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KaHLtHllaT QJH3HKO-MaTeMm ll'ICCKl·ll\ 1iayK '"'-
T. H. HBaHKHHa 

06li.IAR XAPAKTEPHCTHKA PA60Tbl 

AKT'{3/lbHOCTb TeMbl 

BC11eACTB11e np11Hu,11na KopnycKy11RpHo-eo11Hoeoro Ava11113Ma, HeihpoHbl 0611aAatoT eo11Ho­

Bb1M11 ceoi1cTBaMl1, TaK 4TO AJ1R Hl1X Ha611toAatoTCR TaKl1e OnTl14eCKl1e RB/leHl1R, KaK A11<!>paKU,11R 11 

11HTep<t>epeHU,11R. Onr114ecKaR 11HTep<t>epoMeTpl1R, OCHOBaHHaR Ha np11Hu,11ne KOrepeHTHOTO Ae/le­

Hl1R BO/lHOBblX <l>POHTOB c 11X noc/leAYIOll.\eH cynepno311u,11ei1, RB/lReTCR OAHl1M 113 Ha116011ee T04HblX 

MeTp0110Tl14eCKl1X MeTOAOB 11 onT11YeCK11e 11HTep<t>epoMeTpbl 4YBCTBl1Te/lbHbl K Ma/loMy, B A0/111 

AJ111Hbl BO/lHbl CBeTa, OTHOCl1Te/lbHOMY CMel1,\eHl1IO BO/lHOBblX <l>POHTOB. B c1111y HeHTpOHHO-onrn4e­

CKOH aHa/lOTl111 ClleAyeT 0)1{11AaTb, 4TO nOA06HOH 4YBCTBl1Te/lbHOCTblO AOll)l{Hbl 0611aAaTb 11 

Hei1TpOHHble 11HTep<!>epoMeTpb1, 4TO, OAHaKo, He Ha611toAa/lOCb B Aei1cTBl1Te/lbHOCTl1 . 

np11411HOH 3TOTO RB/1R/111Cb <l>YHAaMeHTa/lbHble pa3/111411R B CBOHCTBaX 11CT04Hl1KOB 3/leKTpO­

·MaTHl1THOTO 11HeHTpOHHOTO11311y4eHl1R : BblCOKO KorepeHTHble MOHOXpOMaT114eCK11e 11a3epHble 11C­

T04Hl1Kl1 CBeTOBOTO A11ana30Ha 11 A11<l><l>Y3Hble 11CT04Hl1Kl1 HeHTpOHOB. no11yYeH11e KOrepeHTHOro 

ny4Ka HeHTpOHOB c BblCOKOH CTeneHblO npOCTpaHCTBeHHOH 11 epeMeHHOH KorepeHTHOCTl1 conpR­

>KeHO c K0/10CCa/lbHblMl1 noTepRMl1 B 11HTeHCl1BHOCTl1, nOA06Ho nony4eHl1IO KOrepeHTHOTO ny4Ka 

ceeTa OT PTYTHOH 11aMnb1, 11cno11b30BaHHoro /J,. ra6opoM AJ1R per11cTpau,1111 nepeb1x ro11orpaMM. 

3TOT <l>YHAaMeHTa/lbHblH HeAOCTaTOK HeHTpOHHOTO 11311YYeHl1R n0Tpe6oea11· C03AaHl1R 

HeHTpOHHblX 11HTep<!>epoMeTpOB Ha 11HblX np11Hu,11nax, aHa/lOTl14HblX np11MeHAeMblX B CBeTOBblX 11H­

Tep<!>epoMeTpax 6e11oro ceeTa, rAe 11cno11b3yeTCR RB11eH11e caMOl1HTep<!>epeHu,1111 KorepeHTHO pa3-

Ae/leHHblX BO/lHOBblX <l>POHTOB. TeM He MeHee, HeHTpOHHble 11HTep<!>epoMeTpbl He no3B0/1R/111 T04-

Hble <t>a30Bble 113MepeH11R: 113-3a Hl13KOH MOHOXpOMaTl14HOCTl1 HeHTpOHHblX ny4KOB T04HOCTb 113-

MepeHl1R CAB11TOB <!>a3bl B HeHTpOHHblX 11HTep<!>epoMeTpax OCTaea11acb Ha ypoeHe He 11y4we, 4eM 

0 .1%. 

BMeCTe c TeM TO'!Hble 113MepeHl1R <t>a30BblX CAB11TOB HeHTpOHHblX BO/lH no3B0/1R/111 6bl npeu,11-

3110HHble 113MepeHl1R Hei1TpoHHoro noKa3aTenR npe110M11eH11R 11, 4epe3 Hero, npeu,113110HHb1e onpe­

Ae11eH11R TaK11X <l>YHAaMeHTa/lbHblX CBOHCTB 3/leMeHTOB KaK AJ111Ha KorepeHTHOTO HeHTpOHHOTO pac­

ceRHl1R. TaK11M o6pa30M, pa3pa60TKa HOBblX 6e3A11CnepC110HHblX MeTOAOB 113MepeHHR HeHTpOH­

HOTO noKa3aTe/1R npe110M/leH11R, RB/lR/laCb aKTYallbHOH 3aAa4eH, peweH11e KOTOpblH no3B0/111/10 

6bl CAe/laTb HeHTpOHHYIO 11HTep<t>epoMeTp1110 AOCTYnHblM MeTp0110Tl14eCKl1M MeTOAOM AJ1R 113Me­

peHHR noKa3aTellR npellOM/leHl1R BeU,\eCTB B pa3/1114HblX arperaTHblX COCTORHl1RX. 

CTaHAaprnaR A1111eMMa Hei1rpoHHOH cneKTpocKon1111(KaK11cneKTpocKon111111to6oro 11311y4e­

H11R npH OTCYTCTBl11111CT04Hl1KOB 11311y4eHl1R 11a3epHoro rnna) - «11HTeHCl1BHOCTb 111111 pa3peweH11e» 

- RB/lReTCR C/leACTBl1eM TeopeMbl J111ye111111R, Tpe6ytol1,\eH coxpaHeHl1R <t>a30BOTO o6beMa aHCaM611R 

4aCT11U, B HeHTpOHHOM ny4Ke. KaK C/leACTBl1e, AllA no11yYeH11e BblCOKOTO 3Heprern4eCKOTO pa3pe­

weHl1R Heo6XOA11M BblCOKOMOHOXpOMaTl14eCKl1H naAalOU,\11H nyYOK, 11HTeHC11BHOCTb KOTOporo, OA­

HaKO, yMeHbWaeTCR nponopu,110Ha/lbHO w11p11He MOHOXpOMaT114eCKOH /111Hl111. 

Ha1111411e cn11Ha HeHTpOHa OTKpblBaeT B03MO>KHOCTl1, KOTOpble He 3aTpar11eatoTCR orpaHl14e­

H11RMl1, HaK/laAblBaeMblMl1 TeopeMOH J111ye111111R . Cn11H HeHTpOHa 11rpaeT p011b HeKOH 4aCOBOH 

CTpellKl1, KOTOpOH noMe4eH Ka>KAblH 11HA11Bl1AYallbHblH HeHTpOH. AHam1311pyR Hanpae11eH11e BeK­

Topa cn11Ha BC/leACTBl1e ero npeu,ecc1111 np11 npOXO>KAeHl111 0611aCT11 MarHl1THOTO nOllR, MO>KHO c 

4pe3Bbl4aHHO BblCOKOH T04HOCTblO onpeAe1111Tb 113MeHeH11e CKOpOCTl1 (3Hepr1111) HeHTpOHa, 
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npos3aMMOAeikTBosaswero c o6pa3L\OM. 3Heprern4ecKoe pa3peweHMe nocTpoeHHblX Ha 3TOM 

npMHL\Mne cnMH-3XO cneKTpOMeTpOB nonRpM30BaHHblX Hej;hpOHHblX ny4KOB AOCTi.-traeT 1 H3B, 4TO 

Ha nopRAKM npeBblWaeT pa3peweHMe CTaHAapTHblX HeihpoHHblX cneKTpoMeTpOB. KpoMe Toro, 

npMHL\Mn HeihpOHHOj;j cnMH-3XO {HC3) cneKTpOCKOnMM MO>KeT 6b1Tb MCnO/lb30BaH MR M3MepeHMR 

He TO/lbKO Ma/lblX M3MeHeHMj;j 3HeprMM nonRpM30BaHHblX Hej;jTpOHOB, HO M Ma/lblX M3MeHeHMj;j 

HanpasneHMR MX pacnpocTpaHeHMR B pe3yl1bTaTe B3aMMOAej;jcTBMR c o6pa3L\OM, T.e. MR AM<\>paK­

TOMeTpMM YllbTpa-BblCOKOro pa3peweHMR. 

0AHaKo, so3MO>KHOCTM HC3 cneKTpoMeTpos npaKTM4eCKM orpaHM4eHbl co cTopoHbl M3Mepe­

HMR 60/lbWMX nepeAa4 3HeprMM, 4TO cepbe3HO orpaHM4MBaeT MX AMHaMM4eCKMj;j AMana30H M He 

no3B0/1ReT nepeKpb1T"1R c speMR-nponeTHblMM MeTOAaMM Hej;jTpOHHOj;j cneKTpOCKOnMM . KpoMe 

Toro, sa>KHa B03MO>KHOCTb OAHOBpeMeHHOro M3MepeHMR B WMPOKOM AMana3oHe yrnos pacceRHMR 

(nepeAaHHblX MMny/lbCOB) Hej;jTpOHOB Ha o6pa3L\e . TaKMM o6pa30M, aKTYa/lbHOj;j 3aAa4ej;j RB/lReTCR 

pa3pa6oTKa HOBblX MeTOAOB HC3 cneKTpOCKOnMM cso60AHblX OT Bblwenepe4McneHHblX HeAOCTaT­

KOB, a TaK>Ke n03B0/1Rl011.1MX MCnO/lb30BaTb see npeMMy11.1ecTBa MMny/lbCHblX MCT04HMKOB Hej;jTpO­

HOB. B CBOIO 04epeAb, 3TO AenaeT aKTYa/lbHblM pa3pa60TKY MeTOAOB MoHTe-Kapno MOAel1Mposa­

HMR AMHaMMKM noseAeHMR cnMHa Hej;jTpoHa BO speMR-3aBMCR11.1MX MarHMTHblX nO/lRX. 

c T04KM 3peHMR MHTep<\>epoMeTpMM, cnMH-3XO CMrHa/1 RB/lReTCR Myaposoj;j KaprnHoj;j, 06pa3y-

10ll.lej;jcR npM Hano>KeHMM ABYX cneKTpos Hej;jTpOHHoro ny4Ka, nepMOAM4eCF<M MOAY11MposaHHblX 4a­

cT0Toj;j napMOPOBCKOj;j npel\eCCMM cnMHa, 4TO Tpe6yeT MCnO/lb30BaHMR nonRpM30BaHHblX Hej;jTpO­

HOB. BcneACTBMe 3TOro MeTOA HC3 npMHL\MnMa/lbHO HenpMMeHMM B Tex cny4aRX, KOfAa MMeeT Me­

CTO npel\eCCMR Hej;jTpOHOB B o6pa3L\e, TaKMM o6pa30M OCTaB/lRR B CTOpOHe secb K/lacc AMHaMM4e­

CKMX RB/leHMj;j B MarHMTHblX MaTepManax. 

3ro AenaeT aKTYa/lbHblM noMcK APYrMX B03MO>KHOCTej;j MOAY11RL\MM cneKTpa c L\e/lbto no11y4e­

HMR 3XO 3<\><\>eKTa MR HenOl1RpM30BaHHblX Hej;jTpOHHblX ny4KOB, T.e . 6e3 MCnO/lb30BaHMR cnMHa 

Hej;jTpoHa. TaKoe pa3AeneHMe nonRpM3al\MM M 3HepreTM4ecKoro pa3peweHMR no3so11MT peanM30-

saTb BblCOKopa3pewato11.1Yto Hej;jTpOHHYIO cneKTpOCKOnMto MarHMTHblX MaTepMa/lOB M OTKpoeT HO­

Bble B03MO>KHOCTM MR M3y4eHMR MarHMTHblX RB/leHMj;j B TBepAblX Tenax, oco6eHHO B C04eTaHMM c 

2. Pa3pa60TKa MeTOAMKM 6e3AMCnepCMOHHblX (T.e . He3aBMCRl1.IMX OT 3HaHMR MMHbl BO/lHbl 

Hej;jTpOHOB) M3MepeHMj;j MMH KOrepeHTHOfO pacceRHMR M AOCTM>KeHMe HOBOro MMposoro 

CTaHAapTa B T04HOCTM M3MepeHMR MMHbl KOrepeHTHOfO pacceRHMR . 

3. npMMeHeHMe 3TQj;j MeTOAMKM MR npel\M3MOHHblX M3MepeHMj;j MMH KOrepeHTHOro pacceRHMR 

M30TOnOB CBMHL\a c L\e/lbto onpeAe/leHMR aMnllMTYAbl Hej;jTpOH-3/leKTpOHHOro B3aMMOAej;j­

CTBMR, nnOTHOCrn TOHKMX nneHOK M M3MepeHMR 3<\><\>eKTOB KBaHTOBOro 3anYTblBaHMR B H10/D20 

CMeCM. 

4 . Pa3pa6oTKa MeTOAMKM M3MepeHMj;j reoMeTpM4eCKoj;j <\>a3bl, B03HMKato11.1ej;j npM L\MK/1M4eCKOj;j M 

Hel\MK/1M4eCKOj;j 360/llOL\MM KBaHTOBOj;j CMCTeMbl, nOATBep>KAeHMe 41t-CMMMeTpMM BO/lHOBOj;j 

4>YHKL\MM <\>epMMOHa (Hej;jTpOHa) npM MCT"1HHOM spa11.1eHMM cnMHa. 

5. Pa3pa6oTKa M 3KCnepMMeHTa/lbHOe nOATBep>KAeHMe npMHL\Mna pa60Tbl HOBblX MeTOAOB 

Hej;jTpOHHoj;j cnMH -3XO cneKTpOCKOnMM M AM<\>paKL\MM : Ha OCHOBe spa11.1atoll.IMXCR M /lMHej;jHblX 

BO speMeHM MarHMTHblX nonej;j . 

6. Pa3pa6oTKa MeTOAa Hej;jTpOHHOj;j 3XO-cneKTpOCKOnMM MR HenonRpM30BaHHblX Hej;jTpOHOB. 

7. Pa3pa6oTKa MeTOAOB MoHTe-Kapno MOAenMposaHMR cnMHosoj;j AMHaMMKM so speMR-3aBMcR-

11.1MX MarHMTHblX nonRX. MoAe11MpOBaHMe cnMH-3XO cneKTpOMeTpa Heynpyroro, KBa3Mynpyroro 

pacceRHMR M AM<\>paKTOMeTpa/pe<\>neKTOMeTpa Manoyrnosoro pacceRHMR M Hej;jTpOHHOfO 3XO­

cneKTpOMeTpa . 

OCHOBHble pe3ynbT3Tbl M nono>KeHMR, BblHOCMMble Ha 3311.!MT)': 

1. Tonorpa<\>MR BblXOARll.IMX ny4KOB Hej;jTpOHHOro MHTep<\>epoMeTpa Ha cosepweHHOM KpMCTanne 

M AOCTM>KeHMe BMAHOCTM MHTep<\>epeHL\MOHHblX nonoc 6onee 90%. 

2. MeTOAMKa 6e3AMcnepCMOHHblX (He3aBMCRl1.IMX OT MMHbl BO/lHbl Hej;jTpOHOB) M3MepeHMj;j MMH 

KorepeHTHOfO pacceRHMR bcoh, nocpeACTBOM KOTOpoj;j ycTaHOBneH HOBblj;j MMposoj;j CTaHAapT 

b%~h = 4.1507(2) <\>Mc T04HOCTblO B 5 pa3 npeBb1wato11.1ej;j M3BeCTHYIO paHee. 

3. npel\M3MOHHble M3MepeHMR MMH KOrepeHTHOro pacceRHMR M30TOnOB CBMHL\a M Bbl4MCneHMe 

nonRpM3al\MOHHblM aHa/1M30M pacceRHHOfO ny4Ka. aMn/lMTYAbl Hej;jTpOH-3neKTpOHHOro B3aMMOAej;jcTBMR . 

'-'enM pa60Tbl COCTORT B pa3BMTMM HOBblX npel\M3MOHHblX MeTOAOB M3MepeHMR MMH KOrepeHTHOfO 

pacceRHMR 3/leMeHTOB M MaTepMa/lOB B pa311M4HblX arperaTHblX COCTORHMRX; B pa3BMTMM MeTOAOB 

Hej;jTpOHHOj;j cnMHOBOj;j MHTep<\>epoMeTpMM M MX npMMeHeHMR MR M3MepeHMR TOn0/10rM4eCKMX 4>a-

30BblX CABMroB; B pa3pa60TKe HOBblX MeTOAOB cnMH -3XO cneKTpOCKOnMM, MX MOAe/lMposaHMR M 

3KcnepMMeHTa/lbHOj;j nposepKe; B pa3pa60TKe npMHL\MnMa/lbHO HOBOfO MeTOAa Hej;jTpOHHOj;j 3XO 

cneKTpOCKOnMM, He Tpe6yto11.1ero MCnO/lb30BaHMR nonRpM30BaHHblX Hej;jTpOHHblX ny4KOB. 

B COOTBeTCTBMM c L\ellRMM pa60Tbl noCTasneHbl C/leAyto11.1Me OCHOBHble 3aAa4M : 

1. C03AaHMe HOBOj;j yCTaHOBKM Hej;jTpOHHOfO MHTep<\>epoMeTpa Ha cosepweHHOM KpMCTanne c 

BMAHOCTblO MHTep<\>epeHL\MOHHblX nonoc 6J1M3KOj;j K MaKCMMa/lbHOj;j M B03MO>KHOCTblO npose­

AeHMR 3KcnepMMeHTOB c nonRpM3oBaHHblMM Hej;jTpoHaMM . 
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4 . 3KcnepMMeHTa/lbHOe AOKa3aTe/lbCTBO OTCYTCTBMR B/lMRHMR 3<\><\>eKTOB KBaHTOBOro 3anYTblBa-

HMR Ha T04HOCTb MeTOAOB sapMal\MM KOHTpacTa, WMpOKO MCnO/lb3yeMblX B Hej;jTpOHHOM Mano­

yrnoBOM pacceRHMM M pe<\>neKTOMeTpMM . 

5. 3KcnepMMeHTa/lbHOe nOATBep>KAeHMe 41t-CMMMeTpMM BO/lHOBOj;j 4>YHKL\MM <\>epMMOHOB B 3KC­

nepMMeHTax c MCTMHHblM spa11.1eHMM CnMHa M M3MepeHMe reoMeTpM4eCKoj;j <\>a3bl, B03HMKato-

11.1ej;j npM Hel\MK/1M4eCKOj;j 3BOl1IOL\MM KBaHTOBoj;j CMCTeMbl. 

6. Hej;jTpOHHO-MHTep<\>epoMeTpM4eCKMj;j MeTOA M3MepeHMR nnOTHOCTM TOHKMX nneHOK. 

7. MeTOA MoHTe- Kapno MOAenMposaHMR cnMHosoj;j AMHaMMKM so speMR-3aBMCMMblX MarHMTHblX 

nO/lRX. 

8 . MOAe11MpOBaHMe CnMH-3XO cneKTpOMeTpOB Heynpyroro M KBa3Mynpyroro pacceRHMR MR Ma-

/lblX M 60/lbWMX nepeAa4 3HeprMM, a TaK>Ke AM<\>paKTOMeTpOB BblCOKOro yrnosoro pa3peweHMR . 

9. HOBble MeTOAbl napMOpOBCKOro KOAMPOBaHMR CKOpOCTM nonRpM30BaHHblX Hej;jTpOHOB BO 

BpeMR-3aBMCMMblX {spa11.1atoll.IMXCR M /lMHej;jHblX BO speMeHM) MarHMTHblX nO/lRX, MX MOAe/lM­

poeaHMe M 3KCnepMMeHTal1bHOe nOATBep>KAeHMe. 
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10. MeTOA Hei.hpOHHOH 3Xo-cneKTpOCKOnlH1 AJlA Heno11ApH30BaHHblX HeHTpOHOB; MOAe111-ipoBa­

HHe cnHH-3XO cneKTPOMeTpOB Heynpyroro H KBa3Hynpyroro pacceAHHA AJlA Ma/lblX H 60l1bWHX 

nepeAa4 3Heprn1-i, a TaK>Ke AH<j>paKTOMeTpoB BblCOKoro yrnoBoro pa3peweHHA . 

Hay<lHaR HOBM3Ha. npeACTaB/leHHaR pa6oTa AB/lAeTCA nepBOH, B KOTOpOH Ha OCHOBe rnnorpa<j>HH 

BblXOARll.\HX ny4KOB HeHTpOHHOro HHTep<j>epoMeTpa Ha COBepweHHOM Kp"1CTa1111e AOCTHrHYTa no-

4TH "1Aea/1bHaA BHAHOCTb "1HTep<j>epeHL\"10HHblX nO/lOC (6011ee 90%) . npeAJlO>KeHa "1 pea/1"130BaHa 

HOBaA 6e3A"1CnepC"10HHaR MeTOA"1Ka "13MepeH"1H AJlHH KorepeHTHOro pacceAH"1A bcoh"1 ycTaHOB­

/leH HOBblH M"1pOBOH CTaHAapT c T04HOCTblO B s pa3 npeBblWalOll.\eH "13BeCTHYIO paHee. 3Ta MeTO­

A"1Ka TaK>Ke n03B0/1"1/1a H3MepHTb AJlHHbl KOrepeHTHOrO pacceAH"1A "130TOnOB CBHHL\a, CTaBW"1e Ta6-

/1H4HblMH 3Ha4eHHRM"1 "1 "1Cn0/1b30BaHHble AJlA Bbl4HC/1eH"1A aMnl1"1TYAbl HeHTpOH-3/leKTpOHHOro 

B3a"1MOAeHCTB"1A; 3Kcnep11MeHTal1bHO AOKa3aTb OTCYTCTB"1A B/1"1AHHA 3<j><j>eKTOB KBaHTOBOro 3any­

TblBaHHA Ha T04HOCTb W"1pOKO 11cno/1b3yeMblX B HeHTpOHHOM pacceAH"1"1 MeTOAOB Bap1-ia41111 KOH­

TpacTa . Ha OCHOBe 3TOH MeTOAHK"1 pa3pa6oTaH HOBblH HeHTPOHH0-"1HTep<j>epoMeTp"14eCK"1H MeTOA 

"13MepeHHA n110THOCT"1 TOHKHX n11eHOK. 

Pa3BHTa TeXHHKa HHTep<j>epoMeTpH"1 no11Ap"130BaHHblX HeHTpOHOB AJlA "13MepeH"1H Tono11orn-

4eCK"1X <j>a30BblX CAB"1roB; BnepBble 3KCnepHMeHTa/1bHO noATBep>KAeHbl 47t-C"1MMeTp"1A BO/lHOBOH 

<j>yHKL\"1H <j>epM"10HOB B 3KCnep11MeHTax c HCTHHHblM Bpall.\eHHH cnHHa "1 CBA3HOCTb naH4apaTHaMa 

npH Hel.\"1K/1H4eCKOH 3BOl1IOL\H"1 cn11Ha HeHTpOHa . npeAJlO>KeHbl HOBble MeTOAbl napMOpOBCKOrO 

KOA"1POBaH"1A CKOpOCT"1 nOl1ApH30BaHHblX HeHTPOHOB BO BpeMA-3aB"1C"1MblX MarH"1THblX no11Ax; 

3KCnepHMeHTa/1bHO nOATBep>KAeHa pa6oTocnoco6HOCTb cnHH-3XO MeTOAa c "1Cn0/1b30BaH"1eM Bpa­

ll.\al0ll.\"1XCA H 11"1HeHHblX BO BpeMeH"1 MarH"1THblX no11ei1. Pa3pa6oTaH HOBblH MeTOA MoHTe-Kap110 

MOAe111-ipoBaH"1A cn"1HOBOH A"1HaM"1KH BO BpeMA-3aB"1CHMblX MarHHTHblX no11RX, c noMOll.\blO KOTO­

poro npoAeMOHCTPHPOBaHbl B03MO>KHOCTH OCHOBaHHblX Ha 3T"1X npHHL\"1nax cnHH-3XO cneKTpoMeT­

poB Heynpyroro 11 KBa311ynpyroro pacceAH"1A AJ1A Ma/lblX 11 6011bw11x nepeAa4 3Heprn1-i, a TaK>Ke A"1-

<j>paKTOMeTpOB BblCOKoro yrnoBoro pa3peweHHA. 

BnepBble npeAJlO>KeH MeTOA HeHTpOHHOH 3XO-cneKTpOCKOn"1"1 AJlA Heno11Ap"130BaHHblX 

HeHTpOHOB; npOAeMOHCTp11poBaHbl B03MO>KHOCT"1 3XO cneKTpOMeTpOB, OCHOBaHHblX Ha 3TOM np11H-

411ne. 

Hay<lHaR M npaKTM'·leCKaR 4eHHOCTb pa60Tbl. npeACTaB/leHHaA pa6oTa BHeC/la 60/lbWOH Hay4-

HblH BK/laA B 0611aCTb HeHTpOHHOH "1HTep<j>epoMeTp111-i: KaK B AOBeAeHH"1 n04TH AO coBepweHCTBa 

ee 3KcnepHMeHTal1bHblX B03MO>KHOCTeH (AOCT"1>KeH"1"1 no4T"1 "1Aea/1bHOH, 6011ee 90%, B"1AHOCTH 

"1HTep<j>epeHL\"10HHblX no11oc), TaK H B pa3pa60TKe np"1HL\"1n"1a/1bHO HOBblX "13Mep11Te/1bHblX MeTO-

A"1K. 

npeAJlO>KeHHaA "1 pa3B"1TaA B pa6oTe np"1HL\"1n"1a/1bHO HOBaA MeTOA"1Ka 6e3A"1CnepC"10HHblX 

H3MepeH"1H AJlHH KorepeHTHOro pacceAH"1A b coh no3B0111111a pew"1Tb np11H411n11a11bHYt0 npo611eMy 

CBR3"1 T04HOCTH ee onpeAe11eH"1A c T04HOCTblO 3HaH"1A AJlHHbl B0/1Hbl Hei1Tp0HOB. TaK"1M o6pa30M, 

HeHTpOHHaA "1HTep<j>epoMeTp"1A, HeCMOTPA Ha OTCYTCTB"1e CTO/lb >Ke ApK"1X (BblCOKOXpOMaT"14Hb1X) 

HeHTpOHHblX "1CT04H"1KOB KaK 11a3epbi B cBeTOBOH OnT"1Ke, CTa11a Ha116011ee T04HblM aHa/1"1T"14eCK"1M 

HeHTPOHHblM MeTOAOM. YpoBeHb T04HOCT"1 "13MepeH"1H bcoh' npaKTH4eCK"1 orpaHH4eHHblH Ha 

ypOBHe 0.1%, 6bl/1 y11y4weH cpa3y 6011ee 4eM Ha 2 nopAAKa -AO 0.001%, 4TO OTKpbi/10 HOBble B03-

MO>KHOCT"1 AJlA "1CCl1eAOBaH"1H B 0611aCTH AAepHOH <j>"13"1K"1, <j>"13HK"1 TBepAOro Te/la "1 <j>"13"1K"1 
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no1111MepoB. 611aroAapR 3TOMY MeTOAY YAa11ocb c yBepeHHOCTblO onpoBeprHyTb Teopern4eCK"1 

npeACKa3aHHblH 3<j><j>eKT 3Ha4"1Te/1bHOro B/lHAHHA KBaHTOBOH 3anYTaHHOCT"1 Ha /1"1HeHHYIO 3aBHC"1-

MOCTb AJ1"1Hbl KorepeHTHOro pacceRH"1A B CMeCAX HiO/D20, KOTOpaA AB/lAeTCA 6a3"1COM MeTOAa "130-

TOnH4eCKOH Bap11a4111-i KOHTpacTa, 11e>Kall.\"1M B OCHOBe "1CC/1eAOBaHHA 611011or114eCK"1X "1 no1111Mep­

HblX 06beKTOB MeTOAaM"1 Ma11oyr110Boro HeHTpOHHOro pacceAH"1A "1 HeHTpOHHOH pe<j>11eKTOMeT­

p111-t . 

Pa3B"1THe MeTOAOB "1HTep<j>epoMeTpHH no11ApH30BaHHblX HeHTpOHOB AJlA "13MepeH"1H Tono110-

rn4eCK"1X <j>a30BblX CAB"1roB BnepBble no3B0/1"1/10 3Kcnep11MeHTa/1bHO "13Mep"1Tb reoMeTp"14eCKYIO 

<j>a3y (<j>a3y 6epp11) "1nOATBePA"1Tb47t-C"1MMeTp"110 BO/lHOBOH <j>yHKL\"1H <j>epM"10HOB B 3KCnep11MeH­

Tax c "1CT"1HHblM Bpall.\eH11eM cn11Ha, a TaK>Ke BnepBble 3Kcnep11MeHTa11bHO Ha611t0AaTb "1HTep<j>e­

peH411t0 cn"1HOpOB np11 Hel.\"1K/1"14eCKOH 3BOl1IOL\H"1, 4TO pacKpbi/10 <j>H3"1KY "1HTep<j>epeHL\"1"1 Me>KAY 

OTAe/1bHblM"1 KBaHTOBblM"1 COCTOAH"1AM"1 . 

npeAJlO>KeHHble B pa6oTe HOBble MeTOAbl napMOpOBCKOro KOA"1POBaHHA CKOpOCT"1 n011ApH30-

BaHHblX HeHTpOHOB BO BpeMA-3aB"1C"1MblX MarH"1THblX nO/lAX OTKpbi/1"1 B03MO>KHOCTb C03AaH"1A OT­

HOCHTe/lbHO npOCTblX "1 HeAOpornx cn"1H-3XO yCTaHOBOK. nocrpoeHHble Ha 3T"1X np"1HL\"1nax KOM­

naKTHble cneKTpoMeTpbi no3BOl1AIOT pacw11p1-tTb A"1HaM114eCK"1H A11ana30H MeToAa cn1-iH-3XO Me­

TOAa AO 60J1bW"1X nepeAa4 3HeprnH, AOCTynHblX TO/lbKO BpeMA-npo11eTHblM cneKTpoMeTpaM, "1 ne­

peKpblTb 3Heprern4eCK"1H 3a3op Me>KAY HHM"1 "1 HeHTpOHHblMH cneKTpOMeTpaM"1 BblCOKoro pa3pe­

weH"1A . 

Pa3pa6oTaHHblH HOBblH MeTOA MOAe111-ipoBaH11A cn"1HOBOH AHHaM"1K"1 BO BpeMA-3aB"1C"1MblX 

MarH"1THblX no/lRX pacw1-ip1111 B03MO>KHOCTH MeTOAa MoHTe-Kap110 Ha MOAe111-ipoBaH11e C/lO>KHblX 

yCTaHOBOK, HCnOl1b3YIOll.\"1X no11Ap"130BaHHble HeHTpOHbl, 4TO 3Ha4"1Te/1bHO CH"1>KaeT 3aTpaTbl Ha co-

3AaH11e TaK11x yCTaHOBOK Ha HOBblX Hei1TpOHHb1x "1CT04HHKax {SNS TS2, ESS, 116P-3) . 

PaccM0TpeH1-ie npHHL\Hna Hei1TpOHHoro cn11H-3Xa c T04K"1 3peH"1A <j>113"1KH "1HTep<j>epeH41111 

no3B0/1"1/10 npeAJ10>K"1Tb aHa11or"14HblH MeTOA HeHTpOHHOH 3XO-cneKTpOCKOn"1H AJlA Heno11Ap"130-

BaHHblX HeHTpOHOB (Neutron Speed-Echo), OTKpb1BalOll.\"1H B03MO>KHOCTb OAHOBpeMeHHOro no11A­

p113a4110HHOro aHa/1"13a H, TaK"1M o6pa30M, pea11113a41111 HeHTpOHHOH cneKTpOCKOnH"1 BblCOKOro 

pa3peweH"1A MarH1-tTHb1x MaTep1-ia110B. 

Anpo6a411R pa6oTbl. Pe3yl1bTaTbl A"1CcepTa41111 6b11111 npeACTaB11eHbl aBrnpoM B Ka4ecTBe MHO>Ke­

CTBa np1-ir11aweHHblX "1 yCTHblX AOK/laAOB Ha eBponeHCKHX H BCeM"1pHblX KOH<j>epeHL\"1AX no 

Hei1TpOHHOMY pacceAH1110 - European Conference on Neutron Scattering {ECNS) B 2001, 2003 11 

2007; International Conference on Neutron Scattering {ICNS) B 2001, 2005, 2009; Ha Me>KAYHapoA­

HblX KOH<j>epeHL\HAX «Polarized Neutrons for Condensed Matter Investigation (PNCMI) B 2000, 2002, 

2004, 2006, 2008; International Conference on Neutron Optics (NOP) B 1996, 1999, 2002, 2004, 

2006 "1 2008, a TaK>Ke H Ha APYrHX Me>KAYHapOAHblX KOH<j>epeHL\"1AX "1 COBell.\aH"1AX; B Ka4eCTBe np11-

r11aweHHblX AOK/laAOB Ha Hay4HblX ceM"1Hapax npaKrn4eCKH BO Bcex HeHTpOHHblX 4eHTpax MHpa 

{National Institute for Standards and Technology (USA), Los Alamos National Laboratory {USA), J­

PARC (Japan), KEK - High Energy Accelerator Research Organization (Japan), Japan Atomic Energy 

Research Institute (JAERI), Institute Laue- Langevin (France), Paul-Scherer-lnsitute (Swiss), 

Rutherford Appleton Laboratory (Great Britain), ANSTO (Australia) 11 B PAAe yH11Bepc11TeTOB 

EBpOnbl, flnOH"1"1 H CWA. 
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ny61111Ka41ot. Pe3y/1bTaTbl AHCCepTa4a.rn, npeACTaB/lReMble K 3all\HTe, COAep>t<aTCR B 38 Hay4HblX 

CTaTbRX, B TOM 4HC/1e 36 H3 HHX ony611HKOBaHbl B pe4eH3HpyeMblX >t<ypHa/laX, BK/ll04eHHblX B 

CHCTeMy L\HTHposaHHR Web of Science, 2 CTaTbH ony6!1HKOBaHbl B pe4eH3HpyeMblX HHOCTpaHHOM 

>1<ypHa11e H npenpHHTe . 

/1114HblH BKllaA asTopa. 3KcnepHMeHTa/1bHble H OCHOBHble TeopeTH4eCKHe pe3y/1bTaTbl, 

H3/10>KeHHble B AHCCepTa4HH, no11y4eHbl aBTOpOM, B OCHOBHOM, /1H4HO, a TaK>Ke B Hay4HblX 

Ko1111eKTHBax npH ero HenocpeACTBeHHOM y4acTHH, a TaK>+<e CTYAeHTaMH H acnHpaHTaMH npH ero 

HenocpeACTBeHHOM pyKOBOACTBe, rAe aBTOpOM ccjlopMy11HposaHbl TeMa H 3aAa4H HCC/leAOBaHHH. 

AaHHble scex npHBeAeHHblX Hei1TpOHHblX 3KcnepHMeHTOB no11y4eHbl H o6pa6oTaHbl 11H4HO as­

TopoM; OH TaK>Ke RB/lReTCR OTBeTCTBeHHblM coasTopoM n04TH BO scex CTaTbRX. Ero /1H4HblM 

BK/laAOM RB/lReTCR npeAJ10>KeHHe H Teopern4eCKOe o60CHOBaHHe 6e3AHCnepCHOHHOro MeTOAa H3-

MepeHHH AJ1HHbl KorepeHTHOro pacceRHHR, HOBblX MeTOAOB HeHTpOHHOH cnHH -3XO cneKTpoMeT­

pHH Ha OCHOBe spall\alOU\HXCR H 11HHeHHO-B03pacTalOU\HX BO speMeHH MarHHTHblX no11ei1, a TaK>Ke 

MeTOAa HeHTpOHHOH cneKTPOMeTpHH CKOpOCTHOro 3Xa. 

Pe3y/1bTaTbl pa60Tbl no11y4eHbl asTOpOM B COTPYAHH4eCTBe c K0/1/leraMH H3 nlMl<I> (raT4HHa, 

PoccHR), li1HcrnryTa flAepHoH <l>H3HKH YewcKoi1 Pecny611HKH, li1T3<1> (MocKsa, PocrnR), Hahn­

Meitner lnstitut (Germany), National Institute for Standards and Technology (USA), Technical Uni­

versity of Munich (Germany), Forschungszentrum JUlich (Germany), Los Alamos National 

Laboratory (USA), Bhabha Atomic Research Centre (India) H APYrHX Hei1TpOHHblX 4eHTpos. 

CTPYKTYPa 11 o6beM AHccepTa41111. AHcceprn4HR cocTOHT H3 BseAeHHR, 6 mas, 3aK/1t04eHHR H 

cnHCKa Hcn0/1b3yeMblX 6H6/1HOrpacjlH4eCKHX HCT04HHKOB. no11HblH o6beM AHCCepTa4HH COCTaB/lReT 

238 CTp. , BK/ll04aeT B ce6R 1S8 pHCYHKOB, 8 Ta611HU,, cnHCOK H3 216 6H611HOrpacjlH4eCKHX 

HCT04HHKOB. 

KPATKOE COAEP>KAHlllE PA60Tbl 

B BBeAeHl111 o60CHOBblBaeTCR aKTYa/lbHOCTb TeMbl AHCcepTa4HOHHOH pa60Tbl, cjlopMyllHpy­

IOTCR 4e11H H 3aAa4H HCC/leAOBaHHR, npHBOARTCR pe3y11bTaTbl, BblHOCHMble Ha 3all\HTY. AaeTcR xa ­

paKTepHcrnKa Hay4HOH HOBH3Hbl H npaKrn4eCKOH 4eHHOCTH pa60Tbl . 1!1311araeTCR CTPYKTYPa H KpaT­

KOe COAep>t<aHHe pa60Tbl . 

B nepBOH rnase paccMaTpHBaeTCR MeTOA HeHTpOHHOH HHTepcjiepoMeTpHH. OCHOBHOH npo-

611eMOH npH npaKrn4eCKOH pea/1H3a4HH HeHTpOHHblX HHTepcjlepoMeTpOB RB/lReTCR HeKorepeHT­

HOCTb HeihpOHHblX HCT04HHKOB, B OT/1H4He OT 11a3epHblX HCT04HHKOB cseTa. no3TOMY AJ1R no11y4e­

HHR Ka4eCTBeHHblX HHTepcjiepeH4HOHHblX KaprnH Hcn0/1b3yeTCR caMOHHTepcjlepeH4HR Hei1TpOHHOH 

80/lHbl : aMnllHTYAHOe Ae/leHHe 80/lHOBOro cjlpOHTa Ha ABe 4aCTH, KOTOpble 3aTeM CBOARTCR H HH­

TepcjlepHpytOT B n110CKOCTH Ha611t0AeHHR. Heo6XOAHMaR T04HOCTb B3aHMHOH IOCTHPOBKH HeHTPOH­

HblX ny4KOB AOCTHraeTCR HCn0/1b30BaHHeM AJ1R 3TOH 4e11H MOHO/lHTHOro cosepweHHOro KPHCTa1111a 

KpeMHHR [1]. 

3KcnepHMeHTa/1bHaR yCTaHOBKa Hei1TpOHHoro HHTepcjlepoMeTpa, Ha KOTopoi1 npOBOAH/laCb 

nepsaR 4aCTb o6cy>+<AaeMblX B AHCCepTa4HH 3KCnepHMeHTOB, 6b111a C03AaHa B neTep6yprcKOM 
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li1HcrnryTe flAepHoi1 <l>H3HKH (nli1fl<I> AH CCCP) H pa3Mell\eHa s 6ep11HHCKOM 4eHTpe Hei1TpOHHoro 

pacceRHHR li1HCTHTYTa HM. raHa-MaHTHep (Berlin Neutron Scattering Centre, Hahn-Meitner 

Institute, Berlin, Germany). 6b111a AOcrnrHYTa xopowaR AOnrocp04HaR CTa6HllbHOCTb HHTepcjlepo­

MeTpa, OAHaKO, Teopern4eCKOe 3Ha4eHHR BHAHOCTH B 100%, npeACKa3blBaeMoe AHHaMH4eCKOH 

TeOpHeH AHcjlpaK4HH, HHKOrAa He AOCTHra/lOCb B peallbHblX 3KCnepHMeHTaX: THnH4Hble 3Ha4eHHR 

BHAHOCTH, Ha611t0AaeMble c ny4KaMH Ce4eHHeM OK0/10 1 CM2, COCTaB/lRIOT OK0/10 40-SO% (pHC. 1). 

npH4HHOH 3TOrO RB/lReTCR HCKa>KeHHe HeHTpOHHblX 80/lHOBblX cjlpOHTOB BHyTpH HHTepcjlepoMeTpa, 

4TO npHBOAHT K HecosnaAeHHIO H/lH HeHAeHTH4HOCTH HHTepcjlepHpytOU\HX 80/lHOBblX cjlpOHTOB, o6-

pa3YIOU\HX BblXOARU\He 0- H H-ny4KH . npH 3TOM B03HHKHeT HenOCTORHCTBO pa3HOCTH cjla3 H, C/leAO­

BaTe/lbHO, pacnpeAe/leHHe HHTeHCHBHOCTH ny4Ka /(x,z) B nonepe4HOM Ce4eHHH BblXOARU\HX ny4-

KOB, aHa/1H3HpyR KOTOpoe MO>KHO yCTaHOBHTb npH4HHY HCKa>KeHHH 80/lHOBblX cjlpOHTOB. 

.~;Wh··-
0 

"' 
~-~ J o-. 
.! «lDO 
£ .... 

.... 
1000 ... ~-.~~~-.-...-...-~...-~ ............ ,..... ..... 

0 » ~ ~ ~ ~ ~ ~ ~ 

Phaae , rad 

PHC. 1. li1HTepcjlepeH4HOHHaR KaprnHa (6e3 06-

pa34a), 3anHcaHHaR s Te4eHHH 13 4acos. BHA­

HOCTb B O-ny4Ke v = 40%. 611aroAapR Hcn0/1b-

30BaHHIO ABYXCTyneH4aTOH CHCTeMe BH6pOH30-

11RL\HH H H30rHYTOro KPHCTa1111a-MOHOXpOMa­

TOpa, AOCrnraeTCR xopowaR A011rOCp04HaR CTa-

6HllbHOCTb HHTepcjlepoMeTpa . 

C 3TOi1 4e11bt0 6b111 nposeAeH TOnorpacjlH4eCKHH 3KcnepHMeHT: s O-ny4oK noMell\a/lcR ABYX­

MepHblH no3HL\HOHH0-4YBCTBHTe/1bHblH CL\HHTH/1/lRL\HOHHblH AeTeKTOp c npocTpaHCTBeHHblM pa3-

peweHHeM OK0/10 1 .2 MM no o6eHM KOOPAHHaTaM (pHC. 2a) . H-ny40K pernCTpHposa11CR CTaHAapT­

HblM AeTeKTOpOM ycTaHOBKH, 4TO no3B0/1R/10 OTC/le>KHBaTb OTHOCHTe/lbHYIO pa3HOCTb cjla3 /l<p 

Me>KAY KorepeHTHblMH ny4KaMH I H //. 0Ka3a/10Cb, 4TO Aa>Ke B c11y4ae AeCTpyKTHBHOH HHTepcjlepeH­

L\HH (/l<p = rr), l(x, z) HHKOrAa He npH6/1H>KaeTCR K HYlltO: cjlaKrn4eCKH, MHHHMa/lbHaR HHTeHCHB­

HOCTb COCTaB/lReT npHMepHO no/lOBHHY MaKCHMa/lbHOH. PerHCTpHpyeMytO HHTeHCHBHOCTb MO>KHO 

Bblpa3HTb KaK 

I(x,z,ti.<p) = /0 {1 + cos[<p(x,z) + ti.<p]} + Ib(x, z) (1) 

rAe <p(x, z) - pa3HOCTb cjla3 Me>KAY HHTepcjlepHpylOU\HMH ny4KaMH B HHTepcjlepoMeTpe 6e3 06pa34a . 

Y11eH Ib(x,z) B ypasHeHHH (1) MO>KHO paCCMaTpHBaTb KaK «HeKorepeHTHblH» BK/laA B 06ll\YIO HH­

TeHCHBHOCTb. TepMHH «HeKorepeHTHblH» HCn0/1b3yeTCR 3AeCb B TOM CMblC/le, 4TO 3Ta 4aCTb HeHTpo­

HOB He y4acTByeT B npo4ecce HHTepcjlepeH4HH, KOTOpblH RB/lReTCR pe3y/1bTaTOM B3aHMOAeHCTBHR 

ABYX KorepeHTHblX ny4KOB. YT06bl npOllHTb cseT Ha npHPOAY Ib(x, z), B OAHH H311y4ei:1 HHTepcjlepo­

MeTpa BCTaB/lR/laCb c11erKa K/1HH006pa3HaR TOHKaR n11acrnHKa repMaHHR 3 (TO/lll\HHa OK0/10 0 .3 MM) 

(pHC. 2a), KOTOpaR C03AaBa/1a /lHHeHHblH cjla30BblH CABHr OT 0 AO Bn BAO/lb OCH z, TaK 4TO B 
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nonepe4HOM ce4eH1111 BblXOAHOro ny4Ka per11CTp11poea1111cb 4eTb1pe rop1130HTa11bHb1e 11HTepcj>e­

peHu.110HHb1e no110Cbl (p11c . 26), B Ml1Hl1MyMax KOTOpblX I(x,z, 1!.rp) = lb(x, z) . 

3 6) B) ---r--1 
I 
! 
I 
I 

P11c. 2 . a) cxeMa ronorpacj>114ecKoro 3Kcnep11MeHTa; 6) Myapoeb1e no11ocb1 B O-ny4Ke, o6pa3oBaH­

Hble KJ111H006pa3HOH n11aCTl1HKOH repMaH11A, noMeU.\eHHOH B OAHO 113 n11e4 11HTepcj>epoMeTpa; B) 

noeepXHOCTb lb (x , z), COOTBeTCTBYIOU.\aA «HeKorepeHTHOMy» BKJlaAv B no11Hy10 11HTeHCl1BHOCTb. 

li13MeHeH11e cj>a3oeoro CAB11ra l!i.rp noeopoToM cj>a3oepaU1aTe11A 2 (p11c . 2a) np11BOAl1T K nepe­

MeU.\eH1110 11HTepcj>epeHu.110HHblX nonce B eepT11KallbHOM Hanpae11eH1111 11 no30011AeT onpeAe1111Tb 

cj>opMy noeepxHocrn Ib(x,z), 3Ha4eH11e 11HTeHC11BHocrn e pa3HblX T04Kax noeepxHoCT11 Ib(x,z) . 

npoBOAA TaK11e 113MepeHl1A AJlA pa3HblX l!i.rp, MO>t<HO BOCCTaHOBl1Tb cj>opMy noeepxHOCTl'1 Ib(x , z) , 

KOTOpaA OKa3allaCb nJlOCKOCTblO Ib(x, z ) = 2 (p11c. 2B) . 0TCIOAa MO>KHO 3aKJll0411Tb, 4TO paccMaT­

p11eaeMblH « HeKorepeHTHblH» BKllaA ABJlAeTCA pe3yllbTaTOM pacceAHl1A HeHTpOHOB, KOTOpoe OAHO­

POAHO B per11CTp11pyeMOH 0611acrn . npl1411HOH TaKOro pacceAHl1A MOryT 6b1Tb C06CTBeHHble KOJle-

6aHl1A n11acTl1H 11HTepcj>epoMeTpa, npl1BOAAU.\11e K CHl1>t<eHl1IO B11AHOCTl1 Aa>Ke B Tex Clly4aAx, KOrAa 

ypoeeHb epaU.\aTellbHblX 11 nocrynaTellbHblX Ko11e6aH11H Kp11cTa1111a 11HTepcj>epoMeTpa B u.e110M 

HaCTOJlbKO Hl130K, 4TO OHl1 He BJ111AIOT Ha B11AHOCTb 11HTepcj>epeHU.110HHOH KapT11Hbl. AMn1111ryAa 

3Tl'1X co6cTBeHHblX Ko11e6aH11 H 11MeeT AOBOllbHO c110>1<Hoe pacnpe Ae11eH11e no n11acrnHaM 11HTepcj>e­

poMeTpa, T.e . OHl1 HeOAHOPOAHbl , 11 npl1BOAAT K CMeU.\eHl1AM 8avibr (X, z) Kpl1CTaJ1J1114eCKl1X n11a ­

CTl'1HOK 113 no11o>KeHl1H paBHOBeCl1A, 4TO, B CBOIO 04epeAb, npl1BOA11T K AOn011Hl1TeJ1bHOMy cj>a30-

BOMV CAB11ry O<pvibr(X, z ) = 2n8avibr(X, z)/ il, KOTOpblH TaK>t<e ABJlAeTCR HeOAHOPOAHblM 11 np11-

BOAl1T K cny4aHHOH MOAYllAl..\1111 cj>a3 BOJlHOBblX cj>pOHTOB ny4KOB 11 CH11>t<eH1110 B11AHOCTl1 v 11HTep­

cj>epeHU.110HHOH KaprnHbl . 

B 11Aea11e Kpl1CTa1111 11HTepcj>epoMeTpa AOll>KeH HaXOA11TbCA B ceo6oAHOM COCTOAH1111, 6e3 

BHeWHl1X MexaHl14eCKl1X B03AeHCTB11H . 0AHaKO, B peaJlbHOCTl'1 OH ycTaHaBJ111BaeTCA Ha 3 -T04e4HOH 

onope AJ1A M11H11M113au.1111 TeMneparypHblX rpaA11eHTOB 113-3a Ten11oeoro KOHTaKTa c pacno110>1<eH­

HblM Hl1>Ke roHl10MeTpOM. 3TO npl1BOA11T K 113r116y OCHOBaHl1A Kpl1CTa1111a 11HTepcj>epoMeTpa 11 ec1111 

aMn1111rvAa 8avibr (X, z) 3aBl1Cl1T OT COCTOAHl1A MexaHl14eCKOH Cl1CTeMbl «OCHOBaH11e Kpl1CTa1111a 11H­

Tepcj>epoMeTpa - n11acTl1Hbl 11HTepcj>epoMeTpa», TO 113MeHeH11e no110>1<eH11A onopHblX wapoe OTHO­

c11TellbHO Kpl1CTa1111a 11HTepcj>epoMeTpa MO>t<eT nOBJ111ATb Ha B11AHOCTb 11HTepcj>epeHU.110HHOH Kap­

Tl'1Hbl . Onr11M113al..\11A no110>1<eH11A onopHblX wapoe (p11c. 3) 3aeepw1111acb no11HblM ycnexoM : B11A­

HOCTb 11HTepcj>epeHU.110HHOH KaprnHbl Bblpoc11a AO v = 90% 6e3 Bbl4eTa cj>oHa . 

3TO AOCrn>t<eH11e Ha AOJ1rl'1e rOAbl CAe11a110 HeHTpOHHblH 11HTepcj>epoMeTp B 6epl111HCKOM u.eH­

Tpe HeHTpOHHOro pacceAHl1A 11V4Wl1M B Ml1pe. Ha HeM 6blll npoBeAeH PAA npeu.113110HHblX 3KCne­

p11MeHTOB, 4aCTb 113 KOTOpblX 6vAeT paCCMOTpeHa B C11eAYIOU.\11X rnaeax. 
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V= 40% 

V=90% 

P11c. 3. no110>1<eH11e onopHblX wapoe, noAAep>1<11-

Ba10U111x Kp11cTa1111 11HTepcj>epoMeTpa : a) B11A 

c6oKy; 6) 11 e) Bl1Ab1 ceepxy. OnrnM113al..\11A no110-

>t<eH11A onopHblX wapoe (e) np11ee11a K yee11114e­

Hl110 B11AHOCTl'111HTepcj>epeHl..\110HHOH KaprnHbl AO 

v = 90%, 4TO 6J1113KO K MaKC11MallbHOMy. 

BTopaA rnaea nocBAU.\eHa 113MepeH11AM AJ111Hbl KorepeHTHOro pacceAHl1A bcoh HeHTpOHOB Me­

TOAOM HeHTPOHHOH l1HTepcj>epoMeTp1111, KOTOpaA ABJlAeTCA Ha116011ee npAMblM MeTOAOM 113Mepe­

H11A HeHTpOHHOro noKa3aTeJ1A npe110MJleHl1A M aTep11a11oe B lll060M arperaTHOM COCTOAHl111 . <!>a3a, 

Ha6paHHaA BOJlHOH c AJ111HOH il np11 npOXO>KAeHl111 4epe3 06pa3eu. TOl1U.\11HOH D c aTOMHOH nllOT­

HOCTblO N, paeHa 

<P = ilNbcoh D (4) 

On11caH PAA npoBe AeHHblX 3Kcnep11MeHTOB, B 4aCTHOCTl1 113MepeHl1A bcoh 1130TOnOB CBl1Hl..\a, B KO­

TOpblX 6bll111 nony4eHbl pe3yllbTaTbl c 11V4WeH B Ml1pe T04HOCTblO (ABVKpaTHOe y11y4weH11e T04HOCTl'1 

AJlA 1130Tona 
208

Pb 11 TpexKpaTHoe AJlA 1130Tona 207Pb, a AllA 1130Tona 204Pb T04HOCTb yee11114eHa no-

4Tl'1 B 40 pa3) 11 CTaBw11e Ta6J1114Hb1Ml1 3Ha4eH11AMl1 . 0AHaKo, HeCMOTpA Ha BblCOKVIO T04HOCTb 113-

MepeHl1A cj>a 3bl B He HTpOHH0- 11HTepcj>epoMeTpl14eCKOM 3 KCnep11MeHTe, T04HOCTb onpeAelleHl1A 

bcoh orpaHl1411BaeTCA Ha ypOBHe OKOJlO 0 .2 % 113-3a 3aBl1Cl1MOCT1'1 cj>a3bl , Ha611paeMOH HeHTpOHHOH 

BOJlHOH np11 npOXO>t<AeHl111 4epe3 06pa3e u., OT AJ111Hbl BOJlHbl HeHTpOHOB il (CM. cj>opMyny (4)), T.K. 

KOHCTPYKl..\11A HeHTpOHH0- 11HTepcj>epoMeTpl14eCK11X YCTaHOBOK (ABVXKPl1CTallbHaA reoMeTp11A) npaK­

Tl'14eCKl1 He no3BOl1AeT noAAep>t<aH11e nocTOAHHOH AJ111Hbl BOJlHbl Ha Tpe6yeMOM ypOBHe T04HOCTl'1 

B Te4eH11e ecero epeMeH11 3Kcnep11MeHTa . 

AnA peweH11A 3TOH npo611eMb1 6b111 pa3pa6oraH 6e3A11cnepC110HHblH MeTOA 113MepeH11A bcoh 

B KOTOpOM noeepXHOCTb o6pa3u.a ycTaHaB1111eaeTCR napa1111e11bHO nJlOCKOCTRM peweTK11 Kpl1CTa1111a 

11HTepcj>epoMeTpa (p11c . 4a). B 3TOM c11y4ae 3cj>cj>eKrneHaA TOl1U.\11Ha o6pa3u.a paBHa D / sin iJ
8 

11, 

11cno11b3VA 3aKOH 6p3rra il = 2d sin iJ8 (d - noCTOAHHaA peweTK11), HeMeAJleHHO no11y4aeM 113 ypae­

HeH11A (4) 

<P = ZdN bcoh D (5) 

11 <P He 3ae11c11T OT il. AnR ycTaHoBK11 o6pa3u.a B TaKoe no110>1<eH11e, cHa4a11a perncTp11pyioTCR 11H­

Tepcj>epeHu.110HHb1e KapT11Hb1 AJ1R Ha6opa no110>1<11Te11bHblX 11 0Tp11u.aTe11bHb1x 3Ha4eHl1H yrna rop11-

30HTallbHOH pa3blOCTl'1pOBKl1 E AJlR ABYX no110>1<eHl1H o6pa3u.a B 11HTepcj>epoMeTpe B ny4Kax I 11 II. 

np11 napa1111e11bHOM nepeMeU1eH1111 06pa3u.a 113 ny4Ka I e ny4oK II 11HTepcj>epoMeTpa (p11c. 46) c co­

xpaHeH11eM yrna E, 3cj>cj>eKrnBHaA TOl1U.\11Ha o6pa3u.a 1'13MeHReTCR c D / sin(iJ8 - c:) Ha D / sin (iJ
8 

+ 
E), TaK 4TO 11cno11b3VA 3aKOH 6p3rra, MO>KHO Bbl411CJ111Tb cj>a3bl HeHTpOHHOH BOJlHbl, Ha6paHHble np11 

npOXO>t<AeHl'111 4epe3 o6pa3eu. B 3Tl'1X no110>1<eHl1AX. TaK Ka K MeTOA HeHTpOHHOH l1HTepcj>epoMeTp1111 
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He n03B0/1ReT HenocpeACTBeHHO onpe Ae11"1Tb no/1Hble <j>a3bl <P1 "1 <Pu . nocKO/lbKY OH"1 RB/lRIOTCR ap­

ryMeHTaM"1 C"1HYC0"1Aa/1bHOH <j>yHKL\"1"1 c nepHOAOM 27t, TO onpeAel1"1Tb MO>l<HO TO/lbKO Heno11Hble 

4acrn 1-1x nep1-10Aa no MOAYlllO 27t, TaK 4TO 

D . s in(i9B) + 
2

7tn ; 
<Pu(E, y)=2dNbcohcos y s in(i98 + E) 

D s in(i9B) _ 
2

7tn 

<Pi(E, y) = -2dN bcoh cos y · s in(i9
8 

- E) 

(6) 

3AeCb MH0>1<11Te/1b 1/cos y Y4"1TblBaeT "13MeHeH"1e 3<j><j>eKT11BHOH T0/1U,\"1Hbl o6pa3L\a "13-3a OTK/10He­

H"1R noeepXHOCT"1 o6pa3L\a OT 6p3rfOBCK"1X n/lOCKOCTeH Kp"1CTa1111a B eepTHKallbHOH n110CKOCT"1 

(nepneHA"1KYl1RpHO n110CKOCT"1 pHCYHKa) Ha yro11 y . PacK/laAblBaR 3Tl1 Bblpa>1<eH"1R B PRAAJlR Ma/lblX 

E « 1, no11y41-1M 

D 
fl<P( E, y) =<Pu - <P1 = 2dNbcoh--{2 + E

2[1+2 ctg
2

(i98 )]} 
cosy 

(7) 

TaKHM o6pa3oM, pa3HOCTb <j>a3, Ha6paHHblX np1-1 pacno110>1<eH"1"1 o6pa3L\a e pa3HblX ny4Kax HHTep­

<j>epoMeTpa, RB/lReTCR KBaApaTl14HOH <j>yHKL\"1eH Ma11oro yrna rop"130HTa/1bHOH pa3blOCTl1pOBK"1 E. 

3TO no3B0/1ReT onpeAe/lRTb 3Ha4eH"1R Eo, Yo npH KOTOpblX OHa CTaHOB"1TCR M"1H"1Ma/1bHOH, T.e . co­

OTBeTCTBYIOT napa1111e11bHOMY no110>1<eH"1IO noeepxHOCTl1 o6pa3L\a "1 n110CKOCTeH Kp"1CTa/1/1"14eCKOH 

peweTKH Kp1-1CTa1111a HHTep<j>epoMeTpa 

fl<P( Eo, Yo)= (<P1 - <Pu)min (8) 

Tenepb AJ1"1Ha KOrepeHTHOfO pacceRH"1R MOll<eT 6b1Tb Bbl4"1C/1eHa KaK 

fl<P(E0 , y0 ) + 47tn 

bcoh = 4dND 
(9) 

"1 He 3aB"1C"1T OT AJ1"1Hbl B0/1Hbl A. YHC/10 n L\el104"1C/1eHHbl X OCL\"11111RL\"1H onpeAe/lReTCR "13 A"1Cnep­

C"10HH0f0 3KCnep"1MeHTa, KOrAa o6pa3el\ ycTaHaB/1"1BaeTCR Ha MeCTO epaU,\alOU,\eHCR <j>a30CAB"1ra­

IOU,\eH n11acT11Hbl: T04HOCTb onpeAe/1eH"1R bcoh B 3TOM c11y4ae a6C0/1IOTHO AOCTaT04Ha . 

[220) 

H 

0 0 

P1-1c. 4. reoMeTp11R 3Kcnep1-1MeHTa c napa1111e11bHblM nepeMeU,\eHHeM o6pa3L\a "13 ny4Ka 

II e ny4oK I e HeHTpoHHOM HHTep<j>epoMeTpe . 

6011ee Toro, B C"111Y KBaApaTl14HOH 3aB"1C"1MOCT"1 fl<P( E, y) OT yrnoe pa3blOCTl1pOBKl1 E "1 y , He Tpe-

6yeTCR npel\"13"10HHOH ycTaHOBK"1 noeepxHOCTl1 o6pa3L\a OTHOC"1TellbHO OTpa>1<a10U,\"1X n/lOCKOCTeH 

12 

Kp"1CTa1111a "1HTep<j>epoMeTpa : np"1 yCTaHOBKe o6pa3L\a B npeAe/laX 10 yrnoBblX M"1HYT BOKpyr Eo 

pa3HOCTb <j>a3 fl<P( E, y) npaKTl14eCK"1 He 3aB"1C"1T OT E "1 y . npaKTl14eCK"1, HOBblH HeHTpOHH0-"1HTep­

<j>epoMeTp"14eCK"1H 6e3A"1CnepC"10HHblH MeTOA "13MepeH"1R bcoh no3B0/1ReT yee/1"14"1Tb T04HOCTb ee 

onpeAe/leHHR 6011ee 4eM Ha ABa nopRAKa . 

3TOT MeTOA 6b111 np1-1MeHeH AJ1R npel\"13"10HHoro "13MepeH"1R bcoh AJ1"1Hbl pacceRHHR Si c L\e­

llblO yCTaHOB/1eH"1R HOBoro M"1poeoro CTaHAapTa. 3Kcnep1-1MeHT npOBOA"111CR Ha yCTaHOBKax 

HeHTPOHHOfO "1HTep<j>epoMeTpa B 6epl1"1HCKOM L\eHTpe HeHTpOHHOfO pacceRH"1R (on1-1caHHOH B nep­

BOH rnaee) Ha AJ1"1He B0/1Hbl l.98A "1 B Hal\"10Ha/1bHOM li1HCTl1TYTe (TaHAapTOB (NIST) B CWA Ha 

AJ1"1He B0/1Hbl 2 .7A c "1Cn0/1b30BaH"1eM OAHOro "1 Toro >1<e o6pa3L\a MOHOKp"1CTa/1/1"14eCKoro KpeM­

H"1R . T04HOCTb no11y4eHHOro pe3yllbTaTa b%~h = 4 .1507(2) <j>M B 5 pa3 BblWe AOCTl1fHYTOH paHee 

K .Wa11110M [2] c 1-1cno11b30BaH11eM MaRTHHKoeoro 3<j><j>eKTa (Pendellosung) e Si. CTarncrn4ecKaR 

OW"16Ka coCTa011ReT 0 .0009%, Cl1CTeMaTl14eCKaR ow116Ka, CBR3aHHaR c HeT04HOCTblO yCTaHOBK"1 o6-

pa3L\a Eo "1 Yo. HeBe/1"1Ka (0.0002%) 11 BK/ll04eHa B nOllHYIO OW"16Ky. 0CHOBHOH BK/laA, OK0/10 

0 .005%, B 06U,\yl0 OTHOC"1Te/1bHYIO norpeWHOCTb KOHe4HOro pe3y/1bTaTa AaeT C11CTeMaT114eCKaR 

ow116Ka, CBR3aHHaR c HeOAHOPOAHOCTblO T0/1U,\"1Hbl o6pa3L\a Si. 

ApyrnM np1-1MeHeH1-1eM 3Toro MeTOAa RB/lReTCR "13MepeH1-1e bcoh "130Tona CB"1HL\a 208Pb c L\e­

/lblO onpeAe/1eH"1R aMnllHTYAbl ane HeHTpOH-3/leKTpOHHOro (n-e) B3a"1MOAeHCTB"1R, OTpa>1<a10U,\eH 

HeTp"1B"1allbHOe pacnpeAelleHHe 3apRAa BHYTP"1 HeHTpOHa . HecMOTpR Ha OTHOCl1Te/1bHYIO c11a60CTb 

(n-e) B3a"1MOAeHCTB"1R, Bbl3b1Ba10U,\ero1111wb He6011bw11e 3<j><j>eKTbl no cpaeHeHHIO c 3<j><j>eKTaM"1 Bbl-

3BaHHblM"1 C"1/1bHblM RAepHblM B3a l1MOAeHCTB"1eM, 3<j><j>eKT (n-e) B3al1MOAeHCTB"1R MOll<eT 6b1Tb 06-

Hapy>1<eH npH pacceRH"1"1 HeHTpOHOB, He "1CnblTblBalOU,\11X KYllOHOBCKOro B3a"1MOAeHCTB"1R c 3apR ­

AOM RApa, 611aroAapR "1HTep<j>epeHL\"1"1 Mell<AY HeHTPOHHblM"1 B0/1HaM"1, pacceRHHblM"1 Ha RAPe "1 

3/leKTpOHax aTOMa . BeU,\eCTBeHHaR 4aCTb aMnllHTYAbl KOrepeHTHOro pacceRHl1R acoh (k) Ha aToMe 

A 
acoh(k ) = bcoh A+ 

1 
+ aneZ[F(k ) - 1] + fres( k ) (10) 

RB/lReTCR cyMMOH a Mn/1"1TYA RAePHOro pacceRH"1R 11 pacceRHl1R HeHTPOHa Ha 3/leKTPOHax aToMa 

(nepBblH "1 BTOpOH 4/leHbl B npaBOH 4aCTl1 (10), COOTBeTCTBeHHO) "1 pe30HaHCHOfO pacceRH"1R Ha 

RApe (Mbl npeHe6peraeM 3/1eKTP"14eCKOH no11Rp1-13yeMOCTblO HeHTpOHa, eepXH"1H 3KCnep1-1MeHTa/1b­

HblH npeAe/1 KOTOpOH 04e Hb Ma/1 "1 611"130K K HYlllO [3]) . 3AeCb k - BO/lHOBoe 4"1Cl10, z "1 A - 3apRA "1 

Macca RApa ; F(k) - 3apRAOBblH <j>opM-<j>aKTOp aTOMa. BBHAY yrn11eH1-1R 3<j><j>eKTa (n-e) B3al1MOAeH­

CTB"1R Ha TRll<ellblX RApax B 3KCnepHMeHTax "1Cn0/1b3YIOTCR TR>1<e11b1e 3/leMeHTbl, HO Ha1-16011ee npeA­

n04T"1Te/1eH "130TOn CB"1HL\a 208Pb, T.K. ero RAPO "1MeeT TO/lbKO ABa OTHOCl1Te/1bHO Aa/1eK"1X "1 He 

BHOCRU,\"1X cyU,\eCTBeHHblH BK/laA pe30HaHCHblX YPOBHR, 4TO no3B0/1ReT no/lHOCTblO "136e>1<aTb no­

npaBOK Ha pe3oHaHcHoe pacceRHHe. AMnllHTYAa acoh(k) onpeAe11ReTcR "13 no11Horo ce4eH11R pac­

ceRHHR atot CE), "13MepeHHoro e AHana3oHe 3HeprnH E = (1- 200) K3B [4, SJ (rAe k(cpM) = 2 .1968 • 

10- 4 A+l .J £(38 ) ) . 1113 3Heprern4eCKOH 3a01-1C11MOCT11 F(k) (Ta611 . 1), MO>l<HO 3aK11104"1Tb, 4TO 
A 

"1MeeT CMblC/1 paccMaTpHBaTb TO/lbKO 3Heprern4eCK"1H A"1ana30H OT 0 AO 20 38, T.K. B HeM B03H"1-

KaeT OK0/10 95% 3<j><j>eKTa . 

• 

13 



YpaBHeHHe (10) MO>KHO npeACTaBHTb KaK /lHHeHHyto <l>YHKl..\HIO rnna y = Une X' rAe 

A 
Y = Ucoh(k) - bcoh A+ 1 x = Z[F(k) - 1) (11) H 

4TO no3B0/1AeT /lHHeHHYIO annpOKCHMa4Hto c eAHHCTBeHHblM HeH3BeCTHblM napaMeTpOM Une · 

BBHAY 6!lH30CTH 3Ha4eHHH Ucoh(k) H b coh ~' HX pa3HOCTb ABllAeTCA 04eHb Ma/lOH Be/1H4HHOH, 
A+l 

nopAAKa 0.1 <j>M, TaK 4TO T04HOCTb B Un e KpHrn4eCKH 3aBHCHT OT T04HOCTH H3MepeHHA b coh· 3TO H 

noc11y>KH/lO MOTHBa4HeH K npoBeAeHHIO 3KCnepHMeHTOB c 4e11bto npe4H3HOHHOro H3MepeHHA 

b coh H30TOna 208Pb. 

0 3B 

F 1 

a coh 
b coh 

(<j>M) 

f res (¢M) 0 

3HeprnA HeHTpOHOB 

1.26 3B 5.19 3B 18.6 3B 

0 .1802(50) 0 .0934(25) 0.0505(14) 

9 .585 9 .598 9 .609 

0 0 0 

Ta611 . 1. 3Ha4eHHR Q>opM-<j>aK­

Topa aTOMa CBHHU,a, Be/lH4HHa 

aMnflHTYAbl KorepeHrnoro pac­

ceRHHR "1 pe30HaHCHblH BK/laA 

AflA 1-1cc11eAyeMoro 06pa3u,a 

208Pb npH pa3/1"14HblX 3HeprnRX 

Hel1TpoHOB [5] . 

l-13MepeHHA npOBOAH/lHCb onHCaHHblM Bblwe 6e3AHCnepCHOHHblM MeTOAOM c 06pa340M 

208Pb, o6orall.\eHHblM AO 97.3%. Xorn no11y4eHHoe H3 3KcnepHMeHTOB 3Ha4eHHe b coh HMeeT 04eHb 

BblCOKYIO CTaTHCTH4eCKYIO T04HOCTb, OK0/10 0 .02%, OCHOBHblMH HCT04HHKaMH OWH60K AB/lAIOTCA 

<j>H3H4eCKHe napaMeTpbl 06pa34a (CM. <j>opMylly (9) : b;g~ = (9.518 ± 0 .010) ¢M. ct>aKrn4eCKaA 

T04HOCTb orpaHH4HBaeTCA T04HOCTblO onpeAe/leHHA TOllll.\HHbl o6pa3u,a 0 H COCTaBllAeT 0 . 1%, 4TO 

TeM He MeHee B 6 pa3 BblWe, 4eM T04HOCTb AOCrnrHyTaA pa Hee [6) . Pe3yllbTaT annpOKCHMa4HH 3KC­

nepHMeHTa/lbHblX AaHHblX (cM. Ta611 . 1) AflA 3Toro 3Ha4eHHA b;g~ cornacHo (11) AaeT a ne = - (1.10 

± 0.08) ·10-3 <j>M H npeACTaB/leH B rpa<j>H4eCKOM BHAe Ha PHC. 5 . 

0 ,14 

o .i2 

~ I~ 0 .10 

"' 8 0 ,08 
.Q 

I 
0 ,06 

~ 
"' 0 ,04 a 
" 0 ,02 

-10 -eo -so -40 -30 -20 -10 

Z IF(k J- 11 

Pi-tc. 5 . fli-tHeMHaR annpoKCHMaU,HA 3Kcnep1-1-

MeHTa11bHblX AaHHblX [5] AflA bcoh = 9.518(10) 

Q>M. HaK!lOH cn/lOWHOM npRMOH COOTBeTcTByeT 

cpeAHeMy 3Ha4eHHIO Une = - 1.10·10-3 <!>M; 

HaK/lOH nyHKrnpHblX KpHBblX COOTBeTCTByeT 

3Ha4eHHRM Une Ha sepxHeM "1 HH>KHeM ypoe-

HRX OWH6KH (0.08·10-3 <j>M, AOBepi-tTe/lbHblM 

HHTepBa/l 90% ). 

HeHTPOHHaA HHTep<j>epoMeTpHA AB/lAeTCA Ha1-16011ee npAMblM MeTOAOM "13MepeHHA 

HeHTpOHHOro noKa3aTellA npellOM/leHHA MaTep1-1a110B H CB060AHa OT KaKHX-/1"160 orpaHH4eHHH, 

HaK/laAblBaeMblX Ha arperaTHOe COCTOAHHe 06pa340B, l'1 npeAno11araeT TO/lbKO 3HaHl'1e 1'1X <j>H3H4e­

CKHX napaMeTpOB (TOllll.\HHbl "1 aTOMHOH nllOTHOCrn) . 3TO n03BO/lH/10 HcnO/lb30BaTb oni-tcaHHblH 
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BblWe MeTOA npe41'13HOHHOro "13MepeHHA bcoh AflA no1-1cKa CBHAeTe/lbCTB AAepHoro KBaHTOBOro 3a­

nYTblBaHl'1A B >KHAKHX CMeCRx H10-D20 . B [7) 6bl/10 C006ll.\eHO 06 YAHBHTe/lbHOM Ha611toAeH1'11'1 aHo­

MallbHO rny6oKoro Heynpyroro pacceAHHA HeHTpOHOB (rHPH) Ha >KHAKHX CMeCRx H 10-D20, KOTOpoe 

onHCblBaeTCR KaK npAMOe CBHAeTe/lbCTBO KBaHTOBOH 3anYTaHHOCTl'1 COCeAHHX npOTOHOB (AeHTpo­

HOB). 6bl/10 TaK>Ke BblCKa3aHO npeAnOllO>KeHHe, 4TO TaKoe aHOMa/lbHOe pacceAHHe MO>KeT npORB­

/lRTbCR KaK OTK/lOHeHHe n11ornocrn AflHHbl pacceAHHR HeHTpOHOB OT TpaA1'11..\1'10HHOH TeOpl-11'1, KOTO­

paA OCHOBaHa Ha npeAnO/lO>KeHl'11'1 , 4TO MO/leKy11RpHble 06beMbl KOMnOHeHTOB AB/lAIOTCA aAA1'1THB­

HblMl'1 B CMern. A11A CMeCeH H10-D20 nporH031'1pOBa/lHCb OTK/lOHeHHA OT 5% AO 10% OT O>KHAae­

MOro 3Ha4eHl'1A n11ornocrn Afll'1Hbl pacceAHHA HeHTPOHOB (Nli) c: 

[ 
xv bv,o + (1 - Xv)bv,o ] 

(Nb) c = PH,oPv,o NA xvmv,o PH,o + (1 - xv)mH,oPv,o (12) 

3AeCb p - MaCCOBble nllOTHOCrn 41'1CTblX >KHAKOCTeH, Xv - MO/lbHaA AO/lA AeHTep1-1A no OTHOWeHHIO 

K BOAOPOAY, NA - 41'1C/10 ABoraApO, m - M011ApHble MaCCbl MO/leKyll . 6YAY41'1 nOATBep>KAeHHblM, 3TOT 

3KcnepHMeHTa/lbHblH <j>aKT nOAPblBaeT OCHOBbl WHPOKO HcnO/lb3YeMoro B Ma11oyrnoBOM HeHTpOH­

HOM pacceAHHH l'1 HeHTPOHHOH pe<j>11eKTOMeTpHH MeTOAa Bap1-1a41-11-1 KOHTpacTa, B KOTOpOM n/lOT­

HOCTb Afl1'1Hbl pacceAHHA HeHTPOHOB pacrnopi-tTellA noA61'1paeTCR paBHOH nllOTHOCTH A111'1Hbl pacce­

AHHA HeHTPOHOB pacrnopeHHblX 4aCTl'11..\. TaKHM o6pa30M, no CYTH Ae11a nepe4epKl'1BatoTCA Bee no-

11y4eHHble AO rnx nop pe3yllbTaTbl HeHTPOHHblX HCC!leAOBaHHH 61-1011orn4eCKHX 06beKTOB. no 3TOH 

npi-t4HHe KpaHHe Ba>KHO npoBepl'1Tb c BblCOKOH 4YBCTBl'1Te/lbHOCTblO l'1 HaAe>KHOCTbto, Ha6!ltoAatoTCA 

111'1 ABlleHHA, 06Hapy>KeHHble B rHPH npl'1 3HeprHAX HeHTpOHOB B HeCKO/lbKO 3/leKTpOH- BO/lbT, B TOM 

AHana30He napaMeTpOB, B KOTOpOM BblnO/lHAIOTCA OCHOBHble HCC/leAOBaHHA no HeHTpOHHOMY pac­

ceAHHIO. 

a) 
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Pi-tc. 5 . a) seepxy: 3Kcnep1-1MeHTallbHb1e 3Ha4eHHR 

6e3AHCnepCHOHHblX <j>a30BblX CABHroe AflA pa3/1"14-

HblX MO/lbHblX AOlleM Xo; BHH3y : 3KCnepi-tMeHTa/lb­

Hble AaHHble H pac4eTHble 3Ha4eHHR ocTaT04HOH 

OWH6KH 3a Bbl4eTOM CH/lbHOM /lHHeHHOM 4acrn ; 6) 

pa3HOCTb Me>f<Ay 3KCnepHMeHTOM "1 Teopi-teM. 

nyHKTHpHble /lHHHH - CTaHAapTHble OTK/lOHeHHR 

(I = 0.031. 
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no11y4eHHblH HaMH pe3y/1bTaT (pHC. Sa H 56) noKa3blBaeT OTCYTCTBHe OTK/lOHeHHR OT /lHHeHHOH 3a­

BHC"1MOCrn (12) Ha Be/1H4HHY 6011ee 0.7% npH ypoBHe AOCTOBepHocrn 68%. 0TJ1H4He 3KcnepHMeH­

Ta/1bHblX 3Ha4eHHH OT 3Ha4eHHH, paCC4HTaHHblX no <!>opMy11e {12) npeACTaB11eHO Ha PHC. Ss, rAe 

nyHKTHpHble /lHHHH COOTBeTCTBYIOT CTaHAaPTHOMY OTK/lOHeHHIO (J = 0.031, paCC4HTaHHOMY H3 

pa36poca 3KCnepHMeHTa/1bHblX AaHHblX, a Bel1H4HHbl OWH60K noKa3blBalOT BK/laA HeonpeAe­

/leHHOCTH TO/lbKO OT CTaTHCTHKH C4eTa HeHTpOHOB. 3TO OTK/lOHeHHe COOTBeTCTByeT MaKCH­

Ma/lbHOH HeonpeAe/leHHOCrn 0.4% c ypoBHeM AOCTOBepHocrn 68% AJlR 3Ha4eHHH Xo = (0.5, 

0.8) . C11eAOBaTe11bHO, pa36poc AaHHblX AB/lAeTcA MepoH 3KcnepHMeHTa/1bHOH T04Hocrn, onpe­

Ae11AeMoH CHCTeMaTHKOH, CBA3aHHOH c onpeAe/leHHeM <l>a3bl, TaKOH KaK H3MeHeHHe TeMnepa­

TYPbl H MexaHH4eCKHe HeT04HOCTH. TaKHM o6pa3oM, nposeAeHHblH 3KcnepHMeHT He noATBep­

>KAaeT Ha/1H4He OTK/lOHeHHR n/lOTHOCTH AJlHHbl pacceAHHR HeHTpOHOB OT TpaAH4HOHHOH TeOpHH. 

3TOT OTpH4aTe/1bHblH pe3y/1bTaT He TO/lbKO HMeeT Ba>KHOe 3Ha4eHHe, nOATBep>KAaA AOCTOBepHOCTb 

CTaHAapTHblX 3KCnepHMeHTa/1bHblX MeTOAOB HeHTpOHHOro pacceAHHA, HO TaK>Ke ycrnHaB/lHBaeT 

npeAe/lbl npOAB/leHHR RB/leHHH KBaHTOBOH 3anYTaHHOCrn AAep npH KOMHaTHOH TeMnepaTYpe. 

B TpeTbei1 rnase Mbl o6pal1.\aeMCR K HHTep<!>epoMeTpHH no11ApH30BaHHblX HeHTpOHOB H ee 

npHMeHeHHIO B HCClleAOBaHHRX TOn0/10rH4eCKHX 3<l><!>eKTOB, B03HHKalOl1.\HX npH 3BOl1IOL\HH cnHHa 

HeHTpOHa B MarHHTHOM none. 

B 1983 r . M.6eppH [8] paccM0Tpe11 3aAa4y o 4HK/1H4eCKOH aAHa6arn4eCKOH 3BOl1I04HH 

KBaHTOBOH CHCTeMbl H OTKpbl/1, 4TO KBaHTOBaA CHCTeMa, aAHa6aTH4eCKH nepeMell\aeMaA no 3a­

MKHYTOMy KOHTYPY c B npoCTpaHCTBe BHeWHHX napaMeTpOB, B03Bpal1.\aeTCR K CBOeMy HCXOAHOMY 

COCTOAHHIO, HO c AOnO/lHHTe/lbHblM <!>a30BblM MHO>KHTe/leM 

11/J(T)) =e;"'ll/J(O)) (13) 

(T - speMA ABH>KeHHA no KOHTYPY C) H noMHMO H3BeCTHOH AHHaMH4eCKOH <!>a3bl <pdyn npHo6peTaeT 

H AOnO/lHHTe/lbHYIO HeHHTerpHpyeMylO reoMeTpH4eCKYIO <!>a3y <pB(C): 

<p = <pdyn + <pB(C) (14) 

AHHaMH4ecKaA <!>a3a 

<pdyn = f (l/J(t)JH(t)ll/J(t))dt {15) 

HeceT HH<!>opMa4HIO 0 npOAO/l>KHTellbHOCrn 3BOl1I04HH, a reoMeTpH4eCKaA <!>a3a <pB(C) - HH<!>op­

Ma4HIO 0 reoMeTpHH KOHTYpa c. 0TJ1H4HTe/1bHaA 4epTa reoMeTpH4eCKHX <!>a3 COCTOHT B TOM, 4TO 3TH 

<!>a3bl He CBA3aHbl c CH/laMH, AeHCTBYIOll\HMH Ha KBaHTOBylO CHCTeMy, a CBA3aHbl c Tono11orHeH ca­

MOro npoCTpaHCTBa. <l>a3a 6eppH (reoMeTpH4eCKaA <!>a3a), Ha KOTOPYIO YAHBHTellbHblM o6pa30M He 

o6pal1.\a/1H BHHMaHHA 6011ee no11yseKa, o6ecne4HBaeT 6011ee r11y60Koe noHHMaHHe reoMeTpH4e­

CKOH CTPYKTYPbl KBaHTOBOH MexaHHKH, a TaK>Ke npHBOAHT K pa3/1H4HblM Ha61110AaeMblM 3<!><!>eKTaM. 

0Ha CTa/la 4eHTpa11bHOH o6beAHHRIOl1.\eH KOH4en4HeH B KBaHTOBOH MexaHHKe c npHllO>KeHHRMH B 

caMblX pa3HblX 0611acrnx : XHMHH, <!>H3HKe KOHAeHCHpOBaHHOro COCTOAHHA, OnTHKe, KBaHTOBOH Me­

xaHHKe H KBaHTOBOH 3/leKTPOAHHaMHKe [9]. B npHH4Hne, H3MepeHHe AOnO/lHHTe/lbHOH reoMeTpH-

4eCKOH <!>a3bl AB/lAeTCA 04eBHAHOH HHTep<!>epoMeTpH4eCKOH 3aAa4eH [8]: BBOAR B OAHH H3 ny4KOB 
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HHTep<!>epoMeTpa 4HK/1H4eCKH H3MeHAIOl1.\eeCR no Hanpas11eHHIO MarHHTHOe none H cpaBHHBaA 

Ha6paHHYIO <!>a3y c <!>a30H, Ha6paHHOH B APYfOM ny4Ke KYAa BBeAeHo nocTOAHHoe no Hanpas11eHHto 

MarHHTHOe no11e, MO>KHO HenocpeACTBeHHO H3MepHTb BKllaA reoMeTpH4eCKOH <!>a3bl . 0AHaKO, 3KC­

nepHMeHTa/1bHaA pea/1H3a4HA 3TOH HAeH OKa3a/1aCb 04eHb C/lO>KHa, T.K. YC/lOBHe aAHa6arn4HOCrn, 

o6ecne4HBalOl1.\ee «npHBR3KY» cnHHa K Bpall\atoll\eMyCR MarHHTHOMy no1110 Tpe6yeT, 4T06bl 4a­

CTOTa Bpall\eHHA MarHHTHOro nO/lR B 6b111a 3Ha4HTe/1bHO MeHbWe 4aCTOTbl flapMOpOBCKOH npe4ec­

C"1H Wi = Yn IBI HeHTpoHa B 3TOM none. B pe3yllbTaTe noc11eAHeH Ha6HpaeTcA AHHaMH4ecKaA <!>a3a 

<pdyn = wiT, rAe T - speMA ABH>KeHHA BeKTOpa B no 3aMKHYTOMY KOHTYPY C. C11eAOBaTe/1bHO, 

<pdyn » <pB(C), TaK 4TO Tpe6yeTCR BblAellHTb Ma/lblH BK/laA reoMeTpH4eCKOH <!>a3bl Ha <!>oHe MHO­

roKpaTHO npeBOCXOAAll\eH AHHaMH4eCKOH <!>a3bl. 

PHc. 6. AA1-1a6arn4ecKaR 3Bo11to41-1R 

BeKTopa cn1-1Ha S, c11eAY10l1.\ero 3a 

BeKrnpoM MarH1-1rnoro no11R B . 

A11A <!>epMHOHOB (S = 1/2) reoMeTpH4ecKaA <!>a3a 

pasHa no110BHHe Te11ecHoro yrna, o6pa3oBaHHoro KOHTY­

poM C (pHc. 6): <p8 (C) = -fX.C)/2 . B 4aCTHOM c11y4ae 

no11A, Bpall\alOll\eroCR B nllOCKOCrn {H, TaKHM o6pa30M, 

oxsaTblBalOll\eM no110BHHY no11Horo Te11ecHoro yrna 4rr), 

<pB(C) = -TI , 4TO paBHOCH/lbHO CMeHe 3HaKa cnHHOpa 

(cM. ypasHeHHe {13)) - nosopoTy Ha «180°» B rH11b6epTO­

BOM npoCTpaHCTBe COCTORHHH, npH TOM 4TO B .pea/lbHOM 

TpexMepHoM npocTpaHCTBe cnHH nosepHy11CR Ha 360°. Ta­

KHM o6pa30M, npOABllAeTCR 47t-CHMMeTpHA cnHHOpHOH 

BO/lHOBOH <i>YHK4HH HeHTpOHa. Xorn 3TOT npHH4"1n 6bl/1 

xopowo H3BeCTeH H rny6oKO yKopeH"1/1CR B KBaHTOBOH 

TeOpHl-1, OH C4HTa/1CR HeHa61110AaeMblM: T.K . Ha611toAae­

MOH Be/1"14HHOH RB/lAeTCA KBaApaT BO/lHOBOH <i>YHK4H"1, TO MHO>K"1Te/1b (-1), B03HHKatol1.\HH np1-1 

nosopoTe Ha Zit, HC4e3aeT. 0AHaKO, OH MO>KeT 6b1Tb Ha611IOAaeM B HHTep<!>epoMeTp"14eCKOM 3KC­

nepHMeHTe, KOTOpblH no3B011AeT "13MepATb OTHOCHTe/lbHble <!>a3bl BO/lH, TaK 4TO <!>a30BblH CABHr Ha 

7t npoABHTCR KaK AecTpyKrnBHaA "1HTep<!>epeH41-1A . 

HaMH npeAJ1o>KeHo peweHHe npo611eMb1 BblAe11eHHA Ma11oro BK/laAa reoMeTp"14eCKOH <!>a3bl 

<pB(C) Ha <!>oHe MHOroKpaTHo npeBOCXOAAll\eH AHHaM"14eCKOH <!>a3bl <pdyn = WiT nocpeACTBOM 

HHTep<!>epOMeTpH4eCKHX 3KCnep1-1MeHTOB, B KOTOpblX Cn"1H HeHTpOHa npeTepnesaeT aA1-1a6arn4e­

CKYIO 3BOl1I04HIO B OAHHaKOBblX no Be/1"14HHe, HO npornsono110>1<HblX no Hanpas11eHHIO spal1.\eH"1A 

MarHHTHblX nO/lAX, noMell\eHHblX B pa3Hble ny4K"1 "1HTep<!>epoMeTpa, 4TO npHBOA"1T K HCK/ll04eHHIO 

BKllaAa A"1HaM"14eCKOH <!>a3bl B H3MepAeMylO pa3HOCTb <!>a3 . Bpall\atoll\eeCR MarHHTHOe none C03Aa­

Ba/10Cb KaK cynepn03"14"1R sepTHKa/lbHOro rpaA"1eHTHOro H ropH30HTa/1bHOro raycCOHAallbHOro 

MarHHTHblX no11eH (p1-1c. 7). BepTHKa/lbHOe rpaAHeHrnoe MarHHTHoe none Hgrad o6pa30Bb1sa11ocb 

ABYMA HAeHrn4HblMH napaMH npornsono110>1<HO opHeHrnposaHHblX nocTOAHHblX MarHHTOB, a ro­

pH30HTa/1bHble MarHHTHble no11A Hcoil C03AaBa/1HCb co11eHOHAallbHblMH KaTywKaMH, pacno110>1<eH­

HblMH BAO/lb ny4KOB HHTep<!>epoMeTpa, TaK 4TO BeKTOpa pe3y11brnpy10l1.\ero MarHHTHoro no1111, 

H;-11 
= Hgrad + H:~~~ , HenpepblBHO spall\alOTCR B seprnKa/lbHOH n110CKocrn Ha 180° c 4aCTOTOH 

Wrot = rrvn/Zl (vn - CKOpOCTb HeHTpOHa, l - paccTOAHHe Me>KAY n11acTHHaMH HHTep<!>epoMeTpa) . 

nocKO/lbKy Ka>KAblH 11Y4 npOXOAHT 4epe3 OTAe/lbHYIO KaTyWKy, TO "13MeHAR Hanpas11eHHe TOKOB B 

KaTyWKax H, c11eAOBaTe/1bHO, Hanpas11eHHA no11eH H/0 u H H/:u MO>KHO He3aBHC"1MO ynpaB/lATb 
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HanpaB/leHHeM BpalJ.\eHHA no/lA BAO/lb Ka>l<AOfO ny4Ka I H II. Be/1H4HHa MarHHTHblX no11el1 B 4eHTpe 

KaTYWeK COCTaB/lAeT OK0/10 15 re. rpaAHeHT MarHHTHOro nO/lA COCTaB/lAeT OK0/10 IHgrad I = 15 re/CM 

H AOCTaT04HO OAHOPOAeH no Ce4eHHIO ny4Ka, 4TO Ba>l<HO AJ1A coxpaHeHHA BHAHOCTH HHTep<j>epeH­

L\HOHHOH KapTHHbl. 

s 
~t~~~~ "~~-;~l 

Pi-tc.7. C11esa : 3Kcnep1-1MeHra11bHaA ycrpoHcrno AflA C03AaHHA spalJ.\alOlJ.\HXCA MarHHTHbJX no11eH. 

Cnpasa: BpalJ.\eHHe MarHHTHOro no11A B pe3y11bTaTe cynepno3HL\HH seprnKallbHoro 

H ropH30HTa/JbHOro MarHHTHbJX no11eH: no 4aCOBOH (I) H npOTHB 4aCOBOH CTpe11KH (II). 

Yc1100He aAHa6arn4Hocrn wi/Wrot »1 (rAe Wi = YnlH5 1) BbJnO/lHAeTcA npH IH5 1L » 0 .17 rc·M. 

Ero BblnO/lHeHHe KOHTp011HpOBa/lOCb H3MepeHHeM 3aBHCHMOCTH no11ApH3a4HH Hel1TpOHHOro 

ny4Ka, npoweAWero 4epe3 OAHY no/lOBHHY 3TOH MarHHTHOH CHCTeMbl, OT TOKa KaTYWKH (pHC. 8): 

AJ1A 3KcnepHMeHTa 6bJ/1 Bb16paH TOK I = 0.25 A. CyMMapHoe Ten110BbJAe11eHHe B KaTYwKax npH 

3TOM COCTaBH/10 2 BT, 4TO o6ecne4H/10 no11Hoe OTCYTCTBHe APe11<!>a co6cTBeHHOH <j>a3bl nycrnro HH­

Tep<j>epoMeTpa . 

Cl>a30BbJH CABHr Hel1TpOHHOH BO/lHbJ, pacnpoCTpaHAIOlJ.\eHCA BO BpalJ.\alOlJ.\eMCA MarHHTHOM 

no11e, paBeH 

fl fl 
<P± = WiT ± z = <fJL ± z {16} 

rAe 3HaKH (±) COOTBeTCTBYIOT nporn0ono110>1<HblM Hanpa011eHHAM BpalJ.\eHHA nO/lA. 
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Hel1TpOHHO-HHTep<j>epoMeTpH4eCKHl1 3Kcnepi-tMeHT npoBOAHllCA c nyYKOM Heno11ApH30-

BaHHblX Hel1TpOHOB. Cl>a30BblH CABHr {16) Bbl4HC11AeTCA H3 CABHra HHTep<j>epeH4HOHHbJX no11oc, 

onHCblBaeMbJX <l>YHK4Hel1 

l(li<P) = /0 (1 + V0 cos(li<P)], fl 
li<P = lifl(o) + 2 + <fJo {17) 

3AeCb lifl(o) 3TO cj>a30BblH CABHr, BBOAHMblH cpa30CABHraiow,el1 n11acrnHKOH, <fJo - Ha4a/lbHbJH 

cpa30BblH CABHr B nyCTOM HHTepcj>epoMeTpe H Vo- BHAHOCTb HHTepcj>epeH4HOHHbJX no11oc. 3a­

perncTpHpOBaHHbJe HHTeHCHBHOCTH (pHC. 9), annpOKCHMHpOBaHHbJe <l>YHKL\HAMH (17) H3MepA­

JlHCb AllA Tpex pa3/1H4HblX OpHeHTa4Hl1 no11el1 KaTyweK {i!, ii H !i) AJlA Ka>l<AOfO yrnosoro 

no110>1<eHHA 0 cpa30CABHraiow,el1 n11aCTHHKH. 
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Pi-tc. 9. "1HrepcjlepeH4HoHHbJe KapTHHbJ, 3aper1-1crp1-1-

posaHHbJe AJlA pa3/1H4HbJX op1-1eHra4HH no11eH Ka­

ryweK (i!, ii H H) np1-1 I = 0.25A. 
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Pi-tc. 10. Pe3yllbTaTbJ 12 H3MepeHHH Af1A 

pa3/JH4HbJX TOKOB 4epe3 KarywKH npH OTHO­

CHTellbHOM BpalJ.\eHHH nOllA Ha 360°. 

KaK ClleAver H3 {16}, cj>a3a, Ha6HpaeMaA Hel1TpOHHOH BO/lHOH, pacnpocrpaHAIOlJ.\eHCA 4epe3 

BpalJ.\alOlJ.\eecA MarHHTHOe none, ABllAeTCA cyMMOH AHHaMH4eCKOH cj>a3bl <fJL H cpa3bl, B03HHKalOlJ.\eH 

B pe3yllbTaTe npocTpaHcTBeHHOH 3BOl1IOL\HH BeKTOpa cnHHa li<p = fl /2 . C11eAOBaTe/lbHO, pa3HOCTb 

cj>a3 Me>l<AY ny4KaMH I H II HHTepcj>epoMeTpa <P+ - <P_ = 2li<p H He 3aBHCHT OT 3Ha4eHHA <fJL, eC/lH 

AHHaMH4eCKHe cj>a30Bble CABHrH AJ1A o60HX ny4KOB HHTepcj>epoMeTpa paBHbl : <fJi = <pf1 • 3Kcne­

pHMeHTa/lbHO Ha61110AaeMaA pa3HOCTb cpa3 AJ1A npOTHBOnO/lO>l<HblX HanpaB/leHHH no11A B Ka­

TYWKax npeACTaB11eHa Ha pHc. 10. 3TH AaHHble 6bl/1H no11y4eHbl A11A npoTHBono110>1<Hb1x 

Hanpa011eHHl1 no11A KaTyWKH, KOrAa OTHOCHTe/lbHblH 3cpcJ>eKT BpalJ.\eHHA COCTaB11AeT lfll = 2rr. 

TorAa, cornaCHO cj>opMy11e {16}, O>l<HAaeMaA pa3HOCTb cpa3 AOll>l<Ha COCTaB/lATb ± rr OTHOCHTe/lbHO 

c11y4aA, KOrAa BpalJ.\alOlJ.\eecA MarHHTHOe none OTCYTCTByeT (fl = 0). TaKol1 «Hy11e0ol1 3KCnepH­

MeHT» HeB03MO>l<eH B HaweM c11y4ae H3-3a HCnO/lb30BaHHA rpaAHeHTHOro no11A, C03AaBaeMoro no­

CTOAHHblMH MarHHTaMH. 0AHaKO, 3KcnepHMeHT c o60HMH nO/lAMH, BpalJ.\alOlJ.\HMHCA B OAHOM H TOM 

>1<e HanpaB11eHHl1 H/oil = u::u , AaeT TOT >1<e OTHOCHTe/lbHblH 3cpcpeKT KaK fl = 0, TO eCTb TaKOH >1<e 

pe3y11bTaT, 4TO 11 «Hy11e0ol1 3KCnepHMeHT». 

• 
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rpaHlllL\bl norpeWHOCTeH Ha p111c. 10 noKa3blBatoT BK/laA HeonpeAelleHHOCTlll TO/lbKO OT 

Hei1Tp0HHOH CTarnCTlllKlll, a roplll30HTa/1bHble nyHKrnpHble /llllHllllll npeACTaB/lAIOT OAHO CTaHAapTHOe 

OTK110HeH111e (cr = ± 0.34) Bb1Y111c11eHHoe 1113 pa36poca 3TlllX 3Kcnep111MeHTa11bHbrx AaHHblX. BlllAHO, 4TO 

3Ha4eHllle (j COOTBeTCTByeT ypOBHAM norpeWHOCTeH, Bbl4111ClleHHblM Ha OCHOBe nyacCOHOBCKOH CTa­

rncrn4eCKOH ow1116K111 C4eTa Hei1TpOHOB, 4TO 03Ha4aeT, 4TO Ha 3TOM ypoBHe T04HOCTlll HeT KaKoro-

1111160 APvroro lllCT04HlllKa ow11160K. TaKlllM o6pa3oM, pa36poc AaHHblX AB/lAeTCA Mepoi1 3Kcnep111-

MeHTa11bHoi1 T04HOCT"1, onpeAe/lAeMOH 06U,\eH CTa6111/1bHOCTblO <f>a30BblX 1113MepeHlllH. 0TCYTCTBllle 

KaKOH-1111160 3aBlllClllMOCrn OT TOKa (MarHlllTHOro no11A) ACHO 11111/llOCTplllpyeT no/lHOCTblO Tono11orn4e­

CKYIO nplllpOAY Ha611toAaeMoro 3<f><f>eKTa - pe3y/1bTaT 3aBlllClllT TO/lbKO OT lllCTOPllllll 3B0/1IOL\llllll Hanpas­

/leHlllA cn111Ha Ill He 3aBlllClllT OT <t>aKTlll4eCKOro 3Ha4eHlllA MarHlllTHOro nO/lA Ill MarHlllTHOro MOMeHTa 

Hei1TpOHa. TaKlllM o6pa30M, Mbl nplllXOAlllM K OKOH4aTe/1bHOMY BblBOAY, 4TO np111 spaU,\eHllllll Ha 360° 

neplllOA cnlllHOpHOH BO/lHOBOH <l>YHKL\111111 HeHTpOHa COCTaB/lAeT: 

ll<p = <P+ - <P_ = (180.4 ± 4.0 ± 1.2)
0 (20) 

rp,e HeonpeAe/leHHOCTlll npeACTaB/lAIOT co6oi1 Cl1CTeMaTlll4eCKllle Ill CTaTlllCTlll4eCKl1e ow1116K111, COOT­

BeTCTBeHHO. 3TO nO/lHOCTblO nOATBeP>KAaeT npep,cKa3aHHYIO KBaHTOBOH MexaHlllKOH 4IT-ClllMMeT­

plllto BO/lHOBOH cnlllHOpHOH <l>YHKL\111111 <f>epMlllOHOB. 

Co speMeHeM KOHL\enl.\lllA reoMeTplll4eCKOH <f>a3bl, c<f>opMy11111poBaHHaA AJ1A aA111a6arn4eCKOH 

l.\lllK11111YecKoi1 3BOl1tol.\llllll no11yY11111a Aa11bHei1wee pa3s111rne 111 6b111a o6o6U,\eHa Ha Heap,111a6arnYe­

cKyto l.\lllK111114ecKyto 111 ap,111a6arnYecKyto HeL1111K11111YecKyto 3BOl1tol.\llllll. AapoHoB 111 AHaHAaH [9) nepe­

CMOTpe11111 3TOT nop,xop, Ill nepeHeC/1111 aKL\eHT c 1113MeHeHlllH B OKpy>KeHllllll KBaHTOBOH ClllCTeMbl Ha 

ABlll>KeHllle caMOH KBaHTOBOH ClllCTeMbl, TaK 4TO 3aMKHYTblH l.\lllK/1 c cosepwatoT He napaMeTpbl ra­

Mlll/lbTOHlllaHa, a caM raMlll/lbTOHlllaH, T.e. H(T) = H(O). Hanp111Mep, B c11y4ae cn111Ha s MarHlllTHOM 

none, reoMeTp1114ecKaA <f>a3a CBA3aHa c ABlll>KeH111eM seKTopa cn111Ha Hei1TpoHa, a He c p,s111>1<eH111eM 

BeKTOpa MarHlllTHOro no11A. 

KorAa KBaHTOBaA ClllCTeMa npeTepnesaeT l.\lllK/11114eCKYIO 3B011IOL\llllO, Ha4a/1bHaA 1/Jo Ill KOHe4HaA 

1/J BO/lHOBble <l>YHKL\111111 OT/11114atoTCA /1111Wb HeHy/leBblM KOMn/leKCHblM MHO>KlllTe/leM, apryMeHTOM 

KOTOporo AB/lAeTCA <f>a3a, np11106peTeHHaA B xop,e 3BOl1IOL\llllll (<f>opMyna (13)). 0AHaKO, B Hel.\lllK/1111-

4eCKOH 3B0/1IOL\llllll Ha4a/1bHOe Ill KOHe4HOe COCTOAHlllA pa3/11114Hbl Ill onpeAe/1eH111e pa3HOCT"1 <f>a3 

Me>KAY 1/Jo 1111/J HeTplllBlllallbHO. B 1953 r. naH4apaTHaM [10) paCCMOTpell lllHTep<f>epeHL\llllO CBeTOBblX 

so11H c pa311111YatoU,\ei1cA no11Ap1113aL1111ei1 111 noKa3a11, 4TO TaKaA <f>a3a pasHa apryMeHTy cKa11ApHoro 

npOlll3BeAeHlllA Ha4a/1bHOH Ill KOHe4HOH BO/lHOBblX <l>YHKL\lllH (CBA3HOCTb naH4apaTHaMa). Mbl npo­

Be11111 Hei1TpOHHO-lllHTep<f>epoMeTplll4eCKlllH 3KCnep111MeHT, rAe BnepBble Ha611toAa/1111 Hel.\lllK/11114e­

CKYIO cnlllHOpHyto 3B0/1IOL\llllO B CTarn4eCKlllX MarHlllTHblX nO/lAX. Ec11111 Ten/lOBble Hei1Tp0Hbl, lllMelO­

U,\llle CKOpOCTb Vo Ill B no11Aplll3al.\lllOHHOM COCTOAHllllll 1/Jo = cos(B /2) lz) + sin(B /2) 1-z), npoxo­

AAT 4epe3 0611aCTb MarHlllTHOro nO/lA Bz, nporn>KeHHOCTblO l ' TO BeKTOp cn111Ha s BpaU,\aeTCA Ha 

yro11 <pl = Yn1Bzll/v0 BOKpyr om z no KOHycy c no11ApHblM yrnoM 8 AO no110>1<eH111A s' (p111c. 11). 

(BA3HOCTb naH4apaTHaMa npeACKa3blBaeT <f>a3y <P Ill aMnlllllTVAY ~ pe3y11brnpytoU,\eH B0/1Hbl ~ei<I>: 

tg <P = -tg ~ cos 8 ~=Ji -sin
2 8 sin

2 ~ {21) 
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<l>a3a <P COAep>KlllT A111HaMlll4eCKYIO COCTaB/lAIOU,\VIO, KOTOpaA nponopl.\lllOHa/lbHa lllHTerpa11y KOM­

noHeHTbl MarHlllTHOro no11A BAO/lb Hanpas11eH111A cn111Ha: 

- Iµ <pl <pdyn - hs · Bz dt = -T cosB (22) 

Ill reOMeTplll4eCKyto COCTaB/lAIOU.\YIO <PG = <P - <pdyn = - fi/2 , rp,e fi - TelleCHblH yro11 Ha CnlllHO­

BOH c<f>epe, onpeAe11AeMb1i1 3aMKHYTblM KOHTypOM (L + G), cocTOAU.\lllM 1113 AYrn L, o6pa3ytoU,\ei1CA 

Ha OCHOBaHllllll KOHyca c yrnoM 8 np111 npel.\eCCl-1111 BeKTOpa cn111Ha 1113 s B s', Ill 1113 Ha1116011ee KOpOTKOH 

reop,e31114ecKoi111111H111111 npoxop,AU,\ei1 4epe3 KOHL\bl p,yrn L, T. e. Avroi1 G Ha p,111aMeTpe c<f>epbr (p111c. 

11). 

z 

x 

PHC. 11. TeneCHblH yro11 .!1 Ha cnHHOBOH ccj>epe, 

onpeAellAeMblH 3aMKHYTblM KOHTYPOM (l + G), co­

CTOA~HM 113 KpHBblX l (o6pa3ytO~ei1cA Ha OCHOBa­

HHl1 KOHyca c yrnoM 8) H G (Ayroi1 Ha AHaMeTpe 

ccj>epb1). 

AMn/llllTyAa ~ paBHa ep,lllHlllL\e A/lA l.\lllKl11114eCKlllX 3BOl1IOL\lllH B KOTOpblX KOHe4HblH CnlllH s' 

cosnaAaeT c HaYa/lbHblM cn111HOM s • 3To 111MeeT Mecro np111 8 = o· 11111111 180° A/lA 11to6b1x yrnos npe­

L1ecc111111 <pl 111 np11111t06b1x 8 AJ1A L1e11oro 4111c11a o6oporns BeKTOpa cn111Ha BoKpyr oc111 z (cM. <f>opMyny 

{21)) . Hel.\lllK/11114eCKaA <f>a3a <P Ill aMnlllllTYAa ~ 1113MepAtoTCA no OTHOC"1Te/1bHOMY CABlllry Ill CHlll>Ke­

HllllO BlllAHOCrn Me>KAY lllHTep<f>epeHL\lllOHHOH KaprnHOH, 3aperncTp111posaHHOH nocpeACTBOM 1113Me­

HeHlllA <f>a3bl x' BHOClllMOH <f>a30CABlllratoU,\eH n11acrnHOH, np111 Bz = 0 

I(x,rpl = O) ex: D + cosx {23) 

111 lllHTep<f>epeHL\lllOHHOH KaprnHoi1, 3aperncrp111posaHHOH np111 Bz * 0: 

I(x,rpl) ex: D + ~cos(x + <P) (24) 

CxeMa 3KCnep111MeHTa npep,cTaB/leHa Ha p111c. 12. ny40K HeHTpOHOB C AJ1111HOH B0/1Hbl 2A 

OCBeU,\a/1 COBepweHHblH KplllCTa1111 lllHTep<f>epoMeTpa, Bblpe3aHHblH B KOCOClllMMeTplll4HOH reoMeT­

p111111, KOTOpblH. noMeU,\a/lCA B BeAyU,\ee BepTlllKa/lbHOe MarHlllTHOe none Bo "' 45 re, C03AaBaeMoe 

nOCTOAHHblMlll MarHlllTaMlll. MOU,\HOCTb, BblAellAeMaA Ha KaTyWKe 4 COCTaB/lAlla OK0/10 1.4 BT np111 

fz = 2A Ill CHlllManacb nocpeACTBOM BOAAHOro oxna>KAeHlllA OT TepMOCTaTa; TeMnepaTypa KaTyWKlll 

noAAep>K111sa11aCb paBHOH TeMnepaType OKpy>KatoU,\eH cpep,bl c noMOU,\blO 3aMKHYTOro KOH­

Typa OX/la>KAeHHA C 06paTHOH CBA3bl0 . "13MepeHlllA npOBOA1111111Cb A/lA 8 paBHblX 0°, 70.5°, 90°, 

109.5° 111 180°. Bo speMA Ka>Kp,oro 1113MepeH111A TOK /z 111, c11ep,0BaTe/1bHo, yro11 npeL1ecrn111 cn111Ha <pl 
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nOAAep>KlllBailCR noCTORHHblM. ,ll,11R Ka>KAOro no11o>KeHlllR <j>a30CAB111ratOL1.\eH n11acrnHKlll 6 noc/leAO­

BaTe/lbHO 1113MepRl1111Cb lllHTeHClllBHOCTlll O-ny4Ka A/lR ABYX 3aAaHHblX 3Ha4eHlllH (J Ill (JR· 

TaKlllM o6pa30M, OAHOBpeMeHHO pernCTp111posa11111cb ABe lllHTep<j>epeHL\lllOHHble KapTlllHbl 

AJlR ABYX naAatOll\lllX COCTORHlllH (J {70.5°, go•, 1og.5° 11111111 180°) Ill (JR = 0 (11111111 (JR = 180°). TaKOH 

MeTOA Ha6opa AaHHblX ycTpaHR/1 B03MO>KHblH APei1<1> Ha4a/1bHOH <j>a3bl. <l>a30Bble CABlllrn, HaMHOro 

npeBblWatOll\llle 3KCnep111MeHTa/1bHble ow1116K111, 6bl/1111 o6ecne4eHbl Bbl60pOM (JR = 180° AJlR (J = 0 

111 70.5°, Ho (JR = 0 AJ1R 8 =go• 111 10g,5•. Pe3y11bTaTbl 3Kcnep111MeHTa noKa3aHbl Ha p111c. 13. <l>a3bl 111 

aMn11111ryAbl AJlR YeTblpex nap (8; £JR) cosnaAatOT c Teop111ei1 (cn11owHb1e KPlllBb1e) B npeAe11ax 3KC­

H-bcnm 

y;.% 5 

t..n _ V:: Uf A ~ 
0 -bcam 

-f 
I 

PMC. 12. CxeMa 3KCnepHMeHTa. 1 - no11RpM3aTOp, 2 - lf>11Mnnep, 3 - KpHcTan/1 MHTeplf>epoMeTpa, 4 - Ka­

TYWKa, C03Aatall\ee none Bz, 5 - AeTeKTOpbl, 6 - !f>a30CABMratall\ei1 n11acTMHKa. 

nep111MeHTallbHOH norpewHocrn. Pa3HOCTb <j>a3 Me>KAY COCTORHlllRMlll (J = 0 Ill (JR = 180° paBHa 

(-cpi) (p111c. 13a); pa3Hocrn <j>a3 AJ1R yrnoe 70.5°, go• 111 10g,5• TaK>Ke eocnpm13eoART npeACKa3aH­

Hble He11111HeHHble 3aBlllClllMOCTlll. 

a) 

.... 

... 
'·1IO 

tpi(•) 

6) ..• •• 

.. 
<I,; f l62~1V l•;O.s' ~! 

11) . 10 

.. . 
-1• a 1• -~ o t• 

'PL(•) 

PMC. 13. a) <l>a30Bble CABMrM Me'IK/l,y naAalOll\MMM COCTORHMRMH (} .. (JR .. aMnllMTYAbl MHTeplf>epeHL\MM 

AJ1R YeTblpex yrnoe (} e 3aeMCMMOCTM OT yrna npel..\eCCMM <fh· Cn11owHb1e KpHeb1e npeACTaB/lRIOT TeopeTM-

4eCKMe npeACKa3aHMR (17) . 

B 4eTeepTOH rnaee paccMaTplllBaeTCR MeTOA HeHTpOHHOH cn111H-3XO cneKTpOCKon111111 {HC3) 

(11] . CxeMa HC3 cneKTpoMeTpa npeACTaB/leHa Ha p111c. 14. nyYoK no11Rp1113oeaHHblX 
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HeMOHOXpOMaTlll4eCKlllX HeHTpOHOB noC/leAOBaTe/lbHO npOXOAlllT 4epe3 ABe 4eTKO onpeAelleHHble 

0611acT111 OAHOPOAHOro MarHlllTHOro no11R I 111 II nporn>KeHHOCTbtO Li 111 L2 c no11RMlll Bi 111 8 2 , Hanpas-

11eHHblMlll BAO/lb Ill npornB OCH x . rpaHlllL\bl 3TlllX 0611aCTeH onpeAe/lRIOTCR KarywKaMlll <!>1 Ill <!>2 (TI/2-

<1>11111nnepaM111), spall\a10ll\lllM111 cn111H Ha go·: np111 npoxo>t<AeH111111 4epe3 n/2- <1>11111nnep <l>i Hanpas11e­

H111e cn111Ha pe3KO 1113MeHReTCR c S II x Ha S .i z, 4TO lllHlllL\llllllpyeT npel..\ecc111t0 B nonepe4HOM none. 

BTOpOH n/2- <1>11111nnep <!>2 Ha paCCTORHllllll Li (L2) OT nepsoro pe3KO OCTaHaB/llllBaeT npel..\eCCHIO, 

1113MeHRR Hanpas11eH111e cn111Ha c S .i z Ha S II x. B pe3y11bTaTe npel..\eCClllR cn111Ha s 0611acrnx I 111 II 

npOlllCXOAlllT B npOTlllBOnO/lO>KHblX HanpaB/leHlllRX. 

PaccMOTplllM nplllHL\llln AeHCTBlllR HC3 cneKTpoMeTpa B KBa3111K11acc1114ernoM np111611111>KeH111111 B 

KOTOpOM cn111H HeHTpOHa onlllCblBaeTCR CnlllHOBOH BO/lHOBOH <l>YHKL\llleH, HO ABlll>KeH111e ero paccMaT­

p111saeTCR B npeAe/le reoMeTplll4eCKOH onrnKlll (il __, 0), T.e. no K/1aCCH4eCKlllM TpaeKTOPlllRM. 

nonRpH3aTOp 

-Be 

ConeHOHA I Y~x 
*® >< __ 

'2 

B, 

ConeHOHA II 

* 8, 

PMc. 14. CxeMa cnMH-3XO cneKTpoMeTpa. 

AHanM3aTop 

E 
AeTeKTop 

no11Rp1113al..\lllOHHOe COCTORHllle HeHTpOHa, OKa3aBwerocR B nonepe4HOM MarHlllTHOM none B noc11e 

HeaA1116arn4ecKoro noeopoTa cn111Ha Ha n/2 nocpeACTBOM <1>11111nnepa <!>1 {p111c. 14), on111cb1saeTCR KaK 

KOrepeHTHaR cynepn031111..\lllR ABYX BOllH, COOTBeTCTBYIOll\lllX co6cTBeHHblM COCTORHlllRM cn111Ha Ji) .. 
J.!.), HanpaB/leHHblX napa1111e/1bHO Ill aHrnnapa1111e/1bHO MarHlllTHOMY no11t0 8: 

1 1 
1/Jo = '12 Ji)+ '12 J.!.) 

{25) 

B c11111y 3aKoHa coxpaHeHlllR 3Hepr111111 no11HaR 3HeprnR Hei1TpoHa E0 = mv~/2 np111 nonaAaHMlll B 

0611aCTb MarHlllTHOro nO/lR He 1113MeHReTCR, TaK 4TO B03HlllKHOBeH111e noTeHL\Ma/lbHOH 3eeMaHOBCKOH 

3Heprn111 Eu = 'fµB AJlR cocTORHlllH cn111Ha Ji) M J.1.) np111BOAlllT K yee11111YeH111t0 111 yMeHbWeH111t0 

K111HeT1114eCKOH3Hepr111111 

2 

mnvr =Eo+µB 
2 

2 
mnv~ = Eo - µB 

2 
{26) 

Ill K 1113MeHeHllllO CKOpocrn pacnpocTpaHeHlllR BOJlH, COOTBeTCTBYIOll\lllX co6cTBeHHblM COCTORHlllRM 

cn111Ha (A/lR µB «£0): 

µB 
+ -vu= Vo -mnVo 

BpeMR, Tpe6yeMoe HeHTpOHHblM BO/lHaM AJlR npOXO>KAeHlllR 0611acrn no/lR (12]: 
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{27) 
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L L _ hynBL _ TNsE 
t; ! = - = - + -- = to + --

, vu Vo mnvo3 2 
{28) 

fAe TNsE TaK Ha3blBaeMoe cnHH-3XO BpeMR (nOCKO/lbKY HMeeT pa3MepHOCTb epeMeH"1) 

TNSE = hynBL m2 
mv~ = 2rrh2 YnBLA3 (29) 

"1 RB/lReTCR ee/1"14"1HOH, xapaKTep1-13y10~eH pa3peweHHe HC3 cneKTpoMeTpa: ABe B0/1Hbl npHXOART 

Ha 06pa3e4 c 3aAep>t<KOH 'NSE• KOTOpaR RB/lReTCR pea/lbHOH cj>H3H4eCKOH epeMeHHOH 3aAeP>KKOH 

Me>KAY ABYMR BO/lHaMH Ha 06pa34e. no11Rp1-13a41-1R perncTpHpyeMOfO Ha BblXOAe HC3 cneKTpO­

MeTpa HeHTpOHHOfO ny4Ka onpeAe/lReTCR npOH3BeAeHHeM aMnllHTYA 3T"1X ABYX BO/lH H AaeT epe­

MeHHYIO KOppe11R4HOHHYIO cj>yHKL.\HIO pacceRHHR S(Q, 'NsE) [12]. KOTOpaR RBllReTCR ct>ypbe npeo6-

pa30BaHHeM cj>yHKL.\HH pacceRHHR S(Q, w), xapaKTep1-13y10~eH pacceRHHe Ha 06pa34e (Q - eeKTop 

nepeAaHHoro 1-1Mny11bca): 

J S(Q, w) cos WTNsE dw = S(Q, TNse) (30) 

B TO epeMR KaK TpaA"14"10HHble MeTOAbl KBa3"1ynpyroro pacceRH"1R HeHTPOHOB "13MepRIOT npeo6-

pa30BaH"1e ct>ypbe OT S(Q, t), TO eCTb 3aKoH pacceRHHR S(Q, w), KOTOpblH onpeAe11ReTcR "13 ABOH­

Horo AHcj>cj>epeH41-1a11bHoro ce4eH"1R pacceRHHR d 2 a / dll 2 • 

C11eAyeT OTMeTHTb Ky61-14ecKHH xapaKTep 3a01-1c1-1Mocrn TNsE OT AJ1"1Hbl eo11Hb1 HeHTpoHoe -1: 
pa3peweH1-1e HC3 cneKTpoMeTpa o4eHb 6b1cTpo pacTeT np1-1 nepexoAe K 1-1cno11b30BaH1-110 6011ee xo­

llOAHb1x HeHTPOHOB. Heynpyroe pacceRHHe Ha 06pa34e npHBOA"1T K "13MeHeHHIO K"1HeT"14eCKOH 

3Heprn"1 HeHTpOHOB Ha Be/1H4"1HY L'>E = hw = mvnL'>v' fAe Llv - "13MeHeH"1e CKOpocrn HeHTpOHOB 

np1-1 pacceRHHH. ,[\11R Ma/lblX nepeAa4 3Heprn1-1 hw « E0 (Llv « v0 ) "1 OTHOCHTe/lbHOe 3Heprern4e­

CKoe pa3peweH1-1e HC3 cneKTpoMeTpa 

L'>E Llv 2<pvn 2h <p 1 
-= 2-=--=---·-
E vn YnBL m YnBL A 

{31) 

AOcrnraeT 4· 10-6 /A 6e3 KaKHx-111-160 cepbe3Hb1X orpaHH4eHHH Ha MOHoxpoMarn4HOCTb naAalO­

~ero ny4Ka (OK0/10 20%). TaK"1M o6pa30M, OTHOCHTellbHOe pa3peweH"1e HC3 MeTOAa Ha 3 nopRAKa 

BblWe 4eM pa3peweH"1e TpaA"14"10HHblX AHc!>cj>epeH4"1a/1bHblX MeTOAOB HeHTpOHHOH cneKTpOCKO­

nH"1. ,[\11R HeHTpOHOB c A = 10 A, pa3peweH1-1e cocTaB11ReT 1 H3B, 4TO, Hanp1-1Mep, cooTBeTcTByeT 

04eHb MeAJ1eHHOH A"1HaMHKe n0/1"1MepHblX 4eneH -ABH>KeHHIO co CKOpOCTblO OK0/10 3cM/CeK. 

HC3 cneKTpOMeTp orn1-14aeTcR OT TpaAHL.\HOHHblX np1-16opo0 HeHTpOHHoro pacceRHHR 4pe3Bbl-

4aHHO BblCOKOH CBeTOC"1/10H. Cl>"13"14eCKaR npH4"1Ha 3TOfO 11e>K"1T B HCn0/1b30BaH"1"1 3cj>cj>eKTa /lap­

MOpOBCKOH KOAHPOBKH. CyTb ero 3aK/ll04aeTCR B TOM, 4TO npe4eCC"1R cnHHa HeHTpOHa 1-1rpaeT pOllb 

"4aco0", KOTOpble HeCeT c co6oH Ka>KAblH HeHTpOH : np"1 3TOM BeKTOp cn1-1Ha RB/lReTCR "cTpellKOH" 

3T"1X «4aCOB». YacTOTa epa~eH"1R CTpel1K"1 3T"1X «/lapMOpOBCK"1X 4aCOB» - 4aCTOTa /lapMOpOBCKOH 

npe4ecc1-11-1 WL = YnlBI 3aB"1C"1T TO/lbKO OT Be/1"14"1Hbl MarH"1THOfO no11R B KOTOPOM HaXOAHTCR 

HeHTpOH [13]. CTapT-CTOn /lapMOpOBCKHX 4aCOB ocy~eCTB/lReTCR np"1 BXOAe-BblXOAe "13 0611acrn 

npe4eCC"1"1. TaK"1M o6pa30M, onpeAe/leHHe CKOpocrn HeHTpOHa MO>KeT 6biTb ocy~eCTB/leHO no­

cpeACTBOM C4"1TblBaHHR U3MeHeHUR noKa3aHuiJ /lapMopoecKHX 4aco0 tc = L/vn B pe3y11bTaTe 
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npOXO>KAeHHR 4epe3 0611aCTb no11R H3BeCTHOH A/lHHbl L, B TO epeMR KaK 3HaHHR caMoro epeMeHH 

BXOAa-BblXOAa He Tpe6yeTCR. 

B o6~eM c11y4ae pacnpoCTpaHeHHR HeHTPOHOB 4epe3 0611aCTb MafHHTHOro no11R c HanpR­

>KeHHOCTblO 8 nOA YfllOM a K ropH30HTa/1bHOH OCH (p1-1c. 15), nO/lHblH yro11 npe4ecrn1-1 <p (epeMR, 

noKa3blBaeMoe «/lapMopo0cK1-1M1-1 4acaMH» Ka>KAOro HeHTpoHa) "1 no11Rp1-13a41-1R BblXOAR~ero 
ny4Ka onpeAellRIOTCR KaK 

<p = wLtc = (rn i Bdl) :n {32) 

H 

P,out = P0 [1 + cos(rn i Bdl) :n A] (33) 

Oco6eHHO Ba>KHblM ABllReTCR TO, 4TO Ka>KAblH HeHTpOH B ny4Ke HeCeT CBOH co6cTBeHHble 

«/lapMOpOBCK"1e 4aCbl» H TaKHM o6pa30M HHAHBHAYalleH. np1-1 Hcn0/1b30BaH"1"1 MOHOXpOMaTOpOB 

lll06oro rnna, KOTOpble Bb161-1pa10T "13 HeHTPOHHOro ny4Ka HeHTpOHbl B >Ke11aeMOM AHana30He CKO­

poCTeH (MOHOXpOMaTH3a41-1R ny4Ka), ce11eKrnpo0aHHble HMH HeHTpOHbl RB/lRIOTCR 4aCTblO 

"HeHTpOHHblH TO/lnbl" H He HMelOT HHAHBHAya/lbHOCTH. AHa/10fH4HaR CHTYal.\HA HMeeT MeCTO H npH 

Hcn0/1b30BaHHR K0/1/lHMaTopoe, KOTOpble Bb161-1pa10T "13 WHpOKO paCXOAR~erocR HeHTPOHHOfO 

ny4Ka HeHTpOHbl B >Ke11aeMOM AHana3oHe Hanpa011eHHH (K0/1/1HMa4HR ny4Ka). 

PaccMOTpHM ABa npeAellbHblX c11y4aR pacnpocTpaHeHHR no11RpH30BaHHoro ny4Ka 4epe3 06-

11acTb MafHHTHOro no11R (p1-1c. 15). 

1. HeMOHOXpoMamu'1eCKuiJ (LU/..1."'" 1), HO KOflflUMUpOBQHHb/U (c11a60 pacXOAR~"1HCR) HeHTpOH­

HblH ny40K Ki - Ki: B 3TOM c11y4ae KOHe4HOe epeMR, noKa3blBaeMoe «/lapMOpOBCK"1M"1 4aCaM"1», 

3a01-1rnT TO/lbKO OT A, 1-1 Mbl "1MeeM Ae110 c /lapMopoecKOH KOAHPOBKOH AJlHHbl B0/1Hbl . 

2. MOHOXpoMamu<;eCKUU (LU/A« 1), HO HeKOflflUMUpOBQHHb/U (T.e. paCXOAR~"1HCR) HeHTpOH­

HblH ny40K Mi - Mi: B 3TOM c11y4ae KOHe4HOe epeMR, noKa3aHHOe «/lapMopOBCK"1M"1 4acaM"1» 

3aB"1C"1T TO/lbKO OT yr11a a, "1 Mbl "1MeeM Aello c /lapMOpOBCKOH KOAHPOBKOH yrna. 

PHc. 15. PacnpocTpaHeHHR HeHTpOHHOro 

TaKHM o6pa3oM, 06bACHeH1-1e np1-1H41-1no0 pa-

60Tb1 HC3 cneKTpoMeTpoe MO>KeT 6b1Tb AaHo Ha 

OCHOBaHH"1 3cj>cj>eKTa /lapMopOBCKOH KOA'1POBK"1, 

T.e. B KllaCCH4eCKOM np1-16111-1>KeH"1"1, B KOTOpOM 

HeHTpOH paccMaTp"1BaeTCR KaK KllaCCH4eCKaR 4a­

CT1-14a, ABH>Ky~aRCR no onpeAelleHHOH TpaeKTO­

pi-1"1. np1-1 3TOM BeKTOp cn1-1Ha RB/lAeTCR "CTpe11-

ny4Ka 4epe3 0611aCTb MafHHTHOfO no11R. KOH" «/lapMopoecKHX 4aco0», a 4aCToTa ee Bpa-

~eHHR paBHa KOTOpOH 4aCTOTe /lapMOPOBCKOH 

npe4ecrn1-1 WL. 3rn coo6pa>t<eH"1R /le>KaT B OCHOBe pa3pa6oTaHHOro HaMH MeTOAa MOAe111-1poBaH"1R 

A'1HaM"1K"1 cn"1Ha HeHTpOHOB np'1 "1X pacnpocTpaHeH"1"1 B HeCTal.\HOHapHblX MafH"1THblX nOllRX, KO­

TOpbiH 6bi/1 3anporpaMM'1pOBaH B cne41-1a11bHOM MOAYlle H HHTerp1-1po0aH B nporpaMMHblH naKeT 

AJ1R MOAe111-1po0aHHR HeHTPOHHblX HHCTpyMeHTOB VITESS [14]1, 4TO OTKpb1110 B03MO>KHOCTb 

1 
Brn pa6oTa no nporpaMMHPOBaHHIO MOAy11ei1 AllR VITESS 6b111a ocyu;ecrs11eHa C.A. MaHOWHHblM B paMKax ero AHC­

cepTaljHOHHOH pa60Tbl B "1HCT'1TyTe raHa-Mai<rnep (6epllHH) " noC11eAYIOL11ei1 pa60Tbl B /lH<ll 0"1A"1. 
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MOAe1111posaHl1R npaKTl14eCKl1 scex 11HCTpyMeHTOB, 11cnO/lb3YIOll.\11X no11Rpl130BaHHble HeihpOHbl. 

OCHOBHaR 11AeR, 11e>Kall.\aR B OCHOBe Hawero nOAXOAa COCTOl1T B TOM, 4T06bl pa3Ae/111Tb npoCTpaH­

CTBO A/111HOH a, 3an0/1HeHHOe 3aBl1CRll.\11M OT speMeHl1 MarHl1THblM no11eM B(t), Ha 60/lbWOe K0-

/1114eCTBO N noc/leAOBaTellbHblX TOHKl1X C/lOeB TO/lll.\11HOH a/N (p11c. 16a). Be/111411Ha 11 Hanpa011e­

H11e MarHl1THOro nO/lR B Ka>KAOM C/lOe RB/lRIOTCR noCTORHHblMl1, HO 113MeHRIOTCR np11 nepeXOAe OT 

C/lOR K C/lOIO. <l>a3a npeu,ece1111 cn11Ha Hei1TpOHa B Ka>KAOM c11oe Bbl411C/1ReTCR KaK YnBla/vn . Bbl-

411C/leHHble TaKl1M o6pa30M BblXOAHble KOMnOHeHTbl cn11Ha Hei1TpOHa noc11e npOXO>KAeHl1R 4epe3 

k-blH C/lOH, 11cnO/lb3YIOTCR KaK BXOAHble KOMnOHeHTbl BeKTOpa cn11Ha AJ1R Bbl411C/leHl1H B ClleAYI0-

11.\eM (k +1)-oM c11oe : 

{sk}out = {sk+i};n' i = x, y, z; k = 1, .. ., N - 1 {34) 

TaKl1M o6pa30M, noc/leAOBaTe/lbHO Bbl411C/1RIOTCR KOMnOHeHTbl BeKTOpa cn11Ha B npou,ecce npo­

XO>KAeH11R 4epe3 see C/1011. Pe3yllbTaT, nony4eHHblH AJ1R noc/leAHero C/lOR, AaeT KOMnOHeHTbl BeK­

TOpa cn11Ha Hei1TpoHa {sA,} , npoweAwero 4epe3 0ct0 0611acTb MarH11THoro no11R . B c11eAYt0U1ei1 
out 

11Tepau,1111 411C/10 c11oe0 yse11114110aeTCR BABOe 11 Bbl411C/leHl1R noBTOpRIOTCR. VITepaU,110HHblH npo-

u,ecc npeKpau.\aeTcR, KOrAa se1111Y11Hb1 scex Tpex KOMnoHeHT cn11Ha Hei1TpoHa, nepeCTaHYT 3a011ceTb 

OT N (p11c. 166). 

a) N 

1 fj 
·~1 t~ I • Magnetic field 

( '' 
N 

P1-1c. 16. a) npeACTa011eH11e 0611acrn no11R c N 

CJ10RM11. (6) Be1111Y1-1Ha MOAe1111pyeMb1x 1-1cxo­

ARL1\l1X KOMnoHeHT cn1-1Ha B 3aBl1Cl1MOCTl1 OT 

4"1Clla N. 

nocKO/lbKY MOAe1111posaH11e OCYll.\eCTB/lReTCR 

AllR 6011bworo K0/1114eCTBa HeHTpOHOB, npeA­

CTaB/1RIOll.\11X Beeb Hei1TpOHHblH ny40K, TO Bbl411C­

/1ReMblMl1 Be/111411HaMl1 RB/lRIOTCR Tpl1 KOMno­

HeHTbl {Px, Py, Pz) no11Rp113a41111 Hei1TpOHHOro 

ny4Ka. Ec1111 MarHl1THOe none He RB/lReTCR OAHO­

POAHblM, TO Ka>f<AblH CJIOH B CBOIO 04epeAb pa3-

6110aeTCR Ha CTO/lb Mallble KOHe4Hble 3/leMeHTbl, 

4TO B Ka>KAOM 113 Hl1X MarHl1THOe none npaKTl14e­

CKl1 RB/lReTCR noCTORHHblM KaK B npoCTpaHCTBe, 

TaK 11 BO 0peMeH11, T.e. Ka>KAOMY KOHe4HOMY 3/le­

MeHry cooTBeTcTByeT co6cTBeHHbli1 no Hanpa0-

11eH11t0 11 Be/111411He BeKTOp MarHl1THOro no11R. 

MarHl1THOe none B Ka>KAOM KOHe4HOM 3/leMeHTe 

Bbl411C/1ReTCR aHa/111Tl14eCKl1 11/11111MnoprnpyeTCR 

113 BHewHero 11cTOYH11Ka (<f>ai111a) . nocneAH11i1 npeACTa011ReT co6oi1 111160 TpexMepHyt0 KapTy Mar­

Hl1THoro no11R, 113MepeHHoro 3Kcnep11MeHTa11bHO, 111160 TpexMepHoe pacnpeAe11eH11e no11R, BblY11c-

11eHHOe MeTOAOM KOHe4HblX MarHl1THblX 3/leMeHTOB (FEM) AJ1R no11ei1 co C/lO>KHOH npoCTpaHCTBeH­

HOH KOH<j>11rypau,11ei1 nocpeACTBOM cneu,11a1111311posaHHblX nporpaMM. 

nposepKa on11caHHoro Bb1we MeTOAa MOAe1111posaH11R 6b111a nposeAeHa nocpeACTBOM cpa0-

HeH11R pe3y/lbTaTOB Bbl411ClleHl1R MOAe1111posaHHblX 11 3KCnep11MeHTa/lbHblX 3Ha4eHl1H KOMnOHeHT 

seKTopa no11Rp113au,1111 AJ1R ABYX noc11eAOBaTe11bHblX ycTpoi1cTB c spall.\atOU,\11Ml1CR s n11ocKocrn 

MarHl1THblMl1 no/1RMl1 (OAHO 113 Hl1X noKa3aHO Ha p11c. 17a). PacnpeAelleH11e MarHl1THOro no/lR B 

pea/lbHOM ycTpOHCTBe, COCTORll.\eM 113 ABYX opToroHallbHblX KaryweK c yMeHbWeHHOH nllOTHOCTblO 

HaMOTKl1 K 11X nep11<f>ep1111, OKpy>t<eHHblX PRAOM µ-MeTa/1/1114eCKl1X n11aCTl1H 6bl/10 Bbl411C/leHO c 
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l 
i 

11cno11b30BaH11eM nporpaMMHoro naKeTa MagNet 11 11MnoprnposaHo s VITESS: MOAe1111posaH11e c 

pea/lbHblM pacnpeAe11eH11eM MarHl1THoro no11R npeKpacHo cosnaAeT c 3Kcnep11MeHTOM (p11c. 170). 

a) 
8, = cos(wt) 

P, 6) 
1 .00~---------~ 

o.n 
o.so 
0.2~ 

0 

0,25 

o.so 
0.75 
1,00 I .~ I I v, I ,- I I 

0 4 6 8 10 12 14 
llac1·ou. 1oJ ru 

e) P, 
1.00~--------~ 

o.n 
o.so 
0.25 

0 

0,25 

0,50 

0.75 

1 ,00+-,....,.-.....,.~.-.-..,.... ....... .....,.~ ..... 
0 4 6 s 10 12 14 

4 aClOIA. 101 fu 

P1-1c. 17. a) 3Kcnep1-1MeHTaJ1bHOe ycTpoi1crno, cocTORll.\ee "13 ABYX opTOroHallbHblX co11eH0"1AaJ1bHblX Kary­

weK 1-1 OKpy>t<atOll.\ero MarH11THoro 3KpaHa. 6) 4acrnrnaR 3a01-1C11MOCTb P, no11Rp113a41-111 (4epHble KBaApaTbl) 

e cpa0HeH11"1 c VITESS MOAe1111poeaH1-1eM AJIR l1Aea11bHoro epall.\atOll.\erocR MarHl1THoro no11R 1-1 e) pacc411-

TaHHblM nporpaMMOH MagNet . 

MoAe1111posaH11e 11HcTpyMeHTOB Hei1TpOHHoro pacceRHl1R MeTOAOM MoHTe-Kap110 s HaCTOR-

11.\ee speMR RBJIReTCR HeOTbeM/leMOH 4aCTblO npou,ecca nposepKl1 KOHU,enu,11i1 HOBblX ycraHOBOK, 

KOrAa aHa1111rn4ecKaR ou,eHKa napaMeTpOB 11HCTpyMeHTOB He npeACTaB/lReTCR B03MO>KHOH .. TaKl1M 

o6pa30M, Mbl snepBble C03Aa/111 B03MO>KHOCTb MOAe1111posaHl1R /lt06b1X 11HCTpyMeHTOB, 11cnO/lb3Y­

IOll.\11X no11Rp1130BaHHble Hei1Tp0Hbl. 

B nRTOH rnase, OCHOBblBaRCb Ha KOHU,enu,1111 /lapMOpOBCKOH KOA11POBKl1 KaK np11Hu,11na pa-

60Tbl HC3 cneKTpoMeTpos, npeAJ1o>KeHbl 11 3Kcnep11MeHTallbHO pea1111300aHbl ABa HOBblX T11na HC3 

cneKTpOMeTpos : Ha OCHOBe spaU,\al011.\11XCR 11 Ha OCHOBe rpaA11eHTHblX BO speMeHl1 MarHl1THblX no-

11ei1. 

z 

s 

x 

y 

P11c. 18. Bpall.\aTellb cn1-1Ha 

BC, BC, 

\..___ L,~ 
y 

BC, BC, 

\..._ L, ~ 
y 

P11c . 19. CxeMa HC3 cneKTpoMeTpa Ha ocHoee epall.\al0ll.\11XCR 

MarHIHHblX no11ei1 . 

OCHOBHblM 3JleMeHTOM HC3 cneKTpOMeTpa Ha OCHOBe 0paw,at0UJ,l1XCR MarHl1THblX no11ei1 

{BMn HC3) RBJIReTCR spaU,\aTeJlb cn11Ha, npeACTaBJIRIOU,\11H co6oi1TOHKYIO0611aCTb spall.\atOU,\erocR 

MarHl1THOro no11R B, nepneHA11Ky11RpHyt0 Hanpa011eH11t0 pacnpocTpaHeH11R no11Rp11300aHHoro 

BAO/lb orn OZ Hei1TpOHHoro nyYKa (p11c. 18). Ec1111 aMn1111ryAa MarHl1THoro no11R YAOB/leTBopReT 

yc110011RM rr-Q>1111na, T.e. seKTOP cn11Ha Hei1TpoHa cosepwaeT /lapMoposcKyt0 npeu,ece11t0 Ha no11-

06opora so speMR pacnpocTpaHeH11R Hei1TpoHa Yepe3 0611aCTb Marn11rnoro no11R, TO s pe3y11bTaTe 
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npe4ecorn seKTop cn11Ha B03Bpall.\aeTCR B n11ocKOCTb YZ, MarHl1THoro no11R, TaK 4TO 11MeeT MeCTo 

«OTpa>t<eH11e» BeKTOpa cn11Ha OTHOCl1Te/lbHO BeKTOpa B. PaccMaTpl1BaR BeKTOp cn11Ha s KaK 

CTpe11Ky napMOpOBCKl1X 4aCOB MO>KHO CKa3aTb, 4TO OHa spall.\aeTCR BABOe 6b!CTpee, 4eM BeKTOp 

MarHl1THoro no11R B . no11b3YRCb TaKl1Ml1 spall.\aTe/1RMl1 cm1Ha, MO>KHo noCTpo11Tb BMn HC3 cneK­

TpoMeTp (p11c. 19). Bo speMR pacnpoCTpaHeHl1R HeihpoHa B cso60AHOi:1 OT nO/lR 0611acT11 Me>KAY 

spall.\aTe11RM11 cn11HOB npoCTpaHCTBeHHoe Hanpas11eH11e cn11Ha Hei:1TpoHa, BbtWeAwero 113 BC1 He 

113MeHReTCR, s To speMR KaK seKTop MarH11THoro no11R B(t) s BC2 spall.\aeTcR. noc11e npe4ecc1111 s 

BC2 Hei:1TpoH noK11AaeT n11e40 /, o6pa3yR yro11 <P1 = 2wLifvn, c seKTOpOM B(t1 ), T.e. yro11 no11Hoi:1 

npe4ecc1111 cn11Ha noc11e pacnpocTpaHeH11R 4epe3 napy cn11HOBbtX nosopoTos He 3as11c11T OT 

Ha4allbHOro yrna al, a TO/lbKO OT CKOpOCTl1 Hei:1TpOHa. C/leAOBaTe/lbHO, napa spall.\aTe11ei:1 cn11Ha 

BC1 - BC2 pa6oTaeT KaK napMOpOBCKl1e 4aCbl, noKa3aHl1R KOTOpb!X 3aBl1CRT TO/lbKO OT CKOpOCTl1 

Hei:1TpOHOB, a J = 2wL1 COOTBeTCTByeT l1HTerpa11y no no1110 B 06bt4HOM HC3 cneKTpOMeTpe. 

AHa11orn4HO, pacnpocTpaHeH11e 4epe3 BTopy10 napy spall.\aTe11ei:1 cn11Ha BC3- BC4 (n11e40 II , 

p11c. 19) c npornsono11o>KHblM Hanpas11eH11eM spall.\eH11R MarHl1THOro no11R np11BOA11T K npOT11BO­

no11o>KHOMY yrny npe4ecc1111 cn11Ha <P11 = -2w Li/v,. . ,ll,11R L1 = L2 napMoposcKoe speMR noc11e 

npoxo>KAeH11R 4epe3 n11e40 I no11HOCTb10 KOMneHc11pyeTcR 3a C4eT npoxo>KAeH11R 4epe3 n11e40 II 11 

no11Hbti:1 yro11 npe4ecc1111 cn11Ha Hei:1TpoHa <P1+<P11 = 0, TaK 4TO no11Rp113a411R Hei:1TpOHHoro ny4Ka 

BOCCTaHas1111saeTCR (p11c.20) (cn11H-3XO cj>OKYCl1POBKa) . l!13MeHeHl1e 3Heprn11 Hei:1TpOHa /'J.E = 

hwNSE, Bbl3BaHHOe pacceRHl1eM B 06pa34e, npl1BOAl1T K pa3/111411IO speMeH pacnpoCTpaHeHl1R, /'J.t, 

Me>KAY spall.\aTe/1RMl1 cn11Ha B n11e4ax I 11 II , TaK 4TO <P1+<P11 * 0. 3TO npoRB/lReTCR KaK nosopOT 

Bb!XOARL!.\ero 113 6(4 BeKTOpa cn11Ha OTHOCl1TellbHO OCl1 oz 11, KaK C11eACTBl1e, yMeHbWeH11e no11Rp11-

3a41111 pz Bb!XOARL!.\ero Hei:1TpOHHOro ny4Ka (HeCKOMneHC11pOBaHHble 111111 csepXKOMneHC11pOBaH­

Hble noKa3aH11R napMoposcK11x 4acos s n11e4ax I 11 II) : 

Pz = cos[2w · /'J.t] = cos (2wL1 /'J.v 
2

) 
mnv 

(35) 

l!1cno11b3YR /'J.E ""mnvl'l.v (!'J.v « v), no aHa11orn11 c (29) onpeAe1111M cn11H-3XO speMR, xapaKTep11-

3Y10ll.\ee pa3peweH11e rMn HC3 cneKTpoMeTpa : 

h h 
T sMn HC3 = -- 2wL = --] 

mnv3 mnv3 
(36) 

np11H411n pa6oTbt BMn HC3 cneKTpoMeTpa 6b111 nOATBep>t<AeH s 3Kcnep11MeHTe, KOTOpbti:1 nposo­

A1111CR Ha 11HCTpyMeHTe MIRA B l.J,eHTpe Xai:1H4a-Mai:1epa-nei:16H114a (MLZ) B rapx11Hre, repMaHl1R 

Ha Af111He so11Hbt A.= 9.75 A (/'J.A./A. = 5%) . Bpall.\a10ll.\l1ecR MarH11THb1e no11R co3Aasa1111cb nocpeA­

CTBOM cynepno31141111 ABYX OpToroHa/lbHblX CAB11HYTblX no cj>a3e Ha 90' oc411111111py10ll.\l1X MarH11THblX 

no11ei:1 OT ABYX TOHKl1X KaryweK TOl1Ll.\11HOi:1 d = 3.3 MM. ,ll,11R pernCTpa41111 HC3 c11rHa11a l1HTerpa11 

no11R 2WLz BO BTOpOM n11e4e 113MeHR/1CR nocpeACTBOM CMell.\eHl1R spall.\aTe/lR cn11Ha 6(4, T.e. CKa­

Hl1pOBaH11eM L2 BOKpyr T04Kl1 c11MMeTp1111 . ob11111 npoBeAeHbl ABa 113MepeH11R c 4acTOTaM11 f1 = 5 

Krll 11 f 2 = 10 Kr4. Ha p11c. 21 noKa3aHbl HC3 c11rna11b1, 3aperncTp11posaHHb1e Af1R 06e11x 4aCTOT 11 

annpoKc11M11posaHHb1e cj>yHKl..ll1RMl1, Y411Tb1Bal0Ll.\11Ml1 cneKTP naAalOLl.\ero ny4Ka /(A.) : 

P(L2 - L1) = f ' /(A.) cos ( 2 :n (L2 - L1)) dA. (39) 
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P11c. 20. CMOAe1111poBaHHblH c11rHall BMn HC3 
AJ1R L1 = 290 MM, A.= 9.75 A, f = 5 Kr4. Cn11ow­
Hbte Kp11Bble coorneTCTBYIOT ypaBHeHl1IO (35). 
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P11c. 21. C11rHa11b1 HC3 BMn AJ1R 4aCTOT 5 
KrL.\ 11 10 Krl.\. CnllOWHble /111Hl111 - Teopern-

4eCKl1e Kp11Bble (37). 

l!1cno11b3YA Tpl1 spall.\aTellA cn11Ha c npoT11sono11o>KHbtM11 Hanpas11eH11RMl1 spall.\eHl1R MarH11THblX 

no11ei:1, snepsb1e 3Kcnep11MeHTallbHO pea11113osaH Tpoi:1Hoi:1 6yTCTpan. 3TO no3BOl1ReT TpexKpaTHOe 

yse11114eH11e sepxHero npeAe11a pa3pewa10ll.\eH cnoco6Hocrn BMn HC3 cneKTpoMeTpa np11 coxpa­

HeH1111 pa604ei;1 4aCTOTbl Ha ypoBHe, AalOLl.\eM Bb!COKYIO no11Rp113a41110 BblXOARLl.\ero HeihpOHHOfO 

ny4Ka (p11c. 22). 
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P11c. 22. 1!13MepeHHble OAlo!HapHblH, ABOHHOH 11 Tpoi1Hoi1 6yTCTpan-C11rHa/lbl Ha 4aCTOTe 5 Kr4. «T04Kl1 

C11MMeTp1o111» noKa3aHbl crpe11Koi1. 3Kcnep11MeHTa/lbHbte ow116K11 He npeebtWatoT pa3Mepoe T04eK Ha 

rpacj>11Kax. 

nocpeACTBOM on11caHHOfO Bbl We MeTOAa MOAe1111poeaHl1A A11HaM11Kl1 cn11Ha Hei:1TpoHa B spa­

Ll.\al0Ll.\11XCR MarH11THbtx no11Rx, no11yYeHa 04eHKa sepxHero npeAe11a pa3peweH11R: speMeHa ct>ypbe 

AOCTl1falOT 10 HC np11 BblCOKOi:1 no11Rp113a41111 BblXOARLl.\erO Hei:1TpOHHOfO ny4Ka. noKa3aHO, 4TO 

BCl1eACTBl1e 11cnO/lb30BaHl1R spall.\al0Ll.\11XCA MarH11THblX no11AX 6e3 np11CyTCTBl1A CTaTl14eCKOro no11A 

29 



Hl'1>KHl'1H npeAe/l pa3peweHl'1R npaKrn4eCKl'1 OTC'{TCTByeT l'1 AOCTl'1>K1'1Mbl 04eHb KOpOTKl'1e BpeMeHa 

¢lypbe OK0/10 0.1 nc, He06XOA1'1Mble A/lfl 1'1CClleAOBaHl'1R 6blCTpOH Al'1HaMl'1K1'1 . TaK>Ke npoAeMOH­

CTp1'1pOBaHa B03MO>KHOCTb KOppeKL\1'11'1 HeOAHOP0AHOCTl'13<j><j>eKTl'1BHOfO1'1HTerpa11a no no1110 B BMn 

HC3 cneKTpoMeTpe. 

B HC3 cneKTpoMeTpe Ha ocHoBe rpaA11eHTHb1x BO BpeMeHH MarHHTHblX no11ei;; (rMn HC3) 

Bpall.\aTe/lRMl'1 cn11Ha RB/lRIOTCR 0611acrn /11'1HeHHO 3aBl'1CRU\efO OT BpeMeHl'1 MarHl'1THoro nO/lR 

(p11c. 23), TaK 4TO 4acToTa npe4ecrn11 Bo Bpall.\aTe11Rx cn11Ha HeOA1'1HaKOBa 11, 6011ee Toro, MeHR­

eTCR B Te4eHl'11'1 BpeMeHl'1 npo11eTa HeHTPOHa 4epe3 Hl'1X. Ec1111 HeHTpOH BXOAl'1T B Bpall.\aTe/lb 

cn11Ha A c MarHHTHblM no11eM Bi (t) = Bi · t B MOMeHT BpeMeH11 tA, TO <j>a3a /lapMopoBcKOH 

npe4ecc1111, Ha6paHHaR B pe3yllbTaTe pacnpocTpaHeHHR 4epe3 MarHHTHoe no11e, paBHa 

ftA+T1. . . T 12 

<fJA(tA, T) = Yn Bi tdt = YnBi tATi +ynBi T 
tA 

(38) 

rAe Ti = a/vi BpeMR npo11era HeHTpoHa co CKopocTblO Vi 4epe3 0611acTb MarHHTHoro no11R A/11'1 -
HOH a. 

ll=O 

Bi l l i 

_,. L1 L i 

P1-1c. 23. CxeMa rMn HC3 cneKrpoMeTpa 

HeHTpOHbl nonaAalOT B Bpall.\aTe!lb cn11Ha B 4epe3 BpeMR npo11eTa Ti =Li/vi , TaK 4TO <j>a3a, 

KOTopylO OHl'1 np1106peTa10T B pe3y11bTaTe pacnpocTpaHeHHR 4epe3 Bpall.\aTe!lb cn11Ha B, paBHa 

f
~+~+~. . . ~ 2 

<p8 (tA, r) = -yn Bi t dt = -ynBi (tA + Ti )Ti - Yn Bi T 
tA+ T1 

(39) 

11 no11HaR <j>a3a npe4ecc1111 cn11Ha noc11e npoxo>1<AeH11R HeHTpoHa 4epe3 0611acrn A 11 B (n11e40 J) 

. Li a . 
<t>1 = <pA (tA, T) + (/Ja(tA, T) = -yn Bi Ti -- = -ynBi Ti Ti 

Vi Vi (40) 

¢la3a <Pi He 3aBl'1Cl'1T OT BpeMeHl'1 tA np116blT1'1R HeHTPOHa K BpaLJ.\aTe/llO cn11Ha A, a 3aBl'1C1'1T TO/lbKO 

OT CKOpOCTl'1 HeHTPOHa, TaK 4TO CKOpOCTb Ka>KAOfO HeHTPOHa KOAl'1pyeTCR YrllOM npe4ecrn11 era 

cn11Ha B BpaLJ.\aTe/lRX cn11Ha A l'1 B, KOTOpble OCYU\eCTB/lRIOT /lapMopOBCKYIO KOAl'1POBKY no Alll'1He 

BO/lHbl HeHTpOHa, T.e . 11rpa10T PO/lb /lapMopOBCKl'1X 4aCOB, np11Kpen11eHHblX K Ka>KAOMY 

HeHTpoHy. C11eAOBaTe/lbHO, napa TaKHX noc11eAOBaTe!lbHO pacno110>1<eHHb1x /lapMoposcKHx 

4acos AOll>KHa o6pa30Bb1BaTb HC3 cneKTpoMeTp; B AaHHOM c11y4ae rMn HC3 cneKTpoMeTp. 

,ll,eHCTB1'1Te/lbHO, np11 pacnpocTpaHeHl'11'1 ny4Ka HeHTpOHOB 4epe3 ABa nOA06HblX Bpall.\aTe/lR cn11Ha 

C 11 D (p11c. 23) c no11RMl'1 B2 (t) = B2 • t , B KOTOpblX, OAHaKo, Hanpas11eH11R no11ei;; npornsono-

110>1<Hbl no OTHOWeHl'110 K Hanpas11eH1'1IO no11ei;; B Bpall.\aTe/lRX cn11Ha A l'1 B, COOTBeTCTBeHHO. 
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nocKO/lbKY cornacHo (40) no11HaR <j>a3a npe4ecrn11 cn11Ha HeHTpoHa, pacnpocTpaHRIOLJ.\erOCR 4epe3 

ABa spall.\aTe11R cn11Ha, He 3aBl'1Cl'1T OT BpeMeH11 np116b1Tl'1R, TO BpeMR pacnpocTpaHeHHR Me>KAY 

spaLJ.\aTe11RMl'1 cn11Ha B 11 C He HMeeT 3Ha4eHl'1R, 11 MO>KHO cpa3y 3an11caTb no11Hy10 <j>a3y cn11Ha 

HeHTpoHa npe4ecrnR noc11e npoxo>1<AeHl'1R 4epe3 BpaLJ.\aTe1111 cn11Ha C 11 D TOH >1<e TOl1LJ.\1'1Hbl a : 

<t>11 = YnB2 TzTz (41) 

rAe T2 = L2/v2 l'1 Tz = a/v2 , rAe v2 - cKopocTb HeHTpoHa noc11e pacceRHl'1R Ha 06pa34e. B c11y4ae 

Cl'1MMeTpl'14HOH ycTaHOBKl'1, T.e. c 4eTblpbMR OAl'1HaKOBblMl'1 BpaLJ.\aTe/lRMl'1 cn11Ha (Bi = B2 = B) , 

pacno110>1<eHHb1X Ha OAHHaKOBblX paccTORHl'1RX Li = L2 , no11y1.J11M: 

.!l<t> = YnB(T2T2 - Ti Ti ) (42) 

np11H411n pa6oTbl rMn HC3 cneKTpoMeTpa 11111110cTp11pyeTcR Ha p11c. 24: <j>a3a 11apMopoBCKOH npe-

4ecrn11 rp(tA• r), Ha6paHHaR BO BpaLJ.\aTe/lRX cn11Ha, eCTb nllOLJ.\aAb COOTBeTCTBYIOLJ.\1'1X Tpane41'1H Wl'1-

pl'1HOH T (3aWTpl'1XOBaHbl ropl'130HTa/lbHblMl'1 /11'1Hl'1RM1'1), TOfAa KaK pa3HOCTb <j>a3, BBOAl'1MaR napoi;; 

spaLJ.\aTe11ei;; cn11Ha (A-B) l'1 (C-D) AaeTCR npRMoyro11bHl'1KaM11, n11oll.\aAb KOTOpblX pas Ha YnBi T1 r 1 1-1 

Yn B2T2Tz, COOTBeTCTBeHHO (3aWTpl'1XOBaHbl KpecT-HaKpecT) . 

PHC. 24. reoMeTp1'14eCKOe npeACTaB/leHHe /lapMOpOBCKOH cpa3bl, Ha6paHHOH B pe3yllbTaTe pac­

npocTpaHeHl'1R 4epe3 rMn HC3 cneKTpoMeTp. 

c APYfOH CTOpOHbl, 1'13MeHeHl'1e Kl'1Hern4eCKOH 3Hepnrn HeHTpOHa .!lE MO>KeT 6b1Tb npeACTaB/leHO 

KaK .!l<t> = TrMn HC3 .!lE/fi ' fAe TrMn HC3 - cnl'1H-3XO epeMR rMn HCE cneKTpOMeTpa : 

• 3 

- 2fiynLaB = mn3 YnBU.4 
TrMn HC3 - mn v,t rch (43) 

C11eAOBare11bHO, B OT/11'141'1e OT APvr11x HC3 cneKTpoMeTpos, cn11H-3XO epeMR rMn HCE cneKTpo­

MeTpa nponop4110Ha/lbHO il4, a He il3. 3TOT pe3yllbTaT MO>KHO 11erKO noHRTb KaK 1'13 ypaBHeHl'1R 

(42) 11 p11c. 24: pa3HOCTb n!lOU\aAeH npRMoyro11bHl'1KOB, 3awTp11xosaHHb1x KpecT-HaKpecT, npo­

nop4110Ha11bHa npo113BeAeHl'1to Tr. TaKHM o6pa30M, TaKOH cneKTpoMeTp MO>KeT o6ecne41'1Tb 

ropa3A0 6011ee BblCOKOe 3Heprern4eCKoe pa3peweHl'1e A/lfl XOllOAHblX HeHTpOHOB, 4eM HC3 
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cneKTpoMeTpb1 nocTpoeHHble Ha APvrnx np11Hu,1max. Ha npaKrnKe 1111Hei1Ho-so3paCTatol!.\11e 

nO/ll1 ABllAIOTCR yYaCTKOM 11MnyllbCHOro n1111006pa3HOro MarHl1THOro no11A (p11c. 25), TaK 4TO eCTe­

CTBeHHblM ABllAeTCA 11cnOl1b30BaH11e 11MnyllbCHblX Hei1TpOHHblX ny4KOB (Hanp11Mep, "16P-2) 11 Cl1H­

xpOH11311posaHHblX c Hl1M11 11Mny11bCHblX MarHl1THblX no11ei1. Ba>KHoe npe11MylJ.\ecrno npeAJ10>KeH­

Hoi1 MeTOA11Kl1 3aK/ll04aeTCA B 11cno/1b30BaH1111 npOCTblX COl1eH011AHblX KaryweK B Ka4eCTBe spalJ.\a­

Te11ei1 cn11Ha. 611aroAapA 3TOMy, so-nepBblX, MOrYT 6b1Tb 113roTos11eHb1 A/ll1HHb1e spalJ.\aTe1111 cn11Ha, 

06ecne411satolJ.\11e 6011bw11e yr11b1 HaK110Ha Heo6XOAl1Mble AJ1A BblCOKopa3pewatolJ.\11X HC3 Ma11oyr­

llOBblX A11cjJpaKTOMeTpoa (15] . Bo-BTOpb1x, 11cno11b3oaaH11e OA11H04Horo co11eHOl1Aa no30011AeT 3a­

MKHYTb MarHl1THble noTOKl1 11 1136e>KaTb pacceAHHblX MarH11THblX no11ei1, npl1BOAAL!.\11X K Aeno11Ap11-

3au,1111 Hei1TpOHHblX ny4KOB, 4TO BcerAa Tpe6yeT OC06blX Mep npeAOCTOpO>KHOCrn (p11c. 26). 

3Kcnep11MeHTallbHaA npoaepKa rMn HC3 MeTOAa npoBOA1111acb Ha MOHoxpoMarnYecKoM 

nyYKe Hei1TpoHoa (.1 = 9.7 A, !H/.1=5%) 11HcTpyMeHTa MIRA Ha peaKTope FRM-11 a rapx11Hre (rep­

MaH11A). ,D,se napb1 apalJ.\aTe11ei1 cn11Ha, (A - B) 11 (C - D), noMelJ.\a1111cb BHYTPl1 KaMep, CAellaHHblX µ­

Mern1111a, OCTaT04HOe MarH11THOe no11e B KOTOPblX He npeab1wa110 1 Mrc. 

np1111cno11b30BaH1111 TOllbKO OAHoi1 napb1 apalJ.\aTe11ei1 cn11Ha, (A - B), 3aa11e11MocTb 11HTeHC11B­

HOCT11 npoweAWero no11Apl130BaHHOro ny4Ka OT paCCTOAHl1A L1 Me>KAY H11Ml1 (p11c. 23) AeMOHCTpl1-

pyeT 3cjJcjJeKT napMOpOBCKOi1 KOAl1POBK11 (p11C. 26). nocKO/lbKY 11cn0/1b3yeTCA ny40K MOHOXpOMa­

Tl14eCKl1X Hei1TpOHOB, TO 113MeHeH11e L1 COOTBeTCTBYIOT 113MeHeHl1IO apeMeH11 T1 pacnpoCTpa­

HeH11A Hei1TpOHOB Me>KAY H11Ml1 111111, 3KBl1Ba11eHTHO, pa3Hb1M CKOpOCTAM Hei1TpOHOB. TaKl1M 

o6pa30M, CKOPOCTb Ka>KAOro Hei1TpOHa KOA11pyeTCA YrllOM npeu,ecc1111 ero cn11Ha . "1HTeHC118-

HOCTb BblXOAALJ.\ero 11y4a nponopu,110Ha/1bHa no11Ap113au,1111 BblXOAALJ.\ero ny4Ka 11 AB/lAeTCR Cl1Hyco-

11AallbHOi1 cjJyHKU,11ei1 pa3HOCT"1 <j>a3 (42) : 

Pz(B) = cos(2ynBTr) (45) 

H=-1 
CD ., i . ' ' 
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P11c. 25. BpeMeHHaR A11arpaMMa, 111111t0cTp11pyt0-

LL\aA pa3/1114Hb1e c11y4a11 n1111006pa3HDro MarH11T­

HOro no/IA B rMn HC3 cneKTPDMeTpe. 
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P11c. 26. napMOpOBCKaA KOA11POBKa ABYMA 

epaLL!aTe/IAMl1 cn11Ha AflA pa3HblX B. Cn11ow­

Hb1e /111H1111 - annpOKCl1Ma41111 <!>YHK411ei1 (45) . 

3aK11toY11Te11bHaA YaCTb 3Kcnep11MeHTa 6b111a npoeeAeHa np11 8 = 2.67·104 rc/c, KOrAa cn11H 

Hei1TpoHa coaepwaeT AO 4 nollHblX npeu,ecc11i1 np11 pacnpoCTpaHeH1111 4epe3 Ka>KAbli1 apaLJ..\aTe11b 

cn11Ha. "13MepA11acb 3aa11c11MOCTb no11Ap113a41111 BblXOAALJ.\ero nyYKa OT paccTOAHl1A L
2 

Me>KAY 
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apalJ.\aTe11AM11 cn11Ha C 11 D: pe3y11bTaT 113MepeH11i1, a TaK>Ke annp0Kc11Ma411A K aHa1111T11YecKoi1 3a-

011c11MocT11 

P(tJ.L) = P0 [ 1 + P1 cos (rnB ~~ · :) ] (46) 

noKa3aHbl Ha p11c. 27 KaK cjJyHKU,11A OT tJ.L = L2 - L1 11 npeACTaa11AtoT co6oi1 cn11H-3XO C11rHa11 AJlA 

rMn HC3 cneKTpoMeTpa . nep110A Koc11HycHoi1 cjJyHKu,1111 paaeH (223±3) MM 11 oYeHb xopowo coana­

AaeT c O>K11AaeMblM 3Ha4eHl1eM 217 MM, KOTOpoe MO>KeT 6b1Tb no11yYeHO AJlA yKa3aHHblX BblWe 

napaMeTpOB cneKTpOMeTpa 113 ypaaHeHl1A (45). 
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P11c. 27. Cn11H-3xo e11rHa11 AflR rMn HC3 cneK­

TpoMeTpa. Cn11owHaA 1111H11R annpoK­

c11Ma411A <l>YHK411ei1 (45) . 

6YAY411 HaK/10HeHHblMl1 nOA Ma/lblM yrnoM Bo K MOHOXpOMaT114eCKOMY Hei1TpOHHOMY 

nyYKy, napa epalJ.\aTe11ei1 cn11Ha c rpaA11eHTHblMl1 so apeMeH11 MarHl1THblM11 no11AM11 06ecne411aatoT 

napMOpOBCKYIO KOA11POBKY yrna (CM. Bbl We, rnaaa 4 11 p11c. 15). ClleAOBaTe/lbHO, 11X MO>KHO 11cno11b-

30BaTb 11 AJ1A pea11113au,1111 cn11H-3xo Al1<f>paKTOMeTpa Ma11oyr11oeoro pacceAHl1A Hei1TpoHoe 

(SESANS) 11 pecjJ11eKTOMeTpa BblCOKOro yrnoaoro pa3peweHl1A (15] . HaMl1 pa3811Ta Teop11A TeXHl1Kl1 

rMn HC3 c HaK110HeHHb1M11 apalJ.\aTe11AM11 cn11Ha (p11c. 28) 11 noKa3aHo, 4TO np11 11cno11b30BaH1111 

TexH11K11 rMn HC3 cn11H-3XO AJ111Ha pacTeT KaK .13 a cpaaHeH1111 c .12 AJlA SESANS Ha nocTOAHHblX 

MarH11THb1x no11Ax. TaK11M o6pa3oM, rMn HC3 A11cjJpaKTOMeTp no30011AeT 113MepeH11A Yacrnu, 6011b­

w11x pa3Mepoa np11 MeHbWl1X AJ111Hax 80/lH 11cn0/1b3yeMblX Hei1TpOHOB, 4TO, Y411TblBaA 1/.14 3aBl1Cl1-

MOCTb 11HTeHCl1BHOCTl1 Hei1TpOHHOro ny4Ka AJlA MaKCBe11110BCKOro cneKTpa, np11BeAeT K 04eHb 3Ha-

411Te/1bHOMY Bbll1rpblWY B 11HTeHCl1BHOCTl1. 

I A·· /I I 4L/~ 7, r.;· r7 L 7.: 
06pa:ie11 .QereKTop 
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P11c . 28. CxeMa rMn HC3 

A11cjJpaKTOMeTpa. 

• 



B weCTOH rnase HeHTpOHHOe en11HOBOe 3XO paeeMarp11saereR KaK 11HTepQ>epeHU,110HHOe RB­

neH11e. KaK y>+<e o6ey>+<Aanoeb Bb1we, RBneH11e 11Hrep<j>epeHu,1111 sonH ne>1<11T e oeHoee eaMoro 4ye­

ere11renbHoro MeTOAa 113MepeHl1R - l1HTep<j>epoMerp1111, oeHOBHblM np11HU,11nOM KOTOpOH RBnReTCl1 

epaeHeH11e ABYX eonH: pe<j>epeHTHOH eonHbl W0 e ee enema MOA11Q>11u,11poeaHHoi1 Kon11ei1 Wm. noA 

ena6oi1 MOA11<!>11Kau,11ei1 noH11MaereR, 4TO <j>a3bl 3rnx sonH He AOn>t<Hbl orn114arbeR APYr or APvra 

6onee 4eM Ha 2rr, 4T06bl 1136e>KaTb HeOAH03Ha4HOern eBR3aHHOH e 2rr-nep110A114HOeTblO Q>a3bl 

eonHbl. APYrl1Ml1 enoeaM11, 113MepReMoe paeeTORH11e Me>KAY <j>poHTaM11 3Tl1X ABYX eonH He AOn>KHO 

npeBblWaTb OAHY M11HY BOnHbl A.; B npornBHOM eny4ae B03Hl1Kaer 2rr-HeonpeAeneHHOeTb B onpe­

AeneHl111 <j>a3bl . 

MoA11<!>11Kau,11R eonHbl W.n no npoerpaHeTeeHHOH KOOPA11Hare e nono>1<eH11e x, 03Ha4aeT ee 

npoCTpaHereeHHblH eAB11r tix = x - Xo OTHOCl1TenbHO nono>KeHl1R Xo peQ>epeHTHOH eonHbl Wo . 

~HTep<j>epoMeTpbl {onrn4eeK11e, aTOMHble, peHTreHOBeK11e 11n11 Hei1TpOHHble) no3eonRIOT T04HOe 

onpeAeneH11e reoMerp114eeKoro eAe11ra tix 4epe3 <j>a30Bbli1 eAB11r eonHbl licpx = 2rrtix/ A Ha Mae­

wra6e An11Hbl eonHbl A. TaK11M o6pa30M, 11HrepQ>epoMerp114eeKaR 4yeere11renbHOeTb eoeraenRer 

AOn11 M11Hbl eonHbl. 

npoeTpaHeTBeHHblH eABl1r BOnHbl MO>KeT npo11eXOAl1Tb 11113-3a 3aAep>t<Kl1 eonHbl Wm OTHOe11-

TenbHO pe<j>epeHTHoi1 eonHbl W0 . TaKaR 3aAeP>+<Ka B03H11KaeT np11 B03Hl1KHOBeH1111 AOnonH11Tenb­

HOi1 onrn4eeKoi1 pa3HOern XOAa (1 - n)xo, np11 eoxpaHeHl111 reoMeTp114eeKOH pa3HOern XOAa. B 

pe3ynbTaTe AOeT11raeTC11 04eHb Bb1eoKaR T04HOeTb e 113MepeHl1RX noKa3aTenR npenoMneH11R, e 4aeT­

HOeT11 Hei1TpOHHOrO noKa3aTenR npenoMneHl1R, paeeMOTpeHHblX B rnaee 2. 

3TOT 11HTepQ>epoMeTp114eeK11i1 np11Hu,11n MO>KHO o6o6Ll.\11Tb 11 Ha APvrne napaMeTp114eeK11e 

npoeTpaHerna. B Yaernoern, e enyYae napaMeTp114eeKoro npoCTpaHeTea An11H eonH {T.e. eKopoeTei1 

11n11 3Hepr1111) Hei1TpoHa MOA11<!>11Kau,11R eonHbl W.n OTHOC11TenbHO peQ>epeHTHoi1 eonHbl W0 03Ha-

4aeT He6onbWOH eAB11r Ml1Hbl eonHbl Hei1TpOHa tiA. B MOA11<1>11u,11poeaHHOH eonHe Wm , OAHaKO 6e3 

eAe11ra no npoeTpaHeTeeHHoi1 KOOPA11HaTe, TaK 4TO ABe TaK11x npoeTpaHeTeeHHO Hano>+<eHHble APYr 

Ha APvra eonHbl 6YAYT 11HrepQ>ep11poeaTb. TaKoi1 11HTep<j>epoMeTp, pa60Ta10ll.\l1H e npoCTpaHerne 

eKopoeTei1, no3eon11T T04HO onpeAenRTb tiA. 4epe3 Q>a30BblH eAB11r ticp,_ , nponopu,110HanbHb1i1 tiA.. B 

rnny np11eyll.\ei1 11HTepQ>epoMeTpaM BbleOKOH 4yeeTBl1TenbHOeT11, OH 6yAeT npeAeTaBnRTb eo6oi1 

Hei1TpOHHblH eneKTpOMeTp 04eHb BbleOKOro pa3peweHl1R. 

a 
\ fitpx - fix 

tix \ 
~ 
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P11c. 28. l-IHTep<j>epeH411R BO/lH B KOOPA11HaTHOM npocTpaHCTBe (a) 11 B npocrpaHCTBe An11H BOnH (6). 

~MeHHO TaK11M 11HTep<j>epoMeTpOM B npoeTpaHcTBe Ml1H eonH 11 RBnReTrn HC3 cneKTPOMeTp. 

np11 npOXO>KAeHl111 nonRp1130BaHHOro BAOnb OCl1 z HeMOHOXpOMaTl14eCKOro Hei1TpOHHOrO ny4Ka 

{Pz = P0 = 1) 4epe3 xopowo onpeAeneHHYIO o6nacTb MarHl1THoro nonR {p11c. 14), cn11H Hei1TpoHa, 

06pa3yioll.\11i1 yron 90" c MarHl1THblM noneM 8i, npeu,eec11pyeT eoKpyr HanpaeneH11R nonR e 
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nnocKocT11, nepneHA11KynRpHoi1 HanpaeneH1110 nonR e JlapMopoeeKoi1 4aCTOToi1 Wi = Yn8i. no­

eKonbKY 4aeT0Ta npeu,ece1111 He 3ae11c11T OT eKopocrn Hei1TpoHa, TO KOHe4Hoe HanpaeneH11e cn11Ha 

3ae11e11T TOnbKO OT epeMeHl1 ti, KOTOpoe Tpe6yeTeR Hei1TpOHY MR nepeee4eHl1R o6nacrn MarHl1T­

HOro nonR An11HOl1 L : ti = L/vn = mn LA./h. TorAa z-KoMnoHeHTa nonRp113au,1111 ny4Ka paeHa 

, ( ) (ynmn ) Pz (A.,8i) = P0 cos Wit1 = P0 cos -h-8iLA {47) 

11 RBnReTeR e11Hyeo11AanbHOi1 <!>YHKu,11ei1 OT A.. TaK11M o6pa3oM, nonRp113au,110HHb1i1 cneKTP npoxo­

ARLl.\ero 4epe3 o6naCTb MarH11THOro nonR Hei1TpOHHOro ny4Ka CTaHOBl1TeR MOAyn11poeaHHblM e ne-

pl10AOM fiA1 {p11c. 29). 

2rrh 
tiA., =---­

Ynmn8iL 
(48) 

Bropoi1 KaeKaA (p11c. 14) Aei1cTeyeT KaK nonRp113au,110HHb1i1 Q>11nbTP c nponyeKaH11eM 

T(A.,82) = Pz 11 (A.,8i) = cos(Yn:n 8 2LA) {49) 

KOTOpoe TaK>Ke RBnReTCR e11Hyeo11AanbHOH <l>YHKU,11ei1 OT Ac nep110AOM tiA.11 : 

2rrh 

liA.11 = Ynmn82L 
(SO) 

B peanbHOM npoeTpaHeTee, o6e 3rn e11Hyco11AanbHb1e <j>yHKU,1111 6b1n11 6b1 e113yan11poeaHbl KaK 

4epeA0BaH11e napannenbHblX 4epHblX 11 6enb1x nonce e e11Hyeo11AanbHblM pacnpeAeneH11eM aMnn11-

iii' 
~ 
O!o 

0:-

-1 

~ 
+ 
"' ~ 

-1 

dA(B) 
jol 
I L 
I 

;. 

P11c. 29. (eeepxy) MoAynR411R nonRp113a4110H­

Horo cneKTpa HeihpOHHOro n'{'lKa; (BHl13Y) 

<j>yHK411R nponycKaHl1R no11Rp113au,110HHOro 

<j>l111bTpa. 

TYAbl. AHanorn4HO, «4epHble» 11 «6enb1e» nonocb1 eo3H11Ka10T 11 B HaweM eny4ae, rAe «4epHb1e» 

nonoebl eooTBeTeTBYIOT pz = -1 ' a «6enble» nonoebl eooTBeTeTBYIOT pz = + 1. TaKl1M o6pa30M, 

MO>KHO CKa3aTb, 4TO B HC3 cneKTpoMeTpe np011CXOA11T Hano>1<eH11e ABYX Ha6opOB nep110A114eCKl1X 
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no11oc, P/ (A., Bi) 11 T(A, Bz), cosnaAatoll.\11X B pea/lbHOM npocTpaHcrne, HO pa3HeceHHblX B npo­

CTpaHCTBe AJll1H so11H A (p11c. 29). 

B pe3y11bTaTe cynepno311L\1111 ABYX nep110A11YecK11x CTPYKTyp c 611113K11M11 se1111Y11HaM11 nep11-

0AOB di 11 dz B03Hl1KaeT 11HTep<j>epeHL\110HHblH MyapOBblH :i<j><j>eKT: B nonepeYHOM ceYeH1111 pern­

CTp11pyeMoro nyYKa o6pa3ytoTCR KpynHOMacwTa6Hble MyapOBble nOllOCbl, nep110A KOTOpbiX 06-

parno nponopl\110Ha/leH pa3HOCTH nep110AOB Lld = (di - dz) . Ec1111 di "' dz, TO B03Hl1KaeT OYeHb 

Wl1pOKaR B MaCWTa6e pa3Mepa AeTeKTOpa, HO He 6eCKOHeYHaA MyapoBaR nOllOCa. np11 CMell.\eHl111 

Ha6opoB nep110Al1YeCKl1X no11oc 0THOCl1Te/lbHO APYr APvra, 11HTeHC11BHOCTb TaKOH MyapoBOH no­

/lOCbl OCL\11111111pyeT Me>KAY MaKCl1Ma/lbHblM AO Ml1H11Ma/lbHblM 3HaYeHl1RMl1, HO c MeHbWeH aMn1111-

TVAOH, YeM B c11yyae 6ecKOHeYHO w11pOKOH no11ocb1 (di =dz) . 

AHa/lOrHYHblH :i<j><j>eKT 11MeeT MeCTO 11 B HaWeM C/lyYae Ha/lO>KeHl1R ABYX Ha6opoB nepl10A11-

YeCKl1X no11oc, P/ (A, 8 1 ) 11 T(A, Bz) , cosnaAatoll.\11X B pea11bHOM npocTpaHcTBe, Ho pa3HeceHHblX B 

npocTpaHcTBe AJll1H BO/lH A (p11c. 29) . W11p11Ha B03H11Katoll.\11X B npocTpaHcTBe AJll1H BOllH A Myapo­

BblX no11oc o6parno nponopl\110Ha/lbHa pa3HOCTH nep110AOB <l>YHKL\11H LlA1 (48) 11 LlAu (SO), onpeAe­

llReMblX se1111Y11HaM11 MarH11THb1x no11ei1Bi 11 Bz. T.K. nep110Abf LlA1 11 LlAu 611113K11 APYr K APYrv, TO 

06pa3yeTCR OYeHb w11poKaR B Macwra6e AeTeKT11pyeMoro cneKTpa/lbHOfO A11ana30Ha, HO He 6ec­

KOHeYHaR MyapoBaR no11oca . "1HTeHC11BHOCTb perncTp11pyeMaR AeTeKTOpOM, 3aXBaTblBalOll.\11M Beeb 

cneKTp HeHTpOHHOro nyYKa, onpeAe1111eTCR 11HTerpallOM no AJll1He BO/lHbl A 

pzout (B1 , Bz) = J P/ (A, Bi)T(A, Bz)dA (51) 

Ec1111 Bz * 81, TO AJlR Bz = - Bi + l!.B 11HTeHCl1BHOCTb HeHTpOHHOro nyYKa, perncTp11pyeMoro Ae­

TeKTOpOM B pe3y/lbTaTe no11Rp113al\110HHOro aHa11113a nocpeACTBOM aHa/ll13aTOpa (p11c. 14) CBR3aHa 

c no11Rp113al\11eH nyYKa KaK 

l + p out(t!.B) 
I(t!.B ) = 1

0
(A)--z __ _ 

2 
(52) 

(/0 (A) - cneKTP naAatoll.\ero nyYKa) 11 npeACTas11eHa rpa<j>11yecK11 Ha p11c. 30a : np11 113MeHeH1111 l!.B 

B03Hl1KaeT OCL\111111RL\11R 11HTeHc11BHOcT11 6ecKoHeYHO w11poKOH Myaposoi1 no11ocb1, KOTopaR 11 ABllR ­

eTcR cn11H-3XO Cl1rHa/lOM. TaK KaK LlA1 * LlAu , TO np11 OT/ll1Yal0ll.\11XCR OT HYllR l!.B B03H11KaeT pa3<j>a-

311pOBKa, np11BOAAll.\aR K 3aryxaH1110 aMnlll1TyAbf 11HTep<j>epeHL\110HHOH KaprnHbl. 3TO pacnpeAelle­

H11e 11HTeHC11BHOCTH Ha BblXOAe 113 cneKTpOMeTpa nO/lHOCTblO cosnaAaeT c 3Kcnep11MeHTa/lbHO 

Ha611toAaeMblM cn11H-:ixo rnrHa110M (p11c. 306). TaK11M o6pa3oM, HC3 cneKTpoMeTp no cyrn ABllR­

eTCR HeHTpOHHblM 11HTep<j>epoMeTpOM, KOTOpblH, OAHaKo, pa6oTaeT B napaMeTp11YeCKOM npo­

CTpaHCTBe AJll1H BO/lH (3Heprn11): ClleAOBaTe/lbHO, KaK 11BCAKl1H11HTep<j>epoMeTp, OH 06ecneY11BaeT 

OYeHb BblCOKOe pa3peweH11e no 3TOMY napaMeTpy, T.e. no A/111He BO/lHbl (3Heprn11) . 

B c11yYae HC3 cneKTpoMeTpa nep110A11YeCKaR MOAY11AL\11R cneKTpa AOCrnraeTcR 3a CYeT 11c­

no11b30BaH11R /lapMoposcKoH npel\ecrn11 cn11Ha. TaK11M o6pa3oM, B HC3 cneKTpoCKon1111 cn11H 

HeHTpOHa Heo6XOA11M TO/lbKO KaK cpeACTBO A/lA AOCTl1>KeHl1R nepl10A11YeCKOH MOAYllRL\1111 cneKTpa 

naAatoll.\efO nyYKa. ClleAOBaTe/lbHO, MO>KHO pea/ll130BaTb npl1HL\11n cn11HOBOro 3Xa 11cno11b3YR /ll0-

6oi1 APvroi1 cnoco6 MOAYllRL\1111 cneKTpa HeHTpOHHOfO nyYKa, KOTOpblH He 6yAeT on11paTbCR Ha 11c­

nO/lb30BaH11e cn11Ha HeHTpoHa. 
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P11c. 30. a) PacnpeAe11eH11e 11HTeHc11BHocrn, no11y4eHHOe KaK 11HTeHC11BHOCTb MyapoBblX no11oc 113 

<j>opMy11b1 (52); 6) HCE c11rHa11 , no11y4eHHblH a HC3 cneKTpoMeTpe. 

C/leAyeT OTMeTHTb, YTO 11cnO/lb30BaH11e cn11Ha HeHTPOHa AJlA L\e/leH MOAYllRL\1111 cneKTpa 

Hei1TpOHHoro nyYKa He scerAa YA06Ho 11 HaK11aAb1saeT PRA cepbe3HblX orpaH11YeH11i1. no11Rp113al\11A 

HeHTpOHHOfO nyYKa 11 ero no11Rp113al\110HHblH aHa/1113 np11BOART K 3HaYl1TellbHblM, OK0/10 10 pa3, 

noTepRM 11HTeHCl1BHOCTl1. 6011ee Toro, Jlto6aR AOnO/lHl1Te/lbHaR HeKOHTpo1111pyeMaR npel\eCCHR 

cn11Ha HeHTpOHa B OKpeCTHOCTl1 o6pa3L\a np11BOAl1T K /lO>KHOMY :i<j><j>eKTy, aHa/lOrHYHOMy Heynpy­

roMy 111111 KBa311ynpyroMy pacceRHl1to. 3TO Ae11aeT npaKrnYecK11 HeB03MO>KHblM np11MeHeH11e HC3 

cneKTpOCKon1111 AJlA 11CC/leAOBaHl1R o6pa3L\OB, B KOTOpblX 11MeeT MeCTO npel\eCCl1R HeHTpOHOB. 

TaK11M o6pa3oM, pea11113al\11R np11HL\11na cn11Hosoro :ixa, OAHaKo 6e3 11cno11b30BaH11R cn11Ha 

HeHTPOHa, OTKpblBaeT HOBble B03MO>KHOCTH AJlR 113yYeH11R MarHl1THblX RB/leHl1H B TBepAbfX Te/lax, 

rAe MeTOA HC3 npl1HL\11n11a11bHO Henp11MeH11M 113-3a npel\ecrn11 HeHTpOHOB B o6pa3L\e. HaM11 pa3-

pa6oraH TaKOH MeTOA, OCHOBaHHblH Ha 11CnO/lb30BaHl111 AllR MOAYllRL\1111 cneKTpa napbl AB11>Ky­

ll.\11XCR A11<l>paKL\110HHblX peweTOK (p11c. 31). 

np11 A11<j>paKL\1111 Ha A11<j>paKL\110HHOH peweTKe Gi c nep110AOM d 11MeeT MecTO aMnll11TyAHOe 

Ae/leH11e BO/lHOBblX <j>pOHTOB, TaK YTO see A11<l>parnpoBaHHble BO/lHbl KOrepeHTHbl 11 B 0611acrn A 11X 

cynepn0311L\1111 (p11c. 31a) 06pa3yeTCA CTal\110HapHaR 11HTep<j>epeHL\110HHaR KaprnHa, npeACTaB/lR­

IOll.\aR co6oi1 Cl1HYC011Aa/lbHOe pacnpeAe11eH11e aMnll11TyAbf F(x ) c nep110AOM dF = d: MO>KHO CKa-

3aTb, YTO A11<j>paKL\110HHaR peweTKa Gi caM011306pa>KaeTCR B 0611acrn nepeceYeH11A A11<l>parnpyto­

ll.\11X Ha HeH BO/lH . 

Ec1111 noMeCTl1Tb B 0611acTb A A11<l>paKL\110HHYto peweTKY Gz, no11HOCTbto 11AeHrnYHYto A11 -

<j>paKL\110HHOH peweTKe G1. TO 11MeeT MeCTO HallO>KeH11e ABYX nep110A11YeCKl1X CTPYKTYP c OA11Ha­

KOBblMl1 nep110AaMl1 11 aMnll11TyAY BO/lHbl, npoweAWeH Yepe3 peweTKy Gz, MO>KHO Bbipa311Tb KaK 

A(x, Llx) = F(x)T(x + Llx) (53) 

rAe T(x) - <j>yHKL\11R nponycKaH11R peweTKl1 Gz, Llx - B3a11MHblH CAB11r coorneTCTBYtoll.\11X TOYeK pe­

weTOK G1 11 Gz. YpasHeH11e (53) npeACTaB/lReT co6oi1 Ha611toAaeMyto Myaposyto KaprnHy np11 cy­

nepn0311L\1111 ABYX nep110A11YecK11x cTpyKryp. nep110A DM MyapoBblX no11oc o6paTHO nponopl\l10Ha-

11eH pa3HOCTH nep110AOB nep110A11YeCKl1X CTPYKTyp, DM - (dF - d)- i , TaK YTO B pe3y/lbTaTe pacnpo­

CTpaHeHl1R BO/lHbl Yepe3 Cl1CTeMy 113 ABYX napa1111e/lbHO 11AeHTHYHblX A11<j>paKL\110HHblX peweTOK 

06pa3yeTCR 6eCKOHeYHO w11poKaR MyapoBaR no11oca . it1HTeHCl1BHOCTb 3TOH no/lOCbl onpeAe/lReTCR 

11 HTerpallOM no ee nllOll.\aA11 11 3aBl1Cl1T OT Llx : 

• 
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I(llx) = J F(x)T(x + llx ) dx = ~ [ 1 +cos (
2
drr llx)] {54) 

fAe lo - 1'1HTeHC11BHOCTb naAaJOU\efO nyYKa. 0TMernM, YTO TaK KaK ypasHeHl'1e {54) cnpaBeAJ11'1BO AJlA 

11J060H AJ11'1Hbl B0/1Hbl naAalOU\efO 11yYa, TO MyapOBblH 3cl>cl>eKT ABllAeTCR axpoMarnYeCK1'1M, l'1 Mya­

posaA no11oca 6yAeT Ha61110AaTbCR l'1 AJlA HeMoHoxpoMarnYeCKoro naAaJOU\ero nyYKa . 

nycTb o6e peweTKl'1 AB1'1>KYTCA nepneHA1'1KYl1ApHO WTpl'1XaM peweTOK co CKOpOCTblO Vy (p1-1c. 

316) . TorAa HeHTpOHHble B0/1Hbl c pa3HblM1'1 AJll'1HaMl'1 BO/lH AOCrnraJOT G2 B pa3Hble MOMeHTbl spe­

MeHl'1, KOTOpble onpeAellAIOTCR CKOPOCTblO Vn (AJ11'1HOH B0/1Hbl ,;l) pacnpocTpaHAIOU\1'1XCR HeHTpO­

HOB. Pe3y11bTaT B3al'1MOAeHCTBl'1A 3rnx so11H c G2 3as1-1rnT OT B3al'1MHoro no110>1<eH1-1A F(x ) 1-1 G
2

: 

l l7ln 
llx (;t) = Vy -= Vg-h LA 

Vn 
{55) 

T.e . CAB1'1f F(x) OTHOCl1Te/1bHO G2 3aBl'1Cl1T OT A. TorAa 1'13 {54) HeMeAJleHHO C/leAyeT, YTO MyapOBblH 

3cl>cl>eKT CTaHOBl'1TCR xpoMaTl'1YeCKl'1M: MyapOBble no/lOCbl, B03Hl'1KalOU\1'1e AJlA HeHTpOHOB pa3HblX 

AJ11'1H BO/lH, 6YAYT 1'1MeTb pa3HYIO 1'1HTeHCl1BHOCTb (p1-1c. 31s) : 

10 (,;t) { [2rr ]} /0 (,;t) { [2rr mn ]} /(,;t) = - 2- 1 +cos d llx (;t) = -
2

- 1 +cos d Vy h LA {56) 

TaKl'1M o6pa30M, on1-1caHHoe ABl'1>KeH1-1e Al'1ci>paK41'10HHblX peweToK npl'1BOA1'1T K MOAYllAL\1'11'1 

cneKTpa npoweAwero HeHTpOHHOfO nyYKa c YaCTOTOH Vg = Vg /d , aHa/10fl'1YHO pe3y/1bTary npe4ec­

Cl'11'1 cn1-1Ha HeHTpoHa B nonepeYHOM MafH1'1THOM no11e, XOTR no11Ap1'13a41-1A HeHTPOHHOfO nyYKa 

3AeCb BOD6U\e He Tpe6ye TCR . 

a) .. 6) 

i' 6) e) 

m -I 
:-:;:-::-:i. _ , I 

) sr A 

~ 
"( -.~~-~\) 

"• -;- m:s +l I 
G, G, c.. , fl U1 

v, ~ . A 

PHC. 31. CHCTeMa ABYX pa3Ae/1eHHblX AHcl>paK4HOHHblX peweTOK (a) . ,QBH>KeHHe AHcl>paK4HOHHblX pewe­

TOK BAO/lb HX nllOCKOCTei1 (6) npHBOAHT K A-3aBHCRU\eMy CMeU\eHHIO F(x) OTHOCHTe/lbHO G2 H K MOAY· 

llRL\HH cneKTpa BblXOARU\erO Hei1TpOHHOro nyYKa (s). 

MOAY11AL\1'1A cneKTpa, noKa3aHHaR Ha p1-1c. 31s, MO>KeT 6b1Tb no11yYeHa TO/lbKO c 1-1cno11b30Ba­

Hl'1eM 1'1Aea/1bHO K0/1/11'1Ml'1pOBaHHOfO (He paCXOARU\efOCR) naAaJOU\efO nyYKa; c yse/1HYeHl'1eM pac­

XOA1'1MOCT1'1 naAalOU\ero nyYKa MOAYl1AL\1'1A cneKTpa pa3Mb1BaeTcR l'1 OKOHYaTellbHO 1-1cye3aeT. OA­

HaKo, OHa BOCCTaHaB/11'1BaeTCR np1-11-1cno/1b30BaHl'11'1 ABYX noc11eAOBaTe/1bHblX nap peweTOK (G1 - G2) 

l'1 (G3 - G4) c OA1'1HaKOBblM nepl'10AOM d . BMecTe OHl'1 npeACTaB/lRIOT co6oH 4-x peweTOYHblH HH­

Tepcl>epoMeTp (p1-1c . 32), KDTOPblH 06ecneY1-1saeT 100% KOHTpacT l'1HTepcl>epeH41'10HHblX no11oc AJ1A 
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HeK0/1/11'1Ml'1pOBaHHOfO l'1 HeMOHOXpOMarnYeCKOfO naAalOU\efO nyYKa Aa>Ke npl'1 OCBeU\eHl'11'1 

HeHTpOHHblM nyYKOM (16], KOTOpblH BC/1eACTBl'1e HeHy11eBOH MaCCbl HeHTpOHa l'1 ero 3cl>cl>eKrnBHOfO 

B3al'1MOAeHCTBl'1R c rpaB1'1Ta41'10HHblM no11eM 3eMJ11'1, pacnpocrpaHAeTCR B cpeAe c He/11'1HeHHblM no­

Ka3aTelleM npellOM/leHHR (17] . 

. 1it1L 11ill~~11lll-u.11tll 
G, ! tf1 Gi Gl tf1 G, 

\' I \' l 

Aer e icrop 

PHC. 32 . CHCTeMa H3 ABYX OAHHaKOBblX nap AHcl>paKL\1'10HHblX peweTOK, ABH>KYU\HXCR 

nepneHAHKy11RpHo Hanpas11eHHIO no11oc peweTOK 

TaKoH HHTepcl>epoMeTp 06ecney1-1saeT l'1HTepcl>epeH41-1io 0011H s pea11bHOM npocTpaHcTBe. nepexoA 

B npocTpaHCTBO CKOpOCTeH OCyU\eCTB/lAeTCR AB1'1>KeHl'1eM 1'1HTepcl>epoMeTpa co CKOpOCTblO Vy BAO/lb 

n/lOCKOCTeH ero peweTOK. li1HTeHCl1BHOCTb free BblXOAAU\efO 1'13 1'1HTepcl>epoMeTpa nyYKa onpeAe/lA­

eTCA npo1'13BeAeHl'1eM MDAy111-1posaHHblX cneKTpos l1(vn, V9 ) l'1 l11 (vn, V9 ) , B03Hl'1KalOU\1'1MH np1-1 

n poxo>KAeHHl'1 HeHTpOHHoro nyYKa Yepe3 napb1 peweroK (G1 - G2 ) 1-1 (G3 - G4). cooTBeTCTBeHHO. 

EC/11'1 CKOpOCTb BTOpOH napbl peweTOK (G3 - G4), OT/11'1YaeTCR OT Vy Ha llVg , TO 

lrec (llVg ) = J l1(vn , li'.9 )11i(vn, V9 + llVg ) d Vg {57) 

TaKl'1M o6pa30M, BblXOAHOH Cl'1fHa/1 npeACTa B/lAeT co6oH csepTKY ABYX Cl'1HYC01'1AallbHblX 

ci>YHKL\1'1H l'1 RB/lAeTCR 3XO-Cl'1fHa/10M (cn11owHaA /11'1Hl'1R Ha p1-1c. 33) . li13MeHeHl'1e AJ11'1Hbl B0/1Hbl 

He HTpOHa Ha llA, Bbl3BaHHOe HeynpyrnM pacceAHl'1eM Ha 06pa34e, np1'1BOA1'1T K 1'13MeHeHl'1IO perl'1 -

CTp1'1pyeMOH 1'1HTeHCl1BHOCT1'1 AJlR Ka>KAOfO 3HaYeHl'1R Vy 

lrec (ll;t , Vy ) o< L d(J J lo(A)[l + cos (CAVg)]{l + cos [ C(;t + llA) Vg ]}d;t (58) 

l'1 K CAB1'1ry 3XO· Cl'1fHa/1a OTHOCl'1Te/1bHO 3XO-Cl'1fHa11a AJlR fljl = 0 (nyHKT1'1pHaA /11'1Hl'1R Ha p1'1C. 33) . 

C11eAyeT OTMeTl'1Tb, YTO TaKOH Cl'1fHa/1 MO>KeT 6b1Tb TaK>Ke no11yYeH 1'13MeHeHl'1eM paCCTOAHl'1R l 

Me>KAY peweTKaMl'1 G3 l'1 G4 np1-1 coxpaHeHl'11'1 cKopocTl'1 peweTOK Vy nocTOAHHOH. KaK l'1 B MeTOAe 

HeHTpOHHOfO cnl'1H-3XO, TOYHOe onpeAe11eHl'1e TaKoro cl>a30B0f0 CAB1'1ra n03BOl1AeT TOYHO onpeAe­

/l 1'1Tb llA, T.e . 1'1HTepcl>epoMeTp c AB1'1>KYU\1'1Ml'1CR peweTKaMl'1 npeACTaB/lReT co6oi1 HeHTpOHHblH 

cn eKTpOMeTp. 0AHaKO, Tenepb 3XO-Cl'1fHa/1 no11yYaeTCR 6e3 1'1CnOl1b30BaHl'1R no11Ap1'130BaHHblX 

He HTpOHOB. 

0TMernM KOH4enrya11bHYIO aHa/10fl'1IO npeAJlO>KeHHOfO MeTOAa c MeTOAOM HC3 : YT06bl no-

11YYl'1Tb l'1Hci>OpMa41-110, COAep>KaU\ylOCR B pa3MblTOM cneKTpe Ha BblXOAe napbl A1'1ci>paKL\1'10HHblX pe­

w eTOK G1 - G2, ocBeU\eHHblX pacXOAAU\1'1MCA nyYKOM, BblXOARU\1'1H 11yy AOll>KeH 6b1Tb nponyU\eH Ye­

pe3 aHa11or1-1YHY10 napy Al'1ci>paK41-10HHblX peweToK G3 - G4 . TaKl'1M o6pa3oM 1-13s11eKaeTCR 1'1Hci>opMa­

L\1'1A 0 HeHTpOHHblX cneKTpax naAalOU\efO nyYKa, 3aKOA1'1POBaHHaA npl'1 npOXO>KAeHl'11'1 Yepe3 ABe 
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ABH>Kyuv1ecR AH<!>paK4"10HHble peweTKH G1- G2 . no3TOMY Mbl 11Ha3blBaeM3TOT MeTOA He~1TpOHHOH 
cneKTpoMeTpHeH cKopocrnoro 3xa : (s AallbHeHweM NSPE - Neutron Speed Echo Spectrometry) 

i 
~ 
~ 
x 

-Vg 

mrTu~1i1~~r M11 

0 +Vg 

P1-1c. 33. 3xo-rnrHa11 HeilrpoHHoro cneKrpo­

MeTpa cKopocTHoro 3Xa. Cn11owHaR llHHHR: 

1U = 0; nyHKTHpHaR /lHHHR : llil * 0. 
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P1-1c. 34. M0Hre-Kap110 MOAe111-1poeaH1-1e pa60Tb1 cneK­

rpoMerpa NSPE AJ1R pa3/1H4HOH pacXOAHMocrn naAa­

IOlJ.lero nyYKa npH MOHOXpOMarnYHOCrn llil/ A =20%. 

3HepreTl1'-iecKoe pa3peweH11e NSPE cneKTpOMeTpa MO>KeT 6b1Tb 04eHeHo 1-13 coo6pa>KeH11H, 

noA06HblX np11BeAeHHb1M s rnase 4 (<j>opMy11b1 (28 - 32)). PaccM0Tp11M A11<j>paK41110 HeHrpoHHoro 

ny4Ka c AJ111HOH B0/1Hbl il Ha A11<!>paKL\"10HHOH peweTKe, AB11>KYll.\eHCR nonepeK Hanpas11eHl1R pac­

npocrpaHeHl1R naAa10lJ.leH so11Hb1 (p11c. 35a). npo4ecc A11<!>paK4111-1 YA06Ho paccMarp11saTb s c11-

creMe KOOPA11HaT AB11>KYll.\eHCR peweTKl1, rAe peweTKa HaXOAl1TCR B noKoe. TorAa Ha61110AaTe/lb 

ABl1>KeTCR co CKOpOCTblO -Vg B Hanpas11eH111-1, npoT11sono110>KHOM Hanpas11eH1110 ABl1>KeHl1R pe­

WeTKH Ox, a yro11naAeHHR11y4a 113MeHReTCR Ha /Jo = tg- 1 (vn/Vg) (p1-1c. 356). ,ll,11<j>paK411R TaKoro 

ny4Ka Ha peweTKe on11cb1saeTcR ypaBHeH11eM 

mil 
cos Pm - cos /10 = d (59) 

rAe m = 0, ±1. .. . - HOMepa nopRAKOB A11<!>paK4111-1, a /Jm - yro11 AH<!>paK41111 Ha peweTKe. ,ll,11R npo­

CTOTbl "13/lO>KeHHR HO 6e3 norep11 06ll.\HOCTl1, pacCMOTP11M AH<!>paKL\11!0 TO/lbKO B nepBble nopRAK11. 

a 

() 

Ha61110A3Tellb 

\' l 

-::> 

6 

m 

-V, 

~ 
m ·I 

Ha6JllOA3Tellb 

P11c. 35. ,ll,11<j>paK411R HeHTPOHHOro ny4Ka Ha AB11>KYll.\eHCR peweTKe. 

Bc11eACTB11e nonepe4Horo 3<j><j>eKTa ,ll,on11epa Ha61110Aare11b 06Hapy>K11saer, 4TO BTOpl14Hble (A11-

<j>paK4110HHb1e) BO/lHbl, nepe11311y4aeMble 113 T04Kl1 0 11CT04Hl1Ka, 11MelOT pa3Hble 4aCTOTbl 
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Vobs = Vo ( 1 + ~] (60) 

(3AeCb Vo = h/mnil2 - 4aCTOTa naAalOll.\eH HeHTpOHHOH BO/lHbl. npoeKL\"111 Vgm CKOpOCTl1 Ha61110-

AaTe/1R Ha Hanpas11eH11R pacnpocrpaHeHHR A11<!>par11posaHHb1x HeHrpoHHblX ny4KOB paBHbl 

Vgm = 11n cos /Jm:, TaK 4TO Ha61110AaTe/lb 06Hapy>K11T pa3HOCTb 4aCTOT 

Vg 
Liv = Vobs - v0 = v0-(cos /Jm - cos /Jo) 

Vn 

KOTopylO, 11cnO/lb3YR (60), MO>KHO 3an11caTb KaK 

mVg 
Liv= Vobs -Vo= d 

(61) 

(62) 

04eB11AHO, 4TO A11<!>paK411R Hy11esoro nopRAKa - 3TO npocro npoweAWaR 4aCTb naAalOll.\ero ny4Ka, 

TaK 4TO np11 m = 0 CAB11ra 4aCTOTbl He Ha61110AaeTCR. TaKl1M o6pa30M, 3Heprl1R ny4KOB, A11<l>par11-

posaHHblX s m * 0 nopRAK11 Ha pewerKe G1 , 6yAeT OT/1114aTbCR or 3Hepr1111 naAalOll.\ero ny4Ka 11 

AJlR Al1<!>par11posaHHblX B +111 -1 nopRAK11 ny4KOB B03Hl1KaeT CAB11r no 3Hepr1111 Ha Bel111411HY 

LIE= 2h Vg 
d 

(63) 

TaK11e 3Heprer114ecK11e CAB11r1-1 3Kcnep11MeHTallbHO Ha61110Aa1111cb np11 Al1<!>paK41111 y11bTpaxo110A­

HblX HeHTPOHOB Ha AB11>KYll.\11XCR <j>a30BblX peweTKax [18) . 

np11 pacnpocrpaHeHl111 HeHTpOHHOro ny4Ka Ha paCCTORH11e LAO peweTKl1 G2 (p11c. 32) B03-

Hl1KaeT BpeMeHHaR 3aAep>KKa Me>KAY ABYMR KOrepeHTHblMl1 COCTORHl1RMl1 . B pe3yllbTaTe A11<!>paK-

41111 B -1 11 +1 nopRAK11 Ha peweTKe G2 npOl1CXOA11T BblpaBHl1BaHl1IO 11X CKOPOCTeH (3Hepr11H), HO 

OHl1 nOAXOART K 06pa34y c noCTORHHOH 3aAep>KKOH no speMeHl1 

2hVgL (64) 
TNSPE = d mnvJ 

KOTOpaR npeAcras11Rer co6oH NSPE speMR 11 onpeAe11ReT pa3peweH11e NSPE cneKrpoMerpa. 

Cyll.\ecrnyer np11H411n11a11bHOe pa31111411e Me>KAY MeTOAaMH HC3 11 NSPE, nocKO/lbKY B no­

C/leAHeM AJ1R aHa11113 MOAYl1R41111 cneKTpa, B03Hl1KalOll.\eH noc11e nepsoro KacKaAa, 11cno11b3yeTCR 

npocrpaHCTBeHHO HeOAHOPOAHblH no ce4eHl1IO ny4Ka aHa/1113aTop (A11<!>paK4l10HHaR peweTKa). lil3-

3a 3roro Ma11oyr11osoe pacceRH11e HeHrpoHHoro ny4Ka Ha yro11 8 np11BOAl1T K cMell.\eH11to 11Hrep<j>e­

peH4110HHOH KapTl1Hbl F(x) (p11c. 33) OTHOCl1Te/lbHO l1HTep<j>epeH4110HHOH KapT11Hbl COOTBeTCTBY­

IOll.\eH HepacceRHHOH BO/lHe. ,ll,11R ll(B)-d 3TO npHBeAeT K nO/lHOMY Crlla>KHBaHHIO F(x) 11 nOAaB-

11eH11to aMnl111T'{Abl NSPE c11rHa11a. MoAe1111posaH1-1e MeTOAOM M0Hre-Kap110 no3so11ReT onpeAe-

1111Tb 3Ha4eH11e K0/1/ll1Ma41111, KOTopyto Heo6XOA11MO np11MeHl1Tb K pacceRHHOMY ny4Ky, 4T06bl AO­

CTl14b M11Hl1MallbHO Heo6XOA11MOH r11y611Hbl MOAYllRL\1111 NSPE c11rHa11a: OHa COCTaB11AeT, Hanp11-

Mep, 0.3' AJ1R d/ L = 0.0111 0.6' AJ1R d/ L = 0.02. 

"13 (64) cneAyeT, 4TO 3Heprer114ecKoe pa3peweH11e NSPE cneKTpOMerpa nponop4110Ha/lbHO 

d/ L 11, C11eAOBare11bHO, onpeAe11ReTCR K0111111Ma411eH pacceRHHoro 06pa340M ny4Ka, OAHaKo Mo­

>KeT 6b1Tb y11y4weHO nocpeACTBOM yse11114eHl1R CKOpOCTl1 peweTOK. KaK B11AHO 113 p11c. 36a, 
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OTHOCHTe/lbHOe 3HepreTH4eCKOe pa3peweHHe .1En/En OK0/10 0 .005% AOCTHraeTCR AflR CKOpocrn 

peweTKH OK0/10 500 M/c, KOTOpaR RBllReTCR llHHeHHOH CKOpOCTblO Ha nepH<!>epHH COBpeMeHHblX 

AHCKOBblX npepb1BaTe11ei1 HeiiTpOHOB. nocKO/lbKY pa3peweHHe nponop4HOHa/lbHO Ky6y AflHHbl 

BO/lHbl, TO BblCOKOe a6CO/llOTHOe 3Heprern4eCKoe pa3peweHHe .1En AOCTHraeTCR npH HCnO/lb30Ba­

HHH HeHTpOHOB 60/lbWHX AflHH BO/lH : AflR Bbl4HC/leHHR a6CO/llOTHOro pa3peweHHR Ha PHC. 366 HC­

nO/lb30Ba11acb A = 12 A. TaKHM o6pa3oM, xorn pacceRHHe Ha 06pa34e H HaK11aAb1saeT orpaHH4e­

HHe Ha 3HepreTH4eCKOe pa3peweHHe NSPE cneKTpoMeTpOB, OHH, TeM He MeHee, MOryT AOCTHraTb 

pa3peweHHR B HeCKO/lbKO AeCRTKOB H3B AflR pa3yMHOH KO/l/lHMa4HH pacceRHHOro ny4Ka . 
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P11c. 36 . 3as1-1c11MoCTb pa3pewe HHR NSPE cneKrpoMerpa or cKopocrn pewerK11 AflR Afll1Hb1 

so11Hb1 Hei1TpoHos ,l = 12 A 1-1 Ko111111Ma41111 pacceRHHoro ny4Ka 0 .3° . 

VICClleAOBaHHe 3/leMeHTapHblX B036Y>KAeHHH B TBepAOM Telle Tpe6yeT pa3peweHHR no 3Hep­

fHH OK0/10 HeCKO/lbKHX npo4eHTOB. HaH6011ee nOAXOARIJ.IHM AflR 3TOH 4e11H npH60pOM RBllReTCR 

TpexOCHblH cneKTpOMeTp (TOC}, OAHaKo, B HeM nepeAa4a 3HeprHH HeHTPOHY .1En onpeAellReTCR 

KaK pa3HOCTb ycpeAHeHHblX 3Heprl1H naAalOIJ.IHX Ha 06pa3e4 H pacceRHHblX 06pa340M HeHTpOHHblX 

nyYKOB, E; H Et, cooTBeTcTBeHHO: .1 En = E1 - E; . C11eAOBaTe11bHO, AflR AOCTH>KeHHR BblCOKoro 

3Heprern4eCKOro pa3peweHHR Tpe6yeTCR T04Hoe onpeAe/leHHe 3Heprni1 3THX ny4KOB, 4TO, B CBOIO 

04epeAb, Tpe6yeT HcnO/lb30BaHHR HH3KO- M03aH4HblX MOHOXpOMaTOpOB H KpHCTa/l/lOB-aHa/lH3aTo­

poB H BblCOKOH KO/l/1"1Ma4HH naAalOIJ.IHX H pacceRHHblX llY4eH. Ha npaKTHKe, yBe/lH4eHHe 3Hepre­

TH4eCKOro pa3peweHHR TOC c noMOIJ.lblO TaKoro 1106osoro nOAXOAa pe3KO yMeHbwaeT ero cseTo­

rn11y H npHBOAHT K cepbe 3HblM, AO HeCKO/lbKHX nopRAKOB, noTepRM B HHTeHCHBHOCTH. no 3TOH npH-

4HHe pa3peweHHe no 3HeprHH npaKTH4eCKH cocraB11ReT 3 -5 % AflR TOC Ten110Bb1x HeHTpoHos 11 1 -
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3% AflR TOC XO/lOAHblX HeHTpOHOB, B 3aBHCHMOCTH OT HCnO/lb3yeMOH KO/l/lHMa4HH naAatOIJ.IHX H 

pacceRHHblX ny4KOB. 

0AHaKO, HCC/leAOBaHHe MHOfHX npo611eM <l>H3HKH TBepAOfO Tena , HanpHMep, KpHCTa/l/lH4e­

CK HX no11ei1 B peAK03eMellbHblX COeAHHeHHRX, BblCOKOTeMneparypHblX CBepxnpoBOAHHKOB HT. A ·, 

Tpe6yeT AeCRTHKpaTHOfO yse/lH4eHHR pa3peweHHR no 3HeprHH, TaK 4TO TaKHe HCC/leAOBaHHR 3a4a­

cryt0 He RBllRIOTCR npaKTH4eCKH B03MO>KHblMH . 

YT06b1 pa3peWHTb npornsopeYHe Me>KAY pa3pewat01J.1eH cnoco6HocTblO TOC H ero c0eTOCH-

11oi1, 6bl/10 npeAflO>KeHO HCnO/lb30BaTb KOM6HHa4HIO TpeXOCHOH cneKTpOCKOnHH H HC3 cneKTpO­

CKOnHH [19] KaK cnoco6 MHOroKpaTHoro yse11H4eHHR pa3peweHHR TOC 6e3 cepbe3HblX noTepb e 

HHTeHCHBHOCTH . ,ll,eHCTBHTe/lbHO, HC3 MeTOA no3B0/1ReT HanpRMYIO H3MepHTb nepeAa4y 3HeprHH 

HeHTpoHy, TaK 4TO T04Horo 3HaHHR E; H Er He Tpe6yeTCR, H o6ecne4HBaeT 4pe3Bbl4aHHO BblCOKOe 

pa3peweHHe no 3HeprHH. 0AHaKO, HCnO/lb30BaHHe HeHTpOHHblX ny4KOB c WHpOKHM pa36poCOM 

Afl HH BO/lH naAatOIJ.lero ny4Ka (MOHOXpOMaTH4HOCTb (10- 20)%) npHBOAHT K n11ox0My Q - pa3pewe­

HHIO. no3TOMY ecTeCTBeHHO o6beAHHHTb 3TH ABa MeTOAa B nonblTKe YllY4WHTb 3HepreTH4eCKOe 

p a3peweHHe TOC c noMOIJ.lblO TeXHHKH cnHHOBoro 3xa , B TO speMR KaK xopowee Q - pa3peweHHe 

6 yAeT o6ecne4HBaTbCR caMHM TpeXOCHblM cneKTpOMeTpOM . 

nocKO/lbKY MeTOA HC3 Tpe6yeT HCnO/lb30BaHHR no11RpH30BaHHblX HeHTpOHOB, TO OH npHH4H­

nHa/lbHO HenpHMeHHM B TeX C/ly4aRx, KOfAa HMeeT MeCTo npe4eCCHR HeHTpOHOB B 06pa34e, TaKHM 

o6pa30M OCTaBllRR B CTOpOHe Beeb K/lacc AHHaMH4eCKHX RB/leHHH B MarHHTHblX MaTepHa11ax. Me­

TOA NSPE cso6oAeH OT 3THX orpaHHYeHHH; B TO>Ke speMR 3HeprernYecKoe pa3peweHHe NSPE cneK­

TpoMeTpa CTO/lb >Ke BblCOKO H He CBR3aHO c MOHOXpOMarn3a4HeH naAatOIJ.lero ny4Ka . Ta Koe pa3Ae-

11eHHe no11RpH3a4HH H 3Heprern4eCKOro pa3peweHHR RBHO KOHTpaCTHpyeT c TeXHHKOH HC3 H OT­

KpblBaeT HOBble B03MO>KHOCTH AflR H3y4eHHR MarHHTHblX RBlleHHH B TBepAblX Te/lax, oco6eHHO B 

coYeTaHHH c no11RpH3a4HOHHblM aHa/lH30M pacceRHHoro nyYKa. npH 3TOM, AflR y11y4weHHR pa3pe­

weHHR TOC B (10 - 20) pa3, TO ecTb AflR 3HeprernYecKoro pa3peweHHR 11y4we YeM .1En / En - 10·3 

' 4TO COOTBeTCTByeT .1En nopRAKa 1 MK3B, AOCTaT04HO pea/lH30BaTb NSPE cneKTPOMeTp B pe>KHMe 

OTHOCHTe/lbHO HH3KOfO pa3peweHHR. 

CxeMa TOC c NSPE on4HeH noKa3aHa Ha pHc. 37. Ase CHCTeMbl HAeHTH4HblX AH<!>paK4HOHHblX 

peweTOK (G1 - G2 ) H (G3 - G4 ), KOTOpb1e npeACTaB/lRIOT co6oi14-x peweTYaTblH HeHTpOHHblH HHTep­

<!>epoMeTp, pa3MelJ.lalOTCR Me>KAY MOHOXpOMaTOpOM-06pa340M H 06pa340M-aHa/lH3aTOpOM, COOT­

BeTCTBeHHO. 

MOHOXpOMaTOp /'flillll:n G2 

v.~ 

AHa11113arop 

a.Jlun0 
~~v, 

06pa3e4 

P1-1c. 37. CxeMa TpexoCHoro cneKTpoMerpa c NSPE on411ei1 . 
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3HeprentYecKoe pa3peweH1-1e TaKoro NSPE cneKTpOMerpa (c yYeTOM orpaH1-1L1eH1-1ii HaK11aAbl-

8aeMb1x K0/1/1"1MaL11<1eii Bo ' KOTOpaR MO>KeT 6b1Tb Heo6XOA"1Ma Af1R orpaH"14eH"1R 3<j><j>eKT08 pacce­

RH"1R Ha o6pa3l.le, 8bl38aHHblX, Hanp1<1Mep, M03a"14HOCTblO o6pa3l.la) MO>KHO OL1eH"1Tb KaK : 

t.En tivn B0 Vn 
- == 2- == - -r (65) 
En Vn Tr Vg 

Ha p1-1c. 38 rpa<j>1-1YeCK"1 npeACTa8/leHbl 3a8"1C"1Mocrn pa3peweH1-1e TOC c NSPE onL11<1eii OT Ko11111-1-

MaL11<11<1 pacceRHHOro nyYKa A/lR pa3/1"14HblX CKOpoCTeii peweTOK. AnR pacceRHHoro nyYKa Ten1108blX 

HeiiTpOH08 c Af1"1Hoii 80/lHbl A == 2 A 1-1 np1-1 Ko11111-1MaL11<1"1 pacceRHHoro nyYKa B
0 

== ± 0.3°, MO>KeT 

6b1Tb no11yL1eHo 8b1C0Koe 3HepreniYecKoe pa3peweH1-1e 0Ko110 0 .3%. 

a 6 
2.0 

• 

~; ;fl 1.51 ~ •• ;fl 
I J.. = 4A 

L&J5.':' 2 l + ..: 1.0 
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Pi-1c. 38. Pa3peweH1-1e ren1100oro (a) "1 XOllOAHoro (6) rpexocHblX cneKrpoMerpoe c NSPE om-11-1eii a 3a01-1-

C"1Mocrn OT KOJ1Jl"1Ma4"1"1 pacceRHHOro ny4Ka. npRMble 1, 2 "1 3 paCC4"1TaHbl Af1R CKOpOCTei\ peWeTOK Vy 
30 M/c, SOM/C "1 100 M/C, COOTBeTCTBeHHO. 4epHble poM6bl - rnn"14Hoe pa3peweH"1e Ten1100oro "1 XOllOA­

HOro TOC Af1R cooTBercrey10ll.\"1X KOllll"1MaL11-1ii ny4Ka. 

TaKHM o6pa3oM, 1-1cno11b308aH1-1e NSPE onl.1"1"1 no38011ReT 3HaL11<1Te/lbHO, 0 10 pa3, y11yYW"1Tb 

3He prent4eCKoe pa3peweH1-1e TpeXOCHblX cneKTpOMeTpo0 6e3 AOn0/1H"1Te/lbHblX noTepb "1HTeHC"18-

HOCHI . nocKO/lbKY Ta Koe y11yYweH1-1e 3HepreniyecKoro pa3peweH1<1R He C8R3aHo c 1-1cno11b300aH1<1eM 

nOl1Rp"1308aHHblX HeiiTpOH08, TO nOl1Rp"13al.1"10HHblH aHa/1"13 pacceRHHOro nyYKa MO>KeT 6b1Tb pea ­

/1"1308aH He3a8"1C"1MO. 

0CH08Hble pe3y/lbTaTbl pa60Tbl 

1. Pa3pa60TaH MeTOA TOnorpa<j>1-11-1 ny4K08, 8blXOARll.\"1X "13 HeiiTpOHHOro "1HTep<j>epoMeTpa Ha 

co0epweHHOM Kp"1CTa1111e, no380/1"18W"1H yCTaH08"1Tb, 4TO OH"1 COAep>KaT OK0/10 50% Hei1Tp0H08, 

OTpa>KeHHblX OT Kp"1CTa/1/1"14eCK"1X n11acntH "1HTep<j>epoMeTpa co C/lO>KHblM pacnpeAe/leH1<1eM aM­

n/1"1TYAbl co6cTBeHHblX K011e6aH1-1ii . Ha OCH08aH"1"1 3Toro npo0eAeHa onrnM"13al.1"1R ycTaH08K"1 Kp"1-

CTa1111a "1HTep<j>epoMeTpa "1 y0e111-1L1eHa 8"1AHOCTb "1HTep<j>epeHL\"10HHOH KapntHbl c 40% AO 90%. 

On1-1caH PRA 3Kcnep1-1MeHT00, npo8eAeHHblX Ha TaKoM "1HTep<j>epoMeTpe, 0 YaCTHOCT"1 "13MepeH"1R 

Af1"1Hbl KorepeHTHOro pacceRH"1R "130TOn08 C8"1HL1a, 8 KOTOpblX 6bl/1"1 nonyYeHbl pe3y/lbTaTbl c 11y4-

weii 8 M"1pe TOLIHOCTblO "1 CTa8W"1e Ta6111-1L1HblM"1 3Ha4eH"1RM"1 . 

2. npeAf10>KeH "1 npaKrn4eCK"1 pea/1"1308aH np1<1HL11<1n1<1a/lbHO H08blH 6e3A1<1nepc1<10HHblH Me­

TOA npel.\"13"10HHoro "13MepeH"1R Af1"1Hbl KorepeHTHoro pacceRH"1R, no380/1RIOl1\"1H y8e111<1L1"1Tb 
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TOLIHOCTb ee onpeAe11eH"1R 6011ee YeM Ha A8a nOPRAKa. npo8eAeHO npel.1"13"10HHOe "13MepeH"1e 

Af1 "1Hbl KorepeHTHOro pacceRH"1R KpeMH"1R "1 ycTaH08/leH H08blH M"1p080H CTaHAapT c 6ecnpeL1e­

A eHTHOH TOLIHOCTblO 0 .005% 8 5 pa3 npe8b1Wal011\YIO no11yL1eHHYIO paHHee. nocpeACTBOM 3Toro Me­

TOAa "13MepeHa Af1"1Ha pacceRH"1R "130TOna 208Pb c TOLIHOCTblO 0 .1% "1 YTOYHeHa 8e/1"14"1Ha aMn/1"1-

TYAbl HeiiTpOH-3/leKTpOHHOro 83a"1MOAeiiCT8"1R . npeAJ10>KeH H08blH 3KCnep1<1MeHTa/lbHblH nOAXOA 

K "13MepeH"1IO 3TOH 8e/1"14"1Hbl, COCTORl1\"1H 8 TOM, 4T06bl "1Cn0/1b308aTb HeiiTpOHHblH "1HTep<j>epo­

M eTp He TO/lbKO KaK "1HCTpyMeHT Af1R "13MepeH"1R <j>a3bl, HO "1 OAH08peMeHHO 8 KaYeCTBe o6pa3l.la, 

YTO no30011ReT npo80A"1Tb TOYHble "13MepeH"1R <j>a3bl 0 npeAenax nnaTo /J,ap81<1Ha 6e3 KaKoii-111-160 

n 0Tep1-1 8"1AHOCHI "1HTep<j>epeHL.1"10HHblX no11oc. 

3. nocpeACT80M 6e3A"1nepC"10HHOro MeTOAa "13MepeH"1R Af1"1Hbl KOrepeHTHOro pacceRH"1R 

n po0eAeH npel.1"13"10HHblH n0"1CK C8"1AeTe/lbCT8 RAepHOro K8aHT080ro 3anYTbl8aH"1R 8 >K"1AK"1X CMe­

CRX H 10 - D 20 . no11yL1eHHblH pe3y/lbTaT ycTaHa8/1"18aeT npeAe/lbl npOR8/leH"1R R8/leH"1H K8aHT080H 

3a nyTaHHOCHI RAep npi-1 KOMHaTHoii TeMnepaTYpe, 8 4aCTHOCT"1 8 MeTOAe 0ap1<1aL1"1"1 KOHTpaCTa 8 

HeiiTpOHHOM pacceRH"1"1 "1 nOAT8ep>KAaeT AOCT08epHOCTb MeTOAa 0ap1<1aL1"1"1 KOHTpaCTa 8 HeiiTpOH­

HOM pacceRH"1"1. npoAeMOHCTpi-1p08aHO np1-1MeHeH1<1e 6e3A"1nepC"10HHOrO MeTOAa Af1R "13MepeH"1R 

n /10THOCT"1 TOHK"1X nneHOK "1 C03AaH"1R TOLIHblX 3Ta/10H08 Af1R 1-1cnO/lb308aH"1R npi-1 Ka111-16p08Ke "1H­

CTpyMeHT08 pa3/1"14HblX T"1n08. 

4 . Pa3pa6oTaHbl MeTOAbl "13MepeH"1R 8 "1HTep<j>epoMeTp"14eCK"1X 3KCnep1-1MeHTax Manoro 

8K11aAa reoMeTp"14eCKOH <j>a3bl 6epp1-1, 803H"1Kal011\eii npi-1 380/llOL\"1"1 cn1-1Ha HeiiTpOHa 8 MarH"1T­

HOM none, Ha <j>oHe MHOroKpaTHO npe80CXOARll.\eH A"1HaM"14eCKOH <j>a3bl. npo0eAeHbl "13MepeH"1R 

reoMeTp1<1L1eCKoii <j>a3bl np1-1 l.1"1K/1"1YecKoii aA1<1a6antL1ecKoii 380l110l.1"1"1 cn1-1Ha HeiiTpoHa, YTO 0nep-

0b1e no380/1"1/10 3Kcnep1-1MeHTa/lbHO nOAT8epA"1Tb npeACKa3aHHYIO K8aHT080i1 MexaH"1KOH 4Tr-C"1M­

MeTp"110 80/1H080H cn"1HOpHoii <l>YHKL\"1"1 <j>epM"10H08 npi-1 "1CHIHHOM 0pall.\eH"1"1 cn1-1Ha . npo8eAeHO 

nep0oe 0 M1-1pe "13MepeH1-1e reoMeTp1-1L1ecKoii <j>a3bl np1-1 HeL11<1K111<1L1ecKoii aA1-1a6arnL1eCKoii 30011io­

L\"1 "1 cn1-1Ha HeiiTpOHa, 4TO n0380/1"1/10 paCKpblTb <j>"13"1KY "1HTep<j>epeHL.1"1"1 Me>KAY pa3/1"14HblM"1 

K8aHT08blM"1 COCTORH"1RM"1 . 

5 . Bnep8ble pa301-1T 1-1 noAT8ep>KAeH 3Kcnep1-1MeHTa11bHO MeTOA MoHTe-Kap110 Af1R MOAe111-1po-

0a H1<1R no8eAeH"1R cn1-1Ha 8 HeCTal.1"10HapHblX no aMnf1"1TYAe "111"1 Hanpa011eH"1IO MarH"1THblX nO/lRX, 

KOTOpblH 6bl/1 "1HTerp1-1po8aH 8 nporpaMMHblH naKeTVITESS. Bnep8ble C03AaHa "1 pea/1"1308aHa 803-

M O>KHOCTb MOAe111-1po0aH"1R "1HCTpyMeHT08, "1CnO/lb3YIOll.\"1X n011Rp"1308aHHble HeiiTpOHbl. 

6. 0CH08bl8aRCb Ha KOHL1enL1"1"1 JlapMOp08CKOH KOA"1P08K"1 KaK np"1HL\"1na pa60Tbl cn"1H -3XO 

cneKTpOMeTp08, 0nep8ble npeAf10>KeH, TeopeT"14eCK"1 o6oCH08aH "1 3KCnep1-1MeHTa/lbHO nOAT8ep­

>KAeH np"1HL\"1n pa60Tbl HeiiTpOHHOro Cn"1H-3XO cneKTPOMeTpa Ha OCH08e 8pall.\al011\"1XCR MarH"1T­

HblX no11eii. npeAf10>KeH MeTOA 6YTCTpana c "1Cn0/1b308aHHeM noC/leAOBaTe/lbHOCrn Bpall.\aTe11eii 

cnHHa c npOT"180n0/10>KHblM Hanpa011eHHeM 0pall.\eH"1R MarHHTHblX no11eii "1 snepBble 3Kcnep1-1MeH­

Ta/lbHO npOAeMOHCTpHpo8aH TpOHHOH 6yTCTpan, no3B0/1RIOl1\"1H TpexKpaTHOe y0e111-1L1eHHe sepx­

Hero npeAena pa3pewa10ll.\eii cnoco6Hocrn TaKoro cneKTpoMeTpa . npoMOAe111-1posaHa 1-1 3Kcnep1-1 -

MeHTa11bHO nOATBep>KAeHa B03MO>KHOCTb nocTpoeHHR MIEZE (Modulation of Intensity with Zero 

Effort) cneKTpOMeTpa Ha OCHOBe spall.\al011\"1XCR MarHHTHblX no11eii ; npOAeMOHCTpi-1p08aHa 803-

MO>KHOCTb HX HCnO/lb30BaH"1A Af1R C03AaHHR Ma11oyrnosoro cnHH-3XO AH<!>paKTOMeTpa "1 pe<j>neK­

TOMeTpa BblCOKOro pa3peweH"1R . 
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7. BnepBble npeAflo>KeHa, TeopeTW·leCKH o6ocHOBaHa H noATBep>KAeHa 3KcnepHMeHTallbHO 

TeXHHKa HeihpOHHOH CnHH-3XO cneKTpOMeTpHH Ha OCHOBe rpaAHeHTHblX BO BpeMeHH MarHHTHblX 

no/leH, HCnO/lb3YIO~aR Bpa~aTe/lH cnHHa C/lHHeHHO-B03paCTalO~HM BO BpeMeHH MarHHTHblM no­

/leM. Pa3BHTa TeopHR AH<l>paKTOMeTpa no MeTOAY SESANS c HaK110HeHHblMH Bpa~aTe!lRMH cnHHa. 

8. noKa3aHo, 4TO c T04KH 3peHHR <l>H3HKH HHTep<!>epeH4HH cnHH-3XO cneKTpoMeTp RB/lReTCR 

HHTep<l>epoMeTpOM B npocTpaHCTBe AflHH BO!lH, a caMH BO/lHbl npeACTaB/lRIOT co6oH MOAYllHpo­

BaHHble c BblCOKOH 4aCTOTOH cneKTpbl naAalO~ero H pacceRHHOro 06pa340M HeHTpOHHblX ny"IKOB, 

TaK 4TO BblXOAHOH CHrHa/l TaKoro HHTep<!>epoMeTpa npeACTaB!lReT co6oH MyapOBYIO KaprnHy, o6-

pa30BaHHYIO 3THMH cneKTpaMH. TaKHM o6pa30M, RB/leHHe npe4ecCHH cnHHa HeHTpOHa B MarHHT­

HOM no11e, KOTopoe HCnO/lb3yeTCR B OCHOBe MeTOAa CnHH-3XO cneKTpOCKOnHH /lHWb o6ecne4HBaeT 
Bb1coKoL1acrnTHyio MOAYl1R4Hio HeHTpOHHoro cneKTpa . 

9. Pa3pa6oTaH MeTOA HeHTpOHHOH cneKTpOMeTpHH CKOpOCTHoro 3Xa (NSPE), B KOTOpOH Bbl­

COKO"laCTOTHaR MOAY11R4HR HeHTPOHHOro cneKTpa AOCTHraeTCR c nOMO~blO ABH>KY~HXCR AH<l>paK-

4HOHHblX peweTOK. NSPE cneKTpOMeTp He OCHOBaH Ha HcnO/lb30BaHHH no11RpH30BaHHblX HeHTpO­

HOB, H, C/leAOBaTe/lbHO, CB060AeH OT orpaHH4eHHR, npHcy~HX MeTOAY CnHHOBOro 3Xa - HeB03MO>K­

HOCTH HCC!leAOBaHHR AHHaMH"leCKHX RBlleHHH B MarHHTHblX MaTepHa11ax, rAe HMeeT MeCTo npe-

4eCCHR cnHHa HeHTpoHa B 06pa34e. noKa3aHo, 4TO NSPE on4HR no3B0/1ReT 3Ha4HTellbHO, B 10 pa3, 

y11yL1WHTb 3Heprern4ecKoe pa3peweHHe TpexocHblx HeHTpOHHblx cneKTpoMeTpoB 6e3 cy~ecTBeH­
Hb1x Aono11HHTe!lbHblX noTepb HHTeHCHBHOCTH. 
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