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OBIIl;AH XAPAKTEPl1CTl1KA PABOThl 

AKTyanbHOCTb TeMbl ,nnccepTau1u1: CBoil:CTBa a,n;po!I0B B ycJI0BlIHX Harperoro II 

IIJIOTH0fO n,nepnoro BemeCTBa JIBJIHlOTCJI B nacToJimee BpeMJI 061,eRTOM lIHTeHClIBHhIX 

31{CI1Cp!IMeHTaJibHhIX II Teopen1qccKIIX lICCJie,noBann.it BoIIpoc O TOM, RaR MO,nmpn

nnpyIOTCJI B cpe,ne 3q>q>eKTHBHhIC a,npOHHW~ napaMCTphl (MaCCLI, IlI!IpHHhl pacJia,noB) 

M0JKH0 0THCCTH I{ o,nHOMY H3 nan6onee aRTyaJibHhIX B0I!p0C0B COBpeMCHH0li JI,nepnott 

q>II31Il{!I. 8To CBJI3aHO TaRJKe C B03M0JKHOCTblO :mcnepHMCHTaJibH0f0 B0CIIp0il3Be,neHHJI 

l{pHT!IqecR!IX ycJIOBHll ,nJIJI a,npOHHOll MaTepHH. Tipe,nrronaraercJI, 'ITO ycJIOBHJI ,nJIH 

B03HHl{HOBeHHJI narpeToro n cJKaToro n,nepnoro Bemecrna MoryT 6LITb peaJi:H30BaHLI B 

nenTpaJibHhIX CT0JIKH0BeHHJlX peJIHTHBHCTCRHX TJIJKeJILIX H0HOB. Bo3MOJKIILie CHrHaJILI 

MO,nHCpHRal.(HH 3q>q>CRTHBHhIX a,npoHHhIX rrapaMeTp0B - Mace, !IlllpHH pacna,na, ROH· 

CTaHT CBH3H - M0fJIH 6LI rrpoJIBHTbCH B crreRTpax JICIIT0HHhIX nap, lI3JIY'laCMhIX H3 3THX 

COCTOJIHIIli. B CHJIY rrpHHI(UUa BCl{T0pH0il ,noMHHaHTH0CTH, pacrrpe,n;eneHHJI JieIITOH· 

HhIX rrap II0 HX HHBapHaHTHhIM MaccaM ,!l;OJIJKHhI 6LITb 'IYBCTBHTeJibHhI l{ 3aBHCHM0CTH 

CB0HCTB nettTpaJII,HhIX BCRTOpHLIX MC30HOB OT TeMrrepaTypLI lI IIJIOTH0CTH ORpyJKa10mero 

HX JI,n:epuoro BemecTBa. Tio3TOMY BaJKHOll ll anTyaJibH0il rrpo6neMo:ii. Ha IIYTII HCCJIC,L\O· 

BaHHJI a,npoHH0f0 CIICRTpa B RpIITH'ICCRHX ycJIOBHJIX HBJIHeTCH H3YTieHHe ,nunaMHRH lI 

CBOHCTB BeRTOpHLIX MC30HOB IIpll R0He'!HhIX TeMrrepaTypax ll IIJIOTHOCTJIX. 

,lJ;JIH pellieHHJI ,:lT0:ii. 3a,D;a'IH lICIIOJib3YlOTCJI pa3JIII'IHhIC MCTO,n;LI, cpe,n:n ROT0phIX 

MOJKHO BhI,D;eJIHTb Tpn 0CH0BHhIX no.n:xo,n;a: 

1. Mo.n:eim, R0TOpLie orrepnpyIOT T0JibR0 c a,n;poHHhIMH CTeIICHJIMH CBo6o,n;LI (rruo

HaMH; HJRJI0HaMH, ,D;CJibTa·H306apairn n T.,n;.). 

2. Mo.n:enH, OCH0BaHHLie Ha ::>cpcpeRTHBHhIX RHpaJibHhIX 1rnapR0BhIX narpaHJKHaHax 

TH!la M0,D;eJIH HaM6y - lloHa-Jla3HHHO I!pli R0HC'IHOtt TCMrrepaType n IIJI0TH0CTH. 

3. TipaBHJia cyMM KX,n: IIpH ROHe'IH0il: TCMIIepaType H IIJIOTH0CTH. 

B paMKax nepBoro no,n;xo,n;a ocHOBHYIO pollb B MO,D;Hq>HRaI(nn cBollcTB p - Me3oua 

HrpaeT ero B3anMo,n:ettcTBne c qacTnI(aMH cpe,n;LI. B3anMo,n:eil:cTBHe co cpe,n:ott ,n;aeT 

,D;0IIOJIHHTCJibHLI:lt BRJia,n; B co6CTBeHHYlO 3Heprmo p . Me30Ha, qTo ::>cpcpeRTHBHO H3MCHJICT 

era Macey H IIlHpHHY pacna,n;a. 
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8cpcpeKTllBHLie R11:paJILHLie Mo,n.eJIH Tima Mo,n.eJin HaM6y - MoHa-JlaanHno (HMJI) 

BKJIIoqaIOT B ce6H KBapROBLie CTeIIeHn CB06o,n.LI. 3,n.eCL MO,D.ll<pllKaa:1rn CBOHCTB BeKTop

HOro Me30Ha orrpe,n.eJIHeTCH He TOJibRO ero B3alu.m,n.eiiCTBileM co cpe,n.oii HO Il 3aBIICIIMO

CTb!O OT TeimepaTypLI II IIJIOTHOCTII ,D.lIHaM11:qecRoil: KBapROBOii MaCCLI. 

B rro.n.xo.n,e, HCIIOJIL3JIOrn;eM rrpaBHJia cyMM Kx,lJ, rrpII ROHeqHoil: TeMrrepaType 

II IIJIOTHOCTII, M0,11.ll<pHRaIIIIH MaCChl p - Me30Ha IIpOllCX0,11.llT 3a cqeT M0,11.II<pimaa:nn 

<pJHRIIIIii pacrrpocTpaHeHHH KBapROB H rJIIOOHOB Ha cpaBHllMLIX C pa,11.nycm.1 ROH

cpaiiHMeHTa paccTOHHHHX. Ba«yyMHLie ROH,D.eHCaTLI RBapHOBLIX II rJIIOOHHLIX IIOJieii 

((OlqqlO), (01<?210)) 3aMeHHIOTCH Ha CTaTHCTll'leCKne cpe,n.m1e 3Ha'!eHHH OT 9TIIX orre

paTopoB, BRJia,11. B ROTOpbie .n,aeT He TOJILRO BaRyyMHOe COCTOHHHe, HO II COCTOHHllH 

<plI3JI'leCKoil: cpe,n.LI. 

Cyrn;eCTBJIOT rrpn6JIHH<eHHH, B ROTOpLIX pa3JIII'IHLie IIO,ll.X0,11.l,l ROM6IIHIIPYIOTCH C 

a:eJILIO rrpoBeCTII yqeT 9<p<peRTOB cpe.n,LI 6oJiee IIOJIHO. HarrplIMep, B MeTo,n.e rrpaBllJI 

CYMM KX.LJ; IICIIOJIL3yeTCH <peHOMeHOJIQrIIqecRaH CIIeRTpaJILHaH <pyHRIIIIH, MO,D.ll<pIIIIll

poBaHHaH B3alIMO.n,eiic'l'BIIeM C qacTIIIIaMll cpe,n.LI. MOJRHO pacCMOTpeTL TaIORe II 06-

paTIIYIO CIITyaIIII!O, B3HB 3a OCH0BY 9<p<peRTHBHYIO a.n.poHHYIO MO,D;eJIL, HO C MaccaMII, 

1'!0,11.II<plIIIIIpouaHHLIMII BJIIIHHIIeM cpe,D.LI Ha qiyn,n.aMeHTaJILHOM ypoune. 

8cp<peRTIIBHLie RIIpaJILHLie Mo,n.em1 TIIIIa MO,D.eJIII HMJI HMelOT orrpe,n.eJieHHJ!O CBH3b 

c 11eTo,n;oM rrpaBIIJI cyMM KX.LJ;: II B 1:oM, II n .upyroM rro.n;xo.n,e oc_HoBHYIO poJIL nrpaeT 

RllpaJILHLiii RBapR0BLifi ROH,D.eHCaT (rrpn BIJqncJieHHII MaCCLI p - Me30IIa B cpe.n;e MeT0,ll;0M 

rrpamm cyMM KX.LJ; BRJia,n. RBapKouoro Ron.n;eHCaTa ~ 80%). O,n.HaRo 110.n;eJibHaH 3aBII

CIIMQCTL pac'!eTa MaCCLI p - Me30Ha Ha OCH0Be MO,D;eJIII HMJI IIpIIBO,ll;IIT K KaqecTBCHHO 

OTJIII'IHOMY rroue.n;eHIIIO. 3aMeTIIM, o.n;rraRo, qT0 pe3JJILTaT M0,D.eJill HMJI 3aBIICllT OT 

KOHKpeTHoro orrpe,n;eJieHIIH 9<p<peRTllBHoii MaccLI, qro ca1m no ce6e HBJIHeTCH 0T,D.eJIL

HLIM B0IIp0COM. 

J,fa paCCMOTpeHHLIX BLIIlie rrpIIMepoB BII,ll;HO, qTo cyrn;eCTBJIOT paaimqHIJe Mexa

Hll3MLI M0,11.ll!pllKaIIllll a.n;poIIHLIX rrapaMeTpOB B CIIJibIIOB3alfMO,ll;eficTBy!Orn;eii cpe.n;e • .LJ;o 

HaCTOHrn;ero upeMeHII He HCHo, RaRoii MexaHif3M If IIplf KaRifX ycJI0BllHX HBJIHeTCH .n.o-

MIIHHpyIOrn;llM. KpoMe Toro, rrpe.n;cKaaaHIIH pa3JIIf'IHLIX MO,ll;eJiett Ra'!eCTBeHH0 pa3Jill-
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'la!OTCR. Ilo9TOMY ,ll;JIH 6oJiee rJiy6oKoro IIOHJIMamrn II R0He'lHOro perneHllR B0IIpoca 0 

TOM, KaK BOJ.n;eiiCTByeT narpeTaH If IIJI0THaH a.n;poHHaH cpe.n.a_na CB0HCTBa HeiiTpaJIL

HhIX BeKT0pHLIX qacTllII II KaKifM o6pa30M 9TO M0JReT IIp0HBllTbCH B Ha6JIIO,ll;aeMLIX Be

JIII'lIIHax, neo6xo,n.IIM BCeCTOpOHHHii anaJIIf3 B paMKaX paam1qHIJX II0,D.X0,11.0B II MO,ll;eJieii. 

OcHOBHble ueJitt pa60Tbl: MccJie,ll;OBaHIIe CBOHCTB BeRT0pHhlX C0CT0HHH.H B a.n;pon-

HOH cpe.n;e rrpH J{OI!eqHoil: TeMIIepaType ll IIJI0TH0CTH. 

1. IlpnMeHel!IIe MO,ll;eJIII HI1JI ,ll;JIH IICCJie,ll;OBaHIIH MC30HHO:il: ,D.IIHaMIIRII, Bhl'llICJieHIIe 

9<p<peKTIIBHhlX Mace, a,n.p0HHLIX KOHCTaHT CBH3ll 
0

II IIlIIpllH pacrra,n;oB B cpe.n;e. I1c

CJie,n;onanIIe B03M0JRHOCTII IIpIIMeHeHIIH M0,ll;eJIH HI1JI ,n;JIH 0III!CaHnH Me30HH0ro 

crreI<Tpa rrpII l{OHe'lHOli TeMrrepaType ll IIJI0THOCTll. 

2. I1ccJie,n;oBaHIIe CB0HCTB neJ:iTpaJILHhlX BeKT0pHI.rx Me30H0B B 9<p<peKTIIBHO:il: a.n;pon

HO:il: M0,ll;eJin C BeKTopno:il: ,ll;OMHHaHTH0CTbJO rrpII KOHe'lH0:il: TeMrrepaType. J,l3yqe

Hlle 9<p<peKTOB CBH3aHHLIX C nenyJieBLIM 3Ha'leHHeM lI30CllIIHa B cpe.n;e. BLI'IIICJie

HilC ,n;HJICIIT0HHhlX crreKTpoB, l!CCJIC,ll;0BaHIIe IIOJIHpn3aIIH0HHhlX 9<p<peRTOB B cpe.n;e 

IIpII R0HC'IHLIX 3HaqeHIIHX TeMIIepaTyphl U II30CIIIIJia. 

3. I1ccJIC,ll;OBaHIIC RBapRoBoro R0H,ll;CHCaTa B a,n;ponno:il: cpe.n;e C yqeT0M B3aIIMO,ll;CH

CTBI!R MeJR,n;y qacTHIIaMI! cpe,n;LI. l13y'leHIIC BJII!HHI!H TepMaJII!30Banno:il: III!OHH0ii 

<pa3LI I! ee B3aIIM0,n;eil:CTBI!H C RoppeJinpoBaHHhlMll nyRJI0HHLIMII I!CT0'lIII!RaMll Ha 

BCJIIIqIIHY RBapRoro R0H,n;encaTa. PacCMOTpeHIIC B03MOJRH0CTI! ca1mcornacoBaH

H0ro orrpe,n;enemrn BCJill'lllHLI ROH,n;encaTa B cpe.n;e II CBH3b BCJIII'IIIHhl R0H,n;encaTa 

·c 9<p<peRTI!Bnott Maccott BeRTopnoro Me3oHa. I1ccne.n;onan11:e MacCIJ BeKTOpHoro 

Me30Ha B HYRJIOHH0M rage ll cpaBHCHI!e 9<p<pCRTa ll3MCHCHHH R0H,ll;eHCaTa ll 9<p

tpeRTa B3al!MO,ll;CfiCTBHH BeRTOpHoro Me3oHa co cpe.n;o:il:. 

Hayt-rnaJI HOBtt3Ha tt ueHHOCTh pa6o'!_hl: 

1. I1ccne.n;onana ,ll;I!HaMnRa II CBOfiCTBa Me30H0B ( CRaJIHpHI.rx, rrceB,D;0CRaJIHpHLIX, 

BeKT0pHLIX I! aRcnaJibH0 - BeRTopm,1x) B paMRax M0,D;eJII! HI1JI rrpII R0Heqnott 
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TeMnepaType ll IIJIOTHOCTll. Hom.IM MOMeHTOM JIBJIHeTCH TO, qTo IlpllHJIT BO BHJIMa

Hlle pe30HaHCHI.Iii xapaRTep ROJIJieRTllBHhlX B036ym,n;eHllll C RBaHTOBh!Mll qllcJiaMll 

Me30HOB. IToRa3aHo, qTo MO.n;em, Il03BOJIHeT o6oiiTJICI, 6e3 BBe,D;eHllJI peryJIHpll-

3y10rn;ero napaMeTpa o6pe3aHllJI A. AHamrn cBoiicTB nceB.n;ocKaJIHpHLIX Me30HOB 

IIOKa3aJI, qTo npll 3HaqeHllJIX TeMnepaTyphl ll XllMJiqecRoro IIOTeHo;llaJia, 6Jill3RllM 

R RpllTJiqecRllM, IICeB,D;OCRaJIHpHLie Me30Hhl CTaHOBJITCJI HeCTa6JIJibHh!Mll. BnepBLie 

Ha OCHOBe MO,D;eJill HMJI llCCJie,D;OBaH 3aROH )l;llCIIepcllll, T.e. 3aBllCllMOCTI, 3Heprllll 

7r - Me30Ha OT npocTpaHCTBeHHOro llMIIYJihCa p IIpll ROHeqHoii TeMnepaType ll 3a

BllCllMOCTb 3q>q>eRTllBHOH MaCChl OT TeMnepaTypLI npll pa3JIJiqHhlX 3HaqeHJIJIX p. 

TamRe BIIepBLie 6LIJI npoBe.n;eH MeTO)l;IIqecRllll aHaJIJI3 3q>q>eRTllBHOH ROHCTaHThl 

B3aJIMo.n;eiicTBllJI 9pn JI nmpllHhl pacna.na W(p -+ 7r7r) B cpe.ne. PaccMoTpeHa 

B03MOJRHOCTb llHTepnpeTaIIIIlI. BeRTOpHhlX ROJIJieRTllBHhlX B036yJR,neHllll B MO,D;eJm 

HMJI RaR peaJibHhlX p JI a1 Me30HOB. 

2. BLiqJicJieHa co6cTBeHHaH 3Hepr1IH JI nponaraTop p - lil:e3oHa B ll30TOIIJiqecRll ne

CllMMeTpllqnoM IlllOHHOM ra3e. BnepBhle npoBe,neH yqeT )l;OIIOJIHllTeJibHOH CTe

neHJI CB06o.n;hl - HeHyJieBoro 3HaqeHllJI 3apJI,D;OBOro XIIMJiqecRoro IIOTeHIIllaJia µq. 

MccJie,noBaHhl 3q>q>eRTllBHaH Macca, KOHCTaHTa pacna.n;a ll 3aKOH )l;llCIIepcllll p -

Me30Ha )l;JIH o6oJix IIOJIHpll3aIIJIOHHhlX COCTOJIHllii. IloJiyqeHa OIIeHKa 3q>q>eKTa 

"HepaBHOBeCHOCTll" Ilpll HaJIJiqJin O;:J;llHaKOBOro )l;JIH BCex 3apJI,D;OBhlX COCTOJIHllii 

IlllOHHoro. XllMJiqecKoro IIOTeHIIllaJia µ,ro , a TaRJRe BJillJIHllJI HeHyJieBoro 3HaqeHJIJI 

µq Ha OCJia6JieHJie "HepaBHOBeCHoro" Bhlxo.n;a ,D;IIJieIITOHOB. PaccqJITaHhl .zi;llq>q>e

peHIIIIaJihHOe II llHTerpaJibHoe pacnpe.n;eJieHllJI )l;llJieIITOHOB, llCCJie,D;OBaHo BJillJI

Hlle ll30CilllHOBOro XllMJiqecKoro IIOTeHIIIIaJia Ha cpopMy pacnpe.n;eJieHllii. MccJie

;:J;OBaH neTpllBllaJII,Hhlfi 3q>q>eKT yrJIOBOH aCJIMMeTpllll .D;llq>q>epeHIIllaJibHOro pac

npe,n;eJieHJIJI ll BJillJIHlle TeMnepaTypLI ll XllMllqecKoro IIOTeHo;llaJia Ha Bem1qJIHy 

3TOfi aCllMMeTpllll. 

3. ·BnepBLie Ha OCHOBe 3q>q>eKTIIBHOro KllpaJII,HOro JiarpaHJRllaHa llCCJie,D;oBaHO IIOBe

,n;eHlle KBapROBoro ROH,D;eHCaTa BO B3am.10.n;efiCTBy10rn;efi IlllOH - HYKJIOHHOfi CllCTeMe 
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npll Koneqnon TeI-mepaType II paccMoTpen 3q>q>eRT oT B3am.m.neficTBIIJI TepMa• 

Jill30BaHIIOll lll!OHHOH q>a3hl C RoppeJil!pOBaIIIII,ll\lll HYRJIOHaMl!. TaRJRe BIIepBhle 

"paccMOTpe!!O BJil!JIIUie CReiiimnroro yl\lel!blllemrn HYRJIOHIIOH MaCChl Ha Bem1q~rny 

Ron.nencaTa ll BLinon11e11 pacqeT OTRJIOIIellllJI oT_ cReil.mrnroro noBe.n;enllJI 3q>q>eR

Tl!BHOil. MaCChl BeRTopuoro 1!e30Ha npl! KO!lequoil. IIJlOTIIOCTll. PacCMOTpen B03-

M0JR!lhlil. MCXaHJ,l:31\1 3TOfO OTRJIOHelll!JI. 

Anpo6a1v1n pa6oThl: Pe3yJihTaTLI, npe.ncTaBnemrne B .n;IIccepTa1I1m, 11eo.n;110-

RpaT110 ,noRna.n;1,rnaJil!Ch na ceMHHapax Jla6opaTopllll TeopcrllqecRoil. q>ll3llRll UM. 

H.H. Boromo6oaa Ol1JU1 ll ¢ll3l!RO - Tex1mqernoro l1ncTHTyTa ARa,neMllll HayR Y3-

6em1cTa11a, a TaJoKe na MeJR.nyuapo.nnoil. IIIKOJie - ce~rnnape HO peJIHTllBllCTCRoil. JI,nep

uoii .nmiaMnRe (Bna.nnaocTOR - Cannopo, 1991), na Melli.ny11apo.n110M pa6oqe~ coBern;a

mm no nporpaMMC ren3e116epr - Jlan.nay (,Uy611a, 1991 ), na Mem.nynapo.nnoM CeMll· 

nape no npo6neMaM cpn3HRn npoMe}RyToqnwx ll BhlCORl!X 311eprnll: (.LJ:y611a, 1995), na 

Me}l{.nynapo.nnoM ceMl!Hape no rrpo6neMaM q>ll3l!Hll BLICORIIX 3Heprnll: (,Uy6na, 1996). 

Ily6m,1KaQ11J11: Pe3YJihTaTLI .nnccepTaIInll ony6nnR0Ba11LI B 6 neqaTnwx pa6oTax. 

CTpyKTypa 11 o6'beM ,l\l'ICCepTau1111: ,UnccepTaIIllJI COCTOHT ll3 BBe.nennJI, qeThl

pex rnaB ll 3aRJIIO'leHllJI o6rn;nM o6beMOM 108 CTpaHl!II, BRJiloqaH 23 pllcy1rna ll CilllCOI{ 

III-ITllpoBa!IH0ll: JUlTepaTypLI ll3 91 11a11MeHOBa1Inii. 

KPATKOE CO,[(EPlliAHHE PABOThl 

Bo BBe,l\eHJ/IJ/1 rrpoBe.neno RpaTRoe on11ca1rne rrpo6neM, nccne.noaannLix B ,n;Hcq:p· 

T3IIHll, .nano 06oc110Bal11Ie llX Ba}RHOCTll, a TaRllie aRTyaJib!IOCTll TeMhl .n11ccepT3IIllll. 

Onpe.nenena IIeJib pa6oTbI n npl!Be.n;eno RpaTROe 113JIOllienne co.neplliaHl!JI. 

B nepnoi1: rnane ll3JIO}l{ellhl OCl!OBI!hle II0JIO}l{e!IHJI Teopllll nOJIJI npn R0IIe'IHOfi TeM

nepaType n 011pe;1ene1111e TeMnepaTyp11wx cpy1rno;llil. fpmia. O1111caHw cnoco6LI BhlqJI. 

CJieHl!JI neTneliux .nuarpaMM B 11cnon1,3yeMOM B .n11ccepT3IIllH q>opMaJIH3Me Mill!MOro 

BpeMenn ITF (imaginary time formulation). 

Bo BTopoii rnane nccne.nyeTCJI .nnnaMnKa Me30HOB npn Ronequoll. TCMnepaType n 

IIJ!OTHocn1 B pa~rnax Mo.nenn HaM6y ·· l1ona-Jla3HHno. PaccMoTpena SU(2) x SU(2) 
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Bepc1rn MO,nem1 C IICIIOJlb30BaHlleM cpopMaJll!3Ma 6030Hl!3aUIIII Ha OCHOBe cpyHKUIIOHaJib-· 

Horo IIHTerpana. ITonyqaeMhlfi rrp11 3TOM 3cpcpeKTIIBHhlii: Jlarpam1rnaH co.neplRIIT KBa

.npaT11qH1Je IIO 1!e30HHbIM IIOJIHM qneHbI, rrpe,ncTaBJIHIOIUl!e· co6oii: o6paTHbie Me30HHbie 

rrporraraTopbI. ITp11 orrpe.nenem1e Me3oHHoii: Macchl, KaK rron10ca Me30HHoro rrporrara

Topa, rrpl!HHT BO BHl!MaHlrn pe30HaHCHbIH xapaKTep Me30HHbIX B036ylR,neHIIH, qi11ry

p11py10IUHX B MO,neJIH. 8To CBH3aHO C TeM, qTo cpe.na B Mo,nem1 HMJI rrpe,nCTaBJieHa 

MaCCIIBHbIMli cocTaBJIHIOIUIIMli KBapKaMII, II KOJIJieKTHBHbie Me30HHbie B036ylR,neHIIH rro

HBJIHIOTCH, KaK IIOJIIOCa B aMIIJIIITY.UaX ijq - pacceHHllH. OTc10.na B03Hl!KaeT BOIIpoc 

0 TOM, .UJIH KaKoii: q>ll31!qecKOH c11Tyau11H MO,neJih MOlReT 6bITb rrp11MeHl!Ma. OrneTOM 

Ha 3TOT > Borrpoc MOlReT 6bITb rrpe.nrroJIOlReHHe O B03MOlRHOCTII cymecTBOBaHHH CMeillaH

HOii: KBapK-Me30HHOH cpa3bI. Cne,noBaTeJibHO, rrpe,ncTaBJIHeTCH IIOCJie,noBaTeJibHbIM TaKlRe 

yqHTbIBaTb peaKUllli pacna.na H o6pa3oBaHl!H KOJIJieKTliBHbIX KBapK-aHTIIKBapKOBbIX co

CTOHHlill B cpe.ne. UeJihIO pa6oThl, H3JIOlReHHOii: BO BTopoii: rnaBe, HBJIHeTCH HCCJie,no

BaH11e 3HepreT11qecKoro crreKTpa Me30HOB (a, 11", p li a1) nyTeM HaXOlR,neHHH IIOJIIOCa 

Me30HHbIX rrponaraTopoB C yqeTOM MHHMOH qaCTII IIOJIIOCa. .ll:JIH rrceB,nocKaJIHpHbIX 

Me30HOB TaKlRe rroJiyqeH 3aKOH .!lllCIIepc1111, TO eCTb 3aBHCIIMOCTb 3Hepr11li OT rrpocTpaH

CTBeHHOro liMIIJJibCa, rrpH q>liKCHpoBaHHOii: TeMrrepaType 11 6apHOHHOM XliMHqecKOM 

IIOTeHUl!aJie. IToKa3aHO, qTo rrpH orrpe.neJieHHbIX 3HaqeHIIHX TeMrrepaTypbI II IIJIOTHO

CTII, BeChMa 6Jill3KliX K KpllTliqecKIIM, y IIIIOHa IIOHBJIHeTCH OTJillqHaH OT HYJIH IIIllpHHa 

pacrra.na 71" -> ijq' TO eCTb IIllOH CTaHOBllTCH HeCTa6HJibHbIM. 11ccJie,noBaHo IIOBe,nem1e B 

cpe.ne 3cpcpeKTllBHOH KOHCTaHTbI B3aHMO.UeficTBllH II 111Hp11Hhl pacrra.na p -> 11"11". B KOHUe 

rnaBhl o6cylR,naeTCH B03MOlRHOCTb liHTeprrpeTaUHII BeKTOpHbIX li aKcHaJibHO-BeKTOpHbIX 

B036ylR,nem1ii:, IICCJI_e.noaaHHbIX B MO,nem1 KaK peaJihHbIX p li a1 Me30HOB. 

TpeTbJI rnaaa .!lllCCepTaUHII IIOCBHIUeHa liCCJie,noBaHHIO 3cpcpeKTOB cpe.!lhl, HMeIO

IUeii: ll30CilllHOBYIO acl!MMeTpllIO. PaccMOTpeHhl CBOfiCTBa p - Me30Ha B IIIIOHHOM ra3e 

C OTJillqHIJM OT .HYJIH cpe,nHHM 3HaqeHHeM li30CIIHHa. Cpe,nHee 3HaqenHe 1130CIIl!Ha 

orrpe,neJIHeTCH pa3HOCTblO MelR.!lJ cpe,nHHMII q11cJiaM11 IlliOHOB, HaXO,nHIUHXCH B pa3HbIX 

3apHJl0BbIX COCTO/lllllHX. B CBOIO oqepe.nh, 3Ta pa3HOCTb KOHTpOJIIIPYeTCII 3apHJlOBbIM 

(H30CilllHOBbIM) XIIMHqecKllM IIOTeHI:i;liaJIOM µQ, HMeIOIUHM OJlliHaKOBOe a6coJIIOTHOe 3Ha-
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qen11e, HO pa3HbIH 3HaK .UJIH 7r+ II 71"- Me30HOB. B TpeTbeil: rJiaBe IICIIOJib30BaH cpyHKUlIO

HaJibllhlll MeTOJl BIJqlicJieHlIH co6cTBeHHO - 3HepreTnqeCKOfi cpyHKUlIII lI nponaraTopa B 

IllIOHHOH cpe.ne C OTJillqHbIM OT HJJIH 3HaqeHlleM µQ. 8TOT MeTOJl HaxOlR]J;eHIIH co6CTBeH

HOii: 3Hepr1111 He BKJIIO'laeT TeMnepaTypHbie cpyHKUIIII rp11Ha JlJIH IlllOHOB (B ofoopHoii: 

Jll!TepaType 061JqHo npllBO,nHTC/1 cpyHKIJ;lI~ rpHHa ;J;JIH Heii:TpaJibHbIX Bo3e - qacTHo;). 

BMeCTO 3Toro, IIOCTpoeHO cpyHKUlIOHaJibHO - lIHTerpamHoe rrpe;:i;cTaBJieHne ]J;JIH CTaTII

CTllqecKOH CJMMbI. .ll:anee, co6cTBeHHO - 3HepreTlI'leCKaH q>yHKUIIH IIOJiy'leHa nyTeM 

cpyHKUIIOHaJihHOfO McpcpepeHo;npoBaHllH. 11ccJieJ(OBaH 3aKOH ]J;l!Cllepcnll II 3cpcpeKTlI

BHaH Macca p - Me30Ha KaK cpyHKUlllI TeMrrepaTypbI lI 3apH;J;OBoro XIIMIIqecKoro IIOTeH-

11;11ana µQ. Ha rrpHMepe 3q>.q>eKTllBHOH IIIllplIHbI pacna;:i;a ,;7r'lf IIOJIJ'leHa 'llICJieHHaH 

oueHKa 3cpcpeKTOB OTKJIOHeHIIH ClICTeMhl OT IIOJIOlReHlIH XlIMlI'leCKoro paBHOBeClIH. Pac

C'lIITaHbI Mq>q>epeHo;IIaJibHbIH II lIHTerpaJibHbIH cneKTp BbIXO]J;a JieIITOHHbIX nap. Pac

CMOTpeHa crreo;lI<pll'leCKaH yrnoBaH aCIIMMeTpIIH BbIXO]J;a ]J;IIJieIITOHOB lI ee 3aBllClIMOCTb 

OT 3Ha'leHllH IIIIOHHOro XIIMll'leCKOro IIOTeHUllaJia. 

B <IeTBepTOH rnaBe lICCJie;J;OBaH KBapKOBbIH (m1paJibHbiii:) KOH;J;eHCaT BO B3aIIMO

.neii:CTBYIOIUefi a;:i;pOHHOll cpe.ne Ilpll KOHe'lHOii: TeMnepaType ll IIJIOTHOCTII, a Tam,Ke 

Ka'leCTBeHHaH CBH3b MelR;:i;y KOH;J;eHCaTOM ll Maccoii: BeKTOpHoro Me30Ha. KBapKOBbIH 

KOH]J;eHCaT HBJIHeTCH BalRHOfi COCTaBHOil: qacTblO MeTo,na npaBIIJI cyMM KX,n:. MMeeTCH 

TeCHaH CBH3b MelR;J;y CBOHCTBaMII a;J;pOHOB, COCTOHlUllX 113 U ll d KBapKOB II IIOBe]J;eH1reM 

K11paJibHoro KOH;J;eHcaTa (ijq)* = (uu + dd)* B cpe;:i;e. nJIOTHOCTII. 

B 'leTBepTofi rJiaBe pacCMOTpeHhl ,nBa acneKTa npo6JieMbI: 1) BJIIIHHl!e B3allMO;J;eii:

CTBIIH npll KOHeqHoil: TeMn"epaType Ha BeJlll'lIIHY (ijq}*; 2) B03MOlRHOCTb CaMOCOrJia

coBaHHOr_o onpe.neJieHIIH (ijq}* B npH6JllllReHlill H;J;epHoro <I>epMlI - ra3a ll CBH3b 3TO.il: 

BeJill'lllHbI c Ha6JIIO;J;~eMbIMII a;:i;poHHI,lMlI napaMeTpaMII (!;, M;., mt,). 

B nepBOM naparpacpe qeTBepTo:ll: fJiaBbI Ha OCHOBe HeJIHHe:ll:Horo KllpaJibHOfO 

JiarpaHlRIIaHa o6cylR;J;aeTCII BJlll/lHIIe TepMaJlll30BaHHO:ll: IIIIOHHO:ll: cpa3bl lI ee B3allMO

;:i;e:ll:cTBlIH c a;:i;poHHbIMII IICTOqHIIKaMll Ilpll KOHe'lHO:ll: TeMnepaType II IIJIOTHOCTll 6apII

OHHOfO 3apH.na. B ;J;aHHO:ll: pa60Te paCCMOTpeHa B3aIIMo;:i;e:ll:cTBYIOIUaH IlllOH-HJKJIOHHaH 

cpe;:i;a. OcHOBHbIM BOIIp0C0M pacCMOTpCHIIH HBJIHeTC/1 IICCJieJ(OBaHlle BKJia;:i;a TepMaJIII-
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30BaHHhlX IIllOHOB, B3allMO.n;efiCTBJIOmux C HJKlIOHal\m. I,faBeCTHO, "ITO J"IeT HJKlIOH 

- HJKlIOHHhlX Koppel!Hl(Hll 3a C"IeT IlHOHHoro o6MeHa .n;aeT IIOJIO}l{HTellbHhlll BKJia.n; B 

3Ha"!eHHe KOH,!l;eHCaTa, "ITO IlpHBO,!l;HT K 6onee cna6oMy y6MBaHlllO BeJill"IllHhl (ijq)* C 

yBeJIH"IeHHeM IIJIOTHOCTH. C .n;pyroi1 CTOpOHhl, BKJia.n; OT CB06o.n;HI,IX IIHOHOB ( cpe.n;aee 

"IHCJIO KOTOpbIX orrpe.n;eJIHeTCH TeMrrepaTypott) llMeeT rrpOTllBOIIOJIO}l{Hblll 3HaK, TaK "ITO 

3Ha"!eH:u:e KOH.n;encaTa B narpeTOM IIllOHHOM ra3e yMeHbIIIaeTCH no cpaBHeHil!O co 3Ha

qenneM B CB06o.n;HOM rrpocTpaHCTBe ( aHaJIOfH"IHaH CIITyaIJllH HMeeT MeCTO B cnyqae 

cpepMH - ra3a HJHJIOHOB). Ilo3TOMY rrpe.n;cTaBJIHeT HHTepec BOIIpoc O BHJia.n;e B3allMO

.n;ei1cTBHH IIIIOH1_10f0 ra3a C HoppennpoBaHHbIMll HJKJIOHaMn. B pa6oTe IIOKa3aHo, "ITO 

B paMHax KHpaJibHOR ,!l;HHaMHHll 3TOT BKJI~ KOMIIeHcnpyeT 3q>q>eKT YBCJill"IeHHH HOH

.n;encaTa o6MeHHhlMH IIHOHaMll. Bo BTOpOM rraparpacpe "ICTBepTOH rnam.r, r.n;e paCCMO

Tpenue orpaHH"Ieno rrpe.n;em,HhlM cnyqaeM HyneBo:i!: TeMrrepaTyphl n HH3HO:i!: 6apnonnoi1 

IIJIOTHOCTll, IIOJIJ"ICHhl OIJCHKH (ijq)* B paMHax caMocornacoBannoro MeTo.n;a H paccMo

TpeHa rrp:u:6JIHJRCHHaH CBH3h KOH,!l;CHCaTa C Macco:ll:,BCKTOpHoro Me30Ha rrpu KOHC"IHO:ll: 

IIJIOTHOCTH. PacCMOTpei!O TaK)l{C BJIHHHllC B3al!MO.n;e:ll:CTBHH na a.n;poHHOM ypoBHe, J"ICT 

HOTOporo rrpHBO,!l;llT I{ OTKJIOE:CHlllO OT CRCHJIHHroro IIOBe.n;eHHH ,!l;JIH a.n;ponnott MaCCbl. 

O6cylli.n;aeTCH 3aBllCHMOCTh OT rrapaMeTpa CKCHJIHHra. 

B 3aKJII0"4CHIU1: ccpopMynnpoBaHbl OCHOBHh!e Bh!BO,!l;hl ll pe3JJibTaThl .n;uccepTan;u

OHHOii: pa60Thl. 
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OCHOBHhlE PE3YJihTAThl )];l1CCEPTAQ11]1 

1. Il pn llCCJieJ(OBaHHH .n;nHaMllKll ll CBOHCTB MC30HOB ( CKaJIHpHhIX, IICCB,!l;OCKaJIHp

HhIX, BeKTOpHbIX ll aKCHaJihHO - BCKTOpHbIX) B paMKax MO,!l;CJIH Hl1JI rrpn KOHe"I

nofi TCMIIepaType H IIlIOTHOCTll Bh!HCHeHo: 

- rrpn 3Ha:'lCHHHX TeMrrepaTyphl H XllMll"ICCKOro IIOTeHl(HaJia, 6JIH3KHM K HpHTll

qec1mM, IICCB,!l;OCKaJIJipHbie MC30Hhl CTaHOBHTCH HeCTa6HJihHh!Mll no OTHOIIICHHIO I{ 

pacna.n;y na ijq - rrapy, rrpn 3TOM 3!p!pCKTllBHaH Macca IICCB,!l;OCKaJIHpHoro Me3oHa 

llCIIbITh!BaeT CKa"IK006pa3HOe yBeJIH'lCHlle C IIOCJie.n;y10m:u:M pe3KHM yMeHbIIIeHneM. 

- C yBeJIH'lCIJHeM rrpocTpaH~TBCHH0ro llMIIJJibCa 3q>q>eKTllBHaH Macca rrceB,!l;OCKa

JIHpHoro Me:1ona yMeHhIIIaeTCH. 

- HCCMOTpH na Ka'leCTBeHIIO peaJIHCTH'lHOe orrncanne MC30HHOro CIICKTpa B CB0-

60.n;HOM rrpoCTpaHCTBe, MO,!l;CJ!h rrpe.n;cHa3h!BaeT 6oJibIIIJIO Heq>ll3lltICCKYIO IIIHpHHY 

pacrra:.n;a p( a i) - ijq, '!TO HBJIHCTCH cepbe3Hh!M rrpeIIHTCTBHeM ,!l;JIH llCIIOJ!h30BaHHH 

MO,!l;eJIH Hl1JI rrpn onncannu BeKTOpHh!X ll aKCllaJihHO - BCKTOpHh!X B036Jll{,!l;CHHil: 

B a.n;ponnoi:t cpe.n;e. 

2. BbIIIOJIHeH MCTO,!l;H'lCCKHil: anamrn 3!p!pCKTHBHOil KOHCTaHThl B3aHMo.n;elkTBHH 9p1r,r 

H IIIHpHHhl pacrra.n;a w (p - 7r7r) B cpe.n;e, IIOKa3aHo, tITO o6e 3TH BeJIHtIHHhl 

llMelOT y6bIBa10mee IIOBe.n;enne C IIOBh!IIIeHHCM TeMrrepaTyphl H IIJIOTHOCTH. 

3. 11ccne.n;oBaHh! 3!p!pCKThl ll30CIIHH0B0il aCHMMeTpHH cpe.n;hl, Bh!HCHeno: 

- rrpn peaJIHCTll'lHh!X 3HatieHHHX H30CIIHHOB0ro XHMH'lCCI{OJ'O IIOTeHl(HaJia µQ 3!p

cpeHThl ~3MCHCHHH Macchi, ,!l;HCIIepCHH H 3!p!pCHTHBHOit IIIHpHHhl pacrra.n;a p-Me3oHa 

CJIHIIIROM cna6h!e ,!l;JIH ,!l;0CTOBepnoro 3KCIIepHMeHTaJibH0ro na6n10.n;eHHH. 

- rrpn peanHCTH'lHh!X 3HatieHHHX µQ rrpe.n;cRa3annoe B rrpe.n;M.n;ymnx pa6oTax 

CHJlhHOe YBCJIH'lCHHe "nepaBHOBecnoro" Bh!XO.n;a ,!l;HJICIITOHOB ,!l;0JI}l{HO 6h!Th 3a

MCTHO CJia6ee. 

9 



4. MccJie.ll,OBall neTpHBllaJibHhlll 3cpcpeKT yrnoBoii aCHMMeTpllll .nucpcpepeHI.{HaJibHOro 

pacnpe.ue.1e11HJI ll BJ!llJIHlle TeMnepaTypIJ ll XHlltH'IeCKOro noTel!l.(llaJia 11a BCJ!ll

'IHHY 3TOll aCHMMeTpllH. Ilom1:ia110, 'ITO npu peaJIHCTll'IHhIX 3HatJeHHJIX 3TllX 

rrapaMeTpOB 3cpcpeKT yrnoBoii acHMMeTpllll .ll,OCTaTO'IHO BeJill!{ ll MOlKCT na6mo

.n.aThCll Ha 31{CIIepnMeHTe. 

5. MccJie.ll,OBaHO IIOBe.ne11ue KBapimBoro KOII.ll.CHCaTa BO B3allMO.ll.CHCTBYIOHieil: IlllOH -

HYKJIOHHOil: CHCTeMe. Ha OCHOBe 3cpcpeKTIIBHOro KHpaJibHoro JlarpaHJKllaHa IIOKa-

3a110, 'ITO 3cpcpeKThl B3aHMo.neil:CTBllJl Tep111aJil130BaHHOH IlllOHHOH cpa31,1 C HYKJIO

naMH H HYKJIOH - HYKJIOHl!h!X KoppeJIJil.(Hll qacTH'IHO l{OMrrencnpyIOT .npyr .npyra, 

TaR 'ITO OCHOBHOfi BRJia.n B H3MeneHHC 3Ha'leHHJl l{OHJ{encaTa npu peaJIHCTH'IHIJX 

TCMIIepaTypax H IIJIOTHOCTJIX .nacr 11eB3alIMOJ{Cil:CTBYIOHilIH IIIIOII - HYRJIOHHIJll ra~. 

6. Pacc1110TpCHO BJillJIIIlle CRefiJIHHroro yMeHbllleHl!Jl HYRJ!OIIIIOH Macchi Ha BeJil!'IllHY 

KOHJ{eHCaTa. IloKa3aHo, 'ITO ytJeT Cl{CllJ!l!Hra npHBOJ{llT K 3Ha'InTeJibHOMY H3Me

HCHlll0 BeJIM'IHl!hl l{OHJ{eHcaTa. 

7. BhlnOJIHeH pac'leT .ll.J!Jl OTRJIOHeunH OT CKefimmroro nose.neHl!Jl 3cpcpeRTHBHOil: 

Macchi BeRTopnoro Me30!la rrpn KOHe'IHOH IIJIOTIIOCTH, paCCMOTpCH B03MOlKHblil: 

MexaHH3M 3Toro OTRJIOIICl!llJI. IloRa3aHo, 'ITO OTKJIOHenne He3Ha'IHTeJibHO IIO cpa

BHe!llllO co CReHJil!HrOBIJM H3MeHeHHeM ll Cl!JlbHO 3aBHCIIT OT rrapaMeTpa CRefi

JIHHra. 
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