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BBEJJ,EHME 

ffillpOKO IIDBeCTHhl 6eOOT­

pa.iKaTCJibHble IIOTCHD,Ba.Jlbl 

COJIHTOHHOI'O 'l'HJia, Hoofipa-

>Kei!Hhle Ha p11c.l [ 11 01111 

IIOliY'laiOTC11 [2-5) 
''oTpLIBOM" CB..ilOaHJibiX CO­

CTO.RHH.ii O'l' HCIIpCpblBHOfO 

CIICKTpa, HaiipHMep, C IIO­

MOillhiO TeXHIIKJI o6paTHOH 

oap;a-qu pacceBHIDI HnH cy­

nepCHMMeTpllll (SUSY) 
0)1HoyposHeBa.ll liMa 

II0)106Ha BepXHeH liMe Ha 

pRe. l,a, TOJihKO MeHee my-

6o<a.ll. Ku 6hmo rroKaoaHo 

paHee [6], B crryqae OOHHoii 

CTPY<TYPhl cneKTpa 'IHCTO 

COJIH'l'OH006paoHhlC noTeH­

D;Ha.JlhHble BOOMylll,eHRH He 

MoryT 6hiTh npoopa'lHhlMH, 

Ta:K :Ka.K Ilpll GTOM BOOHH­

Ka!OT rrporH6hl tlanpeu(eii­

HhlX UOH B o6JiaCTH pao-

pellieHHOro )1Bii>KeHilll BOJIH. 

TuBe rrporH6hl 11eilc-reyiOT 

KaK mtxf?eiTHBHble noTen­

llilal!hHbie 6apbepbi, )1aiO­

Illile CiiJihHOe OTpa>KeHHe. 

a 

6 V(x) 

P•c.l. n piiMep~:.~ 6ei10Tp~a.TenLHYX DOTeHn;B-

&liOB C Tpev• CUB&HHbiiiB COCTo.aHBaHB [1]1 

B crryqae )1BII>KeHilll sorrH no perneTKaM ( c )1IICKpeTHOH rrpoc-rpaH­

CTBCHHOH nepeMeHHOi) BOCCTaHOBHTh rrpoopaqHOCTb CHCTCMhl C IIO-

TCHD;BaJIOM COJIHTOHHOl'O TBIIa )'AaeTCSI C IIOMOIII.hiO BBep,eHIDl )l;OIIOJI­

HHTeJihHOfO HeJIOKaJibHOfO BOaJIMO)l;e:8cTBBJl [6]. 
B p,a.HHo:ii pa6oTe cTaBHnach nap,a"'a nopoAHTL cB.H.Oa.HHOe cocTo.SI­

HHe B HH>KHeH oanpemeHHOI'i OOHe CIICTeMhl rrepHO)IH'leCIHX 0-6apbepoB 

1 C6nll:JI{eaa:e p;syx sepxn:x yposxei xa pac.l npasop;IT J: BliTecaeHJ:to BliPO]l(,ll;ae:U:YX cocTosr­

Rlli B rpaialle JUlill ( B np~ene E~ = E 3 9Tll JrYill yp;a.n.I(KJTCJT na 6ecrone'laocT:~>1 T.e. npoicxo;q,llT 

9<Jl<JleiTIBR8JI "&R1llii'liDJrD;ll.lf11 3THX COCTOJJHlli). JIIOfiOe CIOOh yro,ll;liO li8JIOe yrny6neRie T!I.IIX UQ­

TeHnia.noB 1IpiBOJJ;IIT I liOJIBDeB:JIJ:) ROBOI'O CBJJ:Da.KHOI'O COCTOJI'IllUl. 
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(mm liM) 

v (x) = 
00 

L Voh(x- na), (1) 
n=-oo 

npu YCJIOBHH coxpaHeHRH oTpaJKaTeJihHhiX cnoHcTB (ooHHOil cTpyx­
TYPLI). MLI o6napyllmnn, 'ITO cooTBeTCTBYJOlllee 6eooTpa1KaTeJILHoe 
BOOMyiiJ;eHHe IIpHBOIJ.HJIO K HHBCpCHH IICXO)l;HOI'O POTeH:QHa.Jia. llOMHMO 
BOOHIIKHOBCHIIJI IOHC'!HhiX BOOMYliiCHIIB, HCXO/IHLie 0-6apbepLI rrepe­
XO/IIIJIH B 6-JIMLI (n nao6opoT). Oxaoa.JIOCh, 'ITO oTa neoJKH/IaHHaJI HH­
BepciiJI TIPC/ICTaBJIJieT co6oii /IOBOJihHO 'lacToe JIBI!eHne. IIpocTo rrpH 
KOHC'IHLIX HCXO/IHhiX l10TCHI1Ha.Jiax TaKyJO HHBepCHIO TPY/IHCe 6biJIO 
Oa.M.eTHTh Ha cPoHe Cpa.BHHMbiX ITO BCliH"'IHHe TIOTeHI:J;HaJihHblX ~o6a­
BOK. B aToM OTHOIIIeHHH Bb16op "rpe6eno1 ,II.lipaxa" oxaoaJic.a O'ICHb 
Y/la'!Hh!M ( TaKHM o6paooM, HaiUa pa6oTa /IOTIOJIHJieT peoyJILTaTLI no 
MO/ICJIJIM C /leJILTa-no•reHJ1HaJiaMH, co6paHHLIM B KHnrax [7,8]). 

B o6oope [9) yJKe rry6JJHKOBa.JIHCh peoyJILTaTLI nopOlK/ICHIIJI ypo­
BHeB B cny"'!ae ncxop;noH rpe6eHxH JJ;upaxa Ha nonyocu, no Torp;a nac 
HHTepeCOBa.nH BOJIHOB:&Ie cflyH:K:QHH IIOp01K)l;aeMbiX CB.HOaHHbiX COCTO­
JIHIIB B paonwx (oarrpellleHnwx H paopemeHHLix) oonax, aHa Tpanc­
qJopMaiJ;HIO rroTen:u;uarra BHHMaH:ue o6pam.eno He 6wrro, Tax xax HH"'Iero 
oco6eHHoro He mKu;o,anocb. M BOT. naxonen;, 6hlJJO o6napy)KeHo paou­
TeJihHOe JIBI!eHHe nepesopoTa ( HOMeHeHHe onaxa) rpe6eHIB J\npaxa. 

B nepnoguqecKOM norre nooHHKae·r norrocaTblif crrexTp uo paope­
meHHhlX OOH (rrpoBO,[J.HMOCTH), flO KOTOphlM "CBOfiO,[J.HO" paCIIpOCTpa­
HjJIOTCll 6JIOXOBCKHe BOJTHbi. Mo)KHO roBopHTb o 6rroxoscKHX a.Ha.Jio­
rax axcnoHeHI::J;HaJihHbiX u CHHycoa;n;aJI~>HhlX pemeHuiP. B aToii CBBOH 
npe.ucTasmnoT HHTepec CJIC)l;YIOlli,He Borrpocbl. He so3HHKHeT JIH no)]; 
Kaaq~oii panpemeHHOii UOHOii: ITO CB.HOaHHOMY COCTOJIHHJO ITpH npouo­
BOJihHO MaJJOM npHT.HrHBaiOlli,CM BOOMylli,eHHB IIOTCH:qHaJia, KaK 9TO 
HMCCT MCCTO B CJiy'Iae Ta.KOI'O BOOMYlli,CHH..H CB060,[J.HOI'O )l;BHMCHHJI Ha 
BCe.if OCH ( KOI',[J.a JJOJIBJI.HC'l'C.B O,[J.HO CBJIUaHHOe COCTO.HHHC IIpH OTpH­
D;aTCJibHO:ii: aneprna)? AHaJioraqHo: He so3HHKaeT JIB no cBliOaHHOMY 
COCTO.SIHBIO Ha}l; KaJK)l.Oii panpemeHHOii OOHOii rrpH CKOJih yro,n.Ho Ma­
iiOB 01'Ta.JIKHBaJOlileB /I06asxe K l10TCHJ1Ha.JIY ( COO/IaiOliiCB "nepeBepny­
TbiC no'reHD;HaJII.Hbie .HMKH", B)l;asrreHnbie BHYTPh oanpell(eHHbiX ooH)? 
IloKa BTH IIp06JieMhi OCTaiOTCH OTKpbiTbiMH. 

~Ho llX IIll.&:ei.&:hlX KOJ46llHaJl,Ili MOIICHO IIOCTpO.HTb 06!JJ;Jl€ pewella.a: lr8. II))60ll KOH€'111011 Y'I!I.­
CTKe nepllO}l;.ll'Iecxoi CllCTellhl. Tax:xe pewe1111lf ;D;Illf p!WIIhlX nepliO}l;ll'leCIJIX IIOTeHn;llaJIOB 118. OT­
}1;€/IbllhlX IIHTepBaJiaJC l(())KHO rlla.,n,&O CWllBII.Th C peWeBil.Jillll 8 DOlle DpOilOBOIIbHhlX IIOTeS:~llaJIOB. 
EcreCTBeHHO, 'ITO B TO'Ill:aJC CUIIIDaB.IIJI 6yp;eT IIpOitCXO;D;IIT.b 'la.cTII'IHOe OTp8JICellll:€ 6ery~J.~HX 6no-
XOBCJ:KX BOII:O:, 
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06paTJHl.li oa11a'Ia. AJ!ll nepBOI\B'Iecxnx noTeHnnarros pa.ccM.a.TpnBa­
na.Cb B [10-13]. 

HHBEPCH.ff 'TPEBEHKH ,I(HPAKA" 

<l>opMyJ!bl ITOpOlKI\CHBJ! CBJ!OaHHblX COCTOJ!HHR npH COXpaHeHHH 
aCBMIITOTBKH "6JIOXOBCKHX" BOJIH M01KHO IIOJIY'IHTL IIpH IIOMOIIJ,H Te­

XHHKH cynepCHMMeTpHH [2-5]. 0CHOBHaJl H;D;e.H COCTOHT B TOM, "'ITOfihl 

pacu~eHHTh raMHIThTOHHaH xu onepaTop BToporo nop.s_~xa Ha ~Ba 
6orree npocThiX onepaTopa nepsoro TIOPJ!AKa H csecTB oa11a'Iy K pe­
rneHHIO ofihiKHOBeHHhiX AH<P<f>epeHI(BaJ!hllhiX ypaBHeHBii nepsoro no­
Plli\Ka. Jhax, HCXOI\HhiH raMBl!hTOHHaH H_ (s HarneM. cny'lae onH­
ChiBaiOfiiHH CHCTeM.y C nepBOI\H'ICCIHM.H 8-TIOTCHI(HaJ!hHh!M.H TIHiaMH) 
npei\CTaBJIJ!CTCJ! B <jJaiTOj)BOOBaHHOM BHI\C 

H _ = A+ A- + c = - d~2 + v ( x ), (2) 

rAe c ccTh Tax HaohJBaeM.al! aHeprHll <jJaxTopnoanHn. B aToM. BhlpaJKe-
HHH 

A-=- fx + W(x) 

ecTb IIH<!J<jJepeHnBa.JihHhiR onepaTop nepBoro nopl!I\Ia, A+ ero apM.H­
TOBO COTij)JllKCHBC. llycTb ,p- J!BJIJlCTCJ! perneHHCM. ypaBHCHHJ! Illpe-
1\HHrepa c H _ npn aHeprnH c Tor11a W ( x) M.OJKHO HaRTH no ypasHe-

HBJ! 

(3) 

IIOCKOllhKY 

H_,p- =(A+ A-+ c),p- = c,P-

cTanoBHTCl! TOJKI\CC'TBOM. npH TaKOM. Bb16ope W(x). TaxHM. o6paooM., 
BhlpaJKeHHe )IJIJl onepaTopa A- rrracnT 

- d d -A =-dx+dxlnt/>. (4) 

Teneph M.hl M.oJKeM npocTo HaRTH peweHHl! IIJIJl cynepcHMMeTpH'IHoro 
napTHepa H+ c nepecTaBneHHhiMH MeCTaMH onepaTopaMH A+ H A­
(npeo6paoosaHHe ~ap6y): 

H+=A-A++c=-f:2+v(x)-2f:21n,P-. (5) 

~CHCTBHTCllhHO, TIYCTh tPiJ CCTb j)CWCHHJ! ypaBHCHHJ! illpCI\HHrepa C 
H_ npH aneprnH E. Tor11a t/>~ = A-.P'E .iBJIJliOTCJ! peweHHl!M.H ypa­
BHeHHl! IllpeAHHrepa, cooTBeTCTBYIOfllero H+ c TOR JKe aneprHeR 

H+(A-t/>iJ) =A-A+(A-t/>iJ) + c(A-t/>iJ) =A-H-t/>'E = EA-t/>iJ. (6) 
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llpH aHeprJIII E = E 'laCTHOe perneHJie >!,+, cooTBeTCTBYJOlllee H +, 

MOJKHO nony'liiTh, pernaa IIII<P<!>epeHQJiaHhHOe ypaBHeHJie nepaoro no­

P"IIIa 

( 7) 

xoTopoe AaeT 

.J.+ = _1 
o/ ..p- . (8) 

llycTh aHepriiJI <PaxTopJioaQJIII E < E" 1'1\e E1 o6ooHa'laeT HIIlKHJOJO 

rpaHIIJ1Y nepaoii paopernCJIHoii OOHhi H_, Mhl MOJKeM Bhi6paTb .p-

6eoyoenhHOH II pacxo)IJJllleiiCJI aCJIMTITOTII'leCKJI. Tor11a 1/>+ cornacHo 

(8) He o6na11aeT yonaMH H o6parnaeTCJI B 0 npn !xl ~ oo. KpoMe 

Taro, MO;a(HO noxaoa.Tb, qTo perneHHe 1/fiJ sep,e'r ce6.a npa 6orrhlllHx 

X :Ka.I "cBOfiOAHO" paciipOCTpaH.HK>JJJ.aJICB 6JIOXOBCKa.H BOJIHa ("oTpa­

}KCH1Hl" HCT ), )l,pyTBMH CJIOBaMB, aCHMTITOTHKa 6JIOXOBCKBX pellleHH.ii 

B o606I1J,CHHOM CMbH:J1e OCTaeTUl HCHOMCHHO:il. TaKHM o6panoM, npe­

o6paOOBaHHC j.\ap6y H_ ~ ll+ p,o6aBJJJieT K 6noxoBCKOMY cneKTpy 

OCHOBHOC COCTO.RHBe. 

Ho BhlpaJKeHIIJI AJI• npeo6paooaaHHoro no-reHI\HaH'l. MOJKHO JJBHO 

yBB/].CTh a<f><fleKT HHBepnm noTCHIJ;HaJihHblX n1nos . .II,eHcTBaTeJihHO, 

v(x) =v (x)- 2~1nt/,-( x) =V (x)- 2 [.P-( x )]" + 2{ [.p-( x )]' }
2 

= 
dx2 lj; (x) lj; (x) 

=V (x)+2[E- v (x)J +2{[!j;-(x)J'}z =- v(x)+2E+2{[.p-(x)J'}
2

, (9) 
lj; (x) lj; (x) 

rp;e Mhl BOCJIOJI.bOOBaJIHCb BblpaH<CHHeM }l,JUI [tjr(x )}", BbiTeKaiO£U.HM 

Henocpe)ICTBCHHO HO ypaBHeHIIJI !llpei\HHrepa. Mhl naMe'laeM, 'ITo 

"~iJICH 'l) (x) CTOBT B TIOCJIC)J;HCM paBCHCTBC CO OHa.JtOM MBHyc. B HaliiCM 

r.JJyqae V (x) JIBJUICTCJI rpe6eHKOH CHHrynJipHblX ).leJJhTa-<!>yHKi1HH, II 

TIOOTOMY OCTallbHhle ( KOHC'lHbJe Tip II BCCX X) 'lJJCHbl He MOI'YT CKOM­

neHCIIpOBaTb nepeBopOT 6-TIIJKOB (JIM): 

Cne11yeT 1101\'lepxHyTh, 'ITO q,opMyna (9) BepHa 11 B o6111eM cny'lae. 

ilpll 8TOM HOMeHeHIJe OHaXa y V (x) MO>KCT TIOI\aBJI.OTbCJI TIOTeHijll­

aJlbHbiMB ll,06aBKaMB, HO Hama MOAellb llOOBOJIHJia B 'l:l:l!CTOM BHJJ-e Bhi­

.BBHTb a<P<f>eKT nepCBOpoTa HCXOJl-HOii IIOTeHll,BaJlbHOi rpe6eHKK npH 

IIOpoaq~eHHH OCHOBHQI'O CBJIOaHHOI'O COCTQj{HH51. 
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Ha pHc.2,a noKaJaHhi nepesepnyTa.a rpe6eHxa ,UHpaxa H xoHeqHhie 

ITOTeHD;BaJJhHbie BOOMYlli.CHRH B BB}l;C OTTaJIKHBai<llll.HX JTHKOB H rrra~­

KOH JIMKH. TaKaJI cncTeMa HMeeT TY :>Ke CTPYKTYPY crreKTpanbHhlx 

rrorroc, qTo H ucxo~Ha.a rpc6eHKa )l.upaxa rrmoc oap;aHHoe cs.RoaHHOe 

COCTO.HHHC. llHKH HY>KHhi, 9TOfihi C}l,BHHYTh BBepX Ha npeJKHHe Me­

C'l'a CITCKTpaJihHhiC ITOJIOChl, onycKai<>II~Hec.H npH HHBCpCHH rpefieHKH. 

JIMKa .>Ke o6ecneqnsaeT ITOilBJieHue cs.soaHHoro cocTOJIHHil. Ha puc.~6 

rrpe)1CTaBJICH IIOTCIIIJ,HaJI, ITOJiyqaJOlli.HiiC.R IIpH nopoaq:~eHHH CBilOaH­

HOfO COCTO.HHH.H B JIH)fOiei uanpClii.CHHOH OOHe B HCX0)1H01i CHCTCMe 

nepHOAHqecKHX p;eJihTa-llM. IIpu BTOM p;errh·ra-_stMhi npespa111.a10TCJI s 

}l,CJihTa-6aphephi, ITO.HBJI.BIOTCJI KOHeqHble .HMKH, OITYCKaiDIQHC OOHhl Ha 

TlpC)KI-IHC MCCTa, a CpC)1111111 llMKa ofiecnequsaeT ITOJIBJICHHC Oa)J;aHHOfO 

CB.HOaHHOfO COCTO.HHH.H. 

Pac.2. OoTeanaa.n~>~, norry~a.JOmHec.ll npH no-

poJKp;eHHH CB..IlOa.HJIOl'O COCTO.HIUI B HBlK­

uei tla.npemeuaoi ooHe a.) rpe6eut.a A•­
pa.t.& (nepaop;a"'ect.BX p;ellh'l'i<·(,apr.epoR), 6) 

nepa:OAB'Ieciax p;eJJbTa.-•M. nocJJe npeo6p&-

t10B&HB. p;ellb'l'&-IPYHID;HB BtlHeHBJJB OHa.I 

(6a.pbepY CTllJIB •H&MB, a. .lMbl 6apt.epa.MB). 

)lonorrHHTen"'Hble no•reuu;aa.n:t.Hhle oy6"1Bt.B 

(a) H •MI.H (6) o6ecne'IHB&IOT BOOBpa.me-

HBe H& npe-lKKRe r.teCT& CDei.TpaJihHYX no-

lJOC, CHeiU&IOIUBXC-a RpR RHBepCRH ll,ellLT&-

ROTeHlt;B&ltoB1 H no.-aneHRe HYlKHOI'O CBJIO&H­

HOrO COCTO.llHH.ll 

v 

II:HBEPCIIJI KOHE'IIIOI'O 'III:CJIA !IOTEHU:IIAJ!b!lb!X JIM 

X 

X 

,llJI.H aHHJIHOa peuyJibTaTOB npoopalJHbiX BOUMymeHHil rpe6CHKH 

,UHpa.Ka MOfYT OKaiJ3.ThCSI IIOJICtJHhlMH IapTHHKH npeo6panoBaHH.H O~HOfO 

6-6apbepa IlpB IIOpO)KJJ.CHHH CB1103.HHOfO COCTO.HIIH.H C coxpaHCtiHeM 
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OTpa2KaTeJihHbiX csoHcTB cHcTeMLI. MLI rrpHMeHlleM npeo6PanosaHHe 

SUSY, All-" KOToporo Bhlme yJKe 6hlnH BhinHcanhl ocnoBnhle cjwpMynw 

(2)-(9). 31\CCh Cl!CJWCT TIOI\'IC]lKHJ'l'h, 'ITO 8'1'0 npeo6pa.oOBaHHe He 

MCHBeT XapaKTCpHCTHK paccellHHB ( COXpaHJieT ITO MOAJ1110 KOG(p((JH-

1\HCHThl OT]l3lKCHH.ll H ll]lOXOlKI\CHIIJI). ,lJ,eiiCTBIITCllhHO, TIJCTb </Ji;(X) 
eCTh pemenae IICXOI\HOro ypasneHH.ll illpeAHHrepa npa onepraa E, 

rnosrreTsop.HIOrn;ee acHMTITOTH'IecxoMy ycnoBHIO 

<Pi;( x)- <:xp( -ikx) + r( k )exp( ikx ), x ~ oo. 

Torp;a rrposop;.H TpHBHaJihHhie BbliJiap;KH, MO.>KHO rrorry-'lHTh Bblpa2Ke­

nae AJlll acaMnTOTHKH BOOMJfliCHHoro peurena.rr 

<Pj;(x) = -[V'i;(x)J' + [,P-(x)]'>i'F:(x)jl/1-(x), 

r11e ,p-(x)- exp(~<x),x ~ oo (~< = W/2): 

1jr};(x)-exp(-ikx)+ 1<-ikk·r(k)exp(ikx),x~oo. (11) 
I<+ I 

31\CCh Mhl HO]lMHpyeM J/1"};( X) Ha CI\HHH'IHJ!O aMllllH'l'YIIY naAaiOII\CH 

cnpaBa BOl!Hhi. TaKHM o6panoM, xoo<jlcj>HI\HCHT oTpalKCHH.ll r(k) ocTa­

e'l'CJI HeHOMeHHLIM ITO MO,qymo, MeH.HeTCH TOJibKO ero cf>aoa. 

II a pac.3,4 rroKaoaubi oaBHCHMOCTH TaKux npeo6panosaHHii OT GHep­

l'HH CB.HUH ITOp02K,qaeMOI'O COC'l'O.RHHJI., OT CHJibl ITOTeHll;HaJibHOfO 6apbepa 

V0 H OT crrcKTPaJihHOro rrapaMeTpa, onpe,qeJlHIOIUero nonoJKeHHe CB.H­

naHHoro COCTO.HHHJI B IlfJOCTpaHCTBe. 

Cnyqaii cHMMeTpH'lHLIX noTCHI\Ilal!OB nOKa.oan na pac.5(a) npn 

HBMeHCHHH aHCprHH CB.ll\3aJIJIOf0 COCTOliHHJl H HCXOJ],Hoif b-.HMe. Ha 

p11c.5(6) noxaoaua Tpa.nc<jlopMa.J[II.ll HCXOJ[Horo b-6a.phepa c HIJMeHe­

HHeM V(l npH OHCpl'l:tH CB.HOH f = ~1. IIpH 60IJhUIHX ~~l ypoBeHL CBH­

aaHHOfO cOCTO.HIIHJI B onpoKHHyToii ,qenhTa-.HMe E,-n =- Y;? /4 OKaObi­

P.a.eTC.H Ha 60JThUieff rny6nlle, ~iCM Tpc6yeTCJl. L[TOfibl IIO~H.HTb CfO 

Ha Gap;aHHOC MCC'IO, IIOliBIJjJCTCJI iJ,OIIOIIHHT€JlhHhlii JIO'fCHilHaJihHbliJ: 

6apbep. A npw MaJihiX \.01 Tpe6yeTCH orrycKaHHe ypoBHH, KOTopoe iJ,O­

CTHraf!TC.ll ~~o6aBo'lHbiMl1 IIMKaMH. B rrp~enc \1[_1 = 0 nony""IaeTC.B co­

IIllTOHHa.H .HMa. 

Hnn nyqmero y_KcHeHH.H o(p<fleKTOB, CBJloanHbiX c nepesopoTOM 

1'rpe6eHKH )~Hpa.Ka.", npeACTaBJUICTC.fl II,CJICC006paoHblM OOHaKO­

MHTbCl! eme II C rpa.<jlHKa.MH (p1Ic.6,7), 1\eMOHCT]lH]lJ!OfliHMH CIIMMe­

T!JH'IHblC TpaHCcj>OpMa.IIliH IIOTeHI\Hal!OB npH A06a.BJ!CHHH OCHOBHOfO 
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CBJ!OaHHOfO COCTOJ!HHll B CJiy'Iae ~BYX H 'IeTblpex TIOTeHI\HaJibHbiX 

,Qeii.hTa-rrHxon. H XOTM HX ern;e TPYJl:HO KOMMeHTHpoBaTh, rrpHBOJl.HM 

BTH HJill.K>CTpan;HH ,QJlH II011HOThl KapTHHhi. 

-4 -z 
-i 

a 

-4 

[o-2. 

-6 

E" . s -8 

-2 

-0 2 
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2 X 
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2. 

Pxc.3. Hxaepcs.1. noTeKn;B&JlbHoro h-6ap~:.epa npH nopO»Q\eKBJI CBI:B&IIl(OfO coCTo­

aaaa C COXp&HeHBeM 0Tp&lK8.TCJII>HHX: CBOJi:CTB CHC'l'eJ,U,l 8 O&BJICHIIOCTH OT BeJJriHHH 

3.) eueprHH CB.I.OB, 6) IOOMHD;HeHT& VQ npB HCXOJI:HOII 6-6ap~:>epe. fioMDIO IIOIICHe-­

KU BH&I& 6-~YH:I.D;BH, I.OTopaa He no:UO&H& H& pHcyHie, llOOHBI&DT }\OliOJOIHTeJit.Hlile 

01:1.& a 6a.pbepH, nop,:o6aHe TeH, "'TO • a cny"'a.e acxo,.,xoi nepHO}\Jl,eaoi caCTella. 

06p&THTC BHBM&HBe H& TO, 'ITO .I.Ma. CJreB& H& pHC, 3(a) He MeJUeTCJ: (6Jr&l'O}\&p.l TU.OIIy 

BH6opy HCXOJI:HOJ'O peDJeHill. t/J-(z), 'ITO npB Z < 0 OHO He Oa.BBCeJIO OT Vo) 
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V(x) 

-2 

>< 

Pxc.4. HHaepc&.a noTeHo,Ha.IILHoro li-6a.pLepa. npH nopollqJ;eHHR cuoa.aHoro COCTe>­

JlHBJL C COXp&HE!HHeH OTp&lK&TE!llbHhlX CBOi.CTB CHCTE!Hbl B O&BHCIIKOCTB OT BeJIH"'HHbl. 

U&p&HE!Tp& "c"' (BepX&Be I.pHBblE! OTHOCSTCS &. 11H&'IE!HUH C ~ 0.4.; HHlKHHe - C ~ 0.5), 

OHp~E!lUJOW.E!f"O 06Jia.cTL OOI.&JIHD&IJ;HB HOpOlKJI;!LeMOfO CBJI()&HHOfO COCTOI.HH.I H& OCR X. 

3TOT H&p&MeTp S:BJUIJICI 100~nHeHTOH B liHHeiHoi: WM6HH&D;HH HeBUBCBIINX perue­

HHi,B BHJI;E! IOTOpOi CTpOHliOCL RCXOJI;HOe peWeHBE! .,-(z). 

JiCXOJI:Hbli: .n;eJibTft.-DHI. "onpD1..8HYDC.&" Jl CTaJI DOTeJI:u;Ha.nbHOii: }\eJILTa-.liHOi, cttHB8r 

vm.eics c JUlJKHei opp;:a:Ha.Taoi nonyocMo. Kone"'Hble noTeHn;xan:LHhle I.pHBHe TepnaT 

paophiB B TO"UE! p&CROJIO»tE!HU Jl:.E!llhT&-JIMbl 
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V(x) 

/ 

0.5 

:: 0.1 

5 

P&c.5. Cny'ta.li: CBMMCTptf'IHoi Tpa.Hc(>opM&D;&B: a.) acxop;Hoi: noTeHnaanLHOi 6-

.aMN npa pa.oHbiX BH&'ICHR.I:X 6HeprBK nopo:.Kp;a.eMoro CB.I()&HHOrO COCTD.IHB.a (noMBMO 

B006p&lKCHHbiX lOHll'IHbiX .aM HMCCTCJI b-6apbep, He DOI&OILHHbli H& pHCYHie); 6) BCXo­

JJ;HOrO b-6a.pbep& Up& BOMCIIeHBH \IQ. 0TTMIHI'I&IOU(Be B DpBTJUBBaJOll{BC DOTeHnBMhl 

lOppeiTBpyJOT DOJIOJKCHRC ypoBHI. 8 }l.eJibTW.RMe, BOOHHJ.Wei B petlYilbT&Te BH&epCBB 

v v L'' ' 
I 

:a 

~ v.' 2 

f--f--f\ ~osx 
0;' {,.! 

Pac.6 CHMML'TPB'Illa.l 'rpa.Hc~IH>pMau,H.ll cacrenhl )J;.BYX )l,eJJI>Ta.-6aphepoH (a.,6), co­

npOBOlK}J;&.IOlU,IUI.CI. ax HHoepcwei a no•aneHRCM ;o,ononHRTCJJLHhlX 6a.pLepoB a .IM. Ho­

MCJU.Tc.a a.) CB11& Vo }J;CQJ,'l'B.•6apbeJlOBj i)) OHeprB.a CUO&HHOI'O COCTO.&HB.J. . .UBe b-.I.Mbl, 

DO.liBBBIUBCCS DOCIIC BIIBCpCBR, DOiaG&Ilhl DO o6e CTOpOHbl O'I'pRn&TeJJhHOi OPABH&THoilf 

noJiyoca 
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PBc.6 (a). CntMeTpB'IHa.a: 

CBCTeMhl 

ABYX Jl:eJILTa.-sM, conpoBO­

JKAa.DilJ.&aC.Iil BX HHBepcaeft 

B HOABJieKBeM Jl:OROIIHHTellb­

KhiX IOHe'iHhiX JIM. HoMea.a-

eTCJI aueprB.a CB.IO&.HHoro co­

CTo.&HB.I . .IJ:aa. 6-68.pLepa., Do-

.&BBHIUJieCJI DOCile HHBepCBB, 

pacnono:JKeHLI no o6e cTo­

pOHhl DOJIOlKHTelli>HOii opp;B­

H8.THOJi nonyocx 

v 
0 

/ 
a ,, 

\\; 
·~ 

\ 
• \ 

-J.S 

-------7 
/ 

6 

v X 

2. /~ 

1/ \ 

-a.s.. 

/ 
- -o.s 

I 
,~..o---

y 

Pac.7. TpanoflopM&JI.BJI cacTeMu 'leT~>~pex ;a.enLTa.-6a.pLepoB (c BHBepc&ei). Me­

u.aeTCJI OHCprBJI nopO:li(/J;8.CMOfO CBJIU&HHOfO COCTO.aHBJI. PacCTOJIHBe MelKJI.Y KCXOJl.HI>IMB 

6apbepa.HB B cny'lae (a) MeHbJIJ€, 'leM B cny'la.e {6). HanpaBileHHNe BepTBI8.llLHO BHBO 

CTpeiiiH o6ouua.'la.IOT p;_eJibTBr:IHhl, DOJIY'IHBUJBe<'...JI 8 peuyJILT&Te BHBepcBB 
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3AKJ)!O'IEHME 

McrronwyeMoe B 1noi\ pa6oTe rrpeo6paoosaHHe .Qap6y, rrooBoJI.B­
IOUJ,ee JIOCTpOH1'b cepHIO cynepnapTHepOB HCXOAHOrO fa.MHJihTOHHaJia 
H_,He .ssn.seTc.H efi.BHCTBCHHbiM. Cy~ecTsyeT TaKlKe ,a:so:B:Hoe npeo6-
paoosaHne .Qap6y ( pacnmpe>mao HJIH 2-d SUSY [4]), KOTopoe AaeT 
COBCpWCHHO HOBOe M.H02KCCTBO HOOCflCKTpaJihHbiX ra.MHJihTOHHaHOB, 
OIBHBa.JJeH'rHOe MH02KCCTBY raMHJibTOHBaHOB B 6aprMaJIOBCXHX MOfi.C­
Jl.HX o6paTHOH uaJja'IH [ 16-19). lipH'IeM TaKoe ABOHHoe rrpeo6paoo­
BaHHC OC'l'aBJJ.BeT JIOTCHIVHUlhHble b-<fJyHKD;HH uerpouyrhiMH (nepBOe 
rrpeo6paooBaHHe OJij)OKH/],biBaeT CHHryJI.BpHhle ITHKH 1 a BTOpoe BOC­
craHaBJIHBaCT HX rrepBoHa"'laJibHOe COCTO.HHHC,CM. pHc.8). 
Pac.8. 'l'pa.uc~opMana• ~eJihTa-

6apbepa Geo BHBepcaa c nopo-.. 

ll<p;eHReH CBJIJ3aJIH0fO COCTO.HHHI: 

H COXpaJICIIBeM OTp&lKR'I'ellhHhiX 

CBOiCTB DpR paoHbiX IJH&'ICHBJIX 

npep:ot:cnoHeHnBMI>Horo tf>at.Topa 

M B a.caMnToT&'IeCIOH nose;ra:eHHR 

CBJI()aHHOC COCTO.J:HBC CHCWaeTC.I 

Bnpano 

20 

,I(JI.H HaC IIOKa OC'I'ae'fC.H He .HCHOIM BOIIpOC, IJO"leMy MO}KHO IIOCTpO­
HT.b ABa paoHTCJlhHO HCIIOXOlKHX KJiacca rrpeo6paooeaunft HCXOAHOro 
IIOTeHD;Ha.Jia, q'f06hi rropo~HTb OCHOBHOe COCTO.HHHe npH OfVIOiJ H TOR 
lKe OHeprHH ( C 0/\HHM CB060~HbiM napaMeTpOM, OII[JCI\eil.HIOIIIHM npe­
HMYll~eCTBeHHYK> JJOKaJIHOaiJ;HIO IIOpO)f{AaeMOfO COCTOliHH.H Jla OCH X) . 

.QaHHa>I pa6oTa cny>KHT IIPOAOn>KeHHeM pa6oT no Teopnn yrrpa­
BJJeHHB crreKTpaMH [14-19). ABTopbl 6naroAaPHhl P<t><PH H <j>OHII.Y 
Copoca oa no)IAep>K•Y. 
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