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OBm;AH XAP AKTEPHCTHKA P ABOTbI 

AKTYaJihHOCTh TeMbl. B coBpeMeHHOH .Hp;epHoii cpn:nn

Ke 6orr1>1110e BHIIMaHIIe yµ;emieTC.H IlOHCKY H n:ccrrep;oBaHIIIO 

nenyKITOHHbIX CTeneHeii CBo6op;oI B .Hp;pax n: .Hp;epHnIX npo

:a;eccax. B OCHOBHnIX COCTO.HHII.HX .Hp;ep HeHyKJIOHHhlMH KOM

IlOHeHTa:MII .HBJI.HIOTC.H Me:JOHHoie, II306apHI>Ie, MHOrOK!lap

KOBnie II T.rr. Koncpn:rypa:a;nn. B n1,1coK0Bon6y)Kµ;eHHnIX .Hp;ep

HnIX CIICTeMaX noµ; HeHyK1IOHHbIMII COCTO.HHII.HMII O 6oI"IHO 

rro;o;pany:r-.rnnaroTC.H COCTO.HHII.H KBapK-I'1IIOOHHOH rrrra3MI,I. 

B rrocrre;o;nee BpeM.H o6cy)Kµ;aeTC.H e~e o;o;Ho CBOHCTBO BnI

coKonon6y21<:;o;ennoii a;o;ponnoii MaTepIIII - TaK Han1,rnaeM1>1:ii 

1mparr1,n1>n1 cpanoBI>IH ·rrepexo;o;. B 0TOM crry-qae rrpII KOHe'I

HnIX TeMrrepaTypax II 6apIIOHHbIX IIJIOTHOCT.HX Q)KIIp;aeTC.H 

BOCCTaHOBJieHIIe KIIparroHOII CIIMMeTpIIH, KOTOpa.H rrpII nyne

BnIX TeMrrepaTypax CIIOHTaHHO_ Hapyrnena. 

OcHOBHnIM IICTO'IIDIKOM IIH<popMa:a;mr O HeHyKrrOHHbIX KO

MIIOHeHTax .HBJI.HIOTC.H .Hp;epn1,re rrpo:a;eccoI c 6om,rnoii rrepe

;o;a"Ieii IIMrryrroca. cho peaKD;IIII yrrpyroro II rrry6oKoneyrrpy

roro pacce.HHII.H 0rreKTpoHoB rrer"!a:iirnIIMII .H;a;paMII, 0KcrrepII

MeHTarr1,n1,re lICCrre;a;oBaHII.H KOTOpbIX Be;a;yTC.H B ycKOpIITerr1,

HbIX :a;enTpax X<PTM, SLAC, SACLE II rrrraHnpyroTc.H na 

ycTaHOBKe CEBAF. KpoMe Toro, IIH<popMa:a;II.H o nenyKrron

HnIX KOMIIOHeHTax B .H;a;pax B Te"!eHIIII p.H;a;a rreT lI3B1IeKaeTC.H 

Im ;a;aHHnIX no KYMYIT.HTIIBHI>IM a;a;poH-.H;a;epHI>IM peaKD;II.HM, 

norry"IeHHI>IX B OM.HM II MT8<P. 

<Panonoie nepexo;a;1,1 B BhlCOKOB036y)K;a;eHHl>IX .H;a;epHnIX 

COCTO.HHII.HX mmnnpyeTC.H II3y"IaTn B :a;eHTparrnHbIX CTOJI

KHOBeHII.HX T.H~(eJioIX perI.HTIIBIICTCKIIX .H;a;ep nyTeM Hccrre;a;o

naHII.H cneKTpOB BTOpII"IHbIX "!aCTII:a;, II31IY"!aeMoIX II3 BbI

COKOB036y)K;a;eHHOH .H;a;epHoH noHI>I. Han6orree nepcrreKTII-
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DHLIM n;a;ec1, npe;a;cTamrn:eTcJI IIccrre;a;onam1e cneKTpon pe

arrnHbIX IIJIII BIIpTyaJibHbIX q>OTOHOB ( rrenTOHHLI)C nap). 

IlpII 3TOM cneKTp ;a;1menTOHOB 6orree IIHq>OpMaTirneH, no

CKOJibKY OHII IIMeIOT ;a;onoJIHIITeJibHYIO CTeneHb cno6o;a;1,1 

- IIHDapIIaHTHJIO Macey BIIpTyaJibHOro q>OTOHa ( rrenTo~

HOH nap1,1). I1MeIOI.IJ,IIeCJI 3KcnepIIMeHTaJibHbie ;a;aHHbie no 

e+e--po)K;a;eHIIIO B a;a;poH- II JI;a;po-JI;a;epHbIX B3aIIMo;a;en

CTBIIJIX npII npoMe2KyTO1III1,1x 3HeprII.Hx norry"<IeHbI DLS
Korrrra6opa:a;IIen: B BepKJIII. Ilepn1,1e ;a;aHHbie no o6panonaHIIIO 

;a;IIMIOOHOB 61,rnII norry"<IeHbI Ha ycTaHODKe C<t>EP An OUHM. 
8TII IIccrre;a;onaHIIJI 6y;a;yT npo;a;orr)KeHbI II pacumpeHbI npn 

nno;a;e B 3KcnrryaTaD;IIIO B OMHII Honoro cnepxrrpono;a;JII.IJ,ero 

ycKOpIITeJIJI peJIJITIIDIICTCKIIX .JI;a;ep - HJKJIOTpoHa. 

B o6oIIX CJIJ"'IaJIX npoJIBJieHIIe 3K3OTII"'IeCKIIX COCTO

JIHIIH JI;a;epHoro BeI.IJ,eCTBa rrpoIIcxo;a;uT Ha cpoHe o6nPI

HbIX HYKJIOH-HJKJIOHHbIX B3aIIMo;a;eiicTmu':i. IIpo6rreMa Kop

peKTHoro y"<IeTa JI;a;epHbIX II q>OHOBI:.IX 3q>q>eKTOB ncer;a;a aK

TyaJibHa, K_or;a;a 1m KaKoro-rrII6o rrpo:a;ecca HJ)KHO IInnrre"<II:. 

IIHq>OpMaD;IIIO O BCeD03MO)KHOil "3K30TIIKe". YrrpoI.IJ,eHHI:,Ie 

o:a;eHKII JI;a;epHLIX 3q>q>eKTOB MoryT npIIBeCTII K HerrpaDIIJII:,

HbIM Bbmo;a;aM O BeJIII"'IIIHe npIIMeceII HeHJKJIOHHI:.IX KOMIIO

HeHT II cyI.IJ,ecTBOBaHIIII cpanonoro rrepexo;a;a. 

II;eJib pa6oTbl COCTOIIT n IICCJie;a;onaHIIII DJIIIJIHIIJI JI;a;ep

Horo B3aIIMo;a;eHCTBIIJI B KOHe"'IHOM COCTOJIHIIII II 3q>q>eKTa 

aHTIICIIMMeTpima:a;IIII ITO KBapKOBI:,IM nepeMeHHI:,IM B .3.JieK-
v 

TpopacI.IJ,errrremrn ;a;eIITpoHa; uccrre;a;onamrn panJIII"'IHI:.IX Me-

xaHilnMOB o6panoBaHIIJI JieIITOHHbIX nap n rrpo':rOH-;a;enT

pOHHI:.IX CTOJIKHOBeHIIJIX, pac"<IeTe II aHarrune ce"<IeHIIJI O 6pa-

3OBaHirn BeKTOpHLIX Me3OHOD B6JIII3II rropora. 
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HayqHa.JI HOBHOHa II n;eHHOCTb pa60Tbl. 

BrrepBI:.Ie Hau6orree norrHo uccrre;a;onaHLI 3q>q>eKTI:.I nnau

:r-.rn;a;e:iicTBIIJI B KOHe"'IHOM cocTOJIHIIII (BKC) B peaK:a;uu 3JieK

TpopacI.IJ,errrreHIIJI norr.HpII3OBaHHI:.IX ;a;en:TpOHOB Ha OCHOBe 

TO"<IHoro perneHIIJI ypanHeHIIJI IIlpe;a;IIHrepa ;a;rrJI HerrpepLI

DHoro crreKTpa C peaJIIICTII"'IeCKIIM ( "rrapll)KCKIIM") IIOTeH

:a;uarroM, J"'IIITbIBaIOI.IJ,IIM o6MeH er, 1r, p, w-MenoHaMII. IIpe;a;

cKanaHo BJIIIJIHIIe 3q>q>eKTOB BKC Ha 3KCKJII03IIBHbie II IIH

KJII03IIDHI:.Ie ce"<IeHIIJI II Ha BeJIII"'IIIHJ T20 ( "'IJBCTBIITeJII:.HOCTI:, 

K Kna;a;pyrrorr.HpIIna:a;IIII ;a;eiiTpOHa). HoBLIM MOMeHTOM JIB-:

JIJieTCJI y"<IeT 3q>q>eKTa aHTIICIIMMeTpuna:a;IIII no KBapKOBI:.IM 
V V 

rrepeMeHHLIM KaK o;a;aoro II3 rrpOJIBJieHIIII MHOrOKBapKOBOII 

CTPYKTYPI:.I HJKJIOHOB B Ha6rrro;a;aeMI:.IX xapaKTepIICTIIKax pe

aKD;IIII. IloKanaHo, ."'ITO B ;a;ocTIIrHyTLIX Ha cero;a;HJIIIIHIIH 

;a;eHI:, KIIHeMaTII"'IeCKIIX o6rracTJIX BKJia;a; aHTIICIIMMeTpuna

D;IIII B IIHKJII03IIDHbIX crreKTpax He rrpeBLIIIIaeT 10%, HO 

OH yneJIII"'IIIBaeTCJI C poCTOM rrepe;a;aHHOro IIMIIJJII:.Ca, "'ITO 

HJ)KHO Y"'IIITI:.IBaTI:. rrpII aHaJIII3e 6y;a;yI.IJ,IIX 3KCIIepuMeHTOB. 

Ha ocHone KIIparrI:.HOH Mo;a;erru HaM6y-lioHa-Jiacumm, co-
V V V 

;a;ep)KaI.IJ,eII Me3OHHLIII II ;a;uKBapKOBI:,III ceKTOpnI, nrrepBLie 

paCC"'IIITaHbI crreKTpnI po)K;a;emrn BeKTOpHI:.IX Me3OHOB B pe

aKD;IIII rrpOTOH-IIpOTOHHOro pacceJIHII.H B6JIII3II rropora. IIo

CTpoeHa ;a;uarpaMMHaJI TeXHIIKa ;a;rrJI pac"<IeTa aMIIJIIITy;a; KOH

KpeT~I:,IX rrpo:a;eccon. IIccrre;a;onaHa TeMnepaTypHaH nanucu

MOCTI:. ce"<IeHIIJI o6panonaHIIJI p/w B ropJI"<Ieii JI;a;epHoii noHe II 

rrpe;a;cKat:3aHO, "'ITO norrHoe ce"CfeHIIe IIMeeT MaKCIIMYM B TO"'IKe 

KIIparrI:.Horo· cpanonoro rrepexo;a;a, !:OTOpnIH MO)KeT 6hlTI:. Ha-

6rrro;a;aeM 3KCIIepIIMeHTaJII:.HO., 

IIpoaHarrIImipOBaHLI OTHOCIITeJII:.HI:.Ie BKrra;a;nI B ;a;IIrrerr

TOHHbie crreKTphl panJIII"'IHLIX IICTO"IHIIKOB O 6panonaHII.H 
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rrenTOHHhlX nap B pp- H pd-nnaHMo;a;encTBIDIX npH npo

Me)KYTO'lHhlX :meprIDix: TOpMO3HOI'O lI3JIY'leHlI.H B pn
B3alIMO)];eHCTBlilI, ;a;arrmi;eBCKlIX pacna;a;oB ~-Il306apb1 Il 'T]-

u 

lI w-Me3OHOB, np.HMOlI KOHBepClilI BeKTOpHhlX P, w-Me3OHOB. 

BnepBhle npe;a;JIO.)l{eHhl MexaHII3Mhl 1) )];IlHaMH'leCK0I'O rro;a;a

BJieHIDI BKrra;a;a TOpMO3HOI'O lI3JIY'leHIDI 3a C'leT y11eTa BHe

MaCCOBOCTlI BlIPTYaITbHOI'O np0TOHa H 2) )];IlHaMlI'leCKOI'O 

no;a;aBrreHH.H BKrra;a;a ;a;arrHIJ;eBCKHX pacna;a;oB ~-Hno6apb1 na 

C'leT y11eTa 3aBlIClIMOCTil nepO.HTHOCTil o6pa30BaHIUI ~-

1mo6aphl OT ee Macchl. IIoKanaHo, 'ITO no Mepe ynerr1111eH1UI 
u 

Ha'laJibHOlI :meprlIIl BKrra;a; TOpMO3HOI'O Il3Jiy'leHIIH yMeHb-

maeTC.H Il )];OMlIHHpyroT a;a;poHHhle lICTO'lHilKil ;a;11rrenTOHOB. 

Anpo6au;1111 paooTbI. PenyrrnTaThl, npe;a;cTaBrrcHHbie n 

;a;11ccepTa11;1111, Heo;a;HoKpaTHO o6cy.)l{;a;arrHcb Ha ceM1-rnapax 

Jla6opaTopH1I TeopeTII'leCKOH q>II3IIKII OMJUI, Kacpe;a;pnI Te

opeTH'leCKOH II 11;a;epHOH q>II3lIKII ,I(BrY, )J;OKJia)];bIBaJIIICb Ha 

pa6011eM ceMIIHape ,I(BrY-MrY (Brra;a;HBOCTOK-1989 r.), 

Me.)l{;a;yHapo;a;HOM ceMIIHape no npo6rreMaM q>II3IIKil BhlCOKIIX 

:meprIIH (.IJ:y6Ha-1990 r.), Me.)l{;a;yHapo;a;HoM pa6011eM coBe

I..I.J;aHIIII no CTPYKType ;a;enTpOHa (.IJ:y6Ha-1991 r.), Ha Me.)l{

;a;yHapo;a;HOH mKorre-ceMIIHape no perr.HTHBIICTCKOH 11;a;epHOH 

)];IIHaMHKe (Brra;a;IInocToK-1991 r.), Ha XIX Me.)l{;a;yHapo

)];HOM pa6011eM COBeI..I.J;aHIIII no CBOHCTBaM 11;a;ep II 11;a;epHbIM 

Bon6y.)l{;a;eHII.HM (XIIpmer, AncTpIDI-1991 r.), Ha Me.)l{;a;yHa

po;a;HnIX pa60'lIIX COBeI..I.J;aHII.HX no nporpaMMe ren3eH6epr-

JlaH;a;ay (.IJ:y6Ha-1991, 1992 rr.). 

Ily6n11Kau;1111. Pe:.JyrrnTaThl ;a;IIccepTaIJ;IIII ony6rrIIKO

naHhl n ;a;neHa;a;11;aTII ne11aTHhlX pa6oTax. 

Oo'beM pa0OTbI. ,I(IIccepTaIJ;IDI COCTOIIT II3 BBC)];CHII.H, 

'leThlpex rrran, 3aKJIIO'leHII.H, npIIJIO.)l{eHIDI II cnIICKa JIIITe-
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paTypnI. O6':beM ;a;uccepraIJ;IUI - 110 CTpaHIIIJ; MalllIIHOnII

CH0I'0 TCKCTa, 44 pucyHKa, 3 Ta6JIIIIJ;bI. BII6mmrpaq>IDI co
;a;epJKIIT 127 HaIIMeHonamrii. 

CO,IJ;EP)KAHME P ABOTbI 

Bo BBeµ;eHHH 06ocHonaHa.aKTyarrbHOCTb TeMhl, ccpop

MYJIIIponaHa IJ;eJib pa60TbI II KpaTKO II3JIO.)l{eHo co;a;ep.)l{aHIIe 
)];IICCCpTaIJ;HII. 

IlepBa.H rnaBa nocn.HI..I.J;eHa pacCM0TpeHIIIO 3ITCKTpopac

I..I.J;enrreHIIH norr11p1monaHHbIX ;a;eiiTpOHOB. 

IIorr11p1ma11;uoHHbie xapaKTepHCTIIKII orrpe;a;err.HIOTC.H KOM-

6Irna11;ne11 ce-qem1ii c panmP-IHbIMII npoeKIJ;II.HMII c1111Ha 

)];CIITpOHa II B CIIJIY 3TOI'O OKa3bIBaIOTC.H "'lYBCTBIITeJib

HbIMII K KOMIIOHCHTaM ;a;eiiTpOHH011 norrHonoii: q>yHKIJ;HII. 8To 

rro;u,Tnep.)l()J;aCTC.H HMCIOI..I.J;IIMIIC.H 3KCIICpHMCHTaJibHbIMII ;u,aH

HbIMII II .TeopeTII"ICCKIIM aHaJIII3OM cpparMeHTaIJ;IIII IIOJI.HpII-

30BaHHbIX )];CIITpOHOB Ha 11;u,pax. 3;u,ecb IIHTepecHO TO, "'ITO 

IIMIIYJibCHOe rrpn6mrn(CHIIC c peaJIIICTII'lCCKIIMII B0ITH0BbIMII 

q>yHKIJ;IlHMII He ;a;aeT ;u,a.)l{e Ka"'leCTBeHH0I'0 0IIIICaHII.H Kna;a;py

norr11p1ma11;1rn ;u,eiiTpoHa T20. IIoKa3aHo, "'ITO TOJibKO B paM-

1rnx rrpocTeiimnx npe;a;cTanrrem1ii o MexammMe peaKIJ;IIII (n 

;u,aHHOM crryi=iae - n npeHe 6pe)KeHIIII BK C). TeopeTII"'lecKIIe 

Bbipa.)l(eHirn )];JI.H T20 B 3KCKJII03IIBH0M II I-IHKJII03IIBHOM crry

"Ia.HX conrra;a;aIOT MC)K;r:I,Y co 6011, a.TaDKe C norry"'leHHblMH )];JI.H 

;u,pyrIIx peaKIJ;IIH. Y"'leT )Ke BKC. M0.)l(eT Kap;a;IIHaITbHO 113-

MCHIITb j}C3JJibTaTbI. IIpone;a;eHHbie paC"'lCTbl y6e;a;nTeJibHO 

rroKa3bIBaIOT, "'ITO 6e3 y,:1eTa BKC HeKoppeKTHo aHamm11-

ponaTb 6y;u,yI..I.J;IIC nomrpn3aIJ;II0HHble 3KcnepIIMCHTbI . (rrpo

rpaMMa ycKop11Terr11 CEBAF, CIDA, 1995 r.). C ;a;pyroii 

CTOp0HbI, II0KanaHo, "ITO II 3)];CCb M0.)l{H0 HaIITII TaKIIC KH-

5 



HeMaTIPieCKIIe 06rracn1, r;u;e nKrra;u;1,1 BKC 6y;u;yT He::ma"<III

TerrhHhI, "<ITO nonBOJIIIT Henocpeµ;cTBeHHO 1myqaTb oco6eH

H0CTII CTPYKTyphl ;u;eIITpoHa, CB.H0aHHbie C HeHyKJI0HHhlMII 

CTeneH.HMII CB0 60µ;1,1. 

llccrre;u;onaHo npo.nBrreHIIe KnapKonoii cTpyKTyp1,1 caMIIX 

HYKJI0H0B - aq>q>eKThl aHTIICIIMMeTp1Inan;m1 no KBapK0BhlM 

nepeMeHHhlM. IloKanaHo, "<ITO Ha Tex Me)KHYKJI0HHblX pac

CT0.HHII.HX, K0T0pble ;D;0CTII)KIIMhl ceII"<IaC B aKcnepIIMeHTaX C 

arreKTpoHaMII, yqeT aHTIICIIMMeTp11nan;m1 crra6o {Ha yponHe 

3-5%) II0MeH.HeT penyrroTaTbl o6bl"<IHblX .n;u;epHbIX Mo;u;errefr 

;u;eiiTpoHa. Crre;u;yeT 0TMeTIITb, "<ITO norry"<IeHHbie q>opMyJihl, 

Y"<IIITbIBaIOrn.IIe npIIHD;IIII IlayrrII, MoryT 601Tb IICII0Jibtl0BaHbl 

n ;u;arrbHeHIIJeM rrpII aHaJIIIne aKcnepIIMeHT0ll c 6oJibIIJIIMII ne

peµ;a"<IaMII IIMnyrr1,ca, r;u;e M0)KH0 0)KIIµ;aTb naMeTHoro nmrn

mrn aq>q>eKTOB aHTIICIIMMeTpIInan;IIII. 

Bo BTopoii rJiaBe · Ha ocHone KIIparrbH0 1rnnap1rnH

THoro rrarpaH)KIIaHa TIIna HaM6y-lloHa-JlacIIHIIO IIccrre;u;o

naHa npo6rreMa o6panonaHII.H BCKT0pHbIX Me00H0B npII Him

KIIX aHeprII.HX. 

Moµ;errbHhlH rrarpaH)KIIaH co;u;ep)KIIT MenoHHhlH II µ;IIKnap-
u u 

KOBhllI ceKTOphl C panrrII"<IHbIMII KOHCTaHTaMII nnaIIMOp;eII-

CTBII.H. IlocTpOeHa µ;IIarpaMMHaJI TCXHIIKa ;u;rr.n pac"<IeTa aM

nrrIITy;u;. IloKanaHo, "<ITO µ;JI.H ormcaHII.H aKcrrepIIMeHTaJibHhlX 

;u;aHHhlX He;u;ocTaTO"<IHO Y"<IIITblBaTb TOJihKO MeOOHHhlH ceK

Top. BKrra;u; ;D;IIKBapK0B cyrn.ecTBeH, II noaTOMY norrHoe ce

"<IeHIIe "<IYBCTBIITCJibHO K Bhl6opy napaMeTpon n ;D;IIKBapKO

BOM ceKTOpe. IlpoaHaJIIIOIIponaH BhlXO;D; p- II w-Me30HOB B 

30He rop.nqen II nrroTHOH .n;u;epHOH MaTepIIII. O6Hapy)KeHo, 

"<ITO 3aBIICIIMOCTb ce"<IeHII.H neKTOpHbIX Me30HOB OT TeMne

paTyphI IIMeeT HeMOHOTOHHhIH xapaKTep, "<ITO o6ycrronrreHO 
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pa3JIII"<IHOH TeMnepaTypHOH 3aBIICIIM0CThIO BKrra;u;on OT pan

HhlX IICTO"<IHIIK0B o6pa30BaHII.H BeKTOpHbIX Me30HOB. 8To 

nccrre;u;onaHIIe II0CJIY)KIIJI0 OCHOBOH ;D;JI.H pac"<IeT0B Bhlxo;u;a p;II

rreIIT0H0B 113 BhICOKOB036y)K;u;eHHOH a;u;poHHOH cpeµ;hl, npe;u;

CTanrreHHhIX n 4-ii rrrane p;IIccepTan;m1. 

TpeTb.R rnaBa nocn.nrn.eHa IIccrre;u;onaHIIIO nx:rra;u;a Top

M03Horo 113rry"<IeHII.H n o 6pa3onaHI1e rreIIT0HHhlX nap n 

pn- II pd-n3aIIMo;u;eiicTBII.HX rrpII Ha"<IaJibHhlX aHeprII.HX 1 7 

5 raB/HyKJIOH. 

Ce"<IeHIIe TOpMOOHhIX ;u;1merrTOHOB pacC"<IlITbIBaeTC.H B 

rrpII6JIII)KeHIIII o;u;Ho6030HHOro o6MeHa, r;u;e napaMeTphl 

;u;nyx"<IaCTII"<IHOH T-M~TpIID;hl Bbl6IIpaIOTC.H II3 ycrroBII.H y;u;o

nrreTBOpHTeJibHOro OIIIICaHII.H ax:crrepIIMeHTaJibHhlX .;u;aHHhIX 

110 ynpyroMy pn-pacce.HHIIIO rrpII COOTBeTCTBYIOlll.IIX aHep

rII.HX. IloKa3aHO, "<ITO TeopeTII"<IeCKOe Ce"<IeHIIe C y"<IeTOM 

arreKTpoMarHIITHoro q>opMq>ax:Topa n pp')'-neplIIIIHe, crre~y

rorn.ero 113 Mo;u;errII neKTOpHOH ;D;OMIIHaHTHOCTII, rrpeBhllllaeT 

ax:crrepnMeHTaJihHO II3MepeHHOe n crra6o 3aBIICIIT OT Bhl-

6opa rrapaMeTpon ;u;nyx"<IaCTII"<IHOH T-MaTpIID;hl. C;u;erraH Bhl

no;u; o Heo6xop;IIMOCTH p;IIHaMII"<Iecx:oro rroµ;anrreHII.H nx:rra;u;a 

T0pM03Horo 1mrry"<IeHII.H, pearrn3onaHHhlH n rrpe;u;rro)KeHHOH 

Mo;u;errII y"<IeTa BHeMaCC0BOCTll ;u;nyxqaCTII"<IHOH T-MaTpIID;hI. 

PacC"<IIITaHHble crreKTphl TOpM03HhlX ;D;IIJienT0H0B II0Ka3aJIII, 

"<ITO rro;u;anrreHIIe T0pM03Horo II3Jiy"<IeHII.H Im-3a BHeMaCCOBO

CTII BIIpTyarrhHOro HYKJI0Ha B03pacTaeT C pOCT0M Ha"<IaJib

H0II am:~prIIH. 

"CJerrBepTa.R rJiaBa rrocn.nrn.eHa aHarr113y a;u;poHHhlX IIC

T0"<IHIIKon rrerrTOHHhl:X rrap B pn- II pd-B3aIIMo;u;eiicTBII.HX. 

IlpII pac"<IeTe nx:rra;u;a ;u;arrIIn;encK.IIX pacrra;u;on ~-II30 6ap 

B03HIIKaeT Ta )Ke npo6rreMa, "<ITO II n crryqae TOpM03HOro II3-
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rry-qemrn - npem>1wemre TeopeTII"'lecKoro ce-qemrn Haµ; 3Kc

nepHMeHTam,HhlM npH 6om,WHX HHBapHaHTHbIX Maccax µ;H

rrenT0H0B. HoBhlM M0MeHT0M .HBlliieTC.H y"'leT naBHCHM0CTH 

KBaµ;paTa aMIIJIHTY)];bI po)Kµ;eHH.H ~-Hno6apbl OT. ee MaCCbI, 

KOTOphlH npHB0)];HT K )];0II0JIHHTeJibH0MY noµ;anrremuo Bbl

xoµ;a )];HJielITOHOB. PacC"'IIIThlBaIOTC.H BKrraµ;1,1 µ;amn::i;eBCKIIX 

pacnaµ;on TJ- H w-MenoHon II aHammHpyeTc.H BKrraµ; OT pac

naµ;on BeKT0pHhlX Me30H0B, o6panyrow;IIXC.H B HJKJI0H-HYK-:

JIOHHbIX CTOJIKHOBeHII.HX. 

IIponeµ;eH cpaBHIITeJII,HbIH aHaJIII3 BhlXOµ;a µ;urrenTOHOB B 

pp- II pd-nnaHMoµ;eiicTBirnx. IloKanaHo, "'ITO T0JII>Ko nocrre 

Tlll;aTeJII>Horo II3J"'leHirn MexaHII:JMa po)Kµ;eHII.H )];IIJielITOHOB 

MmKHO Haµ;e.HTbC.H Ha peaJI_bHOCTI, IICIIOJib30BaHII.H rreIITOH

HhlX nap B Ka"'leCTBe IIHCTpyMeHTa IICCJieµ;onaHII.H 11µ;epHOH 

cpeµ;hl B ycrr0BII.HX BbIC0KIIX TeMnepaTyp II IIJI0TH0CTeII. 

B oaKJuo-qeHHH ccpopMymrponaHI>I 0CH0BHI>Ie penyrrI>Ta

TbI µ;HccepTaIJ;IIH. 

B npHJI0:>KeHHH II3JiaraeTC.H MeT0)]; IICKa)KeHHbIX B0JIH 

B peaKIJ;IIII 3JieKTpopacw;ernremrn µ;e:iiTpoHa, IICIIOJib3JeMbIH 

rrpII pac"tJ:eTe ce"'leHirii. 

OcHOBHble peoyJibTaTbl p;HccepTaD;HH, 

Bbl;JJ;BHraeMhie Ha oain;HTY 

1. llccrreµ;omtHO BJIII.HHIIe nnaIIMoµ;eiicTBII.H B KbHe"'IHOM 

COCTOHHIIH Ha HHKJIIO:JIIBHbie II 3KCKJII03IIBHbie II0JI.HpIInar:i;II-

0HHhle xapaKTepIICTIIKII peaKIJ;IIII ed - e1np. IloKanaHo, "'ITO 

rrorurpII3aIJ;II0HHhle xapaKTepIICTIIKII O"'leHI, "'IJBCTBHTeJibHI,I 

K npeµ;rrorrmKeHII.HM 0 MeXaHII:JMe peaKIJ;IIII II "'ITO WHp0KOIIC

II0Jib3JeMoe IIJIOCKOBOJIHOBOe IIpII6JIII)KeHIIe He II03BOJI.HeT, 

Boo6w;e ronop.H, II0JIJ"'IIITb aµ;eKBaTHYIO IIH<pOpMaIJ;IIIO 06 
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"3K30TIIKe" Il II0JI.Hpm:mr:i;IIOHHhlX 3KCIIepIIMeHTax. BbIBO)]; Ka:. 

-qecTneHH0 corrracyeTc.H c penyrrI>TaTaMH aHarrH:Ja µ;pyrHx 

peaKIJ;IIH. 

Orrpeµ;erreHhl KIIHeMaTII"'leCKIIe o6rracTII, n K0Top1,rx BKC 

IIrpaeT )];0MIIHIIpyrow;yro p0JII, IIpII 0IIIICaHHH HHKJIIO:JIIBHhlX 

II 3KCKJII03IIBHhlX rrorr11p1maIJ;IIOHHhlX 3KCIIepIIMeHTOB C 3JieK

Tp OHaMII. ,U:rr.H IICcrreµ;onaHII.H HeHyKJIOHHhlX CTeneHeii CB0-

60µ;1,1 11µ;ep 6orree ecTeCTBCHHbI IIHhle o6rraCTH. 

2. Ilponeµ;eHI>I pac"tJ:eTI>I xapaKTepIICTIIK rrpor:i;ecca 3JieK- · 

Tpopacw;enrreHII.H C Y'ICT0M KBapK0B0II CTPYKTJpbI Hy.rmo

HOB. IloKanaHo, "'ITO 3<p<peKT aHTIICIIMMeTpII3aIJ;HH BOJIHOBOH 

cpyHKIJ;IIU µ;en:TpOHa no KBapK0ilbIM nepeMCHHbIM rrpeHe6pe

)KlIM:O Marr Il 3KCilepIIMCHTaJibHO IICcrreµ;onaHHhlX KIIHeMaTII

-c_ICCKIIX o6rraCT.HX, H0·ero y-qeT Heo6xoµ;IIM npII 6oJibWIIX ne

peµ;a'IaX IIMIIJJibCa. 

3. Pacc"'IIITaHo ce-.-remre o6panonaHII.H neKT0pHI>IX Me:Jo

H0B n pp-CT0JIKH0BeHII.HX n paMKax Moµ;emr HaM6y-lloHa

Jlac1IHIIO, coµ;ep)lmw;eii KIIparrbHO IIHBaprrnHTHhle "'ICThlpex

KBapKOBhle B3aIIMO)];CIICTBIUI B Me30HOM II )];IIKBapKOBOM ceK

TOpax C pa3JIII"'IHbIMII 3Ha"'leHII.HMII KOHCTaHT CB.H3Il. IIo

CTpoeHa µ;IIarpaMMHaJI TCXHIIKa )];JI.H paC'ICTa aMIIJIIITY)]; 

K0HKpeTHI>IX rrpor:i;eccon. IloKanaHo, 'ITO rrraBHI>In: nKrraµ; n 

Ce"'leHIIe po)Kµ;emrn p-- II w-Me30H0B rrp0IICX0)];IIT OT µ;n

arpaMM . C npoMe)KyT0"'IHhlM CKarr.HpHhlM )];IIKBapK0M C Mac

coii: mn ~ 2m, rµ;e K0HCTlITyeHTHaJI Macca KBapxa m OK0JI0 

300 Ma~/c2• 

4. IIponeµ;eH aHarrIIn ce-qemrn o6panonaHII.H p,w-Meno

Hon n rop.H'ICH 11µ;epHoii noHe. IloKanaHo, 'ITO n6mmII T0"'IKII 

KnparrI>Horo cpanonoro nepexoµ;a BKrraµ; µ;rIKnapKon pe:JKo 

YMCHbWaeTC.H, a nimaµ; Me30HH0ro o6MCHa ynemI"'IIIBaeTC.H II 
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CTaHOBIITC.H )];OMIIHIIpyrorn;nM. Ilo3TOMY nmrnoe ce'IeHIIe po

)K)];eHII.H p, W-Me3OHOB IIMeeT MaKCHMYM B TO'IKe cpanonoro 

nepexop;a. B npUHQIIne 3TOT 3<p<peKT MO)KeT 6hlTb 3Kcnepn

MeHTaJibHO Ha6rrrop;aeM. 

5. B Mop;errII op;Ho6onoHHoro o6MeHa nccrrep;onaH nKrrap; 

TopMonHoro II3JI}''Iemrn n o6panonaHIIe rrerrTOHHbIX nap n 

pd-nnam.rnp;eiicTBIIII npII Ha'IaJibHhlX 3HeprH.Hx 1 -;- 5 I'3B. 
IloKanaHo, 'ITO ce'leHIIe TOpMonHoro IInrry-qemrn crra6o 'Iy

BCTBIITeJibHO K nn16opy rrapaMeTpon p;nyx-qacTII'IHOH T-Ma

Tpn~, II, crrep;onaTeJibHO, II3MeHeHIIeM TOJibKO :r-.10p;errhHbIX 

napaMeTpon Tpyp;Ho p;o6IITbC.H naMeTHoro yMeHhlllemrn ce

'Iemrn, KOTopoe Heo6xop;nMo p;rr.H p;ocTH)KeHirn corrrac1rn Te

opeTII'IecKnx npep;cKanaHIIII C 3KCnepnMeHTOM. 

6. IIpep;rro)KeH MexaHII3M nop;anrremrn nKrrap;a TopMon

Horo II3Jiy'IeHHH na C'IeT y'IeTa BHeMaCCOBOCTII BIIpTyarrb

Horo npoTOHa. ,I(rr.H 3Toro B neplllIIHHbie cpopM<paKTOpbI 

p;nyx'IaCTH'IHOII T-MaTpm:i;I>I II n 3JieKTpoMarHIITHbie PP'Y
cpopM<paKTOphl BBO)];IITC.H p;OIIOJIHIITeJibHaH nanIICIIMOCTb OT 

~ = PµPµ / m 2 (Pµ - 'IeTI>IpexnMnyrrI>c, m - Macca Hy

KJioHa), KOTOpaH Haxop;IITC.H Ha OCHOBe MOp;errII peJI.HTIIBIICT

CKoro rapMOHII'IeCKoro OCIJ;IIJIJI.HTOpa. B paMKaX p;aHHOro 

nop;xop;a nponep;eHbI 'IIICIIeHHbie pac'IeTbI Ce'IeHH.H BhlXOp;a 

rrenTOHHbIX nap B pd-nnaIIMOp;eIICTBIIII II OTHOllleHII.H Ce'Ie

HIIII, paCC'IIITaHHbIX C y'IeTOM ~-naBIICIIMOCTII B cpopM<paK

Topax n 6en Hee. IloKanaHo, 'ITO c ynerrII'IeHIIeM Ha'IarrhHOII 

3Heprnn p;nHaMII'IecKoe nop;anrreHIIe TopMonHoro nnrry-qemrn 

nonpacTaeT Ha nop.Hp;oK II 6orree. 

7. IIponep;eHo TeopeTn'lecKoe nccrrep;onaHne ap;poHHhlX 

IICTO'IHIIKOB rrerrTOHHhlX nap n pd-nnaIIMOp;eIICTBIIII npII Ha

'IaJibHbIX 3Hepr1rnx 1 -;- 5 I'3B: )];aJIIIIJ;eBCKIIX pacrrap;on ~-
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IIno6ap1,1 II 17, w-MenoHon, rrp.HMOII KOHnepc1m neKTOpHhlX 

P, W-Me3OHOB. Ilpep;rrmKeH MexaHII3M )];IIHaMII'IeCKOro IIO

p;anrrcmrn BKrrap;a ~-IIno6ap1,1 na C'ICT y'IeTa nanIICIIMO

CTII nepo.HTHOCTII ee o6panonamrn OT Maccn1 ~-nno6apn1. 

IIponep;eHhl 'IncrreHHbie pac'ICThl ce-qemrn da / dM II ycTa

HonrrcHo, 'ITO yKanaHHbIII DKJiap; MO)KeT 6b!Tb nop;anrreH Ha 

nop.Hp;oK. Pacc'IIITaHLI nKrrap;LI' p;arrnu;encKIIX pacrrap;on 17- II 

w-Me3OHOB II rrp.HMOII KOHnepcIUI BCKTOpHbIX p, w-Me3OHOB, 

o6panyIOlll,IIXC.H n HJKJIOH-HJKJIOHHbIX CTOJIKHonemrnx. 

8. IlpoaHammIIponaHbI OTHOCIITel'IbHbie BKrrap;bI pa3l1II'I

HLIX IICTff'-IHIIKon p;nrrenToHon n ce-qem1e da / dM rrpu nnan-
u 

MO)];eIICTBIIII rrpoToHa.c II3OCKarr.HpHbIM HJKJIOHOM, a TaK)Ke B 

OTHOllleHIIC BLIXop;a rrenTOHHbIX nap B pp- II pd-nnaUl\,IO)];eH-. 

CTBII.HX p;rr.H Ha'IaJibHLIX 3HeprIIII Ekin = 1.0, 2.1, 4.9 I'3B. 

IloKanaHo, tJTO npn ynemI'ICHIIII Ekin nKrrap; TopMonHoro nn

rry'IeHII.H YMCHblllaeTc.H, TaK 'ITO )];OMHHIIPYIOT ap;pOHHbie HC

TOtIHIIKII p;1rnenTOHOB, npII'ICM Hau60JibllllIII BKJiap; p;aIOT p;a

l'IlIIJ;CBCKIIC pacnap;bl ~-1mo6ap. 

9. Cp;erraH BLIBO)];, 'ITO ce'IeHIIe BbIXOp;a p;IIrrenTOHOB n 

pp- II pd:-:-B3aHMOp;eiicTBII.HX 'IYBCTBIITeJibHO K ncnorrnnye-
' . ' 

MLIM npep;IIOJIO)KeHH.HM O MCXaHimMe IIX o6panonaHII.H. Ilo-

3TOMY )l(CJiaTeIIbHbI Hap;e)KHbie 3KcrreprIMeHTaJibHLie p;aHHbie 

KaK no BbIXop;y )];IIJICIITOHOB rrpn pa3HbIX Ha'IaJibHLIX 3Hep

nrnx, TaK II no oKorrorroporonbIM ce'IeHII.HM o6panonaHII.H 

P, w, 17-:MC3OHOB - "ap;pOHHbIX" IICTO'IHHKOB. TorrbKO .nocrre 

Trn;aTerr~;s:oro nny-qemrn II onpep;erremrn· M:exammMa po)Kp;e

mrn p;urrenTOHOB B N N-n3aIIMop;e:IICTBII.HX MO)KHO Hap;e.HTbC.H 

Ha peaJibHOCTb IIX IICIIOJib3OBaHII.H KaK IIHCTpyMeHTa IICCIIe

p;onaHirn .Hp;epHOH cpep;bI B ycrromrnx DbICOKHX Te:r-.mepaT}'P II 

IIJIOTHOCTCil. 
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