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Pa6orn BhIIIOJJHeHa B Jla6opaTop1rn. HeilTpoHHOH cp11311K1111MeH11 11.M. <DpaHKa 

06oe,L111HeHHOro 11HCTl1TyTa 51,LlepHblX HCCJle,LIOBaHHH 

Oct>uuuaJJhHhle 

onnouenThl -

rpuropheB Cepreif BaJJeHTHHOBH'I 

,LIOKTOp tjJl1311KO-MaTeMaTl14eCKHX ttayK, CTapw11i1 HaY4HhlH 

COTPY.LIHHK, 3aMeCTHTeJlh ,L111peKrnpa no Me)l(,Llyttapo,LIHOH 

,Lle51TeJlbHOCTl1, <De,LlepaJJbHOe rocy,L1apcTBeHHOe 6!0,Ll)l(eTHOe 

yl.!pe)l(,Llett11e "fleTep6yprCKHH 11HCTHTYT 51,LlepHOH tjll1311Kl1 

11MeH11 E.IT. KoHCTaHTl1HOBa" H~ "Kypl.!aTOBCKHH HHCTHTYT", 

r. faTl.!ttHa 

KpaBQOB Esreuuif AJJeKceeBH'I 

,LIOKTOp cp11311KO-MaTeMaTH4eCKHX ttayK, rJiaBHblH HaY4HhlH 

COTPY.LIHHK JJa6opaTop1rn KBaHTOBoii HaHocn11HTpott11K11, 

I1HCTHTYT cp11311K11MeTaJJJlOB11Mett11 M.H. M11xeesa YpaJJhCKoro 

OT,LleJJeHtt51 Pocc11iicKoH aKa.L1eM1111 ttayK, r. EKaTep11H6ypr 

Ilo.11.ypeu KoncTaHTHH MuxaifJJosuq 

,LIOKTOP cp11311KO-MaTeMaTtt4eCKHX HayK, rnaBHhIH HaY4Hh!H 

COTPY.LIHHK OT,LleJJa c11ttxpoTpottHo-Hei1TPOHHhIX 11 

peHTreHOBCKl1X 11CCJle,LIOBaHJ1H, <De,L1epaJJbHOe rocy,L1apCTBeHHOe 

610,L1)1(eTHoe Y4Pe)l(,L1eH11e Hau11ottaJJhHhIH 11ccJJe,L10BaTeJJhCK11ii 

ueHTp "Kyp4aT0BcK11i1 I1ttcT11TyT", r. MocKsa 

c :rneKTPOHHOH Beprnei1 ,LIJ1Cceprnu1111 MO)l(HO 03HaKOM11TbC51 Ha otjJ11QJ1aJJhHOM 

cai1Te 06oe,L111HeHHOro 11HCTl1TYTa 51,Llepttb!X HCCJle,LIOBaHHH B 11HcpopMau110HHO­

TeJleKOMMYHl1Kal(HOHHOH ceT11 «llttTepHeT» no a,L1pecy: https://dissertations.jinr.ru. 

C ne4aTHOH sepn1ei1 .L111ccepTau1111 MO)l(HO 03HaKOMl1ThC51 B Hay'1HO-Textt11Y.JecKoi1 

6116JJ110TeKe OI151I1 (r. ,ll,y6Ha, MocKOBCKa51 o6JJaCTh, yJJ. )J{oJJ110-K10p11, ,LI. 6). 

Y 4etthIH ceKpernpb ,L111cceprnu110HHoro cosern OI15111.04.01.2019 .IT, 

KaH,LIH,LlaT cptt311KO-MaTeMaTtt4eCKHX HayK • rt: kAf:'44°/ T. I1. HsattKttHa 

Olill.\AR XAPAKTEP~CTIAKA PAliOTbl 

AKrya/lbHOCTb TeMbl 

H"13KOpa3MepHble MarH"1THble CTpyKrypbl (MHOroC/lOHHble n11eHK"1, /1"1TOrpaQ>w-1ecK1-1e peweTKl-1, 

H"1T"1, CTep>KHl-1 "1 T.n.) 0611aAatoT "1HTepeCHblM"1 QJ"13"14eCK"1M"1 CBOHCTBaMl-1 "1 W"1p0KO np1-1MeHAIOTCA 

Ha npaKrnKe. Hanp1-1Mep, MHOrQC/lOHHble n11eHK"1 c nepneHA"1KYl1ApHOH MarH"1THOH aH"130Tpon1-1ei1 

1-1cnO/lb3YIOTCA B KOMnaKTHblX 3/leKTpOHHblX np1-16opax, ycTpOHCTBax MarH"1THOH 3an1-1c1-1 "1 xpaHeH"1A 

1-1HQ>opMa41-11-1, AaT4"1Kax MarH"1THoro no11A . B noAaB11AtoW,eM 6011bW"1HCTBe c11y4aes TaK1-1e rnCTeMbl 

1-1MetoT MarH"1THO-HeOAHOpOAHYto CTPYKTYPY (AOMeHbl, K11acTepb1, 1-1cKyccrneHHO C03AaBaeMble 

OCTpOBKl-1 "1 T.n.), a CTaHAapTHble MaKpOCKOn"14eCK"1e MeTOAbl (MOKE, VSM, SQUID) AatoT 

ycpeAHeHHYIO no nosepxHocrn "111"1 o6beMy "1HQJOpMa41-1to 0 MarH"1THblX CBOHCTBax cpeAbl. AllA 

xapaKTep1-13a41-11-1 CJlO>KHblX HeOAHOPOAHblX M"1KpOCTPYKTYP Heo6XOA"1Mbl MeTOAbl, pa6oTatoW,"1e Ha 

M"1KpOCKOn"14eCKOM MaCwTa6e. 

no11Ap"130BaHHble Hei1Tp0Hbl ABJlAIOTCA MOW,HblM "1HCTpyMeHTOM "13y4eH"1A CJ10"1CTblX 

MarH"1THblX HaHOCTPYKTYP· PeQ>11eKTOMeTp"1A no11Ap"130BaHHblX Hei1TpOHOB (PnH) B reoMeTpi-1"1 

3epKaJ1bHOro OTpa>KeH"1A n03BOJ1AeT onpeAel1"1Tb "13MeHeH1-1e HaMarH"14eHHOCT"1 B Hanpas11eH"1"1, 

nepneHA"1KYl1ApHoM nosepxHocrn n11eHK"1. np1-13TOM PnH 1-1MeeT PAA cyw,ecrneHHblX orpaH1-14eH1-1i1: 

1) He4yBCTB"1TeJ1bHa K n11eHKaM T011UJ,"1HOH 6011ee 200 HM; 2) He4yBCTB"1TeJ1bHa K HeOAHOPOAHOCTAM 

CTPYKTYPbl BAOllb nosepxHocrn; 3) 3as1-1c1-1T OT Bb16paHHoi1 pac4eTHoi1 MOAe111-1. AllA 1-1cc11eAOBaH1-1A 

HeOAHOPOAHOCTei1 B nllOCKOCrn 1-1cnOJ1b3YIOTCA pa3J1"14Hble B"1Abl He3epKaJ1bHOro pacceAH"1A 

Hei1TpOHOB B CKOJ1b3AW,ei1 reoMeTpi-1"1, HO "1 3T"1 MeTOAbl TO>Ke 3aB"1CAT OT Bbl6paHHOH MOAe/1"1 

CTPYKTYPbl. B 3Toi1 CBR3"1 pa3B"1T"1e AOno11H1-1Te11bHblX Hei1TpOHHblX MeTOAOB, cso6oAHblX OT 

MOAellbHblX pac4eTOB, npeACTaB11ReTCR aKTYallbHOH 3aAa4ei1. 

Pa3Mepb1 AOCTYnHblX AJ1R 1-13y4eH1-1R 110Ka11bHblX HeOAHOPOAHOCTei1 s o6beMe sew,ecrna 

onpeAellRtoTCR pa3MepaM"1 1-1cno11b3yeMoro Hei1TpOHHoro ny4Ka . B o6bl4HOM Hei1TpOHHOM 

3KCnep"1MeHTe w1-1p1-1Ha Hei1TpOHHOro ny4Ka COCTaBJlReT OT 0.1 AO 10 MM. 4T06bl "1CCJ1eAOBaTb 

JlOKaJlbHble M"1KpOCTPYKTYPbl, Heo6XOA"1Mbl Y3K"1e ny4K"1 Hei1TpOHOB W"1p"1HOH nopRAKa 10 MKM. 

AllR 3rnx 4e11ei1 pa3pa6aTblBatoTCR pa311"14Hble Q>0Kyrnpytow,1-1e yCTpoi1crna (npe110M11Rtow,1-1e 

111-1H3bl, 1-13orHyTb1e Kp1-1cTa1111b1-MoHoxpoMaTOpb1, A1-1Q>paK41-10HHb1e peweTKl-1 1-1 TA). Ho 1-13-3a 

orpaH"14eH"1H QJ"13"14eCK"1X CBOHCTB 1-1cnOJ1b3YeMblX MaTep1-1a110B "1 TeXHOJlOrl-1"1 "1X o6pa60TK"1 

M"1H"1MallbHblH pa3Mep CQJOKyc1-1posaHHOro ny4Ka Hei1TpOHOB orpaH"14eH Bel1"14"1HOH 50 MKM. 

6011ee 3QJQJeKrnBHblM"1 yCTpoi1cTBaM"1 RBJlRIOTCR CJ10"1CTble BOJlHOBOAbl, KOTOpble no3BOJ1RIOT 

no11y4"1Tb Y3K"1e M"1Kpony4K"1 Hei1TpOHOB W"1p"1HOH OT 0.1 AO 10 MKM. B CBR3"1 c 3T"1M 

npeACTaBJlReTCR, 4TO "13y4eH"1e CBOHCTB caM"1X CJ10"1CTblX BOJlHOBOAOB "1 Q>opM1-1pyeMblX "1M"1 

Hei1TpOHHblX M"1Kpony4KOB TaK>Ke RBJlReTCR aKTYallbHOH 3aAa4eH. 

~e/lb pa60Tbl COCT0"1T B 3Kcnep1-1MeHTaJ1bHOM "13y4eH"1"1 QJYHAaMeHTallbHblX RBJ1eH"1H onrnKi.1 

no11Rp"130BaHHblX Hei1TpOHOB "1 pa3pa60TKe Ha "1X OCHOBe MeTOAOB xapaKTep1-13a41-11-1 n11aHapHblX 

MarH"1THblX HaHOCTPYKTYP· 

B COOTBeTCTBl-1"1 c 4e11bto pa60Tbl nOCTaBJleHbl CJ1eAytow,1-1e OCHOBHble 3aAa4"1: 

, 1;~mm ~tfs;fu~Z~..im1 
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1. 3aper11cTp11posaTb HeihpOHHblH cn11HOBblH pe30HaHC B Bel!.\eCTBe. 

2. Pa3pa6oTaTb MeTOA11KY npeACTaB11eHl1R AaHHblX He3epKa/lbHOro pacceRHl1R HeHTpOHOB B 

CKO/lb3Rl!.\eH reoMeTpl111 B pa3/ll14HblX KOOPA11HaTax. 

3. 3aper11cTp11posaTb He3epKallbHOe OTpa>t<eH11e HeHTpOHOB OT C/1011CTOro pe30HaTOpa . 

4. Vlcc/leAOBaTb RB/leH11e KaHa1111posaHl1R HeHTpOHOB B C/1011CTblX BO/lHOBOAaX. 

5. no11y411Tb M11Kpony40K HeHTpOHOB 113 BO/lHOBOAa 11 11CC/leAOBaTb ero CBOHCTBa. 

6. np11MeHl1Tb n011Rp1130BaHHblH Ml1Kpony40K HeHTpOHOB AflR npOCTpaHCTBeHHOrO CKaH11pOBaHl1R 

/lOKa/lbHOH MarHl1THOH M11KpOCTPYKTYPbl. 

Pe3yllbTaTbl, BblHOC11Mble Ha 3al!.\11TY 

1. npoAeMOHCTp11poBaHbl MeTOAbl xapaKTep113au,1111 n11aHapHblX MarHl1THblX HaHOCTPYKTYP. 

OCHOBaHHble Ha RB/leHl1RX OnTl1Kl1 no11Rp1130BaHHblX HeHTpOHOB 11 CB060AHble OT MOAe/lbHblX 

pac4erns. 

2. 3aper11CTp11posaH HeHTpOHHblH cn11HOBblH pe30HaHC B MarHl1THOH n11eHKe B CKpel!.\eHHblX 

noCTORHHOM 11 nepeMeHHOM MarHl1THblX nO/lRX. no11y4eHO, 4TO pe30HaHCHaR 4aCTOTa 

nepeMeHHOro nomi COOTBeTCTByeT Be/111411He MarHl1THOH 11HAYKU,1111 B OTAe/lbHOM AOMeHe B 

HeHaCbfl!.\eHHOM COCTORHl111 n11eHKl1 . 

3. Pa3Bl1T MeTOA npOCTpaHCTBeHHOro paCl!.\en11eHl1R no11Rpl130BaHHOro ny4Ka HeHTpOHOB B 

MarHl1THO-HeKO/l/ll1HeapHblX cpeAaX. no11y4eHbl HOBble AaHHble np11 11CC/leAOBaHl111 MarH11THO­

HeKO/l/ll1HeapHblX K/laCTepoB 11 OTAe/lbHblX rpaH11U, pa3Ae/la B MarHl1THblX n11eHKax. ,/J,llR 3TOro 

11cno/lb30BaHbl AOnO/lHl1Te/lbHble MeTOAbf xapaKTep113au,1111 n11eHOK (11apMOpOBCKaR npeu,ecc11R 

cn11Ha HeHTpOHOB, VSM, SQUID, MOKE, TeXHl1Ka 611nepa) . 

4. npoAeMOHCTpl1pOBaHbl MeTOAl14eCKl1e np11MeHeHl1R RB/leHl1R npocTpaHCTBeHHOro 

paCl!.\en11eHl1R no11Rpl130BaHHOro ny4Ka HeHTpOHOB np11 OTpa>KeHl111 OT MarHl1THO­

HeKO/l/ll1HeapHOH n11eHKl1 . no11y4eHO, 4TO B 0611aCT11 He3epKa/lbHOrO OTpa>t<eHl1R HeHTpOHOB 

yse/111411BaeTCR CTeneHb no11Rp113au,1111 ny4Ka 11 yse/111411BaeTCR OTHOWeH11e CUZHan/</JoH. 

noKa3aHO, 4TO 3TO MO>KHO 11cnO/lb30BaTb B pecl>11eKTOMeTp1111 no11Rpl130BaHHblX HeHTpOHOB AflR 

6011ee HaAe>KHOH perncTpau,1111 Ma/lblX :icl>cl>eKTOB nepesopoTa cn11Ha HeHTpoHOB. 

5. Pa3pa6oTaH MeTOA KaHa1111posaHl1R nOl1Rpl130BaHHblX HeHTpOHOB AflR onpeAe/leHl1R CJ1a60H 

HaMarHl14eHHOCTl1 n11eHOK nopRAKa 100 re. Vl3MepeHa Afll1Ha KaHa1111poBaHl1R HeHTpOHOB B 

3aBl1Cl1MOCTl1 OT nopRAKa pe30HaHca 11 napaMeTpOB BO/lHOBOAa. 

6. no11Rp1130BaHHblH Ml1Kpony40K HeHTpOHOB 113 nllOCKOro BO/lHOBOAa 11cnO/lb30BaH AflR 

11CC/leAOBaHl1R /lOKa/lbHOH MarHl1THOH Ml1KpOCTPYKTYPbl . OnpeAe/leHa paCXOA11MOCTb 

Ml1Kpony4Ka B 3aBl1Cl1MOCT11 OT Afll1Hbl BO/lHbl HeHTpOHOB 11 Wl1pl1Hbl BO/lHOBOAHOro KaHa11a, 

no11y4eHa ou,eHKa co6crneHHOH cneKTpa11bHOH w11p11Hb1 pe3oHaHcos BHyTp11 BO/lHOBOAa. 

7. Pa3pa6oTaHa MeTOA11Ka npeACTas11eH11R ABYMepHblX KapT He3epKa/lbHoro pacceRHl1R 

HeHTpOHOB B CKO/lb3Rl!.\eH reoMeTp1111 B pa3/1114HblX KOOPA11HaTaX. noKa3aHO, 4TO MeTOA11Ka 

no30011ReT nOBblCl1Tb HaAe>KHOCTb :1Kcnep11MeHTa/lbHblX AaHHblX 11 :ic1>cl>eKT11BHOCTb 

11CC/leAOBaH11H Cll011CTblX HaHOCTPYKTyp. 

8. 3aper11CTp11posaHO ye1111eHHOe He3epKa/lbHOe OTpa>t<eH11e HeHTpOHOB OT TpeXC/lOHHOro 

pe30HaTOpa Ha OCHOBe MarHl1THblX n/leHOK. noKa3aHO, 4TO He3epKa/lbHOe pacceRHl1e 

HeHTpOHOB B pe30KaHcax CBR3aHO c wepoxoBaTOCTflMl1 rpaH11U, pa3Ae/la C/lOeB. 

4 

HayYHaR HOBl13Ha 

npeACTaBlleHHaR pa6oTa RB/lReTCR nepBOH, B KOTOpOH Ha OCHOBe cPYHAaMeHTa/lbHblX RB/leH11H 

OnTl1Kl1 no11Rpl130BaHHblX HeHTpOHOB Cl1CTeMaTl14eCKl1 pa3pa6aTblBalOTCR 11 AeMOHCTp11py10TCR 

MeTOAbl xapaKTep113au,1111 C/1011CTblX MarHl1THblX Ml1KpOCTPYKTYP, CB060AHble OT MOAe/lbHblX 

pac4eTOB. Vlcc/leAyeMble MarHl1THble M11KpOCTPYKTYPbl HeAOCTYnHbl AflR CTaHAapTHOH 

pecl>11eKTOMeTp1111 no11Rpl130BaHHblX HeHTpOHOB, a MeTOAbf RB/lRIOTCR 4YBCTBl1Te/lbHblMl1 11 

Hl13KOcPOHOBblMl1 . 

BnepBble 3KCnep11MeHTa/lbHO 3aper11cTp11posaH HeHTpOHHblH cn11HOBblH pe30HaHC B MarHl1THOH 

n11eHKe B nepeMeHHOM MarHl1THOM no11e . 

BnepBble Cl1CTeMaTl14eCKl1 11CC/leAOBaHO RB/leH11e KaHa1111posaHl1R HeHTpOHOB B nllOCKl1X 

BO/lHOBOAaX. Vl3MepeHa Afll1Ha KaHa1111posaHl1R HeHTpOHOB B 3aBl1Cl1MOCTl1 OT nopRAKa pe3oHaHca, 

TO/ll!.\11Hbl sepxHero C/lOR, w11p11Hbl BO/lHOBOAHOro KaHa11a 11 r11y611Hbl noTeHU,11a/lbHOH RMbl 

BO/lHOBOAa. BnepBble KaHa1111posaH11e nOl1Rpl130BaHHblX HeHTpOHOB 11cnO/lb30BaHO AflR 

11CC/leAOBaHl1R CJ1a60MarHl1THblX n11eHOK c HaMarHl14eHHOCTblO OK0/10 100 re. 
BnepBble 113MepeHa yrnoBaR paCXOA11MOCTb Ml1Kpony4Ka B 3aBl1Cl1MOCTl1 OT Afll1Hbl BO/lHbl 

HeHTPOHOB 11 Wl1pl1Hbl BO/lHOBOAHOro KaHa11a. BnepBble AflR 11CClleAOBaHl1R /lOKa/lbHOH MarHl1THOH 

Ml1KpOCTPYKTYPbl 6bl/l 11cnO/lb30BaH no11Rpl130BaHHblH Ml1Kpony40K HeHTpOHOB 113 BO/lHOBOAa . 

Hay4HaR 11 npaKTl14ecKaR 4eHHOCTb pa60Tbl 

Hay4HblH BK/laA B HeHTpOHHYIO OnTl1KY COCTOl1T B nepBOM Ha61110AeH1111 HeHTpOHHOro cnl1HOBoro 

pe30HaHca B Bel!.\eCTBe 1111CC/leAOBaHl111 KaHa1111posaHl1R HeHTpOHOB B C/1011CTblX BO/lHOBOAaX. 

Pa3Bl1Tble B pa6oTe MeTOAbf onpeAe/leHl1R MarHl1THOH 11HAYKU,1111 AalOT AOnO/lHl1Te/lbHYIO 

11HcPOpMaU,1110 0 MarHl1THO-HeOAHOPOAHblX n11eHKax, KOTOpble HeAOCTYnHbl AflR CTaHAaprnoro 

MeTOAa pecl>11eKTOMeTp1111 no11Rpl130BaHHblX HeHTpOHOB. 3TO OTKPblBaeT HOBble B03MO>KHOCTl1 B 

0611acrn 11cc11eAOBaH11R MarH11THblX CTPYKTYP, np11MeHReMb1x B ycTpoHcTsax MarH11THOH 3an11c11 11 

xpaHeHl1Rl1HcPOPMau,1111 . 

c BBOAOM HOBblX MOl!.\HblX HeHTpOHHblX 11CT04Hl1KOB (SNS, ESS, Vl6P-3) 3Kcnep11MeHTbl c 

HeHTpOHHblM Ml1Kpony4KOM 6YAYT 6011ee AOCTYnHblMl1 11 BOCTpe6oBaHHblMl1, n03TOMY 

no11y4eHHblH npaKTl14eCKl1H onblT pa60Tbl c Ml1Kpony4KOM 6yAeT no11e3HblM. 

MeTOA11Ka npeACTas11eH11R AaHHblX B pa311114HblX KOOPA11HaTax secbMa :ic1>cl>eKT11BHa AflR 

nOHl1MaHl1R C/lO>KHOH KapTl1Hbl He3epKa/lbHOro pacceRHl1R, a TaK>Ke no11e3Ha np11 Han11caH1111 

nporpaMM Bl13ya11113au,1111 cneKTPOB Ha HeHTpOHHblX pec1>11eKTOMeTpax . Ee MO>KHO 11cnO/lb30BaTb 

AflR o6y4eHl1R CTYAeHTOB 11 MO/lOAblX cneu,11a1111CTOB B HOBOH AflR Hl1X 0611acrn 11CC/leAOBaHl1H. 

Anpo6a411R pa6oTbl 

Pe3y/lbTaTbl AOK/laAbfBa1111Cb aBTOpOM Ha pOCCl1HCKOM COBel!.\aHl111 no 11CnO/lb30BaHl1IO 

PacceRH11R HeHTpOHOB B Vlcc11eAOBaH11Rx KoHAeHc11posaHHblX CpeA (PHVIKC - 2018, 2014, 2012, 

2010, 2008), nepBOM POCCl1HCKOM Kp11cTa1111orpacl>114eCKOM KoHrpecce (2016), Me>KAYHapOAHOH 

KOHcl>epeHu,1111 Polarized Neutrons for Condensed Matter Investigations (PNCMI -2018, 2016, 2012, 

2010, 2006), esponeHCKOH KOHcl>epeHu,1111 European Conference on Neutron Scattering (ECNS -
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2011, 2007), Me>KAYHaPOAHOM rnMn03HyMe Moscow International Symposium on Magnetism 

{MISM-2017) H AP·, a TaK>Ke Ha Hay4HblX ceMHHapax B /la6oparnpHH Hei-iTpOHHOi-1 cj>H3HKH H B 

APYrHX Hei-iTpOHHblX 4eHTpax. 

ny6m1Ka4HH 

OCHOBHble pe3yllbTaTbl pa60Tbl ony6m1KOBaHbl B 28 Hay4HblX CTaTbRX B pe4eH3HpyeMblX 

>1<ypHa11ax. 

llH'lHblH BK/laA asropa 

ABTOp HenocpeACTBeHHO y4aCTBOBa/1 B nocTaHOBKe 3aAa'l HCC/leAOBaHHi-1, nOArDTOBKe H 

npoBeAeHHH 3KcnepHMeHTOB, o6cy>t<AeHHH pe3y11bTaToB H Han1-1caHHH cTaTei-1. Bee AaHHble 

Hei-iTpOHHblX 3KCnepHMeHTOB no11y4eHbl H o6pa6oTaHbl /lH'lHO aBTOPOM. no4TH BO scex CTaTbRX OH 

RBllReTCfl OTBeTCTBeHHblM coaBTOpOM . 

Pe3y11bTaTbl pa6oTbl no11y'leHbl asrnpoM B COTPYAHH4ecrne c Ko1111eraMH H3 /lH<P OIMH1 H APYrHX 

Hei-iTpOHHblX 4eHTpo0: nlMl<P (raT4HHa, PocrnR), LLB (CEA, Saclay, France), MLZ (Garching, 

Germany) H HZB (Berlin, Germany). 

CrpyK"rypa H o6beM pa6orb1 

A1-1cceprn41-1R cocTOHT H3 BBeAeHHR, nRTH mas H 3aK/lto4eHHR. Pa6oTa 1-13110>1<eHa Ha 244 

CTpaHH4ax, BK/lto4aR 152 pHCYHKa, 11 Ta6111-14 H 288 HaHMeHOBaHHi-1 /lHTeparypbl. 

COAEP>KAHl1E PA60Tbl 

Bo BBeAeHHH o60CHOBblBaeTCfl aKrya/lbHOCTb TeMbl AHCCepTa4HOHHOl-i pa60Tbl, cj>opMyllHPYIOTCfl 

4e111-1 H 3aAa4H HCC/leAOBaHHR, npHBOARTCR pe3y11bTaTbl, BblHOCHMble Ha 3alJ.\HTY. AaeTrn 

xapaKTepHCTHKa Hay4HOl-i HOBH3Hbl H npaKTH4eCKOl-i 4eHHOCTH pa60Tbl. lt1311araeTrn CTpyKrypa H 

KpaTKOe COAep>t<aHHe pa60Tbl. 

B nepsoi;i rnase paccMaTpHsaeTrn MeTOAHKa npeACTaB/leHHR AaHHblX He3epKa/lbHoro pacceRHHR 

Hei-iTpOHOB npH HCC/leAOBaHHH C/lOHCTblX HaHOCTPYKTYP B CKO/lb3RLJ.\ei-i reoMeTpHH Ha 

pecj>11eKTOMeTpax no BpeMeHH npo11eTa H c cj>HKCHpOBaHHOi-1 AJ1HHOl-i BO/lHbl . Ha pHC. 1 npHBeAeHa 

reoMeTpHR 3KcnepHMeHTa H o6o3Ha4eHHR. KoopAHHarn x Hanpa011eHa BAO/lb nosepxHOCTH n11eHKH 

H BAO/lb pacnpocTpaHeHHR Hei-iTpOHHOro ny4Ka. KOOPAHHaTa z Hanpa011eHa nepneHAHKYllRpHO 

nosepxHOCTH . PaCCMOTpeH c11y4ai.1, KOrAa BAO/lb KOOPAHHaTbl y CHCTeMa RB/lReTCR OAHOPOAHOl-1 . 

3AeCb a; - yro11 CKO/lb>KeHHR Ha4a/lbHOro Hei-iTpOHHOro ny4Ka; at - yro11 CKO/lb>KeHHR pacceRHHOro 

ny4Ka; A - AJ1HHa BO/lHbl Hei-iTpOHOB; k; - BO/lHOBOi-1 BeKTOp Ha4a/lbHOro ny4Ka; kr- BO/lHOBOi-1 BeKTOp 

pacceRHHoro ny4Ka; Q = kr - k; BeKrnp pacceRHHR; p1 = k;z = 
2
; sin a; - npoeK4HR Ha4allbHOro 

k 
2rr . 

0011Hosoro BeKTopa Ha ocb z; Pt = f z = T sm a1 - npoeK4HR KOHe'lHoro 0011Hosoro seKTopa Ha 

ocb z. l.J,Hcj>paMH I H II noKa3aHbl 0611acrn oTpa>t<eHHR, a 41-1cj>paMH Ill H IV - 0611acrn npe110M11eHHR. 
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Hanpa011eHHR a1 = a 1, a1 = 0 H a1 = -a1 COOTBeTCTBYIOT HanpaB/leHHRM 3epKa/lbHOro 

OTpa>t<eHHR, nllOCKOCTH n11eHKH H npRMOro ny4Ka . TaK KaK Yrllbl CKO/lb>KeHHR Ma/lbl, TO MO>KHO 

C4HTaTb sin a; "' a1, sin a1 "' a1, cos a1 "' 1 - (a;) 2 /2 H cos a1 "' 1 - (a1 )
2 /2. TorAa no11y4HM 

C/leAYIOLJ.\He Bblpa>t<eHHR: 

2rr rr 
Qx = T (cos a1 - cos a;) "'A: (a; - a1 )(a;+ a1) (1) 

Qz = (p1 + p1) = T(sina1 + sina1) "'T(a; + a1) {2) 

KorAa CHCTeMa HeOAHOPOAHa B nllOCKOCTH B Hanpa011eHHH X, TO Qx * 0 H Qz * 0 (pHC. la) . Ec11H 

CHCTeMa OAHOPOAHa B Hanpa011eHHH X, TO Qx = 0 H Qz * 0 (pHC. 16). 

B /lHTeparype BCTpe4alOTCfl pa3/1H4Hble CHCTeMbl KOOPAHHaT, B KOTOpblX MOrYT 6b1Tb 

npeACTaB/leHbl ABYMepHble KapTbl HHTeHCHBHOCTH. ltlx MO>KHO pa3Ae/1HTb Ha TPH 60/lbWHX THna : 

1} HHCTpyMeHTa/lbHble (a;, at) H (A, at); 2) o6paTHOe npoCTpaHCTBO (Qx, Qz); 3) HOpMHpOBaHHble 

(p;, Pt), (p; - Pt, Pi +Pt), (p f, p} ) H (pf - p}, pf+ p}) . lt1HcTpyMeHTa11bHb1e KODPAHHaTbl 

HCnO/lb3YIOTCR AJ1R BH3ya111-13a4HH 3KcnepHMeHTallbHblX AaHHblX, KOTOpble pernCTpHpytoTCfl BO 

BpeMR H3MepeHHl-i . KoopAHHaTbl B o6paTHOM npoCTpaHCTBe BeKTOPOB pacceRHHR 4aCTO 

BCTpe4atoTCR B TeopeTH4eCKHX H paC4eTHblX pa6oTaX. npH 3TOM CylJ.\eCTBYIOT C/leAYIOLJ.\He 

npo611eMbl. BHA He3epKallbHOro AHcj>cj>y3Horo pacceRHHR (HanpHMep, 6p3rrOBCKHe no11ocb1 1-1111-1 

KPHTH4eCKOe pacceRHHe ltloHeAbl) B o6paTHOM npoCTpaHCTBe MO>KeT CH/lbHO OT/1H4aTbCfl OT BHAa B 

HHCTpyMeHTa/lbHblX KOOPAHHaTax, KOTOpble B CBOIO 04epeAb pa3/1H4atoTCfl AJ1R MeTOAOB no 

speMeHH npo11ern H c cj>HKrnposaHHoi-1 AJ1HHoi-i BO/lHbl . AocrynHaR 0611acTb B o6paTHOM 

npocTpaHCTBe CH/lbHO HCKa>t<aeTCR no cpaBHeHHIO c HHCTpyMeHTa/lbHblMH KOOPAHHaTaMH, B 

oco6eHHocrn 0611acTb npe110M11eHHR. HopMHposaHHble KOOPAHHaTbl Ha1-16011ee YA06Hbl. OHH 

RB/lRIOTCfl HOPMHpOBaHHblMH Ha AJ1HHY BO/lHbl H HMetoT OAHHaKOBbli-1 BHA AJ1R pecj>11eKTOMeTpOB no 

BpeMeHH npo11eTa H c cj>HKCHpOBaHHOi-1 AJ1HHOl-i BO/lHbl . B Hanpa011eHHH z HOpMHpOBaHHble 

KOOPAHHaTbl cosnaAatoT c KOOPAHHaTaMH B o6paTHOM npoCTpaHCTBe cornacHo Bb1pa>1<eHHto (2) . Ho 

npH 3TOM B HOpMHpOBaHHblX KOOPAHHaTax He yMeHbWaeTCR 0611aCTb npe110M/leHHR, KaK 3TO 

npOHCXOAHT B c11y4ae o6paTHOro npoCTpaHCTBa BeKTOpOB pacceRHHR {1). 

z z 

a Q 
6 

Q '· , , , 
, a1 =a; 

, , , , , , 
II II 

p; i 
Ut = 0 x 

', Ill 
' 

IV ', Ut=-a; 

' 
IV 

PHC. 1. reoMeTpHR 3KCnepHMeHTa npH Ma/lblX yrnax CKO/lb>KeHHR ny4Ka Hei-iTpOHOB: 

a) He3epKa/lbHOe pacceRHHe npH Qx fc O; 6) npocTpaHCTBeHHoe paclJ.\en11eH1-1e ny4Ka H 

npe110M11eHHe npH Qx = 0. 
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Ut= 0 X 

Ill 



B pa6oTe npoaHa1rn31-1poBaHbl pa3/1"14Hb1e T"1nb1 KOOPAHHaT, 1-1x npe1-1MylJ..\ecrna 1-1 HeAOCTaTK"1. 

,D,aHbl peKOMeHAaU,"1"1 no "1X "1Cn0/1b30BaH"1IO. c noMOlJ..\blO "13BeCTHOro MeTOAa o6paTHOro 

npeo6pa30BaH"1R npRMOyro/lbHblX KOOPAHHaT [1] Han1-1caHbl npou,eAYPbl nepeBOAa ABYMepHblX 

KapT "1HTeHC"1BHOCT"1 HeHTpOHOB B pa3/1"14Hble KOOPAHHaTbl. 3TOT MeTOA no3B0/1ReT "136e>KaTb 

1-1cKa>1<eH"1H 1-1 apTecl>aKTOB np1-1 npeo6pa3oBaH"1"1 ABYMepHoro Macc1-1Ba AaHHblX "13 OAHHX 

KOOPA"1HaT B APvrne. 

Bo BTOpOH rnaBe npeAJlO>KeH MeTOA "1CC/1eAOBaH"1R MarH"1THO-HeK0/1/1"1HeapHblX n11eHOK c 

noMOlJ..\bto 3eeMaH0BcKoro npocTpaHCTBeHHoro paclJ..\en11eH"1R ny4Ka. Ha rpaH1-1u,e pa3Ae11a ABYX 

MarH"1THO-HeK0/1/1"1HeapHblX cpeA c HeKOTOpOH BepORTHOCTblO np0"1CXOA"1T nepeBopoT cn1-1Ha 

HeHTpOHOB. np1-1 3TOM "13MeHReTCR noTeHU,"1a/1bHaR 3HeprnR HeHTpOHOB B MarH"1THOM none. B 

CK0/1b3RlJ..\eH reoMeTp"1"1 Ha p1-1c. 16 CBOHCTBa cpeAbl He MeHRIOTCR BAO/lb rpaH"1U,bl pa3Aella, 

n03TOMY CKOPOCTb HeHTpOHOB OCTaeTCR nocTORHHOH BAO/lb rpaH"1U,bl pa3Ae/1a "1 MeHReTCR B 

HanpaB/1eH"1"1, nepneHA"1KYl1RpHOM rpaHHU,e pa3Ae/1a. 3TO np"1BOA"1T K paClJ..\en11eH"1IO B 

npocTpaHCTBe no11Rp"130BaHHOro ny4Ka HeHTpOHOB Ha ABa ny4Ka - c nepeBOpOTOM "1 6e3 

nepeBopoTa cn1-1Ha. 3cl>cl>eKT 3eeMaH0BcKoro npocTpaHCTBeHHoro paclJ..\en11eH1-1R ny4Ka HeHTpOHOB 

6b111 Teopern4eCK"1 npeACKa3aH B 1978 rDAY B.K. l-1rHaTOB"14eM [2]. 6011ee noApo6Ho noBeAeH1-1e 

HeHTpOHOB Ha rpaHHU,e pa3Ae/1a ABYX MarH"1THO-HeK0/1/1"1HeapHblX cpeA paCCMOTpeHO B [3]. 

npocTpaHcTBeHHoe paclJ..\en11eH1-1e ny4Ka Ha611toAa11ocb 3Kcnep1-1MeHTa11bHO B reoMeTp1-11-1 

OTpa>KeH"1R [4,5] "1 nponycKaH"1R [6,7] 4epe3 MarH"1THYIO n11eHKY B 60/lbWOM BHewHeM MarH"1THOM 

none, np1-1110>1<eHHOM nOA yrnoM K noBepxHOCT"1 n11eHK"1. FIB11eH1-1e npocTpaHcTBeHHoro 

paclJ..\en11eH"1R ny4Ka 6b1110 noApo6Ho "13y4eHo B [8,9]. B pa6oTe [10] npeAcTaB11eH o63op 

3Kcnep"1MeHTOB c "1Cn0/1b30BaH"1eM 3cPcPeKTa npocTpaHCTBeHHOro paClJ..\en11eH"1R ny4Ka. 

B [11] BnepBble 3aperncrp1-1poBaHo npocTpaHcTBeHHOe paclJ..\en11eH1-1e no11Rp"130BaHHOro ny4Ka 

HeHTpOHOB np"1 npellOM/1eH"1"1 Ha OTAe/lbHOH rpaHHU,e pa3Aella "B03AYX-n/1eHKa". Beere 

Ha611toAa/10Cb 4eTblpe ny4Ka HeHTpOHOB co Cn"1HOBblM"1 nepeXOAaM"1 "++", "--", "-+" "1 "+-", rAe 

11eBblH "1HAeKC COOTBeTCTByeT Ha4a/1bHOMy, a npaBblH "1HAeKC - KOHe4HOMY cn"1HOBOMY COCTORH"1IO. 

B [12] 6b1110 3aperncTp1-1poBaHo npocTpaHcTBeHHoe paclJ..\en11eH1-1e ny4Ka B ro11croH n11eHKe Ha 

HeMarH"1THOH nOAJ10>KKe OTAe/lbHO Ha rpaHHU,e pa3Aella "B03AYX-n/1eHKa" "1 "n11eHKa-nOAJ10>KKa" 

(p1-1c. 2a). 6b111a 1-1cc11eAOBaHa MarHHTHaR n11eHKa FeAISi/Cr//CaTi03(noAJ10>KKa). HeMarHHTHaR 

nOAJlO>KKa "1Me/1a pa3Mepbl 5 (BAO/lb ny4Ka) x 20 x 1 MM3. TOHK"1H HeMarH"1THblH C/lOH CrTOlllJ..\"1HOH 

500 A HanblllR/lCR Ha Kp1-1cra11111-14ecKyto noAJ10>KKy, a y>Ke cBepxy Hanb111R11acb MarHHTHaR n11eHKa 

TOlllJ..\"1HOH 20 MKM "13 MaTep1-1a11a a11bc1-1cl>ep Fe (86 at%) Al (9.6 at%) Si (4.4 at%). BHewHee 

MarH"1THOe none HanpR>KeHHOCTblO 4.5 K3 6bl/10 np"1110>KeHO nOA yrnoM 70° K noBepXHOCT"1 n11eHK"1. 

Yro/1 CK0/1b>KeH"1R Ha4a/1bHOrO ny4Ka COCTaB/lR/1 0.280°. 

Ha p1-1c. 26 noKa3aHa 3aB"1C"1MOCTb KOHe4HOro yrna CK0/1b>KeH"1R OT AJ1"1Hbl B0/1Hbl HeHTpOHOB. 

T04KaM"1 noKa3aHbl 3Kcnep"1MeHTa/1bHble AaHHble, KOTOpble no11y4eHbl no OAHOMepHblM cpe3aM 

ABYMepHblX KapT "1HTeHC"1BHOCT"1 AJ1R Y3Koro "1HTepBa11a AJ1"1H BOllH . BHAHO, 4TO TaKoH cnoco6 

onpeAe/1eH"1R no110>1<eH"1R MaKC"1MyMa n"1Ka no KOHe4HOMY yrny np"1BOA"1T K "1CKa>KeH"1RM. 3TO 

oco6eHHO 3aMeTHO B 0611aCT"1 KOpOTK"1X AJ1"1H BOllH, rAe ny4K"1 pa3HblX cn"1HOBblX nepeXOAOB 

Ha4"1HatoT nepeKpblBaTbCR. 3aKOH coxpaHeH"1R 3Heprn"1 HeHTpOHOB AJlR npellOM/1eH"1R Ha rpaHHU,e 

pa3Ae/1a "B03AYX-nlleHKa" B "1HCTpyMeHTallbHblX KOOPA"1HaTaX (A, al) Bblr/1RA"1T C/1eAYIOll.\"1M 

o6pa3oM: 
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1 a 

FeAISi 20 MKM 

Cr 500 A 

CaTi03 I MM (no1VIOlKKa) 

ar 
1 

0 
ar,rpa.ll,. ~ 

0 -+ 
-+ I II I ++ --1 

+-

-+ 

++ 
+-

-0.1 

-0.2 

-0.3 

-0.4 

0 2 4 6 

'A,A 
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2 

P1-1c. 2 . npe110M11eH1-1e Ha OTAellbHblX rpaH1-1u,ax pa3Ae11a: a) reoMeTpHR 3Kcnep1-1MeHTa; 

6) 3Kcnep1-1MeHTa11bHb1e AaHHb1e. 

(a;-)2 = af - :7 [V - µ(H1 + 81)JA2 

(ar) 2 = af - :7 [V - µ(H1 - 81)JA2 

(aj-)2 = af - :7 [V + µ(H1 - 81)JA2 

(aj+) 2 = af - :7 [V + µ(H1 + 81)JA2 

(3) 

(4) 

(5) 

(6) 

3AeCb m - Macca HeHTpOHa, h - noCTORHHaR n11aHKa, µ - MarH"1THblH MOMeHT HeHTpOHa, v -
noTeHU,"1a/1 RAepHoro B3a"1MOAeHCTB"1R HeHTpOHOB c MarH"1THOH n11eHKOH, H1 - MarH"1THOe none 

OK0/10 noeepxHOCT"1 n11eHK"1, 81 - MarH"1THaR "1HAYKU,"1R B n11eHKe B611"13"1 noeepxHocrn. 

AHa11orn4Hb1e Bb1pa>1<eH1-1R MO>KHO 3an1-1caTb 1-1 AJ1R APYrDH rpaHHU,bl pa3Ae11a "n11eHKa-noAJ10>KKa". 

B pa6oTe [12] no cl>opMy11aM (3)-(6) 1-13 3Kcnep1-1MeHTa11bHblX AaHHblX TpaeKrop1-11-1 l Ha p1-1c. 26 6b1111-1 

onpeAeneHbl MarHHTHble napaMeTpb1 H1 1-1 81. AHa11or1-14HblM o6pa30M 6b1111-1 onpeAeneHbl 

MarH"1THb1e napaMeTpbl H2 1-1 8 2 "13 AaHHblX AJ1R TpaeKrop1-11-1 2 Ha p1-1c. 26. 6b1110 no11y4eHo, 4TO 

MarH"1THble napaMeTpbl n11eHK"1 OK0/10 noeepXHOCT"1 OT/1"14a/1"1Cb OT MarH"1THblX napaMeTpoe OK0/10 

nOAJ10>KK"1. CAe/laH Bbl BOA, 4TO MarH"1THaR "1HAYKU,"1R B n11eHKe 3a8"1C"1T OT KOHTaKrnpytolJ..\ero c HeH 

HeMarHHTHoro MaTep1-1a11a. 

B A"1CCepTaU,"1"1 npeAJlO>KeHO "1cn0/1b30BaTb KBaApaT"14Hble HOpM"1poeaHHble KOOPA"1HaTbl, B 

KOTOpblX Bb1pa>KeH"1R (3)-(6) "1MetoT B"1A: 

• 
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( +-)2 2 2m [ )] Pt = P; - -;;z V - µ(H1 + 8 1 (7) 

++ 2 2 2m [ ] (Pr ) = P; - -;;z V - µ(H1 - 81) (8) 

(pj-) 2 =pf - :7 [V + µ(H1 - 81)] (9) 

( -+)2 2 2m [ ] Pt = P; - hi V + µ(H1 + 8 1) (10) 

Ha pHC. 3 noKa3aHbl 3KcnepHMeHTa/lbHble AaHHble B HHCTpyMeHTa/lbHblX KOOPAHHaTax (a-z) H B 

KBaAparn4HblX HOpMHpOBaHHblX KOOPAHHaTax (JK-3). MO>KHO BHAeTb, 4TO B KBaApaTH4HblX 

HOpMHpoBaHHblX KOOPAHHaTax npellOM/leHHble ny4KH HMelOT BHA ropH30HTa/lbHblX /lHHHi:i. B 

Ta611 . 1 npHBeAeHbl 3KCnepHMeHTa/lbHble Be/1H4HHbl no/lO>KeHHfl u,eHTpOB npellOM/leHHblX ny4KOB. 

1113 3KcnepHMeHTa/lbHblX AaHHblX B Ta611. 1. no11y1.1eHbl napaMeTpbl MarHHTHOi:i nneHKH B6/1H3H 

nosepXHOCrn (Ta611. 2) H OK0/10 nOAJlO>KKH (Ta611. 3). 3AeCb u - RAepHbli:i noTeHU,Ha/1 

B3aHMOAei:1CTBHfl Hei:iTpOHOB c nOAJlO>KKOi-1 . 1113 Ta611. 2 H 3 MO>KHO BHAeTb, 4TO Be/1H4HHa 

MarHHTHOi:i HHAYKU,Hfl nneHKH B6/1H3H nosepXHOCrn paBHa Be/1H4HHe MarHHTHOi:i HHAYKU,HH OK0/10 

nOAJlO>KKH B npeAenax 3KCnepHMeHTa/lbHblX OWH60K. 0TCIOAa CAe/laH BblBOA, 4TO nneHKa HMeeT 

OAHHaKOBble MarHHTHble CBOi:iCTBa B6/1H3H nosepXHOCTH H co CTOpOHbl nOAJlO>KKH . 

Ta611 . 1. 3KcnepHMeHTa11bHb1e AaHHb1e AJlfl npe110M11eHHR 1 H 2 . 

pf + pj, (HM-2] 

cnHHOBble 1 2 

COCTOflHHfl 

-+ 0 .0131 

++ 0.0150 -0.0076 

-- 0.0058 -0.0025 

+- 0.0031 -0.0103 

Ta611. 2 . no11y1.1eHHb1e napaMeTpbl AJlfl 

npe110M11eHHfl 1 H ny4KOB '-+' H '+-'. 

napaMeTp +- -+ 

Hi, K3 4 .7 ± 0.5 4.5 ± 0 .5 

81, Krc 12.8 ± 1.3 12.6±1.3 

V1, H3B 169±17 

IO 

Ta611. 3. no11y1.1eHHb1e napaMeTpbl 

AJlfl npellOM/leHHfl 2 . 

napaMeTp 3Ha4eHHe 

Hz, K3 4.7 ±0.5 

82, Krc 13.4±1.3 

V2 - U, H3B 104±10 

ar, rpa,n.. ar, rpa~. 

-0: 1 a 
uu 

I 
o~G"L DU 

-0.1 - El 1 
-0.24 I -0.2 

npflMOlil nyYOK 
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-0.4 I -0.4 
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0 
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--0 .1-l -0.1 01 

-01 
/ 
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-0.2 El1 

1•''i -:\.-.. -0.3 .. - -02 
-0.3 

El2 
-0.4..:1 -0.4 

2 Ii.,).. 6 2 4 
'1.,A 

p ; + p~ , HM-
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2 

0.02 0.02 
() 

.. • uu ·1 OJ~1 0.014 El1 •..• ·: i " - ........... , ....... ... .. 
01 

-0"'] El 2 

.. , .. • ! ...,.. .... '"r 
-0.013 El2 -:·.x~ 

·0.02 -0.02 
0.05 0 0.05 

0.021 0.02 

:JIC DD 

I OJ 
3 

01 0.014 n. v 

El1 . 
-- Qi 

-0.014 
0 2 I -0.01, 

El2 
-0.023 -0.02 3 

0.05 0 0.05 

P ;2 - p~ ' MM-2 P;2 - p~ ' HM·2 

PHc. 3. 3KcnepHMeHTallbHble AaHHb1e npe110M11eHHR Hei:iTpOHHoro ny1.1Ka B nneHKe FeAl5i : 

a-z) HHCTpyMeHTallbHble KOOPAHHaTbl; a-3) KBaAparn4Hble HOpMHpOBaHHble KOOPAHHaTbl. UU, 

DD, UD H DU o6o3Ha1.1a10T pe>KHM cnHH-Q>11Hnnepos BK/1. (U) H BblK/1 . (D). ll1HAeKcb1 1 H 2 

COOTBeTCTBYIOT pa3HblM rpaHHU,aM pa3Ae/la. 

II 



Pa Hee B pa6oTe [13] 6b111a 1-1cc11eAOBaHa MarH"1THaR n11eHKa 

Gd(S HM)/Fe(lOO HM)//CTeK/10 (nOAJ10>KKa), K KOTOpOH Ma11oe BHeWHee MarH"1THOe no11e 6bl/10 

np1-1110>1<eHo napa1111e11bHO noBepxHOCT"1 . Ha61110Aa11ocb npoCTpaHCTBeHHoe pacLJ.\en11eH1-1e ny4Ka, 

Be/1"14"1Ha KOTOporo COOTBeTCTBOBa/la Be/1"14"1He MarH"1THOH "1HAYKU,"1"1 B n11eHKe. ,ll,11R o6bRCHeH"1fl 

3Kcnep1-1MeHTa/1bHblX AaHHblX 6b111a npeAJ10>KeHa MOAellb c TpexKpaTHblM nepeBopoTOM cn1-1Ha 

HeHTpOHOB B HeK0/1/1"1HeapHOH AOMeHHOH CTPYKTYpe. Ho BepOflTHOCTb TaKoro npou,ecca AO/l>t<Ha 

6biTb o4eHb Ma110H. BnepBble npocrpaHCTBeHHoe paCLJ.\en11eH1-1e np1-1 0Tpa>t<eH1-11-1 1-1 nponycKaH"1"1 

4epe3 MarH"1THYIO n11eHKY c AOMeHHOH CTPYKTYPOH Ha61110Aa11ocb B pa6ore [14]. ,ll,ByMepHble KapTbl 

npOCTpaHCTBeHHOro paCLJ.\en.11eH"1R np"1 nponycKaH"1"1 "1 OTpa>t<eH"1"1 OT MarH"1THOH n11eHK"1 c 

AOMeHaM1-1 6b1111-1 3aperncrp1-1poBaHbl B pa6oTe [15]. TaM >Ke 6b111a npeAJ10>KeHa MOAellb, 

06bRCHfl10LJ.\aR AaHHblH 3cj>cj>eKT. nepeBopoT cn1-1Ha npo1-1cXOA"1/1 np1-1 OAHOKpaTHOM nepece4eH"1"1 

HeHTpOHaM"1 rpaH"1U,bl pa3Ae/1a Me>KAY ABYMR MarH"1THO-HeK0/1/1"1HeapHblM"1 AOMeHaM"1, KOTopaR 

pacno11ara11acb nepneHA"1Ky11RpHo ny4Ky. B A"1CcepTau,1-11-1 3aHoBo npoBeAeH aHa111-13 

3Kcnep1-1MeHra11bHb1x AaHHblX c y4eTOM 3TOH MOAe111-1. ,ll,llR xapaKTep1-13au,1-11-1 n11eHK"1 

Gd(S HM)/Fe(lOO HM)//CTeK/10 (nOAJlO>KKa) 6bi/1"1 "1Cn0/1b30BaHbl AOn0/1H"1Te/1bHble MeTOAbl. 

Ha p1-1c. 4 noKa3aHbl cj>0Torpacj>1-11-1 noBepxHocrn n11eHK"1 B TeXH"1Ke 61-1nepa. Ko111101-1A c 

MarH"1THblM nopOWKOM HaHOC"1TCR Ha noBepXHOCTb n11eHK"1. 4aCT"1U,bl nopowKa co61-1pa10TCR BOKpyr 

0611acrn, rAe MarH"1THaR CTPYKTYpa "1MeeT Ha"160/1bW"1H rpaA"1eHT. ~oTOrpacj>"1"1 CAe/laHbl Ha 

OnT"14eCKOM M"1KpOCKone c 3cj>cj>eKTOM Keppa. B KBaApaTe lOxlO MKM2 MO>KHO B"1AeTb MarH"1THble 

0611acrn pa3MepoM OT 0.3 AO 0.7 MKM. I-Ix nllOLJ.\aAb COCTaB/lReT 5.5 % OT nllOLJ.\aA"1 3TOro KBaApaTa . 

np1-1 Ma/lOM "13MeHeH"1"1 nO/lfl K/laCTepbl CTOAT Ha MeCTe, "1 "1X pa3Mepbl He MeHAIOTCR. 3TO 03Ha4aeT, 

4TO MarH"1THble K/laCTepbi "1MelOT CTPYKTYPHOe np0"1CXO>KAeH"1e. B 60llbWOM BHewHeM no11e 

4aCT"1U,bl nopowKa BMecre c K0/1/10"1AOM AB"1ralOTCR BAO/lb /1"1H"1H nOllfl, "1 3TOT 3cj>cj>eKT He CBfl3aH c 

MarH"1THOH n11eHKOH. Ha p1-1c. Sa noKa3aHa reoMeTp"1fl 3Kcnep1-1MeHTa 1-1 MOAellb CTPYKTYPbl. 

no11Rp"130BaHHblH ny40K HeHTpOHOB naAaeT Ha noBepXHOCTb n11eHK"1 nOA Ma/lblM yrnoM 

CK0/1b>KeH"1R . B n11eHKe CYLJ.\eCTBYIOT MarH"1THble K/laCTepbl c BeKTOpOM MarH"1THOH "1HAYKU,"1"1 B1, 

KOTOpbiH HanpaB11eH nOA yrnoM X K BeKTOpy MarH"1THOH "1HAYKU,"1"1 82 BO BCeH n11eHKe. rpaH"1U,a 

pa3Ae/1a Me>KAY K/1aCTepaM"1 "1 OCTa/lbHOH 4aCTblO n11eHK"1 HanpaBlleHa nepneHA"1KYl1RpHO 

TpaeKTOp"1"1 ny4Ka HeHTpOHOB. np1-1 nepece4eH"1"1 HeHTpOHaM"1 3TOH rpaH"1U,bl pa3Ae/1a np0"1CXOA"1T 

nepeBopOT cn1-1Ha HeHTpOHOB [2,3] c BepoRTHOCTblO W- sin2 X· BepoRTHOCTb nepeBopOTa cn1-1Ha 

paBHa HYlllO, KOrAa BeKTOpa B1 "1 B2 K0/1/1"1HeapHbl. np1-1 nepeBopore cn1-1Ha HeHTpOHOB 

Ha61110AaeTCR npocrpaHcTBeHHoe pacLJ.\en11eH1-1e ny4Ka. "13 Bel1"14"1Hbl npoCTpaHCTBeHHoro 

pacLJ.\en11eH1-1R ny4Ka 1-1 AaHHblX VSM (Vibrating Sample Magnetometer) AJ1R BCeH n11eHK"1 6b111a 

"13B/1e4eHa MarH"1THaR "1HAYKU,"1R B K/laCTepax (p"1C. 56) . Be/1"14"1Ha MarH"1THOH "1HAYKU,"1"1 B 

K/lacrepax OKa3a/1aCb paBHOH Be/1"14"1He MarH"1THOH "1HAYKU,"1"1 BO BCeH n11eHKe. 

AHa/1"13 BepORTHOCrn nepeBopoTa cn1-1Ha HeHTpOHOB noKa3a/1, 4TO yro11 x Me>KAY BeKTOpaM"1 B1 

"1 B2 yMeHbWaeTCR c pOCTOM HanpR>t<i!HHOCT"1 BHewHero MarH"1THOro no/lR "1 CTaHOB"1TCR paBHblM 

HY/llO B none 4370 3. "13 HeHTpOHHblX AaHHblX no11y4eHa ou,eHKa nllOLJ.\aA"1 MarH"1THO­

HeK0/1/1"1HeapHblX K/laCTepoB. 0Ha COCTaB"1/1a OK0/10 5 % OT nllOLJ.\aA"1 BCeH n11eHK"1, 4TO COBnaAaeT 

c AaHHblM"1 om1-14ecKOH M"1KpocKon1-11-1. TaK"1M o6pa3oM, B pa6oTe npoAeMOHCTp1-1poBaHo, 4TO 

3eeMaHOBCKOe npoCTpaHCTBeHHOe paCLJ.\en11eH"1e ny4Ka RB/lReTCR 3cj>cj>eKT"1BHblM cnoco6oM 

1-1cc11eAOBaH"1R OTAe/lbHblX rpaH"1U, pa3Ae11a 1-1 K/laCTepoB MarH"1THO-HeK011111-1HeapHblX CTPYKTYP· 
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B TeXH"1Ke 61-1nepa. CTpellKOH noKa3aHO HanpaB/1eH"1e np"1110>KeHHOro BHeWHero MarH"1THOro 

no11R . -+ 

u 
L 

20.-~~~~~~~~~~~~--, 

10 

"" 0 
cc 

-10 

-20"-'~~~ ........ ~~~ ........ ~~~ ........ ~~~ 
-1000 -500 0 500 1000 

-+ H,3 
P1-1c. 5. n11eHKa Gd/Fe//CTeK/10 (nOAJ10>KKa) . a) reoMeTp"1fl 3KCnep1-1MeHTa . 6) MarH"1THafl 

"1HAYKU,"1R B K/laCTepax B 3aB"1C"1MOCT"1 OT BHeWHero MarH"1THOro nO/lR. n1-1H"1fl - AaHHble VSM AJlfl 

BCeH n11eHK"1, CBeT/lble T04K"1 -AaHHble "13 paCLJ.\en11eH"1R ny4Ka np"1 orpa>t<eH"1"1, Ti!MHble T04K"1-

AaHHble 1-13 pacll\en11eH"1R ny4Ka np1-1 npe110M11eH"1"1. 

B rpeTbeM rnaee pa3pa6oTaH MeTOA HeHTpOHHOro MarH"1THOro pe30HaHca B n11eHKe . B CKpeLJ.\eHHblX 

noCTORHHOM "1 OCU,"11111"1PYIOLJ.\eM BHeWH"1X MarH"1THblX no/lRX np0"1CXOA"1T pe30HaHCHblH 

nepeBopoT cn1-1Ha HeHTPOHOB. 3TO RB/1eH"1e AaBHO "13BeCTHO reopern4eCK"1 [16] . HeHTpOHHblH 

Cn"1HOBblH pe30HaHC "1Cn0/1b30Ba/1CR B K/1aCC"14eCK"1X 3KCnep"1MeHTax no "13MepeH"1IO MarH"1THOro 

MOMeHTa HeHTPOHa [17]. Teopern4eCK"1 HeHTpOHHblH cn"1HOBblH pe30HaHC B MarH"1THOM BeLJ.\eCTBe 

(1-1111-1 HeHrpoHHblH MarH"1THblH pe3oHaHc) 6b111 paccMoTpeH B pa6ornx [18,19]. B A1-1cceprnu,1-10HHOH 

pa6oTe BnepBble 3apernCTp"1pOBaH HeHTpOHHblH MarH"1THblH pe3oHaHC B MarH"1THOH n11eHKe 

Py(SOO HM) Ha KpeMH"1eBOH nOAJ10>KKe pa3MepaM"1 25 x 25 x 1 MM3, rAe nepMa/1/lOH Py 

npeACTaB/lReT co6oH MarH"1THblH cn11aB Fe (20.6 aT. %) Ni (79.4 aT. %). 
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PHC. 6. reoMeTpHR 3KcnepHMeHTa no PHC. 7 . li1HTeHCHBHOCTb He~iTpOHOB B MaKCHMyMe 

Ha6J1toAeHHIO HeihpOHHOro MarHHTHOro 

pe3oHaHca : Ho - nocTORHHoe MarHHTHoe 

no11e; H1 - oc41-1111111pytow,ee MarHHTHoe 

no11e. 

n1-1Ka 3epKallbHO oTpa>t<eHHoro nyYKa B 

3aBHCHMOCTH OT 4aCTOTbl npHllO>KeHHOro BHewHero 

MarH"1THoro no11s:i : a) cn111H 11 +11
; 6) cnviH 11

-
11

• 

Ha p1-1c. 6 noKa3aHa reoMeTpHR 3Kcnep1-1MeHTa. B n11ocKocrn n11eHKH 6b1110 np1-1110>1<eHo nocTORHHoe 

BHewHee MarHHTHOe no11e HanpR>KeHHOCTblO Ho= 20 3 H nepneHAHKYllRpHO eMy OCL\"11111Hpytow,ee 

BHewHee MarHHTHOe no11e H1 (t) = H1 cos( wt) aMnllHTYAOH H1 = 10 3 . Cn11HOBblH Hei1TpOHHblH 

pe3oHaHc BHYTPH n11eHKH npo1-1cxoAHT np11 yc11001-11-1, KOrAa YacTora np1-1110>1<eHHoro 

oc41-111111-1pytow,ero no11R fres pasHa 4aCTOTe 11apMoposcKoi1 npe4ecrn1-1 cn1-1Ha fi = YnB, rAe 

Yn = 2916 rc1·c·1 - rnpoMarHHTHOe OTHOWeHHe HeHTpOHa, B - BeJ1H4HHa noCTORHHOH MarHHTHOH 

HHAYKL\HH B n11eHKe. np1-1 yc11001-11-1 pe3oHaHca fres = fi npo1-1cxOAHT nepesopoT cn1-1Ha Hei1TpOHOB. 

Ha p1-1c . 7 noKa3aHa HHTeHCHBHOCTb HeHTpOHOB Af1R Ha4aJ1bHOro cnHHa "+" H "-" B MaKCHMyMe 

3epKaJ1bHO OTpa>KeHHOro ny4Ka B 3aBHCHMOCTH OT 4aCTOTbl oc41-111111-1pytow,ero nOJlR. Pe30HaHCHaR 

4aCTOTa Ires = 26.2 ± 2 .0 Mr4 COOTBeTCTByeT MarHHTHOH HHAYKL\"1"1 B n11eHKe B = 9.0 ± 0 .7 Krc. 

Ha p1-1c . 80 npeACTa011eHa HaMarHH4eHHOCTb n11eHKH, onpeAelleHHaR MeTOAOM VSM . B HaCblUJ,eH1-111 

HaMarHH4eHHOCTb COCTaBJlReT M = 9.5 Krc. Ha pHC. 86 noKa3aHbl K03cj>cj>1-141-1eHTbl OTpa>KeHHR 

no11RpH30BaHHblX Hei1TpOHOB BO BHewHeM MarHHTHOM no11e 20 3 (TeMHble CHMBOJlbl Af1A cnHHa "+" 
H CBeTJlble CHMBOJlbl Af1A cn1-1Ha "-") B 3aBHCl1MOCTH OT BeJ1H4HHbl q = 2rr sin( a;)/?.. nyHKTHpHOH 

JlHHHeH noKa3aHa BeJ1H4HHa q = 0.01025 A-1, npH KOTOpOH npoBeAeH 3KcnepHMeHT no cnHHOBOMY 

pe30HaHcy c cj>HKCHpOBaHHOH Af1HHOH BOJ1Hbl HeHTpOHOB 4 .26 A. noArDHKa K03cj>cj>1-141-1eHTOB 

OTpa>KeHHR (cnllOWHble JlHHHH) AaeT HaMarHl14eHHOCTb n11eHKH 4.0 Krc, 4TO MeHbWe 

HaMarHH4eHHOCTH HaCblUJ,eHHR. B 60J1bWOM BHewHeM MarHHTHOM no11e 4.4 K3 (p1-1c .8a) 6b111a 

onpeAeJleHa HaMarHH4eHHOCTb 9 .5 Kr, 4TO COOTBeTCTByeT HaCblUJ,eHl1IO. MaKpOCKOnH4eCKHe 

MeTOAbl npoBOART ycpeAHeH1-1e AOMeHHOH cTpyKrypbl no o6beMy (VSM) 1-1111-1 no nosepxHocrn 

n11eHKH (pecj>11eKTOMeTpHR), a c noMOUJ,blO HeHTpOHHOro MarHHTHOrO pe30HaHca MO>KHO 

onpeAe1111Tb BeJ1H411HY MarHHTHOH HHAYKL\"1"1 B OTAellbHOM AOMeHe Aa>Ke B HeHaCblUJ,eHHOM 

COCTORHl1H. B AHCCepTa41-11-1 TaK>Ke Ha611toAallOCb He3epKaJ1bHOe OTpa>KeHHe Hei1Tp0HOB np11 

HeHTpOHHOM MarHHTHOM pe30HaHce, KOTOpoe COOTBeTCTByeT o6MeHy Hei1TpOHOB KBaHTOM 3HeprnH 

hf c oc41-111111-1pytoUJ,HM BHeWHHM MarHHTHblM no11eM. 1113 3aKOHa coxpaHeHHR 3HeprnH Hei1TpOHOB 

no11y4HM Bblpa>KeHHe Af1A yrna CKOJlb>KeHHR pacceRHHOro ny4Ka: 

14 

ar = Jaf ±! 2:"2 (11) 

rAe 3HaK "+" cooTBeTcTsyeT nepesopory cn1-1Ha "-+", a 3HaK "-" cooTBeTcTsyeT nepesopory cn1-1Ha 

"+-". Ha p1-1c. 9 noKa3aH C4eT 3epKaJ1bHO OTpa>KeHHOro ny4Ka HeHTpOHOB B 3aBHCHMOCTH OT 

KOHe4HOro yrna CKOJlb>KeHHR Af1R 4aCTOTbl OCL\"11111Hpytow,ero MarHHTHOro no11R BHe pe30HaHca 

(TeMHble CHMBOJlbl) H B pe30HaHce (cBeTllble CHMBOJlbl) . nesaR KOJlOHKa COOTBeTCTByeT Ha4aJ1bHOMY 

cnHHY "+", npasaR KOJlOHKa - cnHHY "-" . Ha HH>KHHX pHCYHKax noKa3aHa pa3HOCTb C4eTa HeHTpOHOB 

npH pe30HaHCHOH 4aCTOTe H BHe pe30HaHca . B 0611aCTH 3epKaJ1bHOro OTpa>KeHHR Ha6J1toAaeTCR 

Ml1HHMyM, a B 0611aCTH He3epKaJ1bHOro OTpa>KeHHR - MaKCHMVMbl . Ha p11c. 10 JlHHHRMH 

npeACTa011eH pacYeT no cj>opMy11e (11), a T04KaMH noKa3aHbl 3Kcnep1-1MeHTa11bHb1e AaHHble . 

Be111-1Y1-1Ha OWH6KH COOTBeTCTByeT npOCTpaHCTBeHHOMY pa3peweH1-1to no3HL\HOHHO-

4YBCTBHTellbHoro AeTeKTopa . BHAHO, 4TO 3Kcnep1-1MeHTallbHb1e AaHHb1e nOATBep>t<AatoT 

npeACKa3aHHR TeOpHH. 
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P11c. 8 . XapaKTep1-13a41-1R n11eHKH Py(500 HM): a) AaHHble VSM; 6) K03cj>cj>1-141-1eHTbl oTpa>KeHHR 

Hei1TpOHOB "+" (TeMHble T04KH) H ,,_,, (CBeTJlble T04KH) B MarHHTHOM no11e 20 3 ; B) K03cj>cj>1-141-1eHTbl 

OTpa>KeHHR Hei1TpOHOB B MarHHTHOM no11e 4.4 K3 . 
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P1-1c . 9. C4eT oTpa>KeHHblX Hei1TpoHos np1-1 

pe30HaHCHOH 4aCTOTe (cBeTJlble T04KH) H BHe 

pe30HaHca (TeMHble T04KH) H HX pa3HOCTb. 
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P1-1c . 10. He3epKallbHOe OTpa>t<eHHe 

Hei1TpOHOB np1-1 pe3oHaHce. T04KH -

3KCnep1-1MeHT, JlHHHH - TeOpHR. 

• 



B 4eTeepTOH rnaee pa3B"1T MeTOA "1CC/leAOBaH"1fl KaHa111-1poBaH"1fl He~1TpOHOB B n110CK"1X 

BO/lHOBOAaX. B CTaHAapTHOM He~1TpOHHOM 3Kcnepi.1MeHTe "1CnO/lb3YIOTCR Hei1TpOHHble ny4K"1 

Wi.1pi.1HOH OT 0 .1 AO 10 MM. lJT06bl "1CC/leAOBaTb /lOKa/lbHble Mil!KpOCTPYKTYPbl c BblCOK"1M 

npoCTpaHcTBeHHblM pa3peweH1-1eM, Heo6XOA"1MO 1-1MeTb o4eHb Y3K"1e ny4K"1 Hei1TpOHOB 

M"1Kp0HHOH W"1p"1Hbl. ,ll,llR 3TOro pa3pa6aTblBalOTCR pa311"14Hble Hei1TpOHHO-onrn4eCK"1e 

Q>0Kyrnpyt0w,1-1e yCTpoi1crna : 1-13orHyTb1e Kp1-1cTa1111b1-MoHoxpoMaTOpb1, Ai.1<f>paKu,1-10HHb1e peweTKl-1, 

npe!lOM/lfllOW,"1e /1"1H3bl "1 T.A . [20) . 3rn YCTPOHCTBa "1MelOT orpaH"14eH"1fl "13-3a Q>i.13"14eCK"1X CBOHCTB 

1-1cnO/lb3YeMblX MaTep1-1a110B "1 TeXHO/lOrl-1"1 "1X o6pa6oTK"1, n03TOMY He vAaeTrn no11y4"1Tb 

M"1Kpony4K"1 HeHTPOHOB W"1p"1HOH MeHbWe 50 MKM. 6011ee 3Q>Q>eKrnBHblM"1 Q>0Kyrnpyt0W,"1M"1 

C"1CTeMaM"1 RB/lfllOTCR nllOCK"1e HeHTpOHHble BO/lHOBOAbl . 0H"1 n03BO/lRIOT nOllY4"1Tb Hei1TpOHHble 

M"1Kpony4K"1 W"1p"1HOH OT 0 .1 AO 10 MKM. BollHOBOAbl C/lO>KHOro rnna AOBO/lbHO aKrnBHO 

"13y4a/1"1Cb 3Kcnepi.1MeHTa/lbHO BO BTOpoi1 nO/lOB"1He 1990-x rDAOB . Ho 6011ee 3Q>Q>eKrnBHblM"1 

OKa3a/1"1Cb BO/lHOBOAbl npocrnro rnna [21). KOTOpble "1 6bl/1"1 "1CC/leAOBaHbl B A"1CCepTaU,"1"1 . 

Ha p1-1c. 11 noKa3aHa reoMeTpil!R n110CKoro BO/lHOBOAa. Hei1TpOHHblH ny40K B BaKyyMe (cpeAa 0) 

naAaeT Ha noBepXHOCTb BO/lHOBOAa nOA Ma/lblM yrnoM CKO/lb>KeH"1fl a;, TYHHe111-1pyeT 4epe3 TOHK"1H 

BepXH"1H C/lOH (lllHAeKC 1) T0/1W,"1HOH a "1 npOXOA"1T B cpeAH"1H C/lOH (cpeAa 2) W"1P"1HOH d. 

n110THOCTb A/1"1Hbl pacceRH"1fl (nAP) Hei1TpOHOB p BO/lHOBOAa "1MeeT B"1A noTeHU,"1a/lbHOH f!Mbl 

(p1-1c . 12a). Hei1Tp0Hbl no4rn no/lHOCTblO OTpa>KalOTCR OT TO/lCTOro H"1>KHero C/lOR ("1HAeKC 3). 3aTeM 

4aCTb Hei1TpOHOB TYHHe111-1pyeT 4epe3 BepXH"1H C/lOH "1 Bbl6b!BaeT "13 BO/lHOBOAa, a 4aCTb 

OTpa>KaeTrn OT BepxHero C/lOR "1 pacnpocTpaHReTCR B cpeAHeM c11oe BAO/lb C/lOeB KaK B KaHa/le . B 

KOHU,e Hei1Tp0Hbl BblXOART "13 rnpu,a cpeAHero C/lOR B B"1Ae paCXOARW,erocR M"1Kpony4Ka 

HeHTpOHOB. Ha4a/lbHaR w1-1p1-1Ha Mi.1Kpony4Ka paBHa w1-1p1-1He Ka Ha/lad . PaCXOA"1MOCTb M"1Kpony4Ka 

onpeAe!lReTrn yrnoBoi1 pacXOA"1MOCTblO Ha4a/lbHoro ny4Ka 8a;, yrnoBblM pa3peweH1-1eM 

AeTeKrnpa 8adet 1-1 BK!laAOM Aill<f>paKu,1-11-1 C!>payHro<f>epa 8ap - ?.. /d Ha y3KOH w,e111-1 : 

oar = .j(oap) 2 + (8a;) 2 + (8adet)2 

z0 
orpa>t<eHHbl lii 

ny40K 

a, > , d ,_ .... k-
Ka Hall 

3 
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nOAJlO>KKa 

P1-1c. 11. reoMeTpil!R n110CKoro BO/lHOBOAa . 
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P1-1c. 12. Pac4eTbl A/lfl BOllHOBOAa Ni51Cu33(20 HM)/Cu(150)/Ni57(U33(50)//Si(noA110>KKa) . a) nAP. 

6) KBaApaT MOAYllR BO/lHOBOH Q>yHKU,"1"1 Hei1TpOHOB. B) KBaApaT MOAYllR BO/lHOBOH <l>YHKU,"1"1 

Hei1TpOHOB A/lfl pe3oHaHCOB n=O (Kpi.1Bafl 1), n=l (Kp"1BaR 2) "1 n=2 (Kpi.1Bafl 3) B 3aB"1C"1MOCrn OT 

KOOPA"1HaTbl z. z) KBaApaT MOAYllR BO/lHOBOH <l>YHKU,"1"1 HeHTpOHOB (11eBaR WKa11a) "1 K03Q>Q>1-1u,1-1eHT 

OTpa>KeH"1fl (npaBaR WKa11a) B 3aB"1C"1MOCrn OT yrna CKO/lb>KeH"1fl Ha4a/lbHOro ny4Ka. 

B [22) noKa3aHO, 4TO npi.1 BblnO/lHeHi.1"1 nepi.10A"14eCK"1X yc/lOB"1H A/lfl Q>a3bl Hei1TpOHHOH BO/lHbl 

B cpeAHeM c11oe 

<P(koz) = 2k2zd + arg( R21 ) + arg ( R23 ) = 2rrn (13) 

Ha611t0AaeTCR pe30HaHCHOe yrn11eH1-1e KBaApaTa MOAYllfl BO/lHOBOH <l>YHKU,"1"1 HeHTpOHOB: 

2 - IT02I . 
llf'n(a;,z) I - ll-R,1R23 exp(2ikizd) I 

(14) 

rAe k zz = / i/f)Z - P2 - npoeKU,"1fl BO/lHOBOro BeKTOpa B cpeAe 2 Ha OCb z nepneHA"1KYl1RpHO C/lORM, 

n =O, 1 , 2 , •• • nopRAOK pe3oHaHca, R21 1-1 R23 - aMnlllllTYAbl 0Tpa>1<eH1-1R Hei1TpOHHOH BO/lHbl OT 

BepxHero 1-1 H"1>KHero c11oeB, T0 2 - aMnll"1TYAa nponycKaH"1R Hei1TpOHHoi1 BO/lHbl 4epe3 BepxH1-1i1 

C/lOH. TaK KaK 4aCTb Hei1TpOHOB TYHHe111-1pyeT o6paTHO 4epe3 BepXH"1H C/lOH "1 Bbl6blBaeT "13 

M"1Kpony4Ka, TO KBaApaT MOAYllR BO/lHOBOH <l>YHKU,"1"1 3aTYxaeT np1-1 pacnpoCTpaHeHi.1"1 Hei1TpOHOB 

BAO/lb KaHa/la . napaMeTp 3KcnOHeHU,"1a/lbHOro 3aTYXaH"1fl - exp( - x/x. ) Ha3blBaeTCR A/1"1HOH 

KaHa111-1poBaH"1fl Xe HeHTpOHOB, KOTOpaR Teopern4eCK"1 onpeAe/leHa B pa6oTe [23) : 

Xe= k xd "" kxd 
kizl lnlR21R23l l k izT 

(15) 

rAe Tex: exp( - 2k1, a) = exp ( - 2a.j p 1 - k 5z ) - K03Q>Q>1-1u,1-1eHT nponycKaH"1R BepxHero c110R . 

A111-1Ha KaHa111-1poBaH1-1R 3aB1-1c1-1T OT nopRAKa pe3oHaHca n =0, 1, 2 , .. . 1-1 napaMeTpoB BO/lHOBOAa : 

T0/1W,"1Hbl BepxHero C/lOR, W"1pi.1Hbl KaHalla "1 rny6"1Hbl noTeHU,"1a/lbHOH f!Mbl . 

Ha p1-1c . 126 noKa3aH KBaApaT MOAYllR BO/lHOBOH <l>YHKU,"1"1 HeHTpOHOB B 3aB"1C"1MOCT"1 OT 

KOOPA"1HaTbl Z "1 yrna CKO/lb>KeH"1fl Ha4a/lbHOro ny4Ka . nRTHa COOTBeTCTBYIOT pe30HaHCHOMY 
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yrn11eH11to K6aApara MOAYllfl 60/1H060H <i>YHKL,\1111 . Ha p11c. 126 npeACTa6/leHa 6e/111411Ha K6aApaTa 

MOAYllfl 60/1H060H <i>YHKL.\1111 HeHTPOH06 3a611Cl1MOCTl1 OT KOOPAl1HaTbl z, npocyMMl1p06aHHafl no 

yrny CKO/lb>KeHl1fl a;. AnR pe30HaHca n=O (Kpl16afl 1) Ha6/ltoAaeTCfl OAl1H MaKrnMyM, A/lfl pe30HaHca 

n=l (Kp110af1 2) 611AHbl A6a MaKrnMyMa 11 A/lfl pe30HaHca n=2 (Kpl16afl 3) - Tpl1 MaKrnMyMa. Ha 

p11c. 122 npeACTa011eH K6aApaT MOAYllfl 60/1H060H <i>YHKL,\1111 HeHTpOH06 (11e0af1 WKa11a) 11 

K03<j><j>11411eHT 3epKa/lbHOro 0Tpa>KeHl1fl (npa6afl WKa11a) 6 3a611C11MOCTl1 OT yrna CKO/lb>KeH11fl 

Ha4a/lbHOro ny4Ka. MaKC11MYMbl K6aApara MOAYllfl 60/1H060H <i>YHKL,\1111 HeHTpOH06 A/lfl 

pe30HaHC06 n=O, 1, 2, ... no no11o>KeH11to COOT6eTCT6YIOT Ml1H11MyMaM Ha K03<j><j>11411eHTe 

OTpa>t<eHl1fl. 

Ha p11c. 13a np110eAeHa 3KCnep11MeHTa/lbHaf1 11HTeHCl16HOCTb HeHTpOH06 6 3a611Cl1MOCTl1 OT 

Ha4a/lbHOro 11 KOHe4Horo yr1100 CKO/lb>KeHl1fl . 11HAeKCaMl1 n=O, 1, 2 yKa3aHbl Ml1Kpony4Kl1 

COOTBeTCT6YIOLJ.\11X nopRAK06 pe30HaHC06. B Al1CCepTa41111 11CC/leA06aH 60/1H060A 

Ni57(U33(20 HM)/Cu(150)/Ni57(U33(50)//Si(noAflO>KKa), rAe MaTep11a11 Ni (67 aT. %) Cu (33 aT. %) 
fl6/lfleTCfl HeMarHl1THblM np11 KOMHaTHOH TeMnepaTYpe 11 0611aAaeT caMOH 6blCOKOH nAP cpeA11 

HeMarH11THblX MaTep11a1100. Ha p11c. 136 npeACTa011eHa 11HTeHCl16HOCTb Ml1Kpony4Ka HeHTPOH06 6 

3a611Cl1MOCTl1 OT Ha4a/lbHOro yrna CKO/lb>KeHl1fl . B11AHbl MaKCl1MYMbl pe30HaHC06 n=O, 1 , 2 . 

11HTeHCl16HOCTb 3epKa/lbHO OTpa>KeHHoro ny4Ka pa0Ha 300 H/C 6 0611acrn nO/lHOro OTpa>KeH11fl. Ha 

p11c. 136 noKa3aHa 11HTeHCl16HOCTb M11Kpony4Ka HeHTPOH06 KaK <i>YHKL\11fl KOHe4HOro yrna 

CKO/lb>KeHl1fl A/lfl pe30HaHca n=O (Kpl16afl 1), n=l (Kpl16afl 2) 11 n=2 (Kp110af1 3) . T04Kl1 - 3Kcnepl1MeHT, 

/111Hl111 - Teop11R. B11AHO, 4TO 3Kcnep11MeHTa/lbHble AaHHble onl1Cbl6atoTCfl Teop11el1 . np11 3TOM 

HanpRMYIO conoCTa611Tb a6CO/ltoTHyto 6e/ll1411HY 11HTeHC116HOCTl1 HeHTpOH06 Ha p11c. 136, 6 c 

a6co11toTHOH 0e1111411Hoi1 pac4eTHblX 3Ha4eH11i1 Ha p11c . 126,Z 04eHb TPYAHO, nornMy 4TO 

He06XOA11MO y4eCTb MHoro 3Kcnep11MeHTallbHblX napaMeTp06 (paCXOA11MOCTb M11Kpony4Ka, Afll1HY 

KaHa1111po0aHl1fl , <i>YHKL\11IO pa3peweHl1fl pe<j>11eKTOMeTpa 11 T.A.) . 

B A11ccepra41111 6b111a 3Kcnep11MeHTa11bHO 113MepeHa yr1100aR pacxoA11MOCTb Ml1Kpony4Ka (12) 

pe30HaHca n=O 6 3a611Cl1MOCTl1 OT Wl1pl1Hbl KaHa/la d 11 Afll1Hbl 60/lHbl HeHTpOH06 A. 
3Kcnep11MeHTa/lbHO 113MepRllaCb no11Haf1 w11p11Ha n11Ka Ha no110011He 6blCOTbl (FWHM). 3aTeM 113 

(12) c y4eTOM pacxOA11Mocrn Ha4a/lbHOro ny4Ka 11 yr1100oro pa3peweH11R AeTeKTopa 

3KCnepl1MeHTa/lbHO onpeAellfl/lCfl 6KllaA Al1<i>paK41111 <l>payHro<j>epa 6 paCXOA11MOCTb M11Kpony4Ka, 

KOTOpblH cpa6Hl16a/1Cfl c pac4eTaM11 no <j>opMy/laM <j>payHro<j>epo00!1 Al1<i>paK41111 60/lHbl Ha Y3KOH 

LJ.\e/111 W11pl1HOH d. 
Uf, rpaA. / , Hie 
0.6~--------,--, 

0.4 

0.2 

0.0 

-0.2 

npe110M11eHHe 

-0.6.j._--~-~---4 
0.30 0 .35 0 .40 0.45 

I , H/c 
a;, rpaA . 

,...-----,..------, n ~=1 n = ? 6 

_}v~ 

10.0 

5.0 

0.0 L---~----'---_J 
0.30 0.35 0.40 0.45 

ai , rpaA. 

I , H/c 
1.0 ,...-----------

102 6 

101 0 .5 

10° 
o.o l ~~ I 

10-1 -0.4 -0.2 0 0.2 0.4 
Uf , rpaA. 

P11c. 13. a) A0yMepHaR KapTa 11HTeHc110Hocrn 

HeHTpOH06 A/lfl HeMarHl1THoro 60/lH060Aa 

N i57(U33( 20 HM)/Cu ( 150)/N j57(U33( 50)//Si( nOAflO>KKa ) . 

6) 11HTeHCl16HOCTb Ml1Kpony4Ka HeHTpOH06 6 

3a611Cl1MOCTl1 OT yrna CKO/lb>KeH11fl Ha4a/lbHOro ny4Ka. 

6) 11HTeHCl16HOCTb M11Kpony4Ka HeHTPOH06 6 

3a611Cl1MOCTl1 OT KOHe4HOro yrna CKO/lb>KeHl1fl A/lfl 

pe3oHaHca n=O (Kp110aR 1), n=l (Kp110aR 2) 11 n=2 

(Kp110aR 3) . To4K11 - 3Kcnep11MeHT, 1111H1111 - pac4eT. 

18 

Oaf , rpaA. 
0.3 --

0.2 

0.1 

0.0 '-
0 

a 

Oaf , rpaA. 

0.3 r 6 

0.2 

·t 
0.0 

50 

~ 
100 

__J 

150 d, HM 200 

/ 
0.000 0.002 0.004 0.006 0.008 0.010 0.012 

lfd, HM-l 

oaF, rpaA. 

0.3 r-

0 .2 

0.1 

0.0 l 
0 .0 

6 

• 

2.0 

• 
T 

4 .0 
t... , A 

6 .0 

P11c. 14. BKllaA Al1<i>paK41111 <l>payHro<j>epa 0 yr1100yto pacXOA11MOCTb Ml1Kpony4Ka 113 Top4a 

60/lH060Aa : a) KaK <i>YHKL\11fl Wl1p11Hbl KaHa/la np11 <j>11Kc11po0aHHOH Afll1He 60/lHbl HeHTpOH06 

4 .26 A; 6) 0 3a011rnMocrn OT o6paTHOH w11p11Hb1 KaHa11a np11 <j>11Krnpo0aHHOH Afll1He 0011Hbl 

4 .26 A; 6) KaK <i>YHKL\11fl Afll1Hbl 0011Hbl Hei1TpoH00 np11 <j>11Krnpo0aHHOH w11p11He KaHa11a 

141.7 HM. T04Kl1 - 3Kcnep11MeHT, 1111H11R - pac4eT. 

Ha p11c. 14a noKa3aH 6K/laA Al1<i>paK41111 <l>payHro<j>epa 6 paCXOA11MOCTb Ml1Kpony4Ka 6 

3a611Cl1MOCTl1 OT Wl1pl1Hbl KaHa/la d (T04Kl1 - 3Kcnep11MeHT, /111Hl1fl - pac4eT) np11 <j>11Krnpo0aHHOH 

Afll1He 60/lHbl. Ha p11c. 146 np116eAeHa Ta >Ke 6e/111411Ha KaK <i>YHKL\11fl l/d. Afl11Ha 60/lHbl HeHTPOH06 

4 .26 A 6b111a <j>11Krnpo0aHa . B11AHO, 4TO 6K!laA 0 pacxOA11MOCTb M11Kpony4Ka pacTeT o6paTHO 

nponop4110Ha/lbHO w11p11He KaHa11a . 3Kcnep11MeHTa11bHb1e AaHHb1e nOAT6ep>KAatoT Teop11to 

A11<i>paK41111 <l>payHro<j>epa Ha y3KOH Ll.\e1111 . Ha p11c . 146 np110eAeH 6KllaA A11Q>paK41111 <l>payHroQ>epa 

6 paCXOA11MOCTb Ml1Kpony4Ka 6 3a611Cl1MOCTl1 OT Afll1Hbl 60/lHbl HeHTpOH06 A/lfl Wl1pl1Hbl KaHa/la 

d = 141.7 HM. T04Kl1 - 3Kcnep11MeHT, /ll1Hl1fl - TeOpl1fl . B11AHO, 4TO 6K/laA 6 paCXOA11MOCTb 

M11Kpony4Ka pacTeT /111HeHHO c y0e11114eH11eM Afll1Hbl 60/lHbl HeHTpOH06. 3Kcnep11MeHTa/lbHble 

AaHHb1e noAT0ep>KAatoTCR pac4eTaM11 . 

B pa6oTe 6b111a 3KCnep11MeHTa/lbHO 113MepeHa Afll1Ha KaHa1111po0aHl1fl HeHTpOH06 X e 6 

3a611Cl1MOCTl1 OT napaMeTp06 60/lH060Aa 11 nopRAKa pe30HaHca . Anfl 3Toro 6bl/l 11cnO/lb306aH 

pe<j>11eKTOMeTp c ropl130HTa/lbHOH nllOCKOCTblO 06pa34a . Ha no0epxHOCTb 60/lH060Aa 61111>Ke K 

6blXOAHOMY TOPL\Y noMeLJ.\a/lCfl nornornTellb HeHTPOH06 6 611Ae nopowKa Gd20 3 (p11c . 15a ) 111111 6 

011Ae Y3Koro 6pycKa 113 6opa11R, cn11a0a a11toM11H11R c Kap611AOM 6opa, (p11c. 156) ce4eH11eM 2 x 2 MM2 

11/111 lxl MM2. 113MepReTCR 11HTeHCl16HOCTb Ml1Kpony4Ka HeHTpOH06 6 3a611Cl1MOCT11 OT Afl11Hbl x 

Heoc0eLJ.\eHHOH HeHTpoHaM11 0611acrn noA nor11ornTe11eM : ~=exp( - x/x. ) . 3AeCb / (x = 0) 
l (x=O) 

pa0Ha 11HTeHCl16HOCT11 M11Kpony4Ka Hei1TpoH00 6e3 nor11ornre11R . KorAa 11HreHc116HOCTb 

Ml1Kpony4Ka HeHTpOH06 c nor11ornre11eM yMeHbwaerrn 6 e pa3, TOrAa 3Ta Afll1Ha HeOC6eLJ.\eHHOH 

0611aCTl1 pa6Ha 3KCnep11MeHTa/lbHO 113MepeHHOH Afll1He KaHa1111po0aHl1fl HeHTpOH06. 
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Pi-te. 15. li13MepeHHe AflHHbl KaHan1-1po0aHHA : a) nopOWK08blM nornornTenb; 6) eKOnb3A~HM 6pyeoK. 

Xe , MM 
2.72 r-------------

a 

1.00 

0.37 ~-~--"---'---.J.._-_J 
0 10 15 20 25 

Xe , MM a,MM 

7.39 r------------~ 

6 

2.72 ~ 
1.00 ~--.J.._----'-------'----_J 
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~p, A-2 

Xe , MM 
7.39 ,------------
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Pi-te. 16. Ani-tHa KaHan1-1po0aHHA Hei1TpoH00 KaK cj>yHKl..\HA: a) rnn~HHbl 0epxHero enoA; 6) wi-tpHHbl 

KaHana; a) rny6i-tHbl noTeH41-1anbHoi1 AMb1; z) napaMeTpa 1/(n+l), rAe n = 0, 1, 2 nopAAOK 

pe3oHaHea. T04KH - 3Kenepi-tMeHT, nHHHA - noArOHKa no MeTOAY HaHMeHbWHX K8aApaT08. 

B eny4ae T8epAoro 6pyCKa H3-3a 803AYWHOro 3a3opa 8blCOTOM h 803HHKaeT 4aeTb no0epxHoern 

0onH000Aa Llx noA nornornTeneM, KOTopaA oe0e~aeTCA Hei1TpoHaMH. TorAa Heoe0e~eHHaA 4aeTb 

pa0Ha x = l - Llx. Beni-t4HHa Llx nerKo onpeAenAeTCA 0 3Kenepi-tMeHTe no MoMeHry, KOrAa 

HHTeHeH8HOeTb MHKpony4Ka Ha4HHaeT yMeHbWaTbCA no epa0HeHHIO e HHTeHeH8HOeTblO 

MHKpony4Ka npi-t nonHOCTblO oe0e~eHHOi1 no0epxHoern . nopowK00b1i1 nornornTenb 3cj>cj>eKrn0Ho 

yMeHbWaeT cj>oH, HO OH He n0380nAeT H3MepATb AflHHY KaHan1-1po0aHHA MeHee 1 MM H Tpe6yeT 

0peMA Ha eMeHy nopowKa. 6pyeoK e0060AHO A8HraeTeA no no0epxHoern e noMO~blO 

MHKpoMeTpi-t4eCKoro 81-!HTa H n0380nAeT H3MepATb ManylO AflHHY KaHan1-1po0aHHA MeHee 1 MM, HO 

AaeT n08blWeHHblM cj>oH H3-3a 803AYWHoro 3a3opa . 

Ha p1-1e. 16 np1-10eAeHbl pe3ynbTaTb1 3Kenepi-tMeHTanbHOro H3MepeHHA AflHHbl KaHan1-1po0aHHA 

Hei1TpOH08 8 3a8HCHMOCTH OT napaMeTp08 80nH080A08: (a) TOn~HHbl 0epxHero enoA; (6) WHPHHbl 

80nH080AHOrO enoA; (a) rny6HHbl noTeH41-tanbHOM AMbl npi-t cj>HKCHpo8aHHOM 0eni-t4HHe nAP 

KaHana; (z) nopAAKa pe3oHaHea 1/(n+l), rAe n=O, 1, 2 . Ani-tHa 0onHb1 Hei1TpoH00 pa0Ha 4.26 A. 
Ani-tHa KaHan1-1po0aHHA 3KcnoHeH41-1anbHO y0en1-141-10aeTeA e poeToM rnn~HHbl 0epxHero enoA, 

WHPHHbl KaHana, rny6HHbl noTeH41-tanbHOM AMbl H yMeHbWaeTeA o6paTHO nponop4HOHanbHO 

nopAAKY pe30HaHea. 3Kcnepi-tMeHTanbHble pe3ynbTaTbl Ka4eCT8eHHO nOAT8ep>KAalOT pae4eTbl no 

Teopi-ti-t KaHan1-1po0aHHA (15). 
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B pa6oTe nony4eHa 3Kenepi-tMeHTanbHaA 04eHKa eo6eTBeHHoi1 cneKTpanbHoi1 wi-tpi-tHbl 

pe30HaHea nopAAKa n=O. 3Kcnepi-tMeHTanbHble pe3ynbTaTbl eooTBeTeT8YIOT pae4eTaM no Teopi-tH 

pe30HaHe08. 

B Ai-teeepTa41-11-1 paeeMoTpeHbl pa3ni-t4Hble 0ap1-1aHTbl nony4eHHA nonApi-t300aHHoro 

MHKpony4Ka "13 Top4a BOnH080Aa : nonApH3YIO~He H HenonApi-t3ylO~He, MarHHTHble H 

HeMarHHTHble eTpyKTypbl. CAenaH 8bl80A, 4TO Hai-t6onee npaKTH4HOM A8nAeTCA KOM61-tHa4HA 

o6bl4Horo nonApi-t3a41-10HHoro aHan1-13a (e nonApi-t3aTopoM, aHani-t3aTopoM 1-1 A8YMA cn1-1H­

cj>n1-1nnepaM1-1) H HeMarHHTHOro 80nH080Aa. B 3TOM eny4ae 8HewHee MarHHTHOe none Ha 

1-1eeneAyeMOM 06pa34e Ha 8blXOAe 80nH080Aa He 0n1-1AeT Ha eeoi1eTBa eaMoro 80nH080Aa . 

B nATOM rnaee npi-t80AATeA npi-tMepbl i-tcnonb308aHHA nnoeKHX 80nH080A08 AflA 1-1eeneA08aHHA 

enoi-teTblX H K8a3H-OAHOMepHblX MarHHTHblX eTpyKTyp. 6bln i-teeneA08aH MarHHTHblM 80nH080A 

Py(20 HM)/Ti(80)/Py(50)//glass 8 napannenbHOM nneHKe 8HeWHeM MarHHTHOM none. B MarHHTHOM 

none 100 3 enoi-t nepMannOA HaMarHH4eHbl AO Haebl~eHHA, no3TOMY nepe0opoT cni-tHa Hei1TpOH08 

OTeyreTByeT (pi-te. 17a). B o6naern nonHoro OTpa>KeHHA 8HAHbl MHHHMYMbl, eOOT8eTeTBylO~He 

pe3oHaHeaM n =1, 2, 3. nony4eHo, 4TO HaMarHi-t4eHHOeTb 0epxHero 1-1 HH>KHero enoe0 pa0Ha 9 .0 Kre 

H 8.0 Kre eooTBeTeTBeHHO. B ManoM 8HewHeM MarHHTHOM none 1 3 (pi-te. 176) HaMarHH4eHHOeTb 

0eni-t4HHOM -6.0 Kre Hanpa0neHa nOA yrnoM 50° K 8HewHeMy MarHHTHOMY nonlO, no3TOMY 

Ha6n10AaeTeA nepe0opoT eni-tHa . 

Ha pi-te. 18 npeAeTa0neHa HHTeHCH8HOeTb OTpa>KeHHblX Hei1Tp0H08 OT MarHHTHOro 80nH080Aa 

8 ManoM 8HewHeM MarHHTHOM none 1 3 . /le8aA KOnOHKa - 3Kenepi-tMeHTanbHble AaHHble, npa0aA -

pae4eT 8 npi-t6ni-t>KeHHH DWBA. BepxHAA eTpOKa eOOT8eTeTByeT MOAe "++",a HH>KHAA eTpOKa - MOAe 

"+-". ropi-t30HTanbHble H 0eprnKanbHble nonoebl 803HHKalOT H3-3a pe30HaHeHO ye1-1neHHOro 

He3epKanbHoro paeeeAHHA Hei1TpoH00 Ha wepoxo0arneTAx rpaH1-14 pa3Aena enoe0. 

B (24] 6b1no npeAJlO>KeHO i-tcnOnb308aTb enOHCTble 80nH080Abl AflA onpeAeneHHA Manoi1 

0eni-t4"1Hbl HaMarHH4eHHOeTH epeAbl. B AHeeepTa41-11-1 MeTOA xapaKTep1-13a41-11-1 MarHHTHblX nneHOK e 

Manoi1 HaMarHi-t4eHHOeTblO nopAAKa 100 re 6b1n npoAeMOHCTp1-1po0aH 3Kcnepi-tMeHTanbHO. B (25] 

1-1eeneA08ani-teb cj>eppi-tMarHHTHble nneHKH 8 Ka4eeT8e KaHAHAaT08 AflA enHH08blX 8eHrnnei1 8 

yeTpoi1eT0ax MarHHTHoi1 3an1-1e1-1 . TaKi-te cj>epp1-1MarHHTHb1e nneHKH Ha oeH00e cnna0a nepeXOAHoro 

MeTanna (Fe, Co, Ni) 1-1 peAK03eMenbHoro 3neMeHTa (Tb, Gd, Dy 1-1 AP -) 06naAa10T 

nepneHAHKynApHOM MarHHTHOM aHH30Tponi-tei1 H HaMarHi-t4eHHOeTblO Haeb1~eHHA, 3a8i-teA~ei1 OT 

eTeXHOMeTpi-t4eeKoro eoeTa8a enna0a . AnA pa38HTHA H08blX MeTOA08 MarHHTHOM 3an1-1rn 

Tpe6y10TeA cj>eppi-tMarHHTHble nneHKH e HH3KOM HaMarHH4eHHOeTblO Haebl~eHHA nopAAKa 

HeeKOnbKHX eoTeH rayee. B AHeeepTa41-11-1 6b1n 8bl6paH cnna0 Co H Tb, noTOMY 4TO Co HMeeT HH3KYIO 

0enH4HHY nAP, a Tb He norno~aeT Hei1Tp0Hbl . Cnna0 TbCos HMeeT HaMarHH4eHHOeTb Haebl~eHHA 

220 re, a HaMarHi-t4eHHOeTb Haeb1~eHHA cnna0a TbCou AOn>KHa 6b1Tb nopAAKa 10 Kre (26]. 

MeTOA pecj>neKTOMeTpHH nonAp1-1300aHHblX Hei1TpoH00 Tpe6yeT 6onbworo 0peMeH1-1 

H3MepeHHM AflA onpeAeneHHA Manoi1 0eni-t4"1Hbl HaMarHH4eHHOern nneHKH. BpeMA Ha6opa 

eTaTHeTH4eeKH o6eene4eHHblX AaHHblX 803paCTaeT e yMeHbWeHi-teM HaMarHH4eHHOeTH KaK t -11M2• 

Ha pecj>neKTOMeTpe NREX (peaKTOp FRM II, rapXi-tHr, repMaHHA) e AflHHOM 80nHbl 4 .26 A 
HHTeHCH8HOeTb naAalO~ero Ha 06pa3e4 ny4Ka pa8Ha 300 H/e. 04eHKH noKa3bl8alOT, 4TO AflA 

onpeAeneHHA HaMarHi-t4eHHOern 500 re nneHKH TbCou (150 HM)//Si(nOAflO>KKa) Heo6XOAHMO 
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06bl4HOe BpeMR 3.6 4aca. A AJlR onpeAeneHHR HaMarHH4eHHOCrn so re HYIKHO 360 4aCOB (HnH 

lS cyroK), 4TO RBnReTCR HenpHeMneMblM AJlR CTaHAapTHOro 3KcnepHMeHTa. 

vlcnonb30BaHHe BOnHOBOAa no3BOnReT onpeAenHTb ManytO BenH4HHY HaMarHH4eHHOCTH 

nneHKH nopRAKa 100 re 3a CTaHAapTHOe BpeMR H3MepeHHi1 nopRAKa HeCKOnbKHX 4aCOB. n,[\P 

Hei1TpOHOB AJlR BOnHOBOAa Ta(3 HM)/NiG1CU33 {lS)/TbCou (lSO)/NiG1CU33 {SO)// Al20 3 (nOAJ1011<Ka) 

noKa3aHa Ha pHC. 19. VlccneAyeMytO Q>eppHMarHHTHYIO nneHKY TbCou {lSO HM) c HH3KHM 

3Ha4eHHeM n,[\P noMe~atOT Melt<AY HeMarHHTHblMH CnORMH Ni67(U33 C BblCOKHM 3Ha4eHHeM n,[\P. 

BepXHHi1 TOHKHi1 cnoi1 Ta (3 HM) HaHOCHTCR AJlR npeAOTBpa~eHHR OKHCneHHR noBepxHocrn 

cnoHCTOi1 crpyKTYPbl. nonRpH30BaHHbli1 ny40K Hei1TpOHOB naAaeT Ha noBepxHOCTb BOnHOBOAa, 

pacnpoCTpaHReTCR BHYTPH BOnHOBOAa H BblXOAHT H3 TOPL.\a KaHana B BHAe pacXOAR~erocR 

MHKpony4Ka (pHC. 11). BHyrpH BOnHOBOAa B03HHKatOT pe30HaHCHO ycHneHHble CTOR4He BOnHbl 

(pHC. 122), y KOTOpblX nono11<eHHe pe30HaHCOB no 3HeprnH OT/1H4aeTCR AJlR cnHHa Hei1TpOHOB "+" H 

"-" cornacHO ycnoBHIO pe30HaHCa {13) . 1113 nono11<eHHR pe30HaHCOB nopRAKa n=O MOIKHO 

onpeAenHTb HaMarHH4eHHOCTb nneHKH : 

R 1.o t~ 
0.8 . n=1 n=2 

. n=3° 

0 1 ~ n=1 n=2 

0.01 

0.001 

0.0 0.2 0.4 0.6 

R 1.01 ~~3 

:: ' n=: 
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n=2
1 

~1 
1 0.1 
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0.001 
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M (2 rrh)2 1 [ . 2 + . 2 - ) = --- sm a-0 - sm a·0 4µm ,;tz i i {16) 

M = (2rrh)
2
sin2a; [-1 - _ 1 ] 

4µm (,<~")' (-'o)2 (17) 
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ar, rpaA. n=3 ++ 
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. . . o'.s ai, 'rpaA. . o's 'ai', rpaA. 
0 

ti 

PHC. 17. Ko3cPcPHL.\HeHTbl OTpa11<eHHR PHC. 18. VI HTeHCHBHOCTb Hei1TpOHOB, 
nonRpH30BaHHblX Hei1TpOHOB OT MarHHTHOro 

BOnHOBOAa Py(20 HM)/Ti{80}/Py(SO)//glass AJlR 

AJlHHbl BonHbl 4.S2 A BO BHewHeM MarHHTHOM 

none: (a) 100 3; (6) 1 3. 
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OTpa11<eHHblX OT MarHHTHOro BOnHOBOAa B 

none 1 3. fleBaR KonoHKa - MOAa "++", npaBaR 

KOnOHKa - MOAa "+-". BepXHRR CTpOKa 

3KcnepHMeHT, HHIKHRR CTPOKa - pac4eT. 

p,k2 

10 

5 

Ni57Cu33 Ni57CU33 

Al203 
TbC011 (+) Ta 

!·) 

-250 -200 -150 -100 -50 0 50 

z, HM 

PHc. 19. n,[\P Hei1TpoHoB AJlR BonHoBOAHoi1 cTPYKTYPbl 

c Q>eppHMarHHTHoi1 nneHKOi1 TbCou {lSO HM). 

Bb1pa11<eHHe {16) COOTBeTCTByeT cPHKrnpoBaHHOi1 AJlHHe BOnHbl Hei1TpOHOB, a (17) - MeTOAHKe no 

BpeMeHH nponeTa npH cPHKrnpoBaHHOM yrne CKOnblt<eHHR naAatO~ero ny4Ka Hei1Tp0HOB. B 

3KcnepHMeHTe perncTpHpyeTCR HHTeHCHBHOCTb nonRpH30BaHHOro MHKpony4Ka Hei1TpOHOB B 

3aBHCHMOCrn OT yrna CKOnblt<eHHR naAatO~ero ny4Ka HnH AJlHHbl BOnHbl Hei1TpOHOB. 1113 

3KCnepHMeHTanbHblX 3Ha4eHHi1 nono11<eHHR pe30HaHCHblX nHKOB HHTeHCHBHOCTH MHKpony4Ka no 

Q>opMynaM {16) HnH (17) onpeAenReTCR HaMarHH4eHHOCTb nneHKH. npH 3TOM HHKaKHe MOAenbHble 

pac4eTbl He npOBOARTCR. 

MarHHTHble CBOi1CTBa cnoR TbCou {lSO HM) 6blnH HCCneAOBaHbl AOnonHHTenbHblM MeTOAOM 

XMCD (X-ray Magnetic Circular Dichroism) - PeHTreHOBCKHi1 MarHHTHbli1 l..J,HpKyn11pHb1i1 ,[\HxpOH3M. 

V13MepeHHR npoBeAeHbl Ha ycTaHOBKe VEKMAG ny4KOBoi1 nHHHH PM2 Ha rnHxpoTpOHHOM 

HCT04HHKe BESSY II B EiepnHHe. neTnR rncTepe3Hca HaMarHH4eHHocrn B ycnoBHblX eAHHHL.\aX 6b1na 

H3MepeHa B nepneHAHKynRpHOM H napannenbHOM nnoCKocrn nneHKH MarHHTHOM none. B 

nepneHAHKynRpHOM HanpaBneHHH none HaCbl~eHHR H none rnCTepe3HCa paBHO s.o K3, 

K03Pl..\HTHBHOe none COCTaBnReT OKOno soo 3. B napannenbHOM HanpaBneHHH K03Pl..\HTHBHOe 

MarHHTHOe none paBHO OKono 600 3, none rncTepe3HCa 8.0 K3 H none MarHHTHOro HaCbl~eHHR 

OKOno 14.0 K3. B nepneHAHKynRpHOM HanpaBneHHH none MafHHTHOro HaCbl~eHHR MeHbWe, 

no3TOMY CAenaH Bbl BOA, 4TO nneHKa o6naAaeT nepneHAHKynRpHOi1 MafHHTHOi1 aHH30TponHei1 . 

Hei1TpOHHble 3KcnepHMeHTbl 6b1nH npoBeAeHbl Ha peQ>neKTOMeTpe NREX c nocTORHHoi1 AJ1HHoi1 

BOnHbl 4.26 AH Ha BpeMRnponeTHOM peQ>neKTOMeTpe PEMYP (peaKTOp VIEiP-2, ,[\y6Ha, Pocrn11). Ha 

pHC. 20 noKa3aHO pacnpeAeneHHe HHTeHCHBHOCrn MHKpony4Ka Hei1TpOHOB npH cPHKCHpOBaHHOi1 

AJlHHe BonHbl 4.26 A npH H3MeHeHHH BenH4HHbl Hanp1111<eHHocrn BHewHero MarHHTHoro nonR. 

I , H/C 

4 .0 a 
3.0 . ~ n:o n=/'-\ 

2.0~ ~ 
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~
6 =o o 

0 0 
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1.0 
Q~ o.n Q~ Q~ Q~ Q~ 
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1.0 

6 

~ 1 

0.20 0.22 0.24 0.26 0.28 0.30 
4.0 

3.0 

2.0 

1.0 
0.20 0.22 0.24 0.26 0.28 0.30 

a.j, rpaA. 

PHC. 20. VIHTeHCHBHOCTb MHKpony4KOB "+" (TeMHble CHMBOnbl) H "-" (cBeTnble CHMBOnbl) KaK 

cPYHKL.\HR yrna CKOnblt<eHHR Ha4anbHOro ny4Ka BO BHewHeM MarHHTHOM none: a) 4Sl 3; 6) S30 3; 

e) 620 3; z) 640 3 . OwH6Ka paBHa pa3Mepy CHMBonoB. ,[\nHHa BOnHbl Hei1TpOHOB 4.26 A. BonHOBOA 

Ta(3 HM)/Ni61CU33 {lS)/TbCou {lSO)/Ni61CU33 (SO)// Al20 3 (nOAJlOIKKa). 
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MarH1.nHoe none np1111o>t<eHo BAO/lb n11ocKocrn n11eHK11. Mo>t<HO B11AeTb, 4TO B3a11MHoe 

pacno11o>t<eH11e nl1KOB "+" 11 " -" B /leBOH KO/lOHKe (a,6) 11 npaBOH KO/lOHKe (a,z) OT/1114aeTCA . 3TO 

3Ha411T, 4TO cneBa HaMarH114eHHOCTb 0Tp114aTe/1bHa, a cnpaBa - no11o>t<11Te11bHa. Be1111Y11Ha 

paCXO>KAeHl11l nl1KOB "+" 11 " -" yBe/111411BaeTCH c pOCTOM HaMarHl14eHHOCTl1 C/lOH TbCou {150 HM). 

Ha p11c. 21 npeACTaB11eHa 11HTeHCl1BHOCTb Ml1Kpony4Ka HeHTPOHOB B 3aBl1C11MOCTl1 OT AJ111Hbl 

B0/1Hbl np11 yBe/1114eHl111 HanpA>t<eHHOCTl1 BHewHero MarHl1THOro no11A . Yro11 CK0/1b>KeHl1A 

naAatow,ero ny4Ka 0.145°. B11AHO, 4TO paCXO>KAeH11e nl1KOB "+" 11 " -" yBe/111411BaeTCA c POCTOM 

HaMarHl14eHHOCTl1. 

Ha p11c. 22 np11BeAeHa Kp11BaA HaMarH11Y11BaH11A n11eHK11 TbCou {150 HM), 113B/1e4eHHaA 113 

3KCnep11MeHTa/1bHblX AaHHblX no11o>KeH11A n11KOB M11Kpony4Ka HeHTPOHOB no cj>opMy/laM {16) 11 {17) . 

CBeT/lble T04Kl1 COOTBeTCTBytoT 113MepeH11AM Ha NREX c nocTOAHHOH AJ111HOH B0/1Hbl, a TeMHble 

T04Kl1 - 113MepeH11AM Ha PEMYP no BpeMeH11 npo11era. Ha 3Kcnep11MeHTa11bHb1e T04Kl1 Hano>t<eHa 

nernA r11crepe311ca, 113MepeHHaA MeTOAOM XMCD (cn11owHaA 1111H11A) B yc110BHblX eA11H114ax. 
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P11c. 21. "1HTeHCl1BHOCTb M11Kpony4KOB "+" (TeMHble Cl1MB0/1bl) 11 "-" (cBeT/lble C11MB0/1bl) KaK 

cj>yHK411H AJ111Hbl B0/1Hbl HeHTpOHOB BO BHeWHeM MarHl1THOM none: a) 600 3; 6) 1114 3 ; a) 3030 3; 

z) 5039 3. Yro11 CK0/1b>KeH11A Ha4a/1bHOro nyYKa 0 .145°. 
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P11c. 22 . a) HaMarH114eHHOCTb B n11ocKocrn n11eHK11 TbCou (150), 113MepeHHaA Ha pecj>neKTOMeTpax 

PEMYP (TeMHble C11MB011b1) 11 NREX (cBeT11b1e C11MB011b1) . Cn11owHoi1 1111H11ei1 noKa3aHa neT11A 

r11cTepe311ca, nonyYeHHaA B yc110BHblX eA11H114ax c noMOW,bto MeTOAa XMCD . 

6) HaMarH114eHHOCTb Bfi/111311 K03Pl.\11Tl1BHOro nO/lll (1111Hl1A COeA11HAeT T04K11) . 
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no11o>t<eH11e no yrny pe3oHaHca n=O Ha p11c. 20z onpeAenHeTcH KaK 4eHTp n11Ka c T04HOCTbto 

0.001°. TorAa ow116Ka HaMarH11YeHHOCT11 n11eHK11, 113B/1e4eHHaH 113 3Kcnep11MeHTa11bHblX AaHHblX 

no cj>opMy11e {16), paBHa 80 3 . Pa3peweH11e no AJ111He BOl1Hbl HeHTpOHOB Ha pecj>11eKTOMeTpe PEMYP 

onpeAenAeTCA AJ111Tel1bHOCTbto Bcnb1wK11 11Mny11bcHoro peaKropa "16P-2 11 paBHa 0.02 A. TorAa 

ow116Ka HaMarH114eHHocrn, onpeAe/leHHOH no cj>opMy11e {17), paBHa 137 3 . 

Ha pecj>11eKTOMeTpe no11Ap1130BaHHb1x HeHTpOHOB NREX 6b111a 11cc11eAOBaHa nneHKa TbCos 

BHyrp11 BO/lHOBOAa Ta (3 HM)/NiG1CU33 {15)/TbCos {150)/NiG1CU 33 {50)//Si (nOAJ10>KKa) . MarHl1THOe 

none 6b1110 np1111o>t<eHo BAO/lb n11ocKocrn n11eHK11. Ha p11c. 23 npeACTaBneHa 11HTeHc11BHOCTb 

Ml1Kpony4Ka HeHTpOHOB pe30HaHca nopAAKa n=O c Ha4al1bHOH no11Ap113a411ei1 "+" (TeMHble T04K11) 

11 " -" (cBernb1e T04K11) . To4HOCTb onpeAe11eH11A 4eHTpa n11Ka no yrny CKOl1b>KeH11A HaYa/lbHOro nyYKa 

paBHa 0.0005°. TorAa ow116Ka HaMarH11YeHHocrn n11eHK11 paBHa 40 3 . Ha p11c. 24 noKa3aHa 

HaMarHl14eHHOCTb n11eHKl1 TbCos {150 HM) B 3aBl1Cl1MOCTl1 OT HanpA>t<eHHOCTl1 BHewHero 

MarH11THOro no11H, 113B11eYeHHaA 113 3Kcnep11MeHTa11bHblX AaHHblX. Mo>t<Ho B11AeTb, 4TO 

HaMarHl14eHHOCTb n11eHKl1 BO BHeWHeM MarHl1THOM none 4.5 K3 paBHa OK0/10 200 re, 4TO 611113KO K 

HaMarHl14eHHOCT11 HaCblW,eHl11l 220 re (26). 

TaK11M o6pa30M, B Al1CcepTa41111 npoAeMOHCTp11poBaH MeTOA xapaKTep113a41111 

cj>epp11MarHl1THblX n11eHOK co c11a6oi1 HaMarHl14eHHOCTbto' nOPAAKa 100 re, OCHOBaHHblH Ha 

AB/1eHl111 KaHa1111poBaHl1A no11Ap1130BaHHblX HeHTPOHOB B C/1011CTblX BO/lHOBOAaX. np11 3TOM 

11cn0/1b3YIOTCA pe30HaHCHble CBOHCTBa BO/lHOBOAHOH CTPYKTYPbl. 
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P11c. 23 . "1HTeHCl1BHOCTb Ml1Kpony4Ka HeHTpOHOB B 

3aBl1Cl1MOCTl1 OT yrna CK011b>KeHl1A naAatow,ero ny4Ka c 

Ha4a/1bHOH no11Ap113a411ei1 "+" (TeMHble T04K11) 11 "-" 

(cBeT/lble T04K11) BO BHewHeM MarHl1THOM none: 

a) 70 3; 6) 1.0 K3; a) 3.4 K3; z) 4.5 K3. nneHKa 

TbCos {150 HM), AJ111Ha B0/1Hbl HeHTpOHOB 4.26 A. 
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P11c. 24. HaMarH114eHHOCTb n11eHK11 

TbCos {150 HM), nony4eHHaA B 

3Kcnep11MeHTe Ha pecj>11eKTOMeTpe 

no11Ap113oBaHHblX HeHTpOHOB NREX. 



B pa6oTe nonRpH30BaHHblH MHKpony40K HeHTpOHOB H3 nnocKoro HeMarHHTHOro BOnHOBOAa 

Ni57(U33(20 HM}/Cu(150}/Ni57(U33(50}//Si(noAf10>KKa} 6b1n snepBble HCnOnb30BaH AflR 

npocTpaHCTBeHHOro CKaHHpOBaHHR MarHHTHOH aMop<j>HOH nposon04KH AHaMeTpOM 190 MKM. B 

TaKHX nposon04Kax Ha6nt0AaeTCR <j>opMHposaHHe AOMeHHOH CTPYKTypbl no MOAenH "RAPO­

o6on04Ka" . B KOMnaKTHOM RApe o6pa3ylOTCR oceBble AOMeHbl, a B WHpOKOH o6on04Ke - KpyrOBble 

AOMeHbl. Ha pHc. 25 npeACTasneHa cxeMa 3KcnepHMeHTanbHOH ycTaHOBKH (nonRpH3aTOp H nepBblH 

cnHH-<j>nHnnep nepeA 06pa340M He noKa3aHbl AflR npoCTOTbl}. ,[\nHHa BOnHbl HeHTpOHOB pasHa 

4 .0 A. nonRpH3osaHHblH HeHTpOHHblH MHKpony4oK wHpHHOH 2.6 MKM npoxOAHT 4epe3 

nposon04Ky, KOTOpaR HaXOAHTCR Ha paCCTORHHH 1 MM OT BblXOAa BOnHOBOAa. BHYTPH 06pa34a 

cnHH HeHTpOHOB spaLJ.\aeTCR c 4aCTOTOH napMOpOBCKOH npe4ecrnH. nonRpH3a4HR ny4Ka 

HeHTpOHOB nocne 06pa34a onpeAenReTCR c noMOLJ.\btO aHanH3aTOpa. 3aTeM HeHTpOHbl 

perncTpHpyt0TCR AeTeKrnpoM. MHKpony4oK nocne sonHOBOAa <j>HKCHposaH, a nposono4Ka 

nepeABHraeTCR nonepeK HanpasneHHR ny4Ka c noMOLJ.\btO MHKpoMeTpH4ecKoro cronHKa . War 

npOCTpaHCTBeHHOro CKaHHposaHHR paseH 25 MKM. Ha pHC. 26a noKa3aHa reoMeTpHR 

3KcnepHMeHTa . BHewHee MarHHTHoe none npHKnaAblBaeTCR napannenbHO (0° } HnH 

nepneHAHKynRpHO (90° ) OCH nposon04KH. Ce4eHHe MHKpony4Ka HMeeT <j>opMy y3KOH 

seprnKanbHOH nonOCbl, napannenbHOH OCH nposon04KH. Ha pHC. 266 npHBeAeHa HHTeHCHBHOCTb 

MHKpony4Ka "++" H "-+" B 3aBHCHMOCTH OT KOOPAHHaTbl nposon04KH AflR cny4aR, KOrAa BHewHee 

MarHHTHOe none npHno>KeHO napannenbHO OCH nposon04KH. BHAeH MHHHMYM HHTeHCHBHOCTH 

"++", WHPHHa KOTOporo 4YTb 6onbwe AHaMeTpa nposon04KH. MHHHMYM CBR3aH c nor!IOLJ.\eHHeM 

HeHTpOHOB 6opOM, KOTOpblH eCTb B COCTaBe npOBOn04KH. nponycKaHHe HeHTpOHOB B MHHHMyMe 

COCTaBnReT 0.60. ManaR HHTeHCHBHOCTb "-+" CBR3aHa c <j>OHOM. Mo>KHO C4HTaTb, 4TO B 3TOH 

MarHHTHO-KOnnHHeapHOH CHCTeMe nepesopoT cnHHa OTCYTCTByeT. B nepneHAHKynRpHOM BHewHeM 

MarHHTHOM none (pHC. 266) nponycKaHHe HeHTpOHOB naAaeT c 0 .60 AO 0 .25. 0AHOBpeMeHHO 

B03HHKaeT HHTeHCHBHOCTb c nepesopOTOM CnHHa HeHTPOHOB "-+", KOTOpaR COCTaBnReT 0 .35 OT 

HHTeHCHBHOCTH "++" BHe MHHHMyMa. npH 3TOM Ha KpHBblX HHTeHCHBHOCTeH "++" H "-+" 

Ha6nt0Aat0TCR OC4HnnR4HH c nepHOAOM OKono 50 MKM, KOTOpble HaXOARTCR B npornso<j>a3e. BpeMR 

H3MepeHHR KpHBblX AflR ABYX CnHHOBblX COCTORHHH COCTaBnReT nopRAKa 10 4aCOB, 4TO RBnReTCR 

BnonHe npHeMneMblM AflR HeHTpOHHOro 3KCnepHMeHTa . 

zLx 

Cd t nepeMew,eHMe 

PHc. 25. CxeMa 3KcnepHMeHTanbHOH ycTaHOBKH no CKaHHposaHHIO MarHHTHOH nposono4KH 

MHKpony4KOM: Cd - KaAMHeBaR nnacrnHa; BB - sonHOBOA; GGG - KpHcTann rannHH-raAOnHHHH­

rpaHaT; n - nposono4Ka; ,[\2 - srnpaR AHa<j>parMa; C<l>2 - srnpoH cnHH-<j>nHnnep; A- aHanH3aTOp. 
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PHC. 26. npocTpaHCTBeHHOe CKaHHPOBaHHe MarHHTHOH nposon04KH nonRpH30BaHHblM 

MHKpony4KOM HeHTpOHOB. a) reoMeTpHR 3KcnepHMeHTa c MarHHTHOH nposon04KOH. 

6) li1HTeHCHBHOCTb MHKpony4Ka HeHTPOHOB BO BHeWHeM none, napannenbHOM OCH nposon04KH. 

6) li1HTeHCHBHOCTb HeHTpOHOB BO BHewHeM none, nepneHAHKynRpHOM OCH nposono4KH. TeMHble 

T04KH H nesaR WKana COOTBeTCTBYIOT cnHHOBOMY nepeXOAY "++", a CBeTnble T04KH H npasaR 

WKana COOTBeTCTBYIOT cnHHOBOMY nepeXOAY "-+". 

B 3aK/ll04eHMM npHBOARTCR BblBOAbl H OCHOBHble pe3ynbTaTbl pa60Tbl. 

B pa6oTe paccMOTpeHbl RB/leHHR onrnKH nonRpH30BaHHblX HeHTpOHOB: HeHTpOHHblH 

MarHHTHblH pe30HaHc, 3eeMaHOBCKOe npocTpaHCTBeHHOe paCLJ.\enneHHe ny4Ka H KaHa/lHposaHHe. 

Ha OCHOBe nony4eHHblX 3KCnepHMeHTanbHblX pe3ynbTaTOB npOAeMOHCTpHpOBaHbl MeTOAbl 

xapaKTepH3a4HH nnaHapHblX MarHHTHblX HaHOCTPYKTyp: MarHHTHblX AOMeHOB, rpaHHL\ pa3Aella 

MarHHTHO-HeKonnHHeapHblX cpeA, MarHHTHblX Knacrepos B nneHKax H <j>eppHMarHHTHblX n11eHOK co 

cna60H HaMarHH4eHHOCTblO nopRAKa 100 re . MeTOAbl xapaKTepH3al..\HH RBnRIOTCA CB060AHblMH OT 

MOAenbHblX pac4eTOB. 

no11Rpi.130BaHHblH Mi.1Kpony40K He~hpoHOB 1'13 n/lOCKOro BO/lHOBOAa 6bl/1 snepBble 

1'1Cn0/1b30BaH AJlR 1'1CC/1eAOBaHl'1R /lOKa/lbHOiii MarHHTHOiii Mi.1KpOCTPYKTYPbl . 

no11Rpi.130BaHHble HeHTpOHbl AB/lRIOTCR AOn0/1Hi.1Te/1bHblM MeTOAOM AJ1R peHTreHOBCKOro 

1-1311y4eHl'1R np1-1 1-1cc11eAOBaHHH MarHl'1THblX CTPYKTYP B o6beMe sew,ecrsa 1-1111-1 Ha 

AOCTaT04HO 6011bwoiii r11y61-1He OT nosepxHocrn . 

OCHOBHble pe3y/lbTaTbl pa60Tbl COCTORT B cneAvt0WeM. 
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1. 3aperncTpHpOBaH He~hpOHHblH cnHHOBblH pe30HaHC B MarHHTHOH n11eHKe, noMeLJ.\eHHOH B 

nepeMeHHOe MarHHTHOe no11e. np1-1 HeKOTOpOH 4aCTOTe nepeMeHHOro MarHHTHOro nOJlR 

Ha611tOAal1CR pe30HaHCHblH MHHHMYM HHTeHCHBHOCrn 3epKaJ1bHO OTpa>KeHHOro ny4Ka H 

COOTBeTCTBYIOLJ.\HH eMy MaKrnMyM He3epKaJ1bHO OTpa>KeHHblX HeHTpOHOB. Pe30HaHCHaR 

4aCTOTa nepeMeHHOro nOllR COOTBeTCTBOBa11a 4aCTOTe 11apMOpOBCKOH npe4eCCHH cnHHa 

HeHTpOHOB BHYTPH OTAeJlbHOro MarHHTHOro AOMeHa B HeHaCblLJ.\eHHOH n11eHKe. 

2. Pa3BHT MeTOA 3eeMaHOBCKoro npocTpaHcTBeHHoro paCLJ.\en11eHHR ny4Ka AJ1R npRMoro 

onpeAeJleHHR BeJ1H4HHbl MarHHTHOH HHAYKL\HH Ha rpaHH4e pa3Ae11a MarHHTHO­

HeKOJlJlHHeapHblX cpeA B CKOJ1b3RLJ.\eH reoMeTpHH. c noMOLJ.\blO pa3pa6oTaHHOH B AHCCepTal.\HH 

MeTOAHKH npeACTas11eHHR AaHHblX B pa311H4HblX KOOPAHHarnx no11y4eHb1 MarHHTHble 

napaMeTpbl Ha OTAeJlbHblX rpaH1-14ax pa3AeJ1a "B03AYX-nJ1eHKa" H "n11eHKa-nOAJ10>KKa" B 

MarHHTHOH n11eHKe FeAISi TOllLJ.\HHOH 20 MKM H B MarHHTHO-HeKOJ1J1HHeapHblX KJlaCTepax B 

n11eHKe Gd(S HM)Fe(lOO HM)//CTeK/10. 

3. noAp06HO HCCJleAOBaHO RBJleHHe KaHa111-1poBaHHR HeHTPOHOB B nllOCKOM TpeXCJlOHHOM 

BOJlHOBOAe. 3KcnepHMeHTallbHO H3MepeHa AJlHHa KaHa111-1poBaHHR HeHTpOHOB B 3aBHCHMOCTH 

OT nopRAKa pe30HaHca H napaMeTpOB BOJlHOBOAa (TOllLJ.\HHbl BepxHero CJlOR, WHpHHbl cpeAHero 

BOJlHOBOAHOro CJlOR H rny6HHbl nOTeH4HaJ1bHOH RMbl) . no11y4eHHble pe3yllbTaTbl 

nOATBep>KAalOT npeACKa3aHHR TeopHH. 

4. Pa3pa60TaH MeTOA KaHa111-1poBaHHR no11RpH30BaHHblX HeHTpOHOB AJ1R onpeAelleHHR C11a60H 

HaMarHH4eHHOCTH <!>epp1-1MarHHTHb1x n11eHoK se11H4HHOH nopRAKa 100 re. A11R onpeAe11eHHR 

3T"1M MeTOAOM MaJlOH HaMarHH4eHHOCT"1 BeJ1H4HHOH SO re Tpe6yeTCR CTaHAapTHOe BpeMR 

H3MepeHHR nopRAKa HeCKOJlbKHX 4aCOB. 

S. B pa6oTe noAp06HO HCCJleAOBaHbl CBOHCTBa MHKpony4Ka HeHTpOHOB H3 TOp4a nJlOCKOro 

BOJlHOBOAa. 3KcnepHMeHTaJ1bHO H3MepeHa yrnoBaR paCXOAHMOCTb MHKpony4Ka B 3aBHCHMOCrn 

OT AJlHHbl BOJ1Hbl HeHTpOHOB H WHpHHbl BOJlHOBOAHOrD KaHaJla . no11y4eHO, 4TO BeJ1H4HHa 

YrllOBOH paCXOAHMOCrn MHKpony4Ka B OCHOBHOM onpeAellReTCR YCllOBHRMH AH<!>paK4HH 

Cl>payHro<!>epa Ha Y3KOH LJ.\ellH : paCXOAHMOCTb paCTeT npRMO nponop4HOHaJ1bHO AJlHHe BOJ1Hbl 

HeHTpOHOB H naAaeT o6paTHO nponop4HOHaJ1bHO WHpHHe BOJlHOBOAHOro KaHaJla . 

6. no11RpH30BaHHblH MHKpony40K H3 BOJlHOBOAa BnepBble npHMeHeH AJ1R HCCJleAOBaHHR 

JlOKaJlbHOH MarHHTHOH MHKPOCTPYKTYPbl. lt1cnOJ1b30BaHa KOM6HHa4HR HeMarHHTHOrO 

BOJlHOBOAa H pe<1>11eKTOMeTpa nOl1RpH30BaHHblX HeHTpOHOB. AMop<!>HaR MarHHTHaR 

npOBOJ104Ka AHaMeTpOM 190 MKM npocKaHHpOBaHa B npocTpaHCTBe Y3KHM MHKpony4KOM 

WHPHHOH 2.6 MKM c waroM 2S MKM. 3KcnepHMeHTaJ1bHO npoAeMOHCTpHpOBaHO, 4TO 3a BpeMR 

nopRAKa 10 4aCOB MO>KHO no11y4HTb CTarncrn4eCKH o6ecne4eHHble AaHHble . 
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