib3Y51 

B03M0)KHblM myqaTb CBepxnp0B0,nlIM0CTb II ,nttaMarneTII3M, 

II0H51TIIe II0Ka3aTeJIH npeJI0MJieHIDI HeiiTpOHOB. .IJ:aeTC51 

xapaKTeplICT!!Ka 3KCnep1IMeHTaJibHblX 

MeTO,n0M HeuTpOHHOH pecpneKTOMeTplIII. 

IICCJie,noBaHHH CBepxnpoB0,nHHK0B 

O6cJ)K,naeTCH npttHUHIIIIaJibHa51 cxeMa HeihpOHHOro 
, ' 

peqJJieKTOMeTp1IqecKOro 3Kcnep1IMeHTa. 

PaccMaTplIBaeTCH Bb!HeC~HHblH Ha Jammy OplirIIHaJibHblH pe3yJibTaT, 

CJTb K0T0poro C0CTOHT B npe,nJI0)KeHHII H0B0ro ,neTeKT0pa TeIIJI0Bb!X 

HeuTpOHOB, a,neKBaTH0ro 3a,naqe II3MepeHII51 MaJI0yrJI0B0ro pacceHHIDI 

HettTpOHOB. Jl:eTeKTOp HMeeT 0J{H0MepH0e 003HUH0HH0e pa3perneHIIe He XJ)Ke 

100 MHKp0H H Bb!C0KJIO scpcpeKTIIBHOCTb 6JIII3KJIO K 100% M51 TeIIJI0BbIX 

HeHTpOHOB. AnTOpCKIIe npana Ha np03HUH0HH0-qyncTBIITeJII,HblH ,neTeKT0p 

JamumeHbI naTeHTOM Pocc1IHCKoii <l>e,nepauuu [l]. YnpouieHHbIH napuaHT 

,neTeKT0pa C03,naeTC51 B 0115111 B r • .IJ:y6Ha. -

rnaBa II. Oco6eHHOCTH 0TpIDKeHHJI Il0llilp1130BaHHLIX neftrpoHOB OT 

peaJILHOHUOBepxuocrH 

B ,naHHOH mane paccMaTplIBaIOTCH 0CH0BHbie n9np0Cbl CB513aHHbie C 

MaTeMaTIIqeCKHMII npo6JieMaMII K0JIHqecrneHH0ro 00IICaHII51 npouecca 

0Tpa)KeHII51 B paMKax MeTO,na HeiiTpOHHOH peq>JieKTOMeTplIH. 

<l>opMyJI1IpyeTC51 KBaHTOBO-MexaiiuqecKa51 00CTaH0BKa 3a_naqu H 

onpe,neJI51eTC51 1Ip51Ma51 II o6paTHa51 3a_naqu pecpneKTOMeTpHH. 

. OnucaH MeT0,n peKyppeHTHb!X COOTHOllleHHH, KaK Hatt60Jiee qaCT0 

np1IMeH51eMbIH. 

TTpHBOJ{IITCH opHrIIHaJibHblH MeTO,n pacqeTa K03!p!pHUHeHTa 0Tpa)l(eHJrn; 

3am1ImaeMbIH B ,n11ccepTaUIIH, KaK 0J{HH H3 0CH0BHblX pe3yJibTaT0B. OH 

HCII0Jib3YeT KBa3HII0TeHUHaJI <l>epMII [2]. B nocne,nnee npeM51 IlpHmlT0 cq11TaTb 

MeTO,n KBaJIIII0TeHI.(HaJia Hau6onee noc11e.nonaTeJ1bHbIM wrn ue11eii pememrn 

o6mux 3a_naq Te0plIII pacceHHHH HeHTpOHOB. Ero II0Jie3Hrul qepTa C0CT0HT B 

· TOM, qTo OH II03B0JIHeT Harm1,nHo myqaTb Manoyrnonyro 3a_naqy paccemnrn u 

,nucppaKUHIO He MeH5151 napaMeTpbl, 0TH0CHmHeCH K CTPJKType pacceusaTeJIH, a 

T0JibK0 onpe,neJI51H IIHTepnan B0JIH0BblX BeKT0p0B. 
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' ,/ 

JJ:aeTCH. aHaJIH3 reOMeTpHqecKOfO nO.[(XO.[(a. IloKa3:lHO, ,qTO ,B pH,Ae pa60T 

npH HcnoJih30Bamrn 3TOro · no.nxo.na HeKoppeKTHO )"IHThIBaJICH qiaKTOp 

MHKpo11IepoxoBaTOcTH OTpa)KaIOmeii noBepxHOCTH. ' · 

IJpe.[(JIO)KeHa cxe~ta KOppeKTHO~ yqeTa ·~mKpOlllepOXOBaTOCTH [3]. 
XapaKTepH3yeTCH HBJieHHe rnepoxoBaTOCTH noBepxHOCTH H 

aKI.teHTHPYIOTCH era cpytt.[(aMeHTaJibHbie H npnKJia,nH1:,1e acneKTbI. KoppeKrni.1e . 

. pacqeTbl C yqeTOM MHKpornepOXOBaTOCTH . no3B0JIHJIH nOJI)"IHTb OCHOBHbie 

'3KCnepnMeHTaJibHbie pe3yJibTaTbl H3MepeHllil . my6HHbl npOHHKHOBeHllil B 

CBepxnpOBO.[(HHK H aHOMaJIHIO npocpHJIH npOHHKHOBeHllil MarHHTHOfO nom, 

3amnmaeMb1e B .nnccepTaQHH. 

; rmma III. lhr.repeHHe rny6HHLI npOHHKHOBCHHJI B TOHlmx ru:reuKax 
. . I 

· BnepBbie TeopernqecKoe pacc~toTpeHHe ycnOBHH .[(JIH . npnMeHeHllil 

MeTO.[(a HeHTpOHHOH pecpneKTOMeTpHH npH IByqeHHH npOHHKHOBeHllil 

MarnHTttoro nom B cBepxnpoBO.[(HHKH B BH.[(e . TOHKHX · nneHOK 6bino 

npe.nrrpHHHTO B pa60Te [3]. B .naHHOH pa6oTe 6bqH·B~uiBJieH~I onpe.neneHHbie, 

.[(OCTaTOqHQ OnTHMHCTHqecKHe, Q)l(H.[(aHllil npeHMyYUeCTB TOHKOIIJieHOqfu,ix 

o6pa3QOB no cpanHeHHIO c npe.nenhHO · TQJICTbIMH (MHoro Temme 3000 
aiircTpeM) IIJiaCTHHaMH (IIJieHKaMH). O)KH.[(aHllil H B HaCTOHmee BpeMH 

. . . 
npe.[(CTaBJIHIOTCH aKryaJibHbIMH. 

.B .naH~ oii mane · pacc~rnTpnBaIOTC~ n HeCKOJlhKO o6HoimeHHOM BH.[(e 

ycJIOBllil, n KOTOpbIX ttan6onee HBHO noJIHpH3al{HOHHaH tteiirpOHIIa.Sl 

pecpneKTOMeTpllil npOHBJIHeT Kaprntty npOHHKHOBeHllil IIOCTOHHHOfO 

MaITIHTHOro UOJIH B TOHKHX rn:ieHKax. KaK rrpe.nrionaraeTCH, 3TO MOrJIO 6hl 

6hITh · .nocrnrnyro .[(JIH TOHKonnettoqHhIX ~TPYKTYP c Tonmnnoii 

CBepxnpOBO.[(HlUHX IIJieHOK nopH.[(Ka 3000. aHrcrpeM: •· IDIH Mettee. 11MeHHO B. 

3TOM cnyqae qyncTBHTeJibHOCTh noJIHpmauttoHttofi HettTpOHHoii 

pe<pJ1eKTm,1eTpHH B rnnpOKOM .·• ~H~epBa.rre 'n3M~pHe¥bDC BeKTOpOB . pacceHHllil 
• ' ,··. I • ' • • • 

neiiTpOHOB ynennqnBaeTCH . 

·.· Pacc.MaTp1uiaJiach · TOHKM IIJieHKa BblCOKOTeMnepa:rypttoro 

CBepxnpoBo.i{ttHKa Yf!,a
2 
Cup1:"0 • B ornHqife OT pa6oThI : (3]; B Kornpoii 

pacctJHThIBaJIOCb . ornorneHne. K03cpcpnuneflTOB OTpa)KeHHH . .[(JIH 

nporn~onOJiO)KHblX opHeHTatinii cnHHa HeiiTpOHOB. (cpnnn-OTHOIUeH~e) .I(IDl 
Y3K0f0 HHTepBaJia aeKTOpOB pacceHHllil Heii:TpOHOB, 3.[(eCb QOKa3;lHO, qro . B 

unipOKOM·, ·, .[(OCT}'l,UfOM . Ha COBp_~MeHHbIX peq>JieKTOMe!pax, . HHTepBaJie 

cyuiecTBYIOT · ycJIOBllil .[(JIH ua6mo.nemrn MHoroqncneHHbIX OCl{HJIJIHl{IIH cpnnn

OTHOllieHHH. 3To no'BhI11IaeT qyncTBttTeJihHOCTb Mero.na KO· MHOrnM · Ba)KttbIM 
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napaMerpaM llJieHOK, BJIHHIOIUIIM Ha Ol{eHKY JIOH.[(OHOBCKOH my6ttHbI 

npOHII{HoBeHHH. TaKIIM o6pa30M, TOqHOCTb MeTo.na BblttrpbIBaeT npn 

onTIIMII3al{IIII, KOTOpaH He paccMaTpIIBaJiaCb. B , [3], HO B03MO)KHa. 

IIpe.[(JIO)KeHHe II3MepHTb my6nuy npOHIIKHOBeHHH B TOHKIIe nneHKII [3] 
pacc~taTpIIBaeTCH, KaK O.[(IIH II3 pe3yJibTaTOB rrpe.[(CTaBJieHHbIX ~ 3amHTe B 

PYKOnIIcII .[(IIccepraunII. }J:pyroii pe3yJihTaT 3amnmaeMhIH 3.[(eCh HBJIHeTcH 

oueHKa my6nHhI npoHIIKHOBeHHH B IIJieHKY BTCII, no3BOJIIIBllIM CHHTh 

npoTIIBopeqne B HeiirpOHHbIX .naHHbIX. [ 4]. 0.nHHM H3 ocHOBHhIX pe3yJihTaTOB 

HBJIHeTC}I II3MepeHne .[(IIa~tarHHTHOro npocpHJIH B TOHKOH HH06tteBOH IIJieHKe, . 

npOHBHBllIHX OCl{HJIJIIIPYIOmee noBe.[(eHne cpnnn-OTHOllieHHH II. II03BOJIHBlliero 

nonyqttTb Ol{eHKY my6ttHbl rrpOHIIKHOBeHHH rrpOTIIBOpeqaIUYIO CTaphIM 

H_eiiTpOHHblM .[(aHHblM [5]. }J:aHHbIH pe3yJibTaT noMor B nocJie.[(OBaBIIIIIX 

H3MepeHHHX o6Hap~IITb aHOMaJibHOe rrpOHIIKHOBeHHe MarHHTHOfO nom Ha 

rpaHttl{e CBepxnpOBO.[(HHKa c BaKYYMOM [6]. . 

rnana IV. IIJr.repeuHe nponHKHoeeuIDI MarHHTHoro ri:omr e 
TOJICTOH IlJICHKe C mepoxoeaTOii noeepXHOCTLIO 

B .naHHoii maBe npe.ncrnBJieH oclioBHOH pe3yJibTaT, BhrneceHHhiii Ha 

3amiiTy no Ha6JIIO.[(eHIIIO aHOMaJIHH npOHIIKHOBeHHH nOCTOHHHOro MarHHTHOfO 

nonH B nneHKe Htto6nenoro cBepxnpoBO.[(HIIKa [6]. AHm.ianHH 6bma 

- 3aperncTpttpoBaHa HaMII BrrepBbie II He.[(aBHO pe3yJibTaTOM aMepnKaHCKOii 

rpynrrh! IIOBTOpeHO ee npOHBJieHtte He TOJibKO B HII06HH, HO H B 

BhICOKOTeMnepaTypHOM IIJieHoqHoM o6pa3Qe. 

Hno6neBaH TOJICTM IIJieHKa Ha CHTaJIJIOBoii no.[(JIO)KKe, · nonyqeHHM 

HaKJIOHHbIM HanbmeHtteM C l{eJibIO ynennqeHllil CTerreHII rnepOXOBaTOCTH, 

IIMeJia cpe.nneKBa,npaTnqHblll napaMe:rp BbICOT MIIKpornepoxoBaTOCTII 81, 

aHrcTpeM, comacno HeiiTpOHHbIM pecpneKTOMeTpnqeCKIIM .[(aHHblM. E~ 
TOJIIUIIHa, onpe.neneHHaH MeTO.[(OM pe3epcpop.[(OBCKOro o6paTHOro pacceHHllil, 

paBHa 7000 aHrcTpeM. KpHTnqecKaH TeMrrepaTypa cBepxnpoBO.[(HJUero 

nepexo.na panna 8.95 K. 11:ccne.noBaHne cocrnBa ncxo.nHoro MaTepnaJia .[(JljJ 
nanhmeHHH HH06llil; a TaK)Ke CaMOH IIJieHKH, MeTO.[(OM HeiiTpon

aKTHBal{ttOHHOro aHaJIH3 He U~Ka3aJIO, KpOMe 0.3% TaHTaJia, rrpncyrcrnne 

.npyrnx npnMeceii B IIJieHKe KOHQeurpauneii 6onee 10 ppM. }J:orroJIHHTeJibHhie 

cne.neHHH O COCTaBe .IIJieHKH rronyqeHbl MeTO.[(OM o6paTHOro pe30HaHCHOfO 

pacceHHllil HOHOB re.JIHH-4 Ha KIICJIOpo.ne-16. 06Hap~eH ecTeCTBeHHblll 

oKncen, no-BH.[(HMOMY, NbO . TOJIIUIIHOH OKono 30 aHrcTpeM. Ilo ycnoBHHM 

npttMeHeHHH MeTO.[(a pe30HaHCHOro pacceHHllil, H3MepeHHH BblilOJIHeHbl Ha 

npe.nene qyncTBIITeJibHOCTH .[(JIH TOJICTbIX IIJieHOK. 
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Ha PHc. 1 np1rneneH. cpparMeHT cneKTJ)a paccesmIDI, KOTOphlii 

llJIJIIOCTJ>IIpye-r Ka11ecrno ol.(eHKII · Ha.JIH'Ii'rn OKIIcna: OcHOBHOH i:pynHoCTbIO 
J • 

CHIDKaromeii 'IYBCTBHTeJibHOCTb MeTona. SIBIDieTCSI Ma.JIM TOJIII.(IIHa OKIICJia II 

Ha.JIH'!IIe MHKpornepOXOBaTOCTII nOBepXH0CTII, a TaK2Ke Ha.JIO)KeHIIe 
, , '· ! 

napl.(IIa.JlbHbIX cneKTpOB pacceSIHIDI IIOHOB reJIIDI Ha HII06im . II KIICJiopone. 

IJocnenHee, o6CTOSITeJibCTBO OTJIH'!aeTCSI OT yCJIOBIIH Ha TOHKOH IlJieHKe, B 

Kornpoii rny61IHHbIH npocpHJib KIIcnopona ynaeTCSI H3MepHTb, TaK KaK 

napl.(IIa.JlbHbie cneKTpi.1 pacceSIHIDI Ha H1I061I1I II KIICJioppne He 

nepeKpbIBaIOTCSI; IlJieHKII HII06IDI, nonyqaeMble IICnOJib30BaHHblM MeTonoM 

1 HanbmeHIDI, ~-aK npaBHJIO, o6nanaroT CBepxnpOBO~ll.(IIMII CBOHCTBaMII nplI 

TOJIII.(IIHax Ha'IIIHaSI c 400 aHrcTpeM, nplI reJIIIeBOH TeMnepaType (4.2 K). 
,; Ha P1Ic. 2. npencrnBJieHo cpn1In-oTHOrneH1Ie II pe3yJihTaTbI pac11eTOB nJISI 

npoBepKII pa3lI1I'!HbIX rnnoTe3 0 niraMarHIITHOM 'npocpHJie :naHHOH IlJieHKII, 

noMell.(aBllieHCSI B MarHHTHOe no.rie 500_ 3. CneKTpa.JibHOH nepeMeHHOii 

SIBIDieTCSI HOpMa.JibHaSI K IlJIOCKOCTII IlJieHKII KOMnOHeHTa ,wIIIHbl BCJIHbl 

HeHTJ)oHa. To11K1I OTpa)KaIOT :aKcnep1IMeHTa.JibHhlii pe3yJibTaT, JIIIHIDI · 1 
paccqHTaHa no JIOffnOHOBCKOH MOneJIII C napaMeTpOM rny61IIIl,I npOHIIKHOBeHIDI 

900 aHrcTpeM, a JIIIHIDI 2 nJISI M'one.im c MepTBbIM cnoeM (cM. PIIc. 3). 
' I • \ 

AHa.JIH3 naHHbIX B paMKax JIOffnOHOBCKOH M9nen1I Mor 6bI, Ha nepBbIH 

B3rJISin, nO,rti'Bep~aTb pe3yilbTaT . no 01.(eHKe rny61IHbl npOHIIKHOBef!IDI, 

nonyqett;HbIH B pa60Te rpynllb1 cpmlIKOB II3 AproHCKoii: Hal.(IIOHa.JibHOii 

.ria6opaTOp1I1I B CIIIA. OnHaKO CHTyal.(lUI Ha CaMOM nene Tpe6yeT 6onee 
' \ . . 

nplICTa.JibHOro BHIIMaHIDI. CneeyeT . 3aMeTHTb, qTO 3,KcneplIMeHTa.JlbHOe 

3HaqeHIIe cneKTpa.JibHOH q)YffKI.(IIII q)JIIIIl-OTHOllieHIDI nplI .rv:mHax BOJIH,Me1,1ee 

850 attrcTpeM CIICTeMaTH'!eCKII Jie)KaT HII)Ke pacqernoii ~plIBoii 1, y1rn3bIBaSI Ha 

TO, qTo B cpenHeM q)JIII!}-OTHOllieH1Ie MeHbllie enlIHIII.(bl B naHHOM IIHTepBa.rre.' 

B _nepBoii pa6oTe aHa.rrornqttoe CBOHCTBO cpn1In-0THornettIDI TaK )Ke 

npOSIBHJIOCb Ha Kparo cneKTpa.JibHOro IIHTepBa.Jia B onttoii 3KCnep1IMeHTa.JlbHOH 

TOqKe II 6bmO OCTaBJieHO aBTOpaMII 6e3 noJI)KfiOro BHIIMaHIDI. AHa.rrornqttoe 

Ilp05IBJieHIIe IlOBeneHIDI cpn'un-OTHOllieHIDI. ' o6ttap~eHO nJISI npyroro 

CBepxnpOBOnHIIKa nplI IICCJienoBaHIIII, IlOCBSIII.(eHHOM IlOBepxHOCTHOH_ 

cBepxnpoBon1IMOCT1I. 'TaKuM o6pa30M, o6c~aeMoe CBOHCTBO cpnlin

OTHorneHIDI HOCHT 6onee 06m1Iii xapaKTep II cBoiicrneHHO He TOJibKO 

. Hl~061Ie~OMY CBepxnpOB0nHIIKy. 

Bbrnon, KOTOpbIH cneeyeT II3 aHa.JIII3a naHHOro CBOHCTBa, 3aKJiroqaeTCSI B \ 

TOM, .'ITO HMeeT MecTo aHOMa.JIIDI n1IaMarnHTHoro npocpHJISI, 3aKJiroqaromaSicSI B 

CHJibHOM OTKJIOHeHIIII npocpHJISI OT npencKa3aHIIH JIOffnOHOBCKOH MO)ieJIII. TaK' 

KaK BBeneHIIe MepTBOro CllOSI 3HaqlITeJibHO ynyqllIHJIO Mepy npaBnonono6IDI 

nplI on1IcaH1III 3Kcnep1IMeHTa.JibHOH q)YffKI.(IIII q)JIIIn-OTHOllieHIDI, · cnenyeT 
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Pnc. 1 

CrreKTp o6paTHOro pacce51HIDI H0HOB reJIIDI WUI T0JICTOH 

HHbfo1eBOH IIJieHKH, B K0T0p0M BI,JqTeHa II0CT05IHHa51 B 1000 

OTcqernB Ha Kattan. PacceSittrre Ha Hrrofom (Nb - cpott) 

3aTpy.[(H5IeT attanm pacce51HIDI reJIIDI Ha Krrcnopo,[(e (Nb+O). 
O.[(HaKQ y.[(aeTC51 rrpoBeCTII 01.{eHKY Ha HaJIWme ecTeCTBeHH0ro 

OKllCJia Ha II0BepXH0CTH ITJieHKll, T0JIIUHH0H 0K0JI0 30 
aHrcTpeM H B npe.[(IT0JIO)KeHHH CTeXH0MeTpHH NbO, KaK II M.51 
TOHKOH ITJieHKll 
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cneJian, 3aiauoqeHHe o HaJIHqHe · nonaBrremrn napaMeTpa nop51,nKa 

CBepxnpoBOJ:J:HHKa y rpaHHI.J;bl C •BaK)'YMOM. 

lfaMep~HHe COCT05.IHIDI IIOBepXHOCTH nrreHKH ( OKHCeJI, 

MHKpornepoxoBaTOCTb) )J:aJIH nmpop~au;mo O TOM, qTQ MHKpOCKOnH'-IeCKHMH 

npnqnHaMn nonaBneHIDI napaMeTpa nop51,nKa Moryr 6hITb no MeHbrneu Mepe 

TpH. MnKpornepoxoBaTOCTb MO)KeT npHBO)J:HTb K nHHHHHIY BHxpeu Ha 

' noBepXHOCTH, KOTOpaa: HaXO)]:HTC5.I B ycJIOBIDIX CHJibHOH HeycTOHqHBOCTH K 

npOHHKHOBeHHIO MarnHTHOro nom. B JIHTepaType H3BeCTHbl crryqaH 

np05.!BJieHPJI naHHOH HeycTOffqHBOCTH, KOTOpaa: 061>5.ICH5.IJia np05.!BJieHHe 

illCTepe3HCHblX CBOHCTB npn MarnHTHbIX nomx, npHKJia)J:bIBaeMhlX B 

IIJIOCKOCTH o6pa3u;a HJIH nepeMeHHhIX C HH3KOH qaCTOTOH KOJie6aHHH. 

YnaBaJIOCh 061>5.ICHHTb MexaHH3M J:J:HCCHnaTHBHhIX 5.IBJieHHH B MeMeHHO 

MeH5.IIOIQHXC5.I nOJI5.IX, ° KOrna IIpOHHKHOBeHne IIOJUI H 3aKpenrreHHe BHXpeH 

npnBJie~anH B Kaqecrne OCHOBHOH npnqHHbl np05.!BJieHIDI 3<p<peKTa. 

EcTeCTBeHHb~~ OKHCeJI o6rranaeT MeTaJIJIHqecKHMH CBOHCTBaMlt B 

cTe.xnoMeTpttn NbO. · qrn cnoco6crnyeT' . npoHBJieHHIO <1cpcpeKTa 6rrmocTn, 

KOTOphIH nonycKaeT nonaBJieHne napaMeTpa nop51,nKa Ha HeKornpyro rny6ttHy. 

Jfa pacqeTOB crrenye_T, qTo rny6nHa nonaBJieHIDI paBHa 280 aHrcTpeM. 3m 
BennqnHa He Ha MHOro OTJinqaeTC5.I OT koppemu;HOHHOH MHHbl 

CBepxnpOBOMIQero , HH06IDI . (390 aHrcTpeM). KpoMe BCero MexaHH3M 

nonaBneHIDI MO)KeT 3aKJiroq~ThC5.I B TOM, qrn H3-3a 3epHorpaHnqHoiI nn<p<pY3HH 

KHCJIOpona Brny6h HH06IDI, OH y noBepXHOCTH nrreHKH HMeeT KpHTnqecKyro 

TeMnepaTypy CBepxnpOBOJ:J:5.[IQero nepexona CHH)KeHHyro IIO cpaBHeHHIO C 

Ta6JIHqHbIM 3HaqeHneM nm HH06IDI. ' . 

TaKHM o6pa3oM, Ha naHHOH CTaJ:J:HH nccrrenoBaHHH, HeJih35.I yrnep)KJ:J:aTh 

OnpeneJieHHO, qTQ HaHJ:J:eH MeXaHH3M B npmmJieHHH aHOMaJIHH. Tpe6yroTC5.I 

HeTpHBHaJJhHble nO)J:XOJ:J:hl K H3yqeHHIO aHOMaJIHH, 0)1:HHM H3 KOTOpbIX MO)KeT 

6bITh myqeHne norreBOH 3aBHCHMOCTH 3<p<peKTa. .[(pyrnM - H3MepeuIDI C 

Bapnau;neu TOJIIQHHbl OKHCJia. Bnonne npneMJieMbIM MO)KeT 6bITh TaK)Ke 

myqeHHe 3aBHCHMOCTH 3<p<peKTa OT Bapttau;nn TOJIIQHHbl IIJieHKH HJIH 

napaMeTpa rnepoxoBaTOCTH. 

Ha6nronaeMaa: aHOMaJIIDI no npenBapHTeJibHblM naHHbIM He3aBHCHMOH 

rpynnhI H3 HaQHOHaJibHOro HHCTHTJTa crnunapTOB H TeXHOJIOillH C CIIIA 

HMeeT MeCTO He TOJihKO B mm6nn, HO n B BhICOKOTeMnepaTypHblX 

CBepxnpOBO)J:HHKax. Coo6ru;eHne 06 3KCnepnMeHTaX Ha TOHKHX nrreHKax 

n05.IBHJ:iOCb B Haqane 1995 rona. .[(aHHble ny6tteHCKOH rpynnhl Bh.I3BaJIH 

n05.IBJieHHe ynOM5.IHJTOH pa60Tbl, KOTOpaa: BhIIIOJIHena ua J:J:OCTaTOqHQ Bh!COKOM 

ypoBne ucKyccrna ueuTpoHHOH pecprreKToMeTpHH. CBonHaa: rn6rrttu;a 1 
pe3yJihTaTOB npttBeneua Ha cnenyrow:eu CTpaunu;e. Ha pttc. 4 npHBeneu 
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Ta6nm..{a 1 Ony6m1KoBaHHhie sem1qHHhI 11, H AL B Nb 

11,(T)(nm) AL(T)(nm) T(K) ABTOpbI( CChIJIKH) MeTOJ-lhI 
47±5 39±5 0 Maxfield n np.23 Hl-l).ly'KTHBHOCTb 
41± I 35.0 0 · ' 24 Fmnemore n np. HaMarnwieHHOCTb 

31.5 0 Auer n np.25 HaMarnwieHHOCTb 
31.5± 1.5 0 Varmazis n np.26 Hl-l).ly'KTHBHOCTb 

90 4.1 Broom n np. 27 , TyH. rrepexon 
92±2 4.2 Cucolo II np.28 TyH. rrepexon 

32.3±0.4 0 Blaschke II np.29 pacqeT 3OHH. CTp. 
43±4 43±4 4.6 Felcher II np.3 TTHP 

28.9±0.1 0 Webern np.20 HaMarHll'leHHOCTb 
82.5 0 Anlage n np. 30 ITOJIOCK. pe3OHaTop 
90± 10; 45± 10; 4.9 Chernenko II np.9 TTHP 
145 ± 15 145± 15 
61±2; 4.2 Kim n np.31

'
32 Tytt. rrepexon 

84±2 
110±2; 43±8 4.5 Zhang n np. TTHP 
55±2 

ITHP - I10llilpH3al.{IfOHHIDI Hei:i:TpOHHIDI peqmeKTOMeTp~ 

3KCnepnMeHTa.TlbHbIH pe3yJibTaT H3MepeHIDI II0JUipH3auuu, IIOJiyqeHHblH 3TOH 

)Ke rpynnoii. <I>nun-OTHOIIIeHue F cmnaHo c K03cpqmuueHTaMu 0Tpa)KeHIDI u 

IIOJUipu3a1.weii P, npuBe,UeHHOH Ha puc. 4, CJie,U)'IOIIIHMH C00TH0IIIeHIDIMH 

F = R+ IR-

P = (1-F)l(l+F) 

Ilp0CTOH aHaJIH3 II0Ka3bIBaeT, qT0 H3MeHeHue 3HaKa II0JUipu3aUHH, 

Ha6mo.uamneec.SI rpynnoii H3 CIIIA, aHaJIOrnqHO nepexo.uy qJJIHII-OTHOIIIeHIDI 

H3 pe)KUMa BeJiuquHhl 60JihIIIeii e,UUHHUbl K pe)KHMY - MeHbIIIe e,UUHHUbI, T.e. 

K0JiuqecrneHH0 Ha6mo.uaeTC.SI TaKa.SI )Ke aH0Ma.TIIDI, KaK ·" B HaIIIUX H3MepeHIDIX 

Ha T0JICTOH rmeHKe. 

B HHTepnpernuuu MeXaHH3Ma aH0MaJIHH rpynna aMepuKaHCKHX yqeHhlX 

CKJI0HHa 'cquTaTb OCHOBH0H npnqHHOH ee II0.SIBJieHIDI HaJinque IIIepoxoBaT0CTH 

Il0BepxH0CTU. MbI )Ke . Il0Ka 0CTaBJUieM Bbl..SICHeHue MexaHU3Ma ,uJUI 3a.L(aq_ 

6y.uymux UCCJie,UOBaHHH, npe)J.Jlara.SI HeCK0JibK0 B03M0)KHbIX npuqnH, 

.OTMeqeHHbIX BbIIIIe: IlHHHHHr BHXpeii, acpcpeKT 6JIU30CTH H3-3a HaJlffqIDI 

0KHCJia, 06Jia.L(a10I11ero MeTaJIJiuqecKUMH CBOHCTBaMH "· HaK0Heu, 

3epHorpaHnqHa.SJ: .iincpq>Y3IDI KUCJI0po.ua Ha .U0CTaTOqHo 60Jihlll)'IO my6uHy •• }]ju{ 
Bbl..SICHeHIDI MexaHU3Ma Tpe6yeTC.SI npoB0.UHTb 6onee .ueTaJibHYJ0 npoBepKy 
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Ka)K_uOH H3 rHilOTe3, K0TOpbie Il0-Btt,uHM0MY .U0JI)KHbl UO pa3HOM)' npO.HBJUITb 

ce6~ B n'oneBOH 3aBUCHM0CTH napaMeTp0B aHOMa.TlbHOro npOHHKHC>BeHIDI. 

rnaua V. Ilpe,uno1Kem1e 3KcnepHMeHTa ua uammueuol\1 
HeirrpOHHOM pe30HaTope 

EhIJIO noKa3atto [7], qrn TynHenupoBanue noJUipmoBaHHhIX 11eirrpo110B 

o6ecnequBaeT H0Bhie B03M0)KH0CTH • ,uJUI HCCJie,U0BaHIDI .UUaMarneTU3Ma 

. CBepxnpOBO.UHHKOB. B Kaq~cTBe npnMepa, paccMaTpHBaJIC.SI pe30HaTOp . Cl>a6pit:- . 

Ilepo. On C0CTOHT H3 TOHKOH ruieHKH U3 eCTeCTBeH_HOH CMecu H30T0il0B, 

npuroTOBJieHnoii nanhmenueM, B cnoucrnii CTPYKType OKp)')KeHnoii T<>HKHMn, ' 

CJI0.SIMH U3 H30TOna BaHa.L(IDI-50. B CBepxnp0B0,u.SIIIIeM C0CT0.SIHHH B 

MeiicnepoBcioii cpa3e TaKOii pe3oHaTOp no3B0JUieT mMep.SITh 0Ypa)KeHue 

neiiTpOHOB · B .uuana30He B0JIH0BbIX BeKT0p0B, nona,L(alOIIIHX B pe)KHM .Il0JIH0ro 

0Tpa)KeHIDI HeiiTpOHOB, .. 3a 
0

HCKJI10qe11neM pe30HaHCHOH 30HbI. Pe30HaHCHasI 

_30Ha ,uJUI. K03cpcpuuuenTOB OTpa)KeHIDI _np0TUB0il0JI0)KH0 Il0JUipH30BaHHbIX 

·HeiiTpOHOB HaX0,UHTC.SI _npu 3HaquTeJibH0 OTJiffqalOIIIHXC.8° B0JIH0BbIX, BeKT0pax 

TaK, qTo cneKTpa.TlbH0e OT~ 0IIIenue K03cpcpuu_ueHTOB OTpa)KeHIDI .U0CTuraeT 

0rp0MHbIX Be.J1Hqu11 •. · 3TOT MeT0.U ,uonycKaeT B03M0)KH0CTb H3MepeHIDI oqeHh 

60Jib~OH my6HH~I npo~UKHO~eHIDI MarHUTH0ro Il0JUI .uo 45000 aHfCYpe~. , 

CoorneTCTB)'IOmHe. oueHKH ,uaIOT 'IYBCTBUTeJibH0CTb K my6HHe npoHm~:HoBeHIDI 

M / A H BHeIIIHeMy Ma'r·nHTHOMY nonro ~enee 1 % H 1-2 3, coorneTCTBeI~:tto. 

3a1cmoqeuue 

IlpoBe,UeHHbie ·, HCCJie,U0BaHIDI 0TH0CHTCH K H3)"leHHIO CBepxnp0B0,u.SIIIIHX 

IIJieH0K HH06JUI, BaHa.L(IDI H, IIJieH0K BbIC0K0TeMIIepaTypHbIX CBepxnp0B0,UHHK0B 

C0CTaBa Y-Ba-cu~o. Ka)K_ubIH H3 061,eKTOB UCCJie,U0BaHIDI H3fOTaBJIHBaJIC}I " 

M0)KeT 6bITh' H3I'OTOBJieH CaMbIMH . C0BpeMeHHbIMH MeTO.U<;lMH npHroT0BJieHIDI, 

. qT(} .HBJUietCH CTHMy.impyi0IIIHM cpaKT0pOM B np0.U0JI)KeHue myqeHIDI .uaHHbIX 

061>eKTOB. 

IlpuMeHeHHhie H3MepUTeJibHhie MeT0.UHKH Il03B0JIIillH onpe,ueJIHTh 

.MllKp0CK0IIffqeCKUe _xapaKTepucrHKH IIJieH0K: MHKp0IUep0X0BaT0CTh 

. Il0Bepxaoc,:H, ' T0JIIIIHHbI IIJieH0K, T0JIIIIHHbl H npocpumr 0KHCJI0B . Ha 

. IlOB~pXHOCTH, qJYJ-I,uahfeHl'aJibHbie, K0HCtaHTI,I:' JI0H,u0H0BCK)'IO . my6~my. 

IlpOHHKHOBeHIDI Il0CT0HHH0ro MarHHTH0ro··noJUI H my6uny "MepTBOr<> CJIO»": 
# ' ~ • • • \ • • 

3To ·3HaqHT, 'ITO · MeT0,Ubl_ a.L(eKBaTHbI 3a.L(a'i:e uccne,uoBaHIDI npoHHK~OBeHIDI 

Il0JUI B CBepxnp0B0,UHHKH.-
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YHUKaJibHOCTb -MeTona HettTpOHHOH pecpneKTOMeTPHH B npHMeHeHHe K 

myqeHHIO CBepxnp0B0'AHHK0B He .HBIDieTC.H nperr.aTCTBHeM ~ 60.Jiee ump0KHX 

CHCTeMaTH'IeCKHX uccnenoBaHHH B )J.aHHOM H;mpaBnentte, TaK KaK_ MeTon 

pa:3BIIBaeTC.H B CB.H3H C MH0roqHCJieHHbIMH HccnencmaHH.HMH cpeppoMarneTH3Ma 

rrneH0K •• 

MaTeMaTH'IeCKHH aHaJIH3 B MeTonax o6pa60TKH naHHbIX noKa3aJI, qTQ 

yqeT MHKpornepoxoBaT0CTH .HBIDieTC.H Ba;KHettlllHM cpaKTOpOM, n03B0R.HIOIUHM 

npaBttnLH0 ttHTepnpeTttpoBaTL cneKTpaJILHLie cpynKUHH Mernna nettTponnou 

pecpneKTOMeTpHH. Mo:llrnO Q)K~aTb, qTQ pacqeT K03qJqJHUHeHTa 0Tpa)KeHH.H 

rrneH0K C MHKpomepoxoBaTOH rpanttueu, HCn0Jib3J.H rrnaBH0 napaCTaIOIQHH 

nOTeHl{HaJI napa60JIH'IeCK0ro THna, . no3B0JIHT m6e)KaTb npHHl{HnHaJibHblX 

HeToqnocTett B H3Bneqen~H napaMeTp0B noTeHl{HaJia He T0JibK0 ~ 

CBepxnp0B0'AHHK0B, . HO H ~ cpeppoMarneTHKOB. Ilocnennee .HBIDieTC.H 

npttttl{HnHaJibHblM B B03M0)KH0CT.HX npttMeHeHH.H HeHTpOHHOH 

pecpneKTOMeTPHH. 

OcHOBHble pe3JJibTaTbl H BblB0'Abl npencrnBneHHble Ha 3aIQHTY C0CT0HT B 

cne~meM: 

1) Propa6ornn o6mttn nonxon MonenttpoBanH.H ·Ko3cpcpttutteHTa OTpIDKenH.H 

nemp0HOB, Il03BOJIHBillHH npoBeCTH IllHp0KHH cneKTp pacqeT0B B _H0BbIX 

3a,n:aqax nemponnou non.apmauttoHHOH ·pecpneKTOMeTpHH. PeaJimauH.H Mernna 

KBa3Hn0TeHl{HaJia <I>epMH 0TKpbIBaeT B03MO)KH0CTb H3)"IHTb" npHHl{HnHaJibHble 

B0np0Cbl 0TJIHqH.H MeTona KnaCCJl'IeCK0ro noTeHl{HaJia H KBa3Hn0TeHl{HaJia. 

2) IlpeMO)KeH HOBblH 0'AHOK0opnttnaTHbIH n03HUHOHHO-qJBCTBHTeJibHblH 

neTeKTOp Terrn0BbIX HettTpOHOB C 3cpcpeKTHBHOCTbIO 6JIH3KOH K enmIHl{e H 
peKopnnLIM paipernentteM He XJ)Ke 100 MHKpott, pacrnttp.aromttn 

3KcnepttMeHTaJibHbie B03M0)KH0CTH HettTpOHHblX pecpneKTOMeTpOB H, B 

oco6ennoc;TH, 'ABJXKPHCTaJibHblX pecpneKTOMeTpOB BblC0K0ro yrnoBoro 

pa3pernettH.H. 

3) lfayqeHbl 0ilTHMaJibHbie ~ K.irnccttqecKOH HettTpOHHOH pecpneKTOMeTpHH 

ycJI0BH.H H3MepeHH.H JI0~OH0BCK0H. rny6ttttbl np0HHKH0BeHH.H MarnHTH0ro nomI 

B T0HKorrnenoqHblX CBepxnp0B0'AHHKax·. llccnenoBaH BbIC0K0TeMnepaTypHbIH 

CBepxnpoBonnttK · Y-Ba-Cu-O, ~ K0TOporo nonyqeno nenpoTnBopeqttBoe 

. 3Haqenne JIOH'A0HOBCK0H rny6ttHbl np0HHKH0BeHH.H. OnTHMaJibHLie JCJI0BH.H 

H3MepeHH.H xapaI<.Teptt3yroTC.H Bbl60p0M HHTepBaJia B0JIH0Bb!X BeKT0p0B 

pacce.HHH.H HeHTpOHOB, ~ 'K0TOporo K03qJqJHl{HeHTbl OTpa)KeHH.H .HBIDIIOTC.H 

H3MepHMbIMH, T.e. He CHH)KaIOTC.H HH)Ke noporoBOH BeJIHqHJibl B 10-6. 

4) 3KcnepHMeHTaJibHO noKa3aH0, qTo HMeeTC.H qJBCTBHTeJibH0CTb nettTpOHOB K 

'AHaMarneTH3MY B rrnenKax nop~Ka 2000 anrcTpeM T0JIIQHHOH. 3To M0)KeT 
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naTL , . H0Bbie , pe3yJILTaTbl ' B H3MepeHHH . p_a3MepHbIX 3cpcpeKTOB_ B, 

cBepxnposonnMOCTH, Koma Tonmttna rrnenim sapLttpyeTc.a. · llJMepenrni na 

TOHKOH llJieHKe ntto6H.H o6napJ)KttnH npoTttsope.,:ne c paHHHMH nannLIMH. 

5) O6napJ)KeHO an0MaJibHOe np0HHKH0BeHHe MarnHTH0ro non.a B TOJICTOH 

HH06HeBOH rrneHKe. AHOMaJIH.H nonrnep)K'AeHa B 'AaJlbHettlllHX 3KCnepnMeHTaX 

rpynni,1 aMepnKaHCKHX . HCCJienoBaTeneii H3 HauHOHaJibHOro . HHCTHTJTa 

crn~aprns H Texnonomtt. Haii'Aena , KoppeKTna.a npouenypa yqern 

MHKpornepoxoBaT0CTH nosepxH0CTH • rrneH0K, qTQ B H3MepeHHH 

cpynJJ.aMeHTa,JlbHbIX K0HCTaHT CBepxnp0B0'AHM0CTH .HBIDieTC.H KnroqeBblM 

M0MeHT0M. 

· 6) ,l:lrn.i TOHKOH rrneHKH BblC0K0TeMnepaTypH0fO CBepxnpOBO'AHH~a HTpHe~oro 
' .... - ' 

cocrnsa nonyqena nosa.a ouenKa napaMeTpa no,monoBCK0H, . rny6HHLI 

IlP,0HHKH0BeHH.H, K0T_0pa.a Il03B0mma CH.HTb np0THB0peqH.H C paHHHM 

3KCnepHMeHTOM na KepaMHKe nettTpOHHb!M MeTOn0M. BLrno.ri. 0. pacxo)K'AeHHH 

K0HCTaHT: rrna3M,eHHOH qacT0Tbl H JIO~OHOBCKOH rny6HHbl np0HHKH0BeHH.H -

CH.HT, TaK KaK -a6COJIIOTHble nanHLie neiiTpOHHOH pecpneKTOMeTpHH Il03B0n.HIDT 

061,.acHHTb 06CJ)KnaBrneec.a pa311ornaette. Ilo-B~HMOMJ Ol{eiJKa JIO~0HOBCKOH · 

rny6ttHbl np0HHKH0BeHH.H, pasna.a 1400 anrcTpeM no nanHLIM Mernna MIO0HHOH 

rr_peuecCHH CilHHa M.H , MeiknepOBCKOH cpa3bl, He Bep'na. ,UaHHble HettTpOHHOH 

. pecpneKTOMeTpHH ( A = 970~ anrcTpeM) 6ntt)Ke K cornacttro c ouenKaMH rio 

.· IIJia3Mennoii 'qacTOTe, KOTopi.1e Tpe6yroT; qrn6M no~o~oBcKa.a rny6nna 

np0HHKH0BeHH.H 6Lma 0K0JI0 700 anrcTpeM. 

7) IlpeMO)KeH MeTon fI0BblllleHH.H qyBCTBHTeJILH0CTH 

pecpneKTOMeTpHH K . nHaMarneTH3MY csepxnp0B0'AHHK0B; 

11eii:rpoH11oii 

06ema10muii 

no_CTII)KeHHe npHHUHIIHaJlbHQ H0BblX B03MO)KHOCTeii. MoneJmposanne ycJIOBHH 

npHMeHeHH.H pe30HaTOpa Ha BaHa;:J:HH H .HBJieHH.H TYHHeJmpoBaHH.H neihpona 

fI0Ka3aJI0, qTo HMeeTC.H qyBCTBHTeJibHOCTb K MafHHTH0MY IIOJIIO B 1.2 3. 

IlocnenHee fl03B0JI.HeT H3Mep51Tb oqenb -6oJibllIHe 110 a6COJIIOTHOH Bem1q1rne 

rny6HHbl npOHHKHOBeHH.H, a 3T0 Ba)l(H0 npH npH6JIH)KeHHH TeMuepaTypbl 

o6pa3Qa B H3MepeHH.HX K Kl)HTH'IeCKOl1 TeMnepaType CBepxupoB0,UHHKa. ' 

OcHOBHbie pe3yJibTaTbl ,UHCcepTaUHH ony6JIHKOBaHbl. B CJie,uy101u11x 

pa6ornx: 

1. JI.11.lJepHeHKO, "l103HUHOHHO-qyscTBHTeJibHblH ,ueTeKTOp neiiTpOHOB" 

PoccttttCKHii Ilan!HT, AsrnpcKoe c1mneTeJ1bCTBO N 174'.P57 oT25 MIDI . , 

_1993 r. no mo6peTeHHIO a.c. 4822500/25 OT 03.05.90,' 610;1. N 23 oT 
23.06.92 
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