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Pa6oTa BhiiiOJiueua B c:I:>e)J.epanhHOM rocy)J.apcTneuuoM aBTOHOMHOM o6pa3o

saTeJihHOM y'Ipe)K)J.eHllll Bbrcwero o6pa30BaHll5I CaMapcKOM uaiJ,llOHaJihHOM 

llCCJie)J.OBaTeJihCKOM YHllBepCllTeTe llMeHll aKa)J.eMllKa c.n. Koponena. 

Hay'IHhifi pyKoBO)J.llTeJih: )J.OKTOp <Pll3llKQ-MaTeMaTll'leCKllX uayK 

HHKOJiaeB HHKOJiaii HHKOJiaeBH'I 

O<PlliJ,llaJihHbie orrnoueHTbr: BopoHHH BJia,ll.HMHp BJia,ll.HMHpOBWI, 

)J.OKTOp <Pll3llKO-MaTeMaTll'leCKllX uayK, 

c:I:>e)J.epanbHOe rocy)J.apcTneuuoe 6IO)J.)KeTHOe 
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<Pll3llKll l!Meun B.TI. KoucTaHTllHOBa, 
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Be)J.Y~a5I opraHll3aiJ,ll5I: 

HHKOJiaeB MBaH BopHCOBH'I, 

KaH)J.ll)J.aT <Pll3llKO-MaTeMaTll'IeCKllX HayK, 

c:I:>e)J.epanbHOe rocy)J.apcTBeuuoe 6IO)J.)KeTuoe 

y'Ipe)K)J.eHlle uayKll I1HCTllTYT 5I)J.epuoti <Pll3liKll 

llMeHll r.I1. By)J.Kepa Cll6llpCKOrO OT)J.eJieHll5I 

Poccl!ficKofi aKa.n.eMHH HayK , 

CTapumfi uay'IHblll COTpy)J.HllK 

c:I:>e)J.epanbuoe rocy)J.apcrsenuoe 6IO)J.)KeTuoe 

y'Ipe)K)J.eHHe I1HCTllTYT qm3llKll Bb!COKHX 

3Hepmti l!MeHll A.A. Jioryuosa 

3a~l!Ta COCTOllTC5I <<_>> 20_ r. B _ 'J:aCOB ua 3aCe)J.aHllll )J.llCCepTa

Il,llOHHOrO COBeTa 720.001.0~ Ha 6a3e Jla6opaTOpllll }I)J.epHbiX np06JieM l!MeHH 

B.TI. ,ll;)KeJienona B 06'he)J.llHenuoM llHCTHTyTe B)J.epnhrX llCCJie)J.osaunti no 

a)J.pecy: yn. )Konno-KIOpH, 6, r. ,ll;y6ua, 141980, MocKOBCKaR o6nacTh. 

C )J.llCCepTaiJ,llefi MO)KHO 03HaKOMllTbC5I B 6n6JillOTeKe 06'he)J.llHeHHOrO llHCTll

TyTa B)J.epnhrx nccne)J.osanHti ll na cafiTe wwwinfo.jinr.ru/announce_disser.htm. 

AsTope<l>epaT pa3ocnan «_>>- 20_ ro)J.a. 

Y'leHhifi ceKpeTaph 

)J.HCCepTaiJ,UOHHOrO COBeTa 

720.001.03, )J.-p <PH3.-MaT. uayK ;/~ --- r. A. KapaMbiiiieBa 

06IIJ,aR XapaKTepHCTHKa pa60Thl 
. . ' 

CaMo . uawe cyrqecTnonalille _ o6R3alio llCKJIIO'l~TeJihHO 6apllouuofi 

accl!MeTpllll Bceneuuofi. B Teopllll Bonhwo~o B3ph~Ba, 6apllOHHa}l accl!MeT-
,' ' ' 

pll}l Bcenemmfi o6pa3yeTc5I no npeM}I uepanuonecuoro pacwllpeull}l Bceneu-

uofi 3a C'leT npOIJ,eCCOB C ll3MeHet!lleM 6apllOHHOrO 3ap}I)J.a C O)J.HOBpeMeH

HhiM uapyweulleM CP-CllMMeTpllll [8]. B CTau)J.apTnofi Mo)J.eJill (CM) l!MeeTC5I 

Tononorl!'leCKllfi MexaHll3M uecoxpaueHll}l 6apllouuoro 3ap}I)J.a [9]. 9Kcnepll

MeHTaJihHO na6nro)J.aeMoe B pacna)J.ax Kaouos ll T}I)KeJihiX '!aCTlllJ, uapyme

Hlle CP ycnemuo napaMeTpll3yeTC5!. ueuynenofi <Pa3ofi s MaTplliJ,e cMeiiil!Ba

HllB KBapKOB Ka6n6o-Ko6a5IIIIll-MacKaBhi (CKM) [10]. Ho 6apllOHHhrfi 3apB)J. 

Bceneuuofi, npe.n.cKa3hiBaeMhifi CM, npl!Mepuo ua )J.eB}{Th nop5I)J.KOB MeHbiiie, 

'!eM ua6JIIO)J.aeMbill 3KCnepllMeHTaJlhHO [11-13]. 9TO 5IBHh!M o6pa30M Tpe6yeT 

naJill'lll5I C P-napymaiOrr~llx MexaHll3MOB noMllMO 'CKM-napaMeTpn3aiJ,HH s 

CTau.n.apTuofi Mo)J.eJill. (eM. TaK)Ke [14]) 

8£ 
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Pl!c. 1 - Hapyweune npocTpancTnennofi (P) ll npeMennofi (T) CllMMeTpHll 

npll uanll'lllH 9,ll;M (llnmocTpaiJ,llR M. P03eHTan}l (M. Rosenthal) [15]) 

9neKTpll'IeCKlle )J.llriOJihHhre· MOMeHThr (9,D;M) B03MO)KJihi (eM. Pile; 1) 

TOJibKO B CJiy'lae HapymeHll5I npOCTpaHCTBeHHOfi CllMJi.H~TpllH (P) H llHBa

pHaHTliOCTll o6pa~eiillB· speMennll (T) (ll napyrneHH}I CP'.K.aK c.Iie)J.CTBHe 

CPT-TeopeMbl). CJie)J.OBaTeJibHO, f!OHCK 9,D;M a)J.pO~OB .ll .IieiiTOHOB HBJI5I~~ 
C}l Ba)KUbiM maroM ira nyTii K cPH3l!Ke 3a npe~eJiaMll CM. 9,D;M npeU:eccllpyeT 

. B 3JieKTpa'IecKoM nom:! To 'lim Tai< )Ke, KaK MarunTnhrii: ~llnOJihHhifi • MOMenT 

(M,D;M) 'B MarnwrnoM' ri~'filhi-HJ>ocri.te.:.pa3Mep~n~re oiJ,enKll. · 51;iep~ 

Hhifi Marue+ou JiN -~ 'e1l~.£~~~XHil.Tijiffi((l\~bn~Jnhrfi· ~ac'rti;a& 
EH:SJIMOTEKA . 
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)J,JI.H M,Il;M nyKJIOHOB II nerKliX R,IJ,ep. 8,II;M Tpe6yeT P-uapyillaiOuiero cna6oro 

B3aiiMO,ll,CHCTBli.H, KOTOpOe BHOCIIT no)J,aBJICHliC 8)J;M Ha MHO)KliTCJib nop51,IJ,Ka 

rv. io-.:.7, a TaK)KC )J,OnOJIHIITCJibHbiC rv 10-3 3a cqeT riapyillCHli.H CP-CliMMCTpliii 

[16]. TaKIIM o6pa30M, ecTeCTBCHHbifi MaCil1Ta6 )J,JI.H 8,II;M. nyKJIOHOB 

'd 10-3 10-7 . 10-24 
N rv X X J.LN rv e·CM. (1) 

B CM, CP-ciiMMeTpli51 napyrnaeTcR B nepexo,D,ax, MCH51IOI.IJ,IIX apoMaT KnapKOB. 

,II;mr Toro, qTo6hi o6pa3onaTh nei1:TpMbHbii1: no apoMaTy 9,II;M, neo6xo,IJ,HMO 

ern.e pa3 npiiMCHliTb cna6oe B3aliMO,D,ei1:cTBIIe, KOTopoe no3nparu;aeT npe)Knee 

3HaqeHliC apoMaTa, qTO nO,IJ,aBJI51CT 9)J;M eru;e Ha CCMb IIOp.H,IJ,KOB II IIpliBO,ll,IIT K 

Hcqe3a10ru;e MaJIOMY 9,II;M nyKJIOHOB B CM: 

d~\A rv 10-3 X 10-7 X J.LN X 10-7 
rv 10-3l e·CM. (2) 

)J;o nacTORIIJ;ero MOMenTa caMbie )KeCTKIIe nepxniie npe,D,eJihi 6biJili ycTa

nonnenbi na 9)J;M HCi1:TpaJibllbiX aTOMOB, MOJICKYJI II HCHTpOHOB, KOTOpbiC 

B COCTO.Hlllill nOKO.H MOrYr 6bi'I!b IlOMCIIJ;CHbl B CliJibHbiC 3JICKTpiiqCCKliC no

mr [17]. B TaKIIX onhiTax. o6~i4~i~r oTcJie)KIIBa_IOT C,ll,BHr qacTOTbi npeu;eccHH, 

Bbi3BaHHbii1: 3JICKTpHqe~~HM ~o~eM. E; .napan~enhiibrM HJIH anTHnapannenh

~biM MarnHTHOMY noJIIO B. (no,D,po6nee B o6:iope.:[1.'8]). Ha cero,IJ,H51IllHHi1: ,IJ,CHb . . .' ·, . ~ 

)J,JI51 9,II;M nei1:Tpoua 6hiJI )J,OCTIIrnyT [19-21] nepxuHi1: npe,D,eJI dn < 2.9 x 

10-26 e·CM. qyBCTBHTCJibHO~;¥;Il6i(roTaBJil!BaCMbiX cefiqac 3KCI1Cpl!MCHTOB 110 

nOIICKY 9)J;M nei1:TpOHOB, :MO)KC~. 6hiTb ynyqmena )1,0 dn rv 10-27 
e·CM. 

OT nparn.enH.H cn11na nei1:TpaJibHbiX nyqKOB B nponeTnoi1: KHHeMaTHKe, 

B CJiyqae nei1:~pOHOB nepernJIH K onh~;aM c YJibpaxOJIO)J,HbiMli u~fiTpOHaMl! B 

JIOBYIII~aLrrd cyT~, dpoJieTHa51 ~l!H~Mani~a~c~ae~C51 aKTYaJibHOft B no'IICKaX 

9,1J;1t{ J:fCHTpaJibHbiX aToMqB li:MOJieKYJI. )J,mr neJiTpOHOB B03MO)Kif0 Bbi)J,CJICHIIC 

Cllrnana 8,II;M. TaK)Ke OT ,B3aHMO,D,ei1:crsH51 .c rHraHTCKl!Mli nnyTpiiKpliCTaJIJill-. . '. . ' ~ ; . . '. . .. .· . . . 
';Iec;KIIMH 3JieKTpHqecKIIMII. noJI.HMII. 9m, TexniiKa, pa3nnnaeTc.H n TII151<P liM. . ,.·. ' ,· .. ··-.. ·-. '.' ''. •' ' . . . '. ' . . '· 

Kouc:r;auTli~OB~ PAll [22; 23] _nB. np~nu;Hne MO)!(eT .CTaTI~ KOH!<ypenTpcnoco6-

~oi1:.S ~e~HliKOll JIO,By~eK )J,Jl~_;JI~~p~OJIOfWM~, HC~TpO~OB ~~4) ... 
.~ . : . . . . : - - . ,. ,. ' . ' . . ·~ . . . . . 

)J,anna.H pa6oTa p<,:HOBaHa Ha :'IaCTli. pC3YJ1bTaTOB 3KCnepiit1C~ITaJIIJHbiX . - " • ... ' ' . \ - . ' " . ~ ., . _.. . . - . . . . . -~ - ... ' . '. . "' . ·_ '- . 
IICCJI.C,ll,O~?-~H,i1:,, ~<?'l;'()Pl>!C, 6J;>IJ!II • ~P.OB~C.Hbl. KOJIJI_l10~PaMII.ei1,,:.~~ED J». · ( anrJI ~ 
Jiilicp .~l,ect*_pjpole m:~n~;~t In?s~ig~tio11s) na y~~?P~:ITMe,, «P,Q~Y?> (QQ<;>l,er 

.: 0 .. ,; ~ ': 

SYnchrotron (25)) B 2014-2016 rr. 8TII pa6oTbi6b!Jm MOTIIBIIponanbi nnauaMII 

nOIICKa 8)J,M npOTOHOB II )J,CHTpOHOB, IICnOJib3Y.H HaKOniiTCJibHOe KOJ!bll;O (26; 

27] (eM. PIIc: 2). 8To qacTb o6rn.eMIIpOBbiX yciiJIIIi1: no )J,OCTII)Kenmo HOBbiX 

py6e)KCll B npCIJ;II3IIOHHOll CniiHOBOll )J,IIHaMIIKC nOJI.Hpii30BaHHbiX nyqKOB B 

HaKOniiTCJibHbiX KOJibiJ;aX. 

CIIcTeMaTIIqecKIIe onm6KII, no)I.cTeperaiOI.IJ,IIe ua nyTII ~ 8)J,M 3apmKeH

HbiX qaCTIIIJ;, Kap)J,IIHaJibHO OTJIIIqaJOTC.H OT TaKOBbiX B · 3KCnepiiMCHTaX C HCll

TpaJibHbiMII aToMaMII II uei1:TpouaMII. Onpe.n.eneniie .nmi.HHII.H CIICTeMaTIIqecKIIX 

0Illll60K )J,CJiaCT Ba)KHOll 3a)J,aqy II3yqeHII.H npCIJ;II3IIOHHOll CnliHOBOll )J,IIHaMIIKII 

B HaKOniiTCJI.HX. B qaCTHOCTll, Tpe6yeTC.H nOHIIMaHIIC TOrO, B KaKOll Mepe Bpai.IJ,e

HliC CniiHa B cpOHOBbiX MarHIITHbiX nOJI.HX B HaKOnliTCJIC MO)KCT IIMIITIIpOBaTb 

3cpcpeKT 8)J;M. 

IIpaKTMqecKa.H 3HaqMMOCTh 

CTan;~apTHa51 Ma.n.enb 3JICKTpocna6l,rx B3aiiMO)J,ei1:CTBIIi1: ue B cocTO.H

HIIII 06'b51Cifl!Tb 6apiioreHC3l!C BO BceJICHHOll B CIIJIY CJIIIIllKOM CJia6biX 3cpcpeK

TOB uecoxpanenii.H CP H 6apiiounoro 3ap.H.n.a. C o.n.noi1: CTopoHbi, napyilleHIIe 

CP-cnMMCTpHH - O)J.IIH H3 Tpex cpyn)J.aMeHTaJibHbiX KpHTepeB 6apiioreue3IICa. 

C .n.pyroi1: CTOpOHbi, CP-necoxpaH.enne npHBO,ll,HT K 8,II;M HYKJIOHOB, .H)J,ep H 

aTOMOB. BepxHIIi1: npe.n.en na 8,II;M nei1:Tpona II nei1:TpaJibHbiX aTOMOB H MO

JICKYJI HC)J,OCTaTO'ICH )J,JI51 onpe)J,CJICHII.H 1130TOniiqecKHX CBOHCTB HCCOXpaHCHH.H 

CP-ciiMMCTpHII. 0TnrrqnTeJibHa51 qepTa KnauTonoi1: XpoMo,Il;IInaMIIKH (KX,II;) . . 

KaK cPYHJJ,aMCHTaJibHOll TCOpiiH CIIJiblfbiX B3aHMO,ll,CllCTBHH- 3TO B03MO)Kli0CTb 

napymenm1 CP 3a cqeT <<T3Ta-qnena>>. Teopen1qeCKHX orpam1qenni1: na T3Ta

'IJICII I leT, BCpXIIllerpaHIIIJ;bl Ha nero nOJiyqaJOT TOJibKO II3 MO)J,CJiblfbiX pacqeTOB 

8,II;M neti:rponon .. HecMOTp51 na 1130CKaJI51pnocTb. T3Ta-qnena, 8,II;M npoTonon 

II IICH'l'pOIIOil 0)Kll,ll,aCTC51 pa3HbiM, qTo )J,CJiaeT B BbiCillCll CTeneHII aKTYaJibllbiM 

ITOIICK 8,II;M rrpoTOHOB II .n.ei1:Tponon. EcJIII cniiHbi xoJIO)J,HbiX II ynhTpaxono.n.

IIbiX IICHTpaJibiibiX aTOMOB, MOJICKYJI II HCHTpOHOB MO)KHO nOMCCTIITb B CTaTlJqe

CKIIe 3JICKTpiiqecKIIC nomi, TO )J,JI51 3ap.H)KCHHbiX qaCTllll; 3TO _B03MO)KH0 TOJibKO 

B HaKOiliiTCJibHbiX KOJibiJ;aX, KOr)J,a 3JICKTpiiqCCKOC IlOJIC CCTb qaCTb y)J.Cp)KIIBa

IOI.IJ,ero noJI51. Tio3TOMY TaKIIe noiiCKII 8,II;M 3ap.H)KCHHbiX qaCTIIIJ; pau,e~ ne npo

BO)J,IIJIIICh, IIX TCOpii.H npaKTIIqeCKII HC pa3pa6aTbiBaJiaCb, II JII060i1: pe3yJI~TaT 

B 3TOM nanpanJieHIIII .HBJI51CTC51 niionepcKIIM: Ecnu 8~M nyKJIOHOB: ne 6y.n.eT 

Hall)J,CH C TOq!fOCTbiO Jiyqille 10-29 e·CM, TO 3T~ npaK'l;'llqCCKli liCKJIIO'lliT B03-
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qaenm;a I 11Mrrynhe p [r3B / c] I AHOMaJihHhlH I E [MB/MJI B (T) 

MarHIITHhifi MOMCHT G 
IJppTOH 0.701 1.792847 13.977 0.000 

)J;efiTpOH 1.000 -0.142987 -3.361 0.135 
3He 1.211 -4.183963 13.943 -0.042 

Ta6mru;a 1 c-:- IlapaMeTphr fl-JI5I <<3aMopo3KII erriiHa>> ropii30HTaJihHhiM 
. . . 

3JICKTpnqeeKliM rroneM E u BepTIIKaJihHhiM MarniiTHhiM noneM B rrpii noneKe 

9,li;M B KOJihu;e pa.z:r_nyea r = 30M. 

MO)KHOeTh o6b5IenennR 6apuoreHe3IIea BO BeeneHHofi 3a eqeT o6o6ru;aroru;ux 
·, 

CM 3JieKTpoena6brx Mexann3MOB. 

I I 

................... :,' 
I 

I 

I 
I 

I 

.. 

··--·I' / ....... ···· .. 
I 

Pile. 2 c_ 11nmocTpau;II5I u.z:r_eii enrHana 9,D;M 8 qneTo 3JICKTpoemTnqeeKoM 

KOJihu;e e {<3aMOp0)KCHHhiM>> errHHOM [27]. 

Koueqnofi D;enhro ireene.z:r_onannfi Konna6opau;nu JEDI Ha COSY 

5IBn5IeTe5t o6oeHOBaHUC B03MO)KHOeTiJ ll3MepeHU5I '3JICKTpiiqeeKOrO )l;IIIIOJlhHO

ro· MO.MeHTa npoTOHOB, .z:r_efiTpOHOB li 5I.z:r_ep reJIII5I-3 e rrpe.z:r_eJibHO .z:r_6eTll)KliMOH 

eTaTUeTii"<.IeeKOH TO"l.!Ho'CThiO 10-29 e· eM~ IloiieK 9,li;M e TaKOH aM6ir4IIoimofi 

<lyscTBnTenhiioeThiD i:roTpe6yeT eTponTenheTBa erreu;l!anu3IIpoBannoro HaKOIIII

Tenhiioro KonhAil. {26]. )J;na 3Toro KOJih~a :.z:r_oJbi<uhr 6hrTh J3br6paHhr TaKne napa

M:eTphr y.n,ep)KUB·aroiu;ero 3JICKTpn"l.!eCKOi'O li MarHirTHOro rronefi, rrp"n'.KOTOphrx 

qaeTOTa Bparu;eun~ cirl!Ha 3a eqer MJJ:M ¢uK:drpyeTe5I 'Ha qaeTO'i'e o6pa~eHII5I 

qaeTII~ (eM: Ta6nuey 1); i3 pe3ynhTine qero nparu;emie cnima B nnocroCTn ·KoJ!h~ 

u;a <<3aM:opa:a<u~aeTeH» :.-.:.:_ oeh· cTa6IIJihHOro errnHa 6y.z:r_CT itarrpaBnemi napan~ 
nenhn·o !3eAJ~eMy '<ineK:Tpirqe'eKoMy'nomo E (eM:. Pnc. 2). OTJil!<iHhifi oT·Iiymi 

6. 

9)J;M rrpiiBO.IJ-IIT K Bparu;emrro IIeXO.IJ-HOH rrpO.IJ-OJihHOH llOJI5Ipii3au;rm II3 llJIOeKO

eTll KOJibu;a li OHa rrpiio6peTaeT BCpTIIKaJihHYIO KOMllOHCHTy. 3.z:r_eeb · rrpe.z:r_rrona

raeTe5I OTeyTeTBIIC IIeKmKCHIIH 3aMKHYTOH op6IIThl HCIIfl-CaJihHOeT5IMII 3JICMCH

TOB KOJihu;a .. qaeTb eiieTeMaTWieeKIIX OIIIll60K llpii orrpe.z:r_eJICHIIII eiirHaJia 9)J;M 

nnaniipyeTe5I II36e)KaTh rrpii IIerrOJih30BaHIIll BCTpeqHhiX nyqKoB. Ho OKOH'Ia

TCJihHOe pememre 0 eTpOi-ITCJiheTBC ~O)KCT 6biTh llpliH5ITO TOJibKO CCJIII 6y.z:r_yT 

llOH5ITbi Bee IIeTQqHIIKII B03MO)KHbiX eiieTeMaTIIqeeKIIX OrpaHnqeHIIH TQqHOeTII 

II enoeo6hr IIX yeTpaHeHII5I. Iloene.z:r_Hee Tpe6yeT .z:r_eTaJihHoro TeopeTIIqeeKoro 

II 3Keu;epiiMCHTaJihHOrO II3yqeHII5I OTHOe5IIIJ;IIXe5I K 9)J;M aeneKTOB eniiHOBOH 

fl-IIHaMIIKII. 

IJ;eJibiO .z:r_aHHO.fi pa60Tbi 5IBJI5ICTe5I TeOpCTWICeKOC li 3KerrepliMCHTaJib

HOe pa3BIITIIC rrpeu;II3liOHHO.fi eTIIIHOBOH .IJ-IIHaMIIKII B HaKOITIITCJI5IX B IIpiiJIO

)KCHIIll K 3a.z:r_aqe BhieOKOqyBeTBIITCJihHbiX TIOIIeKOB 9)J;M 3ap5I)KCHHhiX qaeTIIu; 

e u;enbro noiieKa CP-HecoxpaneHII5I 3a eqeT Mexanii3MOB Bue · CTaH.z:r_apTnofi 

Mo.z:r_enii. Ha HhmemneM 3Tarre 3KenepiiMeHTOB ua yeKopiiTene COSY npe.z:r_nona

raeTe5I IIellOJib30BaHIIe B KaqeeTBe pOTaTOpa eniiHa pa.z:r_IIQqaeTOTHOrO ¢IIJibTpa 

Brma. ,ll;nR .z:r_oeTII)KCHII5I noeTaBneuuofi u;enii, neo6xo.z:r_nMo pemiiTh ene.z:r-yroru;IIe 
' 3a,n;a-..ur: 

1. OTipe.z:r_eJICHHe BpCMCHHO.fi 3aBIIel!MOeTII llOJI5Ipii3au;IIII OT eBofieTB nyq

Ka rrpii pa3JIIIqnhrx pe)Km~mx pa6oThi ¢IIJihTpa Brma B noiieKax 9,li;M 

pe30HaHeHbiM MCTO.IJ-OM, 

2. peaJil!3au;II5I erroCo6a KOHTpOJI5I OTHOeiiTCJibHO.fi ¢a3bl errl!Ha II 

pa.z:r_noqaeTOTHOrO TIOJI5I eiiiiHOBOrO pOTaTOpa, KOTOpa5I II03BOJIIIT 

eoxpaH5ITb yeJIOBIIe TQqHoro•eiiiiHOBOrO pe30HaHea B TeqeHHC fl-Jill

TCJ!bHOrO BpeMCHII, lie06XO.IJ-IIMOrO .IJ-~5! HaKOTIJICHll5I eiirHaJia 9)J;M, 

3. pa3pa60TKa TeOpllll 3aTyxaHl!5I BCpTIIKaJibHh!X oeu;HJIJI5II~IIH errima B 

pe30HaHeHOM pa.z:r_noqaeTOTHOM pC)KliMC ll3-3a e6o5I '¢a3hr,'• Bhl3BaH

HOrO eHHXpOTpOHHblMll. KOJie6aHll5IMll, li rrpe.z:r_eK33aHHOrO Yfl-JIIIIIeHll5I 

BpeMCHll KOrepeHTHOeTII ropU30HTaJibHO.fi TIOJI5IpH3au;uu IIpii <<Marii-

. qeeKUX 3Heprll5IX>>,' qTQ · M:O)KCT pe3KO yBe.IIll"l.!UTh qyBeTBIITCJihHOeTb 

K 9,li;M, 

4. pa3pa6oTKa Teopiru BJrii5IHH5I ¢ona· M,li;M na cll'eTeMaTuqeeKoe orpa

HH"l.!enue TO'IHOeTn onpe.z:r_eneHII5I enrnana 9,li;M n:MarHHTHOM KOJihu;e, 

7-



5. IIOIICK CIIOC060B IIp.HMOI'O H3MCpCHII.H II MHHIIMII3all,IIII JIO)KHblX 

CIII'HaJIOB OT Bpalll,CHII.H Mai'HIITHOI'O MOMCHTa B pa)l.IIaJibHblX II 

IIpO,Il.OJlbHblX Mai'HIITHblX IIOJI.HX II3-3a HCCOBCpiiiCHCTBa Mai'HIITHOfi 

)l.OpO)KKII HaKOIIIITCJibJIOI'O KOJibiJ;a, 'ITO YBCJIII'IIIJIO 6bi 'IYBCTBIITCJib

JIOCTb MeTO,Il.IIKII c pa)l.IIO'IaCTOHhiM cPIIJibTpOM BIIHa, 

6. peaJIII3au;II.H MCTO)l.a H3MepeHII.H cl>ona M)l;M B HaKOIIIITCJihHOM 

KOJibiJ;e COSY Ha ocHoBe npeu;II3HOHHoro II3MepeHII.H qacTOThi 

IIpCIJ;CCCIIII CIIIIHa, 

7. OIJ;CHKa · CIICTCMltTII'ICCKIIX 3cPcPCKTOB OT Bpalll,CHII.H Mai'.HIITHOI'O 

MOMCHTa 3a C'IeT HCTO'IHOCTII II03IIIJ;IIOHIIpOBaHII.H CTaTII'ICCKIIX 

MarHIITJiblX CIIIIHOBbiX pOTaTOpOB B MCTO,Il.C MIIJIIIMII3aiJ;IIII JIQ)KJibiX 

CIII'HaJIOB.· 

TeopeTII'ICCKa.H pa6oTa rro crmnonofi )l.IIHaMIIKe B natmiiiiTCJI.HX B paMKax 

naCTO.Hlll,CI'O IICCJIC)l.OBaHII.H IIOJIHOCTbiO nau;eJICHa na IIO)l.I'OTOBKY IICpBOI'O B MII

pe sKcrrepiiMenTa no IIOIICKY ciirnana 9)l;M ,Il.CfiTpOHOB na ycKopiiTeJie COSY. 

IlpH HbiHCIIIHCM CTaTyce l}aKOIIHTCJibHOI'O KOJibiJ;a, 3TO B03M0)KJI0 C TOqHOCTbiO 

,Il.O 10:19 - 10""'21 e·cM, II naMeqaeTC.H nocJIC)l.YIOIIl,ee yaeJIH'Ienne qyacTBHTCJih

nocTH IIOCJIC peKOHCTpyKIJ;llll HaKOIIHTCJibHOI'O KOJibiJ;a. 

AnTop .HBJI.HeTC.H ~,Il.HHM II3 JIH)l.epoB TeopeTH'ICCKofi IIOMCP*KH MC*,Il.Y

Hapo)l.nofi KOJIJia6opau;HII JEDI B o6JiaCTH CIICTCMaTH'ICCKHX cPOHOBbiX 3cPcPCK

TOB. IlporpaMMa IIOHCKa 9)l;M .HBJI.HCTC.H OCHOBHOfi )l.JI.H J1HCTIITyTa .H)l.epuofi 

cPH3IIKH B J0JIIIXC .. 9KCIICpHMCHT IIJiaHHpyeTC.H IIpOBCCTH B 2018 r., B IIOCJIC

)l.YIOIIl,YIO II.HTIIJieTKY nnauupyeTC.H peKOHCTPYKIJ;II.H COSY c H3yqeuHeM CHCTe

MaTH'ICCKHX 3cPcPCKTOB Ha HOBOM ypOBHC 'IYBCTBHTCJibHOCTII, C BQ3MO)KHbiM 

YJIY'IIIICHHCM BepxHero_ppe)l.CJia Ha 9)l;M )l.O w-24 
e·cM, M.IIO)l.I'OTOBKOfi IIpOCKTa 

CIICIJ;IIaJIH3IIpOBaHHOI'O KOJibiJ;a )l.Jl.H IIOIICKa 9)l;M K 2022-2023 rr. 

Hay<JHrui HOBH3Ha: .. 

1. )l;JI.H ,OIJ;CHKII HCH)l.CaJibHOCTefi KOJihiJ;a pa3BHT IIO)l.XO,Il., OCHOBaHHblll 

Ua MO)l.YJI.HIJ;l\II · 'IaCTOThl IIpCIJ;CCCHH I'Opii30HTaJibliOI'O · CIIIIHa, KOTO

. ·· pa.H MO)KCT 6b!Tb H3MCpeua C OTHOCHTeJibHQfi TO'IHOCTbiO )l.O 10-10
• 

Ha nepBofi. cTa)l.IIII B Ka'IeCTBe auanii3IIpyiOIIl,IIX sJieMeHTOB IIcm)Jib-

3oBaHbi ,HMeiO.Ill,HeC.H na ycKOpiiTeJie COSY coneuoii,Il.bi ,Il.Byx ciicTeM 

,, - 3JICKTpQHHOI'O OXJia)K)l.CHII.H: IIYBKa., , · 

& 

2: Ha ocnoBe npone)l.enuoro auaJIH3a . sKcnepiiMeHTaJihHhrx _ )l.aHHhiX 

KOJIJia6opau;nn -JEDI, · IIOKa3aH01 'ITO IIpH . COBpeMCHHOM HCOIITHMH-

3HpOBaHHOM ·cTaTyce KOJihu;a COSY, TexHHKa Ha ocuoae MO)l.YJI.H

IJ;HH 'IaCTOTbl npeu;eCCHH CIIHHa II03BOJIHT KOHTpOJIHpOBaTb yrJIOBYIO 

OpHCHTaiJ;HIO OCH CTa6HJibHOI'O CIIHHa C TO'IHOCTbiO )l.O 2.8 MKpa)l.. 

3. IlpOBC,Il.CHO 'IIICJICHHOC MO)J,eJIHpOBaHHC CIIHHOBOfi H op6HTaJibHOfi 

,Il.IIHaMHKH, KOTOpOe II03BOJI.HCT OIJ;CHHTb TO'IHOCTb MCTO)l.a onpe)l.e

JICHH.H OCH CTa6HJibHOI'O CIIHHa IIpH B03Mylll,CHHH 3aMKHYTOll op6HTbl 

HCII)l.CaJibHO BbiCTaBJICllllbiMH COJICHOII)l.aMH. 

4. IlpOBC)l.eH 3KCIICpHMCHT riO GTa6HJIH3aiJ;Hli OTHOCHTCJibHOfi cPa3bl CIIH

Ha H pa)l.HO'IaCTOTIIOI'O IIOJI.H C TO'IHOCTbiO ,Il.O 0.21 pa)l., C y)l.Cp)Kal!HCM 

TO'IHOI'O CIIHHOBOI'O pC30HaHCa IIpH BpCMCHaX IIOp.H)l.Ka 100 C. 

5. BnepBbie BhiBe)l.ena 3aBHCIIMOCTh CKopocTH ueaKcnoueuu;naJihiiOro 

,Il.3MIIHHra OCJiHJIJI.HIJ;Hfi BCpTHKaJibHOfi IIOJI.HpH3aiJ;Hll OT CllUXpOTJlOII

HbiX aMIIJIIITY,Il. BO. BJlCM.H CIHIHOBOI'O pe30Hanca II !1pC,Il.CKa3aH YXO)l. 

cPa3bl OCI~HJIJHUWti 

,II;OCTOBepHOCTb IIOJIY'ICIIIlblX p83JJibTaTOB 06CCIIC'IHBaCTC5I KaK COI'Jia

CHCM TeopeTH'ICCKHX O)KH)\aiJHH C 3KCnepl!MCHTOM JEDl, TaK II 'IHCJICIII!b!M 

MO)l.CJIHpOBaiUICM CHCTCMa'I'WICCKHX 3CpcPCKTOB Ha OCHOBe nporpaMMHOI'O KOM

IIJICKCa MO)l.eJIHponaHmi CIIH11-op6wraJJhiiOti )l.HHaMHKH «COSY Infinity» [28]. 

TeopeTll'ICCKHti auamn oe11onan ua CT<Uif~apTHOM cnunopnoM cl>opMaJIH3Me 

[29]. IIonyqeunbJe na oc11one :-Yroro <l>opM<lJIH3Ma TeopeTH'ICCKne 3aBHCHMOC_TH 

MO,Il.JJI.Hl~Hll 'IaCTOThl lllJCI\(~(TIIIt ('111111<1. IIOJI51Mll HCKyCCTBCHHblX IICH,IJ,CaJibHO

CTCH (J1H) IIOJIHOCThiO COIIII<l)(<l.IO'I" c· 'IIICJICI!Hh!M MO,Il.CJIHpOBaHIICM ,Il.ll!JaMHKH 

cnnna B «COSY Infinity>', 11 'l'<i.I~;Ke IIO)\TBep:rKaiOTC.H B 3KcnepnMenTe c )\OCTa

TO'IIIO Bh!COKOH 'l'O'IIIOC'I'hiO. 

OciioBHhie ·noJioLKeHH51, BhiHOCIIMbie Ha ,3aiiJ;IITy: 

1. Pa3pa6oTKa Teoprm 3aTyxamm BepTHKaJibHbiX ocu;nJIJI.Hl\Hll cnmra 13 

pC30I!al!CIIOM pa,IJ,HO'IaCTOTHOM pe)KHMC. 

2. TeopeTll'ICCKa.H pa3pa6oTKa nonoro M.CTO,IJ,a np.HMOI'O U3J.fepel!H.H 
. .. . .· ... , 

HHTCI'paJibllbiX napa3HTHbiX pa,IJ,H<lJibHOI'O ll IIpO,IJ,OJlbl!OI'O MarHIIT-

IIOI'O llOJICll B iiaKOIIHTCJ!hllblX KOJibiJ;aX C IIOMOii\blO MO)l.YJI.HIJ;llll 

~IIHIITb!O;;a 'IaCTHi~. 

9 



3. Pe3YJihTaThl qrrcJieHHoro MO)J.eJirrpoBaHrrR pe)KHMOB pa6oTht Herr.n.e

aJihHO BhiCTaBJieHHOrO CTaTrrqeCKOrO COJieHOH)J.a, B036y)K)J.a!OIII,ero 

KOJIJleKTHBHOe 6eTaTpOHHOe )J.BH)KeHHe nyqKa. 

4. TeopeTrrqecKaR pa3pa6oTKa MeTo.n.a KOHTPOJIR OTHocrrTeJihHOfi ¢a3hi 

pa)J.HQqaCTOTHOrO IIOJIR poTaTOpa CIIHHa I1 ¢a3hl IIpeU,eCCI1I1 CIIHHa B 

HaKOIIHTeJlbHOM KOJlbiJ,e. 

Anpo6au;na pa6oThi. Ilpe.n.cTaBJieHHhie B .n.rrccepTau,rm pe3yJihTaThi 

rrpOIIIJII1 HayqHyiO arrpo6au,rr10 Ii IIOJiyqrrJIH )J.OJl)KHYIO I13BeCTHOCTb B HayqHOM 

coo6w.ecTBe. Ourr )J.OKJia)J.hiBaJIHCh ua YqeuoM CoBeTe CaMapcKoro YurrBepcrr

TeTa, YqeuoM CoBeTe l1ucTrrTyTa TeopeTIIqecKofi' ¢rr3liKI1 rrM. JI.,[(. Jiau.n.ay 

PAH, pa6oqrrx coBe~aHHRX KOJIJia6opau,rrrr JEDI (2013-2017 rr., r. IOJirrx, 

fepManrr5!), na e)i(ero)J.HhiX KoH¢epenu,rrRx <<DPG Friihjahrstagung>> HeMeu,Ko

ro <fJrr3rrqecKoro 06w.ecTBa (,[(pe3)J.eH, 2013 rr 2017 rr.; <fJpanK¢ypT, 2014 r.; 

ByrrrrepTanh, 2015 r.; ,[(apMiliTa)J.T, 2016 r. ), cei.1rruapax «CANU /FFE>> B .UeH

Tpe <fJrr3HKH r. Ba.n. Xonne¢ (2013 rr 2015 rr., fepManrrR), 21 Me)K)J.YHapo.n.noM 

CrrMrro3rryMe rro CrrrrHoBofi <fJrr3rrKe B IleKHHCKOM YurrBepcrrTeTe. (SPIN-2014, 

KrrTafi; 20-24 OKT5!6p5! 2014r.), 16 rr17 Pa6oqrrx coBern.aHrrRxno ¢rr3rrKe emma 

rrprr BhiCOKHX sneprrr5ix (DSPIN 2015 rr 2017 rr., Ol151l1, r. ,[(y6na, Poccrr5!) 

rr na ceMrrnape Jia6opaToprrrr 51.n.epHhiX Ilpo6JieM rrMenrr JI.Il. ,[()KeJierroBa B 

Ol151l1. 

lly6m1Kau;nn. OcnoBHhie pe3JJihTaThi rro TeMe .n.rrccepTau,rrrr I13JIO)KeHhi 

. B 7 rreqaTHbiX I13)J.aHI1RX, 4 I13 KOTOpb!X I13)J.aHhl B )Kypnanax, peKOMeH)J.OBaH

HhiX BAK [1---'4], rr 3- B "re3rrcax )J.OKJia)J.OB 15-7], H3 urrx 6 pa6oT BXO)J.RT B 

Me)K)J.YHapo.n.nhie 6a3bi u,rrirrpoBanrrR Scopus rr Web of Science. 

CTpyKTypa n o6'beM , .n;nccepTau;nn. ,[(HccepTaU,HR cocToHT rr3 

BBe)J.eHHR, IIRTI1 rJiaB, 3aKJI!OqeHI1R I1 O)J.HOrO pa3)J.eJia IIpi1JIO)KeHI1R. IlOJIHblfi 

o6'beM .n.rrccepTau,rrrr cocTan.imeT 134 cTpaHHU,hi ·C 34 prrcynKaMrr rr 10 Ta6Jirru,a

Mrr. CrrrrcoK JIHTepaTyphi co.n.ep)KHT 65 naHMeHOBaHrrfi; 

Co,n;ep2KaHlie pa6oThi 

., Bo BBe,n;eHHH o6ocHOBhiBaeTCR aKTYaJihHOCTh HCCJie,n.oBaHI1fi, rrpoBe-· 

)J.eHHhiX B paMKax )J.aHHOfi )J.liCCepTaiJ,I10HHOfi pa(}OThi, IIp!IBO)I;liTCR 0630p Ha

yynofi JlHTepaTyphi ITO H3yqaeMOfi IIp06JieMe, ¢opMyJIHpyeTCJ! u,eJib, CTaBRTCR 
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3a)J.aqrr pa6oThi, c¢opMyJirrpoBaHhi nayquaR HOBI13Ha rr rrpaKTrrqecKaR 3uaqrr

MOCTh rrpe)J.CTaBJIJ!eMOfi pa60Tbi. 

llepBaa rJiaBa B sTofi rJiaBe rr3JIO)KeHa cyTh pe3ouaucuoro MeTo.n.a )J.JIR 

rrorrcKa 9,[(M Ha COSY. Ha yconeplllencTBOBaHnOM KOJihu,e COSY, O)KH)J.aeMaR 

CTaTHCTrrqecKaR TOqHOCTh MeTO)J.a aiddi < 10-24 e·CM. ,[(OCTHiKenrre TaKOfi TOq

HOCTI1 Tpe6yeT pa3pa60TKI1 CIIeU,HaJlbHOrO MeTO)J.a KOHTpOJIJ! OTHOCHTeJibHOfi 

¢a3bl Me)K)J.Y ¢a3ofi pq IIOJIR CIIHHOBOrO poTaTOpa I1 ¢a3ofi rOpi130HTaJlhHOfi 

KOMIIOHeHTbl rrpeU,eCCI1I1 CIIHHa, 0 KOTOpOM IIO)J.p06HO paCCKa3aHO B IIOCJie)J.HeM 

pa3)J.eJie rJiaBhi. 

KoHu,erru,rrR 3aKJI!OqaeTCR B rrorrcKe pe3oHaHcHoro nparn.eHrrR crrrrHa 3a 

cqeT 9,[(M I13 HaqaJibHOrO rOpi130HTaJlhHOrO HarrpaBJieHHR CIIHHOB U,I1pKyJirrpy

IOIII,I1X )J.efiTpOHOB B BepTI1KaJlbHOe I1 Ha060pOT, B03HI1Ka!OIII,ero 3a cqeT pa60Tbl 

pq ¢rrJibTpa BrrHa Ha qacTOTe rrpeu,eccrrrr crrrrHa .n.efiTpOHOB. pq ¢rrJihTP BrrHa 

KaK TaKOBOfi rrp03paqeH )J..liR 9,[(M qacTHU,hl, ero s¢¢eKT 3aKJI!OqaeTCR B MO)J.Y

Jl5!li,I1I1 CIIHHOBOfi qaCTOTbi. 9Ta MO)J.YJl5!li,I1R BO B3ai1MO)J.efiCTBI1I1 C rrpeu,eccrrefi 

9,[(M B cTaTrrqecKOM HH)J.Yu,rrpoBaHHOM sJieKTprrqecKoM rroJie E KOJihu,a, rrprrBo

)J.HT K OCli,I1JlJIRU,I1RM BepTI1KaJlhHOfi IIOJIRpi13aiJ,I1li C qacTOTOfi IIpOIIOpli,HOHaJib

HOfi 9,[(M [30). Ha rrpaKTHKe, Bpe~R KorepenTHOCTH ropH30HTaJihHhiX CIIHHOB 

CJl!IIliKOM MaJIO, qT06bi na6JIIO)J.aTh IIOJlHhie rrepHO)J.bl OCU,liJlJIRIJ,Hfi BepTI1KaJlh

HOfi IIOJIRpH3aiJ,Hli 3a cqeT 9,[(M, II MO)KHO 6y)J.eT YBH)J.eTb TOJlbKO naqaJihHhlfi 

sTarr Me)J.Jiennoro pocTa nepTHKaJihnofi rroJIRpH3aiJ,HH (PHc.3( a)). 

CHJia crrHHOBoro pe3oHanca rrporropu,HoHaJihHa 9,[(M, 

1 . 
E = 2XWF Slll .;EDYI (3) 

r)J.e yrOJI .;EDM OIIpe)J.eJIReT HaKJIOH OCH CTa6HJihHOrO emma B II)J.eaJihHOM ~OJlb

IJ,e 3a cqeT 9,[(M, a XWF - aMIIJIHTy)J.a yrJia IIOBOpOTa cmina B pq ¢HJlbTpe 

Brrua. 

Ha Prrc. 3 rr3o6pa)KeH rrprrMep perHCTpau,HH cHrnana 9,[(M :rrpH pocTe 

BepTHKaJihHOfi rroJIRprr3aU,HH Py Bo BpeM5r pa6oThi pq ¢IIJihTpa Biina ira qacTo

Te cBo6o.n.Hofi rrpeu,ecciirr crrHua·vsfR = 120.8 Kfu, .. rlpe.n.~o.imrae~oe3naq·eHmi 
9,[(M .n.eitTpoua dd = w-19 e·eM: 9nepriiR rryqKa T =. 236 MsB, aMIIJIHTY

.n.a narrpR)KeHnocT.II 3JieKTprrqecKoro rroJIR B ¢rrJihTpe BHHa E =: 3 KB/M rr 

narrpaBJienHe Hcxo.n.noro BeKTopa rromipH3aU,IIH P h it:,;. 3a;B.peMR Ha6JIIO)J.e-
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Puc. 3 -- a) PoeT BepTnKaJihHOfi non5~pn3aiJ;Im: Py 3a C'leT 9,1J;M npii pa60Te 

pq ¢nJihTpa BIIHa Ha 'laCTOTe npeu;ecciiii cnnna B KOJihiJ;e. Ha rpaqmKax 6) II 

B) noKa3aHh~ ocu;nJIJI5IIJ;IIII ropii30HTaJihHhi~ KOMTIOHeHT TIOJI5~pn3au;nn Pz II Px. 

HII51 1000 C, .UJIII 7.6 X 108 o6opOTOB, BeJIII'IUHa BepTIIKaJihHOfi TIOJI5Ipii3aiJ;IIU 

COCTaBUT Py > 0.1. 
Tipeu;n3IIo~moe II3MepeHne cnnHThiOHa, o6cy)K.n.aeMoe B pa60Te [31], 

MO)KHO ocyru;eCTBJI51Th B pe)KIIMe peaJibHOrO BpeMeHII ,li.JIR llpOBe,ll.eHII51 II3Me

peHII51 ¢a3hr Me~.n.y npeu;ecciiefi cniiHa II Bnenmero pa.n.IIo'laCTOTHor~ ycTpofi-

CTBa. TaKa5~ B03MO)KHOCTh 6hiJia mrepBhre peaJIII30BaHa ,li.JI51 co3.n;alm5~ aKTIIB

HOfi CllCTeMhl o6paTHOfi CB~I3II, KOTOpa51 CTa6IIJIII3IIpyeT OTHOCUTeJihHYIO ¢a3y 

Ha ypoBHe 0.21 pa.n.. OcHOBHOfi rrpiiHIJ;IIII .n;eficTBII51 CIICTeMhr o6paTHOfi CB513II 

3aKJIIO'laeTC51 B HerrpephiBHOM KOHTpOJie 'laCTOThl rrpeu;eCCIIII emma II COrJia

COBaHIIli ¢a3hi rrpeu;eCCIIII CIIIIHa C ¢a30fi pa,z:t;IIO'laCTOTHOrO IIOJI51 COJieHOII,z:t;a. 

CTa6IIJIII3aiJ;II51 ¢a3hi rro3BOJI5~eT coxpaH5~Th. ycnoBIIe TO'IHoro crriiHOBoro pe3o

m1Hca, a TaK )Ke KOHTpOJIIIpOBaTh CKOpOCTh pOCTa (HJIII aMTIJIIITY,li.Y OCIJ;IIJIJIR

IJ;IIfi) BepTIIKaJihHOfi IIOJIRpii3aiJ;IIII, KOTOpaH 3aBIICIIT OT 3Ha'leHIIR, OTHOCUTeJih-
.' . . ' . ' 

· HOfi ¢a3hl ¢, KaK <X sin¢. TaK KaJ< 3Ta Me~,z:t;nKa B rronnofi Mep~ rrpnMeHnMa II 

npn ncrroJih30BaHnn pq ¢nnhTpa BnHa, pemenne 3TOfi 3a,z:t;a'III RBJI5~eTCR neo6-

X9,lJ.UMhiM Tpe6oBaHneM ,z:t;JIH rrepl30~0 np~MOrp .TIOUCISa 9,lJ,M B HaKOIIU1'eJihHOM 

KOJihu;e •. KpoMe Toro, TaJ<a5~ ·ciicTeMa Mml<eT 6hiTh IICIIOJih30BaHa :B MeTo,n;e <<3a-.. . ' . ' ' . . ' ·. ' . .. . . ~· 

MOpO)KeHHOrO CIIUfla>~ [2pj; r~e uarrpaBJieHne IIOJI5Ip~3aiJ;UU B TIJIOCKOCTU J,<OJihlJ;\1 

,IJ,QJI)K.HO coxpaH5~T!>~5~.HanpaBJieHHhiM B,II,OJih Bewropa UMIIYJ1hca •. 

Jlo. Pe3YJih'J,'aTaM ~JiaBhiOrry6JIIIK9BaHhl pa60Thl n; 3; 4; 7]. 

.. ~ •. "BTOpa~-maBa ~ .n.am~ofi rnm~e, o6cy)K,z:t;aeTc~ 5JBJiemre oTxo.n;a <?T ycJ,Io.

BUH pa,li.U'laCTOTHOrO CIIUHOBOrO pe30HaHCa U3-3a CUHXpOTpOHHhlX J<OJie6aHHfi 
12 

'laCTHIJ; B ny'IKe. TipHBO,li.HTC51 aHaJIIITH'lecKoe ·orrncaHne Toro, KaK nponcxo

,li.UT npou;ecc. He3KCTIOHeHIJ;UaJihHOrO 3aTyXaHU51 pa,lJ.UO'laCTOTHhiX OCIJ;UJIJI5IIJ;Ufi 

BepTUKaJihHOfi llOJI5IpU3aiJ;UU 'laCTUIJ;. cho 3aTyXaHUe COllpOB0)K,ll.aeTC51 HeTpU

BUaJihHhiM yxo.n.oM $a3hr ocu;nJIJI5~IJ;nfi. KpoMe Toro, o6cy)K.n.aeTC51 3aBncnMOCTh 

CKOpOCTU ,ll.eKOrepeHTHOCTU OT rapMOHUK pa,lJ.UO'laCTOTHOrO pOTaTOpa CllUHa II 

B03M0)KH0CTh npoBepUTh npe,li.CKa3aHU51 0 <<Marn'leCKUX>> 3HeprU5IX, npn KOTO

pbiX cKopoCTh .n.eKorepeHTHOCTn 6nn3Ka K Hynro. 

Yxo.n. $a3hi ocu;nJIJI5IIJ;Ufi npn MaJihiX BpeMeHax y.n.ep)KaHU51 ny'IKa MO

)KeT TIOBJIU51Th Ha TO'IHOCTh Onpe,lJ.eJieHU51 'laCTOThi BepTUKaJihHhiX OCIJ;UJIJI5IIJ;Ufi · 

non5~pn3au;nn, n, KaK cne.n.cTBne, cilr:HaJia 9,ll;M. Tiony'leHHhre npe.n;cKa3aHU51 

MoryT 6hrTh npoBepenhr 3KcnepiiMeHTaJihHO. TioKa3aHo, 'ITO orn6aroru;a5~ BepTn

KaJihHOfi IIOJI5IpU3aiJ;UU 3aBIICUT TOJihKO OT napaMeTpa p, xapaKTepn3yroru;ero 

CKOpOCTh ,ll.eKOrepeHTHOCTU CIIUHOB. flpn UHTepnpeTaiJ;UU 3KCTiepUMeHTaJibHhiX 

.n.anHhrx cne.n.yeT ¢nTnpoBaTh BepnrKaJihHhre ocu;nJIJI5IIJ;UU crrnna K nony'leH

nofi aHaJinTn'lecKofi ¢opMe A(n) (r.n.e n- noMep o6opoTa), KOTopa5~ 3aBncnT 

TOJihKO OT ,li.BYX CB060,li.HhiX rrapaMeTpOB: CUJihi Ull,lJ.YIJ;UpOBamiOrO CllliHOBOrO 

pe3onanca to, 3a.n.mmofi ,li.JI51 u;eHTpanhHOfi 'laCTnr~hi, II p: 

A(n) = exp {- sin2 cp(n)} 
(1+p2n2)1/4 cos{t0n-1i:(n)}, 

r.n;e 

Crf = ; 2 · ( 1 + ~) - 1, 

1 2 2 
P = 4to9r f'i/Js ' 

cp(n) = arctan(pn), 

1 . 
li:(n) = 2 [cp(n)+ sm2cp(n)] 

(4) 

(5) 

(6) 

(7) 

(8) 

TiapaMeTp 'i/Js orriiChmaeT pacnpe.n;eneHne no IIMrry.rihcaM 'laCTIII\ B crycT

Ke, a ~i:(ri) .n;aeT YXO,ll. tPa3hl OCIJ;IIJIJI5IIJ,Hfi BepTIIKaJihHOfi llOJIHpii3aiJ;liH. 

9I<crrepiiMeHTaJihHa5~ rrpoBepKa rrpe.n;ci<a3am1H o 3Ha'IIITeJihHOM yBenii

'leHIIII BpeMeHH J<OrepeHTHOCTH CIIUHOB 'laCTII~ rrpn <<Marii'leCKliX» 3Heprii5IX, . 

,z:t;JI5~ J<OTOphiX BhiiTOJIH~eTCH ycJIOBIIe Cr f = 0, II MeeT Ba)KHOe ~paKTII'lecJ<oe 3Ha

'leHne. 0Ha II03BOJillT orrpe,z:t;eJIHTh pe)KIIM pa60Thl YCKOpiiTeJI51 (Ji '.JaCTHOCTII; 

13 
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Prw. 4 - CxeMa 9KcrrepiiMeHTaJihHOii ycTaHOBKII c ,IJ;BJM.H: coJienoii,n;aMII ~ II 

·S2; HaXO,ll;.HW:IIMITC.H B IIpOTIIBOIIOJIO)KHbiX IIp.HMbiX CeKIJ,I15tX HaKOIIIITeJihHOPO 

· KOJibiJ,a COSY. BeKTOP c JK8.3hmaeT narrpaBJieHIIe ocii cTa6IIJihnoro crriiHa 

rrepe,n; COJieHOII,ll;OM :Sb B TOT MOMeHT, Kor,n;a sl II Sz 13biKJIIO'!eHbi. ,Il;Be apKII 

o603Ha'!eHhi KaK A1 II A2, a P JK8.3biBae1' rroJIO)KeHIIe rroJI.HpiiMeTpa <<EDDA>>, 

SRF - rroJIO)KeHIIe pq coJienoii,n;a, II I o603Ha'laeT 'laCTh MarHIITHOii ,n;opo)KKII 

IIH)KeKIJ,IIII. RF WF o6o3Ha'!aeT rroJio)KeHIIe pa,n;IIo'!aCTOTHoro cPIIJibTpa BIIna. 

Ily'loK IJ,IIPKYJIIIpyeT no 'lacoBoii cTpeJIKe. 

3Ha'!eHIIe cJIIIrr-¢aKTopa 'r/ II rapMOHIIKII K '!aCTOThi pq rroJI.H), ueo6xo,n;IIMhiii 

,ll;JI.H OIITIIMII3aiJ,IIII 9KCrrepiiMeHTa ITO JCTaHOBJieHIIIO rrpe,n;eJia Ha 8,1J;M C IIOMQ

W:hiO pq cPIIJibTpa BIIna. 

ITo pe3JJibTaTaM rJiaBhi orry6JIIIKOBana pa6oTa [2]. 
TpeThH rJiaBa B 9Toii rJiaBe o6cy)K,n;aeTC.H rrpo6JieMa ¢oua K ciiruaJiy 

8,IJ;M, co3,n;aBaeMoro M,IJ;M rrprr rrpoxo)K,n;eHIIII '!aCTIIIJ, '!epe3 rrap8.3IITHhre Mar

~IITHhre rroJI.H 9JieMeHTOB KOJibiJ,a. B Ka'leCTB_e pern~HII.H 9TOii rrpo6JieMbi rrpe,n;Jio

)KeH MeTO,ll; KOHTpOJI.H cPOHa OT M,IJ;M Ha OCHOBe II3MepeHII.H peJibe¢a 'laCTOTbi 

rrpeiJ,eCCIIII. CIIIIHa npn CIIIIHOBOM OTKJIIIKe _KQJibiJ,a. Ha CTaTII'I~CKf{e CJ;I~HOBhie 

pOTaTOpbi._ 

lhMepeHIIe, peJihe¢a '!aCTOTbi rrpeiJ,eCCIIII CIIIIHa C IIOMOW:J?IO CTaTII'Ie-.. ' . . ·. . ' . . . . . . . 

C~{IIX pOTaTOpOBCIIII~a II03BO_JI.HeT OIIJ>e,li;eJIIITb yrJIOBJIO_,?piieHTall,IIIQ OCII <;:Ta-

6II]JbHQP~ c~~ua C:,B narmi!II'FeJihHOM KOJihiJ,e.(<;M. Puc.4). Ilpii)faJIII'IUII 8,1J;M 
Hll.KJIO_H. OC:II CTa,6IIJibHO~p .CII~.Ha. B II,D;eaJib~OM KOJihiJ,e 6y,n;~T ,CTaTll'lfl9KIIM· CliP-

. . - - . - ·. '-· ~ . ~ 
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HaJIOM 8,1J;M, TOqHOCTb orrpe,n;eJieHII.H KOTOpOPO 6y,n;eT 3aBIICeTh ·OT •. TOqHOCTII 

MeTo,n;a. TaK KaK ,n;ocTII)KIIMa.H OTHOCIITeJihHa.H ToqnocTb II3Mepenii~ ~rriiHOBoii 

qacTOTbl B COSY COCTaBJI.HeT .OKOJIO ro-10 II MO)KeT 6hiTb Bbiiiie, IIPJ:i' yJiyqrne~ 

HIIII CTaTIICTIIKII, 9TOT MeTO,ll; MO)KeT CTaTb 6oJiee rrpe,n;rroqTIITeJibHbiM B rrep

CIIeKTIIBe rroiiCKOB 8,IJ;M ua COSY. II B npiiHIJ,IIIIe ,IJ;JI.H . qiicTo MarHIITHhiX ua

KOIIIITeJihHhiX KOJieiJ,. Ho .B TO )Ke BpeM.H, rrpii, HaJIIfql{If Heii,n;eaJihHOCTeii Mar

HIITHOH ,IJ;OpO)KKII, OCb CTa6IIJibHOPO CIIIIHa IIpii06peTaeT HaKJIOH, CB.H3aHHblll 

C Bparu;eHIIeM CIIIIHa 3a cqeT M,IJ;M. ,lJ;JI.H TOPO, qT06hi OIJ,eHIITb B03MO)KfiQCTII 

orrpe,n;eJieHII.H naKJIOHa ocii cTa6IIJihHoro cniiHa B COSY ~ TecTOBOM 9Kcrrepii

MeHTe, rrpe,n;Jio)KeHo IICIIOJih30BaTh Y)K!! ,n;ocTynnhie ycTpoiicTBa - coJieHOII,IJ;hi 

CIICTeM 9JieKTpounoro oXJia)K,n;enii.H rryqKa. CIIrHaJI 8,IJ;M B TaKoii KOHcPIIry

paiJ,IIII pOTaTOpOB CIIIIHa, B KOTQpOH IICIIOJib3JIOTC.H TOJibKO COJieHOII,ll;hl, Bbi,IJ;e

JIIITb B qifCTOM BII,D;e He y,n;aeTC.H. 0AuaKO MO)KHO OTpa60TaTh 9TOT MeTO,ll; B 

9KcrrepiiMeHTe ua COSY R Bhi.HBIITh ero n~,n;ocTaTKII, qTo rro,n;po6no II3JIO)Keno 

B qeTBepToii rJiaBe. KpoMe Tqro, e rrmqow;iiO uacTpoiiKII ocii Bpaw;enmr II yrna 

IIOBOpOTa CIIIIHa B CTaTIIqeCKOM pO'faTOpe CIIIIHa, MeTO,ll; II03BOJI.HeT rrpeiJ,II3IIOH

HO opiieHTIIpoBaTb och cTa6IIJib.Hbro crrmm KOJibiJ,a OTHOCIITeJrhHO )KenaeMoro 

narrpaBneHII.H. 

J13MeHeHIIe CIIIIHTbiOHa f:lv8 B 3aBIICIIMOCTII OT JPJIOB IIOBOpOTa CIIIIHa 
. ' 

XI II X2 B ,IJ;BYX CTaTIIqecKIIX COJieHOII,IJ;aX sl II Sz ( CM. PIIc. 4) OTHOCIITeJibHO 

IIcxo,n;noro 3naqenii.H v2 (rrp~· X1 = xz = 0), ,n;aeTc.H ypaBneuiieM 

cos (nv2) -cos (n [v2 + 6-vs(Xl,Xz)]) = 

[1 +cos (nv2)] ~in2• (~x~) ~[~-_co~ (yrv2)] sin~ (~x-). (9) 

1 '. 0 . 1 .. . ... 0. . ' --a+ sin( nv8 ) sin X+ + -a_ sin( irv8 ) sin X-, 
2 . 0 • : • ' • 2 ·. . ' . 

r,n;e yrJihiiiOBopoTa crriiHa X:±:·II·rrapaMeTphr, xapaKTepii3JIOlll,IIe ueii,n;eaJihHOCTh 

KOJihiJ,a a±, orrpe,n;eJieHhi :KaK · 

1 
· x± = 2{x1 ±x2)·. II ·'a±= (c·nD ±.(c·· n1) .· (10) 

• ~ •• ~-: • l ._. 
., :! t• .,., , r ·.1• • 

CJie,n;qBa~eJihHQ 1 !onpe.n.eJieHIIe papaMeTpOB a± pam~OCIIJ1_hH9, 9qpe,n;~.neHIIIO _npo-

eKIJ,IIH. OCII C_Ta6IIJibHOP9 .C!JIIlla ,(;';Ha: IlJIOc.KO!;Tb,,. ()6p8.30B,a~£1Y,IO, B~!<'1,'9P,aMII 
~ ~ ~r ( 0) ~ · ( 0) ~ 7J-l.~ez:Hn2 ~··COS. 7I:II.8 .,ez;c:-:iHn 1FV$·.ex•';(:, ,·,·.·.,.· .. :; ,;:· 
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0TMeTHM pa3JIH"'!Hhrtl: cTaTyc "'!eThrpex "'!JieuoB B Yp. (9). IlepBhre ,n;Ba 

<meua, rrporropr.wouanhHhre sirr2 (~X±), ,n;aroTCH TeopHetl: c a6coJIIOTHOtl: uopMH

pOBKOti:. Ilocne,n;uHe ,n;Ba "'Ineua, rrporropr.J;HJIHMhHhre sin X±, mco,n;HT c ueH3BecT

HhiMII K03¢qmr.J;HeHTaMH a±, KOTOpbie 6y,n;yT OIIpe,n;eJieHbi 3KCIIepHMeHTaJihHO. 

Ilo pesyJihTaTaM rnaBhi orry6JIHKOBaHhi pa6oThi [1; 5; 6]. 

B ~IeTBepToii rJiaBe o6cy)K,n;aeTcJI Hccne,n;oBaHHe ueH,n;eanbHOCTetl: 

MarHHTHotl: ,n;opO)KKH COSY - rrapa3HTHhrx MarunTHhiX rronetl: B rrnocKOCTII 

uaKOIIHTeJihHOro KOJihiJ.a. Orrucauo rrepBoe 3KCrrepHMeHTMhHOe rrpuJIO)KeHue 

MeTO,ll;a H3MepeHHJI peJibe¢a "'!aCTOTbi IIpeiJ.eCCHH CIIHHa K H3MepeHHIO HaKJIOHa 

ocu cTa6uJibHoro crrHua B ycKOpHTene COSY. 

;:."' 
<l 

~~~~ 
i:' 

PHc. 5- IloKa3aua KapTa cKa"'!KOB cmiHThiOHa ~vs(X+,x-). Ka)K,n;aH TO"'!Ka 

npe,n;cTaBJIHeT pesyJihTaT o,n;uoro IJ.HKJia usMepenHtl:. Ychr norpeuruocTetl: 

MeHhiiie, "'!eM MapKepbl TO"'IeK H3MepeHUH. floBepXOCTb IIOJiy"'!eHa ¢HTOM 

3KCIIepHMeHTaJihHblX ,n;aHHhiX, a IIOJIO)KeHHe Ce,ll;JIOBOH TO'IKH IIO 

TeopeTH'IecKotl: ¢opMyne orrpe,n;enHeT napaMeTphr. a±. 

C IIOMOIIJ.biO H3MepeHHJI peJibe¢a 'laCTOTbl IIpeiJ.eCCHH CIIHHa OIIpe,n;e

JIHIOTCH napaMeTpbl a±, KOTOpbi.e 0603Ha'laiOT IIOJIO)KeHHe Ce,ll;JIOBOH TO"'!KH 

penbe¢a cnHHThiOHa'(CM. PHc. 5). IlapaMeTphi a± sa,n;aHhi npoeKr.~HHMH ocu 

CTa6HJihHOI'O _CIIHHa C Ha IIJIOCKOCTh, o6pa30BaHHYIO BeKTOpaMU n1 ll n~. ::ha 

IIJIOCKOCTb IIO'ITH COBIIa}J.aeT C IIJIOCKOCTbiO KOJihiJ.a, ll OCb CTa6UJibHOI'O• CIIHHa 
16 

UMeeT ir.O'ITH OpTOI'OHaJibHOe HarrpaBJieHHe, B,ll;OJih [fir. X n~j, K 3TOH IIJIOCKOCTH. 

Mo)Kno· ou.emi:Th TO'IHOCTh, c·KOTopotl: ,n;onycKaeTCH KOH~ponupoBll.Th rrpoeKIJ.HH 

OCH CTa6HJihHOrO CIIUHa Cx,z Ha II.iJOCKOCTb KOJibiJ.a; ' 

1 ! 

8cz ~ 2{ (8a~)2 + (8a:_? r. = 0.7 ·10-6 

' ,. 
{ [1- cos(1rv~jj2(8a~)2 + [1 + cos(Hv~)f(~a:_y} 2 

I sin(27rv~J I 
=1.7 .lQ-6' 8c;~ 

r,n;e 8a± 0603H<l'laeT IIOfpeiiiHOCTb ,ll;JIH a±, KOTOpaH II~Jiy_qa~TCH IIOC~e ¢uTa 

,n;aHHhiX. OcHOBHOH Bb!BO,ll; ll3 x2-auan~3~: yrJIOBOe ~~rrpa~Jienue ~cu'.cTa6UJib
HOro CIIUHa OTHOCHTeJibHO II.TiOCKOCTH, 3a,ll;aHHOM BeKTOpOM [fir. X n~], MO)KeT 

6biTh orrpe,n;eneuo co cmamucmu"lecx:oiliTO'IHOCTbiO ne xy)Ke 2.8· MKpa,n;. 

KpoMe Toro, B 3Toii rnaJ3e noKa3au6, "'ITO ·uMeroTca cTaTncTn"'!ecKH 

3Ha"'!UMbie OCTaTO"'!Hbie IIOrpeurHOCTH. (pac'io)K,n;euile. TO~eK: :U.aHHhiX 'c. ¢nTOM), 

KOTOpbie HMeiOT mi,D,, II0~06Hh!H caMoM.Y peJibe¢a ciiilHTb!Olla. 9TH 'ocTaTO"'!Hbie 

norpeinHOCTU COCT<i.BJIHIOT rropil,n;Ka 1% OT 'BeJIH"'!liH caMUX 'cia"'IKOB 2hnHTbiO

Ha, iro ,n;a*e TaKaH MMOCTh BeJin"'!Hii oc±aTO"'!H.hiX norpeurubcTetl: sna"'!nTeJih

no npeBhilllaeT TO"'!HOCTh MeTO,ll;liKH oiipe,n;e~eH~JI CTiliH.ThKJHa. LJuc;O BHeurne 

OCTaTO'IHbie TIOrpeiiiHOCTli Bhll'JIH,ll;HT KaK 3¢¢eKT He60JiblliOI'O peCKeHJiliHra 
' . : ;. 

yrna noBopoTa crmua B conenou,n;ax no cpaBHeHm<? c pacc"'!u~annhiM no saKony 

AMrrepa. 

Ilo pesyJihTaTaM rnaBhi orry6nnKOBaHhi pa6oThi [1; 6] .. , 
II}'(Ta}l rJiaBa B 3~otl: rJiaBe c,n;en~~a rrorrhiTKa. rioHH;h, B KaKotl: cTe

rreuu OTMe"'!eHHhie Bhiiiie ocTaTO(Hhie pac~o)K,n;emt51, Me*.n.y 3~crrepllMeHTO¥. u 

ypaBHenueM (9) MoryT 6biTh cneP.,CTBneM neu,n;eanhHOti:opnenTaU.I!ll,ll;l,>eti:¢oBhiX 

COJieHOli,ll;OB.. .. : , . ·. ~ • .. 

Kor,n;a COJieHOli,ll; IIOBepHyT BOKpyr OCH y Ha yroJI ~Y' ero OCh HanpaBJieHa 

IlO BeKTOpy k = COS ~yez +sin ~yi!x, H QH npOH$BO,ll;liT;l'Opli30HTaJihHOe Mal'HliT

HOe IIOJie, npOIIOpiJ.liOHaJihHOe sin(~y)XAI ~ ~yXAI, KOTOpoe Bhl3bi.BaeT BepTli

KliJihkm( CMeiiJ.e.fiue Op6l1Tbl. fiOBOpOThl BOKpyr'OCU'X C03~aloT :fie'pTHKa.iJbHOe 

MariuiTHOe rio.ire ll ropliSoHTMhHhie C,ll;BUrR 6p6UThl. < ' ' . ; • • 

· •" Mhi Mo,n;enupyeM · op6nTanhHyio H 'crruii<myr.o ,n;unaMHKY B · KOJihiJ.e· rra~ 

:Ke'i:'oM ·irporpaMM: «COSY. Infinity>>. B pea:nusoBannoM cetl:"'!ac· BapuafiTe iraKeT 
•. • .. ~' ':-· .... t--;•.: 
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no3somreT Mo.n,enuposaTh MaTpm:zy nepeHoca cnuHa T .n,na .n,aHHOfi op6HThi .n,na 

scero KOJihl~a 6e3 pa36HBKll no aneMeHTaM. Ha Pnc. 6 noKa3aHa KapTHHa ucKa

JKeHllil Op6llThl npll HaKJIOHe OCll O)J,HOrO ll3 COJieHOll)J,OB. 8KcnepllMeHT8JihHhie 

.z:r.aHHhie no llCKaJKeHlliO op6llThl OTBeqaiOT ~y(S2) = 8 Mpa.n,. 

______ M=<sv._s __ ••••••• ~~~~-~---············ coneHOMAS, •••••••• ~~~---············· 
npHMaft ceK4KJ1 apKaA1 npH~aR teKU.MH apKaA.z 

! 1 ;72::· : ;:a::;-=rrs 1 
!J!@>~§~*··~~l 

0 40 60 80 100 120 I 160 180 

PaccroRH~oote no nyrK op6MTbl L [M] 

Puc. 6 - a) BepTllKaJihHaa npoeK~na y [MM] 3aMKHyTofi op6HThi nyqKa .z:r.na 

o.n,Horo ll3 Ha6opos KoppeKTnpyiO~llx MarHHTOB, Kor.n,a coneHOll)J, ~ 

BhiKJIIOqeH. 6) BepTllKaJihHhifi c.n,snr 3aMKHyTofi op6HThi b..y [MM] 

OTHOCllTeJibHO a6COJIIOTHOrO nOJIO)KeHHH, KOr)J,a COJieHOll)J, ~ BKJIIOqeH ll 

C03)J,aeT nOBOpOT CnllHa Ha yroJI XAI = 12.98 Mpa.n,, npll 9TOM nepeKOC 

COJieHOll)J.a 3a)J,aH IIOBOpOTOM BOKpyr OCll y Ha yroJI ~y = -8( 0 ), -4(0), 

4(6), ll 8(\7) Mpa,n;. Ha6niO.n,aeMbie c.n,suru JillHefiHhi no ~y· _ ll 

Mbr o~eHnsaeM cooTBeTCTBYIO~lle sapua~llll MaTpll~hi nepeHoca cnuHa 

)J,JIH KOJih~a COSY 6e3 coneHon.n,a KaK 

tR(q~(~,XAI),c(~,xAI)) = T(~,XAI)t81 (~,xAI), (11) 

8TO .z:r.aeT O~eHKy' Baplla~llll KaK CIIllHThiOHa q~(~,XAI), TaK ll OCll CTa6HJihHOrO 

cnnHa s co6cTseHHo KOJih~e COSY 6e3 yqeTa coneHou.n,a. OcHosHofi Bhmo.n,: 

Hafi.n,eHHhie Baplla~llll BhirJIH)J,HT KaK 9cPcPeKT pecKeHJillHra yrna nOBOpOTa, 

X± -+X± = ~(krXr ± k2X2). {12) 

ll MO)KHO o~eHllTh O)Kll)J,aeMhre K 1,2 (r.n,e k1,2 = 1 + K 1,2) B npe.n,rronoJKeHun, 

qTo .n,peficPOBhie CllCTeMhi 9JieKTpOHHhiX OXJia)J,llTeJiefi MOryT 6hiTh annpOKCll

MllpOBaHhl n.n,eanhHhiMll coneHou.n,aMu. TaKaa o~eHKa .n,aer K1,2 npnMepHo Ha 

nopa,D.OK MeHhUie, qeM 9MnllpnqeCKlle 3HaqeHll.H .ll3 cPllTa OCTaTOqHhiX paCXOJK

,D.eHllfi ypaBHeHlleM (9) C BKJIIO~eHHhiM peCKefiJillHrOM. 
18 

· HerronHoe orrrrcaHue K1,2 MO)KHO csa3aTI> qacTifqHo c TeM, qTo MarHHT

Hoe none S2 ecTl> KOM6nHa~ua rroneil co6cTseHHO · .n,peit¢osoro coneHou.n,a ll 

KOppeKTllpyiO~llX ll TOpou:U.anhHhiX MarHllTOB - OllCaHlle nocJie)J,HllX B <<COSY 

Infinity>> He peanu3osaHo: Hallie 3aKJIIO'!eHue: aHanll3llPYID~lle ucKyccTseHHhre 

Hell)J,eaJihHOCTll B KOJlh~e He )J,OJI)KHbi C03)J,aBaTh llCKa)KeHllH op6llTbi. 

Cne.z:r.yeT TaK )Ke 3aMeTHTh, qTo·s o.n,HOM ll3 pa3.n,enos rraioit rnasLr, 

IIOCBH~eHHOM BJlllHHlliO KOppeKTllpyiO~llX MarHllTOB KOJlb~a Ha CIIllHTbiOH, 

o6cy)K)J,aeTCH KOHTpOJih Hell)J,eaJibHOCTeit KOJlb~a npll nOMO~ll KOppeKTllpyiO

~llX MarHllTOB. 

Pe3ynLTaTi>r rraToit rnaBLI rrpe.n,cTasneHLI B pa6oTe [1]. 
B rrpHJIO)KeHllll A rrpuse.n,eHLI pe3yJILTaTLI qucneHHOro MO.n,enuposaHua 

CIIllHOBOll )J,llHaMIIKll rryqKa IIpll HaJIIfqifif CllHXJlOTpOHHbiX OC~llJIJIH~llH qaCTlll~ 

BO BpeMH CIIIIHOBOrO pe30HaHCa C pq COJieHOll)J,OM If IIO)J,TBep)K)J,eHhl BbiBO)J,bl 

fJiaBhl 2. 0 COXpaHeiiiill KOrepeHTHOCTll CIIIIHOB qacTII~ B6JIH3ll <<MarifqeCKIIX>> 

9Hepriiit If yxo.n,e cPa3bl OC~llJIJIH~llH BepTHKaJibHOH IIOJIHpii3a~llll. 

B 3aKJIIOqeHJUI IIpiiBe.n,e·Hbi OCHOBHbie pe3yJILTaThi )J,llCCepTa~IIII, KOTO

pble HBJIHIOTCH JIIfqHbiM BkJia)J,OM )J,llCCepTaHTa If 3aKJIIOqaiOTCH B CJie,D.yiO~eM: 

1. Pa3pa6oTaH MeTO)J, ll3Mepeima HarrpaBJieHIIR OCII CTa6IIJibHOrO CIIIIHa 

Ha OCHOBe MO,D.yJIH~llll CIIIIHTbiOHa CTaTiJ:qeCKHMll COJieHOII)J,aMII, 

KOTOpbiH 6LIJI IIpiiMeHeH )J,JIH orrpe.n,eJieHIIH BJIIIHHIIH HHTerpaJibHOrO 

a¢¢eKTa MarHIITHhiX rroneit neii.n,eanLHOCTeit KOJIL~a COSY. .ll:nR 

cy~eCTBYIO~ero cero.n,nH cocT6HHII$I M:arHIITHOit .n,opo)KKII COSY, 

Har1paBJieHIIe OCll CTa6HJibHOrO CIIIIHa MO)KHO KOHTpOJillpOBaTh C 

ToqnoCThiO .n,o 2.8 ~Kpa.n,. B 3a.n.aqe rroiicKa 8.LI:M .n.eitTpona Me'ro.n, 

rro3somieT .n,ocTifqh na ·cy~ecTBYIO~eM COSY·. cTaTIICTIIqecKyiO 

ToqnoCTh orrpe.n.eneHIIH CllrHana 8.LI:M ~ w-20 e·CM (o6cy)K.n,aeT_Ca 

anepma rryqka .n,efiTponos T == 270 MaB): 0JKII.n,aeTca, qTO MeTd.n, 

ll3MepeHIIH OCll· CTa6IIJihHOro CIIIIHa 6y,JJ,eT IIMeTb ·rrmpOKOe IIpiiMeHe

Hlle IIpll KaJifi6pOBKe pa3JIIfqHhiX 'JCTpOHCTB, 3a,JJ,eitCTBOBaHHhiX ·.n,JIH 

IIOIICKa 8.D:M B·MarHIITHhi:X If ri16pii)J.HhiX 'MarHIIT0:9JieKTpiiqecKIIX 

naKorritTenhfiLrx KoJ1i>~ax. .. · -'.: '. · 

2. Ilpo!3e.n,eno · qiicnennoe M:o.n,eniiposami.e: ·cnnnoilon · II: op6ll:TaJihnoit 
•.. • •• ·t 

.z:r.miaMIIKII· .n,n5r pamiosecnoit : qaCTII~hr rrpii ·nanii'qfiif IICKa)KeHII.H 

· 3aMKHyToit op6n±LI.3a c<ieT net6<mocTii · opiH:in'rai:J.ilii ocii c'raTIIqe

·ig 
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CKOrO COJICHOH)J;a OTHOCHTCJibHO IIY'IKa B MCTO)J;e If3MCpCHIUI HanpaB

JJCHif51 OCll CTa6HJibHOrO CnHHa If npOBC)J;CHO cpaBHCHHC C 3KCnepH

MCHTaJibHbiMif ,n;annhiMH. BhmBJieua ueo6xo,n;HMOCTh · 6oJiee ,n;eTaJih

noro OnHCaHII51 )J;IfiiaMIIKif CniiHa B COJICHOH)J;aX If. noJiy'ICHbi O~eHKll 

BJill51Hll51 C)J;BIIrOB op6HTbi Ha ll3MeHCHHC )J;HHaMHKH CnHHa B KOJih~e. 

3. Pa3pa6oTana TeopH51 3aTyxanH51 oc~HJIJI51~Hil sepTHKaJibnoil noJI51-

pH3a~HH B pe30HaHCHOM pa)J;HO'IaCTOTHOM pC)KllMC, II03BOJI51IOIIJ,a51 

OIIpC)J;CJIHTb 3HeprHH IIY'IKa ll rapMOHllKll pa)J;HO'IaCTOTHOrO nOJI51 

<PHJibTpa BHna, rrpH KOTOphrx 6y,n;eT 3Ha'IHTCJihHO cnmKena ,n;eKo

repenTHOCTh IIOJI51pH3a~Hll, IIpOHCXO)J;51IIJ,a51 3a C'IeT CllHXpOTpOHHbiX 

KOJie6aHHH 'laCTll~, BO BpCM51 HaKOIIJICHif51 CIIrHaJia 9,IJ,M. IJpe)J;CKa-

3aH YXO)J; <Pa3bl OC~HJIJI51~lllli 'ITO n03BOJIHT H36C)KaTb CllCTCMaTH'Ie

CKOH HCTO'IHOCTll Il OIIpC)J;CJICHHif CIIrHaJia 9,IJ,M* 

4. Pa3pa6oTaH MCTO)J; KOIITpOJI51 OTHOCHTCJibHOll <Pa3bl MC)K)J;y <Pa3ofi 

pa)J;HO'IaCTOTHOrO IIOJI51 pOTaTOpa CIIHHa If <Pa30H npe~CCCifll CIIHHa 

B HaKOIIHTCJibHOM KOJibl~C C TO'IHOCTbiO 0.21 pa,n;HaH, KOTOpblll II03-

BOJI5ICT y,n;ep)KHBaTb YCJIOilHC TO'IHOrO CIIHHOilOrO pC30Hanca; HC06-

XO)J;IfMOrO )J;JI51 naKOIIJICHH51 cnrnaJia 9,IJ,M. MeTO)J; TaK )KC rro3BOJIHT 

IIOJIY'IHTb 3aBHCHMOCTb CKOpOCTll pOCTa BCpTHKaJibHOH IIOJI51pH3a~Hif 

OT OTIIOCllTCJibHOll <Pa3bl ll 6y,n;eT 3a)J;CHCTBOBaH IIpii IIOIICKaX 9,IJ,M 

,n;eilTpoua c .PLJ <PnJibTpOM Bmra II, B rrepcrreKTHBe 1 rrpn rroncKax 

9,IJ,M B 3JICKTpOCTaTH'ICCKOM KOJib~C. 

MeTO)J; IIOllCKa 9,IJ,M Ha OCHOilC MO)J;YJI51~Ifll CIIIIHTbiOHa CTaTII'ICCKIIMI1 

CIIHUOBb!MII poTa'I'()paMH If MCTO)J; pq ¢HJibTpa Bima o6a nO)J;IlCp)KCilbl O)J;IIOMY 

H TOMy )KC BJII151HlliO OT <Pona ITOJICH HCll)J;CaJibHOCTCH 3JICMeHTOB HaKOIIHTCJib

HOrO KOJih~a. C11rHaJI BpaiiJ,eHH5I ciiHHa B no,n;xo,n;e pq ¢HJibTpa Bnua no,n;an

JI51CTC51 CJia6ocTbro TOJI'IKa.crrmm n Q>11JibTpe BHHa. TeM ue Menee, Ba)KHOCTh 

3aiiJiaHHpOBaHHOrO 3KCI1Cp11MCHTa e pq ¢11JibTpOM B11na COCTOHT Il TOM, 'ITO 

C03)J;aeTC51 nJIOIIJ,a)J;Ka )J;JI51 TCCT11pOBaHI151 TCXH11KH H3MCpC111151 MaJib!X IIOBOpO

TOB CnHHa,. KOTOpb!e 6y,n;yT TaK )KC 113MCp51TbC51 ll B OKOH'IaTeJibHb!X 3KCIICp11-

MCHTax no nOHCKy 9,IJ,M B 6y,n;yiiJ,IIX HaKOI111TCJibHhiX KOJib~ax .. · 

. HecMoTp51 na To,. 'ITO COSY HHKor,n;a ne rrJianHpoBaJIOCh HCIIOJih30BaTh 

KaK KOJib~O )J;JI51 nOHCKa 9,IJ,M, 3TH IICCJIC)J;OBaHH51 IIOCJJy)KaT OTIIpaB!IOH TO'I

KOij )J;JIH ycosepiiiencTsosanH51 COSY. ,IJ,a)Ke o~eHKH ua 9,IJ,M rrpoTouos H ,n;eH:-

20 

TpOHOB, CIIJibHO ycTyrraJOIIJ,He no TO'IHOCTII ,n;aHHhiM )J;JIH HCHTpOHOB, 51BJI5110TC51 

HC3aMCHIIMbiM IIIarOM Ha nyTH K pa3pa60TKC CIIC~llaJIII3HpOBaHHbiX BbiCOKOTO'I

HbiX naKonHTCJihHhiX KOJIC~ )J;JIH noHcKa 9,IJ,M. 
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