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Oli~QMI XAPAKTEPHCTHKA PAliOThl 

AicryaJI&uocr& TeMLI 

HeiiTpouuru~ pe(j>ne:rcroMerpiD! 3KCnepiiMeHTaJibHblll MeTO,Z:( IICCJie,Z:(OBaHID! 

CBORCTB nOBepXHOCTeii ll rpaHIIQ p33.z:teJipB B CJIOllCTbiX CIICTeMaX C HCnOJib30BaHIIeM 

O'Tp(l)KeHID! HeHTpOHOB. IlepBOHa'laJibHO MeTO.z:t HeHTpOHHOll pe(j>neKTOMeTpllll 

IICnOJib30BaJICji .z:tJij! ll3)"1eHID! HeMarHHTHbiX cpe.z:t. II03.z:tHee, C p33BHTlleM TeXHOJIOrnii, 

n03BOAAIOIIIIIX nOJI)"'IITb nyqKII nOAApli30BaHHhiX HeHTpOHOB, MeTO.z:t CyiiieCTBeHHO 

pacumpliJI CBOll B03MO:>KHOCTII ll CTaJI. TaiOKe npiiMefij!TbCji .z:tJij! IICCJie.z:tOBaHIDI 

MarHIITHhiX. crpy:rcryp. Ha 6oJihliiHHCTBe uccne.z:toBaTeJihCKIIX ueiiTpoHHhiX IICTO'IHIIKOB 

B HaCTOjiiiiee BpeMj! yCTaHOBJieHbl pe(j>JieKTOMeTpbl nOAApli30BaHHbiX HeiirpOHOB, 

KOTOphie UIHpOKO npiiMeHj!IQTCji B p33JIII'IHhiX o6naCTjiX uayKII. Hcnonb3oBaHIIe 

ueiiTpouuoii pe(j>neKToMerpuu B Teqeuiie nocne.z:tHIIX .z:teCjiTIIJieTIIii cnoco6CTBOBaJIO 

CyiiieCTBeHHOMY nporpeccy B TaKHX Hay'IHbiX 06JiaCTjiX, KaK (j>II3HKa nOJIIIMepOB ll 

)l(li,!:{KOCTeii, CBepxnpOBO,!:{IIMOCTb, MarHeTli3M nOBepXHOCTll, MarHeTli3M Ha rpaHIIQax 

p33.z:teJia B CJIOllCTbiX CIICTeMax ll T.,!:{. • 

B HaCTOjiiiiee BpeWI, C p33BHTlleM MeTO,l:lOB no C03.z:taHIIlO HaHOC'fPYKTYP, 

nOjiBIIJiaCb He06XO,!:{IIMOCTb B npiiMeHeHllll p33JI~HbiX MeTO,!:{OB paCCejiHID! HeiirpOHOB 

.z:tAA uccne.z:toBaHID! 3TIIX CTPYKTYP, a TaiOKe B KOM6IIHIIpoBaHHII uecKOJihKIIX MeTO.z:tOB 

.z:tJij! nOJI)"'eHID! IIH(j>OpMaQIIII, He.z:tOCTynHOll npll IICnOJib30BaHIIll T{)a,l:lliQllOHHbiX 

MeTO,!:{OB. 

O.z:tHIIM H3 MeTO.z:tOB paccej!HID! ueiirpouoB, OTKph}BaiOIIIIIX HOBbie nepcneKTHBhi 

npii uccne.z:toBaHIIII HaHOC'fPYKTYP: j!BAAeTCji MeTO.z:t ueiiTpouuoro cniiH-3xo B 

KOM6IIHaQIIII c rpa.z:tiiQuouuoii ueiiTpouuoii pe(j>ne:rcroMerpueii. Mero.z:t ueiiTpouuoro 

CniiH-3XO (HC3) 6bm p33pa6oTaH KaK cneQllaJibHru! 3KCnepHMeHTaJibHrui MeTO,!:{HKa, 

npiiMefij!lOIIIruiCji B 3KcnepiiMeHTax no ueynpyroMY paccej!HlllO ueiiTpouoB [I]'. 

Mero.z:t HC3 cymecrBeuuo oT~aJICji OT «KJiaccii'IecKmo> Mero.z:toB ueynpyroro 

paccejiHIDI, KaK C TO'IKII 3peHIDI OCHOBHOll ero ll,!:{ell, TaK II C TeXHH'IeCKOH TO'IKII 

3peuiD!. IlpiiHuun, 3aJIO)l(eHHhrn B ocuoBy MeTO.z:ta HC3, 3aKJilOqaercj! B 

• Il;HTIIpyeMrui mrreparypa o6o3uaqaercj! ccbmKoii [1], pa6oTbi aBropa, B KoropbiX 

ony6JIHKOBaHbl BbiHOCIIMhie Ha 3_l!!:I!_l!'!)' .Pe:J~h!aTh!.::.IA!L 

06'ht?r~~~~£-l~l!ibL:1 tiHCrt~i'£Y'i' 

:i,[iCpi!blX HCCJie,LJ,OBaHUM' 

BI1BnHOTEKA 



HCnOJib30BaHIUf 3<lJ<lJeKTa napMOpOBCKOll npe~e~HH CnHHa HeiiTpOHa B MarHIITHOM 

none, npn noMomn Koroporo rnMepiDOTCH cKopocrn Hell.TpoHOB .no n nocne paccegHHH 

Ha o6pa3Ue. 06biqHo TaKOll npHHUHll -~03B0JigeT . oqeHb roqHO (,no 10-IO 3B) 
• •! \ .·-.. •· :· .··. ,·· .. • I 

KOIITpOJinpoaaTb rnMeHeHne 3Hepnm ~e~pH!l, 'l":fO onp~,nenger Bbi~Koe pa3peweHne 

Mero.na HC3. OrliWIIITeJibHOH oco6eHHOCI'b~ !IC3 HBJll!eTCg ro, qro a ,naHHOM Mero.ne 
~ _. • • • • • • • • • • • • • • • • • ••• > • '· , • - • '. • • • • ' • • 

OTcyrcrayeT B3aHMOCBH3b Me)l(,l{)' niiTeHC~BHOCTblO {KOJIJIHMauneif) HeKrpOHHOI'O 
.:.' . . ; - . . ·.-··- .· . . .. :-. -·:., 

nyqKa n pa3peweHneM. .lWYTHMH cnoBaMfl, . pa3peweHf1e Mero,na onpe,nengercH He 
._ ' • ' . . • • . • •. • ;..>I • . -. . ~ • • • • • . • • • • - ' • 

KOJIJIHMaUHeif HJIH creqeHblO MOHOXPOhiaTll3al{HH II)"'Ka, a BeJinqHHOll H 
' . ~ .. . . ' . : . . . . . . ~ . . ' 

O.D;HOpO.D;HOCI'blO MarniiTHOI'O IIOJUI, B Kq'fPpOM npeueccnpyer CnHH HeKrpOHa. 
~-- r: . . . . ; . , . , . . , . , . . . • . . . 

llo.no6HbiH no.nxo.n .naer Heo6biqaifHo BbiCOKoe pa3peweHne HC3 no 3Heprnn, ' : : . : . . . ' ' : . ' ~ . 

H~.D;OCI'H:IKHMOe B ,npyrnx MeTO,D;ax p~cce~~HH Hei:frpOHOB. 

HoabiM ronqK()M K pa3BIITH~ HC3 ~OCJI)l)KH~~ ~eg ~aMe~bi KJiaccnqecKnx 

.D;JIHHHbiX COJieHOH.D;OB, HCnOJib3yeMbiX KaK o6JiaCTb npeuecCHH ( o6nacrb, B KOTOpoif 
"• ' . ' . ' ' .. . ' . 

aeKTop nongprnaunn Hell.TpoHoB npeueccnpyer aoKpyr HanpaaneHHH aeKTOpa 
j' • . ' . -· • . 1 • • • ·- • • • 

MarHIITHOI'O nong), pe30HaHCHbiMH Hea,nna6aTnqecKHMII <lJnnnnepaMH {KarywKaMH) 
~-''.': • ' - .. •, . ; : • . . . . ! . :. • • . . • ' ' ' ( . : . . . 

(2], ,neifcrBHe KOTOpbiX OCHOBaHO Ha pe30HaHCHOM pa,nnoqa~THOM ppHHU~e (3-5). 

~O.T MeTO.D; nOJI)"'HJI Ha3B~HHe pe30HaHCHOI'O HeHrp()HHOJ1> CnHH-3XO {PHC3) H 6biJI 

anepBbie peann3oaaH B 1995 ro.ny Kennep()M [6] B llHqmyre ~M. XaHa n Mai1THep, 

~~pnnH. ABropbi npo,neMOHcrpnpoaann 113~7peHHH c noMOI.UblO P!IC3 a KOM6nHaunn 

c . Manoyrnoa~IM pacceHHHeM. HoamHa MeT().na PHC3 3aKJil()qanacb B TOM, ~o 

pe3oHaHCHbie <Pnnnnepbi no3songnn Ha~oiDI1"b rpaHHUbi o6nacrei1 npeueccnn 

HeKrpOHOB no,n 6oJibWHM yrnoM K na.D;aiOllleM)' II)"'KY, ~0, B CBOIO oqepe,nb, .D;aJIO 
-~ -~ ~ . . . . ' . . . - . . . . 

~;03MOiKHOCI'b peaJIH30BaTb npHHUHn yrJIOBOI'O KO.D;HpOBaHID! T{JaeKTPpHH HeKrpOHOB, 

npe,nnoX<eHHbiH KeJIJiepoM [6]. 
'·' . ,., 

Y cnewHbie 3KcnepnMeHTbi c noMOlllblO PHC3 B KOM6nHaunn c MaJIOYfJIOBbiM 
. . - ':• .. ' 

p~c:ceH}{H7M [6] (Mero.n no.nyqHJI co~pame~Hoe Ha3BaHne SESAl'fS: S~in-Echo SANS) 

. ~~.qTOJIKH)'JIH ,npyrnx HCCJie.D;OBaTeJieif K pa3pa60TKe MeTO.D;OB, OCHOBaHHbiX Ha 
/ _. -~ . . - . 

~~~HUHne yrJIO~OI'O KO.D;HpOBaHHH T{JaeKTOpHll {yrJIOB) HeKrpOHOB C HCnOJib30BaHHeM 

n,~p~opo~cKoll. npeueccnn. C Tex nop 6biJI .nocrnrHyT 3HaqiiTeJibHbiH nporpecc B 

pa3pa60TKe MeTO,na no COBMeCI'HOM)' IICnOJib30BaHHIO MaJIOyrJIOBOI'O pacceHHHH H 

HC3. 
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B TO X<e apeMH 6biJia npe.D;JIOX<eHa H,D;eH npHMeHeHHH MeTO,na CnHH-3XO B 

pe<IJneKTOMerpnn [7]. 3Ta n,neg 6hma a ,naJibHell.weM pa3BIITa rpynnoll. P. llnHHa [8-

11 ], KOTOpblll npe.D;JIO:lKHJI HCnOJib30BaTb MeTO.D; KO.D;HpOBaHHH T{JaeKTOpHH HeHT{JOHOB B 

pe<lJJieKTOMeTpHH ,nng pa3.D;eJieHHH 3epKaJibHOI'O mpaX<eHHH H ,nn<lJ<lJYJHOI'O paccegHHH 

npn ncrtoJib30BaHHH II)"'KOB c w~poKoll. KOJIJIHMaunell.. O,nHHM H3 BaiKHbiX 

T{Je60BaHHll B 3KCnepHMeHTaX no TJla.D;HUHOHHOll pe<lJJieKTOMeTpHH gangercg 

HCnOJib30BaHHe YJKOH KOJIJIHMaUHH, HJIII, ,npyrHMH CJIOBaMH, BbiCOKOI'O yrJIOBOI'O 

pa3peweHHH. llpH 3TOM 60JibWag qaCfb HHTeHCHBHOCI'H HeHT{JOHHOI'O II)"'Ka TepHeTCH. 

3To T{Je6oBaHHe, B qacrHOCI'H, o6yCJIOB.lJeHO TeM, ~0 ,nng O.D;HOJHaqHOll .D;OCI'OBepHOll 

nO.D;I'OHKH .D;ByMepHOll KapTbl HHTeHCHBHOCI'H HYX<HO 3HaTb TOqHO creneHb nepeKpbiTHH 

3epKaJibHOI'O OT{JaX<eHHH H ,nn<lJ<lJYJHOI'O pacceHHHH. }1;0 Hacrogmero BpeMeHH, MeTO.D;, 

.naiOmnll. B03MOX<HOCI'b pa3,neJIIITb pa3nnqHbie npoueccbi pacceHHHH npn 

HCnOJib30BaHHH WifpOKOll KOJIJIHMaUHH, Ha npaKTHKe peaJIH30BaH He 6biJI. 

Heo6XO.D;HMO OTMeTIITb, qro BCe MeTO.D;bl, OCHOBaHHbie Ha KOM6HHaUHH 

pe<lJJieKTOMeTpHH C HellTJlOHHbiM CnHH-3XO, ceifqac HaxOMTCH Ha cra,nHH pa3pa60TKH, 

no3TOM)' peanbHbie 3KcnepnMeHTbi fla CJIOiKHbiX <lJn3nqecKHX o6beKTax noKa He 6biJIH 

BblllOJIHeHbl. DOJiee TOI'O, HH O.D;HH H3 MeTO.D;OB He HCnOJib30BaJICH paHee .D;AA 

npoae,neHHH 3KCnepnMeHTOB C MarHIITHbiMH crpyKTypaMH, n03TOM)' pa3BHTlle ,naHHOrO 

HanpaBJieHng OC06eHHO aKTYaJibHO, nOCKOJibKY 3TO n03BOJigeT CyiUeCTBeHHO 

paCWHpliTb B03MO:lKHOCI'li TJla.li;HUHOHHbiX MeTO.D;OB npH peweHHH COBpeMeHHbiX 3a,naq 

<lJn3HKH MarHIITHbiX nJieHOK H CJIOHCI'b!X CI'pYKTYP· 

II;CJJb pa60Tbi 3aKJIIOqaercH B pa3pa6pTKe n peanll3~_unn Hoaoro Mero,na - .yrnoaoro 

KO.D;HpOBaHHH C JiapMOpOBCKOll npeueccneif HeihjJOHOB (YKJill), KOTOpblll n03B0JigeT 

HCnOJib30BaTb BbiCOKOHHTeHCHBHbie II)"'KH WHpOKOll KOJIJIHMal..lHH C BbiHrpbiWeM B 

YrJIOBOM pa3peweHHH; TaKX<e UeJib .D;HCCepTaUIIH COCI'OIIT B HCCJie,D;OBaHHH npHpO.!lbl 

3<lJ<lJeKTa napMopoacKoll. nces.no-npeueccnn aeKTopa noAApH3aunn Hell.TpoHOB npn 

OT{JaX<eHHH 0T MarHIITHbiX nJieHOK, pa3pa60TKe H npHMeHeHHII HOBOI'O MeTO.D;a, 

ocHoaaHHoro Ha 3<lJ<lJeKTe napMopoacKoll. nces.no-npeueccnn, ,nAA H3MepeHIIH 

HanpaBJieHHH BeKTOpa HaMarnnqeHHOCI'Ii BHyTpll MarHIITHbiX TOHKHX nJieHOK. 

B COOTBeTCI'BHH C UeJiblO pa60Tb! nocraBJieHbl CJie,D;YfOIUHe OCHOBHbie.3anaqn: 
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1. OcHOBbiBaHCh ua Mero.r~ax ueii-rpouuoro cmm-3xo II ueii-rpouuoii pelf>neKTOMeTJJIIII, 

pa3pa6oTaTh MeTO.rl yrnoaoro KO.riiipoaaHIIH c napMopoacKoii npe~ecciieii nyqKa 

ueii-rpouos, KoTOpbiii o6ecne'liiBaeT BbiCOKoe, no cpaaHeHIIIO c coapeMeHHbiMII 

pelf>neKToMe-rpaMII, yrnoaoe pa3perneHIIe npii pa6oTe c · nyqKaMII rniipoKoii 

KOnniiMa~IIII. 

2. IlposeCTII 3Kcnepi1MeHThi Ha MHorocnoiiHoii noniiMepHoii nneHKe co cno:amoii 

c-rpyKTypoii II nOKa3aTb, 'ITO MeTO):I yrnOBOro KO,!:IIIpOBaHIIH C napMOpOBCKOH 

npe~ecciieii Heii-rpoHOB no3BOIDieT pa3.r~enllTh .r1IIIf>lf>Y3Hoe paccegHIIe II 3epKanhHOe 

o-rpa:lKeHIIe npii Ilcnonb30BaHIIII CIInhHO pacxo~mHXcg nyqKOB. 

3. Hccne.r~osaTh 3KCnepi1MellTanhHO npi1pO.z:IY 31f>lf>eKTa napMopoacKoii ncea.r~o­

npe~ecciiii noiDipi13a~IIII Heii-rpoHOB npii o-rpa:lKeHIIII OT MarHIITHhiX nneHoK npii 

nOMOmii KOM6IIHa~IIII Heii-rpOHHOro CniiH-3XO II pelf>neKTOMe1piiii. 

4. 11oKa3aTb Ha npiiMepe TOHKOH MarHIITHOii nneHKe Ah03 rFe (966 A) /Cr (22 A), 

'ITO HOBblll MeTO):I, OCHOBaHHblll Ha KOM6I1Ha~IIII Heii-rpOHHOH pelf>neKTOMeTJJIIII, 

Heii-rpOHHOrO CniiH-3XO II 3lf>lf>eKTa napMOpOBCKOH npe~eCCIIII, n03BOllileT 

onpe.r~enllTh a6coniOTHOe HanpaaneHIIe II senii'liiHY HaMarHII'leHHOCTII B nneHKax, 

'ITO HeB03MO:lKHO npii nOMOmii -rpa,!:III~IIOHHOH pelf>neKTOMeTJJIIII. 

PelyJihTaThi, BbJHOCHMhie ua laJJJMTY 

1. Ilpe.z:~no:lKeH HOBbiii MeTO.rl - yrnosoe KO.riiiposaHIIe c napMopoacKoii npe~ecciieii 

Heii-rpoHOB, o6ecne'liiBaiOmiiii 3Ha'liiTenhHO 6onee BbiCOKoe yrnosoe pa3perneHIIe 

no cpaaHeHIIIO c TJla.riii~IIOHHOii pelf>neKToMe-rpiieii. IlepBbiii TeCT yrnosoro 

KO,!:IIIpOBaHIIH Heii-rpOHHOro nyqKa BblllOnHeH npii nOMOmii napMOpOBCKOH 

npe~eCCIIII Ha CTaH,!:IapTHOH yCTaHOBKe CniiH-3XO. Ilpii IICTIOnb30BaHHII Heii-rpOHHblX 

nyqKoB c umpoKoii KonniiMa~IIeii (-0.25°) nonyqeHo yrnoaoe pa3perneuiie -0.01°. 

2. BnepBbie B 3KCnepi1MeHTe Ilcnonb3oBaHhi Heii-rpoHHbie nyqKII c rniipOKoii 

KonniiMa~IIeii, npii Koropoii ciirHan, onpe.r~eiDieMhiii He3epKanhHbiM pacceHHIIeM 

lloHe.r~a, nonHOCTbiO nepeKpbiBaeTcg IIHTeHCIIBHOCTgMII o-rpa:lKeHHOro II npgMoro 

nyqKoB. Ilpii noMomii MeTO.rla YKJIII ycnernHo npOI13Be):leHo pa3.r~eneHIIe 

He3epKanbHOro paccegHIIH lloHe):la II 3epKanbHOro OTJla:lKeHIIH OT CIIMMeTJJII'lHOrO 
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cononiiMepa nonii( CTI1peH-6noK-6YTIInMeTaKpHnaT ), CMernaHHOro c 

uauoqaCTII~aMII Fe304. 

3. Ilpii nOMOmii KOM6IIHa~IIII Heii-rpOHHOro CniiH-3XO II pelf>neKTOMeTJJIIII 

npO,!:IeMOHCTJliipOBaHa npe~eCCIIH BeKTopa noiDipll3a~IIII Heii-rpOHOB npii OTJla:lKeHIIll 

OT MarHIITHOii nneHKII. BnepBbie 3KcnepUMeHmaRbHO ):IOKa3ano, 'ITO oc~Hnllii~IIII B 

o6naCTII nonHoro o-rpa:lKeHIIH gangroTcH napMopoacKoii nces.r~o-npe~ecciieii 

nOIDipi13a~IIII Heii-rpOHOB npii OTJla:lKeHllll. 

4. Ilpll nOMOmii napMOpOBCKOH nCeB):Io-npe~eCCIIII II KOM6IIHa~IIII CniiH-3XO II 

pelf>neKTOMeTJJIIII onpe.z:~eneHa senii'liii!a II a6coniOTHOe HanpasneHIIe BeKTOpa 

HaMarHII'leHHOCTll CTPYKTYPhl Ah03 rFe (966 A) /Cr {22 A). IlonyqeHHOe 

3Ha'leHIIe {M=l.71 Kf'aycc) uaxo.r~llTcg B nonHOM cornaciiii c aenii'liiHOii, 

II3MepeHHOii MeTO):IOM MarHIITOMeTJJIIII (M=1.74±0.05 Kf'aycc). 

5. MeTO):I, OCHOBaHHblll Ha KOM6IIHa~llii napMOpOBCKOH ncea.z:~o-npe~eCCIIII ll ClliiH-

3XO pelf>neKTOMeTJJIIII, 6hm npiiMeHeH .riiDI onpe.z:~eneHIIH · a6coniOTHOii senii'liiHhi n 

HanpasneHIIH HaMarHII'leHHOCTll B MarHIITHbiX nne~KaX, 'ITO HeB03MO:lKHO 

peanll30BaTb B 3KCnepi1MeHTax llO -rpa,!:III~IIOHHOH pelf>neKTOMeTJJIIII, r.z:~e 

onpe,!:leiDIIOTCg TOnbKO npoeK~IIII BeKTOpa HaMarHII'leHHOCTII Ha 3a):laHHYJO OCb B 

nnOCKOCTII nneHKII. 

HayquaH HOBH3Ha 

HoBhiii MeTO.rl - yrnosoe KO.riiipoBaHIIe c napMoposcKoii npe~ecciieii Heii-rpoHOB, 

OCHOBaHHblll Ha KOM6IIHa~IIII pe30HaHCHOrO J:Ieii-rpOHHOrO CniiH-3XO II 

pelf>neKTOMeTJJIIII, 6bm npiiMeHeH Ha npaKTIIKe, IICnOnb3yg CTaH,!:IapTHblll CniiH-3XO 

cneK-rpoMe-rp. CoapeMeHHbie pelf>neKTOMeTJlhi IICnonb3YJOT y3KYIO KonniiMa~IIIO 

nyqKOB .rlllil nonyqeHIIH ueo6xo):IIIMoro yrnoaoro pa3perneHIIH, 'ITO 3Ha'liiTenhHO 

CHII:lKaeT IIHTeHCIIBHOCTb Heii-rpoHHoro nyqKa. HoBII3Ha MeTO.rla YKJIII 3aKniO'laeTcg B 

B03MO:lKHOCTll IICnOnb30BaHIIH nyqKOB BbiCOKOH paCXO):IIIMOCTII C TaKIIM :lKe (IIml 

ny'lrniiM) yrnoahiM pa3perneHIIeM, a TaK:lKe pa3.r~eneHIIH ciirHanoa, onpe.r~eiDieMhiX 

pa3nii'1HhiMII npo~eccaMII paccegHIIH. 
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11cnonb3oBaHite nosopOTHhiX pe:3oHaHCHhiX KarymeK noJsommo o6ecneqnTh 

rn6Kne B03MO)IQ{OCTn no ll3MeueHnJO pa3peiiieHID! s 3KcnepnMeHTax, a TaiOKe nerKo 

ananTnposaTh yron HaKnoua nnueshiX nnocKoCTel! o6naCTn npeueccnouuoro 

Marunrnoro noJIH, ~ ueo6xo,n;nMo AID~ Ko,n;nposauiD! TPaeKTopnli uefiTPouos c 

BbiCOKllM pa3peiiieHneM. 

Ilonyqeuuoe 3¢¢eKTnBuoe pa3peiiieune Mero,n;a no3BOID!eT ncnonb3oBaTh 

yrnosoe KO,n;nposaune ue TOnhKO AID~ paJ,n;eJieHIDI pa3nnqubiX npoueccos pacce.aHID! OT 

o6paJua, a TaK )Ke npornso,n;nTh ,n;eKOHBOniDUniD 3THX npoueccos pacce.aHIDI no 

oTHOIIIennJO K n106oli n3 qaCTel! pacxo,n;.ameroc.a nana10mero nyqKa. B TPa.n;nunouuol! 

petlJneKTOM~llll C MOHOXpOMaTnqeCKllM nyqKOM ll3MepeHID! npOll3BO,n;HTCH npn 

noMomn CKaunposauiD! yrna na,n;eHID!. Hosrnua npe,n;naraeMoro Mero,n;a JaKnJOqaeTc.a 

B B03MO)KHOCTn o,n;uospeMeuuoro ncnonb3oBaHIDI uen~ro 11a6opa yrnos na,n;euiD!, 

Ja.n;asaeMoro pacxo,n;nMOCThlO na,n;a10mero nyqKa n yrnOBhiM pa3peiiieuneM Mero,n;a 

YKJIII. 3To, B cso10 oqepe,n;h, noJBOID!eT JuaqHTenhHO 6hiCTPee n3Mep.aTb ,n;syMepuyJO 

Kapry llHTeHCUBHOCTll paCCeHHIDI 6e:3 CKaHnpOBaHIDI no yrny na,n;eHIDI ll 6e3 

npourpbiiiia B yrnosoM pa3peiiieHim. 

HOBbiH MeTO,ll;, OCHOBaHHbiH Ha ncnonb30BaHllll 3tPtPCKTa napMOpOBCKOH nces,n;o­

npeueccnn n KOM6nuaunn uefiTPouuoro cnuu-3xo n pe¢neKTOM~uu, no3BOID!eT 

ll3MepHTb a6comoTeyJO sennqnuy u uanpasneune MarHHTHhiX MOMeHTOB B cnO)IQ{biX 

MarunTHhiX CTPYKTypax, ocuOBhiBaHCb TOnhKO ua auann3e 3epKanbuoro OTPa)KeHIDI, 

~o JuaquTenhHO o6nerqaeT o6pa6oTKY nonyqeuHbiX 3KcnepnMeHTanhHhiX ,n;aHHhiX. 

llpaKTH•IeCKaH lleHHOCTb pa60Tbl 

CospeMeHHhie pe¢neKTOM~hi ,n;IDI nonyqeuiDI BhiCOKoro yrnosoro pa3peiiieun.a 

ncnonb3yJOT nyqKn y3KOH KonnnMaumt, nonyqaeMbie c nor.mmhiD c~eHID! ,n;na¢parM. 

3To 3HaqHTenhHO yMeHbiiiaeT llHTeHCllBHOCTb HeHTPOHHbiX nyqKOB ll ysennqnsaeT 

BpeMH l13MepeHID!. O,n;uo n3 ocuoBHhiX npenMYmeCTB MeTo,n;a yrnosoro Ko,n;nposauiDI 

3aKnJOqaeTC.a B B03M0)1(}{0CTll llCnOnb30BaHllH nyqKOB C IIIllpOKOH KOMllMaunefi C 

TaKnM )Ke yrnoBbiM pa3peiiieHHeM, KaK B TPannunoHHoii pe¢neKToM~nn, ~ 

JuaqHTenhHO cun)KaeT speMH, JaTPaqnsaeMoe ua U3Mepeune B 3KcnepnMeHTax ua 

MarunrnhiX o6paJuax. B qaCTHOCTn, Mero,n; YKJIII oco6euuo s~eu npn U3Mepeun.ax 
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ua Hll3KonoroqubiX peaKTopax, r,n;e 3KcnepnMeHThi no TPa.n;nunouuol! 

pe¢neKToM~nn c BhiCOKllM pa3peiiieuneM csmaHbi co JuaqHTenhHhiMll TPYAHOCTHMn 

ll3-3a Hll3KOH llHTeHCllBHOCTll HefiTPOHHbiX nyqKOB. 

HOBbiH Mero,n;, npe,ll;nO)KeHHbiH B pa6oTe ll OCHOBaHHbiH Ha 3tlJ¢eKTe 

napMoposcKol! nces,n;o-npeueccnn, noJsonnn c,n;enaTh nepBbie IIIarn no peanrnaunn 

TPeXMepuol! noiD!pnM~nn (TPexMepuoro noiD!prnaunouuoro auanrna) MarHeTll3Ma B 

TOHKllX nneHKax. 

Pe:3ynhTaTbi nccne,n;osaHID! 3¢¢eKTa napMopoBCKOH nces,n;o-npeueccun MOryT 

6hiTh npnMeueHbi ua npaKTnKe B CBIDu co 3HaqHTenhHhiM nHTepecoM K peanrnaunn -
anbTepuaTnBHhiX nYTeli ocymeCTsneuiD! napMoposcKol! npeueccnn Maruurnoro 

MOMeHTa HeHTPOHa. B Hacro.amee BpeMH 6onhiiillHCTBO MeTO,ll;OB, OCHOBaHHbiX. Ha 

napMopoBCKOH npeueccnn BeKTopa noiD!prnaunn ueliTPOHOB, ncnonh3YJOT B KaqeCTse 

o6naCTel! npeueccnn TOHKne MarHHTHhie nneHKn, npu 3TOM BeKTOp noiD!prnaunn 

ua6npaeT tPaJY npeueccnn npu npoxoJJCoenuu CK603b nneuKy. Ocuosua.a TPYAHOCTh, 

csroauua.a c ncnonb3osauneM: TOHKHX MarHHTHhiX nne_uoK (¢onhr), 3aKJIJOqaeTc.a B 

ueo,n;uopo,n;uoCTn 3THX nneuoK no Tonmuue, ~ ,n;aeT cymeCTseuuyJO ,n;enoiD!pu3aUnJO 

nyqKa npu npoxoJJCoenuu CK603b nneuKy. 11cnonb3oBaune TOHKHX nneuoK, 

o6uapy)KnBaJOmnx 3¢¢eKT napMopoBCKOH nces,n;o-npeueccnn BeKTopa noiD!prnaunn, 

nOJBOID!eT llCKnJOqUTh BniD!une ueo,n;uopo,n;uoCTel! Tonmnu nneuoK ua CTeneHh 

noiD!pnJaunn nyqKa, nocKOnhKY BeKTop noiD!prnaunn ua6npaeT tPaJY npeueccnn npu 

ompaJJCenuu om nneuKu. 

~.~ 

Anpo6auua pa6oTbl 
.· 

0CHOBHhie pe:3ynhTaTbi pa60Tbi ony6nnKOBaHhi B 4 CTaTbHX. 

Pe:JynhTaTbi, npe,n;CTasneHHhie B pa6oTe, .n;oKnanhlsanncb ua ceMnuapax B OT,n;ene 

uefiTPonHhiX nccne,n;osaunii KOH,n;eucnpoBaHHhiX cpe,n; na6opaTopnn ueiiTPOHHOH 

¢n3nKH liM. H.M. WpauKa 06be,n;nueuuoro nHCTHTYTa .a,n;epHbiX nccne,n;osaunii, a 

TaiOKe ua Me)K}J;yuapo.n;HhiX u poccniicKnx Kou¢epeuun.ax n IIIKonax: 

I. Germany-JINR User Meeting 2004 (JINR, Dubna, Russia) 

2. 8th Surface X-Rays and Neutron Scattering conference (Bad Honnef, Germany) 

3. NMI3 meeting, Saclay, France 2004 
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4.: Reflectometry, Off-specular, GISANS 2005 (Villigen, Switzerland) 

5. 13me Journees de la Diffusion Neutronique I European School on Neutron Scattering 

(JDNI3, June 2005, Anglet, France) 

6. International Conference on Neutron Scattering 2005 ( Sydney, Australia) 

7. Joint ILL-ESRF-EMBL PhD Student conference (2006, Grenoble, France) 

8. European Workshop on Neutron Optics 2007 (Villigen, Switzerland) 

9. VI HauuoHaJihHaH KOH<JlepeHUilll no npuMeHeHuro peHrreHOBCKoro, 
.I 

CllHXpOTf'OHHOf'O ll3JI)"'eHllll, Heii-rpOHOB ll :meK-rpOHOB AID! llCCJieAOBaHIUI 

MaTepuanos (PCH3 2007, MocKBa) 

JIU'IHbiU BKJia):{ aBTOpa 

ABTOp yqaCTBOBaJI BO BCeX 3KCnepuMeHTaX, pe3yJibTaTbl KOTOpbiX BKJIIO'IeHbl B 
. .. 

AHCcepTauuro, a TaK :lKe B nonyqeHIIll II o6cy)K):{eHIIII HaY<JHhiX pe3yJihTaTOB, B 

pa3BIITIIll MeTOAHKII npoBeAeHIUI 3Kcnepi1MeHTa II o6pa6oTKe AaHHhiX. Bee 

3KCnepi1MeHTaJibHbie AaHHbie, npeACTaBJieHHbie B pa60Te, 06pa60TaHbl aBTOpOM. 

ABTOP JIII'IHO npeACTaBIDIJI PeJYJihTaThi pa6oTbi Ha Me)K):{yHapOAHhiX KoH<JlepeHUIDIX co 

CTeHAOBbiMII u YCTHhiMII AOKJia):{aMII. 

CTpyK'rypa u o6LeM pa6oTbl 

,ll;IICCepTaUilll COCTOIIT ll3 BBeAeHIDI, 'leTblpex rJiaB II 3aKJIIO'IeHilll. Pa60Ta 

II3JIO:lKeHa Ha 85 c-rpaHIIUax, BKJIIO'Iall 33 pi1CYHKa II 110 HaiiMeHOBaHIIll JIIITeparypbi. 

CO~EP~AHHEPABOThl 

Bo BBe,[{euuu o6ocHOBhiBaeTCH aKl)'aJihHOCTh TeMhi AHCcepTaUIIOHHoii: pa6oTbi, 

C<JIOpMyJIIIpOBaHbl UeJIII II 3aAa'III IICCJieAOBaHIDI, a TaK:lKe pe3yJihTaTbl, BbiHOCIIMbie Ha 

3aW:Irry. ,ll;atrrCH xapaKTepiiCTIIKa Hay'IHOH HOBll3Hbl II npaKTII'IeCKOH UeHHOCTll 

nonyqeHHhiX pe3yJihTaToB. KpaTKO li3JIO:lKeHa c-rpyKl)'pa u coAep:lKaHIIe AIICcepTaunn. 

llepBaH rJiaBa AllCCepTaUHII HOCIIT 0630pHblll xapaKTep. B HeM AeTaJibHO 

paccMo-rpeHhi cyw:eCTsyrow:ne MeTOAbl, OCHOBaHHbie Ha IICnOJih30BaHJIII 

nap~oposcKoii npeuecciin (SESANS, SESAME, SERGIS) B KOM6IIHaUUII c 
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-rpaAHUIIOHHbiMll MeTOAaMII pacceHHilll Heii-rpoHoB. B mase AaH noApo6Hbiii aHanu3 

JIIITepaTypbi, B KOTOpOH OIIy6JIIIKOBaHbl pe3yJibTaTbl 3KCnepi1MeHTOB no KOM6HHaUIIII 

Heii-rpOHHOf'O CniiH-3XO II pe<J!JieKTOMeT{>Hll; B rnase npeACTaBJieH IIC'IepnbiBaiOW:HH 

aHaJill3 CYllleCTByiOW:HX MeTOAOB, OTMe'leHbl 11X OCHOBHbie AOCTOHHCTBa li HeAOCTaTKll,. 

HepeUieHHbie AO CIIX nop BOnpOCbl, KOT.Opble, B KOHe'IHOM HTOre, OnpeAeJIHJill 3a):{a'IH 

AllCCepTaUllll. 

BTopaH rJiaBa nocBHW:eHa onucaHHIO MeTOAa YKJIII Heii-rpoHHbiX 

MOHOXpOMaTll'leCKIIX nyqKOB Bb!COKOH paCXOAHMOCTII [A1). ,ll;aeTCH KpaTKOe onuCaHHe 

yCTaHOBKII CnllH-3XO, BnepBbie llCnOJih3yeMOH AID! KOM6IIHaUIIII Heii:-rpoimoii: 

pe<J!JieKTOMeT{>llll II ClliiH-3XO. 3Ta yCTaHOBKa HBID!eTCH OCHOBOH ):{JIH peaJIIIJaQHII 

MeTOAa YKJIII. HoBbiH MeTOA ocHOBaH Ha IICnOJih30BaHim pe3oHaHCHhiX <Jlniinnepos, 

npuMeHHeMbiX B pe30HaHCHOM Heii-rpOHHOM CnllH-3XO. 

3KpaHbl 1-13 

nepMannoesoro cnnasa 

. ' k p, 
P-~u, u,-

' k, 
. \ 

~':'Lrr. Qz . 

C.o.soeHHble pa.D.I104aCToTHble 
¢nvmnepb1 s HaKnOHHOVi reoMerp~t~H. 

(6YTCTpan • KaTywK•) 

Pnc.l. CxeMa cmrn-Jxo yCTaHOBKII ZETA Ha cneKipOMe-rpe IN3 (lfHCTIITyT llaYJ-JlaHJKeseHa, 

fpeno6m,, <I>paHII.IDI) B reoMe-rpnn pel!JneKTOMeTpHH. L;, Lr, Lry, Lfr - -rpae~cropnn npone-ra neiiTponos 

MeJI\Zzy 6}'TCTpan-Ka-rynn<aMH B nepBOM H ("BTOpOM nJie'fllX .•CIDIH-3XO (ITC3) MJi ITlWIIOIIIero, 

npomeJ~,Diero, .nn:$$y:mo pacceJinnoro H • OTpiDKennoro Il}"fKOB, coorneTCTBenno. Aruma cmrn-Jxo 

onpe~eJIJien:JI KaK 1\.SE = Lfr - L;. Bo BCTaBKe H3o6piDKeHa reoMe-rpHJI pacceJIHHJI neiiTponos: k;, kr -. 

Ha'I3.JihHLJii H KOHe'IHLiii BOJIHOBLie BeKTOpa HeHTpOHOB, p;, Pr - KO~illOHeHrLI BeicrOpOB k; , H kr, 

nepneH.nn:KYJIJIPHLie nosepxnocm o6pa:u~, Q.- seKTOp nepe~oro HMnym,ca 

OcHOBHOll: npnHuun npeAJiaraeMoro MeTOAa MO:lKeT 6hrrh onucaH npu noMow:u 

cxeMbi, mo6pa:lKeHHoii: Ha puc. 1. 

MoHoxpoMaTuqecKJiii: nyqoK nom~pmosaHHhiX He1rrpoHOB npoXOAIIT qepe3 

nepsoe nneqo cnuH-3XO (TIC3), COCTOHI~lee 113 AByx 6yrc-rpan-KaryrneK, 

pacnono:lKeHHhiX Ha pacCTOHHIIU Li Apyr OT Apyra (pnc. 1). Ha AJIUHe -rpaeKTOpuu Li 
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cmm HeihpoHa Ha6upaer <lJa3y, cornacHo <lJopM)'ne rp = 21(}BL; (y = 2.916 Krr.Uf'c), 
v 

r.Ae B - BenuquHa MarHHTHOro noiDI, v - CKopOCTb HeihpOHOB. Ilpii 3epKaJihHOM 

orpa)l(eHIIII or o6pa:Ju:a nyqoK HeiirpoHOB npoxo,AnT qepe3 Bropoe IIC3 B.AOJih 

rpaeKTopiiii Lfr, r,Ae npeu:eccllil cniiHa HeiirpoHa npoiiCXO.AHT B o6paTHYIO cropoHy. 

Ecnii :meprllil HeiirpoHOB II HanpaBneHIIe noiD!pii3aQIIII OCTaJIIICh Hell3MeHHhi nocne 

OTJla)f(eHllil OT o6pa3U:a, TO IICXO,!{HaH noJUipH3al.{llil 6y,Aer BOCCTaHOBJieHa 6naro,Aapjj 

CIIMMeTJliiii MarHHTHOro noJUI B nepBOM II BTOpoM IIC3 II O.AIIHaKOBoii .AJIIIHe 

rpaeKTopiiii Li II Lfr (ycnOBIIe cniiH-3XO ). Ilpii HaJIIIqiiii paccej!Hllil Ha o6pa:Ju:e 

(HanpiiMep, .AII<P<PY3HOro paccej!Hllil) rpaeKTOpllil HeiirpoHa BO BTOpoM IIC3 6y.Aer 

OTJIIIqaTbCjj OT rpaeKTOpiiii Lrr, COOTBeTCTBeHHO CniiH HeiirpoHa Ha6eper MeHbiiiYIO 

IIJIII 6onLIIIYIO <lJa3hi no cpaBHeHIIIO c 4Ja3oii B nepBOM IIC3, ofipe,AeJijjeMoii .AJIIIHOii 

rpaeKTOpiiii Li, qro npiiBe,Aer K na,AeHIIIO noiD!pH3aU:IIII. Ha piic. 1 B KaqecrBe 

npiiMepa noKa:JaHbi TJlii xapaKTepHLie rpaeKTopiiii Lr, Lfy II Lrr, o6o3HaqaiO~.qiie 

rpaeKTopiiii HeiiTpoHOB Me)l(.!{y «6yrcrpam> KaTyiiiKaMII BO BTOpoM IIC3 .!{Jijj npj!Moro, 

.AII<iJ<lJy3HO pacCejjHHOro II OTJla)l(eHHOro nyqKOB, COOTBeTCTBeHHO. lbMeHeHIIe ,AJIIIH 

rpaeKTopiiii Lr, Lfy II Lfr MO)I(HO npoii3BO.AIITh O.AHOBpeMeHHO npii noMOI.qii 

peryniipOBKII noJIO)I(eHllil BTopoii KaryiiiKII BO BropoM IIC3. 

B o6~.qeM cnyqae, npii paccMorpeHIIII HenpepbiBHoro Ha6opa pa3JIIIqHhiX 

rpaeK"fOpnii BO BTOpOM IJC3, KOTOpbie COOTBeTCTBYIOT pa3JIIIqHbiM BeJIIIqiiHaM 

nepneH,AIIKYJUIPHOH nOBepxHOCTII o6pa3U:a KOMnOHeHTbl pr KOHeqHoro BOJIHOBOro 

BeKTOpa HeHrpOHa (BCTaBKa Ha piic.l), 3HaqeHllil nOID!pH3al.{IIII nyqKa MOryT 6h!Tb 

npe,ACTaBJieHhl .AByMepHOH <lJyHKU:IIeii KOCIIeyCa pa3HOCTeii <lJa3, Ha6paHHbiX Ha 

pa3JIIIqHhiX rpaeKTopllj!X BO BTOpoM IIC3 II rpaeKTopiiii Li B nepBOM IIC3 (piic. 2). 

Kociieyc pa3HOCTII 4Ja3 npe,ACTaBneH KaK <PYHKU:llil, 3aBIICjj~aH or .AJIIIHhi cniiH-3XO 

~SE; BeJIIIqiiHa ~SE Bapbiipyercjj npii nOMOI.qii nOJIO)I(eHllil BTOpoii 6yrcrpan­

KaTyiiiKII BO BTOpoM IIC3 (piic.1 ). 
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J:tnHHa Cm1H-3XO, MM 

PHC. 2. )J.B)'MepHJ>rii: KOCHHYC, OUHCbm310nutii YrJIOBOe KOJJ.HpOBaHHe HeHrpOHHOrO II}"'Ka, KaK <jJym<IUUI 

pc H llOJIOJKeHIIJI BTOpOii KaT)'IllKH, rum .l1)1l!Hbl CITHH;-3XO L\SE. IlpH pacqerax HCllOJib30Bli.IIHCb 3HllqeHIIJI 

A. = 2.44 A, l3 = 30°, L; = 550 MM. 3HaqeHHe Pr = 0 cooTBercrByer ropH3omy, coBna.mu<>II(eMy c 

noBepxHOCTLIO o6pa3na. Pnc. 26 - BHJJ. CBepxy pnc. 2a 

If3 piiC. 2 BII,AHO, qTQ Bbi60pOM . COOTBerCTByiQI.qeii ,AJIIIHbl CniiH-3XO 

IIHTeHCIIBHOCTb npii KaKOM-JIII60 3Ha<ieHIIII pr MO)I(Cr 6hiTb yciiJieHa no OTHOIIIeHIIIO K 

,ApyriiM npou:eccaM. ,IVm 3TOffi ,AJIIIHY CniiH-3XO He06XO,AIIMO Bbi6paTh TaKIIM 

o6pa30M, qro6bl MaKCIIMYM .AByMepHOH <lJYHKU:IIII COOTBeTCTBOBaJI rpe6yeMOMY 

3HaqeHIIIO pr. HanpiiMep, .AID! ,Anmihi cniiH-3XO ~SE = Lfr - Li = -0.25 MM 

IIHTeHCIIBHOCTh, coorBerCTBYffii.qaH 3HaqeHIIIO BOJIHOBoro BeKTOpa pr = 0.005 A-1
, 

6y.Aer YCIIJieHa 6naro,Aapjj MaKCIIMYMY ,AByMepHOH <lJyHKU:IIII ,AJUI ,AaHHbiX 3HaqeHIIH 

~SE II pr ( CM. piic. 26). B TO )l(e BpeMjj, npou:ecc paccej!Hllil, cooTBerCTBYffii.qiiii 

3HaqeHIIIO pr = 0.015 A-1
, 6y.Aer npaKTIIqecKII nonHOCThiO no,AaBneH 6naro,ll.apjj 

MIIHIIM)'MY .AByMepHOffi KOCIIeyca B 3TOH TOqKe [A2). BbiiiienpiiBe,AeHHOe OniiCaHIIe ,, 
cnpaBe,AJIIIBO .AJU! H3MepeHIIH B r~OM.eTJliiii pe<lJneKTOMeTJliiii, KOr,!~a 6yrcrpan-

KaryiiiKII pacnono)l(eHLI 3epKaJihHO npoTIIBOnOJIO)I(HO B nepsoM II BTopoM IIC3 (piic. 

1). ,IVm KO,AIIpOBaHllil MaJIOyrJIOBOffi paCCejjHllil HeHTJlOHOB KaryiiiKII B nepBOM II 

sropoM IIC3 ,AOJI)I(Hhi 6Lrrh napannenhHhi .Apyr .D.pyry. TaKas~ cnryau:IDI no,Apo6Ho 

oniicaHa B pa3.Aene nepsoii rnase. lbMepeHIIe Manoyrnosoro paccej!Hllil HeiirpoHOB B 

CKOJib3j!I.qeii reoMerpiiii (GISANS) npu nOMOI.qii CniiH-3XO (rnasa 1) peanll3yercjj npu 

nOBOpOTe o6pa3U:a TaKIIM o6pa30M, qro6hi nOBepXHOCTb o6pa3U:a 6hiJia B nJIOCKOCTII 

piic. 1. 

B TpeTLeii rJiase ,Aaercjj onucaHue 3KcnepuMeHTa, B KoropoM snepBLie npn 

noMo~.qu MeTO.Aa YKJIII 6Lmo npoU3Be,AeHo pa3.AeneHne curHaJIOB, cooTBercrsymru:ux 
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3epKaJihHOMY OTIJIDKemno II .l(IItPtPY3HOMY pacceRHrno. B KaqeCTBe o6pasua 

IIcnoJib30BaJia~h · mlMeJIIDlpHaX TOHKaR ruieHKa 6JioK-con~JI~epa · c HaHoqaCTIIUaMII. 

06paseu np~.l(CTaBJI}!er co6~rii 'M:HorocnoiiH)'IO nepH.oitWfecJ<YIO CTPYKTYPY c o6meii 

TO.JimiiHOH f64. HM, COCTOIDizyro H3 . CeMII 'l[epe.zzyK>miiXCR cnoeB . ,l(eKrepiipOBaHHOro 

noJIHCTepiiHa (PS) n nonn6yiHJIM:eraKpiinaTa (PBMA) - P(Sd-b-BMA). llpoueiiTHoe 

o6'beMHOe cO.l(ep:>KaHIIe HaHOqaCTHU MarHeriiTa F~Q4 ):{IIaMeTIJOM 5 HM COCTaBJI}!eT 

13%. Kapra IIHTeHCIIBHOCTH 3epKaJihHOro OTIJIDKeHll}! II .l(IItPtPY3HOro pacceRHll}! OT 

.l(aHHOI'O o6pa3Ua, H3MepeHHaR paHee (12] C nOMOmbiO TIJa.l(IIUIIOHHOH 

petlJneKTOMeTIJIIII, npe.l(CTaBJieHa Ha puc. 3. 

Puc. 3. Kapra HIITeHCHBHOCTH pacceJIHHll OT noJrnMepHOH MHOI'OCJIOHHOH CTp)'KI'Y}lhl P(Sd-b-BMA) m 
<IJ~ KOMUOHCHT Pi H pc Im.D:lllOID;CI'O H KOHC'IHOI'O BOJIHOBOI'O BCKTOpa. Il}'HKTIIpHall JIHHHJI 

COOTBCTCI'ByeT uanpaBJiemno, B,D;OJih KOToporo npo113BO,D;HJIOCb ymosoe Ko.nnposaune (p; = const = 0.012 

A'1):HmeucnsuoCTb B,D;OJih .n;naroHaJIH p; = Pr COOTBeTCTBYeT 3epKaJ1hHOMY OTpiDKeHIIIO. CrpeJIKaMH 

noKa3aHo ,n;n<IJ<IJY3HOe pacceJIHHe :H:oue,n;a. . 

B 3KcnepiiMeHTe no pasneneHrno niitPtPY3HOro pacceRHll}! n 3epKaJihHOro 

_ OTIJIDKeHll}! IICnOJib30BaJICR nyqoK c yrnoaoii pacxo.l(IIMOCTbiO oa = 0.25°. 3HaqeHIIe 

na.l(aromero IIMnynhcapi 6bmo Bhi6paHo Pi= 0.012 A-1 (cooTBerCTByiOmee WTIJIIXOBoii 

JIIIHIIII Ha piiC. 3), TaKIIM o6pa30M, ,l(ereKTOp periiCTIJIIpyer IIHTeHCIIBHOCTb B.l(OJib 

nyHKTIIpHOH JIIIHIIH Ha piiC. 3 

IJpu TaKOH paCXO,l(IIMOCTH na.l(aromero DyqKa HH3KOe pa3pemeHIIe He n03BOJI}!eT 

n.l(eHTntlJIIUIIpoaaTh nnK pacceRHll}! MoRena {pr = 0.0064 A'1). HecMOTIJR Ha To, 'l[TO 

nnK pacceiDill}! MoHe,l(a nOJIHOCTbiO noKpbiBaercR KphmhRMII npRMOro u OTIJIDKeHHoro 

nyqKoB, ace TIJU npouecca pacceRHll}! Moryr 6h1Th pas.l(eneHhi 6Jiaro.l(apR TOM}', 'l[TO nx 
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IIHTeHCIIBHOCTII IIMeiOT CIIHYCOII.l(aJlbHyiO 3aBIICIIMOCTb OT .l(JIIIHbl CniiH-3XO, II 

tPa30Bblll C,l(BIIr Me)!():ly 3TIIMII 3aBIICIIMOCTRMII MOJKeT IIMeTb npOH3BOJibHOe 3HaqeHIIe. 

,lVui pa3.l(eJieHll}! CIIrHaJIOB OTIJIDKeHHOI'O nyqKa, npRMOI'O nyqKa II .l(IItPtPY3HOI'O 

pacceRHll}! II aocCTaHOBJieHll}! pacceRHll}! MoRena MeTO.Q YKJIII 6hm npnMeHeH c 

aapbiipoaaHIIeM MIIHhi cniiH-3XO. AHaJIII3 3KcnepiiMeHTaJihHhiX ,l(aHHhiX .QJI}! O.QHOH H3 

KpiiBbiX npe.QCTaBJieH Ha piiC. 4 

2.0 

1.8 

1.6 

1.4 

q1.2 

"' i 1.0 ... 
~0.8 ,_, 

0.6 

0.4 

3KcnepMMeHTaflbHble 

O~ j \/ }.V \V \J 2ifJ ~vlJ 
0.025 0.020 0.015 0.010 

A·1 
P,. 

0.005 0 

Pnc. 4. IIpo<IJHllb HIITeHCHBHOCTH B):IOJih nyuKrnpuoii JIHHHH ua pnc. 3 KaK <IJ~ Pr AJIJI ):IJIHHbi 

CIIHH-3XO ~SE = 0.48 MM. HlrreHCHBHOCTb oTplllKCHHOI'O nyqKa HOpMaJIH30BaHa Ha 1. IlO):II'OHO'IHaJI 

KpHBaJI COCTOHT H3 TpCX rayCCOBbiX <IJYHKJUIH (rrOKa3aHHhiX ITO.!I Heii), ,D;Be 113 KOTOphiX COOTB=BYJOT 

OTplllKCHHOMY nyqKy (~eHTp nyqKa OKOJIO 3Ha'Ielillll pr= 0.012 A-1) H O)J;Ha- npl!MOMY nyqKy (~eHTp 

nyqKa OKOJIO 3Ha'Ielillll Pr = 0.001 A'1). KpHBaJI, noMe'IeHHaJI «Paccemme :H:oue.n;a» - pe3yJibTaT 

Bbl'lltTaliiDI ITO):II'OHO'IHOH KpHBOH 113 3KCnepHMeHTaJihHhiX ,n;aHHbiX. KpnsaJI «KOCHHYC CIIHH-3xo» 

JIBJIJieTCH cpe30M ,D;BYMepuoro KOCHHYCa (pnc. 2) B):IOJib OCH Pr IIpH 3Ha'IeHHH ):IJIHHhi CITHH-3XO ~SE = 

0.48MM 

'-' .· 
B o6IlleM, yrnoaoe KO.l(IIpoaaHIIe MOJKeT npnMeH}!TbCR He TOJihKO .QJI}! pasneneHIIR 

npOUeCCOB pacceRHll}! B paCXO,l(}!IlleMCR nyqKe, OTIJIDKeHHOM OT o6pasua. 

IIpennoJKeHHhiH MeTO.l( no3BOJI}!eT npoH3BO.QUTh KO.Qnpoaey TIJaeKTOpiiii HeifrpoHOB 

BHYTIJII paCXO.QIIMOCTII na.l(aiOillero Ha o6pa3eU nyqKa, 'l[TQ .n;aeT B03MOJKHOCTb 

peaJIII30BaTb .D;eKOHBOJIIOUIIIO npouecCOB pacceRHll}! no OTHOWeHIIIO K JII060H 113 

qaCTeil: pacxo.l(}!IllerocR na.l(aiOillero nyqKa. TaKJKe nonyqeHHhie PeJYJibTaTbi B 

nepcneKTIIBe n03BQJI}!IOT C.!{eJiaTb BbiBO.!{bl 0 T0'l[H0H CTeneHII nepeKpblTll}! .D;IItPtP}'3HOro 

pacceRHll}! II 3epKaJibHOro OTIJIDKeHll}! B 06JiaCTII B6JIII3II nOJIHOro OTIJIDKeHll}!. 
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B 'leTBepTOH I'JiaBe OnllCbiBaeTCH HOBbiH MeTOA no onpeAeneHHIO HanpaBneHRH 

Bercropa MarnmHoro MoMeHTa nneHKn c noMOUihiO napMopoBCKoii nceBAo-npeueccnn 

HeHTpOHOB. )J;aeTCH KpaTKOe KBaHTOBO-MexaHll'leCKOe OnllCaHne 31fllflercra 

napMOpOBCKOH nceBAo-npeueccn:n: (JITIII}. HOBbiH MeTOA OCHOBaH Ha TOM, 'ITO yron 

31fllfleKTllBHOI'O BpameHRH BeKTOpa noMpll3al.{llll HeHTpOHOB BOKpyr HanpaBneHRH 

Bercropa HaMarHWieHHOCTll, llllll JIIII1, KaK lflyHKUllH naAaiOUiero yrna 3aBHCllT OT 

Ha6opa napaMeTpOB Mai'HllTHOH nneHJll, B 'laCTHOCTll, OT pacnpeAeneHRH 

HaMarHn:'leHHOCTll n ronmn:Hhi nneHKn. IIepBbiH 3Kcnepn:MeHT no o6Hap}')KeHnro 

BpameHRH BeKTOpa noAApll3aunn BOKpyr Bercropa HaMarnn'leHHOCTn 6bm 

npoAeMoHcrpnpoBaH B craThe [13]. IIo3AHee, TeopeTR'IeCKoe onncaHne JIIIII, 

no,nTBep:lK,rleHHOe 3KCnepn:MeHTOM Ha nneHKe 57Fe, 6hmo BhmonHeHo TonepBeproM B 

[14]. B AaHHOii pa6oTe 6hmn npOll3BeAeHhi 3Kcne~n:MeJffhi [A4] no npHMOMy 

no,nTBep:lK,rleHn:ro cymecrBoBaHRH 3¢¢ercra Jlliii Bercropa noAApn3aunn HeiiTpoHOB n 

onpeAeneHnro HaMarHn'leHHOCTll nneHoK npn noMomn 3TOro 3¢¢ercra. 

3¢¢ercr Jlliii 6bm nccneAOBaH npn OTPIDI<eHnn OT TOHKOii nneHKn 57Fe, 

BbipameHHOH C nOMOUibiO MOJieKYAApHo-nyqeBOH 3nn:TaKCllll Ha canlflnpOBOH 

noAJIO)l(Ke n noKphrroii TOHKnM cnoeM xpoMa: AhOJrFe(966 A)/Cr(22 A). 

MarHHTHoe none HaChiUieHRH H= 0.7 T 6hmo npnno)l(eHo BAOJih nerKoii ocn, 3aTeM 

Benn'ln:Ha MarnmHoro noM 6bma yMeHhmeHa AO eyneBoro 3Ha'leHn:H. IIocne 3TOro 

o6pa3eu 6hm noMemeH B o6JiaCTh c MarHRTHhiM noneM, Benn'ln:Ha Koroporo BOKpyr 

-o6p<i3ua 6Lma nopHAKa 10-15 Ml'c, TaKnM o6pa3oM, 'ITO Bercrop peMaHeHTHoii 

HaMarHn:'leHHOCTll o6pa3Ua 6bm opneHTllpOBaH nepneHAHKyAApHO nnOCKOCTll 

pacceHHRH (pnc. 1) 

,lJ;AA 3KCnepn:MeHTaJibHOI'O AOKa3aTeJibCTBa CyUieCTBOBaHRH 31fllflercra Jlliii 6hiJill 

npon3BeAeHbi ll3MepeHRH K03¢¢nuneHTOB QTPIDI<eHRH OT nccneAyeMoro o6pa3ua B 

OTCYTCTBn:e cnn:H-3XO ll npn: HaJIH'Illll cnn:H 3XO AM AByx COCTOHHHH BTOporo cnn:H­

Iflnn:nnepa. HcKnro'leHne cnrHana cnn:H-3XO ll3 cooTBeTCTByromnx KpHBhiX 

Ko3¢¢nuneHToB OTPIDI<eHRH no3BOMeT BhiAeJIJITh npeueccnro Bercropa noAAp113aunn 

HeHTPOHOB BOKpyr HanpaBJieHRH HaMamH'IeHHOCTll o6pa3Ua KaK lflYHKUIIIO yrna 

naAeHRH. H3Bne'leHn:e AOnOJIHHTeJihHOii ¢a3hi npeueccnn cnn:H HeiiTPOHa 

npOll3BOAllTCH B COOTBeTCTBllll CO cneAyromeii lflopMynoii: 
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cos(tp+ a)= cos(tp) ·cos( a) -sin(tp)·sin(a) 

rAe COS(tp +a)- KOM6HHllpOBaHHaH lflyHKL{liH, li3MepHeMaH aHaJIH3aTOpOM npll 

HaJill'lllll CnliH-3XO. qJ - lfla3a, Ha6HpaeMaH HeiiTPOHOM npn: OTPIDI<eHHH OT o6pa3Ua, a 

- lfla3a, nponopQIIOHaJibHaH AJII!He CnHH-3XO ~SE. 3aTeM npH nOMOUill o6paTHOro 

npeo6pa3oBaHRH Mhi nonyqaeM ¢YHKUHIO o6pa3ua: 

cos(q>) = cos(q> +a)· cos( a)+ sin( a)· .Jl=- cos2 (q> +a) 

Ha p11c.S npeACTaBneHhi pe3ynLTaThi ll3Bne'leHRH cnrHana cnn:H-3XO ll3 KpHBhiX 

K031fllfJHUHeHTOB OTPIDI<eHIDI, li3MepeHHhiX B KOM6IIHal{llll C MeTOAOM cnn:H-3XO (A3]. 

BnAHO, 'ITO KpiiBhie, nony'leHHhie o6paTHoii TPaHc¢opMauneii B coOTBeTCTBnn c 

Bhimenpn:BeAeHHbiMll lflopMYnaMII, COBnaAaiOT C KpiiBOH K031fllflnuneHTa OTPIDI<eHRH, 

ll3MepeHHoro B OTCYTCTBne cnnH-3xo. 
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Pnc. 5. CprumeHHe I<pHBbiX, noJI)"'eHHbiX nocne H3BJie'leHHJI Clii'Hll.lla CITHH-3XO H3 KOJ!ll!llHl(HeHTOB 

OTpiDKeHHJI R++ (a) n R+- (6) (ciTJIOIIIHlde I<pHBhie), c I<pHBOii: KOJ!ll!llHl(HeHTa OYpiDKeHHJI R++, 

H3MepeHHOrO 6e3 CITHH-3XO (nyHKTI!pllhle JIHHHH). 

3To CJIY)l(llT npHMbiM AOKa3aTe~hCTBOM roro, ;ro OCUIIJIML{llll BHYTPll o6naCTH 

nOJIHOI'O OTPa)l(eHRH Ha KpliBhix Ha pHC. 5· HBMIOTCH JiapMOpOBCKOH nCeBAO­

npeueccHeii BeKTOpa noAApll3aunn HeiiTPOHOB npn.oTPa)l(eHn:n oT o6pa3ua. 

3Kcnepn:MeHT, onn:CaHHbiH Bhime, 6hm CAeJiaH Ha TOHKOH MarHHTHOH nneHKe ll 

3aKJIIO'IaJICH B II3MepeHnn 3epKanhHOro OTPIDI<eHRH (KpnBaH Km¢¢nuHeHTa 

OTPIDI<eHRH) npn noMomn MOHOAeTercropa B 9-28 reoMeTpHn. MarHRTHhiii MOMeHT 

)l(eJie3HOro cnoH 6hm onpeAeneH n3 noAroHKn Kpn:Boii OTPIDI<eHRH, rAe B Ka'leCTBe 

napaMeTpa ncnonh3oBanacb MarHRTHaH qacrb nnornocrn AJIHHhi pacceHHRH. 

IIonyqeHHOe 3Ha'leHne Nbm = 4.98*10-{j A-2 coOTBeTCTBYeT · HaMarHn'leHHOCTII 
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lKene:moii nneHKII M = 1.71 kG, 'ITO coana.n:aer co 3HaqeHIIeM. peMaHeiiTHoii 

HaMarHIIqeHHOCTII, nonyqeHHbiM MeTO,n:OM MarHIITOMeTpiiii C BII6pi1py10UliiM 

o6pa3UOM (M = 1.74±0.05 kG). 

):Wyroii napaMerp nneHKII, nonyqaeMbiH npii li3MepeHIIII JllTIIII He,n:ocrynHbill B 

::lKCnepiiMeiiTax no -rpa,n:III(IIOHHOll pe<PneKTOMeTpiiii, - 3TO HanpaBJieHIIe 

HaMarHIIqeHHOCTII BHYT}JII CJIOeB. flpiiBe,n:eHHaJI HIIiKe CXeMa 06'bXCIDieT npiiHI(IIn 

TaKOrQ li3MepeHlijf. .J 

azl .I-s ~~ 7e _J:~ 
/'I~ I 

y 

Puc. 6. }:(Be pa3JIWIHhle reoMerpnnn3Mepemtii, ncnoJTh3yeMLie B 'Ip3,1U11UIOHHoii pe<jmeKroMerprmn npn 

li3MepeHHH JIIlli C ITOID!pli30BaHHLIMll HeHrpOllaMll Ha MHOrOCJIOHHOH MannfiHOH C'IpyJcrYPe. P;,r -

BeKrOpbl IIOID!pli33IUIII na.n,aiOmero ll 01paJKellliOrO HeHrpOHHbiX ny'IKOB B CJI}"'lle CTaH.ZJ;apTHOH 

reOMeqJHH; PL - BeKrop IIOID!pli33IUIII lla)l,aiOmerO ny'IK3 B CJI)"'ae 3KCnepHMeHTOB ITO JIIlll. k -

BOJIHOBOH BeKTOp HeHrpOHa (HH.ZJ;eKCbl i ll f OTBe'laiDT H3'1aJibHOMY ll KOHe'IHOMY COCTOHlllllO BeKropa), 

Q -=- BeKrOp nepe.zmrmoro HMnyJILCa, M - BeKrOp llaM3rllll'lelll!OCTll B ITJIOCKOCTH CJIOJI: CITJIOIIIHOH ll 

nyHKrllpHbiH BeKrOpbl HaM3riiH'IellliOCTll, Bhl,!(eJieHllh!e )I(HpHbiM, COCTaBJimOT yrJThi +45° ll -45° C OCbiO 

Y: HanpaBJieHHe HaMarllll'lelll!OCTll 3HaJIH3aTOpa napaJIJieJThHO OCll Y 

B 3Kcnepi1MeiiTax no Tpa,n:IIQIIOHHoii pe<PneKTOMeTpiiii HanpaaneHIIe aeKTopa 

nOJIXpi13al(IIII pi Heii-rpOHOB Bbi6IIpaeTCX B.Il:OJib BepTIIKaJibHOll OCII II 

nepneH,n:IIKynxpHo BeKTopy nepe,n:aHHOro IIMnynbca Q. KoMnoHeiiTbi BeKTOpa 

HaMarHIIqeHHOCTII, He JieiKaUliie B nJIOCKOCTII CJIOX, He BHOCXT BKJia,n: B pacceXHIIe 

Heif-rpOHOB. B paCCMaT}JIIBaeMOH reOMeTpiiii npOeKI(lijf BeKTopa MarHIITHOro MOMeiiTa 

3a,n:aHHOro CJIOX Ha BepTIIKaJibHYffi OCb (OCb Y) CnOC06CTBYeT pacceXHIIIO 

noAApi130BaHHbiX Heii-rpoHOB 6es nepeaopoTa cniiHa. llpoeKQiijf BeKTOpa M Ha 

ropii30IITaJibHYIO OCb ( OCb X) XBAAeTCX IICTOqHIIKOM pacceXHlijf Heii-rpOHOB C 
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nepeaopoTOM cniiHa. B 3TOM cnyqae .n:aa B3aiiMHO nepneH,n:IIKYAAPHbiX HanpaaneHlijf 

BeKTOpa HaMarniiqeHHOCTII, nOKa3aHHbie Ha piiC. 6 iKIIpHbiMII nyHKTIIpHOll (-45") II 

cnJIOIIIHOll (+45°) c-rpeJIKaMII, Hepa3JIIIqliMbi. Jro o6yCJIOBJieHO TeM, qTQ npoeKI(IIII 

o6oiiX aeKTopoa M Ha OCb Y o,n:IIHaKOBbi, a npii paccexHIIII c nepeaopoTOM cniiHa 

Ilrpaer pOJib a6COJIIOTHM BeJIIIqiiHa npOeKI(IIII Ha OCb X. 

BbmOJIHeHHbiii 3Kcnepi1MeiiT no napMopoacKoii ncea.n:o-npeuecCIIII .n:aer 

B03MOiKHOCTb pa3JillqiiTb HanpaBJieHlijf BeKTOpOB HaMarHIIqeHHOCTII, nOKa3aHHbiX Ha 

pile. 6. B ,n:aHHOM 3Kcnepi1MeiiTe BeKTOp peMaHeiiTHoii HaMarHIIqeHHOCTII cHaqana 

COCTaBAAJI yroJI +45° C OCbiO Y ( CnJIOIIIHOll iKIIpHblll BeKTOp M Ha piiC. 6), 3aTeM . 
o6pa3el( 6biJI noaepHyT TaKIIM o6pa30M, qTQ BeKTOp MarHIITHOrQ MOMeiiTa COCTaBAAJI 

yroJI -45° C OCbiO Y (nyHKTIIpHblll iKIIpHblll BeKTOp Ha pi1C. 6). llonyqeHHbie 

3Kcnepi1MeiiTaJibHbie ,n:aHHbie ,n:AA o6eiiX opiieiiTaQIIii: HaMarHIIqeHHOCTII o6pa3ua 

npe.n:CTaBJieHbi Ha pile. 7. llpii Bbi6ope HaqaJibHOro HanpaaneHlijf BeKTOpa 

nOAApi13al(IIII B.Il:OJib OCII Z (BeKTOp pL Ha piiC. 6) npeQeCClijf BeKTOpa p BOKpyr 

BeKTOpOB MarHIITHbiX MOMeHToB npOIICXO.Il:liT BO B3ai:IMHO nepneH,n:IIKyAApHbiX 

nJIOCKOCTj{X. 3To, B CBOIO oqepe,n:b, n03BOAAeT pa3JIIIqiiTb B 3KCnepi1MeiiTe o6a 

HanpaaneHlijf HaMarniiqeHHOCTII B cnoe [A4]: 
1.0 

"' ~ 0.8 

~ 
~ b 0.6 

!;: 
Q) 

~0.4 
"' -& 
-& 
~ 0.2 

..... 

.· 

0,0 r 1 1 1 ~~~ I 
0,000 0,005 • 0,010 0,015 0,020 O,D25 0,030 0.035 

Oz,A·1 

Pnc. 7. 3KcnepHMeHTaJibllhle Mllllhle, noJI)"'eHllhle AJ1JI Jnlyx opneHTIIIJ,lfii HanpaBJieHHJI BeKropa 

HaMariiH'IermoCTH o6pa:1ua: +45° (KBa.n.paThl) n -45° (KpYJKKH). CoOTBeTCTBYIQIIIHe paC'IeTHLie KpHBLie 

K03<jllfllll(lleiiTOB 01paJKeHHJI ITOK333Hhl CITJIOIIIHOH H nyHKrHpHOH JlliHIIJIMll. reoMeTpliJI 3KCnepmteHTa 

m )Ke, 'ITO n na puc. 6 ( OCb Y nanpaB!Iena BBepx), na'laJibnoe HanpaBJieHHe BeKropa nOID!pli33IUIII PL 

BLI6paHO B,!J;OJTh OCII Z. PaCXO)K,!J;eHHe paC'IeTllhlX KpliBhlX II 3KCnepHMeHTaJibHbiX TO'IeK B MaJibiX 

3Ha'leHliJIX Qz JIBMeTCll pe3ylThTaTOM nOTepn nOID!pli33IUIII B o6JiaCTH nepeKph!TliJI 01paJKermoro n 

--· -----· ·-- - ·---· -·· 

J6'1e)J;IUieHI11Ifi liHC'l'IlTYT, 
npl!Moro II)"'KOB 

:.I,n;epH1IX HCCJiep;oBaHHII'I, 

f) HB~~_OTE_~~ 



Pa3pernem1e no nepe.naHHOM)' HMnynhcy B .naHHOM 3KcnepnMeHTe paaHo L\Q = 

0.00087 A-
1 

(nOKa3aHo ornn6KaMn B):(OJih ocn Qz Ha puc. 7). Ilpn pacqere KpHBhiX 

K03<l>lfml.IHeHTOB 0-rpiDKeHIUI He yqHThiBaJiaCh <l>YHKQIDI pa3perneHIDI CIIeK-rpOMe-rpa, 

n03TOM)' Ha6mo.naercji He6onhrnoe pacxo)K):(eHne 3KCITepnMeHTaJihHhiX .naHHhiX n 

pacqeTHhiX KpHBhiX B o6naCTII 60JihillllX 3HaqeHnii Qz (HaiTpHMep, npn Qz- O.OI6 A"1). 

Pe3YJihTaThi 3KCITepnMeHTOB IT03BOJIHJIH peanll3oaaTb Ha npaKTnKe HOBhiH Mero.n 

ITO OITpe.neneHHIO pacnpe.neJieHIDI HaMarHHHeHHOCTH B MarHHTHbiX TOHKllX IIJieHKax. 

3-roT Mero.n .naer YHHKaJihHYIO B03MO)KHOCTh OITpe.nenHTh aennqney n a6coJIIOTHoe 

HaiTpaBJieHHe HaMarHuqeHHOCTII BHYTPH CJIOeB, qTQ HeB03MO)KH0 npH ITOMOIIJH 

-rpa.niiQIIOHHOH pe<l>neKTOMe-rpllll (A4]. 

Heo6xo.n11Mo OTMeTHTh, qro B no.no6HhiX 3KCITepnMeHTax o.nHoapeMeHHO 

OITpe.neMIOTCji TOJIIIJIIHa ITJieHKH llJIII CJIOeB, BeJIHqifHa_ HaMarHifqeHHOCTII CJIOji, a 

TaK)Ke a6coJIIOTHoe HaiTpaaneHne aeKTOpOB MarHHTHhiX MOMeHTOB. Eonee roro, Jllll1 

qyaCTBHTeJihHa He TOJibKO K KOMITOHeHTaM HaMarnwieHHOCTH, Jie)KaiiJHM B ITJIOCKOCTH 

ITJieHKH, HO TaK)Ke H K KOMITOHeHTaM, nepiTeH):(HKyMpHbiM ITJIOCKOCTH MarHHTHOro 

CJIOji. 3ro cne.nyer ll3 <l>yH.naMeHTaJihHOii np11po.nh1 3<P<l>eKTa Jllll1, OITncaHHOii B [14]. 

B JaKJJIOqCHIIH c<l>OpM)'JIHpOBaHhl OCHOBHhie BbiBO):(bl ):(IICCepTaQHII. 

OCHOBHhiE PE3YJih TAThl H BhffiO)l;hl PAiiOThl 

I. B HaCTOjiiiJeii pa60Te 3KCITep11MeHTaJihHO peanll3oBaH HOBhiH Mero.n - yrnoaoe 

KO):(IipOBaHIIe C napMOpOBCKOH ITpeueccneii Heii-rpoHOB (YKJIIl} - OCHOBaHHbiH Ha 

KOM6nHaQIIH Heii-rpoHHoii pe<PneKToMe-rp1111 n Heii-rpoHHoro peJoHaHCHoro CITHH-

3XO. KoM6nHaQIDI 3Tnx MeTO):(OB 6hma peann3oBaHa c HCITOJib30BaHneM 

CTaH):(apTHOro CIIeK-rpOMe-rpa pe30HaHCHOro CITIIH-3XO, KOTOpbiH 6biJI a):(aiTTiipOBaH 

):(Jiji ITpoae.neHIDI 3KCITepnMeHToB B reoMe-rpnn pe<PneKTOMe-rp1111. 

2. Mero.n IT03BOMeT pa6oTaTh ITpn oqeHb HH3Koii KOJIJIHMaQHII rryqKoB (.no I 0 ) n 

o6eciTequaaer BhiCOKoe yrnoaoe pa3perneHIIe ITOpji):(Ka O.OI 0 , a TaK)Ke BbiHrpbiW (.no 

O):(HOro IIOpji):(Ka ITO BeJIIfqHHe) B HHTeHCHBHOCTII Heii-rpOHHbiX IIyqKOB. IJpnHQlliT 

yrJIOBOro KO):(llpOBaHIDI IIyqKOB, ITO):(TBep)K):(eHHbiH B 3KCnepnMeHTe ITO pa3):(eJieHHIO 

Moue.na paccej!Hilll n o-rpiDKeHHoro rryqKa, IT03BOMeT oiTpe.neJIHTh creiTeHb 
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nepeKpbiTIDI .nn<l><l>YJHOro paccej!HIDI n ~IDKeHHoro rryqKa, ~o HeB03MO)KHO B 

paMKax CYIIJeCTByrorneii Teopnn 6opHOBCKOH aiTITpOKCHMaQllllllCKIDKeHHOH BOJIHbL 

3. Ilpn ITOMOIIJII KOM6nHaQllll Mero.na ueii-rpoHHoro cnnH-3XO n pe<PneKTOMe-rpnn 

ITpose.neHbi ll3MepeHIDI ITpeueccnn BeKTOpa noMpll3aQnn Heii-rpoHoB ua TOHKOii 

IIJieHKe AhOJ/ 
57

Fe(966 A)/Cr(22 A). BITepBbie noKa3aHo 3Kcnep11MeHTaJihHO, qro 

.naHHhie OCQllJIJijiQnn j!BJij!IQTCji JiapMoposcKoii ITces.no-ITpeueccneii (JIIIII) 

ITOMpll3aQHII Heii-rpOHOB ITpH o-rpiDKeHHH OT MarHHTHOro o6pa3Qa. 

4. Ha OCHOBe HCITOJib30BaHIDI 3<l><l>eiq"a Jllll1 BeKTopa II0Mpll3aQHII Heii-rpOHOB 

ITpe):(JIO)Ket{ HOBbiH MeTO):(, KOTOpbJii ):(aeT B03M0)KHOCTb OITpe.neJIHTb a6COJIIOTHOe . 
HaiTpaBJieHne BeKTOpa HaMarHnqeHHOCTII B IIJIOCKOCTH IIJieHKH, qTQ HeB03MO)KH0 

np~ nciTOJib30BaHHII -rpa.nlll.IHOHHoii pe<PneKTOMe-rpnn. IIpe):(JIO)KeHHhiii Mero.n 

3Kcnepn~eHTaJihHO ITO):(TBep)K):(eH ITpn ll3MepeHnn .nayx 3epKaJihHO cnMMe-rpnqHhrx: 

HaiTpasneunii HaMarnnqeHHocrn B IIJieHKe AhOJrFe(966 A)/ Cr(22 A). 

5. fuMepeHH~ C ITOMOIIJbiO 3TOro MeTO):(a BeJinqlfHa HaMarnnqeHHOCTll IIJieHKll 

AhOJrFe(966 A)/ Cr(22 A) M = 1.7~ kG cornacyercji co 3HaqeHneM, ll3MepeHHhiM 

npn ITOMOIIJH MeTO):(a MarHIITO~e-rp1111 C BI16pnpyiOIIJHM o6pa3QOM M=(1.74±0.05) 

kG. IIo.nyqeHHOe 3Haqeune COOTBeTCTBYeT sennqlfHe peMaHeHTHOii 

HaMarHnqeHHOCTII )KeJie3HOH IIJieHKH. 
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