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I . BBe~elll1e 

O.!l;HOI!: i!S YSJIOBhIX n po6JreM qJl13HKM JIenTOHOB Bce eIlle OCTae TCH 

BWfCHefrne paaJrn'CJH1!: B <p11 3H'IeCIrnX CBoAcTBax MIOOHa J.l 8JIeKTpoHa 11 

OC5'bJICHe IDl e CiOJI:bIUOI!: paSHOCTH Ma cc 8TJllX 'IaCTI1U. I10RCK pemeill! lt 

3TOH nPOCiJIe~ npoBO,ItEJICH no CaMhIM pa31illM HanpaBJIe lll1HM (CM•• 

HanpRMep . I I ). 
B HacToHIlle lt paCioT8 Mbl o6cY~HM HOBHIt no~o.D: It fe -npoC5JI8Me. 

HaMeTRBmlll!:CR B ~~ I<BaHTOBOIt 3JIeKTpO!l;ImaMlUm (K3,U) C cpyp.,JJ.a

MeHTaJI:bHol!: .!l;JllIJHol!: 2. B a Toll: c x eMe cBoCio~HHe cjlepMllOHHHe nOM. 

Hanp RMep. e H f • BHa'I8JI 8 oCi~e,ItE HHIDTCH B 8-ItOMIlOH8HTH~1!: CnJll HOp 

(1.1)0/ ~ ( i ) =(; ) 
OTB8-qaJ!l1{l!~ BIJPOllm8 HHOMY C'..JIY"taIO m e ~ m f' • I10JI1ill1% JIarpaHlIG'l8H 

113 -3a HaJIR'lll.fl B H8M B3ru1MO,Ile n CTBil.fl . nepenYThlBa.KlilerO e il f" 
OCTa8TCH l-lHBapil8HTllliM JIIllllb npl1 ~ItI CKpeTHOM npeoCipa30BalilUl 

( : ) ~ ( ~ -0;) (~ )= 0 . (~ ) (I. 2 ) 

ECJIIl . ItICIIOJIbSYH il3BecTHHf.t MeTO,Il H.H.EoroJIKlC5oBa 13-5/ . CIIOHTaHHO 

Hapymltl Tb STY cr; -CRI'meTpl1lO , TO B pe3YJIbTaTe MOlKHO nOJIY'Il1Tb 

pemeHl-le "cBepxnpoBo.:rvrmero" Tlm a 1~81 C paClUeIIJI8HHllMJl! MaCCaMH 

r 11 e • ilpl1 3TOM BaKYYMHOe COc TOHfllie. COOTBeTCTBYFJIUee HOBOMY 

peWeHl-l IO . Ciy~eT 06JI~aTb MeHbme~ aHeprl1 e~. 'IeM BaKYYM. COOT

BeTCTBOBllBlQIA BHpollmeHHOMY CJJY'IaJO. 

Hame H3,nOJP;eID'J e CTpol1TCH CJIe,nylOlIlHM oCipaaOM. B pa3~eJIe 2 
~aeTCJt KpaTKoe pe3lOOle K3.l{. B KOTOPYJO. nOMl'lMO t, 11 C • BBe~eH 
elile o,rm H YHI1BepCaJI:bFrnf\ MaCWTaCi - qlYfU{aMeHT8JIbHaJI ,llJIRHa e . B 

pa3,~eJJe 3 MH nOJIy"laeM 11 l1CCJIe,nyeM "YPaBHeHl1e KOMneHCaI.{l'JH " • 

B03 Hru(aJO!lIee IIpl1 CnOHTaHHOM ,ItEHaMlI 'IeCKOM HaPY'JIelll1I! cr, -CI1MMeT

p Hl-l . Pa3.lleJI 4 IIOCBHlUeH BlffiO,llY ypaBHeHl1H KOMneHcamUI C TIOMOIll:bIO 

TeXHI1IG11 <VYHKIJ,l10H8JIl>HOrO l1HTerpl1pOBaH~H. 

2. KBa HToDa;:r 3JIe KTpo.lU1HaMI'!Ka C ifIYH~aMeHTaJI:bHOn ~JIRHO~ 

B 06H'IHOn KS.l{. KaK 11 B JJD6o l% CTafU{apTHott KBaHTOBO~ TeOpl1~ 

nOM . npe~nOJIaraeTCR, '{TO 'IeT~peXMepHIJe X - Jil P -npOCTpaHCTBa. 

l1CnOJI:b3YSMhle B annapaTe Te opl1l1. CYTb TICeB,IloeBKJIl1~OB~ npOCTpaH

CTBa • .ID1WeHHhl8 KaKoro-.ID1C5o BUYTpeHHero I.laClUTaCia. TSOPHR . K 



paCCMOTpSffilKJ KOTOpol1 Mhl rr),I1CTynasM, OCHOBaHa Ha 60Jls e o6II\e~ 

r60MeTpl1'J6CROi1: rl1nU'!'638 * . A I1M8HHO, B Hef.\: nps,n:rrOJlaraeTCR, 

'ITO I1MnYJThCHOe 4-rrpoCTpaHCTBO RBJlReTCR rrpoCTpaHCTBOM .Ile CI'lTTepa, 
peaml30BaHHOM Ha 5-rl1rrep6oJlol1.Ile 

1 t ~ all ;I i p. - p, - p, - p. - M Pi = - M = - T' (2.1) 

HOBl>le YHllBepCaJIbHlle [I0CTORHHlle e 11 M Ha311BaKJTCJI QiYH.IlaMSH

TaJJbHOfi .IlJlI1HOi1: 11 QiYH.IlaMeHTaJJbHO M MaccoM, COOTB8TCTBeHHO. OOll'!HaR 

rrCeB.IlOeBR..lJl1.IlOBa reOMeTpl'lR I1MUyJlbCHOrO 4-rrpOCTpaHCTBa B03Hl1RaeT 
Jll1llJb B IIJIOCROM rrpe.IleJle M ~ (e ... 0 ) 00 

B CUJIY (2.1) ypaBHeHl18 MaccoBoi"1 rrOBspXHOCTI1 

fYl'- p'= 0 (2.2) 

RBJlRSTCR CJle,nCTBH8M JlKJOoro l'l3 YPaBH6Hl'lti 

Uti' + p~ = 0 (2.3a) 

Gh r - P4 = 0 (2.36) 

_ 4 ~)( a,.=~i.~: p~ - ~ H P = - p . 

rr8pexo;n:WlI1X ,npyr B ,npyra rrpl1 i'!HB 8pC~ll'l 

p. -- - p. . (2.4) 

ITOCROJlbRY (2.4) eCTb npeo6pa30BaHl1 e CHMM6TPl1l1 I1MnyJlbCHOrO 
npoCTpaHCTBa (2. I), KOMMYTl1pYJOllle e C r eHepal'OpaMH rpyrrrrH JIopefma 

11 4-l'lMIIYJlbCOM PI' , TO eCTeCTB8HHO OllUf,llaTb, 'JTO 3Ta CIIlMMe Tpl'lR 

.IlOJJllma HaMTl'l OTpaXeHl1 e I'l B CTpYKType YPaBHeHl1t\ TeOpl1l1. B l'lTOre 
lill 3aR..lJ~aeM, 'JTO B HOBOM qlOPMaJJl1 3M8 MOlKHO paCC/.laTpl'lBaTb ,nBa 

ypaBHeHI1R Tl'lrra Kne~Ra-fop,nOHa 11, COO TB eTCTBeHHO, ,nBa copTa rro
Jle~ If»): 

(2.5a)2 ( C4, i' t P4) ~ (p) = 0 
2. ( 01, r - p; )0/2 (p) = 0 (2.56) 

TIpI'! HHB8PCI'll1 (2 . 4) I'lM8eM, Oq8BlIJ.IlHO If; ~ 'flJ • TIocKOJlbKY 

YpaBHeHI'lKJ Kne fiHa-fop,noHa Y.IlOBJIeTBopRKJT rrOAH C .lJKJ6HM 3Ha'JeHI'l8M 

*) 3Ta rllJrrOTe3a BOCXO,nI1T R pa6oTru~ /9/ I'l /10/. 

».j MHOMH TeJTh 2 B (2.5a) l'l (2.50) BBe.IleH .IlAH y,nooc TBa. 

2 

cmlHa, TO OTM8'J8HHoe y,nBoe ffile 'll'lCJla KOMnOH8HT BOJIHOBHX i(iYHRl1l1fi 

HOCHT YHI1BepCaJJb HllM XapaRTep. B CJlyqae .Illr.paKOBCRoro rrOAH 3TO 

BS.IleT K rrORBJleHI1KJ 8-ROMllOHe HTHHX Crrl1HOpOB Tl1rra (1.1 ). 
II /2/ B T80pl'l11 C IIMrrYJIb CHllM rrpOCTpaHCTBOM ,ne CHTTepa (2.1) 

0H.lJ c$:lpMY.1l1lpoBaH rrplHll.um JIORaJIbHo f.\: KaJJl'lOPOBO'JHo ti I'lHBapt1aHTHocTM, 
11 Ha 3TO~ OCHOBe nOJIyqeH HOBll~ JIarpaHlKllaH ,nJI.fJ K3,U: 

;i(x ) =- - f F ,,(") r (""( X) -+r 

-+ Y{ X>[(i d -e A,.. (w))O:®3'r - mJ 0/6,)r 
(2.6) 

_ ifl r .. T,' , rv Til"i; IJlO r Cx) CS;@~ a T (x) F,.,(") '" 

... t§- s;" () o/'{x) <r. ® a- r ' 'f' (x) Fr' (x) + 

+ t:e '[o/(X)cr;0~ro/IX)][V()( ) Ir1@tr 1(1)() ] 

r,ne Y (,,) - B-r<OMllOHeHTHlln CIIIlHOP Tl1rra (1. I), t - CPYH.Ila

MeHTaJIb HaJI ,ItJn'I'Ha. e - rrapaMeTp, orrpe,neJIRelilln COOTHoweHl1eM 

~-1 
Sin e = m t (2.7) 

a MaTplltD>l (j,@ lfScr r ' • cr;® ~r H T.rr. CYTb 8x8 MaTpllQU 

BYI,na 

tscs-r" 0 ) ir )0 
1'1 T.rr.

( ( -t r o ~'cr' r ' o 

~ B~~M , 'ITO ~H.IlaMeHTa.lJbHaR ,UJI1'IHa BXO,nI1T B (2.6) B 

BHpaJKelU!.R ,nJI.fJ ROHCTaHT CB.H31'1 rrpn "Hel.I\l'IHl'IMaJIbHHX" B3rulMO.Ileil:cTBl1RX, 

O.IllIl'lM 1'13 KOTOP.b1X .iIB.lJReTCR 'JeTHpexcpepMl10HHOe B3rulMo,ne~CTBl'le, 

He,nIl8I'OHM bHoe rro rro.JIRM 1f'; 11 1(2 • ECJI1'I ,naHHlle rrOAH H.lLeHTII-
lfJl!IllIPOBa Tb C UOJIRMlI € 1'1 ,.. ,R.aR aTO c,neJIaHO B (1. I), TO, B 

rrpl1HW1ne, MOMMO o~~aTb, 'JTO paCCMaTpHBaeMoe 'JeTllpexcpe~OHHoe 
B3~MOn8~CTBll e rrpl'lBe,neT K paCmeIIJI8H1'IKJ Macc MEOHa 1'1 3JIeKTpoHa, 

TaR 'J TO Ma CCOBhlit 'JJI8H B JIarpaHlKuaHe rrpv.MeT Bl'l,n: 

YI'e ~ (x) \(! (>') + Wlr rr, (x) '1', (x) . (2.8) 
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SaMeTRM, O,nHaJW . 'fTO .JIaI'paHlQIaH (2. 6 ) .fIB.JJ.HeTC.fI I1HBapl1aHTHblM npl1 	 KaR MaCCOBH~ onspaTOp WI13Mq8CKl1X ~aCTI1~ 11 nOTpe6ysM, 'fTo6~ 

cr. -npeo6pa30BaHKB (I .2), a BNpaa8HRe (2.8) 3TO~ I1HBapl1aHT- B9al1Mo.~e~CTBl1s. OITl1C~aeMOS .narpaftJtHaaOM (3.6), np\"! >'I TepauHm:: 

HOCTbID He o6.JI~~aeT. GJIe,nOBaTeJIbHO, paCmellR8 HU8 (2 .8) H8 MO&8T He ,naBano lIKJIa,na B coClCTBeHHy!J 3a8prmo q,epMlJOHHOrO nOM: 

6NTb rrO~8HO Ha OCHOBe (2.6) C rrOMOmPID M8To,na , KOTOpNft COxpa


M8T 0. -l1HBapl1aHTHOCTb (B 'IaCTHOCTl'I. B T80pIrn B03MYmeHH~) . (3.8)
o 
A.~8KBaTHNI1 M8TO,n peWeHl1H no,no 6HhIX saua'f. ldCnOJIb SYJOlllHI1 ,nHHa L. (p, 11 )IPr ~ r =JI 

Nm'I8CKHl1 MeXaHl13M crrOHTaHHoro HapyrneHHH Cl1MMeTpp.! l1 , 6b1Jl npe.~.JIO

lKeH 11 paSBl1T H. H.EorO.JIlO60Bis B ero pa60Tax ITO TeOpIm CBepXTeKY COOTHoru8HJoIe (3 .8), Ha3HBa8M08 YpallH8ffi'l 8M HOMll8Hcamm. B 1ill3W8M 
'I8CTH I1 CB8pXnpOBO.IJ:l'lMOCTll 3-5/. B RBaHTOB?~ T80Pl'lH rrOJIff M8TO;n rroPMK8 TBOpl'11l B09Mym81ill~ RM€e T BI!.U: : 
EorO.JIID6oBa Bn8pBN8 6un rrpl1M8H 8H B pa60Tax 6-8/ c U8JIbID 06hffCH8

Hl~H ,nHHaMll'I8CKOrO npOJ1CXO~8Hl'IH Macc ~8pMl10HOB. fullK8 loW 6y.neM £ ' •ala;+BoJ '" -~ f P "m,/'IIe d·p (AGi+ "' o-.) , (3.9)
I1cnOJlb30BaTb aHaJIOrll1:jHyJO T8XIDlKY . J (211)" J (pl-m~)(p' - mn r 

3. YPaBH8Hl18 KOMTIeHCal(HlI 11 paClilellR8Hl18 Macc m,.. P.! m t r,ne BB6,netIl>l 0603Ha1{eHWI: 

ITOCKOJIb KY 'fJIeHN B JIaI'paHMEaJ{8 (2 . 6) ,cO.n8P&amH8 3.JI8KTp0 ~•• s' 

MaI'IDITHOe nOJI8 , HB.JI.HIOTC.fI .IJ:l'IaI'OHaJIb l!lDom lIO "If. H ~ OIm 	 tfl. '" I'l'I - ~ 
(3. 10)He ,naIOT BKJIaua B paCmell.JI8ID18 Macc f1 11 e TIOS TOMY IDIlKe MN 6y

,n8M paCCMaTpl1BaTb (2.6) rrpl1 Ar ()( )~ 0 : YY1r = rn ,,-{oL';'· 

.i. (,..) ~ i.. 0 ( J/' ) +.t. l ( ... ) (3 . I) Pa:seHCTBO (3 . 9 ) HO CI1T q,OPMaJIbHH~ XapaKT ep, T.R. l! HTerpaJI, 

r,ne CTOHmB~ B npallo~ ~aCTl'I, pacxo~TCH rrpl1 60JIbillHX l!MITYJIbcax , B STOM
l, (lt) = ~ o/(,,)o;®~1" dr Y(,,) - m \iCK) Iff" ) (3.2 ) 

rryHKT8 8CT8CTBSHHO MOM8T B03HKKHYTb PH.D: BonpoCOB. ITOQ8MY B T80PHll , 
co.nepMBJUel q,ylU(aMeaT8J[baylO .I\JIHHY .t.~ , JoIJl T8r paJlli He o6pe11 l") ~ t:e' [illX) 0; ®.¥" o/(V)JIo/(X)cr;®x 0/(")1 (3.3)r 	 !:IamCR 8ETOMaTll~8CKl'l Ha HMIIyJIbcax - M ? Cym8cTByeT Jrn KOHCTpYK
TKBHyl cDoc06 nORY'IeaaR KOH81{HHX BHPaMeal!~ ~~ q,JoI 3J.1~eCKHX B8

GJIe.nyH Eoro.JIlO6oBY. npe~ne Beero CHl1M8M 0(, -BHPO~8HI18 . C SToA 
Jrn1Jl!H? OClCYJt.n8H118 3TID( BonpocoB BHXO.IJ:l'lT 3a paMKll HacToHlll8l 

IJ,8JIbID 3arrnlU8M :J. fx) B BH,I(e: 

!) 

CTa'l'MI. IT03TOMY B ~aHHOM CJIylJae Mh1 6y:n;8M ~8HcTBoBaTb 't11C TO 

i (II- ) = f. 0' rr) .. 1. : (>() (3.4) "q,eHoM8HOJIOrJol1:jSCKJoI" 11 oelp8l1teM llHTerpaJI B (3 .9) Ha HeKoTopoM 
60~moM llMUyJIbc e j\ • Ten8 pb MoaRO yTBep~aTb . QTO ypaBH8Hl!e 

.l;(r) = I.Cr) - t. o/(X) 0; r{x) -1k ~(r)CS; '1'"(r) (3.5) KOMUeaC8UJ.I11 (3.9 ) HM6ST ~a peru8HHE: 
,. ,! , 

1) .,I."~~O • 'ITO OTBe1{aST BNPOll!,ll;8llHOMy CJIY'1aJO 
a 

mt ~ mr =rn ; 
.f~ (1<) " 11 (IC) + IT ~(") cr;. o/()') + ~ ¥'(,cJcr; ~(l,), (3.6 ) 

2) .J. -:: ::t ~ > 0 
~TO , B cany (3.10) , ~aeT pacmenneHH8 Macc 

r,ne d. 11 fl -rrpo113BO.JIbHH8 B8meCTB8HHble nOCTO.fIHHH8. .1(a.'I88 
6y,n8M paCCMaTpHBaTb B8.JIl'1'IHHY mr = m + J.. (3. II ) 

WI t :; rn - rJ.0/(.)11 TtC)') = WI f Mo/()f) + o/(X,(.l-a;+ tcr. )1f (X ) (3.?)
.[2 
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B 9TOM c~aE (3. 9) np~o6peTae T B~~: 

1 • ) I •i "'!.,'/.' l1\' - ~ e., ( i .. A , -t ~ e., (1 -+ A, )] (3.12) 
g1r mr-m, I'l1r I'l'1r -""t "",' 

3aMETI1M , 'ITO Mhl npHlIIJU! c5b! K Te ~4 ;;:e CaMIlli. COOTHOlIIE HYlRM (3. II) 11 

(3.12 ) . ECJIll 6u BHa'qaJIe np>1BeJU! MaccoBbll1 OTIepaTop (3.7) K ~lIJarc

HaJThHOMY BM.ny C nOMOUjhlO rrpE o6pa30BaHllJR 

(%) l~-r ( . \('1(1)d.. (3.13)~ = ~ :1 J.t'. ~, 1 - ~ ~oll.~' -f a;) 0/1 

RCHO, 'qTO (3.13) I1rpaeT B HamEM c.nyt!ae pOJIb KaHOHllJ'qeCKoro npE

o 6pa30Ba HI1R EorOJI106oBa. 


JIarpaHlKYIaH (3 . 4) MOlKeT 6HTb 6e3 Tpyua 3amlCaH B Tept,n\Hax 


OlH3 }1 'IeCKHX TIoJIeti 'tr >1 1(, • 


I1POBO.[lff p accyJ!lJter[J1.iI, aHaJlOrl1'L!Hbl e /6/, JIerRO yc5e,UI1TbcR B 


TOM , 'ITO B f e - CI1CTeMe 9HeprllJR BaKYYMHoro COCTORHI1R B c.nyt!ae 


paClllenJIEHHHX Macc IIME e T MEHbUIYro BeJll.l'l1lHY. 'qEM 9HeprHR BaKYYM


Horo COCTORHIIJR B BHpol!(,nEHHOM CJly'IaE n'lr" me'" m 


I"") '''''r.'''c> ( (r.-;---: - J-) (3 14)('l IE,•• - E. 1-.. = 2 <l (o)JJ f IJf"+l'I1r i ~P'''": - 2 p~ l'II' )0 •• 

3TO H ,naeT npaBo paccMa TplIBaT.b RaK " i(l113"'leCKllJe " nOJIR B8JIlltruHH 


If, 11 0/' f' ' a He Ifl II If. 


4 . YpaBHEHl1 e KOMlleflCaIJ,f!ll B MeTO.Ile IPYHKl.\VlOlm.JIbHOrO llHTerpaJIa 

PaCCMOTp'IIM np"MeHI1TeJIbHO K H8IlleMY c.n¥'l:'uo TIPOll3BOMlUI1M 


cliyHKI.U10HaJI .nJl.R ifJ.yH Kll1'l~ r p lm a: 


l [7-"1.1 = NjDo/ DV'exp{i ~ J\ (f(~) " 71.) rr. J ~ ~") ~('J)J, (4 . 1) 

r.rr8 J. (lI) oTIpe~eJIReTCH B (3.I)-(3.3), if(.) 11 'f(~) - 8-KoMno

HEHTHbI8 rra cCMaHOBb! TIepeMe HHh!8, a i{ II '7 - BHeillHllJ8 llCTO'L{HI1KI1. 

CJJe.n;yR / 1 /, BBe,1leM B8JII1 'H!Hh!: 

K{ Q,',;Q·I.) ( ) I r) f' ,
(.. ,~.; ",~,) (x"x.) = "r .,,,l -.,. (o;)~".(01).":(<1jI(,,fo;t,}t,-,)(4.2) 

6 

!'I C !'IX nOMOU[b1O n ap errnweM q eTbipeXLf!epMlfOlH!hI1! 'lJI8H B B!'I,T.(e: 

J/t ¥ (l ) cr, ®tr ¥ (w) ,ij( y) Cfj ® 'i r ~T(.) '" 

Ij ~ [ t -• .1 Kf.,'. ;Q.t.) [t, -~, 1 
=-, J tlJ 

I 
x, I/tl' (~' ) 0/":" ' )1 fJ.," ;",f.1()(t ,I{.1 0/1. f~,l f". (") 

(4. 3) 

= - i ¥'s. \fA, KAl lltA , B, 9';, Y.... :: - i (Y if, f< I{ if) 

3,neCb BEe,n;eHO 0c503Ha'I8HVl8: 

A;= (ol~la,.l(cJ. 
(4.4)

e,;=t~ ; ,ei.X;), (;~i,2.). 

110JIY'l8J1HYJO QloPMY 'I8TBSpHoro B3B.11MO.Ilei1cTBJ.!R (4.3) MOJKHO Jl}IHeapJ.!

311poBaTb. BBOM CJIe.uyK1I!llM o6pa30M BCTIOMOraT8JLbHD8 nOJI8 BAS (.): 

exp{-f t/ (O/tf,Klf9'J} = 
(4.5) 

l 

:: CfD8 up { l [ i t:t' (8,K- g) + ~ Br Jf . 

!JOMe TIO,1lCTaHOBKll (4.5) B (4.1) 11 I1HTerpl1pOBaHllR no nepeM8HHHM 

if ]I 0/, 6y,n; eM ]lM8Tb: 

z( ~ _ ~ ) = N'5 D 6 ~xp [i S (eJ] l [~ 1 ' g] (4.6)I 

r.ue 

i 
$ (6) = e:t' 8K-f 8 - I $p(~ G- ), (4.7) 

l [~ . '7. 8] = e.xp ( - i 'i G1() , (4.8) 

G-i(x,:t) = [ i It - h1 + ge. ll ~4 (X'- C" } (4.9) 

Te TIep}' n ape ttn,UM J{ IlIlXOll!,n;OIlI1111 "KJIaCCI1 'leCKOrO" YPaBHeH.IlR ,nBI1l!teIDIR 

n OJIR I ( x) , po.COMaTPHllall !fJyllltiWOHa1l S ( << ) B n O,l\blHTerpanb

flOM BlIpaJI:emm (4.G ) ){(U{ r!IYIIIUI.I1Rl .nef.\cTBHR ,!(JIH SToro nOM. JI8rKo 

BlI.Ile Tb, '!TO I1CKOMOB Y J1lU11l01l1lB )(DI!lItBlIIlJJI l'lMee T Bl1.Il: 

http:paccyJ!lJter[J1.iI


bS(B) ~ - I i1
-n- = e"l' K 0 - i G >II 0 (4. 10) 


OTClO.n:a HaxO.UI1M, "ITO € (x) 6CTh IIOCTOflHHM B€.JUII <nIH8, y ;nOBJIe TBOpR

lOIUM YPllllH €Hll lO KOMTI6HC~11 (3. 9). 
C.ueJIllll B RHT6r pM€ (4. 6) 3aMeHY 

'I' 	 '/'~ eAt. ( IC ) 8 + T <PAI (-) , (4. II ):o A1 

MbI MOlKeM pB3mmaTb TeopVlJO B03IJ1YllI 8F!M~ no rrepeMeHHoR 4> (IC) 11 

BIl'1l1 CJlHTI:> rrOnpllllKI1 K c{lYHKUI1V1 r pIDfa cIJ8purnOHOB. Ec.ID! B # 0 , TO 

B CI1JIY npe.UbI.QYlll €rO ::lTO 03Ha'1a € T, '!TO hft • CJre.uonaT€JIhHO , m,. * 
paCCMaTpUBaeMO€ pB3JIOiKelrn€ no T€O ptm B03 Mymemrl1 OY.n:eT 3a.n:aHO B 


OKpeCTHOCTI1 WI1 3V1'!8CKoro BaKYYMa. 


ABTOPIl V!CI{peHHe OJIaro,Uapllli H.B.EoroJII06oBY 3a Vl HTepec K 

pa60T€ VI IlJIO.n:OTBopHHe OOC~€HHR, a TaKlKe A.~.~OHKOBY , B .A.MaT

BeSBY , P . M. MI1p-KaCI1MOBY. A.H. TllllxeJlV!.IJ:3e , P.H .~aYCTOBY , 

Jl. B. WMPltOBY R Jl. :}Oe PT Y aa IIHTe peCHlle II n OJleaHlle ,D,MCKyCCMM. 
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