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o. 

I. BBe.n;eHHe 

ARTyanbHHMH npo6~eMaMM KXn RBnReTCR OOoc~oBaHHe KOHwa~MeHTa, 

BaqncneHHe cneKTpa ~poHOB, a Ta~e BHBO.n; ~eHoMeHO~OTH~eCKHX KHpanbHax 
~arpaHJKMaHOB Henocpe.n;cTBeHHo HS KX,U. Bce rrOHbITIDi pellIeHHR aTIDC rrpoo~eM, 

.KaK npasano , conpoaoanaorca pR,D;OM npennoaozeaaã, zoropse ae BhITeKaIOT 
rrproMo HS nepBhIX npKHUHnoB KXn H HOCRT ~eHOMeHo~orn~eCKHa xapaKTep. 

• 
r.naBHaa He.n;OCTaTOK 3THX nOllhITOK - OTCYTCTBHe KOHCTpYKTHBHOro MeTo.n;a 
oueHKH TOqnOCTH rrpHMeHHeMbIX npHOR~eHHH,.Hs~sa ~ero He~bSR YKaSaTb Ha 
KOHRpeTHlill 3KCnepHMeHT, B KOTOpoM MOJKHO OWIO OhI rrpoBepHTb rrpaBWIbHOCTlJ 
HCXO,IJ;HhIX rrpe.nno~OJKeImWC). HarroMH:HM, ~TO B K3,U TaKHMH 3KCrrepHMeHTa
MH RBnRIDTCR HSMepeHHe ~3MOOBCKOro C.n;BHra B aTOMHOM cneKTpe WlH cia
TH-qeCKHX xapaKTepHCTHK ~enTOHoB. HHhIMH CJIoBaMH}K3,U y.n;OMeTBOp.lieT 
npllIHUHTIY BepHqJHKamm. 

B HacTogmea paOOTe B Ka'qeCTB€ HH3K08HepreTH~ecKoro rrpllIo~~eHRR 

KXn, KOTopoe y.n;OBJleT~OPRRO OhI npHHUHIIY BepHWHKaDnR,rrpe~araeTCR HC
rrQnbSOBaTb KBaHTOBY~ xpoMOCTaTlIIKY (KXCJ, T.e. TáKoe npHo~eHHe KXn, 
cor~aCHO KOTOpOMY BpeMeHHaR KOMITOHeHTa r~rooHHoro rroxa .n;OMKHHPyeT H8,1J; 
rrpoCTpaHCTBeHHUMM KOMllOHeHTaMH. BaTOM rrpHOJlHXeHHH ~arpaHJKKaH KXn 
rro tPoPMe co~na.n;aeT c ~arpa~aHOM 3~eKTpoCTaTHqeCKoro rrpHO~REeHHR 

K3,ll c TOqnOCTbIO ao CYMM3poBaHHR no rmeTOBhIM' zunexcaa. HarroMIDIM, -'qTO 
B MeKTpoCTaTHKe BpeMeHHaR KOMIIOHeHTa MeKTpOMarnHTHoro noaa, y.n;OB
~eTBOpmanaR ypasaeaz» raycca, sener K KY~OHOBCKOMY rrOTeHUHaJIY, KOTO
pua RBnHeTCR HerrepTypóaTRBHhIM qJüHOM rrpH B~CJIeHHH crreKTpa CBRSaHHhIX 
COCTORHHa ~epMKOHOB B aTOM rrO~eHUHaJIe. 

OCHOBHaR H,1J;eR paOÓThI COCTOJlIT B Hcrr~bSOBaRHH H~OOJlee oo~ero 

penenas ypaBHeHIDI raycca~ KaK OWIO nosasaao B pacorax 2,3'4( TaKHM' 
pemeHHeM HBXReTCR CYMMa KYJIOHOBCKOro JII OC~·OpHOro. rrOTeHUHaJIOB. 

B HacTogmee Bpe~ ?OTe'UHaJIhI TaKoro;po~a llIRpoKO RcrrOHbSYDTCH ~ 

OIIHC8HllH CIIeKTpa ~erIGIX 5, 6 JlITR:lIte~hIX /7 RBapKOHHeB. KaK IlpaBHJIO, 
OClJlJJIJIJiTOpHIdt nOTeHIU'IaJI (XSK H sce .pacryátae nOTeHIUlaJIhI) pacoaarpaáaer
CR KaK Henepryp6aTRBHI:d1 a<W>eKT CYMMRpoBaHIDI oecsonesaoro tfifCJIa mIar
paMM,CTaTYC KOToporo KoppeKTHO H8 onpe.n;aneH/5,B/.rrpH aTOM OC~H
ToplihIa nOTeHUBaJI npEMeHH8TcH CKopee KaK qJéHOMeH~OrH'qeCKaR Mo~e~b, 

I UeJIb scropoã MaKCHM8JIbHO TOtIHO B1:RRCJIHTb cnezrp anpoaos Y1l.e B paasax 

\ 
HepenRTRBJlIcTqKOro rrpHOAH1l.eHHH. O~aKO IIpOO~eMa pexaTRBJlIqTCKOro OTIHca

! 
x)HCRnDqeHHeM RBX.fIeTCR KX,ll- BH'qRcneHHR Ha pemeTKe. O,IJ;HaKO B 3TOM 

rro.nxo,n;e .n;o CHX rrop He pemeHa npoo~eMB rrepexo.n;a K KOHTHHYaJIbHOMY 
npe.n;e~: nQHY-qeHHHe peSYJIbTaThI B 3TO~ rrpe.n;e~e COOTBeTCTBy.DT Tpn
BJlIaJIbHOMY CJIYqam CBOÕOnHOa TeOPllIB /1/. 

---~..... _-~ 

Ifn~ta!i liÇ~~Ü RHCTln'JT ,. 
U-efjJiWI mccJJelibnaud 
6&15n~!CTEHA- ...-...c.. _ 



lUIH ~BJI3aHHWC cocromraa KBapROBX) H CaMIDC rJIlOOHOB B aroã Mo,neJIH
 
OCTaeTCH HepemeHHO~.
 

B ,naHHotl pa60Te BBeaeHRe ,nollQnHHTen~Horo dC~TOpHOro rrOTeH
~ana TpaKTyeTcR KaK liHwpaKpacHoe ~Oonp8~eR8Hae KY~OHOBcKoro nOT8~

Ma (rryTeM ytIeTa pemeaaa O,UHOpO.ItHOro ypBBHeHHH raycca/2,3,, 4/ . Ta
Kasr TOtIKa 3peHIDI no cpaBHeHHIO c IIHenepTypóaTHBHO~" 06Jl~aeT cymecT
BeHHHM npeHMYmeCTBOM, nOCKO~~KY ~aeT B03MOEHOCT~ npRMeHHT~ MeTO~ 

pe~HTHBHCTCKOro onepaTopHoro KBaHTOB8HHH xpOMO~aMHKH ~ peRR
• TBB1l3amm BOJIHOBotl WHRI.Um KBapKOHIDl, lI, onaoanaa r~IOOHHbIX B036y~e

HHtl B TOM JKe XpOMOCTaTlItIeCROM rrpHOJIIDKemnr. MH 6y~eM HCIlQnl)30BaTb 
onan 113 razax MeTo.n0i3 T.H. "~~Hoe RBaHTOBaHHe tr ,. KOTOpIDí ÓWI 
npe~OJKeH B paóoTax ,41. 

ECJI.H, MH paCCMaTpID3aeM" OCI.:Uf,1lJlf.{TOPHWf nOTeHlUfaJI .KaR npHóJmJKeHHe 
xpoMOCTaTHKH, TO 
MaKCH?~an~HO 

,naeMNX a,npoHOB, 
a.u.po,o, @!3HKH 
MeHT) 9 • 

Ha ll&PBOM aTane MoxeM TpeóOBaT~ OT TeopHH He 
TO~0ro KOHRtIeCTB8HHOro OITHCaHIDI crreRTpa HaÓ~IO

a KatIeCTBeHHoro 06~HCHeHKH Bce~ HH3RoaHepreTHtIeCROM 
(BKJIIOqWI çpeHOMeHOJIOI'Hl.!eCRHe JIarpaH.llUlaHH B ROHçpa1bI

OOHOBHaR ne~~ HaCTOHIIte~ paÓOTH - CWOpMY~RpoBaTD no aHaJIOrHH c 
K3~ TeopHD B03MYmeHH~ B KXn KaR paanOJKeHHe' no rrpooTpaHOTB8HHHM ROM
rrOHeHTaM rAroOHHoro n~ H 06CYAKT~ B03MOJKHOCT~ e~oro OITHCaHHR HH3RO
SHepreTHtIeCROH émPOHHo:R ÇPK3MIm B npH~JIK1teHlm KBaUTonott xpoMOCTaTHKK. 

B paa~eJIe 2 MH KpaTRO OllHmeM MeTO.n peRRTHBRcTcRoro orrepaTogHo
1'0 KBaHTOB8HRR:, OCHoBaHHoro aa HBHOM pemeHIDI ypaBHeuIDI r8Jcca/3! . 

B pa3,ne~e 3 CÇPoPMY~R~yeM,npH6~eHHe KBaHTOBOn XpoMOCTaTHKa B 
T6pMmlax Ó1UIOK8JI~HWC nepexeaasx, 06cy.JU!M onaeaaae cnexrpa KBapRoHIDI II 
CnOHT8HHOe HapymeHHe KHpaJI~HOA eHMMeTpRH. 

B pa3.ne~e 4 6y~eT aBRO 06ocHoBa~Me KHpaJIbHHX ~eHoMeHO~OrHtIeCKKX 

~arpammaHOB~ 

B pa3,ne~e 5 npe.ncTa~eHa xpoMOcTaTRI~ r~HoB, BHBe,neHH 
OCHOBHHe ypaBHeHHH HlI3RosHepreTHtIeCKotl rnroo~aMHlm II MO.nMWRRaURH 
~PMYAH aCHMllTOTHtIeCRO~ CBOÓO,nH. 

Pa3.ueJI 6' nocsamea <I>oPMY~RpoBRe npoóJIeMli KOHwaRRMeHTa :H eê peme
HJm B paasax KXC. 

x) 
~onHTRa peJIHTKBR3a~ B TaKo~ Mo,ne~ BOnHOBO~ <PYHRUKK llHOHa B
 
6/rrpRBe~a R HenpaBRn~HOMY saKoay ~cnepCHH.
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l '2. "MIDiHMaJIbHOe" RBaHTOBaHHe Heaóe~eBo:L1 TeopIDI 

} lümRó~BOtIHO-HHBapRaHTHaR II pe~TRBHCTCKR-ROBapHaHTHaRcxeMa 
u KaHOHHtIeCKoro RB8HTOBaHHH, ocHOBaHHaH Ha HBHOM pellieHHH ypaBHeHHH

I CBH3M (YP8BHeHKH raycca) R npKHUHile .KanH6P0BOtIHO~ HHBapRBHTHOCTR 
<" 'KOTOPM nO~Yl.fiJJIa Ha3BaHRe "MIDmMaJI})HOe" KBaHTOBaHHe") óWIa npertno

~eHa II no.npo6HO OITHCaH8 B pa60Tax/3 , 4/ . 3~ec~ MH nepetIMcnHM ee OCHOB
HHe nQno~eHHH R ocoóeHHOCTH, Ha aCHOBe ROTOpliX óy,neT Rc~e.nOBaHO 

HH3ROSHepreTH~eCRoe nOBe,neHMe KBaHTOBO~ ~pOMO~HaMH.KH. 

PaCCMOTpKM Hea6e~eBY Teopnro c ~arpaRXHaHOM, 

!E(=c) = -~ IJ-: + ljJ (i .xl - mo) ljJ · (I) 

r.n;e 
-'" --1 A Q. /Lq,

x7= ~ ~J ~ = ~ +~ ~ ~ = e qi :J (2) 

..-\.;\ --'\......-\,!/uI! ==: J;-Av - (Jv+ + e [;y., AjI ] > 

( ~Q - KB.7lliÓpOBOl.!HH8 nona, lf'- noae cnaaopa , 8 mo - CQ0.TB8TCTBYD
maR eMY MaCCOBBH MaTplIDa), ROTOpH~ HHBapR8HTeH OTHocHTe~~HO KarrRópo
BOtIHHX npeoópa30BaHH~,+9 = j ( A~ +~)~r~, 1jJ# ril/J, (3) 

rne i (x) .,..MaTPRDa co 3HatIeHR.fIMH B rpynne S.U(AI). JIarpaIDKHaH (1) 

He co,nePEHT rrpoH3Bo~oD no BpeMeHH OT nO~H ~o ' B~e~CTBHe tIero 
KaHOHRtIeCRRD HMnY~~C paBeH HY~ID. ITepeMeHHue ~o HC~IDtIaDTCH HS 
~arpaHJKMaHa 

~S 
_0_ 

8Ag 
rne S =:: 

<I>epMHOHHI:tli TOR, vi = vi . o (//.. -I-.e l . 
~OpMaA~HOe pemeHRe ypaBHeHHH (4) (c TOtIHOCT~ID ,no perneHHH o~oPOnHoro 

ypaBHeHRH V:,Z ~= O) HMe6T BM 

QAo= I;J! la:! (Vir do Ak/+ e /~t ]. (5) 

e. ,
1I0,ncTaHOBRa pemelmA (5} B .KBJm6poBOtffiO- mmapRaHTHUe JIarpaHJKMaH (1). 

H TeH30p SHeprHR-RMITY~~Ca EeJIHHWaHTe 
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i/I 

c nOMom~ID ypaBHeHHH CBH3~ (ypaBHeHHH raycca} 

Á.l) a ab I> • a 
== O "9> t~' Ao =: ~, 00 AI.' + e/o J (4) 

,r ~ '1/ - a 
lJ ~(.x.)d".x - peucr#We /;.7l/J J; ~ ?PJ 

T7 ai~ D' ab(.A) <:;;:-ah~, ja6cA c=




;;,;= ~fi.v + Ij/ ri?Jf t7v)?b - $«v&t' + i d/(ff.y-v?P), (6) 

(rne /J~v=:1,[~J 0;t7-+ 71''' 0)/ - 7YÀ ~ ) . 

• n03B~eT BupaSRTb RX RCKrrID~Te~bHO B Te~~ax KanR6poBO~O-HHBapHaHT-

HHX qyYHKImOHaJIOB OT RCXO,IUlliX nMe~IO,2, A I lj/ 
-"I (""""'!l. -:f.A i -:=: Vi{A) Ai + Vt) 2J"r rA ) ~ 

: 

l/J r = ZJz (A) ?/J) (7) 
I 
·i 

(8) 

rne -MaTpHIJ,a .V'r (A) KMeeT BH,IJ; I: 

V r (A) = Texl'!Jdt l ...1.. z 'V'kd,;,A: 1 
. v;.~ 

K1m JoVz(A)=- VZ{A)·!",z ~doAK 1, t 

T . ~ jdif/ ,I F(fJ
-oneparop apeaenaoro ynOpR.D:O'tIeHIDI, RHTerpaJI (; )=: 

nano nOImMaTb B CMHCJIe aeonpenezeaaoro ~TerpaJIa, Toe oi F(/J = j{-I:) ) o 

KanE6poBO'llHO-HHEapRaHTRue nepeMeHHue l4i To~eCTBeRHO y;noBHeTBOpRIDT 

YCJIOBIDO i 
vJA5 PbA/= O> Jdt/ VJ4 I 

) él"A/- o, ( 9) 

KaJm6poBOlffioe YCJIOBHe (9) RBJUIeTCJI snecs cn:e;nCTBH8M, a se HCXO.n;HHM 

npa;nnOJIOJlteHH8M, T oe o .fIBHOe pemeaae onaoro ~:mrro ypaBHemm: raYCC8 

n03BOJIJIeT .zrJIR K8JIR6poBolffio-mmapl!aRTHllX ~arpB.HJK:HaRa R TeH30pa EeJIHH
WaRTe YCTpaHJr1'}, ne Heqm:3H'tIeCKHe crenena CBo6o.I1ll ( Ao H (9) li 38

~RCHPOB8T}, KanH6pOBKY ~aMH'tIeCKHo (ôTOT P83Y~},TaT CTaROBHTCR o'tIe

BB)J;HHM !PaRTOM ,1tJIJI MeKTpoMaI'HRTHOro nOJIR:. sorna nO;nCTaHOBK8 pememm 

ypaBHemm raycca Ao=(Yi'Z)dI<AK B Hanp.Rlt8HHOCTb Foi=dDA;-~'A(J 
nPllBO;nHT R Blipa:ateHIDJ, 38BHc.mueMY OT quCTO nonepexaoã nepeaeaaoã 
Fiu: = dD AI.: • rne IJT= (Õij  ÔI.· j... ~-)1' , ae S8BKCSiI.Il8MY OT A(J J[ 

npo;nOJI:&HoA ROMIlOHeHT1:l ~: A i.).
~31rt{eCKHe RaJm6poBOtffiO-mmapHaRTHlie nOJIJI 

I 
AI: 

I 
11I l/J ,Boo6

me I'OB0.PJl. onpensaena c TOlffiOCT},X> no TOllelffillX npeoõpaaoaaazã 

.. A~T = 7fT (AI) (~I + ai) 2J7" (A"T)--f) 

ljJT:::; V, (AI) ?jJ I. 
(10) 

'. 
4 

B 'tIaCTHOCTH, MO*HO Ha~TH .liBROe TO'tIe~qOe rrpeo6paSOB3HHe c LJr , y;nOB

~eTBOPRIDmHM ypaBHeHHID 

-'-I)
OI.' V'r == Vr di ( - -I o/(AK ) 17d== ~ Jk , 

I7J 
KOTopoe Be;neT K J.niHe~oMY Y~OBKro 

O,,' A,,!'-= 2)7 ! 0..~.I_ V;'lJT-/~'l/T ]Ur- '- o crn 

]I ;nonycKa~T npoaeaeaae KaHOHR'tIeCKOrO KBaHTOBaHIDIo BaJKHo OTMeTl:iT:h, 

~TO nOrrepe'llHHe rrepeMeHHHe (Ia) s;nec}, B~e~eHH rrpHHUHuoM COOTBeTCTCT

BIDI c nepBllM rropanxox TeopIDI B03MYmeHID! (e:=, O) , B ROTOpoM norrepex-
HHe (Ia) ]I KaJm6poBO'tffiO-mmapRaHTHhIe nepexeanse A r, ljJ T COB

nananr o B Te pMIDlax nonepesaax nepeMsHHHX (IO) raMWI},TOIDHlli li RMITY~},C 

RMeIDT B1I,IJ; 

H= fd1x 7;0 =:fd~[l F()i2 
+ 1 F;.·f+ li!,,'!;. Vx(A

T
) .., íiia]l/JT l.

JCoJ z 4 '" (12) 

R =r": TOK x: f J.1;r I Foi F,.,/< + i l/J TVK (A7J l/J TI 
r;ne 

a. Ta ~(/T)aF() i == E,; + e o t' vd d o ) (13) 

74._ 'Q fale E!hA·T C 

J o - jo + "l. / ( I4) 

E Ta. Ara 
,; - KaHOHl!'t1eCICH COnpR1lt8HHaR K i nepexenaaa. TIo caMOM,y noc

·Ia 
TpoeHHID He~OKaJIbH1:lX K8JIHÓpoBO'tfilO-IDIBaPHaRTHh1X nepeMeHH1:lX,. E/-(J= A 1.' 

Ii Ara TOJK,IleCTBeHHO y;nOBJIeTBOpmoT YCJIOBmo nonepeuaocra al.· t:;,.T4 :=: 

= a,: A,TQ_ o . .1lJIJI KBaHTOBBJU!JI 3THX nepeeeaaax Heo6xo,II.KMo BC

nanbsOBaTh He~OKaJIbHHe KOMMYTaUBOH!lhIe COOTHOrnéHRH 

.tE/a(~ 1:; > 4;"(,-; tJ]=: (j
a6!:i'j} "?i3(.r'~f), 

!" ~ " ,I,) (15)Oi :::: "b:/ - dI. -t2, ~ o'I ff a A T T lh T 
BaToM CJIY'tIae oxeaa WTOBaIlID! B TepMIDIax ri i. ,~. II v: ,
 
K8K cano n0K83aHO B 3/, COBn~aeT co cxeMo~ onepaTopHoro KB8HTOBa

HRa illBRHr6pa/I I / .
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B~o rrO~~epKHYTb, ~TO B 9TOa cxeMe KBaHTOBaHKff pe~HBHCT
CROe rrpe06paSOBaHHe corrpOBo~aeTCH KanH6poBO~HM rrOBopoTOM 

. [ A Ta] ç- 0A /tl f7 aI,,,1 s.s/( /J4tJl<l x: 0L /.. + ,t' V,:' 

(16)iêK [ /l1IJK I ljJ 7 J :=; 0. o I,ú T -f i../ll/J T • 

3,neCb ~o - 06hflIHOe npeoopaaosanae JIopeHl.r.a C napaaerpoa EK MOK 
• - T8HSOp JIOpeHl.r.a, j
 

.- /l1ot« ~ XK"/-I- t p}< + d.J~ (!lk - X k ) Toa ) 

/1 - .KaJm6pOBOTffiOe npeoõpaaosaaae , ;f == e /l a. .-1 q
 
-U
 

A a 8 k. ( A· T Q ') A rQ) A 14 e '1 ~~-I ) a 
/ , :=: -- ri 1< + OI< o J) (J ~ - (7" - ~ va . VJ 170 • (17) 

B pesY~bTaTe ,norranHHTe~bHoro. KanH6poBOTffiOro rroBopoTa rrpe06pasoBBH
Hoe nORe CHona CT8HOBHTCH rronepeTffiHM B HOBOn CRCTeMe KOOPnHHaT. He
ROKanbHHe peRRTKBRCTCKHe npe06paSOB8HHH orrepaTopoB nORe~ (17) rro 
~pMe BocnpoHsBo~ rrpe06pasoB8HHH JIopeHna 'Kn8CCH~ecKHX He~OKBAbHHX 
nepeMeHHHX (10), HH,nyUWPyeMHX 06~ npe06paSOBaHRHMM JIopeHDa HC
XO.IUlblX noaeã Teopo ( Ai' li l.jJ ). BaTOM CMhICJIe oxeaa IIMmm _ 

MaJIlIHoro KB8HTOBaHIDI II OKaSHBaeTCSI ooaee rrOCJI8,I:(OBaT8JIbHOn, 'tIeM 06rne
nPRHHToe KBaHTOBeHHe ERpaKa (c HeHBHHM p8meHHeM CBRaR) , B ROTOpOM 
COBna,neHHe npe06pa30BaHH~ KBaHTOBaHHHX rrORen c Kn8CCH~8CKHM BHIT~

HHeTCSI ~ H8 ypoBHe cpe~. 

'Gne.nyeT OTMeTHTb, ~TO 06~e TPaHC~p.Ma~OHHHe OBO~CTBa no
nepeTffiHX ~OKanbHHX nepeMeHHHX illBHHrepa / 17 Ha KnaCCR~eCKOM ypoBHe 
O'1'~H-qaroTCH OT cBO:ktCTB aeaosaasasx nepeaeaasx ( A.7 , E. 7 li ljJ7),

,: L 
nOCTpoeHHHX c rrOMOmD~ HBHOro pemeHRH yp8BH8HRff raycca. 

KpoMe TOro, assoe pemeaae ypaBHeHHH raycca npa MIDmMaJIlIHOM KBaH
TOBaHHH co,nepxHT ,non~HTeRlIHYro HHWoPM8UKD, 06YCJIo~eHHYro o~opo.n

HHMR pemeHHHMH. KaK YBB,I:(HM RRXe t aTH onHopo~e pemeHHH ,I:(aIDT HH~pa
KpacHoe ,noonpe,I:(eHeHHe KY~OHoBcKora rrOT8H~~a li ,nOnyCKaIDT HOBHn 
MeXBJmSM KOH<PatmMeHTa, aneKBaTHH~ zaapx-anponaoã .nyMbHOCTH. 

MH 6y,neM HaSHBaTb MHHHMaRbHOe KBaHTOBaHHe XPOMO,I:(RHaMHKH c TaKH
MH ,noonpe,ne~eHHHMH KXnMKH • 

3. BRHORanllHaR WoPMY~HpOBKa XpoMocTaTHKH 

~ BSaRMo,nenCTBHe KBapKOB H r~HOB B KBaHTOBO~ xpoMO~aMHKe OITH
cHBaeTCH ~arpaHXHaHOM Hea6eReBOa TeopHK (I), KOTOpHa c y~eToM Bcex 

6 

KOMITOHeHT S8rIRCHBaeTCH E BH,ne: 

ctJ I 2 -A/~A8.::y ;;AB)
~kX.ll (oc) = -;; F~~ + ?t'a( t....ti t.Yo;,e - ?'C</S d~/ 

B _ Im )., "A8 ç- ] o ' (18)
\,J o ';/ o o ~ 71jJ , 

rne ti - crranopaoe noze KBapKOB, +- nexropaoe rroae r~IOOHOB, 
I/J I B) , (i,/') - m (0</fi ;,#, 11) - IDmeKCH UBeTa, 8pOMaT8 JII JIopeH
~ A/ ..... ~ 4 4./. 1Q 

ua COOTB eTCTBeHHO, ,-= ~~ '...,//f = ~"'"\A;ct ,~= .....e-:r À /.z t ( /I 

-MaTpRUll I'eJIJI-MallHa), F./4J1 =: J.t. Av - Pv+ + e f AI' J Ali], 
fí7o;::dit:JI(m,,~1~~ •• lT?,n}- MaTpmu.a "roasx" MaCC n: apOMaTHHX KBapKOB, &
KOHCTaHTa BSaHMo,netl:cTBHH. no aHanOrRH c K3n 6ynsM QTO ~qCtlKT8Tb, 

OITHCaHRff CITeKTpa MaCC cBHaaHHHX COCTOHHEn KB8pRa H aHTHKBapKa 
(KBapKOHHH) B cnCTeMe EX rrOROH ,nOCTaTOqnO OrpaHHtIHTnCSI rrpH6ABXeHHeM 
KBaHTOBOtl: xpoMOCTaTuUG![ (KXC) , npa ROTOpOM JillIIID BpeMeHHaH ROMllOH8HTa 
rJIIOOHHoro rrORR OTJIliItrHa OT HYJIR:, T. e • 

A~ =: (Ao) O" 0.1 O) . (19) 

Torna aarpaasaaa (18) rrpIDUiMaeT BH,D; ~ 

r!LK:x,J:J / Ai:: o = ~ (t?~ f) -+ .;e«coe 

L'J/ (o o) = 9 ri?-m(J ) 9)
~o / 7 (20)J 

dJ.f~ _ i 1:.)2 a . a ' Q - a;, .À Q 
oLX;tC - .z (}tAo + ~ A(J /0) d;U ~ 9 "J'.2 'lJ 

KOTOpI:úl rro WaPM8 cosnaaaer c zarpaaaaaaoa a.n:eKTpoCTaTHIDI, C TO~

HOCTbIO no CYMMHpoBaHIDI rro IJ;BeTOBHM mmeKcaM. YpaBHeIme raycca (4) 

B ,naRRoM rrpH~eHHH HMeeT B~ 

O,,'e: Aoti :::: -2 " oa. . (21) 

OCHOBHHM rrpHHUKIToM t KOTOPOMY ,I:(OAXHO y,n;OBneTBOpaTn 06rnee pemeF~e 9'1'0

ro YpaBHeHIDI 

.(2 Ao (x) == Jd~ Vr.i;fJ /~ rI) 
(22) 

~geTCg TpaH~1HUHOHHaH HHBapXaHTHOCTlI ~arpaHERllila BSaKMo,I:(elcTBHK , 
rronyqaeMoro no,ncTaHOBKott (22) B (20) 

7 



I 
~ LI.J· jel! / í-)2 A Q.j"~ J

k~c = 3.:;c 2 \oA() + e o o = I 

=IAx:d'y j~(",,)/~(j) V(x,;tJ= I
!II 

==jfd~d)' 1~(:X:)/~(j); [V(.2i~)+ V(YtX)). (23) 

.oomee pemeHHe (22) yp.aBHeHRa raycca (2I).y~oBXeTBop~ee lloc~e CRMMe
TpH3aIU1H rrpHHURIIY TpaHC~OHHOtt illlBapHaHTHOOTH. J.1M88T :mr.n;: 

e.t. -.... C
V(X/~)== - .... -. - ~Vot(;E'-Jl) + . 

4Jl!;J:; -tI (24) 

OTc~.n;a narry~ ~ rrOTeH~ana KBapK-KBapRoBoro B3aHMo.n;eRcTBRH cne

,I(,YIOmee sapaaeaae:
 

~ (z)= 1[V(~l)+ V{fI,;J:)J= - ~s + ~ z~+ C .J 

..... -" (25)?=/:X-/j 1 

e..I./ 
rne ~::- /47t. Vo li C - npo1'l3BOJI:&HH8 napaaerps, M1l BH,ItHM,
 
~TO HaRoonee oO~ee pemeHl'Ie ypaBHeHRH Taycca ~onYCKaeT CYMMY KY~O-


HOBCKOro H OC~TOpHOro rrOTeHURaJIOB. ITapaMeTpll ~ 1'1 ~ onpe~e-

JIJnOTCR rpaRlI'tJHllMl'I YCJIOBRIDJIH ypaBHeHIDI (21). 3aMeTnM. ~TO B K3n 3TH
 
ycnOBRH l'I3BeCTHH H3 3KCrrepHMeHTa TRna oITllTa KY~oHa c npoOHHMH 3aPff

~aMH, KOTop1:tlt YKa3llBaeT, tITO ~,..., o , C - o . B KX.U, rne npooaoro
 
UBeTH~ro sapana ae cyruecTByeT (TaR KaR KBapm HeHaÓJIxmaeMH), poJI:D
 
TaRoro 3KCnepHMeHTa HrpaeT cneKTpoCKOrrBR ~erRRX 1'1 T~eXHX KBapKOHHeB,
 
KOTOpaR, .KaK H3BeCTHO, y.n;OBJIeTBOpHTeJI:DHO OIIJilCllBaeTCR jYMMon KY~OHOB


CKOro II OC~TOpHOro rrOTeH~anoB c napaMeTpaMB 16,7
 

V 44 .- ( 25'"0 -;- .300) N,B )o
 
o(.s ~ oI 2 . C '"'- o
 (26) 

ITpR aTOM ~ KBapROHH.R: H3 JIer.KKX KBapKOB, KOMIlTOHOBCKBJI ,IJ,1IHHa KOTO
·pwc HaMHoro OOJI:bIIIe "pasaepa" nOTeHIJ;BaJIa ~ mt' 1. « ~.,~) , rJIaB
HY~ poJI:D RrpaeT OC~TOpH~ nOTeHURaJI 5,6/, a ~ KBap,OHH.R: c TR

jJKeJIHMR KBapKaMH m () > V -1/ - KY~OHOBCrottt noreauaan ?I.o11 ,...., 

nenCTBHe, cooTBeTcTBymmee xpoMOcTaTlItIeCKoMY npl'lO~eHHID (20), 
(23) " .(25)} HMeeT BM 

Sk:l:C C9, fJ =1d v.", .l'k.:l'C = - {tt- G,,-if )-+J~if' K'i9).(27) 

8 

B (27) HCnOJI:D30BaHH o003Ha~el~, BBe.n;eHH~e B paóoTe 1I2( 

(30- '= (iTi.o - t' /I) d"'1(x - t) ~ 
(28)(- -() f/ti d f - /2-1 O()Cf, Go 9 = cs :o: 1 r (ix ) LJó (x>y) I rY; 

(9if-kqCj) =Jly~,d." d~di. 7N/,y,) 'h (;r,).Ir 

)( kL M IL Iv. (~/!/l/~.yol) 9/11. (~) 9L~ (~). 
" ~ 2' .t (29) 

K.L AI j L N. (:>c f J/I' ! ~IY~ ) === ~'I' S i '/~ (I;,)o(.A (;j-D)-J ~ 
, IV, 'Z ~ 1 Z:Z 1 :z '"'.t R . f'f 

A )A' fl.t(j:.1)' ~ 8,
lt -: • _lo Ó'l(=c,-j'z) óy{~ -li) Ó (.x,0_ xl) ~ (.=t;-S;J
(: 

• 

.a .e (30) / 

rne Lk HM~~=1,2)03HatIaKlT conoxyrraocra useTOBOI'O, apoaaraoro H ~O
penueuoro RH.n;eKCOB (;i/(1 i/I() oI~) li (Bx ) /~ ) ftK) COOTBeTCTBeHHO, Vs 
onpe.n;eJIeH B (25). YtI:HTHBaR paanoJKeRl'le rrpRMoro rrpoH3Be.n;eHRR rrpe.n;cT8Bne
Rl'Iti I N I li !~"*j nseroaoa rpyrma •c


{Nt:j. ! NclFj == [-I j e ( Nc
L

- 1 j)
 
"nOTeHuHaJI " fé MOJKHO pa301lT:D aa CHHrJIeTHY!o H Nc~-.I - rtJIeTHYIO KOM
nonearu c noxouu,n npoexropos Pf H P..v. z - i z c 

Nc-:-' A, 8~( A r)A<! 6j ( /1//- I -I )I. (t). .t ') = 1, -;:v;- P, - N 
c 

PN,,' - I . (31) 

Q=I . 
TaK KaK MH oy~eM HCCJIe.n;OBaTb 6ecuaeTHlle oO~eKTll, 'TO B .n;aJIbHe~eM HC
nonb3yeM TOJl:DKO CHHrJIeTHlll RaHaJI k = k; ,r.n;e 

A, 8Jo I A,l B, A A 8 
~ ,1'-1, D, C- -l ~P"1. := O 

D 

. o. (32) 

)Ln:J! neJIH enaaoro onacaaaa Hll3Ko::lHepreTHtIeCKOn anpoanoã cPn3HIm
 
(onesrpa MaCC Me30HOB H KHpaJI:DHHX JIarpaH.iKlJaHOB) nOJIe3HO CcpoPMYJIHpoBaT:D
 
KBaHTOBYIO XpOMOCTaTHKY B TepMIDiax OecuseTHIDC OltJIOKaJIbHllX rrOJIeH l13~ I4/
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, , nl._1 ~ 

[m(tIC,/I)L; :=; ~ [ S k(x,/!J + 'ds P 1:.:,/IH ~ V; (;X;/I)+ 

~ ~-o ~ 1 I 
+ ~ ~1- (x,y) -f 6juv 'l- ,,r"" f J 

"',P f:"') 
(33)
 

rne s.. , p_ , ~ , A- H 1.. COO'l'BeTCTB8HHO CRaJIJIpHaH ,
 
e nceB.n;oCRanapHaH, BeKTopHaR, aKCHannHBR H T8H30pHaR KOMITOH8HTU ~ , 

(i) i) H (ot j ;).... apOMBTHUe R JIOpeHUeBli HHn8IWU. 3TH nepeneaase
 
BBOMTCR, 'tlT06U JIHHeapn30BaTn B npoH3BO,IVIllteM <pyHKI.UIOHane q;YHKI.J;H:11: I'pH


Ha
 

l (li<76Z/:/_u)=Con.st Go])if e::r:.t>~· S (9'9)'i'~CmHur,;y
/(~~ ).J. I I 'I. ~ k~c .~34) 

'tleTUpeXKBapKOBoe BSaHMo.n;e:11:cTBne (27) c rrOMOmnID rayocoBoro ~HKI.J;HOH~b
soro zarerpana B ÓR1IOKaJIbRlDC nepexeaasx 

fdxt!i' (90 k99)]=Jj)J1teXff j(!tl, k in)nf;9mJl.35) 

r.n;e ])m = J)S j)p 1) V j)A -D T, 

llo.n;CTaEHHH (35) B (34) n nHTerpHpYR no ICBapKoBUM rro~, nony~ 

1 ('lt<7DV<UKUj,= Cons: t Gmex» 1;..S (nz) .... (UCTdZ/ftIIrll) 7,( )
k~~ ).1. I L' ~~ 'j' 36 

r.n;e 

S (m)=-:f(m,K:-m\- t' Iz&(6;,-'+ mi . (37)
a~~ ~ 1 y ~ 

(3'7) S8IIHCImaIOT TaIOKe B nepeMeHHIDC M=m+ iiia .
 
S (M)= - l llM-m,), k ( !4-mO ) ) ilz/h (t~ /VI). (38)
-3-;;; ~ 1,l! .
 

B pe3YJIbTaTe Mbl HMeeM a<IxI>eKTHBHoe ,neftcTBH8, BUpaJKeHHOB JIHIIIb B TepMH

HBX ÓHJIOKaJIbHHX IlOJIe:11: H nOJIHOCTbID 3KBHB8JIeHTHOe ECXO~OMY .n;e:11:cTBRID
 
SkXC. ,U1ISI BlltmCJIemm ~HKI.J;HOHaJIhHOro aarerpaaa rro ÓMORaJIbH1iM rrepe

MeHHHM 6y.n;eM Hcrr~b30BaTb MéTO.n; CTa~OHapHIDC ~a3.
 

"B aTOM MeTo.n;e cTaUHOHapHaH roxxa M::2 onpeneaaerca peaeaaex
 

ypaBHeHRfI
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(i oS3f/>rp (M) I=:- k; - {(L - mo )- t' G s: =- 0.> 
8114 M=-I 

r'ne ~'YHKUIDI eM (.:ç JI) onpeneaeaa KaK 
(39) 

GM(:;çyJ. (L:. -t'?')= E'I{x-;;). 
( ~.o) 

YMH02K.9JI (39) sa K" rrOJIYqJ1M ypasaeaae 

L = mo - l' /\'( GI., (4I) 

zoropoe ecrs ne 'ITO zaoe , KaK ypanaeaae lIJBlmrepa - .ua~coHa ,IJ,JIJI Mac
COBom oneparopa zsapsa (L:) B llli311IeM nopanxe OÓUQHOtt TeopIDI B03MY
meRRR. YpaBHeHHe (4I) orrpe.n;eJIHeT crrBKTp KBapKoB n ~HeTCR HHcTpyMeH
TPM HCCJIe.n;OB8HHR ~8MM'tleCKoro (T.e. 663 BKnID'Ie'HH XHrrCOBCKHX rro
JIeM) cnOHTaHHoro HapYllIeHHH IWpaJIbHOH CHMMeTpHH 5,6/. 

;"I\JracCR'tleCKOe" peneaae ypaBIleHIDI (4I) COOTB8TcTByeT CYMl\mPOBaHlfiO 
onpeneneaaoro roracca ,zmarpaMM o6utffio:tí reopza B03~In8HIDI. ,l1,Jr.R: BWlllC-
JIeHRff norrpaBoK OCTaJIbHHX ,zmarpaMM K q;YHKUaHM fpHHa y.n;OÓHO paccMoTpeTh 
TaKYlO Teopmo B03MYmeHHR, KOTOpaR: B Ka'IeCTBe HYJleBOro rrpnÓJIMeHIDI MC
TIOJIbsyeT H8TpRBHaJIbHOe 11KnaCCM'IeCKOe" peueaae (L:. ). ,1J,7I.fI :3TOro cne
JIaeM 3aMeHY ne peaeamrx 

11Z (x1JI) == L (x-li) + m 
t' 

(X,I /I) (42} 

/ 

II pa3JlO2IillM S fUI' tp no J72 (~l). B pesYJIhTaTe (36) rrpmrnMaeT 
BH.n; 

I (ZlC702.IWk")~ Gmé~tJlt' S LJ (/J?Jris'(!Jl)-f(ucrOY/tuKI.I)7.
/(xc ).L I C!ioI:~. 'Ij 

3.ueChX) 

S /J ... (m': x: - .:L (/7Z~/~ -mj + ~'(GI 172 J(Gx In:; (43) 
CrJoo, .2 ..c; 

ss > -t. / ~ 
S~'(m) x: "L ~ (Gzm). (44) 

"63, ~= 3 -i-
B paQCMaTpKBaeMOn TeopHH B03MYmeHM~ .n;e~cTBHe (43) OrrHCHBaeT 

x)XRHe~~ no l7.2 
/ 

qneH OTCYTCTByeT B CR1IY ypaBHeHRH cTa~oHapHocTH 
(39). 
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CBOÓO,IUllie ÓMOKélJl:bHl:le nOJUI ,y.nOBJIeTBOpmomne ypaBHeHIDO ,.nBIDKeHHH "CBO

conaoro" IIOJIR 

S Se/of.Cm') = _ k'.,-, rri I -I-- i G m/GL. = O. 

sm' 
z 

( 45) 

YMHOJKRB (45) na }(1, IIOJIYtUIM ypannenae 

m/= i ~, G I. tn'Gz:. ) ( 46) 
•	 ROTopoe CoBlIa.na8T c ypaBHeHHeM B8Te-ConITRTepa ~ CBH3aHHl:lX COCTOHHn~ 

B "JleCTHHtrnoM" IIpHÓJlliJKeHlur. YpaBHeHHe (46). liClI0JI:b3yeTcH ,IJ,1IH. BWilIeJIe

HHH cneKTpa Macc M830HOB. B liMIIY~:bCHOM IIpOCTpaHcTB8, r.ne 

~I .:» [d r. .7 /m~/ft)= m(ql P)=J" ~;td'!x, eXf Li(xz~ - x ,f 4>.J . m. (x,} x,e), (47) 

e/,= j (fi + f;,) H P= f~ - p., -OTHOCHTeJI:bHli~ H IIOJIHl:l~ HMIIYJI:bCI::l CBfI

3aHHoro COCTOHHRff (KBapKOHRff), ypaBHeHHe (46) npHH:HMaeT Bn.rt

'" / SdY J	 / P --- / Pm(aIP):: -q J<1 (9-Cf) 6",(9+ - ) m (011 P )G..... (t/_ - ),
-, ~n)Y .c...2' L 2. (48) 

3ToMY ypaBH8HHID y.nOBJIeTBOpH8T B8plliRHHaa'~YHKuaH IrnapKOHHR 

n. (q/P) = Nh GI (q+ f)Jd V2 exp (iqi:). 
( 49)

tt(o/Tq(!)Cf(-!Jjn./GI (9- IJ) 
rne JVh - HOPMHpoBOtnlIflt MHO)lillTe~:b. IIOJlIDl~ aaoop r h (q I P) o6pa

3yeT 6a3HCHlie BeKTopli raJI:bÓepTOBa rrpoCTpaHCTBa. PemeHH8 ypaBHeHRff 

(46) MOJKeT 6l:lT:b, B rrpHHuarre, pa3J10JK8HO IIO 3TRM óa3HcaM H HOpMHpoBaHO 

B COOTBeTCTBHH c ycnoBHeM 

t	id'l P P -i 1 -q G x (9-+ 2:) f7h {qIP)GI (el"" - JJ;/(q/-P)= 'blh': ( 50 ) 
~n)Y I 2." h 

Iíoneaao "caooonaoe" rroae m 3BIIHCBT:b B TepMHHBX oneparopoa poxne
HHH a t (.p) H YHHlIToXteHlm a h ( P) (pa3JIOXeHR8 no WIOCKRM 

BOJIHaM) : 

I I Jdl/p r (. ) '""-lImCx,,,)::: ln(~/X)=	 -., LeXf -tPX mh (~/E)Àhah(p)+ 
~n) (5I) 

-...~ '* + ]-P e~ ( ,: Px) m h (z JP) /L h. a h ( P) ) 

r,ne 

12 

! I 

"'"'-' / j' d"a . n / 2 2}
YH (~/ P) =- --? ex» ((.(/~) I k (fi /P) ó(P /1hl 
IfG h. -. (2lZ) 'f I 

(52)
 
X~ f (se -~) H Z. = (x.,.~) - a6COJlIOTHaH H OTHOCRTeJll>HHe xoop


,WiHaTlI C00TBeTCTBeHHo. Oneparopa Olz. R -: ynoBJI8TBoPRIOT KOM


MYTa~OHHHM COOTHomeH}I.HM 

L-aÁ CP)) ah~ Cp;]=-@n.).Ja3(P_ PJ .zUJ/z. (P)5'A.,{';, 
,i
,i 

[aI,. (P)) alt'(p~]= [q ~ re), a~" {p}. ] = O, (53) I 
rne âJi)(PJ::: VPh4'+ /'It.""i. , ./tA -vacca anpoaa , 

I!i TaKHM 06pa30M, B 6RJlOKan:bHOfi Wopr~JlHpoBKe KXC crreltTpH Macc KBap
.' 

KOB li KBapKOHHeB ormCUB8IDTCR ypaBHeHID1MH \ 4I) H (46) cooTBeTcTBeHHo" 
'Ii 

rne "noreauaan" /"0 onpeneaaerca pememIeM ypaBHeHID1 Taycca (25) I 

H (26). B38HMOnenCTBKe KBapKoHHeB Me~my co6oM OTIKCUBaeTCR .n;enCTBHeM 

c '" (rn:') (44), noropoe COnepiKHT Bl::lcurn:e crenena pa.3.iIOJK8HMv1ij ,,, . 
5iJ~tI-(mJ TIO Jn • 
PaccMoTpHM 6RJ10ImJl:bHYIO WoPMY~HpoBKY Y~C B TOM rrpH6RH~eHHH, Kor

I 
na aarpanouaaa Macca KBapKOB pasaa HYJlIO o) H .n;OMHHv.pyeT . I(m	 = 
"110TeHJ.umJl" OC~TopHQro rana (CM. (25,30').	 -I 

(K~ ) L) ~ / L~ ~ (:x, ~ /~;j, y~) == : ~ .~~/~ Ól~/·., · 
y (y) /) -. _ e (54)

. Ó (:x,- //:) s Y{:x.z- ~) ~ (O(/- ~'t~). lOo l.~ 0(' (x, - .z:z )
~Iz ;,,:,13, , ,I 

rne L,= «ot.)ot)C)I~=.~,.4)COBOKYrrHOCTh ·HH.neKCOB apoaara (t')/') 
..
.!

(

H JIOP8HIJfJ.(O<)jl), ~""'{250 -7- 300j MaB ,.B paoorax 76,7/ W1H'OClJ;K.lI- .í 
JlRTOpHOro rroTeH~ana IIoJlyqeHH pellieHRH ypaBHeHKH illBRHrepa - EanCOHa H 
Bere	 - COJIJUiTepa ( B cacreae rrOKOR KBapROHu;:r). .-.. 

YpaBH8HH6 (41) B nMrryJlbCHOM, npencraanenaa (npa mo = O) KMeeT I 
BH.n. li 

,I

.' (dI/, ~ ! 1 7 
Lc<,B{P)'" i.rffl,(fr;~/ar;í/9) -P--/f- Z (P-n/) J/~/(551 

(anecs KH.neKCht apoMaT8' orrY11l8HH; CM. (33». ITo.ncTaHOBK3 

"'"L (P~ PJ::::: E{p).s;.n. cp{P)..,.. p?!E{PJctJs(tJéP)-Pl(56) 
.-"I --9-..	 -. p 

(r.n:e P:::: / P /.1 P = p ) B (55) npznonar l{ ypaaaeazo TRIlB 
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mailto:Cp;]=-@n.).Ja3(P


Sin.e -rOp.n;OH8 )I)lR (PYHKI.Urn cp ( P) 

4/.: ~ ( p z fi' ') /== .2 P./--:I/n tp - ~ ~ 0//12 e rp
/.1 O oJ (57) 

(mTpHx OSH8liaeT .n;HqxpepeHIJ;HpoBaHl'Ie no P ), npl'ItIeM ,E{p) Bllpa
xaeTCH tIepes perneHl'Ie (57) KaK 

E( P) - P-:tin CfJ - i' 11;, P~Cos~ çtJ- -f 11;, (9'; ~ 
- 3 ~ (~) 

PemeHHe ypaBHeHHH (57) o6~8.n;8eT ane~IDmHMll 8CRMilTOTRtIeCK1'IMH CBO~CT
eBa MH /67: ~ _ ~ 

Cf>{ P~o(J) __ ex;' (- T P 34 ) , j> =(; Vo) . PJ-
E{p.... oe)-. p Cfl(p...,o)-- 1! +cP (c » -~). 

J ~ .2 J 

E ( p~ 0') __ ~ Q 2. ~ S ( 59) 

R3	 KOTOpHk ane,I(Y-IOT 
.<Y:? P ~4)E (P-. o()) '"'- P ecco ( - r fJ - .) 

..:! e e: "\ /' f/.J/Z{P~o-)/ ........ 3 . Yo	 (60)
 

KaK nOReS8HO B /6~ aCHMIITOTHtIeCKOe pemeHHe (60) HBJlHeTCR 3HepreTRlieC
Im õoaee BIiI'O-,nHHM, lieM TPHBRaJI:bHOe pemeaae I:0, H 06YCJI8BJIliBaeT 
cnOHTaHHoe HapyrneHHe KHPaJI:bHO~ CKMMeTpHH, B pe3YJI:bT8Te KOTOPOro 
KBapK npaocpeeaer MaCCY üJCtIeSaIDIIlYID npa 60JIlíllIHX P ). 

06paTHMCH Tenep}) K ypaBHeHHD EeTe-Co~ITHTepa (46). B pa60Te /7/ 
;II,1Ui OCI.tHJ.[JIJITOpHoro nOTeHURaJIa (npa $;=0) pensao ypaBHeHHB 

-I , 

-62: X'G; = i k-l X 
(6I) 

Ha BOJIHOBYro ~YHKUBID EeTe-ConITHTepa ~ , KOTopaa COrJIaCHO (~6 ) 
11 (6 I) • CB.f1S8Ha c- J7l / COOTHomeHHeM ' 

/ G- 1 -I 'J.-; Y"l7z::= I X G;: =- t ,,~..., , (62) 

B lIaCTHOCTE., nOJl~HO psueaae AlIR BOJIHOBOi! qJyHKl.UUi DORa 

X]; (p) 00 05 ~in <IJ(p), (63)r-

ROTopoe BHpa&aeTCJl lJepes WYHKqHil fi , onpe.n;eJIJlJIIjyil .z:umaMRqecKYD (sa
mIc.fIIItYi> OT HMII1JI})pa) Maccy xsapsa. 

OCHOBHllM eBOBM no CTIDKeHHeM aBTOpll pa60T /6,?/ C'lfiITaDT TOT 4}aI\T, 
lJTO BCJIe~CTBHe OrrOHTaHHOro HapymeHHH KHpaJILROa CHMMeTpHH rrpoHcxo~T 

CU})HOe paoutenaeaae MaCC Jl- E .t> -Me30HOB oes BRJmtIeIUlfl nonoa
HHTeJI:bHOI'O CllHH-CITHHOBOro BS8HMo.n;eAcTBHH. JIeitcTBHTeJI:bHO, 8KCnepHMelÍ

., , A
TaJIlíH1dt crrearp MaCC MeSOHOB ( ;a. ,:n. , .f', .f', li! r .n.) 

" 

]4 

J li'	 .. 
i 

I' 

I Hennoxo OITRCaH B rrpeHe6pe~eHHH KYROHOBClmM BS8HMo.n;eHcTBMeM, T.e. 

I:
 
O.n;H1!M mmffi OCURJIJIRTOpHHM rrOTeHW!aJIOM.
 

CrreKTp Macc MeSOHOB 06~tIHO BH~cnflDT B cnCT8M8 noKOR liaCTM~,
 

rne (CM. (5 Il ~ (62»	 "-4 

I l (o / m /(i! / X) / /z >~ ecco (t'P,/)X~ JT;{o?)...1h (i!/ It O)~ 
1-,	 (64) 

I 
r.ne)lh. -xacca MesoHa ~.1=,/IA. . Bupaaenae (64) JiBJIH8TCR HepeJIR:T~
nHCTCKMM E ero HeRb3R Herrocpe.n;CTBeHHO HcnOJIh30BaT:b B 6RTlOKan})HO~ :1
<ÍlOpr..'l,YJIHpoBlte KXC (43) ]i (44), l'I aTO CT8BHT aanaxy pe~HTHBHCTCKOI'O 

onacaaaa .KBaPKOH~, r .«, peJUITHBRSall;HH (64). 3aMeTHM, tITO nonsrza :1 
aBTopoB pa60TH /7 rrOJIY~TL peJIHTHBMCTCKl'IM aHaJIOr pOCTOHHHH (64) B 

npoJtISBOJlhHOa CHCTeMe KOOp,IUrnaT (rne f.j o='1ft;"~ +f/o) npasena K aenpa
BIDI:bHOW~ saKOHY ,IUIcrrepcaz	 li 

p 1 (P'., o) ~ ~ :l I p-l/ . 

4.	 PeJI.fITliBliCTCKoe orracanae KBapKOHHH H 6HJIOKaJI:bHb[e "xapansaae'' 
JIarpammaHhI 

i nnH peJIRTHBHCTCKoro OIIHC8HRH KBapKOHRH, B COOTBeTCTBHHC atlaRO

1 rHe~ c K3JI, MCnOJI:bsyeM orrHT peRHTHBHsaunn nOSHTpOHHH. CymecTByeT MHe

I 

HHe, tITO peJIHTHBHcTqKoe OIIHcaHHe n03HTpoHHR B K3Jl Mo~eT 6UTh .nOCTHr


J HYTO JlH60 rrepexOnOM K HEHO peJUITHBHCTCKH KOBapl'IaHTHOR KaJlH6poBKe,
 
~ JlH60 yqeTOM BHCIDRX rronpaBOK TeopHH B03MYmeHHR B KYJlOHOBCKO~ ~1H6poB

Ili 
Ke. 

II~	 I
CHe~eT OTMeTHT:b, tI10 B peJUITHBHCTCKO~ KaJIH6pOBK8 He peIDeHa ~~6 :1 

I 
~
 JIeMa O.ItHOBpeMeillIOCTH .ItByx tIaCTH~, 06paSYIDmMX CBRS8HHoe COCTOHHHe 5/.
 

B HaCTORmee BpeMR ~ OrrnOaHEff CBHaaHHHX COCTOHHH~ B K3n nCrrOJIb3yeTcR
 
HCK1llO'lHTeJI:bHO "a epeJUITHJ3I!iCTCReH" KYJIOHOBCKaR ~H6pOBKa, li .nOCTl'IraY

TU 3Ha1:iRTeJIbHble ycnexn B BwnICJI8HIDI nonpasox BnJIOTn,nO O (<:>(€) /I6~
 
TeM He MeHee, YBemr1:ieHHe TOtIHOCTl! BJ:IlrnMeHIDI B KYJIOHOBCKOn KaJm6poB

ze , B npaanane p He penaer np06~eMY peJIJITHJ3HCTcKoro onacaaaa. KoppeKT

HaR nOCT8HOBKa sa,naliM COCTOHT B TOM, K8K HMeHHO B p8MKaX 3a.n;8HHott
 
TO~OOTH BOCCTaHOBRT:b peJlHTRBRCTCKYro KOB8pHaHTHOCT}) BOHHOBOn ~YHKUHR
~
 
nOSHTpOHIDI.
 

ORa3IDJaeTCH, aTO W.oJKlIO c,neJIaT:b 13 TeR cxeae KBaRTOBa1llU! KaJm6
poB01ffi~ noaeã, B soropoã anreopa .Ilyaasape Bl:lIIOJIHReTCH lia yposae one

paropon (a ae B cpenaex). Ma oçpoPMYJllIpoBaJm rasoe KB8HTOBaH1I8 B pasne

JIe 2. 8Ta cxeza )03aHTOB8HHR OTJllf"'raeTC.fI OT 06menpHHRToI'O KB8HTo:aaHIDr
 
c nOMo~ID KanM6poBOtIHHX YCJlOBH~ TeM, ~TO B He~ pe~HTHBHCTCKoe rrpeo6~
 

pasoaaaxe cnanopon conpososnaerca me K8JIH6poBOtniUM npeoopaaosaaaea .
 
(I6). B ~aCTHOCTM. ~I aJIeKTpOCTaTHK~ aTO peJlJITHBHCTCKoe rrpeo6paso
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saaae llMeeT Bll~ 

JIJ T JIJ r / ç:--<)Jh T" A 711 'T /
-r(~) ~ Y" (~) + oL 'f'" (X) -+ I e " I {;;c ~ v-:r::c l, 

(65) 
rne /1 - ~YHKUBH RanM6poBO~Horo rrpeoopaSOBaHHH (CM. (17) 

A :=: 

B peSY~bTaTe npM 
·qaCTnue~ Ha~aeT 

IDWUHPyeT. 

-I ( -I 'T)EJc ~ a", -:::J e 10 • (66)s: a:l. cF 

nepexone K ~~~e~cR cnCTeMe Koop~aT BMeCTe c 
nBnraTbCH H KY~OHOBCKoe rro~e, KOTopoe aTa ~acTnua 

PeRRTllB1l3aUHID CBR3aHHO~ CHCTeMH wepMHOH-aHTHwepMHOH B KY~OHOB
CKOM no~e MOXHO RaqeCTBeHHO OO~HCHHTb cnenyIDmBM oOpaSOM. B rrpH~XH
JKeHHH: 3JIeKTpocraTllm cBHsaHHoe COCTOHHHe nOSHTpOHHfl oopasyeTcH "no
TeHUPIMOM" .KY~OHOBCKOro noas 

k -.. r/·-f? 00C~) , V(F).F(ioJ}
t (67) 

rne r - OTHOCHTe~bHaH Koop~aTa wepMHOHa (I) li aHTHwepMHOHa (2). 
Ha HSHKe ~arpaMM ~enaMaHa rrepexo~ K ~RmYme~CH CMCTeMe Koop~aT 

conpoaoxnaeeca norrO~HHTe~bHHMM m:tarpaMMaMH, y"tllITHBaIOlIlHMH H3MeHeHIDi 
~H6poBKH CGr~aCHO (65) • .uorrOJIHRT8JIbHlle ,IUffirpaMMIl 3<MeKTHBHO Be.ICYT 
K HSMeHeHmO "nO'l'eHUBMa" (67), KOTOpll~ rrpIDiMMBeT pe~TKBHcTcm-KoBa
pHaHTHW! BH,D; 

P P (j) y f!) p P)J<i (i!..l. / rll) --- ~I OI/V(~-L ) d{i"/I ) (68) 

p (~P) p p (op ) 
r,ne • r/I = -- ) ~.1. = i! - rll, ?fil == -

pl p2 

p - HMIIY~bC CBRSaHHoro COCTOHHIDí (nosarpcnaa) B nBIDKy~e~cH cac
TeMe Koop~aT. B peSY~bTaTe BllpaEeHHe ~ HCKOMOa pe~TKBHCTCKO~ 

BOJlHOBOa <J)yHK1.J,l1[H rr03HTpoHIDl, onpenenaexoe "rrOTeHUPIMOM" (68). HMeeT 
BH,n 

( O j m (~/X) /e+e-)::: Ca".rt.t?--X.b~ PA')1n1~ 1Jz;/íX(~j.eJ(69)
--7 ere : } 

rne X H ~ - aOCOJlIDTHaH H OTHOCHTe~bHaH KGOpJUiHaTll, ~"'e" 
-penenae ypaBHeHIDI Bere - COJlnHTepa (61) ,IJ)IH nosHTpoHIDI, CanSt: 

onpenexaerca c nOMoIItbID YCJlOBIDI HOpMHpoBKH (50). 
B oxeae "MlumMMbHoro1 1 RBaHTOBaHHH pe~THBHsaUHJI KBapKOHIDI ocy

mecTMHeTCH TOtIRO TaK JKe, KaK rr03HTpoHIDI B ;K8.Il, JllIUlIb c TO~ pasaaneã, 
qTO V ( F) KpoMe KYJIOHOBCKOro COnepxHT Ta.IOKe OCuPIJIJUITopHHa nOTeH
J:J;aM. 
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TaKHM 06paSOM, KoppeKTHaH pe~THBHsaUKff BO~HOBO~ WYHKUKH (64) 
,B KXC orrpe~e~eTcH BllpaJKeHHeM I 

(0/ m(-r/XJ/h>= con.9teXjJ(f'PX).xA (~p IP)) 
I y.~/ I (70) 

rne P:::. P ~-+r:IL- HMIIYJlbC lrnapKOHHSI B nBlDKymeílcH CHCTeMe xoopnanar ,
/lí1 - "rroTeHUBM" ~ onpeneaenasã B (25) H (30). PaSJlOJKeHHe l7Z 

B TepMMHax orrepaTopoB po~eHHR H YHH~TOJKeH~, COrJlaCHO (51),(52) H 
-(62), SaITHCllBaeTCH B cne.n:yID~eM BH)J;e:}! / / >j;'d.Jp I Ç'- te plZ /lI.z)i.

m(xI ~)= Jn(rJ~)= i 1\:1 (e) ;:;--y L o - / -h. . 
d ~!Z) h. 

~ / /,,) ~ p' / / .-...J + p/ .JI. ..". I ( 7I)I 

·{eXj'rl'Px.J~(Z2/PJ..1j,QIJ(p)-fex?{t'PX)X), (~/P),;J;, 0h(Pl). 

TIMe3Ho OMOKaJIbHYro "OMOBpeMeHuyro" WYHKI..WID KBapKOHM rrpenCTaBHT:b B 
BHne ~aKTopHsaUHH Ha WYHK~, S8BHCnmHe 0'1' OTHOCHTeJlbHHX ~ H )( 
KOOpnIDia'l' 

/ '--' j) j).rn (rJX)== Lil\2.(~/CII)1( 
. h (n) 

/l [Jh. (~2/ 2)) PeX) + X;{ i!.1..2/_ 2)) p+(X) ], 

rne lljl = - i: Ô/ a-'l' ~(K).. WYHKIJWI. 3aBHCnmaH ~HlIIb 0'1' ao-
CO~IDTHO~ KOOPnHHaTH. 

Pe~THBHCTCKoe orrHcaHHe KBapKOHHeB rr03Bo~eT paCCMOTpeTb B 
CBRSH c rrOCTaMeHHOH B1lIIIe SanaqeH "00'be,miHeHHR" cnesrpocxorraa H KH
pMbHO~ TeopHH MeSOHOB) ~OKaJIbHll~ (HHsKoaHepreTH~eCKH~) rrpene~ OMO
K~bHOn MÓneJlH KXC. ÔTOT rrpeneJl HMeeT MeCTO, Korna KOMITTOHOBCKaH ~
H8 BO~HhI MeSOHa 3Ha"tllITeJlbHO ooasnre ero "paaxepa". BaTOM CJIYqae BOJl
HOBM WYHKUIDI Be're - COJlImTepa x).)( BeneT ceoa RaK ~ - WYHKUHJI 

V P t"{J)/ P. 
v'lJ (r.1. / P) -- o (~/) D ('I )

h -4 npa r ~ Q HJm Vo -. O(J • 

TaKoe rroBeneHHe ~J.L B HH3K03HepreTHqeCKOM rrpe~eJle, rne ~ orr
peneaaeeca B OCHOBHOM OCI.TWIJIHTOpHhIM rrOTeHUH~OM /<; (~)- ~.( ~~ p) ~~t) 

, '"' I 
npasonar K TOMY, qTO BaTOM npenexe OHJIO.KaJIbHOe none JlZ (X,/;I) B CH
Jly(62) 6y~eT rrporropUHOHarrDHHM 4~epHO~ El - WYHKURH, T.e. 

x)B ~HSH~ecKHX rrpHJIO~eHHRX ypaBHeHHH BeTe - CMITHTepa B KaqeCTBerrpoo
HOft ~YHKUKH ~ ero pemeHM qaCTO Hcrro~b3yeTcH WYHKUHR TRna1 ",Ij ~ l v:,zl) ....,

X(~) -.. ~ .2 e - o ) (r= /rl)~ 

\1 KOTOpaH rrpH \{, -. O() aezter ceoa K8K .x(~~ dr~" 
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raycca (4) noaaoã reopaa (I) B KaJIH6poBOqHO-HHBapHaHTHue Be~:PIqnHbI, 

m (~y) --.., S-l;(;:C-f)' TaKHe,KaR ~arpaHXHaH H TeHS~p Be~KHwaHTeJnOSBo~eT BUpaSl'ITb HX B 
(73)	 Tepwmax He~OK8JIDHIDe rrepeaeanax, ~HXC.H RaJ1n6poBOq}f0-HHBapHaHT

B TO ~e BpeMR npe~e~ (73) MO~O o~o 6H no~yqHTD RCXO~ MS ~ORanDHO HHMH WYHR~OHaJ1aMH OT HCXO.IJ;HUX no~e~, H C~PMY~HpOBaT:b KB8HTOBYID 

ro "noreanaana" TeOp:PIID	 Henocpe,nCTBeHHO B TepMHHax 3THX WYHR~OHaJ10B RaR wnS:PIqeCKRX 

1\"., (.x I /I) ~ ti 'I (;;r - ~ ) . 
(74) 

~eHHo nOTeHUHaJI B~a (74) Rcno~b3yeTcR B MO~eAHX TRna Ha~oy - MOHa 
RasRHHo B Ra~eCTBe zHcTpYMeHTa ~. BHBo~a MS KXn - ~arp~aHa weHOMe
Ho~orv.qecroIX Kk!panhHUX ~arp8HJ!HaHOB /17/. 

TaKHM 06 pa30M, MH nOKaSaJIH, qTO npaxenenae cxena "MHHKMaJI:bHOro 11 

KBaHTOBaHHR aa OCHODe ssnoro peuieaaa ypaBHeHKH Taycca K xpoaocraraxe 
noaB~Re~ KoppeKTHo rro~Y'iaTb panHTRBHcTcKHe BaRBOBH8 WyHR~H 
KBapKoHH6B ~ c KX nOMOmPID rrpaBRHhHO onncaaaTD B3~10~eHc~BH8 

zsapaoaaea, BHpBJKaeMOe B HM3Ro3HSpreTllqaCI<0M npaneae 
~OKanllHID~ ~eHoMeHO~OrHqeCKHMM KHpanbHHMH ~arpa}DKHaHaMH. CneKTp MaCC 
Me30HOB Bl:flmMReTCH c HCrrOJLbSOB8HHeM pelJIemI:f! 'ypaBHeHH1! IllBmirepa - ,Uatt
COHa (41) L ,EeTe - Coannrepa (46) Xh. H ~OPMY~ (25), (26), (62), 
(70) -( 72). BSélliMo,neitcTBH8 Me30HOB onacssaercs tIJIenaMI1: aucnero IlOPR,IJ;
xa pa3~02KeHH.R: sqxpeKTllIBIiOro .neHcTBIDI no OwrOK8JIllHHM IIO~.lIM (44), rne 
ÓRnOKanDHUe no~ (33) onpe.n:e~eHu BO~HOBO~ WYHRUMeR BeTe - CO~ITHTepa 

..xh	 11 "rrOTeHW!MOM" k':t (54) cororacao COOTHOm6H.I1JD (62). 
DIaBHtltl B1iBO~ paS.IJ;eJIa B TOM, qTO B np:PIOJlIDKeHIDI XpOMOCTaT:PIIUI Bpe

MeHHaR KOMITOHeHTa r~rooHHoro' nOHH OITHcunaeT HHSRosHepreTRqeC~iID ~

poHHYQ qmsl'IKY (cnexrpocxonan H KHpaJIMWe narpanaaans) KHR nenepryp
6aTRBH!:l.t1 WoH. 

5. XPOMOCT8T:PIRa r~IDOHHHX no~ett R WoPMY~a aCHNnlTOTH~eCROn 

CBo6o~H 

B ilpH6~H~eHHM XpOMOCT8THKH BpeMeHHeH ROMilOHeHTa r~IDOHRoro nanR 
c ca~oro Ha~ana TpaxTyaTcR Ha RaR KB8HTOBaR,a xaK qaCTÓ KnuCCaqeCRaH 
nop8M8HHWl , ROTOpa.H RCRJUJQaaTCR ~O mlaRTOBaIDl.a nYT8M: ID3HOrO pem8HID:! 
ypaBHeHRfí Iaycoa (2I). TIpoCTpaHCTBeHHU8 !<oMIIOHeHTbI nOJIí! Ml:l oy.ueM IDI
TeprrpeTRpOBaTD &aR w~ue KBaHTOB~e ~YRTyauaa Ha~ HenepTyp6aTHBHHM 
(XpoMOCT8THlieC.EGIM) WoHOM, E on-)e,ne~RM TeOpIDJ BOSMYllleImH .P'.8K pasao
lKeIDIe KX.U no 8TMM ROMII0HeHTaJi'C • Iloncraaoaxa JIBHOI'Q pemeaaa ypaaaeuas 

xJH~;~p;~eCKH TeOpHR B03MymeHRR B K3n 6ana CqopMy~HpoBaHa KaR pa3~o~e
H'He- no	 BeRTOpHLI:M ROMl10HeHTaM aneRTpoMaI'HHTHOI'O nOM B ORpeCTHOCTH 
Hy~eBoro npHô~~~eHKq, KOTopoe onpe,nexaeTcH sneRTpocT8THROM. 

li	 llepeMeHHIDe (CM. pas~e~ 2). Cne,noBaTe~DHo. exeMa KBaHTOBaHKa npocT
paHcTBeHHHX ROMilOHeHT (ROTOPeH 6wIa HaSBaHa "MmiHMaJ1bHHM" KBaHTOBa
HHeM) npo.IJ;HRTOBaHa caMHM npHOKH~eHHeM XpoMocTaTHRH. 

l' PaS~OJKeHHe 1<r .fl,uill/no npocrpaacmeaaua ROMITOHeHTaM A/ 
(Ia) n03BO~.HeT OImCa'I'D WHSHqeCKHe r~IDOHIi Ha paBHhIX OCHOBaHHRX cAr-KBapKaME:. B c~e.D:YIDllleM nopanxe paaaoseaaa no raMWIDTOHHaH 
BSa:PIMo,nenCTBRa {I2) ollHcunaeT O.IJ;HOBpeMeHHO HHSR08HepreTHqeCKHe . 
B3aHMo,neHCTBRff H cneKTpu KBapROHHeB R CBHSaHHUX COCTOHHH:tl r~IDOHOB 

(rJIroe6o~OB) • T 

PaCCMOTpHM B HH3llieM nopanRe no ~i BSaHMO~eHCTBHe qnCTO- r~
OHHUX TOROB, raMRnbTOHHaH- ROToporo 

d.	 f I 'qH J ==1 d~.:Y: d~ /1 (:z) 

'fi r':	 E TbA r c rne i f (x) = l~' 

HMeeT BH,n 

V -/4( )
(~- /I) d'J r', (75) 

~ r- r» '\ A 74 
t rrp~eM (7~' <: :::- o,: ,. ~o, 

nQTeHUHaJ1 \I onpe,neneH B (2&). rrOCKO~llKY saTpaBOqH8.R: Macca 
r~IOOHHoro nOM panaa HY~ID, TO HMeeT CMUM, no aHaJIOrIDI co CJfyqaeM 
deSMaCCOBUX KBapROB, npeHe6peqb qnCTO RY~OHOBCKHM.nOTeH~aJ10M B (25)~ 

OCTaBKB TOJIDRO OCIJ;WlJIJITOpHUn nOTeHUHaJI. 
faMRnllToHHaH ~ r~IOOHOB, BUpaJKeHHUH B TepMHHax onepaTopoB po~

,neHH.R: H YHn~TO~eHH.R:: 

-Ir Jd.JR. '2fLJW et(~) ! a:+{tiJe iIR"'.....)t]
A~~(:x:J~ &ll)% 

+ a: (.,t) e - t'L 1(.%.... - LUCi) I:] ; 

E rt Jclj.J. VwciJ e/(I) 1_ ~t+(iJei[I!':>:~~;:~Jtl. (x) = -- - 
, (21Z)J4 2 

t _iLR~_w(~)-I:) 

+ ~ {,fJ e J, 
'.	 l8 
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.,
 

(r.ne et,o«(?€) - nonepeunue 0PTbl, .t. e~'o.({/;=O ,e~~(4)e:{~= 8;:
F;~! onpenenea B (15), aJ(~o.nHOqaCTItf'niaR: saepraa rJIlOOHOB),d'RMeeT r7'> 

Bll,n f 3 't R aJ(j»2.+ I' ~1-1 = d D 00( q>)CIo( (/) . + 
I ~tO(P) 

+ f ft:~ vqJ fd~/, d"'t~ fat',<!'fat.~'t!/'(t')aJ:(;'). 
• à';' c, ~ ~ f!+ c.,"ei (/1+9) o~ (f+9)~'~)~' Y3-9) ~ J!(f) a~ r »: 9) 'ti 

1t ))(( ( A 't- Cf Ift))I W ( ~ - C; / /!l ?) (77) 

r.ue W(D/a)= -( (~wrb + \M'9?)Jr I .2 W(q) VUXp) 
,......J 1.:1 xV(1) = JdJx v(~) e 

(78) 

SaBRCHMOCTl> anepraa (Jj OT I1:rVIIIYJIbCa onpenenaerca as YCJIOBItUI caao

oorJIaCOBaHHOCTR EnH OnBOQaCTHqHHX COCTOHHH~
 

<' -1 I 1-1·/ 1 1> -= LV ( /,) Ó ~ ( ,A- f~ )-, 
fi ~ 

M3 KOTOPOro CJIe.uyeT ypaBH8HH8 

W(f)'+ p ~_ NcJd.!q V{9JW(t +9I c;/ W(/) 
,2W (f) @7Z.)~ (79) 

~ OC~JIHTOpHoro rrOTeHUHana 

V(1) == ~Tl-l [- Gr/S3(Cj) ) 

ypaBJ18UHe (79) HM8eT BH.D: .z 

. gz' - p~ z: ~ ::;/ ) , 
(80) 

rÃe 6espa3MepHue rrepeMeHHHe orrpe.n;e~TcH KaR 

W(P) . /. )~
W Cf) s --- ) 2Tf5 "Nc ~ p = P 

.J '- - ---~ ;:,e- - df: I 

illTpH~ 03Ha'tl8eT IIpoH3BOJU-lY1O no f ' f = lfi, A!c- 'UICJIO I.4BerOB, VO
 
orrpe~eJIeH -B (26). -

B rrpe.neA8 60JIblimx HMITYJIbCOB MH ~o~eM HaITMCaTl> rrpRdJIVJKeHHOe
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pemeHHe (80), B rrpe~o~o~eHHH, ~TO Macca rJIIDOHa rrpH aTOM BCqeSaeT 

.I' ('p)S VaJ"('p)Z - fJ.~ o. 8TO npe~OJIO~eHHe HerrpOTID30pe'ilIB0, T8R 
R8K B 3TOM npeneae ~~:::1. li YP8BHeHHe (80) rrpBHBMaeT BJm 

- J 

aJ' ( D) ~ _ o lo = AI ~(t) =- .....!... / ~ O 
- L !. -.;.:. - ~ /1'~' 00 • (8I) 

B rrpe~e~e Hli3RHX aHeprH~ yp8BHeHHe (80), rrepeITHC8HHOe B TepMH

aax MaCCH rJIlOOH8 2 AJ ~
 

~.J! ft/ + ..f ~) _ .I":'
 

\. .I!!~ + e' - VJ!' + e' (82) 

CBO~TCH R yp8BHeHHID 3~ 

.d.. 111 (f) == :!" ~ (I) ~ 
d f./": - - (83) 

ITOCJIe,UHee ypasaeaae BMeeT pelUeH~1> 

/! r!) ==: Ií --.t )2.) 
(84) 

~' -+ -e SIA! 
rne J!.o == fi (!:: o) - KOHCTaHT8, KOT~paH qlHRcHpyeTcH BS asonepa-
MeHTa. B pe3Y~bTaTe Ma rrOJIY~ crrOHTaHHoe B03HHKHOBeHHe MaCCH 
rJIlOOHa (ROTopaH, COrJIaCHO (8I), acseaaer npa ooasurax f ), aHaJIOm'I
HO TOMY, KaR BOSHHKJla Macca xsapsa (89). 

B03HHKHOBeHHe MaccH y rJIDOHa, B CBOro O'Iepe)J;b, Be~eT K HH

wpaRpaCHO~ MO~WRKa~ rJIIDOHHO~ ~YHKnHR fpBHa R WOPMY~H aCRMIlTOTR
~eCRO~ CB060.n;H rrepTyp6aTHBHo~ KXn 

o( (~.z.) _ -1 
(85)

\.%' - P~n &/A Z
 

Q ol Z
 
rne = - q - KBa,D;paT rrepenanaoro HMIIYJI:bCa B 3BKJlJmOBO~ 06
xaora, /l -rrapaaerp KX.D: , p= 'Ut1l . ( 1(- i n: ). ,U1IJI OU8HIW Ta

ROa MOn~Rau:m 3aMeHRM B (85) th Q~/l z. BHpalKelUieM)J)IH MaCCRBHOft 

rreTJIH 5"1 fi>.2. + X(.f- X) Q.l.
 
IJ", Ql. ~ dx -Rn. _


Lh- ~ x(~-X)~Z
/1.2 o (86) 

(scropoe npa f.a.= o oopanaerca B -é'1l Q'iIt Z ). Tor,na lIMeeM 
.n;oonpe.neJIeHHYro B KH~paKpaCHO~ 06~aCTH WaPMYJIY aCHMIlTOTH~ecKo~ CBO-

do.nu ~ 1 
LlH r , (/.'t~ -~----:-----o< W = PS~ -fJ JIoI. + ::JC ( " - )t) Q Z , 

.x n: X(1-XJ/f.l (87) 
ROTopaH, B OTJIR~e OT (85), :e KMeeT ocodeHHocTeA no ~~ BO 
Bce~ aBK7IlUtoBoft 06JIaCTH. <roPMYJIa (87) npa Q~ O onpenexaer 
.s<IxI>eKTHBHYro KOHCTaHTY paanoaeaaa o(o . 
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c( UH</,. (QI.= O) = -:f" == 010 

pfn t..o -r Z 
/f~ 

. (88) 
,1J,n.H O<c"-' ,,/S- (CM. (26» li /1 ....... 180 MaB OTClO;n:a rrOJIY'UIM ouea-
KY .lJ,JIR Ma ccu rJIlOOHa 

.JID ~ r 00 NaB".! 
(89) 

~OTopaH Ha npoTRBope~T COBpeMeHHHM npe;n:cRa3aHRHM!I9/. 
MO~~liRaUKH (86) rr03BOJIReT TpaKTOBaT:D rrapaMeTp /1 KaK saBH-

CRmlia a~eKTHBHo OT 

2. .z (f f'o"+:J((I-X)Q~ ) 
/1 ~ /1 ~<P4> éQ :J.=:; Q ex! \: Jd.:t fn x ( ./_ x) /I~ '(90) 

o 

(/I~# (f'~ a) == 11). Taxoro pena saBRCRMOCT:D napaaerpa lOOl OT Q~ 
T. e. YBemrt1eHlIe /\ I. C pOC'l.'OM Q 2. B aacrosnee Bpel'.'m: ;n:eiícTBliTeJIbHO 
Ha6JIro;n:aeTcH Ha sKcrrepRMeHTe /20/. 

CJre.nyeT rro.:n:~I8pKHYT:D, 'lTQ WoPM,YJIhl (87), (90) JIBJImoTC.f.I ;n:OBOJI:DHO 
rpy6hlMH B 06JIaCTR MaJIhlX rrepe;n:a'l, rrOCROJI:DKY crrOHTaHHue Maccu KBapKOB 
li rJIIDüHOB (li RM cooTBeTCTByromHe rreTJIeBhle ;n:HarpaMMH) OTJIH'lalOTCH ;n:pyr 
OT npyra, TIapaMeTpH3aIJ;IDI KX.IJ: c rrOMOm:Dro MaJIoro napaaerpa (88)(o<'c .... 4,(s-J 
li MaCC KBapKoB li rJIlOOHOB RBJIHeTC.f.I 60JIee aaeKBaTHo~ WH3HKe HR3KHX 
8HeprM~, qeM rrapaMeTpli3aUHR c rrOMOm:DlO o;n:Hora pa3MepHoro rrap8MeTpa~. 

BaToM CJ!Y'lae B03HHKaeT rrOJIHa.f.I aHaJIOrH.f.I c TeopHe~ B03MYmeHHfi B K3n. 
a Sa~qeHHM aTora pa3;n:eJIa rrpRBe;n:eM ypaBHeHRe Ha CBRSaHHh[e coc

TO.f.IHIDl rJIlOOHOB, aHaJIOTIPffiOe ypaBHeHIDa EeTe-COJIIil'ITepa ,Il;JIíl KBapROHIDi. 
HeTPY,ItHO y6e;n:RT:DCR, qTO ;n:BYX'laCTR'lHOe COCTOHHHe 

1- t + f..,. I >t""/J -f)~ CM=- L Ooll (x:) ao(. (- k ) o T (Ie' (9I) 
o(~ ~ -1== I :.z 

( f(;() - HOpMHPyeM8Jl BeCOBaR gjYHKIJ;IDI) m3Jl.f.IeTCH c06CTBeHHhI:M COCTOR
HHeM raMHJILTOHRaHa (77) c c06cTBeHHill~ SHaqeHHeM c: . YpaBHeHH8

H"l/J::: e. C/J rrpmrn:MI'1eT BM 

. jJ~(-k.) ]Ié .: ~ CL){t:.) - ---:i:w{l) ijJ0(1 0('... ( j()=:: (92) 
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lo,: 
I 

AI \ / (a )2.J 0(, ,9, ~/ /) ~ ) 
1Vc Vo li/f l et: (,@) e, {#-'1)e,;. ro lfJ' ('I-f. 

.. ?I'1J32 (i- f) j Ir: O, 

PemeHHIO 3TOro ypaBHeHRff 6y;n:eT nOcBHmeHa OT~eJI:DHaH pa60Ta. 

6. TIpo6JIeMa KOHWafulMeHTa 

MHwpaRpaCHoe .:n:oorrpe;n:eJIeHHe KYJIOHOBCKOro B3aRMo;n:eaC~BH.f.I BBe~eHR

eM OClWJL1UITOpHOI'O noreauaana (25), COrJIaCHO MeOJIOI"'IDi "noTeHmIaJI:DHO
ro" KOH{paIDiMeHTa (KpliTepliit B:wr:DCOHa /I/), RBJlHeTC.f.I ;n:OCTaTO'lHHM, 'lT0
6u 060CHOBaT:D HeHà6JIlO~aeMOCT:D RBapKOB H rJIIOOHOB B CB060,ItHl:lX COCTOH
H~.C ;n:Pyro~ CTOpoHhl, Bce rrorrhlTKH HCnOJI:D30BaT:D rrOTeHUHaJIhl KOHwa:tm
MeHTa ~ 060CHOBaHKíI Helia6JIID;n:aeMOCTH OT;n:eJI:DHUX KBapKOB ~TeM peme
HHH ypaBHeHKfl illEMHrepa - naitcoHa ~ rrporraraTopa KBapRB I{ rrpHBeJIR 
ae R KOHwaihIMeHTY, a K CrrOHTaHHOM,Y napynrsaan KHpaJI:DHO~ CRMMeTpHH. 
ne~CTBRTeJI:DHO, paCCMaTpHBaeMUe B HaCTOHmeit pa60Te caMOCOrJIaCOBaHHh[e 
KBapKOBHe R rJIlOOHHUe rrporraraTophl (CM. (55)-(60), (80,(8I», c y~eToM 

OCJ.W)L1I.fITopHora BSaHMo;n:e~CTBH.f.I, B npeneae 60JI:DllIHX liMIIYJI:DCOB (/jJi-# 00) 
HMelOT 06a'lHh[e rrOJIIDCa 6eSMaCCOBHX UBeTHHX ~acTHU, a cooTBeTcTBYIDmHe 
KBapKOEh[e li rJIlOOHHh[e rreTJIR RMeIOT HeHYJIeBh[e MHHMble ~aCT'. A,Ha.n:OI'HlffiM: 
cliTyamm BOSHH.KaeT M B TO'lHO penaeaoã Mo;n:eJIR Il.1BHHrepa 23/, rne JImie~
HO pacTYmH~ noreauaaa TaIOKe nener K oc06eHHOCTRM resapxoaoro nponararo
pa. B 3TOfi CBRSR CJIe~eT OTMeTRT:D, ~TO KpHTeplitt BRJI:DCOHa He .f.IBJIHeT-
CR CTporHM 060CHOBaHR8M KOHwa~eHTa, rrOCKOJILKY He sarrpemaeT cymecTBo
BaHRe UBeTHHX 'laCTR~ B cnelcrpe 3JleM8HTapHHX Bos6y~eHHH (rrQJIYqaeMOM c 
rrOMOm:DID WYHKUHH rpnHa). 

TIpe~e ~eM ;n:aT:D cTporoe onpe;n:eJIeHHe KOHwaHHMeHTa,HarrOMHHM, 'lTO 
caxa rrOCTaHOBKa rrpo6JIeMl:l KOHW8fulMeHTa ;n:HKTyeTcH 8KCrreplIMeHTaME:. cI>eHOMe
HOJIOrHH Ha6JIlO;n:eHHR KBapKOB li rJIIDO'OB 04'paeTcR Ha rrapTOHHYlO HHTeprrpe
TaImlO rJIY60KoHeyrrpyl'HX npoueccos 23j2 • Ee CYT:D COCTOHT B TOM, 'ITO 
CYMMa rro BceM a,IijX>RHHM COCTO.R:llH.HM /12> aepoaraocreâ nponeccoa 
( e+e -~ h ,e+.ep -11 Á R T.;n:.) OITRCl:lBaeTCR RaR MHHMaR" qaCT:D 
COOTBeTCTBYIOmeil ynpyroã aMIIJIRTY,nu, rrOCTpoeHHO~ MS KBapK-rJIIDOHHIDC ;n:1!

arpar~ TeopliH B03MYmeHRa KXn: 

L<fIT//'>·(h IT*li)= ";Jnz(f/T/t'>'(93) 
h .,P~.r. PAjt!. Phjt.r. Ph,ys. J>1f.r. ,P~.!. 
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3TO COOTHomeHHe HaSHDaeTcrr KBapK-anpoHHO~ ~anbHOCTbID (KAll) H HC
nanbsyeTcR B weHOMeHo~orHH RaR B c~ruc~e ycpe~HeHKff rro aHeprHH (r~o
O~bHaR KAn), TaR H oe3 ycpe~eHHR, B oó~aCTH 3HeprHH ~aneKHX OT 

~ ~ 
pe30HaHCOB (JIORaJIbHaR KA,IO. Hanpzaep, cexenae npone cca .e. e --- B an
pOHU B HepeSOHaHCHOM oó~aCTH 3HeprRH He TOJIbRO B cpe~eM, HO li ÓYR
Ba~bHO rro TOqKaM COBrra~aeT ·C MHHMOH qaCTbID RBapROBHX rreTeJIb, T.e. 
TeOpHrr B03MYmeHHH HOrrOJIb3yeTcrr B rrpoCTpaHCTBe MHHROBCRoro. 

B OTJIHtrn:e OT OÓhl'IHOro COOTHomeHIDI YHHTapHOCTH S -MaTPHIJ;i:l S= 1-1-''T 
-SS+::; -1 (TT-Jt= ~ Im T) ,B KA.U (93) HCrrOJIbsYIDTCR,1U3a pa3
HHX TRrra COCT~HHHM: WHSHqeCKMe a~poHHhle COCTORHKff (B JIeBOH qaCTH~ KO
TOpH8 Henocpe~cTBeHHo ~eTeKTHpYIDTCR Ha aRcrrepHMeHTe, H rrapTOHHhle COC
TORHHR ( B rrpaBOR qaCTH), OTpa*aromHe OCOOhle aH~HTHqeCRHe CBORCTBa 
"ynpyrnx" anpoaaax aMJ1JIHTY~, xoropae BocrrpOH3BOMT MHHMhle ~CTli KB8.p
ROBme ~arpaMM. 

B OÓhlqHO!it TeopIDi rrOM, HarrpHMep, B K3,ll, <l1H3HqeCKHe H rraPTOHHhle 
COCTOHHHR COBrra~aIDT B paMKaX TeopRM B03MYmeHHft, TeM caMHM nO~qepKHBaR, 

qTO TeOpeTHqeCKaR HaÓJIID~aeMOCTb KBapKOB KaK napTOHOB B JIOKaHbHOR KAll li 
HX axcnepaxenraxsnaa HeHaÓJIIO~aeMOCT!> HMelOT MeCTO B O~HOH H TOM JKe He
pesOHaHcHOH OÓJIaCTH 3HeprHM npocTpaHCTBa MHHROBcROro. 

O~a H3 WoPMYJI~POBOK rrpOÓJIeMhl ROHW8HliMeHTa: noqeMY TaRoro COB
rra~eHHR WH3HqeCKHX li rrapToHHhIX COCTOrrHHH He npOHcXOnHT B KXll? ~y
raa WaPJvf.yJmPOBKa: rroqeM,y BepORTHOCTb pOJK,UeHIUI llBeTHhIX i.l:8CTHl~ / C> 
paBHa HYJIIO 

(fi T/c) Re.r G '::: o .. 
(94)

P4;J. P~.r. 

a BepoRTHOCTb aapoaaaauaa -- 8.n;HHHue? 

r.naBHHH Borrpoc o TOM, Ral\HM 00pa30M COrJIaCOBaTb TeopHro B03My~e
HHR B npoCTpaHCTBe MHHROBCROro ( c HeHYJIeBhlMH MHHMhlMH qaCTRMM KBapRO
BHX neTeJIb) c rHnOTe30~ KOHwaHHMeHTa (94), OCTaeTCR OTRpUThlM,H Ha Hero 
He ~aeT nOJIHoro OTBeTa HH aCHMTITOTHqeCKaR CBoóo~a, HH rrOTeHUHaJIbHU~ 

ROHcpaHHMeHT. 

MeiK,1J;Y TeM raxoro pona ICOHcpattRMeHT c reopzeã B03M,ymeHHR B npocr
paI-ICTBe MHHROBCROro OITHCill3aJIa BepCHR .IJ:BYMepHOn xpoMo.n;HHaM1IKH, rrpe,IT,JIO
*eUHaR: X:yqyrOM /25-28/. B 3Tott MO~eJIH pa3JIHqaroTcR qJHSH-gecKHe (o.n;eTl:le) 

KBapKH H naproaase (rcnse) KBapKH. BCJIe~CTBHe RH\ppaKpaCHhIX paCXO,IJ;HMOC
Ten Bce ~3H~eCKHe KBapKH HMeroT óeCROHe'IHhle MaCChl, B TO Bper~ RaR 
"6eCIJ;BeTHhIe" aMIIJIHTy,nhl cP0PMJIJUIPYIOTCR B Tepr-.mHax nporrararopos rOJIhIX 
KBapROB c KOHe'IHHMH MaCCaMR óe3 HHcPpaRpaCHhIX paCXO~40CTen. 

O'fCYTCTBH8 aMIIJIHTY~ poxnenaa "UB8THHX" qaCTHU; B aTOH MO~eJIH 

ne rrpoTHBopetmT YCJlOBK1O YHHTapHOCTH • .lleJIO B TOM, '!TO npa H8Jilllfim CBR
saHHIiX COCTOSIHHit YCJIOBHe YHUTapHOCTH S S.,.= 1. HYJKHO nORlIMaTb K8.K 
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O~O H3 YCJIOBHH caMOCOrJIaCOBaHHOCTH TeopRM, HCrrOJIb3yeMHX~ Hop~m

poBKH CBR3aHHhIX COCTORHHH H RoHCTaHT HX B3aHMo~eHCTBHR 20. ECJIH 
no KaKHM-TO rrpH'tillHaM BepoRTHOCTb O~IDC KaHaJIOB (IlBeTHhIX) acxeaeer , 
TO BepoRTHOCTb ~pyrRX YBeJIH'lHBaeTCR, TaK~qT06hl rrO~HaR BepoRTHOCTb 
OCTaBaJIaCb paBHO~ e~Hu:e. C aTOH TOqKH 3peHHR TeopKff B03MYmeHHH 
~R rallHX KBapROB B rrpocTpaHcTBe MHHRoBcRoro He npOTHBOpe'IHT ROH
waHHMeHTY WH3HqeCRHX KBapRoB (93), ROTOphlH s~eCb OÓ~RCHReTCR He rro
TeHUHaJIOM B3aHMo~e~cTBKff, a nponeccox 10~eBaHID1" roJIhIX KBapKoB. 

AHanOI'H'tllUlH npouecc 10,neBaHIDI" KBapKoB conepxar ROHCTpYKIJ;WI Ka

JIH6poBO'tlll0-HHBapHaHTHhIX HeJIORaJIbHhlX nepeMeHHhIX (7) c rrOMOmbIO RBHOro 
peueaaa ypaaaeaza Taycca (4). A HMeHHO, RBHaR ROHCTpYKIJ;WI (7,8) on
pe.n;eJIeHa c TO'tlllOCTbID ~o HeTpHBHaJIbHoro BaKYYMHOro pemeHHR o~opo~
HO~ ypaBHeHHR I'aycca , OÓpaTHlI~ orreparop V -.2 B (8) nonycsaer 
cTa~oHapHhle wasoBhle waRTOPhl , 

2J ~' U(~) 2f LI (~) = .;(or))eX.6 ( 
J 7 (95) 

c wa30~, .HBJlffiOl.I{eHCR pemeaaex ypaBHeHHR raycca B BaKYYMe ( A,: =- o "jt:(J) 

l '"'" .....q' À (~)= o. 
(96) 

HeTPY~O yóe~TbcR, qTO nepeMeHHhle Dl.~ 

-"\P~.r ( ....., I ~ ) , lI} r.dt. ..... )/} IA ,~U{iC) A.(~)+ Oi li -('~) j"" :; U(~) v: () 
. l. - I. 97 

Y~OBXeTBOPHIOT TeM ~e .n;onOJIHHTeJIbHUM YCJIOBHRM, qTO H rrepeMeHHhle (7). 
ITOCKOJlbKY npocTpaacTBo i?(3) rrycToe (T.e. He co,ne~T cHHry

JlllpHhIX HCTO'tffiHROB) H nOJlH (97) WH3Uqe CKM ae OTJIHqaIOTCR OT nOJIe~ (7). 
TO waSOBhIe WaRTOpl:i uc ~j .n;OJlJKHll OIIHChlBaTb I'JIa.n;KHe oT06paJKeHIDI 
npocrpaacma R{.1), (I.FI ...< R) B KaJlHÓpoBOtIHYIO rpyrrrry S U(2) . Tpe
60BaHHe "rryCTOro npocTpaHcTBa" RBJI.ReTCR OqeHb B8JKHhIM. PaCCMOTpHM, 
HanpHMep, TO'IHO TaKYID xe HeO~03Ha'IHOCTb B K3.ll. YpaBHeHHe t96) B 
K3.ll HMeeT, aooome rosopa, ,ItBa peneaza 

aJ, .À(~)E' .i ;:ô )l(ZÀ) = o J À ('t) = ~I + ~. 
L 2 (ã't 'Z , 

O~O H3 HHX Mhl ~OJlJKHll nOJIOJKHTb paBHlIM HYJIIO C f ::: O aa-sa Tpe60
BSHIDl OTCYTCTBIDI CHHryJIJIpHOCTH, nropoe, (?.z ,0Ill:lCblBaI<IIlee rroc
TORHHY~ Wa3Y, He HMeeT, RaR H3BecTHO, HHKaKHX WH3HqeCKHX CJIe,nCTBHH. 

B KX.ll MH norryqaeM ,npyryIO cHTyauaro. Ypa~HeHHe (96) RMeeT HeTpH-
BHaJIbHlle pemeHHR, HarrpHMep. 6

.:f11, r(J = i"l" Q.l2 Q. 6 (~,.): 7ln, 
Ta-f2 4b(~.) = li (r,t1.) zoa li -t( ~.) , (98) 

u {ÇP,'; -= ex.!, (e' c, <r1/.z) ex~ (e' Z:Zo/-t) ex/> (t' ~ fIj/-t) 
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(r.n;e Ta. - reHep8TOPbl MillmMaJI:DHOfi rro.n;rpyrrrm S 1/(2) rpynna S'LI(3) 
ti.="/2.

1 
5 ), OTBe'tHllOllllle rJl8,IJ,!ffiM OTOÓp8JKeHIUIM rrpocTp8HCTB8 R(~) c 

H8 rpyrrny S lJ ( ~) c TOITOJIOrll'tIeCImM ueJlHM IDi,neKCOM OTo6p8iK8HHR 
n::-oJ :t IJ t 2 .. 

n= 1_ fdJx êl.'jl< t2 (~. ~. Vk ) 

.,l *.Tl LI -, ~ R ' I li a} I 'I 
X ... V l.' :::: (/'lI f/J) i t-i (11" {I') • ( 99) 

P8meHIDI (98) x8p8KTepll3YIOTCR TpeMH yrJl8MH 3tiJIep8 ~ , KOTopHe 
~KCRPYIOT rrOJlOJKeHUe CnCTeMH KOOp,IJ;HH8T uaeTHoro rrpOCTpaHCTB8 OTHOCH
TeJl:DHO CHCTeMb[ Koop.n;RHaT ooasacro npocrpaacraa R(i). 

CymecTBoB8HHe T8KKX pemeHHR YKa3aBaeT, 'tITO WH3R't{eCIDle rrepeMeHHHe 
(97) BlipoiK.n;eHH B npocepancme xoaexaoro o6'heMao 0.n;H8KO RH,neKC napoa
~eHHSi n ne RCtIeSaeT ,IJ,aJKe B npenexe. cecxoueaaoro o6'heMa R ~ 00 

H rrpe,IJ,CTa&KR8T co6ofi rrpMMep TorrOHO~'tIeCKO~ aHO~BJIHR, TRrra .IJ;HBepreH
'S' -..:;:. 

mm aKCR8J!IlHOro TORa é!t: ~'? F,r fi 7 11 o 06e 3Tli BeJIH'lillHll; H HH,n;eKC 
n: li ,IO{BepreHI.J;IDi ?11' rrOCJIe CHRTIDI peryaapaaanaa OCTalOTC.fI. 

R ne pasas nyzno, HeCMOTpR na TO, '1TO lic'tI8381OT acxonaue 3JleMeHThl IDe 

nOCTpoeHRfI: rrOJlSI Vi MR nponararopa TIaYJIH - BHJIJIapcao 
TIocROJlbRY ~30Blie ~aKTopli BNpo~eHRR HaCHHry~pHhl, TO JlarpaH~aH 

11 TeH30p BeJIRHW8HTe He saBHCRT OT 3TKX WaKTOpOB B CliJlY K8J1n6poBO~O~ 

IDm8pn8HTHOCTR. TI03TOMY KBaHTOB8HRe (qJOPMYJIHPOBK8 reopaá B05MYUtemm) 
ocymeCTBJIReTCR B TepMHHaX roJlllX" nepeMeHHliX li HIi'1eM He OTJII.1:'18eTCR OTI 

craanapraoro KB8HTOBaHIDI P;'''.a. -. plw~ --- Phv.f. _ c:ftA.I' l/J:r.J...,.
//,(AP~~.lp PAr') -I' :h'A,: '7 + 2 ~ '7 . -I-?P t7 (- I 

'f' ~, li IZJ~ (;;:.:r+ at')21;~ + (fll/J-'; )lfI + ij:r(lIn t,e 1)· 
OTJln~e 6y,n8T TOJIhRO B onpe.n;eJleHRI.1: WH3H'1eCKHX COCTORHH~, KOTop~e OKa
3liBaIOTCR "o.n;eTNMH" B epaSOBue cpaKTOpli H BUpO)J(,Il;eHli. ECJIH 'tIepe3z:l1,f, 7J 

.R,T 
o60SHa~T:D 06H't{HN~ ~YHK~OHan ~8~eeBa - ITorroDa, TO TeOpHR 

c BHpo~eHReM OIIHCNBaeTCH ~YHKunOHaJIOM 

ZR, r [ (LIn, 'I' ( ), (f ZI ~ ~ )J lin,f ~. LIn:: J 
B CHJlY TOro, 't{TO Bce BU~HCXReMHe ~31i~eCKHe BeJlH~1HU B KB8HTOBOM 

TeopHH TIOJIR - CeqeH1UI, BepORTHOCTH pacrra,nOB li To,IJ,. - HopMEpOBaHli Ha 
KOHe't{Hoe rrpOCTpaHCTBO-BpeMR:, rrpe.n;eJIl>Hufi rrepexo.n; K 6eCKOHetlHOMY rrpoCT
paHCTBY )~OJliKeH ocymecTBJl.fIThCH nOCJIe CHRTIDI supoanenaa, T.8. nocae YC
peJJ.HeHHH npoaanoaauero WHI-CIJ,ltOHaJI8 <fJYHI<rm~ rpI1Ha no napaaerpax Bupoxme

~R' - ~ IJ -( ')-
N 

_L l - .. ., -'" 7 
[ '/, 71]]= Om -rim. ;;:, ~_ .roR 7 t/n..f"{1 fll-tS" ~,f" J,: lI~ fIJ J( 100)1lConj R,T.... cê IV~ o(l 1;::; -IV I 

BapnaUHH STOro WYHKUHOHaJl~ rro liCTO~HKaM 

IC fJ 112 S- -~)oi«:5:.._)( 17 ~ 1Ifl,'f') ( 1711/'lI?' ---:;-~- U~'f)
(~=I /fF?n,tt(Xod ,8=1 E"{I),~~) d":/ Ó J;, (~1') 
corrpoBo~aeTcR ycpe~eHHeM WYHKUHM rpI.1:Ha no BC8M yr~aM 3~epa, OITH
CUBaIDmnX nOJlO~eHne KOOp.IJ;HHaT UBeTHoro rrpocTpaHcTBa OTHOCHTe~l>HO KOOp
,IJ;HHaT o6aquoro rrpocTpaHcTBa. 

BwmCJIHM o.n;HO'1aCTIFffiYIO <PYHKumo I'pana zsapsa o B llliSllleM nopanxe 
TeopHH B03MYmeHHR rrorry~ 

6(x li) ::: ~ .L- .z ('1/ '2) / = 6 6 (x-}') f'(:X; ;;""'1)" 
~ q- 'ii?{:1() Fi(/I) COnf /1::: ?'"; o o (101) 

r.n:e ~ (x- 1./) - nponararop "rozoro" zsapsa B reopza B03M,YllleHnRif N' _ ~ 

~ J) -I)"" r. ~ ~ ] 17 f·-f ;J I~ I = '1/
.f{;(,0:::-lim Um - L. LV (X)U(-~) ~ o /.x'/ I ~I 
J • (/ R-* Dl) N~GIO .2/V 11= -/Y ~ ':Iz 'J' 

u (~) == e.:c.J ( (.. :;CQ"4 Jl / R ) , (102) 

~YPl>e-06pa3 ~YHKUHH TpliHa (IOI), (102) o6pamaeTcfl B HYJIh nS-S8 HH

Tepwep8HURH 6ecKoHe~oro ~CJIa Wa30BHX waKTopoB, ~R n3 KOTOpliX 
RBJIReTCfl rJla.n;KoH WYHKIUfen B R (3). 

PaCCMOTpKM Terrepl> KBapKoBYIO rreTJlID RaK BaYYYMHOe cpe.IJ;Hee OT 

TOKOB / ' r 'r > _/ f7 /h 1'11'0, j7 711 P1r.r. 
\ / (::c) / (J') ) ti =:;- "f" 'r zz: 

_ ljJ:r(21/7/'1' í' v-':' f/J) 1jJ ~ ii J: j7{~ t(J) ~.r. 

B Hn3illeM rrOpn,IJ,Ke TeopHH B03MYmeHnH rrOJIY't{RM

<' ,'r(::l), l' r{J) >= JdR (f{JJ() d.Q(~)" 
N

"IAm. .:t..L. t"l. ! r{~ f'J,)6c(~-J')r'{n, ~)G() Ç)'-X) J. 
N~ 00 <.Iv' I?~-N 

Ec.ID1 MaTpnU6 [7 .HBJIReTCR CRaJLHpoM OTHOCnTeJIl>HO UBeTHO~ rpYIIIIl:l n 
U í' li - .,= r' , TO MIl lIMeeM ooasaoe aspaxeaae ,IVIJ{ CBo6o.JJ:Ho~ zsap
KOBOH rreTJlH 

<'I' r{X) /' f'v) == t'l. r s. (~- JI) /'G" v- ~J, 

MImMBR 'tIaCTb zoropoã OTJlR11aeTCR OT 1fjlJIJf.. EC~JII MaTp:au,a /' -IJ;BeT
naa, Ma rrOJIY't.{RM BUpaJKeHHe THIIa (101), ( 102) , WYP:be-odpa3 KOTOporo pa
BeH HYJIIOo 

'TàKHM 06paSOM, nocae ycpenneaaa no HH(j)paKpaCHHM napaaeepax Bli

" 
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po~eHKH BCeX @yHKUllM rpHHa, KOTOpHe He HBnRIDTCH CKa~HpaMH OTHOCH
Te~:bHO UBeTHUX Ka~dpoBOqHHX rrpeOdpaSOBaHH~, HCqe3a~T. M, cne,n;QBa
TeJI:bHO, acxeaaor BCe arvffiJIHTY.uN pO~eHHH I.J;BeTlUlX 'la CTHIJ: , KOTOphl:8 on
pe,n;eJIRIDTCH KaK Bhl:qeThl: COOTBeTCTBYIDmHX WYHKUnH rpHHa (94). 3TO 3ImR
BaJIeHTHO TOMY, qTO Bce UBeTHhl:e Wlis''leCKHe COCTORHHH liMeIDT deCROHetlHO 
ÔOJIbillMe MaCCH, KaK B Mo,n;eJIR XyWTa 25/. 

B TO ~e BpeMH 6eCUBeTHue KOppeJIRTOpH cnadHX H 3JIeKTpOMarHRTHhl:X 
TOKOB Bhl:p~aIDTCH B TepMHHaX nporraraTopOB ro~hl:X KBapKOB R r~HOB R 

•	 COBrran8lOT C OdH'lHbIMI1 BHpa~eHMMH neprypcarasaoã RXn. M, K8K nOKas8HO 
B paoorax /26--28/, TaRaSI cHTyamm He nporanopexar YHHTapHocTR S
-MaTpHUbI, a Be,n;eT I~aR pas K rrpHHI.Umy KBapIt-a,n;pOHHOH nyaJIbHOCTR B 
rrpocTpaHcTBe MMHKoBcKoro, HHTeHCHBHo HCrrOJIbsyeMoMy B rrapToHHoH we
HOMeHOJIOI'lrn. 

SaK1IID"lIeHHe 

B HaCTORmeH paÓOTe rrpe~o*eHa HeCKOJI:bRO KHaSI TeOpR.R: B03MYmeRH~ 

B ~xn, 'leM oÓmerrpH1UlTaSI TeOpH.R: B03MYmeHHH, OCHOBaHHaH Ha aCHMIITOTH
'leCRoM cBoÓo,n;e. 

~m CWoP~~JIHpoBa~ TeopHID BOsMYmeHH~ KaK paS~O*8Hne KXn no rrpocT
paHCTBeHHhl:M KOMIIOHeHTaM rJIIDOHHOro nOJIH H8,n; HenepTypóaTHBHhl:M WoHOM) 
orrpe,n;e~ReMHM xpoMocTaTHKOH c HHwpaRpaCHhl:M ,n;oorrpe,n;eneHHeM KYJIOHOBCKO
ro rrOTeHUHaJIa. IIDKa3aHO, qTO B paMKax XpoMocTaTHKH MO~lliO OIIHCaT:b 
crreRTpqcKOITHID JIBrKHX H T~8~HX KBapKOHHeB, HHSKOSHepreTR'leCKYro a,n;
POHHY~ WH3HKY H ROH~aHHMeHT. TIPH STOM duno YCT8HoaneHO, qTO HHSRO
SHe~reTH~eCRoe BSaHMOA8HCTBHe a,n;pOHOB cnaóo S8BRCRT OT CTPYKTYPH BOJI
HOBHX WYHRUHH KBapKOHHeB, qTO rr03EOJISIeT nOHSITn, rro'leMY p83JIRtlHHe MO
AeJIH OITHCaHKH HR3KOSHepreTH'leCROn WRSHKH a,n;pOHOB ,n;aroT O~HaKOB~e pe
3Y~bTaTH. C TOqKH speHRR rrpHHilHrra BepHWHKa~ H npoBepKH cTaTyca Ta
ROR TeopHH BOSMYmeHHn (~H) rrpenrrO~THTe~nHO OIIHcaHRe cneKTpocKo
llKH anpoHOB. 

XpOMOcT8THKa ~H rJI~OHHHX rrOJIen Be,n;eT Ta~e R crrOHTaHHOMY BOS
HHKHoBeHHID ~mCCH r~Ha R, RaK cne,n;CTBHe, R KHwpaKpaCHOn MO,n;HWHKa
UKH WoPMYJIH aCHMnTOTKt{eCKO~ CBOÓO~. 3Ta MOAnWRRBUKff OdOCHOBHBaeT 
M~OCT:b a~eETKBHOH KOHCTaHTU CBSISH li rrpRMeHHMOCTn TeopHH B03MYmeHRn 
B oô~aCTH MaJIHX nepe,n;aq. 

ABTOpH ÓJIaro,n;apHT A.B.EWpeMOBa R B.r.KanHmeBcKoro sa nHCKYCC~ 

O~H li3 aBTopOB (B.II.) Bhl:~eT CEOro npHSHaTe~bHOCTn H. AMÓnepHY, 
A•.n~ nO~rOBY, r. RenTBHJIJIepy, E.lllT8XY H JI.,U. "~a.u.n;eeBY 38 llJIOAOTBOrr 
Hoe OÔCJ~eHRe pa3JIH'lHHX BonpoCOB 3Toft paÓOTH. 
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Oep8ywHH B.H. H AP· P2-87-674 
K8aHro8aR xpoMocrarHKa KaK HH3K03Hepreru4eCKaA reopHA aAPOH08 

npeAnaraercR HH3K03Hepreru4ecKoe npH6nuJKeHue KX~ - KaaHT08aR xpoMocraru
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$0HoM, onpeAenReMbiM KXC. floKa3aHo, 4TO e paMKax KXC MOJKHO onucarb cneKrpo
cKonuro nerKRX H TAJKeJ!biX K8apKOHRe8, HH3K<lJHepreH14eCKyro aAPOHHyro $R3RKY CO 
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OepeeoA a8ropoe 

Pervushin V.N. et al. P2-87-674 
Quantum Chromostatics as low-Energy Hadron Theory 

The low-energy approxlmat ion of QCO, the quantum chromostat lcs (QCS) with 
Infrared redefinition of the Coulomb potential, is proposed. The perturba
tion theory In QCO Is formulated as a low-energy expansion on the spatial
components of gluon fields (by analogy witt1 QED) over the nonperturbatlve 
background defined by QCS. It is shown that In the framework of QCS one 
can describe the spectroscopy of I lght and heavy quarkonia, the low-energy 
hadron physics with spontaneous chlral symmetry breaking and confinement. 
The chromostatics for gluons leads to spontaneous generation of a gluon mass 
and, as a result, to infrared modification of the asymptotlcal freedom formu 
Ia. Such a modification substantiates smallness of the effective coupling 
constant and appl icat lbi I i ty of the pert11rbat ion theory In the re~J!on of 
a small transfer momentum. 

The Investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 
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