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06w,a51 xapaKTepiiiCTIIIKa pa6oTbl 

TeM o iil ,D, II1 CCepnu,ll1oHHoiil pa6oTbl >JBJl~eTC>J aHallll13 B03 MO>KHOCTII1 n o­

llyYeHII1>J n011>1p11130Ba HH biX n yYKO B n p OTOHOB 111 Jl€rYaiilW111 X >l ,JJ,ep ,D,€iilTep111>1, 

Tp111 T II1 >1 111 r ell ll1 iil - 3 s y c KOp111T€Jl b HOM KOMnlleKce HyKllOTpOH. B pe3YllbTa­

Te n p OB€,1J,€HHOrO 111CCll€,1J,O Ba HII1 51 1113YY€Hbl 111 paCCYII1TaHbl ,D,€n Oll>lp1113Ytol..l..\111€ 

3cPcP€KTbl B Ka>K,D,OM 1113 y YaCTKOB YCKOp111T€JlbHOrO KOMnll € KCa (11111HeiilHOM 

ycKoptHeJle JlY-20, KOJl bf..\e HyKflOTpoHa 111 KaHaflax BBOAa/s biBOAa ), a TaK­

>Ke p a3pa6oTa Hbl M€TO,IJ,bl 111 KOHKpeTHbl€ CX€Mbl, He06XO,IJ,111M bl€ ,IJ,ll>l YCKOpe­

HII1>1 yKa3aHHbiX n01151p11130BaHHbiX nyYKOB . 

AKTyallbHOCTb pa6oTbl 

B 2002 r . Ha HyKllOTpoHe 6b111a npo,D,e MOHCTp111posaH a B03MO>KHOCTb 

YCKOp€HII1>1 nyYKa n011>1p11130BaHHbiX ,D,eiilTpOH OB 6e3 CKOJlb- HII1 6 y ,D, b 3 Ha YII1MO iil 

noTep111 no11>Jp1113aU,II1111 c KII1HeTII1Y ecKo iil 3Hep r111eiil snll OTb ,D,O 4.5 138 . Teo-. . 
peTII1YeCKII1e pacYeTbl noKa3biBatoT B0 3M O>K HOCTb YCKOp€ HII1 51 ,D,e iilTp OHOB Ha 

HyKllOTpoHe 6e3 cyl..l..\eCTBe HHO iil noTep111 n01151p1113af..\111111 snJl OTb ,D,O 3 He pr111 111 

11 138 (11111111 5.5 138/HYKllOH) 6e3 BB~,IJ,€ HII1 >1 ,D,OnOllHII1TeJl b Hbi X 3lleMeHTOB 

s CTPYKTYPY HyKllOTpoHa 11111111 Bbt6opa cnef..\111allbHbi X pe>~< II1 M OB y c KopeHII151 . 

B HaCTO>ll..l..\ee speM>J s 1183 011151111 s e,D,yTc>l pa60Tbl n o MO,D,e pH1113aU,111111 

ycKOp111TeJlbHOrO KOMnfleKca HyKllOTpOH- M , OCHOBH Oiil U,€Jlbto KOTOpbi X >lB­

Jl5leTC>l no11yYeH111e n011>1p11130BaHHbiX nyYKOB He TOJlbKO ,D,eiil TpOHOB , HO TaK­

>Ke npOTOHOB 111, B03MO>KHO, >l,D,ep Tp111TII15l 111 re11111iil-3. Pac w 111 peH111e nepe YH >l 

ycKop5leMbiX YaCT111U. n11aH111pyeTC>1 noc11e co3,D,aHII1>J YHII1sepc allbHoro sbrco­

KOII1HTeHCII1BHoro 111CTOYHII1Ka n01151p11130BaHHbiX YaCT111U. CIPI OS, pa3pa6onH­

Horo Ha 6a3e o6opy,D,osaHII1>1, nepe,D,aHHoro 1113 IUCF (Bloo m ington , USA) . 

B ,D,allbHeiilweM MO,D,epH1113111posaHHbliil HyKllOTpOH-M n ll aH111pyeTc>J 111C­

nollb3osaTb s KaYecTse 111H>KeKTopa ,D,ll>l KOflflaiil,D,epa NICA ( N uclotron based 

lon Collider fAci lity). Ha11111'-1111e n011>1p11130BaHHbiX nyYKOB Ha NICA no3so-

11111T ocyll\eCTBII1Tb w111poKyto nporpaMMY no11>1p1113aU,II10HHbiX 111CC11e,D,osaHII1 iil. 

TaK, 1113yYeHII1e CTOJ1KHoseHII1iil c no115lp1113osaHHbiMII1 pp, pd , dd , p 3 H e, 
d 3He, 3He 3H e nyYKaMII1 n03BOJ1111T peWII1Tb npo6JleMy On ii1CaHII151 cnii1HO­

BOiil cTpyKTYPbl HYKllOHOB 111 11erYaiilw111x >l,D,ep , a TaK>Ke Bbl 5l CHII1Tb oco 6 eH­

HOCTII1 Cnii1HOBOiil CTpyKTypbl B3aii1MO,D,eiilcTBII1iil B HenepTyp6 aTII1BHOiil o 6Jla­

CTII1 KX,ll Bnepsbre no>JBII1TC51 B03MO>KHOCTb 111CC11e,D,osaTb B3 aii1MO,D,eiilcTsii1>J 

1 



n011$1p11130BaH HOi:1 $1p,epHOi:1 MaTep111111, CBOi:1CTBa KOTOpOi:1 MoryT Onpep,ell$1Tb 

CTpyKTypy KO p a MaCCII1BHbiX 3Be3p, C orpOMHbiMit1 MarHII1THbiMII1 nOJl$1MII1 . 

TaK>+<e n0$1BII1TC$1 B03MO>KHOCTb Bbi$1CHII1Tb np111pop,y Heo6b$1CHII1MbiX p,o c111x 

nop C111llbHbiX n 011$1p1113aU,1110HHbiX 3¢¢eKTOB s N N -s3alt1Mop,ei:1cTBII1$1X np111 

PLab > 6 r3 B /c B o6llaCTII1 npep,ellbHO 60JlbWII1X PT 111 TO, KaK 3TII1 oco-

6eHHOCTII1 CB$13aH~ C 1113MeHeHII1eM nosep,eHII1$1 BalleHTH~X KBapKOB B 3TOi:1 

KII1HeMaTII1YecKoi:1 o611acT111. Halllt1YII1e pa311111YHbiX n011$1p11130BaHHbiX $1p,ep Ha 

KOJ111ai:1p,epe n 03BOJ1111T snepBble nposeCTII1 111CCllep,osaHII1e nollHoro 11130TO­

nii1YecKoro Ha 6opa COCT0$1HII1il1 HYKllOH-HYKllOHHOi:1 CII1CTeMbl (nn, pn, pp) 

111 $1p,epHoi:1 M a Tep111111 (tt, dd, 3 He 3 He), p,eTallbHO 111CC11ep,osaTb sonpocbl 

HapyweHII1$1 P- 111 T-YeTHOCH1 s N N-s3aii1Mop,ei:1cTBII1$1X, pewii1Tb sonpoc 

o np111pop,e KYM Yll$1TII1BHbiX (nop,noporosbiX) npol._\eccos, Bbi$1CHII1Tb np111pop,y 

HapyweHII1$1 n p as11111 KsapKosoro cYeTa 111 onpep,e11111Tb o611aCTb 111x np111Me­

HII1MOCTII1 (s TOM YII1Clle np111 B3aii1MOP,ei:1CTBII1111 Jleryai:1WII1X $1p,ep), a TaK>Ke 

pa3o6paTbC$1 c npo611eMoi:1 pe3oHaHcHoro nosep,eHII1$1 l._\BeTosoi:1 npo3paYHO­

CTII1 np111 PLab ,....., 9.5 f3B/c (PT,....., 2 r3B/c). 

L.J.ell b pa6 oTbl 

0CHOBHOi:1 l._\ellbtO npep,CTaBll$1eMOil1 P,II1CCepTal._\1110HHOi:1 pa60Tbl $18Jl$leTC5l 

pa3pa60TK~ MeTOP,OB 111 t<OHKpeTHbiX CXeM P,ll$1 nollyYeHII1$1 n0115lp11130BaHHbiX 

nyYKOB npOTOHOB 111 JlerKII1X $1p,ep B YCKOp111TeJlbHOM KOMnlleKCe Jl8.3 . ,lJ,ll5l 

P,OCTII1>KeHII1$1 n oCTaBJleHHOi/1 l._\ellll1 He06XOP,II1MO paCCMOTpeTb 111 peWIIITb CJle­

AYtOll.\111e 3ap,a YII1 : 

- 111CCJ1eP,OBaTb p,en011$1p1113YtOll.\111e 3cPcPeKTbl B KaHaJlaX 111H>KeKl._\111111 111 TpaHC­

nOpT111pOBKII1 nyYKa Ha MII1WeHb; 

- COrJiaCOBaTb HanpaBlleHII1e BeKTOpa n011$1p1113al._\111111 nyYKa np111 111H>KeK­

l._\111Vi s KOllbl..\O HyKllOTpoHa; 

- np01113BeCTII1 pacYeT pe3oHaHCHoi:1 p,en011$1p1113al..\111111 s KOllbl..\e HyKllOTpo-

Ha; 

- npOaHa J1 1113111pOBaTb B03MO>KHOCTb np111MeHeHII15l 1113BeCTHbiX MeTOP,OB, 

a TaK>Ke pa3pa6oTaTb HOBble MeTOP,bl no coxpaHeHII1tO n011$1p1113al..\111111 

nyYKa n p 111 nepeceYeHII1111 cnii1HOBbiX pe3oHaHcos s KOllbl..\e HyKllOTpoHa; 

pa3pa6o TaTb cxeMbl ynpaslleHII1$1 seKTopoM n011$1p1113al..\111111 KaK s caMOM 
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KOflbl...\e HyKflOTpoHa, TaK 111 Henocpep,CTBeHHO nepe,n, Bb iBO,ll,OM nyYKa 

Ha MII1WeHb. 

Hayl.ma51 HOBII13Ha pa6oTbl 

B pe3yflbTaTe nposep,eHHoro 111ccne,n,osaHII15l pa3BII1T o 6Ll\111L:1 M eT op, pac'-l e­

Ta p,en0115lp1113YIOL1\111X 3cPcPeKTOB B Jlii1HeL:1Hbi X ycKOp111TeJ15l X 111 Ka HaJlaX TpaH C­

nOpT111pOBKII1 , KOTOpbiL:1 OCHOBaH Ha 111CnOJlb30BaHII1111 TeH30pa p,en01151p1113a­

l...\111111. ,[\aHHa5l MeTO,ll,II1Ka nofle3Ha np111 npoeKT111pOBaHII1111 KaHa JlOB BbiBO,LJ,a 111 

TpaHCnOpT111pOBKII1 ny'-IKa ,ll,O MII1W e H111 , KOrp,a ,ll,II1HaM111'-IeCKOe n e peM e WII1Ba­

HII1e Cnii1HOBOfO ,ll,BII1>KeHII151 MO>KeT OKa3aTbC5l Cyll\eCTBe HHbi M . 

npe,LJ,llO>I<eH MeTO,LJ, nepece'-leHII151 Cnii1HOBOfO pe30HaHCa, OCHOBa HHbiL:1 Ha 

yBeJlll1'-leHII1111 CKOpOCTII1 nepeCe'-leHII15l 3a C'-leT CKa'-IKa Cnii1HOBOL:1 '-la CTOT~ . 

(Ka'-IOK Cnii1HOBOL:1 '-laCTOTbl OpraHII13yeTC51 3a C'-leT cnel...\111aJlbHO BBep,eHHbiX 

MarHII1THbiX no11eL:1 , KOTOpbie npaKTII1'-IeCKII1 He 1113MeH5liOT 6eTaT pOHHOfO ,LJ,BII1-

>KeHII151 , np111 3TOM 1113MeHeHII1e paBHOBeCHOL:1 op6111Tbl .[lOKallii130BaH9 Ha y'-la CT­

Ke scTaBKII1 noneL:1. YKa3aHHbiL:1 MeTop, no3BOJJ51eT nepeceKaTb KaK BHyTpeH~ 
Hll1e, TaK 111 l...\ellble pe3oHaHCbl. 

BnepBble npep,llo>KeH MeTop, nepece'-leHII15l cnii1HOsoro pe3oH a Hca He yMeHb­

watoll\111L:1 , a 111CKllto'-latoll\111L:1 (,n,o coTbiX npol...\eHTa) noTep111 CTe n eHL'I n01151pli1-

3al...\111111. 3TOT MeTO,ll, (MeTOp, KOMneHCal...\111111 CTeneHii1 p,en0115lp 111 3al...\111111) OCHO­

BaH Ha ynpaBlleHII1111 Cnii1HOBbiM ,ll,BII1>1<eHII1eM B pe30HaHCHOL:1 o 6 JJaCTII1. ,[\aH­

HbiL:1 cnoco6 He Tpe6yeT 6ollbWII1 X li1HTerpanos MarHII1THbiX noneL:1 li1 M O­

>~<eT ycneWHO npli1MeH51TbC51 B l...\111Kll111'-leCKII1 X YCKOp111TeJ151 X np111 nepeCe'-leHII1111 

60flbWOf0 '-1111Clla Cnii1HOBbiX pe30HaHCOB. 

npe,LJ,llO>I<eH MeTO,ll, ynpaBJJeHII15l BeKTOpOM n0115lp1113al...\111111 B KOllbl...\e YCKO­

p111Tell5l Henocpep,CTBeHHO nepe,n, BbiBO,LJ,OM Ha MII1WeHb. Ynpa s11eH111e npo-

111CXO,LJ,111T 3a C'-leT nepece'-leHII15l 111H,LJ,Yl...\111POBaHHOro cn111Hosoro p e30HaHca . B 

OTJ1111'-1111e OT Tpa,LJ,111l...\1110HHbiX pOTaTOpOB, nepesopa'-1111Batoll\111X Cnii1H 3a O,LJ,Ii1H 

nponeT, B p,aHHOM cnoco6e nepesopoT cn111Ha ,n,ocTII1raeTC5l 3a HeCKOllbKO co­

TeH o6opOTOB 111 np111 3TOM Tpe6ytoTC5l He60JlbWII1e li1HTerpall b l MafHII1THbiX 

noneL:1 . ,[\aHHa5l MeTO,LJ,II1Ka oco6eHHO aKTyaflbHa ,LJ,ll5l ynpasJleHII15l seKTopoM 

noll51p1113al...\111111 nyYKa ,n,eL:1TpOHOB. TaK>Ke, yKa3aHHbiL:1 M eTop, Mo>~<eT np111M e­

H5lTbC5l B Cyll\eCTBYIOL1\111X ycKOp111Tell5lX, B KOTOpbiX He XBaTa eT MeCTa ,ll,ll5l 

Tpa,LJ,111l...\1110HHbiX poTaTOpOB. 

Ha 6a3e pa3BII1TOL:1 Teop111111 npe,n,no>KeHa MeTO,LJ,Ii1Ka pac'-leTa MOL1\HOCTeL:1 
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Cni.1HOBbiX pe30HaHCOB, KOTOpa.51 MO~eT np1!1MeH.51TbOl ,l\1151 pac'-leTa B lli06biX 

4111 K111!1 '-leCKIIIX ycKopvne11.51X. 

npaKTIII4eCKaSl U,eHHOCTb pa60Tbl 

Pe3y11bTaTbl ,l\IIICcepTal.\111111 Ha~AYT csoe npi!IMeHeHI!Ie np111 no,[\rOTOBKe npo­

rpaMMbl n011.51p1113al.\lt10HHbiX I!ICC11e,l\OBaHIII~ Ha MO,l\epH1113111pOBaHHOM K011b­

l.\e HyK110TpoHa-M ycKOp111Te11bHOro KOMn11eKca J1B3 OV171V1. Pa3pa6oTaH­

Hble MeTO,l\bl nepeCe'-leHI!I.51 Cni!IHOBbiX pe30HaHCOB, a TaK~e nporpaMMHOe 

o6ecne'-I€Hiile ,l\1151 paC'-IeTa MOUJ,HOCTe~ Cni!IHOBbiX pe30HaHCOB MOryT 6b1Tb 

I!ICn011b30Ba Hbl np111 nO,[\rOTOBK€ n01151p1!13al.\I!IOHHbiX nporpaMM Ha ,l\pyri!IX 

ycKOp111Te1151X, Hanp111Mep, TaKIIIX KaK: NICA (J1B3 OV171V1, ,Ll,y6Ha), U-70 

(IHLJ, Vl¢83 , npoTBIIIHO), AGS (5Hfl, CWA), COSY (f011111X, lepMaH111.51), 

J-PARC (71 noH11151) 111 AP· Pa3BIIITble MeTO,l\bl no3B01111111111 o6b51CH1!1Tb Clil11b­

Hoe pacxO~,l\eHI!Ie 3KCnep1!1MeHTa11bHbiX ,[\aHHbiX Ill TeopeTI!I'-IeCKIIIX paC'-IeTOB, 

no11y'-leHHbiX Ha ycKop1!1Te11e COSY. C11e,l\yeT OTMeTI!ITb, '-ITO no11y'-leHHble 

pe3y11bTaTbl MoryT np111M€H51TbC51 He T011bKO Ha YCKOp1!1Te1151X C IIIOHHbiMIII 

ny'-IKaMI!I, HO TaK~e Ill Ha yCKOp111Te1151X C 311eKTpOHHbiMIII (n03111TpOHHbiM111) 

nyYKaMI!I. 

Anpo6au,111.s1 pa"6oTbl 

OcHOBHble pe3y11bTaTbl , sowe,l\Wiile B ,l\lilccepTal.\liltO, 1!13110~eHbl B 8-Miil 

ny6111!1Kal.\1!1.51X, npi!IBe,l\eHHbiX s cn~t~cKe 11111TepaTypb1. Pe3y11bTaTbl pa6oTbl AO­

K11a,l\b1Ba111t1Cb Ha Me~,l\YHapO,l\HbiX KOH¢epeHI..\111.5lX Ill COBeW,aHI!I.51X: 

- International Symposium 11 Dubna Deuteron-93 11
, 1993 

- VI Workshop On High Energy Spin Physics, Protvino, 1995 

- Baldin ISHEPP XVIII Conference, Dubna, 2006 

- 17th International Spin Physics Symposium, Japan, 2006 

- XII W orkshop On High Energy Spin Physics 11 DSPIN-2007'', 2007 
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OcHOBHble pe3yllbTaTbl, BbiHOCIIIMble Ha 3aW,IIITY 

- MeTO,L\111Ka pacLJeTa CTeneHII1 Aen0115lp1113al\111111 B Jlii1Hei;1 HbiX ycKOp111TeJ15lX 

111 B KaHaJlaX TpaHCnOpT111pOBKII1 ny'-IKa, OCHOBaHHa5l Ha 111CnOJlb30BaHII1111 

TeH3opa Aenon.s:~ p1113a 1..\111111 ; 

- MeTOA nepeceLJeHII1.s:J cnii1HOBoro pe3oHaHca, OCHOBaH Hbli;i Ha yseJJII1'-Ie­

HII1111 CKOpOCTII1 nepeceLJeHII15l 3a C'-leT CKa'-IKa Cnii1HOBO i;i LJaCTOTbl; 

- MeTOA KOMneHcal..\111111 CTeneHII1 Aenon.s:~p1113al\111111 so speM .s:~ nepeceLJeHII15l 

Cnii1HOBbiX pe30HaHCOB; 

- MeTOA ynpaBJleHII15l BeKTOpOM n0115lp1113al\111111 B KOJlbl\e ycKOp111Te115l 3a 

C'-leT nepece'-leHII15l 111HAYL\111pOBaHHOrO Cnii1HOBOrO pe30 HaHca; 

- cxeMa cornacosaHII15l BeKTopa non.s:~p1113al\111111 np111 111H ~eK4111111 nyYKa B 

K011b40 HyKnoTpoHa; 

- cxeMa ynpasneHII1.s:J BeKTopoM non.s:~p1113a4111111 B KaHane TpaHcnopT111pOB­

KII1 nyYKa AO MII1WeHit1, He 1113MeH5lfOLl.la5l pas~osecHoi;i T pa_eKTOp1t11t1 ny'-1-

Ka; 

- MeTO,L\111Ka paCLJeTa MOLl.IHOCTei;i CnltlHOBbiX pe30HaHCOB , OCHOBaHHa5l Ha 

pa3pa6oTa H Hoi;i Teop111111; 

- pe3yllbTaT pac'-leTa M0Ll.IHOCTII1 pe30HaHCa, 06b5lCH.sl fOLl.llt1i;i paCXO~Ae­

HII1e B 3Kcnep111MeHTax c non.s:~p11130BaHHbiM111 Aei;iTpoHaMII1 111 npoToHaMII1 

Ha ycKop111Tene COSY. 

CoAep>KaHIIIe pa6oTbl 

,QitlGCepTal..\1115'1 COCTOII1T 1113 BBe,L\eH111.sl, n.s:JTII1 rJJaB, 3aKJ110'-I e HII15l, np111110~e­

Hit15l 111 cnltlcKa Jlii1TepaTypbi. TeKcT A1t1ccepTa4111111 1113Jlo~eH Ha 133 cTpaHitll\ax, 

BKJliOLJaeT 58 p1t1CYHKOB, 11 Ta6111114 111 CnltlCOK Jlii1TepaTypb1 111 3 49 Haii1MeHO­

BaHit1i;i. 

Bo BBeAeHII11t1 o6ocHoBaHa aKTyanbHOCTb npoBOA111MbiX lt1CCJJeAoBaHII1i;i . 

npltlBe,L\eHa n0115lplt13a41110HHa5l nporpaMMa ,L\115'1 npoeKT111pyeM OrO KOJlJJai;iAe-
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pa NICA, ocHos aHHa5l Ha B03MO>KHocn1 nollyYeHit15l nOll5lp1t13osaHHbiX nyY­

KOB p,eLhpOHOB 1.1 JlerYai.1Wit1X 5l,D,ep . ,lJ,aHO KpaTKOe Onlt1CaHit1e ,D,It1CCepTal..\lt11t1 . 

nepBa51 rllaBa 

nepBa5l rJla Ba nOCB5lll\eHa BOnpocaM ynpaBJleHit15l BeKTOpOM nOll5lp1t13a­

l..\lt11t1 nyYKa B Ka Hallax lt1H>KeKI..\It11t1 1.1 TpaHcnopT1t1pOBKit1 HyKJlOTpoHa fi = (S), · 
KOTOpb1(;1 onpeA eJ15leTC5l KaK ycpep,HeHHoe (no pacnpep,eJleHit1to Yacn14 s 

nyYKe) Hanpa8JleHit1e cn1.1Ha YaCTit11..\bl . TaK>Ke paccMaTp1t1BatoTC5l sonpocbl, 

CB5l3aHHble C p aCYeTOM CTeneHit1 p,enOll5lp1t13al..\lt11t1 nyYKOB 3 ap5l>KeHHbi X Ya-

CT1t14 D = 1 - lrrl 8 KaHaJlaX BBOp,ajBbiBO,D,a HyKJlOTpOHa. np1t1Be,D,eHbl 

OCHOBHble ypa BHeHit15l ,ll,Jl5l Onlt1CaHit15l Klt1HeMaTit1Kit1 ,D,Bit1>KeHit15l CKOpOCTit1 Ya­

CTI.11..\bl 1.1 ee c n 1.1Ha B 3JleKTpoMarHit1THbiX nOJ15lX. PaccMOTpeHbl 8onpocbl 

corJlacosaHit15l s eKTopa noll5lp1t13al..\lt11t1 np1.1 lt1H>KeKI..\It11t1 nyYKa s KOJlbl..\0 HyK­

JlOTpOHa. np1t1 8ep,eHbl CXeMbl ynpa8JleHit15l BeKTOpOM nOll5lplt13al..\ltllt1 B KaHa­

JlaX BbiBO,D,a n y YKa Ha Mlt1WeHb, KOTOpble He lt13MeH5ltoT paBHOBeCHyto Tpa­

eKTOpltlto nyYKa . C noMOLl\bto TeH3opa Aenoll5lp1t13al..\lt11t1 nyYKa 3ap5l>KeHHbiX 

YaCTitiU, np01t138e,D,eH paCYeT CTeneHit1 p,enOll5lp1t13aU,It11t1 B Jllt1Hei.1HOM YCKOplti­

TeJle C p,peL:icPOBbiMit1 Tpy6KaMit1 1.1 B KaHaJlaX TpaHCnOpT1t1pOBKit1 nyYKa ,D,O 

Mlt1WeHit1. 

Op,HitiM ~3 OCHOBHbiX. 5lBJ15leTC5l sonpoc corJlacosaHit15l seKTopa nOJ15l­

p1t13aU,It11t1 np111 lti H>KeKU,Itlltl nyYKa 8 KOJlbU,O HyKJlOTpoHa. B Tpa,n,~t~U,ItiOHHbiX 

41t1KJllt1YeCKit1X YCKOp1t1TeJ15lX C sepTitiKaJlbHbiM Be,D,yll\lt1M nOJleM, K KOTOpbiM 

OTHOC1t1TC5l HyKIIOTpoH, 80 8peM5l ycKopeHit15l yCToi.1Yit1BbiM 5l8JI5leTC5l 8epT1t1-

KaJlbHOe Hanpa sJleHitle seKTopa noi15lp1t13a41t11t1. Ecfllt1 lt1H>KeKT1t1posaTb nOMI­

p1t1308aHHbli.1 ny YOK YaCTitiU,, y KOTOpbiX 8eKTOp nOI15lplt13aU,It11t1 Hanpa8JleH 

nepneH,D,It1KYI15l p HO sepTitiKaJibHO~ OCitl, TO 3a HeCKOJlbKO COTeH o6opOTOB 

np01t130i.1,D,eT n OJlHOe nepeMeWit18aHitle HanpaBJleHitli.1 CnltiHa OTHOCitiTeflbHO 

3T0(;1 OCitl 1t1 nOll5lp1t13a41t15l 6yp,eT nOJIHOCTbto yTep5lHa. ii1MeHHO n03TOMY np1.1 

lt1H>KeK41t11t1 He0 6XOA1t1MO COrJlaC08biBaTb HaYaflbHOe HanpaBJleHitle BeKTOpa 

nOI15lp1t13a41t11t1 c sepT~t~KaJlbHbiM HanpaslleH~t~eM. B cyll\eCTsytoll\eM KaHaJTe 

TpaHcnopT1t1pOBKit1 He npo1t1CXO,D,It1T BblweyKa3aHHoro corJTacosaHit15l. BeKTop 

nOI15lp1t13a41t11t1 n pltl BbiXO,D,e 1.13 lt1CTOYHI.1Ka HanpaBJTeH no BepT1t1KaJllt1 . nocJle 

ycKopeHit15l nyYKa s Jllt1HeL;1HoM ycKOpltiTefle HanpasfleHitle 8eKTopa noM1p1t1-

3a41t11t1 He lt13Me H5leTc5l. Bo speM5l TpaHcnopTitlpoBKitl nyYKa s HyKJlOTpoH 
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npO~CXOA~T Bpa~eH~e BeKTOpa nOnHp~3a~~~ KaK B BepT~ KanbHO~ TaK ~ 

rop~30HTanbHO~ nnocKOCTHX, B pe3ynbTaTe Yero Hanpasne ~e nocneAHero 

COCTaBnHeT yron az c BepT~KanbiO (eM . Ta6n. 1). (TeneHb AenonHp~3a~~~ 

~3-3a Henpas~nbHoro cornacosaH~H BeKT6pa nonHp~3a~~~ pasHa 

D 2 . 2 az 
~H>K = Slll 2. 

a., rpaA 67 9.8 116 79 

D.H>«•% 62 1.5 55 81 

Ta6n~~a 1: (TeneHb Aenon~p~3a~~~ nyYKa ~3-3a paccornacosa H~~ seKTopa 
non~p~3a~~~ np~ ~H:>+<eK~~~ s HyKnoTpoH 

,lJ,nH yCTpaHeH~H 3TOrO 3cPcPeKTa AOCTaTOYHO, Hanp~Mep , B HaYane ~ B 

KOH~e KaHana TpaHCnOpT~pOBK~ yCTaHOB~Tb coneHO~Abl , KOTOpble He Bn~­

HIOT Ha TpaeKTOp~IO YaCT~~bl ~ B TO >Ke BpeMH Tpe6yeMbiM o6pa30M AOBO­

paY~BaiOT BeKTop nonHp1113a4111111 AO sepTIIIKanlll . Mo>KHO noCTyniiiTb IIIHaYe: 

3apaHee 
11

nOArOTOBIIITb 11 HanpaBneHIIIe BeKTOpa nonHp1113a~lll lll Ha BXOAe B Ka­

Han TpaHCnOpT111pOBKIII TaKIIIM o6pa30M , YT06bl nocne nOBOp OTOB B MarH~­

TaX KaHana TpaHCnOpT~pOBKIII BeKTOp nonHp1113a~llllll 3aHI/IMan BepT~KanbHOe 

HanpasneHIIIe. 

,lJ,nH on111caH~H AenonHp~3YIO~IIIX 3¢¢eKTOB BBOA~TCH noHHT~e 11 ~eH­

TpanbH0~11 yacT~~bl, AB~>Ky~e~cH no ~eHTpanbHO~ TpaeKTOp~~ nyYKa, 

Hanp111Mep, no oc111 KaHana IIIH>KeK~IIIIII 111n111 TpaHcnopT111pOBK III HyKnoTpoHa . 

np111 ABIII>KeHIIIIII Ha TpaeKTOpiiiHX, OTKnOHeHHbiX OT ~eHTpan bHO~, YaCT~~bl 

6yAyT IIICnbiTbiBaTb KaK KOrepeHTHble nOBOpOTbl BeKTOpOB CKOpOCT~ Ill Cn~­

Ha, CBH3aHHble C Bpa~eHI/IeM BOKpyr nonH Ha ~eHTpanbHO~ TpaeKTOplll~, 

TaK Ill HeKorepeHTHble nOBOpOTbl, 06H3aHHble pa36pocy Ya CTOT Bpa~eHIIIH 

op6111TanbHOro 111 cniiiHOBoro ABIII>KeHIIIH . B CIIICTeMe cn~Ha ~eHTpanbHO~ Ya­

CTIII~bl , OpTbl KOTOpO~ Bpa~aiOTCH C yrnOBO~ CKOpOCTbiO ~t OTHOC~TenbHO 
na6opaTOpHO~ CIIICTeMbl, AB~>KeHI/Ie cn~HOB BblrnHA~T OC06o npOCTO: cn~H 

~eHTpanbHO~ YaCTIII~bl OCTaeTCH He~3MeHHbiM np~ AB~>KeH ~ ~ Yepe3 KaHan 

BBOAa/BbiBOAa HyKnOTpoHa, 1113MeHHIOTCH niiiWb cniiiHbl YaCT III~, OTKnoHeH­

HbiX OT ~eHTpanbHO~ op6111Tbl C yrnOBO~ CKOpOCTbiO W = 0 - Oc. no3TOMY 

CTeneHb AenonHp1113a4111111 nyYKa 3aBIIICIIIT KaK OT Hanpasne IIIH HaYanbHO~ 
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noi15lp1113al..\ltH1, TaK 1.1 oT MeCTa BbiBO,D,a nyYKa s KaHafle sso,D,ajsbiBO,D,a HyK­

flOTpoHa. Ecfl l.-1 Tpe6yeTC5l, MO>KHO Bbl6opoM MarH1.1THOi.1 OnTI.1KI.1 MI.1HI.1MI.1-

31.1posaTb ,D,enOI15lpi113YtoW,1.1i.1 BKila,D, yYaCTKOB BBO,D,ajsbiBO,n.a HyKflOTpoHa. 

B o6w,eM cflyYae 11 ,D,I.1HaMI.1YecKyto 11 ,D,enOI15lp1.13al..\111to YaCTI.-11..\, CB5l3aHHyto c 

pa3J11.1'-ll!1eM Ya CTOT npel..\eCCI.-11.1 Cni.1HOB Ha TpaeKTOp1.15lX YaCTI.-11..\, B 3aBI.1C1.1-

MOCTI!1 OT HaY aflbHOrO 3HaYeHI.15l BeKTOpa nOI15lp1.13al..\1111.1 fi MO>KHO Oni.1CaTb 

c noMOW,bto CI.1 MMeTp1.1YHOro TeH3opa ,D,enOI15lp1.13al..\1111.1 Dik· KOTOpb1i.1 Bbi­

YI.1CJ15leTc5l B n O,D,BI.1>KHOi.1 CI.1CTeMe OpTOB, CB5l3aHHOi.1 CO Cni.1HOM YaCTI.-11..\bl, 

,ll,Bii1>KYW,et.k5l n o L\eHTpai1bHOi.1 TpaeKTOpl.-11.1 nyYKa: 

1 < ~ 2) D =- \]/ .L = Diknink , 
2 Dik = ~ [ (~ 2) oik- ('lli'l!k)] , 

~ L 
r,D,e 'll = J0 w dy - yrofl nosopoTa cni.1Ha OTHOCI.1TeflbHO pasHosecHoro 

HanpasfleHI.-151 c n1.1Ha ii. Mii1HI.1MaflbHOe 1.1 MaKCI.1MaflbHOe co6cTBeHHble 3Ha­

YeHI.15l TeH30pa ,D,enOI15lp1.13al..\l.11.1 COOTBeTCTBytoT MI.1HI.1MaflbHOMY 1.1 MaKCI.-1-

MaflbHOMY 3Ha '-l €HI.1to CTeneHI.-1 ,D,enOI15lp1.13al..\l.11.1 B paCCMaTp1.1BaeMOM KaHafle, 

a co6cTBeHHbl e seKTOpbl - HaYaflbHbiM ycflOBI.15lM ,D,Il5l seKTopa noi15lp1.13a­

L\111111 Ha BXO,D,e B 3TOT KaHafl, npl.-1 KOTOpOM ocyw,eCTBJ15leTC5l 3KCTpeMaflbHOe 

3HaYeHI.1e. 

PacYeT CTen eHI.-1 ,D,enOI15lp1.13al..\l.11t1 B J11.1Hei.1HOM ycKOp1.1TeJle nY-20 onpe,D,e­

J15leTC5l yrfl<:Bbi M pa36po:oM s nyYKe 1.1 cocTaBfl5leT ,D,Ofll.-1 npol..\eHTa . CTeneHb 

,D,enoi15lp1t13al..\ lt1 1.1 oKa3biBaeTC5l Mafloi.1 np1.1 pacYenx s KaHane 1.1H>KeKL\1.11.1 1.1 

KaHafle BbiBO,D,a nyYKa Ha MI.1WeHb. Cile,D,yeT OTMeTI.1Tb O,D,HaKo, YTO c po­

CTOM 3Hepr1.11.1 ,ll,I.1HaMI.1'-leCKa5l ,D,enOI15lp1.13ai..\L15l B KaHaflaX TpaHCnOpTL1pOBKL1 

MO>KeT 6b1Tb cy w,eCTBeHHOi.1 . 

BTopa51 rnasa 

Bo BTopoi.1 rflase npose,D,eHo L1CCile,D,osaHL1e ,D,enon5lpL13al..\1.11.1 nyYKOB 3a­

p5l>KeHHbiX Ya CTL11..\ s KOflbl..\e HyKnoTpoHa. PaccMoTpeHo ,D,BI.1>KeHL1e seKTO­

pa Cni.1Ha B L\ L1 Kfll.1'-leCKI.1X YCKOp1.1Tefl5lX. npL1 nOMOLl\L1 ypaBHeHL1i.1 ,ll,BL1>Ke­

HI.15l YaCTI.-11..\bl B HyKflOTpoHe noflyYeHbl cjJopMyflbl ,D,fl5l cnL1Hosoro B03MY­

w,eHI.15l. npOL13 Be,D,eH aHafll.-13 CnL1HOBbiX pe30HaHCOB B JlL1Hei.1HOM np1.16JlL1>Ke­

HI.11.1. PaccMoTp eHbl ocHOBHble cn1.1HOBble pe3oHaHCbl sToporo np1116111.1>KeH1.15l, 

a TaK>Ke CnL1H OBble pe30HaHCbl OT KOppeKT1.1pytoW,1.1X 3JleMeHTOB. Vl3yYeHO 

BJ1L15lHL1e CI.1HXp OTpOHHOi.1 MO,D,Yfl5li..\L1L1 3HeprL1L1 npl.-1 nepeceYeHL1L1 CnL1HOBbiX 
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pe30HaHCOB (MO,D,YJUH.J,II10HHble pe30HaHCb1). np01113Bep,eH pac YeT MOU.J,HOCTeLi\ 

cnii1HOBbiX pe3oHaHcos 11111Heii1Horo np111611111>KeH111~ s HyKllOTpo He. 

3aMKHyToe on111caH111e cnii1Hosoro ,D,BII1>KeHII1~ s l.\111Kllii1YecK II1 X ycKop111Tell.>~X 

MO>KHO OCyU.J,eCTBII1Tb 111CnOllb3Y>1 nOH~TII1e nep1110,D,II1YeCKOLi\ OCII1 npe[.\eCCII1V1 

fi((}), 061lap,a10U.J,eii1 CBOLiiCTBOM nep1110,D,V1YHOCTII1 no o6o6U.J,eHHOMY a3111MYTY 

(} : fi((}) = fi((} + 27r). ,lJ,BII1>KeHII1e Cnii1Ha YaCTV1[.\bl Ha paBHO BeCHOLil op6111Te 

6yp,eT npep,CTaBll~Tb npe[.\eCCII110 BOKpyr OCV1 n: npoeK[.\1!1~ CnV1Ha J = sn 
Ha ocb ii 6yp,eT coxpaH.>~TbC~. nonepeYHa~ npoeK[.\111~ K ii 6 yp,eT nosopaYII1-

saTbC>1 Ha yro11 W = 27rv. Cnii1HOBa.>~ YacToTa v noKa3blsaeT K011111YecTso 

060pOTOB, COBepweHHbiX CnV1HOM L.JaCTII1[.\bl 3a O,IJ,V1H o6opOT B YCKOpV1TeJle. 

,D,n.>~ HyKllOTpoHa ocb npe[.\eCCII1V1 ii HanpasneHa B,D,Ollb sepTV1 Kall111, a cnii1HO­

sa~ YaCTOTa 1/ V13MeH~eTC~ nponop[.\V10HallbHO 3HeprV1V1: n = ez, 1/ = G/, 
r,JJ,e 1- pen.>~TII1BV1CTCKV1Li1 c:PaKTop, G = (g- 2)/2 - aHoMallbHa~ YaCTb 

rV1pOMarHII1THOrO COOTHOWeHV1>1. 

,ll,11>1 KBaHTOBOLi\ YaCTII1[.\bl OCb npe[.\eCCII1V1 n >1BJl~eTC>1 Han p aBlleHII1eM OCII1 

KBaHTosaH111~, B,JJ,Ollb KOToporo npoeKL.J,V1~ cn111Ha J coxpaH~ eT .csoe 3HaYe­

HV1e (YaCTII1[.\a HaXO,JJ,II1TC>1 B LJV1CTOM KBaHTOBOM COCTO~HV1111) . ,ll,11>1 KBaHTO­

BOfi1 YaCTII1[.\bl CO CnV1HOM 1/2 BeJ1V1LJII1Ha J MO>KeT npV1HII1MaT b ,JJ,111CKpeTHble 

3HaYeHV1~ ±li/2. B KllaCCII1YecKoM npep,ene S » li/2 sellii1 Y II1Ha J MO>KeT 

np111HII1MaTb HenpepbiBHble 3HaYeHII1>1. 

np111 OTKJlOHeHII1111 OT paBHOBeCHOLi\ op6V1Tbl npOV1CXO,JJ,111T 111 3 MeHeHV1e Mar­

HII1THbiX n011efi1 B,IJ,Ollb TpaeKTOp111111 L.JaCTII1[.\bl, B pe3yllbTaTe Ye r o npOV1CXO,JJ,111T 

li13MeHeHII1e yrllOBOfi1 CKOpOCTII1 BpaU.J,eHII1>1 Cnii1Ha W ( Cnii1HOBOe B03MyU.J,eHV1e ). 

Cn111H cosepwaeT p,ononHII1T€1lbHble spaU.J,eHI!1>1, YTO np111BO,JJ,Ii1T K OTKllOHeHI!110 

OCII1 npe[.\eCCII1111 !:!.n 111 C,JJ,B111ry Cnli1HOBOfi1 L.JaCTOTbl !:!.v. 
B l.\li1Kllii1YecKII1X ycKOp111Tell~X seKTOp non.>~p1!13al.\V1111 fi Bbip a >+<aeTc.>~ Yepe3 

ocb npe[.\ecc111111 cnli1Ha ii 111 npoeK[.\11110 cn111Ha Ha 3TY ocb J: 

Cpe,JJ,Hee 3HaYeHII1e oT nonepeYHolil cocTasn~IOU.J,elil seKTopa cn111Ha (S1_) 
pasHo HYlliO 1113-3a cyU.J,eCTBYIOU.J,ero pa36poca L.JaCTOTbl npe [.\eCCII1V1 cn111Ha 

l!:!..vl s nyYKe. B cnyyae pa3,JJ,eneHII1>1 op6111TallbHbiX 111 cnii1HOBbiX nepeMeHHbiX 

B cPYHKI.\111111 pacnpe,JJ,eneHII1>1 YaCTII11.\ seKTop non~p1!13al.\111111 paseH 

fi = (J)(ii) 

111 nponop[.\1110HaJleH ,JJ,BYM MHO>KII1Tell~M, KOTOpbie 1!1MeiOT pa3J1111YHYIO np111-
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pop,y np0111CXO>KP,eHIMl. nepBbl£1 MHO>KII1Tellb ( J) 06513aH 1113MeHeHII110 111HTe­

rpallOB Cnii1HO BOrO P,BII1>KeHII151 111 CB513aH C npep,biCTOp111e£1 nollyYeHII151 n01151-

p1113aU,111111 nyY Ka . 3HaYeHII1e (J) xapaKTep1113yeT CTeneHb Haxo>Kp,eHII151 nyYKa 

8 YII1CTOM KBa HTOBOM COCT051HII1111 111 51BJ151eTC51 MaKCII1MallbHO 803MO>KH0£1 CTe­

neHbiO n01151p 111 3aU,II1111 nyYKa, KOTopa51 B03HII1KaeT np111 MallOM pa36poce oce£1 

npeu,ecc111111. B T opo£1 MHO>KII1Tellb (fi) o6513aH OTKllOHeHII110 oce£1 npeu,ecc111111 

fi OT paBHOBeCH0£1 OCII1 fis 111 51BJ151eTC51 cPYHKU,111e£1 a3111MyTa e. Cpep,Hee 3Ha- . 

YeHII1e (fi) 51B11 51eTC51 111CTOYHII1KOM P,II1HaMII1YecKo£1 Aen01151p1113aU,111111 nyYKa . 

CTeneHb n o 1151p1113aU,II1111 s npou,ecce ycKopeHII151 MO>KeT 1113MeHII1TbC51, Korp,a 

Cnii1HOBa51 YaCTOTa CTaHOBII1TC51 paBH0£1 U,ellOYII1ClleHH0£1 KOM6111HaU,II1111 1113 Ya­

CTOT 6eTaTpOHHOrO 111 CII1HXpOTpOHHOrO P,BII1>KeHII151 - B 0611aCTII1 Cnii1HOBOrO 

pe3oHaHca : 

V = Vk, Vk = k + kz Vz + kx Vx + k1 v1 . 

~1151 HyKllOTpo Ha 6eTaTpOHHble YaCTOTbl paBHbl Vx = 6.8, Vz = 6.85. 
Ha1116o11ee Cll111bHOe B1111151HII1e Ha P,II1HaMII1KY nosep,eHII151 cnii1Ha oKa3biBa­

IOT pe30HaHCbl 11111He£1Horo np111611111>KeHII151, P,1151 KOTOpbiX ikxi + ikzi ~ 1. B 

111p,ea11bH0£1 CTPYKType c cynepnep111op,oM p (p,1151 HyKllOTpoHa p = 8) s 11111-

He£1HOM np111611 111>KeH111111 no OTKllOHeHII151M OT paBHOBeCH0£1 op6111Tbl B03MO>KHa 

cep11151 pe30Ha HCOB C HOMepaMII1 

Vk = kp ± Vz, k = 0,±1 ,±2 ... 

KOTOpble Ha3bi BaiOT BHYTpeHHII1MII1. BHYTpeHHII1e pe3oHaHCbl B03HII1KaiOT np111 

B3aii1MOp,e£1cTB II1111 cn111Ha c 6enTpOHHbiM P,BII1>KeHII1eM. OCTallbHble pe3oHaH­

Cbl CB513aHbl C 111CKa>KeHII1eM MarHII1TH0£1 CTpyKTypbl KOllbU,a, KOTOpoe Bbi-

3BaHO HeTOYHOCT51MII1 1113rOTOBJ1eHII151 111 IOCT111pOBKII1 311eMeHTOB CTPYKTYPbl, 

C HeJ1111He~HbiM II1 3cPcPeKTaM111 Cnii1HOBOrO 111 Op6111TaJ1bHOrO P,BII1>KeHII1~ 111 C 

BKJ110YeHII1.eM KOppeKT111py10~111X 111 cPYHKU,II10Ha11bHbiX 3JleMeHTOB (p,111n011e£1, 

Ksap,pynone£1 , ceKCTynone£1 111 T.p,.). B 11111He£1HOM np111611111>KeH111111 K pe3oHaH­

caM, CB513aHH b iM C 111CKa>KeHII1eM CTpyKTypbl, OTHOC51TC51 U,eJlble, Hecynepne­

p1110P,Hble 111 p e 3oHaHCbl CB513111 x 111 z Kone6aHII1£1. B Ta6n. 2 yKa3aHo K011111-

yecTso 11111He£1 HbiX pe3oHaHcos np111 ycKopeHII1111 nyYKa YaCTII1U, 
1 H, 2 H, 3 H, 

3He s HyK11oT poHe (3p,ecb k 111m- u,e1lble Y111c11a). 

np111 ycKope HII1111 nyYKa Cnii1HOBa51 YaCTOTa paCTeT nponOpl.\1110HaJ1bHO 3Hep­

rll1111 111 nepeceYeHII1e cnii1HOBbiX pe30HaHcos CTaHOBII1TC51 Hell136e>KHbiM. Oc­

HOBHbiMII1 napa MeTpaMII1 np111 nepeceYeHII1111 Cnii1HOBOrO pe30HaHCa 51BJ15110TC51 
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Tvm pe3oHaHca YcllOBIIIe pe3oHaHca Ko11-so pe3oHaHcos 

lH 2H 3H 3He 

BHyTpeHHI!Ie V = kp± Vz 6 - 8 9 

L\ellble v=k 25 1 32 37 

HecynepnepiiiOAHble v=k±vz(kfmp) 44 2 55 64 

Pe3oHaHCbl CB513111 V = k ± Vx 49 2 63 73 

Ta61111143 2: niiiHeL:iHble pe30HaHCbl B KOJlbl.le HyKllOTpOHa 

MOll.\HOCTb Cn111HOBOrO pe30HaHCa Wk, OTCTpOL:lKa OT pe30Ha HCa c = V - 1/k 

1!1 CKOpOCTb lt13MeHeHit151 OTCTpOL:lKII1 E:
1 = dt:jd() (cKOpOCTb nepeceYeH11151). 

Moll.\HOCTb cnlt1HOBoro pe3oHaHca Wk 51B1151eTc51 cooTBeTCTBYtOll.\eL:l ¢ypbe­

rapMOHit1Koiii nonepeYHoro cnii1Hosoro B03Myll.\eHit151 w 111 onpe,D,e1151eT w111p111 -

HY onacHoro 1t1HTepsa11a B o611acT111 cnlt1Hosoro pe3oHaHca . 

~1151 Bbl'-llt1C11eHit151 cTeneHII1 n01151p1113a~lt11!1 np111 nepeceYeHII1111 cn111Hosoro 

pe30HaHCa ,IJ,OCTaTO'-lHO npOC11e,IJ,It1Tb 3a npoeK~It1eL:l ·J = sfi Cn ii1Ha Ha OCb fi . 
~Bit1>KeHit1e cn111Ha s6111113111 ye,D,It1HeHHoro cnlt1HOBoro pe3oHaHca Ha1116o11ee npo­

CTO Bblr1151,1J,It1T B 
11 

pe30HaHCHOL:1
11 

Clt1CTeMe KOOp,IJ,111HaT, y KOTO p Oiii OCb- Z COB­

na,D,aeT c Hanpas11eHit1eM oc111 ii, a nonepeYHble K oc111-z opTbl spall.\atOTC51 

c pe3oHaHcHoiii '-laCTOToiii vk BOKpyr oc111 ii. B 11 
pe3oHaHcHoiii 

1 
CII1CTeMe np111 

cPii1KC1t1pOBaHHOiii OTCTpOiiiKe E: Cnii1H Bpall.\aeTC51 B 
11 

nOCT051HHOM 
11 

no11e h, np111 

3TOM nep1110,ll,lt1'-lecKa51 OCb npe~ecclt11!1 cosna,D,aeT c Hanpas11eHII1eM no1151 : 

noc11e nepeCe'-leHit151 pe30HaHCa n011e h MeH51eT 3HaK OTHOCit1Te11bHO OCII1 -

z. np111 a,D,Ii1a6aTit1'-leCKOM 1113MeHeHII11!1 n01151, KOr,D,a 3a O,IJ,It1H o 6opOT Cnii1Ha 

noc11e,D,Hee Cfla6o lt13MeH51eTc51 jdh/ d()j « h2 
11111111 B c11yY a e, KOr,D,a np111 

Wk = canst BbJn011H51eTc51 yc110B111e 

npOeK~It15! Cnlt1Ha J 51B1151eTC51 a,D,Ii1a6aTit1'-leCKII1M lt1HBap111aHTOM . np111 lc'l « 
lwkl 2 

,D,aHHOe YC110Bit1e Bbln011H51eTC51 B 111060L:1 MOMeHT BpeMeHit1, 1!1 Cnlt1H CO­

BepwaeT a,D,It1a6aTit1'-lecKoe nepece'-leHit1e pe30HaHca, noc11e KOTOporo nepeso­

pa'-11!1BaeTc51 BMeCTe c no11eM . OcHOBHoe lt13MeHeHit1e npoeK~It11!1 J np0111CXO,IJ,It1T 
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s ::~¢¢eKTII1SHo iii o611acT111 s6111113111 pe3oHaHca, Korp,a yc11os111e ap,ll1a6aTII1'-te­

cKoro nepece'-teHII15l HapywaeTC5l (83¢¢ rv 1/#). 
TaKII1M o6pa30M , ,0,1151 Sbl'-tii1C11eHII15l cTeneHII1 no1151p1113a1..1,111111 p,ocTaTO'-tHO 

CS5l3aTb npoeKU,111111 cn111Ha p,o J_ 111 noc11e J+ nepeceYeHII15l ::~¢¢eKTII1SHoiii 

o611aCTII1 pe30 HaHca . np111 3TOM YC110SII15l cox paHeHII15l n0115lp1113aU,II1111 6yp,yT 

Sbl r 115lp,eTb c11 ep,ytew,111 M o6pa3oM : 

J+ = j _ 11111111 J+ = -J_. 

np111 nepece'-teHII1111 pe30HaHCa C nOCTOHHHOiii CKOpOCTbtO 3Ha'-teHII15l ap,111a6a­

TII1'-teCKOrO 111H Sap111aHTa ,0,0 111 nOC11e nepeCe'-teHII15l CS5l3aHbl COOTHOWeHII1eM : 

J + = ( 1 - 2 exp (- ~:~~ ) ) L . 

B 3TOM c11yYa e pa311111'-tatOT 6biCTpoe, ap,ll1a6aTII1'-tecKoe 111 npoMe>KyToYHoe 

nepeCe'-teHII1e. n p111 npoMe>KyTO'-tHOM nepece'-teHII1111 pe30HaHCa ( jwk j2 
rv c

1
) 

nyYOK npaKTII1 '-t eCKII1 n011HOCTbtO p,en0115lp1113yeTC5l. np111 6biCTpOM nepece­

'-teHII1111 (jwkj2 « c ') seKTop no11Hp1113aU,II1111 fi He ycnesaeT 3HaYII1Te11bHO 

1113MeHII1TbC5l, a CTeneHb p,en0115lp1113aU,111111 pasHa D ~ 7r (lwk j2) /c' . np111 

Mep,11eHHOM (ap,111a6aTII1'-tecKoM) nepece'-teHII1111, Korp,a (jwkj2 » c' ), npo111cxo­

,D,II1T nepesOpOT SeKTOpa n0115lp1113aU,II1111 OTHOCII1Te11bHO sepT111Ka11111 . np111 3TOM 

c11ep,yeT pa311 111 '-taTb c11y'laiii 11 KorepeHTHoro 11 111 11 HeKorepeHTHoro 11 nepece­

YeHII15l. 11 Korep eHTHoe 11 nepece'-teHII1e 03HaYaeT, '-ITO MOW,HOCTb pe3oHaHca 

OA111HaKosa ,0,11 51 scex YaCTII1U, (u,e11ble pe3oHaHCb1). B 3TOM c11yYae yc11o­

s111e ( w~ >> c 1) sbln011HHeTCH A11H scex '-taCTII1U, nyYKa, a CTeneHb no11Hp1113a­

U,111111 noc11e nepeCe'-teHII15l COXpaH5leTC5l C 3KCnOHeHU,II1a11bHOiii TO'-tHOCTbtO. np111 
11 HeKorepeHTH OM 11 nepeceYeHII1111 MOW,HOCTb pe3oHaHca pa311111'-tHa A115l pa3-

Hblx '-taCTII1U, 111 , Hanp111Mep, 3aSII1CII1T OT aMn11111TY,LJ,bl 6eTaTpOHHbiX K011e6aHII1iii 

(sHyTpeHHII1e p e3oHaHCb1). B 3TOM c11yYae s nyYKe KpoMe YaCT111U, , Mep,11eHHO 

nepeceKatOW,111X pe30HaHC, eCTb YaCTII11J,bl C npOMe>KyTO'-tHOiii 111 6b1CTpOiii CKO­

pOCT5lMII1 nepece'-teHII15l , '-ITO np111SO,D,II1T K '-taCTII1'-tHOiii p,en0115lp1113aU,II1111 nyYKa . 

np111 HOpMa11bHOM pacnpep,e11eHII1111 no KOOPA111HaTaM 111 111Mny11bCaM '-taCTII1U, 

s nyYKe CTeneHb p,en0115lp111 3 aU,111111 6yp,eT pasHa : D ~ c
1 /(7r (lwk j2) ). np111 

ap,111a6aT111'-teCKOM nepeceYeHII1111 Heo6xop,II1MO yYII1TbiSaTb CII1Hx poTpoHHble K0-

11e6aHII15l '-taCT 111 U,, yYeT KOTOpbiX MO>KeT np111seCTII1 K '-taCTII1'-tHOiii 11111111 p,a>Ke 

no11Hoiii p,eno11 Hp1113aU,111111 . 
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,[:\1151 pacYeTos yp,o6Ho ssecn1 xapaKTepHyto MOW,HOCTb p e3oHaHca wd = 
J?Tii, nplt1 nepeceYeHlt1lt1 KOToporo npot.1cxop,t.1T npaKTlt1YeCKlt1 nonHa51 p,e­

non51plt13al..\lt151 nyYKa, TOrp,a MOW,HOCTb pe30HaHCa, COOTSeTCTSytoW,a51 no­

Teplt1 1% non51plt13al..\lt1lt1 nplt1 6biCTpoM nepeceYeHlt1lt1, pasHa 0.1 wd. a MOW,­

HOCTb pe30HaHCa, COOTSeTCTSytoW,a51 noTeplt1 1% n01151pL113a l..\lt1lt1 nplt1 ap,lt1a-

6aTlt1YeCKOM nepeceYeHlt1lt1, pasHa 10 wd ( 11 HeKorepeHTHble 11 p e3oHaHCb1) lt11llt1 

3.26 Wd ( 11 KOrepeHTHble 11 pe30HaHCb1) . 

lfi 2H 3H 3He 

G 1.793 -0.143 7.92 -4.184 

ema.x 
k , (r3B/H) 12.84 6.00 3.74 8.28 

Vmin- llmax 1.8-26.3 -1.05- -0.144 7.92- 39.5 -41.1 - -4.19 

E
1

, (Tyc•=0.5c) 1.0 . w-6 2.s. w-7 1.0 . w-s 1.1. w-s 
Wd, (TycK = 0.5 C) 1.5. w-3 3.0 · 10- 4 1.s. w-3 1.9 . w-3 

Ta6m1l..\a 3: XapaKTep~r~cTI!IKirl nepeceYeHir15l cnlriHOBbiX pe3oHaHcos s f:lyKnoTpoHe 

B Ta6n . 3 nplt1sep,eHbl pe3yllbTaTbl pacYeTa ocHOSHbiX x apaKTeplt1CTlt1K 

nepeceYeHlt151 cnlt1HOSbiX pe3oHaHcos ,D,ll51 nyYKos 1 H, 2 H, 3 H , 3 He. 
Ha pt.1c. 1-4 nplt1sep,eHbl noraplt1¢MWleCKlt1e rpa¢t.1Kt.1 M OW,HOCTe(ii pe3o­

HaHcos lllt1He(i!Horo nplt16Jllt1>KeHlt151 s ep,lt1Hlt1l..\aX xapaKTepHo(ii MOW,HOCTlt1 Wd s 

pa6oYeM p,lt1ana3oHe lt13MeHeHL!I51 Klt1HeTlt1YecKo(ii 3Heprlt1lt1 nyY Ka Ek . Ka:>+<p,bl(i\ 

rpa¢lt1K pa36lt1T Ha Tplt1 06JlaCTlt1, KOTOpble COOTSeTCTSytoT npOMe:>+<yTOYHOMY 

nepeceYeHlt1to (o6naCTb Me:>+<p,y CnllOWHQ(i\ VI nyHKTlt1pHO(i\ Jl lt1 Hlt151Mlt1), 6biCT­

poMy (Hlt1>Ke nyHKTlt1pHO(i\ Jllt1Hlt1lt1) lt1 ap,lt1a6aTlt1YeCKOMY (sbiWe CnllOWHQ(i\ 

Jllt1Hlt1lt1). nplt1 paCYeTe MOUJ,HOCTe(i\ pe30HaHCOS nplt1Hlt1MallOCb, YTO HOpMa­

Jllt130SaHHble 3Mlt1TTaHCbl S roplt130HTallbHOM lt1 sepTlt1KallbHO M HanpaslleHlt1-

51X paSHbl 4.57r MM Mpap,, 0Wlt16Klt1 toCTlt1pOBKlt1 KBap,pynoJl e (i\ - 0.1 MM lt1 

0Wlt16Klt1 toCTlt1pOSKlt1 yrllOB nOBOpOTa Be,D,yW,lt1X MarHlt1TOB - 0.001 pap,. 

Pe3oHaHCbl, pacnono:>+<eHHble B 30He npoMe:>+<yTOYHoro nep eceYeHlt151, nplt1-

BO,D,51T K p,en01151plt13al..\lt1lt1 nyYKa . 1/13 cpaBHeHlt151 rpa¢lt1KOB Cll ep,yeT, YTO no­

YTlt1 BO SCeM ,D,lt1ana30He lt13MeHeHlt151 3Heprlt1lt1 p,en01151plt13yto W, lt1MLII 51BJ15110TC51 

sHyTpeHHlt1e t.1 1..\ellble pe3oHaHCbl. Pe3oHaHCbl CB513lt1 t.1 Hecy nepneplt10,D,Hble 

pe3oHaHCbl TaK:>+<e MoryT nplt1SO,D,lt1Tb K p,enon51plt13al..\lt1lt1 nyY Ka s Tex :>+<e o6-

JlaCT51X 3Heprlt1i.:1, rp,e HaXO,lJ,51TC51 BHyTpeHHlt1e pe30HaHCbl. 
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TpeTb51 rllasa 

B TpeTbeVi r11ase V1CC11€,LIOBaHbr V1 paccYV1TaHbl .r~eno115rpV13YfOl.l.\V1e 3cPcPeK­

Tbl npV1 M€,[111€HHOM BbiBO,[\e nyYKa V13 HyKllOTpOHa. npoaHaJ1V13V1pOBaHO V13-

M€H€HV1e CTen e HV1 .r~eno1151p1113aU,V1V1 nyYKa s CTaU,V10HapHbi X ycllOBIII51X. ltby­

YeHo B11V151HV1e p a36poca YaCTOT Ha no1151p1113aU,IIIfO nyYKa s pe3oHaHce, a TaK­

>Ke B11V151Hiil€ CV1 HXpOTpOHHOVl MO,L\Y1151LI,V1111 3HeprV1V1 Ha n01151pV13aU,V1fO nyYKa . 

PaccMoTpeHbr n epeceYeHV151 cnV1HOBbrx pe3oHaHcos npV1 M€,[111eHHOM BbiBO,Lie 

V13 HyK110TpoHa . 

npV1 Me,[\11€HHOM BbiBO,[\e nyYKa V13 HyK110TpOHa c 3HeprV1eVi nyYKa, 611V13-

KOVi K 3HeprV1 V1 0,[\HOrO V13 CnV1HOBbiX pe30HaHCOB, B03MO>I<Ha ,[\€n01151pV13a­

U,V151 nyYKa. O c HOBHbrM c.PaKTopoM, onpe,[le115lf0l.l.\V1M CTeneHb .r~eno1151pV13a­

U,IIIV1 nyYKa npV1 Mep,neHHOM BbiBO,[Ie, 51Bll51eTC51 pa36poc oceVi npeu,ecct.1111 t:::.ii, 
KOTOpbiVl Hat.160 11ee CV1JlbHO np05181151eTC51 B6JlV13V1 HeKOrepeHTHOrO pe30HaH­

ca, KOr,[\a MOl.l.\HOCTb pe30HaHCa nponOpU,V10HallbHa aMnllV1TY,L\€ 6eTaTpOHHO­

ro ,[\BV1>1<€HV151 . ( TeneHb ,[\€n01151pV13aU,V1V1 B 3TOM C11yYae 3aBV1CV1T OT MOl.l.\HO­

CTV1 CnV1HOBOrO pe30HaHca Wk V1 OTCTpOVlKV1 OT pe30HaHCa c V1 ,[\1151 HaYa11bHO 

n011HOCTbfO n011 51pV130BaHHOrO nyYKa COCTaBV1T Be11V1YIIIHY ( c
2 >> \ w2

)) 

D = 1 -1\n)l ~ ~( (t:::.ii_L)
2

) ~ ~!}. 
LJTo6bl V136e>KaTb B 3TOM C11yYae ,[\en01151pV13aU,I!IIil, ,[\OCTaTOYHO OTOVlTV1 OT 

pe30HaHca Ha Be11V1YV1HY f::::..c rv 10Wk (!:::.r = f::::..c/G), '-ITO, HanpV1Mep, ,[\1151 

nyYKa npOTOH OB COCTaBV1T !:::.. wk ~ 50 M38 npV1 OTCTpOViKe OT pe30HaHca c 

MOl.l.\HOCTbfO w = 10-2 (a,LIV1a6aTV1YecKoe nepeceYeHIIIe) V1 t:::..Wk ~ 5 M3B 

npV1 OTCTpOViKe OT pe30HaHCa C MOl.l.\HOCTbfO W = 10-3 ( npoMe>KyTOYHOe 

nepeceYeH 1.1e) . 

LJeTsepTa51 rllasa 

B YeTsepTo Vi r11ase npV1BO,LI51TC51 MeTO,L\bl coxpaHeHV151 CTeneHIII no1151p1113a­

U,IIIIII npV1 nepece YeHV1V1 cnV1HOBbiX pe3oHaHcos. PaccMoTpeHbr MeTO,L\ KoMneH­

cau,V1V1 MOW,HOCTV1 cni!IHOBoro pe3oHaHca, cnoco6 npe,[IHaMepeHHoro yse11V1-

YeHV151 MOl.l.\HOCTV1 pe30HaHCa, M€TO,[\ CKaYKa 6eTaTpOHHOVl YaCTOTbl. npe,[1-

110>1<€H HOBbiVl M€TO,[\ nepeceYeHIII51 pe30HaHCa 3a CYeT CKaYKa Cni!IHOBOVl 
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'-laCTOTbl, a TaK>Ke MeTO,lJ, KOMneHCal..\111111 CTeneHII1 noll~p1113al..\ 111 111 (111CKJlfO'-Ia­

fOUJ,II1iil noTep111 noll~p1113al..\111111 np111 nepece'-leHII1111 pe3oHaHca) . 

MeTO,LJ,bl nepece'-leHII1111 cnii1HOBbiX pe3oHaHcoa, np111 KOTOp biX 3¢¢eKTII1B­

Ha~ 30Ha pe30HaHCa nepeceKaeTC~ C nOCTO~HHOiil CKOpOCTbfO , OCHOBaHbl Ha 

yaeJlll1'-leHII1111 11111111 yMeHbWeHII1111 np111Be,D,eHHOiil MOW,HOCTII1 pe30HaHCa W = 
iwki/R c TeM, '-IT06bl o6ecne'-1111Tb a,D,II1a6aTII1'-IecKoe 11111111 6b1 CTpoe nepece­

'-leHII1e. 

np111 nepeCe'-leHII1111 1..\ellbiX pe30HaHCOB C npoMe>KyTO'-IHOiil MOUJ,HOCTbfO 

(w rv 1) B HyKllOTpOHe l..\ellecoo6pa3HO 111CnOllb30BaTb MeTO,ll, pe,LJ,HaMepeH­

HOro yaellll1'-leHII1~ MOUJ,HOCTII1 pe30HaHCa. ,ll,11~ 3TOrO ,LJ,OCTaTO'-IHO BBeCTII1 B 

cao6o,LJ,Hbliil npoMe>KyToK HyKllOTpoHa npO,D,OllbHOe MarHII1THOe nolle . Mow,­

HOCTb pe3oHaHca np111 BBe,D,eHII1111 npo,D,OllbHoro nOJl.s:l onpe,LJ,ell .s:l eTC.s:l Bblpa>Ke-

<py ( 1 + G) ByLy 
Wk = - = ..:__.----'-"---"-

27r 21rBp 

111 ,LJ,Oll>KHa cooTaeTcTaoaaTb yc110BII1f0 a,D,II1a6aTII1'-IecKoro nepec e'-leHII17l 

w~ >> E
1

• KpoMe Toro, '-IT06bl 11136e>KaTb 3¢¢eKTOB ,D,enoll~ p 1113al..\111111 1113-3a 

CII1HXpOTpOHHOiil MO,ll,Yll.s:ll..\111111 3Hepr111111, He06XO,ll,II1MO TaK>Ke Bbl OJ1HII1Tb YC110-

BII1e w~ > CJ v'Y, r,D,e CJ - cpe,LJ,HeKBa,D,paT111'-IHOe 1113MeHeHII1e cn111Hoaoiil '-la­

CTOTbl, CB.s:l3aHHOe C 3HepreTII1'-I€CKII1M pa36poCOM B ny'-IKe. 

B Ta611. 4 np111Be,LJ,eHbl MaKCII1MallbHble 3Ha'-leHII1~ II1HTerpa11 a npo,D,OllbHoro 

noll.s:l (Ha 3Hepr111111 BbiBO,D,a) ,D,117l o6ecne'-leHII1~ a,D,II1a6aTII1'-IecKoro nepece'-le­

HII1~ l..\€1lbiX pe30HaHCOB BO BC€M ,D,II1ana30He 1113MeHeHII15l 3 Hepr111111 (wk rv 

10-2). 

(ByLy). Tn · M I 1 13.41 0.31 0.9 I 
Ta6m11.1a 4: 3HaYeHI.1Sl 1.1HTerpana npoAOllbHoro nonSl np1.1 aAI.1a6aTI.1YecKOM nepeceYeH\11111 

np111 nepeCe'-I€HII1111 pe30HaHCOB C 6eTaTpOHHbiMII1 '-laCTOTa MII1 I..\€11€C006-

pa3HO 111CnOllb3oaaTb MeTOA nepece'-leHII1~ 3a c'-leT opraHII13al..\ 111 cKa'-IKa cnii1-

HOBoiil '-laCTOTbl, a He 3a C'-leT CKa'-IKa 6eTaTpOHHOiii '-laCTOTbl. ,lJ,n~ opraHII1-

3al..\111111 cKa'-IKa cnii1Hoaoiil '-laCTOTbl llv Heo6xo,LJ,111MO aaecTII1 a KOllbi..\O HyK­

llOTpoHa 11 BCTaBKy 11 1113 ,LJ,OnOJlHII1T€JlbHbiX MarHII1THbiX no11eiii, '-ITO n03BOJl~eT 

n011Y'-1111Tb Tpe6yeMyfO 3aBII1CII1MOCTb Cnii1HOBOiii '-laCTOTbl OT M a rHII1THOrO nOll~ 
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) 
v = v( B) . 11 B cTaBKa 11 ,D,Ofl>KHa cooTBeTCTBOBaTb ycflOBitHI M soccTaHOBfle­

HIII5l paBHOBeCHQL;l Op6111Tbl, a ,D,ll5l CniiiHOBOrO ,£l,BIII>KeHIII5l COOTBeTCTBOBaTb 

nosopoTy soKpyr oc111 ii Ha yro11 2n6.v (v = v0 + 6.v) . 
B KaYeCTse pa6oyet;1 cxeMbl MO>KHO lllcnoflb30BaTb CTPYKTYPY c npop,ollb­

HbiMIII Ill pap,lll aJlbHbiMIII nOJl5lMIII, 111306pa>KeHHYIO Ha p111C. 5, rp,e <px, <py -
yrflbl nosopoTa cn111Ha BOKpyr pap,lllaflbHbiX 111 npop,OllbHbiX no11eL;l . 

'Px 
2 

~ 
~ 

'Py -rpx -rpy 

8/-Bx,Lx 11-By,Ly I 
'Px 
2 

~ 
~ 

P1-1c. 5: CTpyKrypa opraH!<13al..\1<11<1 cKaLJKa cni<1HOBol1 LJaCTOTbl 

B np111611111>Ke H111111 MaflbiX yr11os nosopon cn111Ha (cpx, <py << 1) Hanpas­

JleHIIIe paBHOBeCHOL;l n0115lp1113al...\llllll OCTaeTC5l BepTIIIKaflbHbiM, a CKa40K 4a­

CTOTbl npel...\eCc lll lll cn111Ha paseH 6.v = "'2:v . MaKCIIIMallbHOe OTKflOHeHIIIe 

paBHOBeCHOL;l o p 6111Tbl B,D,Ollb OCVI-Z Ha yYaCTKe 11 BCTaBKIII 11
, Bbi3BaHHOL;l pa­

,D,IIIaJlbHbiMIII nOfl 5lMIII Bx. cocTaBIIIT: 6.z = <px (2Ly + Lx)· MaKCIIIMaJlbHa5l 
4v 

,D,lliiiHa 11 BcTaBKIII 11 orpaHIIIYeHa ,D,lliiiHoL;l cso6op,Horo npoMe>KyTKa B ycKopiii-

Tefle , YTO s HyKfloTpoHe cocTaBfl5leT 3.5 M . 0TMeTIIIM, YTo cyMMapHble IIIH­

Terpallbl MarHIIITHbiX no11eL;l (KOTOpbie onpep,e115liOT <px, <py) MO>i<HO Ha6paTb 

3a C4eT yCTa~OB KIII HeCKOJl,!=>KIIIX 11 BCTaBOK 11 B CB060,D,HbiX npoMe>KyTKaX KOflb-

1...\a YCKOp111Tefl51, np111 3TOM MaKCIIIMaflbHOe OTKJlOHeHI/Ie paBHOBeCHQL;l op6111Tbl 

yMeH bW IIITC5l . 

B KaYeCTse np111Mepa, paccMOTpiiiM nepeceYeHIIIe pe3oHaHca c Wk = 1.5 x 

10-3 ("noflHa5l 11 p,enofl5lp1113al...\1115l) ,D,fl5l nyYKa npoTOHOB. '-ho6bl nepeceYb 

3TOT pe30HaHC C 1% noTepeL;l, He06XO,D,IIIMO o6ecne4111Tb CKa40K YaCTOTbl 

6.v ,...._, ±3 X 10- 2 3a BpeM5l 6.t ,...._, 5j.LS. 

B Ta611.5 np111 sep,eHbl 3HaYeHIII5l MaKCIIIMaflbHbiX yrflOB <px. <py 111 cooT­

seTCTBYIOLl.\IIIX VI M MarHIIITHbiX nofleL;l Bx. By 111 MaKCIIIMaflbHoro OTKJlOHeHIII5l 

6.z np111 pa3HbiX 3HaYeHIII5lX 3Hepr111111. 3HaYeHIIIe napaMeTpa m 03HaYaeT KO­

fliiiYeCTBO BCTaBOK, 111306pa>KeHHbiX Ha p111C. 5. ~fliiiHa O,D,HOL;l BCTaBKIII 3.4 M 

(Lx = 0.7M, Ly = l.OM). 

B paccMoTpeHHbiX BbiWe MeTop,ax 3cPcPeKTIIIBHa5l o6mcTb pe3oHaHca ne­

peceKaeTC5l C nOCT05lHHQL;l CKOpOCTbiO Eo Ill yCJlOBIIIe COXpaHeHIII5l n0115lp1113a­

l...\llllll (J+ = j_ lllfllll J+ = -J_) BblnOflH5leTC5l np1116fliii>KeHHO . Cllep,yeT 
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m 'Y 'Px• pa,q t.py. pa,q Bx, Tn By. Tn f::!. z, eM 

1 14 0.6 0.3 1.6 4.7 1.7 
1 7 0.3 0.6 0.8 4.7 1.7 
1 2 0.2 1.0 0.4 1.9 3.7 
3 14 0.2 0.3 0.50 4.7 0.5 
3 7 0.1 0.6 0.26 4.7 0.5 
3 2 0.06 1.0 0.13 1.9 1.2 

Ta6m11.~a 5: XapaKTepllleTIIIKIII eTpyKT)'pbl ynpasneHIII51 oTeTpoiiiKoiii np111 opraHIII3al\llllll 
eKaYKa eniiiHOBOiii YaeTOTbl 

OTMen-nb, YTO ,o,a>+<e npV! noTepe p,o 1% CTeneHV! noMlpV13al..\VI V1 npV! nepece­

YeHV!VI op,Horo 6brCTporo V111V1 ap,V1a6aTV!YecKoro ( HeKorepeHTHo ro) pe3oHaH­

ca MO>+<Ho noTep5lTb 3HaYV!TeJlbHYtO p,o1110 non5lpV13al..\VIV1 npV1 nepeceYeHV!VI 

60JlbWOfO YVICJla pe30HaHCOB. 

YcnosV!e coxpaHeHV15l non5lpV13al..\VIV1 MO>KHO BblnOJlHVITb 3a c YeT V13MeHe­

HV15l cKopoCTVI nepeceYeHV15l pe3oHaHca c:'(B) BHYTI?VI 3cj:Jcj:JeKT V1J?HOiil o6Jla­

CTV1 pe3oHaHca. Ha pV!c. 6, B KaYeCTse npV!Mepa, noKa3aH OP,VI H V13 B03MO}K­

HbiX BVIP,OB V13MeHeHV15l OTCTpoiilKVI c:( B), npV! KOTopoM Bbln011H 5l eTc5l ycnosV!e 

J+ = -J_. 3,o,ecb w = c:j Vi6- npv.sep,eHHa5l OTCTpoiilKa, e = BVi6-
npV!Bep,eHHbliil a3V1MJ'T. 

w 

e 
-2 2 

Pille. 6: 3aBIIIeiiiMOeTb w OT e Pille. 7: 3aBIIIeiiiMOeTb J OT e 

Ha pV!c. 7 V13o6pa>+<eHbl rpacj:JVIKVI 3aBV1CV1MOCTV1 cnVIHOBoro ap,V!a6aTV!Ye­

cKoro VIHBapV!aHTa J npV! nepeceYeHV!VI pe3oHaHca c pa3HbiMV1 npV!sep,eHHbi­

MVI MO~HOCT5lMV1 W = Wk/ Vi6 (nyHKTV1pHa5l J1V1HV15l - W=0.1, CnJlOWHa5l 

J1V1HV15l- W=0.6, TOYeYHa5l J1V1HV15l- w=1). 1/13 rpacj:JVIKOB BVIP,HO, YTO V13-

MeHeHV1e npOeKL\VIVI J npOVICXOP,VIT JlVIWb B pe30HaHCHOiil o6Jl aCTV1 8 rv 1, 
rp,e HapywaeTC5l ycnosV!e ap,V!a6aTV!YecKoro nepeceYeHV15l. 0 TMeTV1M, YTO 
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BOCCTdHOB11eHI!1 e npoeKl..\111111 J np0111CXO,JJ,Ii1T B W111pOKOili o611aCT1!1 1!13MeHeHI!1~ 

MOLl.\HOCTI/1 pe30 HaHca W ;S 1, '-ITO n03B011~eT ycneWHO np111MeH~Tb ,JJ,aHHbli/i 

MeTO,JJ, ,JJ,1151 nepe ceYeHI/151 HeKOrepeHTHbiX pe30HaHCOB. 

YnpaB1151Tb o rcrpoiliKoili c so speM51 nepeceYeHI/151 B03MO>KHO, KaK 111 B 

C11yYae opraHI!13 al..\1!1111 CKaYKa Cnli1HOBOili YaCTOTbl, 3a CYeT li13MeHeHI!151 Cni/1-

HOBOili YaCTOTbl v(B). 
lt13-3a 3aBI!1 Cii1MOCTI!1 YaCTOT Cnli1HOBOro 111 op61!1Ta11bHOrO ,JJ,B1!1>KeHI!151 OT 

aMn11111TYA 6erar poHHbiX 111 Cli1HxporpoHHbiX Ko11e6aH111ili yc110B111e coxpaHeHI/151 

n01151p1113al..\111111 M O>KeT Bbln011H~TbC51 He ,JJ,11~ BCeX YaCTI!1l..\ nyYKa, '-ITO HaK11a­

,/J,biBaeT orpaHI!1 YeHI!1e Ha ,D,onycrli1Moe 3HaYeHI!1e cpe,JJ,HeKBa,D,paTI!1YHOro 1!13-

MeHeHI/151 orcrpo iliK1!1 ()(· OcHOBHoili BK11a,D, s 3HaYeHII1e ()( ,D,aer 3aBI!1Cii1MOCTb 

cni!1HOBOili YaCTOTbl or 3Hepr1111!1 ()(,....., v( ~). TaK, B c11yYae rayccoscKoro 

pacnpe,JJ,e11eHI!151 YaCTI!1l..\ no 3Hepr1111!1, np111 se111!1YI!1He ()( ,....., 0.5R CTeneHb 

n01151p1113al..\111111 yM eHbWI!1TC51 Ha 3%, a ,JJ,1151 ()(,....., 0.2# CTeneHb n01151p1113a­

l..\111111 yMeHbWI!1TC51 MeHee YeM Ha 0.1 %. 
B KaYeCTse n p111Mepa, paccMOTp111M KOMneHCal..\1!1tO p,eno1151p1113al..\111111 np111 

nepeceYeHI/1111 p e3oHaHca ,D,1151 nyYKa nporoHOB. ~1151 3Toro Heo6xo,JJ,1!1MO o6ec­

neYI!1Tb CKaYOK YaCTOTbl b.v rv ±10-2 3a BpeM51 b.t rv 50f.LS. 

m I 'Px• paA 'Pv· paA Ex. T11 By. T11 ~z. CM 
. 1 14 0.2 0.3 0.52 4.7 0.6 

1 7 0.1 0.6 0.26 4.7 0.6 
1 2 0.06 1.0 0.13 1.9 1.2 
3 14 0.07 0.3 0.17 4.7 0.2 
3 7 0.035 0.6 0.09 4.7 0.2 
3 2 0.02 L____l·~- 0.05 1.9 0.4 

Ta6mu . .ta 6: XapaKTepiiiCTIIIKIII crpyKrypbl ynpaBJleHI!IR orcrpoiiiKoiii np111 KOMneHCal.\111111 cre­

neHI!I Aenoll.Rp1113a l.\ llllll 

B n611 .6 n p 111Be,JJ,eHbl 3HaYeHI!151 MaKCI!1Ma11bHbiX yr11os <{Jx. <py 111 coor­

seTCTBYtOLl.\li1X 111 M MarHI!1THbiX no11eili Bx. By 111 MaKCI!1Ma11bHoro OTK110HeHI!1~ 

b.z np111 pa3HbiX 3HaYeHI!151X 3Hepr111111. 3HaYeHII1e napaMeTpa m 03HaYaer Ko-

111!1'-leCTBO BCTa BOK, 1!1306pa>KeHHbiX Ha p111C. 5. ~11111Ha O,JJ,HOili BCTaBKI/1 3.4 M 

(Lx = 0.7M, Ly = l.OM). 
no cpaBHeH I!1 tO C MeTO,JJ,OM CKaYKa Cnli1HOBOili YaCTOTbl, ,JJ,aHHbli/i MeTO,JJ, 

MeHee Kp111TI!1Ye H Ha BpeM51 1!13MeHeHI!151 OTCTpOiliKI/1 111 Be111!1'-lli1HY Tpe6yeMOrO 
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CKa'-IKa '-laCTOTbl. 

n51Ta51 rllaBa 

n~na51 rJJaBa nOCB5Ill\eHa BOnpocaM COrJlaCOBaHL-151 ,D.aHHbiX no L13Mepe­

HL110 MOLl.\HOCTL-1 L1H,D.YU,L1pOBaHHOrO pe30HaHCa rf-,D.L1nOJleM, nolly'-leHHbiX 3KC­

nepL1MeHTallbHO L1 npL-1 noMOLl.\L-1 TeopeTL-1'-IeCKoro pacyen Ha ycKOpL1Tene 

COoler SYnchrotron (COSY) (f011L1x, lepMaHL-151) . 8 pe3YllbTaTe 111CCJJe,D.o­

BaHL151 6bl110 nolly'-leHO, '-ITO TeopeTL-1'-IeCKL-1 paCC'-IL1TaHHa51 MOLl\HOCTb L1H,D.y­

U,L1pOBaHHOrO pe30HaHCa ,D.ll51 ny'-IKa ,D.eli1TpOHOB 3Ha'-IL1TeJlbH O (B 5-10 pa3) 

npeBbiWana 3KcnepL1MeHTallbHOe 3Ha'-leHL1e. Cne,D.yeT OTMeT L1 Tb, '-ITO ycKo­

pL1TeJJb COSY no CBOL1M TeXHL1'-IeCKL1M xapaKTepL1CTL1KaM cxo>K c HyKno­

TpOHOM L1 OCHall\eH BCeM He06XO,D.L1MbiM ,D.L1arHOCTL1'-IeCKL1M o 6 opy,D.OBaHL1eM 

,D.1151 L13y'-leHL151 cnL1HOBoro ,D.BL1)KeHL151 YaCTL1U, B o6naCTL1 cn L1 HOBoro pe3o­

HaHca . YcKOpL1Tellb COSY 5lBJ15leTC5l xopowelil 3KcnepL1MeHTallbHOlil 6a3olil 

,D.115l L13y'-leHL151 MeTO,D.OB nepeCe'-leHL-151 CnL1HOBbiX pe30HaHCOB, KOTOpbie MO-. . 
ryT npL1MeH5lTbC5l Ha ,D.pyrii1X YCKOpL1TeJ15lX. 

3KcnepL1MeHT no L13MepeHL110 M.Oll.\HOCTL-1 L1H,D.YU,L1pOBaHH OrO pe30HaHCa 

3aKJ110'-IaJlC5l B Clle,D.ytoll\eM . non5lpL130BaHHbllil ny'-IOK ,D.elilTpOHOB YCKOp5l11L1 

,D.O 3HeprL1L1 1.85 138/c, '-leMy COOTBeTCTByeT CnL1HOBa51 '-laCTOTa 1/ = Ql = 
-0.2. ,l),anee, npL-1 nOMOLl.\L-1 rf-,D.L1n0115l L1H,D.YU,111pOBaJlL1 CnL1HO Bbllil pe30HaHC 

1/ = -Vrf, r,D.e Vrf- '-laCTOTa MO,D.Yll51U,L1L1 n0115l rf-,D.il1n01151. Vl3M epeHII1e MOLl.\­

HOCTL-1 pe3oHaHca npo1113BO,D.II111L1 no pe3yllbTaTaM L13MepeHit151 Ha'-laJJbHOlil P; 
L1 KOHe'-IHOlil PJ cTeneHL-1 non5lp1113aU,L1L1 B 3aBII1CL1MOCTII1 OT BpeMeHL-1 nepe­

ce'-leHL15l CnL1HOBOrO pe30HaHCa npL-1 clJL1KCL1pOBaHHOM OTKJlO HeHL1L1 OT pe30-

HaHCHOlil '-laCTOTbl ±b.j /2 = ±150 iu,, KOTOpa5l np111 3TOM Bbi'-1111CJ15leTC5l 

no MO,D.L1clJL1U,L1poBaHHolil Froissart-Stora (FS)-<tJopMyne : 

P n{( ~) [ (7rWFsfc)
2
] ~ } 

f = .q 1 + 'T/ exp - b.f / b.t - 'T/ , (1) 

r,D.e fJ- napaMeTp, orpaHL1'-IL1Batoll\L1lil CTeneHb nepeBopoTa c n L1Ha nocne ne­

pece'-leHL15l pe30HaHCa, fc- '-laCTOTa o6pall\eHL15l ycKOpL1TeJ1 51. nepece'-leHit1e 

pe3oHaHca o6ecne'-IL1Banocb L13MeHeHL1eM YacTOTbl rf-,D.L1n011 51 . 

nony'-leHHbllil 3KCnepL1MeHTallbHbllil pe3yllbTaT WFS CpaBH L1 BaJlL1 C Teope­

TL1'-IeCKL1M pac'-leTOM MOLl.\HOCTL-1 Wrf· Moll\HOCTb L1HAY4L1POBa HHoro pe3oHaH-
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0.8 
I Fl rf-dipole y=l.4, G=-0.143, Y 2 =3.65 

0.6 

0.4 

0.2 

-0.2 

P1.1c. 8: MoAYflb cPYHK1..11.11.1 OTKJ11.1Ka s COSY 

ca np111 3TOM p a ccYI!1TbiBanacb no cj)opMyne 

W 
_ 1 1 + G"' J rf- 1 2v'21r Bp Brmsdl = (1 + Gr) 1fJx 47r' 

(2) 

rp,e Bp- MarHI!1THa51 >KeCTKOCTb ycKop1!1Tef15!, KOTopa5! pasHa 6.17 T11 · M, 

i{Jx- MaKCI!1M a11bHbli:1 yro11 nosopoTa pap,111a11bHbiM p,111n011eM. 

nocne o6pa60TK1!1 3KCnep1!1MeHTaJlbHbiX p,aHHbiX /),1151 MOL1\HOCTI!1 pe30-

HaHCa, 3KCTpa n on111posaHHoi:1 no cj)opMyne (1) , 6blllO nonyYeHo 3HaYeHI!1e 

WfS = 1.39 · 10-6, B TO BpeM5! KaK 3HaYeHII1e MOL1\HOCTI!1 pe30HaHCa, pac­

CYI!1TaHHOe no cj)opMyne (2), paBHO Wrf = 8.8 · 10-6 . 

BbiYI!1ClleHII1 e MOL1\HOCTI!1 cnl!1Hosoro pe3oHaHca no c!JopMyne (2) YYli1Tbl­

saeT Jll!1Wb ~p51 Moe ,n,ei:1CJB1!1e rf-p,111non51, KOTopoe He 5!Bll51eTc51 onpep,en51-

IOL1\111M Ha npOMe>KyTOYHbiX 3Hepr11151X. ,l],1151 MOL1\HOCTII1 pe30HaHCa, 111HP,y­

l..\111pOBaHHOfO Jl OKaJlbHbiM rf-p,li1nOlleM, pacnOJlO>KeHHbiM B MeCTe op6111Tbl C 

a3111MYTOM Orf, cpopMyny, KOTopa5! YYli1TbiBaeT KaK np5!MOi:1 BK11ap, pap,1!1a11b­

Horo nOJl5!, TaK 1!1 none, 1!1HP,Yl..\li1POBaHHOe no BCeMy nep111MeTpy ycKOp1!1Te1151 

BbiHy>Kp,eHHbiM P,BII1>KeHII1eM YaCTI!1l..\, MO>I<HO 3anii1CaTb, 111Cn011b3Y51 cPYHKl..\11110 

OTKJll!1Ka: 

i{Jx I I Wrf = 
4

1!" F(Orf) . (3) 

nep1110P,l!1YeCKa 51 cPYHKl..\11151 OTKJ1111Ka F(O) = F(O + 27r) onpep,en51eTC5! Mar­

Hl!1THOiil CTPYKTy poiil KOllbl..\a 111 51Bll5leTC51 TaKoiil >Ke xapaKTep1!1CT1!1KOiil cnl!1HO­

soro P,Bl!1>KeHI!1 51 , KaK 1!1 cPYHKl..\11151 cD110Ke fz P,115! sepT111Ka11bHOf0 6eTaTpOH­

HOf0 P,Bl!1>KeHit1 51 . 

Ha p111c. 8 n p 111sep,eH rpaciJII1K MOP,Y1151 cPYHKl..\111111 OTK11111Ka IFI P,1151 p,eiiiTpo­

HOB s cTpyKType COSY s 3aBI!1CII1MOCTII1 oT Koopp,111HaTbl sp,onb pasHosecHoiii 

op6111Tbl . 
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noACTaBLt1B 3Ha4eHLt151 Lt1HTerpallOB nolle~, Lt1CnOllb3yeMbi X B 3 KCnepLt1MeH­

Te , nOllY4Lt1M, 4TO MOL4HOCTb rf-pe30HaHCa pasHa Wrf = 10- 6 . 0 TllLt14Lt1e no­

lly4eHHOro pe3yllbTaTa OT 3KCnepLt1MeHTallbHOrO BnOllHe 06b51 CH51eTC51 Bbl-

6paHHbiM npLt16llLt1>KeHLt1eM npLt1 pacYeTax. YYeT " sblnaAaHLt151" MarHLt1THoro 

nOll51 Ha Kpa51X nOBOpOTHbiX MarHLt1TOB, a TaK>Ke KOHe4HOCT b AllLt1Hbl rf­

ALt1nOll51 MO>KeT Lt13MeHLt1Tb nolly4eHHOe 3Ha4eHLt1e MOL4HOCTLt1 pe30HaHCa (All51 

npLt1Mepa, 3Ha4eHLt1e MOAYll>l ¢YHK~Lt1Lt1 OTKllLt1Ka B nycTOM npoMe>+<yTKe, rAe 

yCTaHOBlleH rf-ALt1nOllb, Lt13MeH51eTC51 s Lt1HTepBalle OT 0.09 AO 0.15). 
¢yHK4Lt151 OTKllLt1Ka n03BOll51eT llerKO HaXOALt1Tb MOL4HOCTb Cn Lt1HOBOrO pe-

30HaHCa All51 llto6oro KOllLt14eCTBa rf-ALt1nOlle~ . npLt1 3TOM MO ll\HOCTb pe30-

HaHca onpeAell51eTC51 He TOllbKO MOAYlleM ¢YHK4Lt1Lt1 OTKllLt1Ka , HO Lt1 e~ ¢a3o~ . 
CTaHOBLt1TC51 peallbHO~ 3aAa4a 3¢¢eKTLt1BHoro B03Ae~cTBLt151 a cnLt1Hosoe 

ABLt1>KeHLt1e npLt1 ycllOBLt1Lt1 KOMneHCa4Lt1Lt1 pe3oHaHcHoro B036y>+<AeHLt151 sepTLt1-

KallbHOro ABLt1>KeHLt151 c noMOL4bto HeCKOllbKLt1X rf-ALt1nolle~ . 

Bo speM51 3KcnepLt1MeHTOB Ha COSY TaK>+<e Lt13Mep51llaCb 3 aBLt1CLt1MOCTb 

MOL4HOCTLt1 rf-pe30HaHCa OT 3Ha4eHLt151 BepTLt1KallbHO~ 6eTaTpOH Oiii 4aCTOTbl 

liz npLt1 npLt16llLt1>KeHLt1Lt1 K BHYTpeHHeMy pe30HaHcy: 

Ilk = kN ± v; = kN ± (liz - 2) , 

rAe N - KOlll.14eCTBO cynepnep1.10AOB, KOTopoe npLt1 3Ha4eHI.1 1.1 sepT1.1Kallb­

HOi:1 6eTaTpOHHoi:1 YaCTOTbl liz = 3.6 paBHO 6. Mo1.4HOCTb rf- pe3oHaHca s 

npeAelle II -t kN ± (liz - 2) MO>KeT 6b1Tb Bblpa>KeHa 4epe3 MOL4HOCTb 

6llLt1>Kai:1wero BHYTpeHHero cni.1Hosoro pe3oHaHca: 

!Wrfl-t <pxRIJzl lw~ntrl . (4) 
81r iazl lv- llkl 

lt1cnOllb30BaHI.1e COOTHOWeHI.151 ( 4) BMeCTO 061_4ei;1 cPOPMYll b l (3) B6llLt13Lt1 

Hecynepnep1.10AHbiX pe30HaHCOB C MallO~ MOll\HOCTbiO Wm (11m = m ±liz*· 
np1.1 m -=/= kN) 51Bll51eTC51 np06lleMaTI.14HbiM, TaK KaK 3TO COOTHOWeHLtle 

cnpaBeAlli.1BO lli.1Wb B Y3Koi:1 nolloce no b.v = lv - llml << jwm/wttrj . 
B yKa3aHHoi:1 Y3Koi:1 nolloce Tpe6yeTC51 npoBOAI.1Tb 6ollee TOY Hbli:1 aHalll.13 . 

lt1MeHHO TaKa51 Cli1TYa4Lt151 npoLt1CXOAII1T All51 Aei:1TpOHOB B CTpyKType COSY 

np1.1 11 = -0.2. 5lli.1>Kai:1wl.11:1 pe3oHaHc Ilk = liz - 4 51Bll51eTC51 Hecynepne­

p1110AHbiM c AOCTaTOYHO Malloi:1 MOL4HOCTbto, npLt1 3TOM 6llLt1 >+<a~wi.1M cy­

nepnep1.10AHbiM 51BJ151eTC51 pe30HaHC v1ntr = liz - 2 C AOCTaTOLf HO 60llbWOi:1 

MOL4HOCTbto. CooTHOWeHI.1e (4) 6yAeT cnpaBeAllLt1BbiM 111.1Wb s Y3Koi:1 nolloce 

~II« 0.01. 
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Ha p111c. 9 np111BeAeHbl rpa¢111KIII pacYeTa MOll.\HOCTIII rf-pe3oHaHca . 

Cn11owHa~ 11 111 HII1~ cooTseTcTsyeT pacYeTy MOll.\HOCTIII pe3oHaHca no o6ll.\eiii 

cPOPMYlle (3) (np111 OTCYTCTBIIIII1 111Mny11bCHOro pa36poca) , nyHKTIIIpHa~ 11111-

HII1~ cooTseTCTsyeT pacYeTy no np111611111>KeHHoiii ¢opMy11e (4) . Ha rpa¢111Ke 

TaK>Ke np111CYTCTBYIOT TOYKIII, KOTOpble COOTBeTCTBYIOT 3KCnep111MeHTa11bHbiM 

pe3y11bTaTaM . 

3 

2 h ·- ··.f 
• Yz 

3.65 3.70 3.75 3.80 3.85 3.90 

P111c. 9: Mo~HOCTb rf-pe3oHaHca , liiHAYLIIIIPOBaHHoro e6111113111 pe3oHaHca v = llzo -
4, B 3aBIIICIIIMOCTiil OT eepTIIIKailbHoL;i 6eTaTpoHHOL;i YaCTOTbl 112 • CnnowHa5! 11111Hiil5! 

COOTBeTCTByeT MO~HOCTIII pe30HaHca Wrf no cP· (3), nyHKT111pHa5! J1111Hiil5!- no cP· ( 4 ). 
ToYKiil cooTBeTCTBYIOT 3Kcnep111MeHTallbHbiM pe3yilbTaTaM 

. . 
B111A111M, YTO AaHHble HaXOA~Tc~ B YAOB11eTBOp111TellbHOM cor11aC111111 c onbi-

TOM. KaK y>+<e OTMeYa110Cb BbiWe, pacYeT no np111611111>KeHHOiii ¢opMyne (4) 
cosnaAaeT c pacYeToM no o6ll.\elll ¢opMyne (3) lliiiWb s y3KOIII nonoce. 0TMe­

TIIIM, YTO 3KCn ep111MeHT np0111CXOA11111 np111 BbiKJliOYeHHOM OXJla>KAeHIIIIII nyYKa . 

0T11111YII1e 3KCnep111MeHTallbHbiX 3HaYeHI/Ii/1 B nepBOM np1116Jli!I>KeHI/III1 06b~CH~­

eTC~ HeyYTeH Holil np111 pacYeTax KoppeK4111ei/1 MarHII1THOIII CTPYKTYPbl COSY, 

np111 KOTopoi/1 npoBOAII111111Cb 3Kcnep111MeHTbl. CneAyeT yYeCTb pea11bHYIO A11111-

Hy rf-AIIInOll~, ¢a30Bbli/1 pa36poc YaCTII14 B cryCTKe, pa36poc OTCTpOiiiKIII 

cnii1Hosoro pe3oHaHca, KaK no 3Hepr111111, TaK 111 1113-3a xpoMaTII1YHOCTIII sep­

TII1Ka11bHbiX 6eTaTpOHHbiX K011e6aHIIIIil. B peallbHOM ycKop111Tene np111H4111nlll­

a11bHbiM MO>KeT 6b1Tb yYeT MeA11eHHOiil CIIIHXpOTpOHHOiil MOAYll~l...\111111 ¢a3bl Ill 

::mepr111111 YaCTII1 4. HeTOYHOCTb MO>+<eT BHOCII1Tb TaK>Ke o6pa6oTKa 3Kcnep111-

MeHTa11bHbiX pe3Y11bTaTOB no MOA111cPII14111POBaHHOIII FS-¢opMyne (1) . nplll 

np111611111>KeH111111 YaCTOTbl npe4eCCIIIIII K BHyTpeHHeMy pe30HaHCy, a TaK>Ke K 

4e11oMy 11111111 no11y4e110My 3HaYeHII110 Heo6XOAIIIMO npoaHaJlll13111pOBaTb 3aAa-

24 



'-IY 0 nepeCe'-leHI1H1 11 C,D,BOeHHbiX 11 (Hel/13011111pOBaHHb1X) pe30HaHCOB. 

3a Kll to'-leH 111e 

B 3aKJlto'-leHIIIIII KpaTKO CcPOPMY11111pOBaHbl OCHOBHble pe3yll bTaTbl p,aHHOL-1 
,D,IIICCepTai..\IIIOHHOL-1 pa60Tbl, BbiHOCIIIMble Ha 3al!.\111Ty. 

n p111110:>KeH 111e 

B np111110>+<eHIIIIII paCCMOTpeHO cPa30BOe ,lJ,BIII>+<eHIIIe B J1111H eL.1HOM YCKOpiii­

Telle nY-20. np01113Bep,eH paC'-leT npO,D,OJlbHbiX Ill nonepe'-lHbiX KOJle6aHIIIL.1 B 

nY-20, He06XO,D,IIIMbiL.1 ,0,1151 Bbl'-liiiCJleHl/151 TeH30pa p,en01151p1113al.\llllll, paCCMOT­

peHHOrO s nepso~ r11ase . 
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