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HIIII .n:ncceprnn;IIOHHoro CODeTa K04 7.01.01 IIpII Jia6opaTOpIIII Teope

TII"tleCKo:i:i <pII3IIKII IIM. H.H. Boromo6ona 061,e.n;IIHeHHoro IIHCTIITyrn 

JI.n;epm,1x IICCJie.n;oDaHII:i:i, r. ,[(y6Ha MoCKODCKOii o6JiaCTII. 

AnTOpe<pepaT pa3ocJiaH "£ "k~+ 1999 r. 

C .n;IIccepTan:IIeii MO)KHO 03HaKOMIITbCJI D 6II6JIIIOTeKe 061,e.n;IIHCHHoro 

IIHCTIITyTa JI,n;epHhlX IICCJie.n;onaHIIii. 

I Y"tieHLiii ceKpernpo 

.D:IIccepTan;IIOHHoro conera 

.Zl:OKTOp <pII3IIKo-MaTeMaTIItieCKIIX HayK ~.E. ,llOPOXOB 

.,. 

OBII(A.H XAPAKTEPMCTMKA PABOThl 

AKTyaJILHOCTb TeMLI. ,[(o HaCTOJilllero DpeMeHII rrpnpo.n;a CIIJThHOfO D3a

IIMO,Il;eHCTBIIJI, orrpe,n;eJIJIIOlllero ,n;IIHaMIIKY a,n;poHHLIX rrpon:eccon Ha Mac

nITa6ax 0.1-1 <pM, OCTaeTCJI rrpe,n;MeTOM IIHTeHCIIBHOro TeopeTH"tleCKOro II 

3KCIIepIIMeHTaJibHOfO II3y"tleHIIJI. 

AHaJIB:3 3KCIIepIIMeHTaJTI>HhlX .n;aHHLIX CBII.n;eTeJII,CTByeT O TOM, "t!TO crren:n

q>IIKY CIIJibHOro B3aIIMO,n;eiicTBIIJI orrpe.n;eJIJIIOT CJie.n;yromne JIBJieHIIJI: aCIIM

IITOTII"tleCKaJI cno6o,n;a Ha MaJILix paccTOJIHIIJIX; liapynreHne IIBpaJibHoii CIIM

MeTpIIII; a,n;pOHII3an;IIJI, T.e. B03HIIKHOBeHIIe a,n;poHOB B pe3yJII,TaTe RBapK

rJIIOOHHLIX B3aIIMo.zieilCTBIIH, II OTCYTCTBIIe ( KOHq>aHHMeHT) RBapKon II rnroo

HOB B Ha6JIIO,n;aeMOM q>II3II"tleCKOM crreKTpe -qacTIIIJ; . 

OrrIICaHIIe CTaTII"tleCRIIX n ,n;IIHaMII"tleCRIIX CBOHCTB a,n;pOHOB n o6micTII Ma

JihlX paCCTOJIHIIii: ocymecTBJIJieTCJI n paMKaX KaJIII6poBO"tlHOii: TeOpIIII CIIJII,

HhlX B3aIIMo,n;eikTBIIH - RBaHTonoii: xpoMO.n;IIHaMIIRII (KX,[(). Ee OCHOBHLIMII 

,Il;OCTOIIHCTBaMII JIBJIJIIOTCJI rrepeHopMIIpyeMOCTI, II aCIIMIITOTII"tleCKaJI CB0-

60,n;a. YMeHI,IIIeHIIe 3q>q>eKTIIBHOH RBapK-rJIIOOHHOii: KOHCTaHTLI C poCTOM 

3HeprIIII II03B~JIJieT HCIIOJII,30Dan, ,Il;JIJI BLI"tlIICJieHIIJI a,n;poHHLIX xapaKTepn

CTIIK TeopIIIO B03MymeHIIH, KOTOpaJI Jie)KlIT B OCHOBe MaTeMaTH"tlecKoro arr

rrapaTa KX,[(. 0,n;HaKo, pocT KOHCTaHTLI B3aHMo.n;eiiCTBIIJI B o6JiaCTH HH3KIIX 
. . 

II rrpoMe.lKyTO"tlHLIX 3Heprnii: .n;eJiaeT Teopnro B03MYllleHIIii a6COJIIOTHO He-

rrpIIMeHHMOii: ,Il;JIJI penreHIIJI rrpo6JieMLI CBJI3aHHoro COCTOJIHIIJI Il BLI"tllICJieHIIJI 

TaKIIx q>yH.n;aMeHTaJibHhlX xapaKTepIICTHK a,n;poHOB, KaK MaccLI, KOHCTaHTLI 

pacrra.n;on, <p~pMq>aKTOpLI n T.,n; •. 

Ha cer<>,n;HJIIIIHIIii: ,n;em, IIOHJITO, "t!TO rrpII OIIIICaHIIII HerrepTyp6aTIIBHLIX 

3q>q>eKTOB, orrpe.n;eJIJIIOllllIX MIIp a,n;pOHOB (Hapynrenne IIBpaJibHOH CHMMe

TpHH II KOHq>aii:HMeHT f rJiaBHYIO pOJib nrpaeT HeTpIIDHaJII,HaJI CTpyKTypa 

naKyyMa KX,[(, KOTOpLiii peaJIII30BLIBaJICJI 6LI BIIOJIHe orrpe.n;eJieHHLIMH KJiac

CII"tleCRIIMH KOH<pHrypan;HJIMH rJIIOOHHoro IIOJIJI • 
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C irn'IaJia 80-x ro,n:oB cTaJia rrpo.11cHJITbCJI cpn3n'IeCRaJI RapTnHa Henep

Typ6amBHoro ,BaRyyMa KX,n, xapaRTepll3yeMoro o,n:Hopo,n:HhlM ( aHTn-) ca

Mo.n:yaJII,HhlM rJIIOOHHhlM IIOJieM. MMeHHO, 6hlJIO IIORa3aHo, 'ITO B rrpoTn

BOIIOJIO)RHOCTI, 'IllCTiiIM xpoM03JieRTpn'IeCRnM llJill xpoMOMarHllTHiiIM ROH

cpnrypan;ll.llM caMO- n aHTllCaMo.n:yaJII,Hhle O,n:HOpO,n:Hhle IlOJI.11 JIBJIJIIOTC.11 CTa-

6nJII,HiiIMll B TOM CMiiICJie, 'ITO 3<p<peRTllBHiiIH IlOTeHii;naJI .D:JIJI 3TllX 'IIOJieH 

JIBJIJieTCJI,n:eiiCTBllTeJII,HOH cpyHru:i:neii. 

8cpcpeRTllBHiiIH IlOTeHIJ;naJI .D:JIJI TaROH BaRyyMHOH I{OH<pnrypaunn Bhl'Ill

CJIJIJIC.11 B O,n:HOITeTJieBOM npn6Jin)I{eHlln. O,n:HaRo, 3Tll pe3yJibTaThl He MoryT 

CJIY)I{llTI, OCHOBaHneM .D:JIJI RaRnX-Jin6o CTpornx BhlBO.D:OB, IlOCI{OJil,I{y RBaH

TOBhle nonpaBRn R IlOTeHunaJiy ORa3aJillCI, cpaBHllMhlMll C RJiaccn-qecRnM 

BRJia,n:oM, COOTBeTCTBYIOIIJ;llM HyJieBoMy nop.11.n;Ry. 

IloMllMO HeROTOphlX IlOilhlTOI{ ll3y'IeHllJI Ha perneTRe 3<p<peRTllBHOro no

TeHunaJia ,n:JIJI xpoMoMarHnTHoro BaRyyMa CaBBn,n:n, aHaJiorn'IHhle Henep

Typ6aTnBHhle Bhl'IllCJieHll.11 .D:JIJI CJiy'IaJI caMo.n:yaJII,HOro O,n:Hopo,n:Horo q>OHO

Boro IlOJI.11 He npoBO,n:llJillCI,. 

O6m;~l.ll npn'IllHa OTCYTCTBll.11 oueHOR HanpJl)I{eHHOCTll O,n:Hopo,n:Horo ca-
·';, 

Mo.n:yaJil,HOro q>OHOBoro IlOJI.11 3aRJIIO'!aeTCJI B CJie.n:yrom;eM: B RBaHTOBOITO

JieBiiIX cncTeMax cpa3oDhle nepexo,n:M, conpoBom,n:aeMhle noJIBJieHneM HeHy

JieBhlX BaRyyMHhlX IlOJieii, DhlXO,n:JIT 3a paMI{ll o6JiaCTll npnMeHeHll.11 Teopnn 

B03,MyIIJ;eHnH. Ilo3TOMY HeCMOTp.11 Ha MMerom;nec.11 CllJil,Hhle yRa3aHMJI (Ho He 

CTporoe .n:oRa3aTeJibCTBO) Ha TO, 'ITO 3TO IlOJie cnoco6Ho MllHllMM3MpoBaTI, 

3<p<peRTMBHhlH rroTeHunaJI KX,n, Bonpoc o cym;ecTBOBaHnn o,n:Hopo,n:Horo 

CaMo.n:yaJII,HOro BaRyyMHOro IIOJI.11 OCTaeTC.11 OTRphlThlM. 

TeM He MeHee 6LIJIO ITOHJITO, 'ITO 3TO IIOJie MO)I{eT MMeTI, OTHOIIIeHne I{ 

OCHOBHhlM CBOHCTDaM KX,n: ROH<pa:il:HMeHTY RBapROB n HapyrneHnIO Rn

paJII,HOH cnMMeTpnn. B TO me BpeMH npo.11BJieHn.11 ,n:aHHOH rroJieBoii ROH<pn

rypaunn i3 a,n:poHHOH cpeHoMeHoJiornn B TepMnHax 6o3oHn3an:nn n cocTa-
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BHhlX Me30HHhlX IIOJieH He n3y'IaJillCI,. 

Ilpe.n:rroJiomeHne o TOM, 'ITO HerrepTyp6aTnBHhlH BaRYYM KX,n peaJill3Y

eTCJI .D:JIMHHOMaCIIITa6HhlMll q>JIYRTyaUll.llMll ( aHTll-)caMo.n:yaJII,HOrO rJIIOOH

Horo noJIJI, JierJio D OCHOBY MO,n:eJin nn.n:yunpoBaHHhlX HeJIOI{aJII,HhlX RBap

RODhlX TOROB. 

B MO,n:eJin BaRyyMHhle q>JIYRTya:ri;nn an:npoRCMMnpyIOTC.11 O,n:HOpo.iulhlM ( aH

Tll-)caMo.n:yaJII,HhlM rJIIOOHHhlM IlOJieM, a nee Me30HHhle aMIIJillTy.n:I,I ycpe,n:IDI

IOTC.11 no pa3Jill'IHhlM naRyyMHhlM ROH<pnrypaUll.llM 3TOro Il0JIJI. BaRyyMHOe 

IIOJie YlIMThlBaeTC.11 RaR B rJIIOOHHOM, Tai{ n D RBapROBOM nporraraTopax. 

Mo,n:eJII, o6Jia,n:aeT cJie.n:yrom;nMn OTJill'InTeJII,HLIMn CBOHCTBaMn. 

• PaccMaTpnBaeMoe rroJie rrpnBo,n:nT R aHaJillTM'!ecRoMy ROH<paiiHMeHTY 

RBapROB n rJIIOOHOB: RBapROBhlH n rJIIOOHHhlH nporraraTOphl JIBJIJIIOTC.11 

" 
n;eJihlMll <l>YHRD;ll.llMM B llMIIYJil,CHOM npe,n:cTaBJieHllll, T.e. He MMeIOT 

IIOJIIOCOB, COOTBeTCTByrom;nx CB060,n:HMM <pll3ll'IeCRllM -qacTnn;aM. 

• 8cpcpeRTllDHaJI Me30HHaJI Teopll.11, IIOJIY'!aeMaJI B. pe3yJII,TaTe 6o30Hll3a

unn O,n:HOrJIIOOHHOro o6MeHa B npncyTCTBllll q>OHOBoro noJIJI, JIBJIJieTC.11 

YJII,TpacpnoJieTOBO-I{OHe'IHOH 6Jiaro,n:ap.11 HeJIORaJII,HOCTll Me30H-RBapRO

Boro D3aMMO,n:eHCTBll.ll. Ilpn 3TOM pa3Jill'IHhle RBapROBhle neTJill, pa3-

,n:eJieHHhle Me30HHhlMll JillHll.llMll, ycpe,n:IDIIOTC.11 ITO npocTpaHCTBeHHhlM 

HarrpaBJieHllJIM BaRyyMHOro ITOJI.11 n no caMO- n aHTllCaMO.n:JaJil,HLIM ROH

qjnrypan;ll.llM He3aBllCllMO .n:pyr OT .n:pyra. 

• B3aRMO)J;eiicTBne crrnHa RBapRa C O,n:HOpO,n:HhlM caMo.n:yaJII,HhlM IlOJieM 

nopo)I{,ZJ;ae; 6eCROH~'IHOe 'IllCJIO (ROHTllHJYM) eyJieDhlX MO.D: OIIepaTOpa 

,nnpaRa no BHernHeM noJie. HyJieBMe MO.D:M rrpnBO.D:JIT R HeaHaJlllTll'I

HOCTn <l>YHru:J:llM rpnHa ITO Macce RBapRa n ;O'!Re mq = 0. HeHyJieBOH 

6e3MaCCOBhlH rrpe,n:eJI rrpon3Be,n:eHMJI MaCChl RBapRa n IlJIOTHOCTll RBap

I{OBOro ROH,n:eHCaTa mq{'ef;'l/J)s yRa3hlBaeT Ha Hero.rr,n;CTOJHOBCRllH Mexa-
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HH3M HapyIIIeHIIJI Iillpam,Hoii CHMMeTpHH. HapyIIIeHHe 1mpaJll>HOH CHM

MeTpHH B03HHRaeT RaR BTop:irqHJJH 3q>q>eRT CII0HTaHH0ro HapyIIIeHIIJI 

qeTH0CTH. 

• RoHq>aiiHMHpoBaHHIJe rJIIO0HHhle rroJIJI o6ecrreqHBaIOT ecTecTBeHHoe paa

JiomeH:ire 6:irJIORaJll,HJJX 6ecu;BeTHhlX RBapR0BhlX T0R0B B PHA 110 HeJI0-

RaJII,HhlM T0RaM C II0JIHhlM Ha6opoM RBaHT0BhlX q:irceJI: CIIHH0M, H30CIIH

H0M, paMaJll>HhlM :ir op6HTaJll>HhlM q:ircJiaMH. HeJIORaJII,HOe qeThlpex

RBapR0B0e B3aHM0AeHCTBHe reHep:irpyeT cyrreprrepeH0pMHp0BaHHYIO Te

opHIO B03Myrn:eHHH. 

B CBeTe AaJll>HeiiIIIero pa3BHTHH M0AeJIH H IIp0HCHeHHH RapTHHhl BaRyyMa 

RX.II:, xapaRTep:irayeMoro 0AH0p0~hlM caMoeyaJll>HhlM rJIIO0HHhlM II0JieM, 

rrpeACTa.BJIJieTCH Heo6XoMMhlM rrpoBeAeHHe CHCTeMaT:irqecRoro aHaJIH3aB03-

M0}I{HhlX IIp0HBJieHHH 3Toro II0JIJI B CBOHCTBaX JierlillX Me30HOB IIpH HH3RHX 

3HeprHHX. 

B 3T0M HarrpanJieHHH rrpoB0AHJI0CI, HCCJieA0BaHHe, peaym,TaThl R0T0poro 

Bhl~:irraIOTCH Ha aarn::irTy. 

I.:(e.ri:LIO ,z:i;HccepTau;1u1 HBJIJieTCH BIJq:ircJieHHe CTaT:irqeclillX H AHHaMH

qeclillX xapaRTepHCTHR JierRHX Me30H0B B paMRax M0AeJIH HHeyu;:irponaH

HhlX HeJI0RaJII,HIJX RBapR0BhlX T0R0B. 

OcHOBHM 3aAaqa 3aRJIJOqaeTCH B :irayqeHHH p0JIH RBapR0BhlX HyJieBIJX 

M0A, o6ycJIOBJieHHhlX B3aHMOAeHCTBHeM CIIHHa RBapRa C 0~0P0AHhlM caM0-

eyaJll>HhlM .rroJieM H IIpHB0MIU:HX R Her0MCT0YH0BCR0MY MexaHH3MY Hapy

IIIeHHH Iillpam,Hoii CHMMeTpHH, rrp:ir 0IIHCaHHH HH3R03HepreT:irqeclillx xa

paRTepHCTHR JierlillX Me30H0B B paMRax M0AeJIH HHeyu;:irponaHHhlX HeJI0-

RaJll>HhlX RBapR0BhlX T0R0B. 

HayqHaJI HOBH3Ha H u;eHHOCTL pa6oTLI. Brrepnhle :irayqeHa pom, Ok 

H0po~oro (a~TH~)caMoey.am,Horo ~aRyyMHOrO rJIIO0HHoro II0JIJI, peaJIH3y

IOrn;ero HerrepTyp6aTHBHhlli BaRyyM RX.II:, rrp:ir 0IIHCaHHH 0CH0BHhlX xapaR-
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TepHCTHR JierRHX Me30H0B rrp:ir HH3IillX 3Heprm1x. 

B paMRax M0Aemr HHeyu;:irponaHHhlX HeJI0RaJII,HhlX RBapR0BhlX T0R0B, 

ocHoBaHHOH Ha rrpeAII0JiomeHHH o TOM, qTo naRyyM RX.II: peaJIHayeTcJI 

o~op0AHhlM ( aHTH-)caMoeyaJII,HhlM rJIIO0HHhlM II0JieM, rroJiyqeH0 eAHH0e 

0IIHCaHHe CTaT:irqecRHX {MaCChl, R0HCTaHThl pacrraA0B, 3JieRTpoMarHHTHhle 

paAHYChl) H AHHaM:irqecRHX (q>opMq>aRTOphl) CBOHCTB JierRHX Me30H0B. C 

MHHHMaJII,HhlM Ha6opoM rrapaMeTp0B {MaCChl RBapR0B, HarrpHmeHH0CTI, na

RYYMHoro II0JIJI H R0HCTaHTa CBJI3H as) A0CTHrHyTo xopoIIIee R0JIHqecTBeH

H0e corJiac:ire C 3RCIIepHMeHTaJII,HhlMH AaHHhlMH, a Jiemarn:.:ire B ero 0CH0Be 

RaqeCTBeHHhle rrpnq:irHhl HMeIOT JICHhlli q>H3:irqecRHH CMhlCJI. 

Brrepnhle II0Ra3aHo, qT0 HyJieBIJe M0Ahl, HHeyu;HpyeMhle B3aHMOAeHCTBHeM 

CIIHHa RBapRa C 0AH0p0~hlM caMoeyaJII,HhlM BaRYYMHhlM rJIIO0HHhlM 110-

JieM, cJiymaT rrp:irq:irHoii o6paaonaHHH RBapRonoro R0HAeHcaTa, pacrn:errJie

HHH Mace rrceBA0CRaJIJipHhlX H neRT0pHhlX Me30H0B, MaJI0CTH MaCChl IIH0Ha 

H orrpeAeJIJIIOT 3HaqeHHH R0HCTaHT CJia6IJX pacrraA0B !1r H fK, rrepeX0AH0ro 

q>opMq>aRTopa IIH0Ha F,1r(Q2 ) H IIIHpHHhl pacrraAa r(rr0
-+ 'Y'Y)-

IIoJiyqeHHhle B MCCepTaIJ;HH peayJII,TaThl II03B0JIJIIOT paccMaTpHBaTI, 0AH0-

po~oe caMoeyaJII,H0e rJIIO0HH0e II0Jie B RaqecTBe B03M0}I{H0ro RaHAHAaTa 

Ha poJii, naRyyMa RX.II: :ir cJiymaT CTHMYJI0M AJIJI AaJI1,HeiiIIIero :irayqeHHJI 

ero rrp:irp0Ahl. 

Anpo6au;HJI pa6oTLI. PeayJI1,TaThl, rrpeACTanJieHHhle n MCcepTau;nn, 

A0RJiaAI,IBaJIHc1, :ir 06cymAaJIHc1, Ha ceMHHapax n Jla6opaTOp:ir:ir TeopeTnqe

cRoii q>H3I:IRH HM. H.H. BoroJiro6ona 011JU1, Ha MemeyHapoAHhlX ceM:ir-
, 

Hapax ".f>eJIJI;HBHCTCRaH HAepHaH q>H3HRa & RBaHT0BaH XpOMOAHHa:MHRa" 

(.lJ:y6Ha, 12-17 CeHTH6pH, 1994) :ir "<l>H3HRa TH}I{eJihlX RBapRon" (I'epMa

HHH, 14-16 AeRa6pH, )994), Ha MemeyHapo~hlX ROHq>epeHIJ;HHX "Me30Hhl 

:ir HApa rrp:ir npoMemyTOqHIJX 3Hepr:irHx" (.lJ:y6Ha, 3-7 MaH, 1994), "AApOH 

95" (MaHqecrep, 9-14 HIOJIJI, 1995), "IIpo6JieMIJ RBaHTonoii Teopn:ir rroJIJI" 
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(.I(y6Ha, 13-17 IUOJIH, 1998), a rnm«e Ha Me)K)cyHapo.n;m,1x pa6o•urx cone

m;amrnx "<I>H3IH{a BhlCORHX :meprHii:" (ITpoTBHHO, 14-17 ceHTJI6pJI, 1993) II 

"<I>H3HRa TJDI{eJihlX RBapROB" {.I(y6Ha, 20-22 MaJI, 1996) . 

Ily6JI11Ka~1n1. Pe3yJII>TaThl .n;RccepTa:QHH ony6mmonaHhl B nJITH pa6o-

Tax. 

06'l>eM H CTPYKTypa ~HccepTa~HH . .L(HccepTall;MJI COCTOHT H3 BBe

.n;eHMJI, Tpex rJiaB, 3aRJIIO'leHHJI, '!eThlpex npHJIO.lReHHii: If cnHcRa JIHTepa

TJphl. O61,eM .n;RCCepTaD;RR COCTaBJIHeT 125 CTpamrn, n TOM 'IHCJie 13 pH

cyHROB, 3 Ta6JIRD;hl. BH6JIRorpaqmJI co.n;ep.)I{RT 95 HaHMeHonaHRii:. 

CO,z::t;EPJKAHME PABOTbl 

Bo BBe~eHHH o60CHOBaHa aRTyaJII>HOCTI, TeMhl, C<pOpMyJIRpOBaHa n;eJII> 

pa60Thl If RpaTRO H3JIO.)I{eHO co.n;epmaHHe .n;RCCepTall;HH. 

B rr~paoii rJiaae q>opMyJIRpyeTcJI Mo.n;eJII> HH.IzynnponaHHhlX HeJIORafil-

' HhlX RBapROBhlX TOROB1 OCHOBaHHaJI Ha npe.n;rroJIO.lReHHH O TOM, 'ITO Henep-

Typ6aTHBHhlii: BaRyyM RX.[( peaJIR3JeTCJI .n;mrHHOMacnITa6HhlMH q>JIJRTya

IJ;HJIMH_.( aHTH-)caMo.n;yaJII,Horo rJIIOOHHoro noJIH. 

B §1.2 BaRyyMHhle <pJIYRTyan;HH rJIIOOHHoro noJIH armpoRCHMHpyIOTCJI 

O.n;HOpO.n;HhlM ( aHTH-)caMo.n;yaJII,HhlM noJieM, a nee <pH3H'leCRRe aMnJIRTJ.[l;hl 

ycpe.n;HJIIOTCJI no ero pa3JIR'IHhlM naRyyMHhlM ROH<pHrypan;HJIM. BaRyyMHOe 

noJie J'IHThlBaeTCJI RaR B rJIIOOHHOM, TaR If B RBapROBOM TiponaraTopax. 

B §1.3 a) noRa3aHo, 'ITO RBapROBhlii: If rJIIOOHHhlii: nponaraTOphl BO BHe

lliHeM noJie JIBJIHIOTCJI n;eJihlMH <l>Y,HRURJIMH D HMnJJII,CHOM npe.n;craBJieHRR, 

T.e. He HMeIOT noJIIOCOB, COOTBeTCTBJIOIIl;HX cno6o.[l;HhlM <pH3H'leCRRM "tJaCTH

n;aM. 

B3aH1IO.[l;eii:cTBHe cnHHa RBapRa C O.n;HOpO.n;HhlM CaMo.n;yafilHhlM noJieM no

pom.n;aeT ROHTRHYYM HJJieBhlX MO.[I; OTiepaTOpa .L(HpaRa BO BHemHeM noJie 

(§1.3 6)). HyJieBhle MO.[l;hl TIPHBO.[l;JIT R HeaHaJIRTH'IHOCTH q>yHRD;Hii: I'pHHa 
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TIO Macce RBapRa n TO'!Re mq = 0. B -qacTHOCTH, .n;JIH TIJIOTHOCTH RBapROBOro 

ROH.[l;eHCaTa HMeeT MeCTO paneHCTBO 

NF - 82 
~ lim m1(1PJ1PJ)B = -NF-

2 2 , 
~mr-+D 7r 
f=l 

cTipane.n;JIHBOe no ncex nopJI.n;Rax TieT.rrenoro pa3JIO.lReHRJI. HeHyJienoft 6e3-

Macconhlii: Tipe.n;eJI npoH3Be.n;eHMJI MaCChl RBapRa If TIJIOTHOCTH RBapROBoro 

ROH.[l;eHCaTa yRa3hlBaeT Ha HerOJI.n;CTOJHOBCRllll MeXaHH3M HapymeHRJI RR

paJII>HOii: CHMMeTpHH. HapymeHHe RRpafilHOii: CHMMeTpHH B03HHKaeT RaR 

BTOpH'IHhlli 3<p<peRT cnOHTaHI~oro HapymeHRJI '!eTHOCTH. 

Ilaparpaq> 1.4 nocBJIIIl;eH H3J'IeHRIO ROJIJieKTHBHhlX Mo.n;, IIH.[l;JD;HpOBaH

HhlX O.n;HOpO.n;HhlM <pOHOBhlM TIOJieM. 

B §1.4 a) nocTpoeHhl 6HJIORafilHhle 6ecn;neTHhle RBapROBhle TORR, ecTe

CTBeHHOe pa3JIO.lReHHe ROTOphlx, BhlTIOJIHeHHOe B §1.4 6), B pJI.n; TIO HeJIO

RaJII>HhlM TORaM C nOJIHhlM Ha6opoM RBaHTOBhlX 'IHCeJI ( cnHHOM, H30CnH

HOM, pa.n;RaJII,HhlM II op6HTaJII,HhlM 'IHCJiaMH) o6ecTie'IHBaeTCJI ROH<paHHMH

ponaHHhlMH rJIIOOHHhlMH ,TIOJIHMH. HeJIORaJII,HOe "tJeThlpeXRBapKOBOe B3aH

MO.[f;eHCTBHe reHepHpyeT cynepnepeHOpMHpoBaHHyIO Teopnro B03Mym;eHHH. 

Bo30HH3all;MJI O.n;HOrJIIOOHHOro o6MeHa B TipHCJTCTBHH <pOHOBOro noJIH 

( § 1 .4 B)) npHBO.n;RT R 3<p<peKTHBHOH Me30HHOH TeOpHH, ROTOpaJI JIBJIHeTCJI 

YfilTpaq>IIOJieTOBO-ROHe"tJHOii: 6Jiaro.n;apJI HeJIOKaJII,HOCTH Me30H-RBapROBoro 

B3aHMo.n;eii:CTBRJI. Ilpn 3TOM pa3JIH'!Hhle RBapRonhle TieTJIH, pa3.n;eJieHHhle 

.Me30HHhlMH:JIHHRJIMH, ycpe.n;HJIIOTCJI no IIpOCTpaHCTBeHHhlM HanpaBJieHRJIM 
,, ,..a·. 

BaKyyMHoro ri?JIH If no caMO-_H aHTHCaMo.n;yafilHhlM KOH<pnrypan;RJIM He3a

BHCHMO .u;pyr OT .u;pyra. 

Mo.n;eJII, co.n;ep.)I{RT ,MHHHMafilHhlli Ha6op TiapaMeTpon: MaCChl RBapKOB 

. mf, HaTipJDI{eHHOCTI, BaKJJMHOrO TIOJIH ;6 H ROHCTaHTa CBJI3.H CT8 • 

BTopaJI rJiaBa ·nOCBJIIIl;eHa Bhl'IHCJieHHIO CTaTH'leCRRX xapaKTepHCTHK 

Jiermx Me30HOB B paMRax MO.[l;eJIR HH.n;JURpOBaHHhlX HeJioRaJII,HhlX RBapRo-
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BhlX TOKOB. 

B §2.1 IIOJIY1ICHhl MaCChl 11ceB,n:OCKaJ11IpHLIX H BeKTOpHLIX HOHCTOB JierKHx 

MC30HOB B xopomeM corJiaCHH C 3KCIIepHMCHTaJll>HLIMH ,n:aHHhlMH. 

I{a1JCCTBeHHaH IIpH1IHHa 3TOrO 3aKJII01JaeTCH B CJie.n:yrom:eM: B3aHMO,n:eiI-

CTBHe CIIHHa KBapKa c o.n:nopo,n:HLIM caMo.n:yam,HLIM rJIIOOHHLIM noJieM o6yc

JiaBJIHBaeT pacm:enJieHHe Mace 11ceB,n:OcKaJ11IpHLIX H BCKTOpHLIX MC30HOB C 

O,n:HHaKOBhlM KBapKOBhlM COCTaBOM (1r-p, I<-I<*) H MaJIOCTI, IIHOHHOli MaCChl. 

9TO me CIIHH-IIOJieBoe B3aHM6,n:eiicTBHe HCKJII01JaeT H3 cneKTpa cKaJIHp

HLie H aKCHaJll>Hhle aHaJiorH 7r H p MC30HOB. CKaJIHpHLie H aKCHaJII,Hhle 

MC30Hhl B03HHKaIOT B CBepXTOHKOli CTPYKType op6HTalli>HhlX B036ym,n:eHHli 

BCKTOpHLIX MC30HOB. 

B §2.2 Bhl1JHCJICHhl KOHCTaHThl CJia6Lix pacna,n:OB IIHOHa H KaoHa !1r H Jg 
H IIOKa3aHo, 'ITO HX 3Ha1JeHHH B OCHOBHOM 011pe,n:eJ11IIOTCH B3aHMo,n:eiicTBHCM 

CIIHHa KBapKa C o.n:nopO,n:HhlM rJIIOOHHhlM IIOJICM. 

B TpeTLeii rJiane B paMKax ,npe,n:cTa:sJieHHoiI Mo,n:eJIH paccMoTpeHLI AH

HaMH1JecKHe xapaKTepHCTHKH IIHOHa. 

B §3.2 3JICKTpOMarHHTHOe B3aHMo,n:eiICTBHe BBe,n:eHO MHHHMaJILHhlM 06-

paam.i' KaK B 1JaCTI, JiarpaHiKHaHa, OTBe1Jarom:yro CB060,n:HhlM KBapKaM, TaK 

H B HeJioKaJILHhlli KBapKOBhlli TOK. Pa3BHTa IIOCJie,n:oBaTeJII,HaH npo:u;e.n:ypa 

Bhl1JHCJieHHH HCJIOKalli>HhlX BepmHH B JII060M nopH.n:Ke pa3JIO}KCHHH no 3JICK

TpoMarHHTHOMY nOJIIO. 

B §3.3 HaiI,n:eHO; 'ITO BKJia,n: KBapKOBLIX HyJieBLIX MOAB o.n:noneTJieByro aM

nJIBTYAY npo:u;eccoB 1r0,* -t I H 1r0 
-t 'Y'Y ofo,HCHHeT 3KCIIepHMCHTaJILHO 

Ha6Jiro,n:aeMLie 3Ha1JeHHH nepexo.n:noro q>opMq>aKTopa F,1r( Q2
) H ABYX<po

TOHHOH KOHCTaHThl pacna.n:a 91rrr• 

B §3.4 npo,n:eMOHCTpHpOBaHo, 'ITO y1JeT BaKyyMHoro IIOJIH B nponaraTO

pax KBapKOB H rJIIOOHOB Kap,n:HHalli>HO H3MeHHeT aCHMnTOTHKY TpeyromHOli 

,n:HarpaMMhl ~ 1/(Q2)l+m~/B 110 cpaBHCHHIO C 06LI1JHLIM ~ 1/Q4 IIOBe.n:e-
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HHeM, 'ITO npHBOAHT K YBCJIH'ICHHIO ee DKJia,n:a B aapH,n:OBhlli q>OpMq>aKTOp 

nHoHa F1r(Q2 ). 

A6coJIIOTHaH acHMnTOTHKa aapH,n:OBOro q>opMq>aKTopa ~ 1/Q2 onpe.n:e

JIHCTCH ,n:HarpaMMaMH }KCCTKoro nepepacceHHHH B noJIHOM corJiaCHH C aHa

JIH30M n paMKax npaBHJI KBapKoBoro ctieTa H nepTyp6aTHBHOH KX.IJ:. 

B 3aKJIIoqeHHH Cq>OpMyJIHpOBaHLI,peayJILTaTLI ,n:HccepTa:a;HH, Bhl,n:BHra

eMLie Ha aam:HTY. 

B npHJiomeHHJIX IIpHne.n:em,1 npo:u;e.n:ypa pa3JIOiKCHHH HCJIOKaJILHhlX 

BepmHH no 3JieKTpOMarHHTHOMY nOJIIO (B)' . no.n:po6Hhle Bhl1JHCJieHHH He

JIOKaJILHOro KBapKonoro TOKa (A), a TaKme nepexo,n:Horo (B) H aapH,n:oBoro 

(r) q>opMq>aKTOpOB IIHOHa: 

Pe3yJILTaThl ~11ccepTa~1111, Bhl~n11raeMLie Ha 3a~11Ty 

OcHOBHOH pe3yJILTaT ~Hccei>Ta~HH COCTOHT B TOM, 'ITO 6 paM'IWX M,0-

ae11,u u1tay'U,Up08ll1l1l'blX 1le/l,0'/Cll/l,'b'H,'blX '/C8llp'IC08'blX ffi0'/C08 1ty11,e8'ble Moa'bt, 

06yc11,oe11,e1t1l'bte 83llUMoaeucmeueM CnU1lll '/C8llp1Ca C oa1topoa1t'bLM . CllM0-

aya11,'b'H,'blM 8ll'ICYYM1l'blM, Z/1,'/00'H,'H,'blM, no11,eM,, c11,y;J1Cam npU'IJ.U'H,OU o6pa30-

Ba'H,UR, '/C8llp'IC080W '/CO'H,ae1tcama; pacw,en11,e1tUR M,llCC nceeaoc1Ca11,Rp1l'blX U 

ee1Cmop1t'btX MeJoiloe, Ma11,ocmu Macc'bt nuo1ta u onpeae11,a'/Om J1ta'IJ.euua 

'/C01lCma1lm c11,a6'bLX pacnaaoe f 1r U jg, nepexoaiwzo <fiopM<jJa1Cmopa nU01lll 

F,1r(Q2) U mupu1l'bl pacnaaa r(1r0 -t ,,). 

T~iuM o6pa30M, Moae/1,'b npaBU/1,'b'H,0 nepeaaem 0C1l081l'bte oco6e1t1tocmu 

1tUJ1Coanepiemuv,ec1Cou <fiuJU'/CU 11,ei1Cux MeJ01toe. 

9TOT DhlBOA c,n:eJiaH Ha· OCHOBe CJie.n:yrom:Hx peayJILTaTOB: 

1) B paMKaX Mo,n:eJIH HH.n:y:a;HponaHHhlX HCJIOKaJILHhlX KBapKOBhlX TOKOD 

c MHHHMaJII,HhlM Ha66poM napaMeTpon (Macchi KDapKoB, HanpHiKCHHOCTI, 

. BaKyyMHOro IIOJIH H KOHCTaHTa CBH3H as) Dhl'IHCJieHhl MaCCI,I ncen,n:ocKaJ11Ip

HhlX H BCKTOpHLIX HOHCTOB JierKHX Me30HOB. Iloey1JeHO xopomee corJiacHe 
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C 3KcrrepIIMeHTaJil>HLIMII ,n:aHHLIMII . 

• IIoKa3aHo, qTo B3aIIMO,n:eiiCTBIIe CIIIIHa KBapKa C .Zl:JIIIHHOMaCIIITa6HLIMII 

<pJIYKTya:ri;IDIMII rJIIOOHHoro rroJI.H o6ycJiaBJIIIBaeT pacm:em1eHIIe Mace rrce

B,n:OcKaJI.HpHLIX II BeKTOpHLIX Me30HOB C o,n:IIHaKOBLIM KBapKOBLIM COCTa

BOM (1r-p, K-K*) II imJIOCTL IIIIOHHoii MaccLI . 

• 8To )Ke CIIIIH-IIOJieBoe B3aIIMo,n:eiiCTBIIe IICKJIJOqaeT Il3 crreKTpa CKaJI.Hp

HLie II aKCIIaJil>HLie aHaJiorII 7r II p Me30HOB. CKaJI.HpHLie II aKCIIaJII,HLie 

Me30HLI.B03HIIKaIOT B CBepXTOHKOii CTPYKType op6IITaJII,HLIX B036ym,n:e

HIIii BeKTOpHLIX Me30HOB. 

2) BLiqIIcJieHIIe KOHCTaHT CJia6Lix pacrra,n:oB IIIIOHa II KaOHa !1r II fI< 

IIOKa3LIBaeT, qTo IIX 3HaqeHIIJI B OCHOBHOM orrpe,n:eJI.HIOTCJI B3aIIMO,n:eiiCTBIIeM 

CIIIIHa KBapKa C O,n:HOpO,n:HLIM rJIIOOHHLIM IIOJieM . 

3) IIpo,n:eMOHCTpIIpOBaHo, qTo BKJia,n: KBapKOBLIX HyJieBLIX MO,n: B O,n:HOIIe

TJieByIO aMIIJIIITy.n:y rrpoIJ;eCCOB -n:~,* -t 'Y II 1r0 
-t 'Y'Y ofrLJICHJieT ~KcrrepII

MeHTaJil>HO Ha6Jiro,n:ae~hle 3HaqeHIDI rrepexo,n:Horo <popM<paKTopa F"l1r ( Q2
) .II 

.n:BYX<p~TOHHOii KOHCTaHThl pacrra.n:a g1rn• 

4) IloKa3aHo, qTO yqeT BaKyyMHoro rroJI.H B rrporraraTopax KBapKoB II 

rJIIOOHOB Kap,n:IIHaJil>HO II3MeHJieT aCIIMIITOTIIKY TpeyroJII,HOii ,n:IIarpaMMhl 

~ l/(Q2)l+m:/B no cpaBHeHIIIO C ofihlqHI,IM ~ 1/Q4 IIOBe.n;eHIIeM, qTO rrpII

BO.ll:IIT K yBeJIIIqeHIIIO ee BKJia,n:a B 3apJI,n:OBhlii q>OpM<paKTOp IIIIOHa F1r(Q2 ). 

A6cOJIIOTHan: acIIMIITOTIIKa 3apJI.ll:OllOro,<popM<paKTOpa ~ 1/Q2 orrpe,n:eJI.H

eTCJI ,n:IIarpaMMaMII mecTKoro rrepepacceJIHIDI, qTo corJiacyeTCJI c aHaJIIIJOM 

B paMKax rrpaBIIJI KBapKOBoro cqeTa II rrepTyp6aTIIBHOii RX,D;. 
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