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HenpeMeHHblM aTR~6YTOM cOBpeM~HHo~ KBaHTOBO~ Teop~~ non~ IKTnl 
~Bn~eTC.R onepauaa YCTpaHeH·~.R ynbTpa<t>~oneTOBbJX pacxonaaoc rea -
T. H\. npouenypa rtepeuopaapoaxa , OHa 'npOBOA~TC~ B npouecce 'peure.
H~f-I KBaHTOÊHlIX ypaBHeH~~ ~ B 4enOM npeAcTaBn~eiC.R B B~Ae ocoõór-o 
npeAn~CaH~.R, <t>opMyn~pyeMoro AononH~TenbHo K OCHOBH9MY 3aKOHY 
AB~)I{eH~~. (locnenaee 06CTO.RTen·bcTBo, a TaK)I{e HeB03MO)l{HOCTb .npa
MOM <t>~3~4ecKo~ ~HTepnpeTa4~~ nepeHopM~pOBK~ BcneACTB~e ee ~~H
ryn.Rp~oro xapaKTepa B~3~BaeT o~y~eH~e 3cTeT~4ecKo~, a ~HorAa 

~ np~H4~n~anbHo~, HeYAdBne~BopeHHocT~ IÇM., Hanp~Aep, /1/ ~, áco
6eHHO, /2/ I., B nocnenuae rOAbl 06l1\~~ ~HTepec K nepeuopaapoaxaa 
3Ha4~TenbHO B03pOC, 4TO ~MeeT, no Kpa0He~ Mepe, ABe np~H~·Hbl. 

C OAHO~ CTOpOHbl, ~ctop~4ecK~ np0l.\eAypa nepeHOpM~pOBOK ~B~

naCb nor~4ecKO~, XOT.R ~ AOBonbHO cnomHO~, OCHOBO~ KBaHTOBO
nonesoã peuopxr pynna.; AaBÍJJe~ MO~'Hbl~/ MeTo'A aHan"'3a yru.rpaoaone
TOBor"'Ü nOBeAeH~.R B KTn, (;f, c He3Ha4~TenbHbIM~ MOA~<t>~Kal.\~~M~, ,OKa
3a·Bwe~C.R 3<t><t>eKT~BHO~ B P~A~ 06naCTe~' <t>~3~K~, BeCbMa nanexax o. 
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M~Kp04aCT~4 ~ ~X B3a~MOAe~CTB~~. 

B TO )I{e BpeM.R nOH.RT~e nepéHopM~pyeMocT~ B caMO~ KBaHTOBO~ 

T~Op~~ non.R np~06peTaeT Bce 60nbwee 3Ha4eH~e. Kp~Tep~~ nepe
HopM~pyeM9cT~ cblrpan Ba)l{HY~ 3Bp~cT~4ecKY~ ponb np~ KBapKOBOM 
pacw~peH~~ cTaHAapTHO~ MOAén~ 3neKTpocna6~x B3a~MOAe~CTB~~ 
~ B <t>qpM~poBaH~~ nOHA-T~~ noRoneH~~ <t>epM~OHOB. B HOBe~w~x ~C

cneAOBaH~~X no MOAen.RM cynep06beA~HeH~~, ~Me~~~x o6~y~ çTpare~ 

T~4eCKY~ l.\enb nocTpoeH~~ KBaH~oaononeBo~ cxeMb~ 06beA~H~~~e~ 
1 ~. , 

ace 4eTblpe B3a~MOAe~CTB~~, BKnI04a-~ rpaB~Ta4~1O, Ha OCHOBe cynep
C~MM~Tp~1-1 IT04Hee, cyneprpaB~Ta4~~/" TPe60Ba-H~e .nepeHOpM~pye~O
CH1 ~rpaeT 4eHTpanbHYJ~ pons . AaneKO He cnY4aJ::1Ho, 4TO conepxa
H~e nOH.RT~.R nepeHopM~pyeMocT~ BHOBb ~ BHOBb np~BneKaeT BH~MaH~e 

BeAY~~x <t>~3i-1KoB-TeopeT~KOB ICM., Hanp~Me.p, /3,4/ I. 
H~)I{e Mbl XOT~M 06-CYA~Tb Ha~60neE7 Ba)l{Hble ~~3l-14eCK~e ~ <t>opMaIlb

H~e açneKT~ KBaHTOBo~ ~eop~~ non~, TaK ~n~'~Ha4e ~~.R3aHH~e c ne~ 

I peHopM~pOBKaM~. CpeA~ H~X - MaTeMaT~4ec~a~ KoppeKTHocTb onepQ-' 
4~~ nepeaopxapoaxa , <t>opMyn~pyeMo~ c n03~4~~ T-e0p~~ 0606~eHHb1X 

'<t>YHK4~~; <t>~3~4eCKa~ CY~HOCTb napa~~TPOB, ~tnonb3yeM~x np~ <t>op
Myn~poBKe nepeHÓPM~pOBaHHb/x Bblpa)l{eH~~ ~, B 4aCTHOCT~, CMblCll 
T.H. <t>eHOMeHa pa3MepHO~ TpaHCMYTa4~~; éBA3b c peHopMan~3a4~OH

HO~ rpynno~ ~, Ha 3T00 OCHOBe, 06cY)l{AeH~e <t>~3~4eCKO~ KapT~Hbl 

nepeFiQpM~'POB.Kk1 B OTgt..:t..C..J"..BJd e. paCXOAI4MOG~Io1. ' 
Oti·lo(~l.,( ,'•.•,,-\~~ ~HKTt~'(.. 1 
1i.~:: ;~;.: ,;;f$. H r 2~;-' J:,Jíi1Ulm1 

\, 



''t 

1. MATEMATH4ECKHE ACnEKTY 

rtpo~eAypa YCTpaHeH~R' ynbTpa$~oneToB~x pacxoA~MocTe~ TeXH~- 
~eCK~ pacnaAaeTCR Ha ABa 3Tana: BcnOMoraTenbHY~ perynRp~ja~~n 

~ B~~~TaH~e c~HrynRpH~x BKnaAOB, T.~. c06CTBeHHolnepeHop~~pOB
KY. Ha~60~ee eCTeCTBeHHO~ Ka3anaCb perynRp~3a~~R 06pe3aH~eM 

/B ~MnynbcHoM npOCTpaHCTBe, nerKO acco~~~pyeMaR c "HarnRAHO~1 

\	 onepa4~e~ pa3Ma3K~ T04e4H~X qaCT~~ B ~pOCTpaHCTBe-BpeMeH~. np~ 
3TOM nOApa3YMeBanOCb, 4TO nOKanbHY~ KBaHTOBY~ Teop~ro nonR MomHO 
npeACTaBnRTb KaK' HaAnema~~~ npeAenbH~~ cnY4a~ HenoKanbHo~. 50
nee AeTanbHoe HccneAoBaH~e nOKa3~BaeT, 4TO TaKY~ KOH~en~~~ no
cneAOBaTenbHO npOBeCT~ He YAaeTCR. B03H~Ka~T TPYAHOCTH c coxp~

HeH~eM c~MMeTp~~, np~cy~~x nOKanbHo~ KBaHToBo~ Teop~~ nonR, 
T.aK~X,KaK C~MMeTp~~ OTHOCHTenbHO npe06pa30BaH~~ nyaHKape, K3
n~6p~B04H~X npe06pa30BaH~~ ~ T.n. 3TOT pa304apoB~Ba~~H~ maKT I 

6blIl OC03HaH AOBonbHO AaBHO - B KOH~e 40-x rOAoB, acnenc TB~e 4e
ro K pe r ynapuaauau c r anu OTHOCHTbCR KaK K <t>opMaIlbHoMY TeXH~4e
CKOMY np~eMY, He n~TaACb Bnom~Tb B Hee KaK~x-n~60 $~3~ye~K~X 
acco~~a~~~. HeKoTopoe BpeMR BeCbMa nonYIlRpHo~ B KBaHToBo~ ~neKT

pOA~HaM~Ke IK3~1 '6blna perYIlRp~3a~~R naYIl~-B~Ilnapca la TpKme ee 
npocTe~w~~ Bap~aHT - perYIlRp~3a~~A $e~HMaHa/, $opMa~bHo on~pa~

~aRCR Ha AononH~TenbH~e BcrioMo~aTeIlbH~e nonR c KBaHTaM~ 04eHb . 
60IlbWO~, HO KOHe4HO~ Macc~, 06IlaAan~He K TOMY me ~HAe$HH~THO~ 

'~eTp~Ko~. B SD-x ~ 6o-x rOAax TaK~e nOIlA H~KaK~X. $~3~4ecK~x 
~cco~~a~~~ He B~3~BaIl~ ~ BocnpHH~MaIl~cb ~~CTO ~opManbHo. TaKoe 
mé 'OTHoweHHe BW3~Bana T.H. aHan~T~4eCKaA perynRp~3a4~R /5/~ Ta~
me npeAnomeHHaR B Ha4ane 7D-x rOAOB pa3MepHaR perYD~p~3a~~R /6/, 

T.e. perynRp~3a~~R ~3MeHeH~eM 4~CIla ~3MepeHM~ npOCTpaHCTBeHHO
BpeMeHHoro MHoro06pa31-1R, Ha ueuenoe ~HCIlO D == 4 - e , OTn~4a(O~eeCR 

OT 4 Ha 6eCKOHe4HO Many~ BenH4HHY. 
nocne R~Horo ~W4~cneHHR perynAp~30BaHH~X $e~HMa~oBcK~X ~H

TerpanOB HacTynaeT 04epeAb B~4~TaH~R c~HrYIlRpHocTe~. B B~4TeH
H~X B~pameH~RX cooTBeTcTBY~~~~ napaMeTp perynRp~3~~~~ I~Mnynbc 

06pe3aH~R, Macca nayn~-B~nnapca M ~nH 6eCKOHe4HO Man~~ napa
MeTp pa3MepHo~ perynRp~3a~~~ e = 4 - O I YCTpeMnAeTcR R c aoeny 
11Cl>~3~4ecKoMY" 3Há4eH~f'J (M .... oq e .... O). B03H~KalO~He c~HrynRpHble 

B 3TOM npenene cnaraenue , nponopuuouansuue CTeneHRM ~ norãp~cP
MaM M ~n~ CTeneHRM Ben~~~Hbl e -1, BbIAenR~TcR ~ 3aTeM "BbI4~Ta~)T

(CRII,	 T. e. oT6paCbIBa10TCR. 3Ta nocnenuaa , HalÍ160nee cyutec r aeuuaa ,
 
onepa~~R MomeT 6~Tb $opMan~30BaHa pa3n~4HwM~ nYTAMH.
 

06W4HO ~cnonb~Y~T onepa~~~ BBeAeH~R B ~CXOAHW~ narpaHm~aH
 

T. H. KOHTp4neHOB, r e . nononu-rreru.uux cnar-aenax , c c~HrynRpHbli 

M; K03$$~~~eHTaM~ Inponop~~OHanbH~M~ M2 , lnM ~ i/f I, BKnaA~ 
KàTO~bIX "norauraor" c~HrynRpHble coc raenaouure. MaTp~4HbIX anexea
TOB~ KaKoro-nH60 np~eMneMoro $~3~4ecKoro ~CTonKOBaH~R onepa~ 
~~~ A06aBneH~R c~H~ynRpHwx KOHTp4neHoB AaTb He YAaeTcR. 3TY, 
oTKpoBeHHo $opManbHY~, npo~eAYPY MomHO 3aMeH~Tb Ha APyry~. ~e

no B TOM, ~TO B r.POCT~jHcTBeHHo-~peMeHHOM npeACTaBné~~H np06

2 

""'\\. v.	 ,;.;<1.. 
" 

I'~ ne-ta yne rpatpaone roeux paCXOA~MócTer:1 nepeaeurae rca Ha ·CBeTOBO~ 

KOHYC, r'Ae. nponararopu lílroke.nefiepr-a- $e~HMaHa ~MéIOT oc06eHHO
CT~ rio nepeMeHHO~ -kaanpara lf-~HTepBé'lna s 2 == -e2 t 2_ X2. nOCKQnb KY 

t!~	 MaTp~4'Hble 3neMeHTbl BblPamalQT~R4epe3 n'p0~3BeAeH~R nponara ropo a , 
T~ np~XOA~TCR ~MeTb Aeno c npO~3BeAeH~RMH nOA06HWX c~HrynRpHo~ , 
c,te~, Hanp~Mep o KBpApaTaMIII genbTa-$YHK4,HH. ~HpaKa o2(s 2). C Ma

'\ TeMaT~4eCKO~ T04K~ ápeH~R npoõnexa CBOAIIITCR K aanavé oripenene


, , H~R onepauua YMHomeHlliR .0606~eHHbIX $YHK1,.\~~. CÓOTBeTCTBYI'J~H~ paa

nen COE~peM~HHO~ MaTeMaT~K~ B03H~K B 30-40":x r onax /7,8/, 6y

-AY4111 B~3BaH K ~~3HH ~cnonb30BaHHeM 06~eKTOB J~na AenbTa-$YHK

~HH B pa60Tax no TeopeT~4eCKO~ $H3HKe H oc06eHHO - TeopH~ pe-


I nRT~B~CTCK~X noneü , '
 
[j1\ 

C '3'FO~ T04K~ 3peH~R npofineaa YCTpaHeHHn paCXOA,IIIMOCTe~ õuna
 
paCCMOTpeHa B Ha4ane SD-x rOAOB H.H.60ron~60BWM ~ o.c.napac~~
 
, /9/ n	 I ~ 

1..(	 KOM • ,yOKa3aHHaR HM~ -reopena O nepeuopranpoake x c noru-on MaTe-
I ~-1	 

MaT~u,eCKO~ CTporOCTb~ HC4epnbIBa~~e pewaeT 3aga4Y nonY4eHHA KO
He4HW~ B~pame~H~ AnA 3neMeHTOB MaTpH~~ pacceRH~R B paMKa~ Teo

p~~ B03My~eH~~, 6e3 06pa~eH~A K KOHTp4neHaM. Pe~enTYPHa~ 4aCTb
 

./.(	 r eopuu 50rdnlo6oBa-na~aC~Ka<, T. H. R ";onepaqHA f)orOnl060Ba /10/ , 
e:	 B Te4eH~e nocneAHHX TpeX AeCPTHneT~~ ABnReTcn npaKTH4eCKO~ 

~	 1 \ 

'i,	 OCHOBOH nonyveuaa 0Atl03Ha4HbIX KOHe4HblX peayns r a r o a B he pe aop-: 
r	 \, 

{ MHpyeMblx KBaHTOBOnOneB,blX< TeOpHnX.
 
"'!":
 

,4 

1jlJI 2. $~3~4ECKA~ CYWHOCTb 
/" 

1paAH~HOHf:lbl~ B3rn~A ua $H3H4eC,KOe cogep}j~aHHe TepMHHa "ne pe
,,	 HOPMHpOBKa" HenOCpeACTBeHHO CB~3aH C ero CMblcnOBblM 3H.a'-le'HHeM 

j	 ,li' 

H BOCXOAHT K HarnRAHblM npeACTaBneHHAM O 4aCTIIo1~ax, "0AeJ3~eMbIXII
 

;I, TeM HnH HHlllM B3aHMOAe~CTBHeM ..MHO>l<HTenH nepE;HopMHpOBKH CBR3bl

aao r "ronue!' H "one rue!' 3Ha4eHHA $H3H4eCKHX nap aae rpoa , TaKHX,
 

I KaK MaCCb,l, KOHCTaHTbl CBA3H H He~OTopble npyr ae . TaK9~ ynpoure a
I~~ (,Hbl~ B3rnAA' nonroe BpeMA nOAAepY{HBanc,R npHMe.pOM K3~, r ne rpana


~HOHHaR ~opMynHpoBKa on~pa~~H nepeHopMHpOBKH, QCHOBaHHO~ Ha
 
~; 

onepa~~~ Bbl4HTaHHA B HMnynbcHoM npOCTpaHCTBe, CBOAHTCR B KO
VI 
He4HOM C4eTe K nepeonpenehe amo AB-YX napaae r poa - MaCCbl H aapa
Aa 3neKTpOHa.

'" KaK BbIRCHHJ10Cb BnocneACTBHV1, B 06~eM cnyuae He cyutec r aye r
 
OAH03Hq4HOrO COOTBeTCTBHR, Me}l{AY ~1CXOAHbIMH, IlronblMHl1 nap aae r p a

~-1H, BXOAA~HMH B na rpaH}!{HaH, 'H nepeHopMHpOBaHHblMH, l'OAeTbIM~11
 

i' '1	 senH4HHaMH, HMe:O~HMH uenoc pcnc TBeHHbl\:1 $~3V\4eCKH~; CMblcn, c no
MO~blO KOTOpblX na'paMeTpH3Y~TCA' pe aynb r ar u Bb14HcneHHÇ1 ~ Ha6:n~

AaeMwe Ha on~Te xapaKTepHCTHKH 4aCTH~ ~ nP9~eCCOB HX B3aKMO
Ae~C:TBH~. ,lJ,a}l{e B HaH60nee npoc r ox c 3T0i1 !0.4KH speHHR. cnyuael' 

~ ~;	 KBaHToBoG 3neKTpOAHHaMHKH pe3ynbTaT~ B~4HcneHH~, B3RT~e B npo
,I	 H3BonbHO~ cxeMe nepeHbpM~pOffKH /Hanp~Mep, B cxeMe pa3MepHoi1 

nepeHopM~d~BK~l nOMHMO nep~HopMHpOBaHH~X'MacC~ ~ 3apRAa 3neKT
pOHa cOAepmaT 3aB~CHMOCTb OT AononHHTenbHoro na~aMeTpa ~,~Me~

;3i 
~ 

~ " 



,I 

~eíO pa3MepHOCTb MaCCbl. TaK~M 06pa30M, Hanp~Mep, B 6e3MaCCOBO~ 

<	 3IleKTpOA~HaM~Ke /~Il~ B yns Tpaet>~OJ1eTOBO,M npenerie 06b14HO~ K3A 

c Ma~CO~/ B pe3YIl6TaTe nepeHOpM~pOBK~ BG3H~KaeT pa3MepH~~ na

paMeTp, ~rpa~~~~ pOIlb MaCWTa6a' B ~MnYIlbCHOM npOCTpaHCT~e, na

paM~Tp, aHaIlOra KOTOPOMY H~T B ~CXOAHOM IlarpaH~~aHe. et>eHOMe~ 

ICaMOnpaV13BOIlbHO'rO"' B03H~KHOBeH~R paanepuoj-o naoaaerpa nOIlY4,~n 
Ha3BaH~e pa3MepHq~ TpaHCMYTa4~~:' , 

aTOpO~ XOPOWO ~3BeCTH~~ ~ BeCbMa nOY4~TenbHM~ np~Mep CbR3aH 

·CMOAenbn nCeSAOCKaIlRpHOrO B3a~MOAe~CTB~R et>epM~OHOB ~KaBCKOrO 

T~n.a. B. peayns r are nepeHOpM~pOBK~ B He~ "CaMOnpO~3BOIlbHO'" B03H~
xae'r 4eTB,epHOe CaMOAe~CTB~e nCeBAOCKaIlRpHOrO nOIlR, Xapal<Tep~3ye

MOe CBOe~ KOHCTaHTO~ CBR3~. MOAeIlb c OAHO~ KOHCTaHTO~'CBR3~ B pe

ayns r are nepeuopaapoaxa rtpeapáuraerca B TeOp~1O c ABYMR ,MexaH~3

MaMi'1 B3a~MOAe~CTB~R' ~ ASYMR He3aBHC~MbIMIIl KOHCTaHTaM~ C8R3~. 

EOIlee ~OB~e np~Mep~ CBR$aHW c RBIleH~eM CnOHTaHHOrO Hapywe~~R 

C~MMeTp~~'H 3et>et>e~TOM X~r~ca. 3Aecb npO~1CXOART TaK~e CIlO~H~e 

c et>~3~4eCKO~ T04K~ 3peH~R F1BIleHY1R, KaK "nepenava" $~3~4eCKHX 
c reneueã CB060Abl OT SKaIlflpHOrO nona KaIl~6po,B04HOMY BeKTOpHOMY, 

npaoõpe raouteay Maccy ~ T. n. BeCbMa IlI060nblTHa curyauas B CTaH

AapTHO~ MOAeIl~ 3IleKTpO'G:Ila60ro B3a~MOAeikTB~R, rAe B031-IHKaeT 
B03MO~HOCTb-/UI pa3I1~4HOrO auõopa XapaKTe'pHCT~K, nOABêpralO~HXCR 
He3aB~C~Mbl~ nepeHOpM~pOBKaM. Ha~60Ilee 3KCTpeMaIlbHa~'C~Tya4~~, 
nO-B~A~MOMY, ~MeeT MeCTO B TeOp~~ C~IlbHOrO B3a~MOAe~CTB~R. B TO 

BpeMR KaK ~CXOAH~~ KBaHTOBOXPOMOA~HaM~4eCK~~ IlarpaHmHaH COAep


IK~T MaCCbi KBapKOB ~ KOHCTaHTY I<BapK-rIlIOOHHOrO B3àI.1MO·Ae~CTB~~,
 

AaHHWe Ha6Il~AeH~A napaMeTp~3YIOTCR 4epe3 XapaKTep~C~~K~ aAPOHbB.
 

TaK~M 06pa~OM, B 06~eM CIlY4ae COOTBeTCTB~e Me~AY napaMeTpa~ 

M~ ~CXOAHOrO IlarpaH~~aHa H KOHe4HWM~ BeIl~4~HaM~, ~cnoIlb3yeM~M~ 

A~F1 On~CaH~fl OnWTHWX AaHHWX RBIlAeTCR BeCbMa CIlO~HWM Aa~e Ha Ka
l..IeCTBeHHOM YPÓBHe. B 3TO~ CIo'ITyal..\~~ TepM~H IlnepeHOPM~pOBKall: 
Bo06~e rOBOpR, bKa3WBaeTCR HeaAeKBaTHWM KaK~M-Il~60 I..I~CIlOBWM 

onepa4~RM, CBOAR~~MCR' K ~3MeHeH~~ HOpM~POBOK MaCC, 3apFlAOB ~ nQ
rte sux OnepaTOJ')HbIX et>YHKI..\~~. Ero cnenye r BOCnp~H~MaTb õonee ono

CpeACTSOSaHHO, KaK npOl..\eAYPY YCTaHOBIleH~R COOTBeTCTB~R Me~AY 

~CXOAHWM~t 3aTpaB04HWM~, napaMeTpaM~ IlarpaH~~aHa ~ et>~3~4eCK~MIIl 

He/3.a,~~C~MbIM~, ~cnoIlb3yeMbIM~ AIlFl napaaerpuaauaa peayns r a roa Bbl
I..I~CneH~~ ~ Ha6Jl~AaeMWX BeIl~4~H. 

3. PA3MEPHA~ TPAHCMYTAU~H ~ PEHOPMrpynnA, 
Ilapaae r o WKaIlbl Il, B03H~KaI0U.\~A B npouecce nepenopaapoexa ,
 

c I..I~C.TO MaTeMaT~l..IeC~oi1· :rOI..lK~ 3peHl1T1 Ha lJepBbl~ B3r)lf'lA np~BO/~~T
 

K IAOnOIlHI1TeIlbHOA" Q,QHonapaMeTp~4ecKo~ c reneua Csoõoau , a no
 

cy~eCTBY ~ B03H~KHOBeKHn HOBO~ cBQe06pa3Ho~ ,C~MMeTp~~, Ile~a~e~
 
B OOHOBe peHop'MaIl~3aI..\HOHHO~ rpynnbl, 3TOT OapaMeTp npeACTaBIl~eT
 

c060A, He,OTbeMIle,MbIA, I..Ipe3Bbll..la~HO Ba~HbIA c cI>~31t1I..1eCKOA TOI..IK~ 3P~


H~T1 aTp~6YT npouenypu nepeHopMlt1'poBK~' ~ 3aCIlY}!C~BaeT OC069íO 06 ...
 
CY}I{AeH~R. 

4" 

r"'f""" 1
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" 
npe~Ae Bcero cneAyeT CHRTb nOKpOe Ta~HCTBeHHOCT~ c 06CTOR

TenbCTB ero pO~AeH~R. Ha~60Ilee npoGTd 3TO MO~H~ CAeIlaTb Ha Ma
t ~l " 

{ ,~ep~ane n~peHopM~p~BK~ 3apRAa B ~BaHTOBO~ 3IleKTpOA~HaM~Ke. 3Tq
 
- ~ nepeHopM~pOBKa, B C~IlY'TO~AeCTBa YOPAa, 4eIl~KOM 0npeAenReTCR
 

nepeHOpMY1pOBKO~ $OTOHHoro nponaraTopa, np~l..IeM npO~$BOIl B Bw60
0:'\' 
·1 pe HO~M~POBK~ nocIleAHero ~OIlHOCTb~ nepeHOC~TC~ Ha ero ~HBap~aHT

HW~ 4-~MnYIlbCHW~ aprYMeHT, ~.e. Ha ~MnYIlb~ $OTOHa, 'B3a~MOAe~CT
By~~ero c 3~eKTpOHOM. ~Y13~l..IeCKOe 06cY~AeH~e Ha~60Ilee aAeKBaTHO 

npOBOA~TCR c ~cnOIlb30BaH~eM peHopMrpynnoBoro naHRT~R ~HBap~aHT~ 

.uoro I.Ii1Ha4e 3et>et>eKT~BHoro .~Il~ 1'6ery~ero"/ aapana 3IleKTPbHa'. 3Ta 

et>YHK4~R ã(Q) on~CbIBae.T ~3MeHeH~e c ~MnYIlbCOM /a ee HaAI1e~a~~~ 
'1".. et>YPbe-06pa3 ;~) - c paccToRH~eMl 'KBa~paTa 3apRAa 3IleKTpOHa.
 

\,/ CaM et>a~T B03H~KHOBeH~R TaKO~ 3aB~C~MOCT~ ~~eeT I..I~CTO KBaHTOBY1D
 
•. ~' np~pOAY. OHa OTBel..laeT 3$et>eKTY l..IaCT~4HO~ 3KpaHli1pO~K~ 3apRAa 3IleKT
~ 

J'	 , .... pOHa 3a C4eT np04~C~OB nOIlRp~3a~~~ BaKyyMa, CBOAR~~XCR K B~p


\', TyanbHo~ A~cC04~a4~Y1 et>OTOHa-np06H~Ka Ha 3IleKTpOH-n03~TpOHH~e
 
napu . 
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OTr ~306pa>í<eHa CeMe~CT~OM Kp~-:
 
COOTBeTcTByeT B03MOHHOMY nOBeA~H~~
 

3et>et>e~T~BHOrO 3apRAa AO HaIlo~eH~R YCIlOB~R COOTBeTCTB~R c ~3Me

pAeMWM Ha onw~e 3~al..leH~eM 3apRAa 3IleKTpOHa. 06~4HO 3TO YCIlaB~~ 
HaKnaAbIBav.)T B B~Ae ã(oo)'= 1/137, Toe. BBOART OAHO 4~CIlO. HCHO, 

I..ITO B õonee oÕ~e~ cnyvae Ka~AaR ~3 KP~BbIX' ua puc . 1 Mo~eT 6blTb 

.OAH03HaI..lHO onpene.neua T04KO~ Ha nIlOCKOCT~ (r, .ã), T. e. Bbl6paHa 

nYTeM 3aAaH~R ABYX napa~eTpOB ri ~ ai TqK~M Q6pa30M, 4TO "li 

ã (r i) = a i. B ~MnYIlbCHOM npenc r aeneuua / CM. f puc , 2/ COOTBeTCT

11 BeHHO 3~Aa~T 3Ha4eH~e MOAYIln ~MnYIlbca IQI =Il ~ ~TBel..la~~ee eMy 

'..	 5 
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3Ha4eHI-1e aapana q-p" = (;(p,),. C 3T0\:1 T04KI-1 3peH~Ul naoaxerp WKaIlbl 

~, B03HI-1Kan~I-1A B npoQecce nepeHOpMl-1pOBKI-1, ~CTb npOCTO MOAYIlb
 

4--HMnYIl~ça' <tJOTOHa, HCnO~b3Yet-\OrO AIlfl 1-13MepeHHfI, aapsna .f1cHd ,_
 

OTCIO'Aa, 4TO' B03HVlKHOBeHI-1e HOBOr~ /no CpaBHeHHIQ c KnaCCH4e'CK!'1M
 

IlarpaHmHaHOM/ napaMeTpa <tJVl3V14eCKVI CBfl3aHO c nepexOAOM K KBaHTO


BOMY paCCMOTpeHVlIO, a He c Clt1H rYIlflpHblM xapaxreoox ynbTpa<tJ\;10Ile, (I~
 

TOBWX BKIlaAOB H VlX nepeHopMVlpOBKaMVI. '}TaKI;1M 06pa30M, AOnOmi\:1TeIlbHbli:1 napaxerp /a 06~eM"CIlY4ae IIIX 'I. 
~9~eT ~WTb H~CKorlbKO/,eCTb pe3YIlbTaT nepeXOA& OT CIIICTeMW Kn~c n 
CIII4eC~HX nOIleA, on~cw~aeM~X ~CXOAHWM IlarpaHmlllaHOM,'K COOTB~tCT 'I

.' ~j 
BYIú~e~ KBaHTQBoA .aana-re • B 06w,eM cnyuae XopOWO' Vl3~,~CTHO, 4TO 

nepexon OT KIlaCCIII4.eCKo0 C~CTeMbl K KBaHTOBoA He asnaerca 0AHO


3Ha4HblM. ;OAHO.A KIlaCCIII4eCI<oA CIIICTeMe, aooõuie rosooa , OTB~4aeT
 
Ha~o~ /~omeT 6WTb 6eCKoHe4Hwi:11 KBaHTOBWX CHCTeM. BW69P MemAY
 

HIII~III rpeõye r B~,eqeHVlfI, H <tJVlKClllpOBaHlllfI HeKOTopbl)$: AOnOIlHIt1TeIlbHblX
 

napaMeTpOB. 3Ta IIIAefl BOCXOAIIIT K ~3BeCTHWM BWCK~3WBaHHflM Hl;1ribca 
nopá /12// CM• r arose /13//, npvIBeAWIIIM K <tJopMym"poB~e nplIIHQVlna AO

nOIlHI-1Tenb~OCTI-1, a TaKme npl-1H4V1na 4enbHocTVI. Hx cylb COCTOVlT ,,ti'
B TO~, 4TO Anfl nOIlHoA cneQIII<tJIIIKa~1II1-1 KBaHTOBoA CIIICTeMW He06xOAVlMO > 

~aAaTb ee IIMaKPQCKonlll4eCKoe oKPymeHl-1e", T. e. YKa3aTb MaKpOCKO I 
111

1• 

nl-14eCKllle npl-16opw 1-1 ycnoBVlfI 1-13M~peHI-1f1. ~MeHHO OH~ VI xapaKT~pVl {r
t,3yIOTCfI AonOIlHIHenbHblMI-1 napaMe1'paMI-1. íl 

OAHaKO, pons napaaerpa WKanw 3TI-1M He I-1C4epr,JbIBaeTCfI. KaK õuno I 

OrMe4eHo B~we, OH nplllBOAIIIT K cyw,eCTBOBaHVI~ peHopMrpynnw. llnfl 

Toro', 4T06bl 1-13nO)l(l.Hb COOTBeTCTBYIOLUYIO noraxy 'paCCymAeHVlIII, ae p-

HeMCfI K IPIll5·. 2 ' 11I ,A~nYCrVlM, 4TO suõop OAHUIII 11I3 KpillBblX ripOVl3aeAeH
 

YCIlOBl-1eM a (Q"
2

=)1 ) = U ÍL 1-1 QTO Mbl ~1MeeM AeIlO ,C 6e3MaccoBoIII .OAHO

3apflAHOIII Teopl-1elll, HanpVlMep, 6e3MaccoBoIII 3IleKTpOAI-1HaMI-1K00. 3<tJ


<tJeKTVlBHbl~ 3apflA MO}\$HO' r ene ps ripeACTaBI-1Tb B BVlAe <tJYHKQVIVI OT ABYX
 

6e3Ra3MepHblX aprYMeHT'OB Q2 I" 2 VI a , T. e. a anuear b B BVlAe

2 2 r r: /1


ã (Q / p. , a ). npVl TaKOM ,BVlAe 3am1cVI cnenye r VlMeTb. B ~VlAY, 4TO
 

napa (Jl., ap' f COOTseTCT"ByeT nlO60111 T04Ke yme Vl36paHHoIII KpVlBolII. Pac

CMÇ>TPVlM r eneps onepauao nepexoaa OT OAHOIII n~pb', 'HanpVlMep, (Jl. , a 1)'
1

K APyroi:1 (p.2' u 2 >, nemaLU~1II Ha To.iíl m~ .Cétt10iíl KPVlBOiíl -, ,CM., puc . 3.
 
RCHO, 4TO <tJYHK~I-1f1, onKC~BalOLUafl Vl36paHHY~ Kpl-1~Y~ MomeT 6~Tb C P~B


HblM vcnexo« naoaae rpaaoaaaa KaK OAHOIII Vl3 HVlX, TaK VI APyrolll. It1Hbl

~ MVI CIlOBaMIII, AonmHo I-1MeTb MeCTO paBeHCTBO 

J 2 2 - 2 2
a(Q /1l1'~11 = a(Q /1l"2,a 2 ) , 

::.t",rne, 04~BVlA'1<?, 1).,KoM6V1HIII~Yfl nonyyeHHble COOTHOUJea 2=ã(lli/1l1,u 
HjI1f1, np~xOAVlM K Vl3BeCT,HOMY QJYH,KQl-10HanbHOMY YP,aBHeHIllIO AJ.1f1 3<tJ<tJeK
H18Horo ~a'p,~ma li (t r , çz) '=; ',ã (t,' ã (r, a»). 3TO ypaBHeHY1~, Ka,f( 11I e ro i 

<, 

OrMeTHM, 4\0 nplllBe~eHHaR 

3Aefb Qen04Ka paccymAeH~1II 1-1 BWr> 
o BOA ypaBHeHVlR 6wnlll BhepB~e Aa~w........
 

B pa60Te 60rOIl~60B~ H WI-1PKO- 
Ba/14~IIIAeIllHO BOcXOAflLUelll K nVlo \

IlS 

d.. 2 HepcKolII pa60Te WT~KeTIb6epra 

11I nêTe'PMaHa / 15 /• C A'Pyr-olll CTOpO

HW, Ka4eCTseHHafl KapTVlHa, Ile
<i. ,1 maLUafl B OCHOBe Vl3BecTHoIII pa60

Tbl r eIlIl-MaHHa-1l0Y/16/, npwsona

~afl ~ 3K~VlsaIleHTHWM xpaSHeAVlflM, 

IIlMeeT BeCbMa OTnlll4Hoe <tJl-13V14e

~~oe, cOAepmaHVle. KaK 3TO oco

6eHHO fiCHO 11I3 o6cymAeHlllfI, nplIIBe
AeHHoro B 117 I. B' OCHOBe 3TO~ 'Kap

)J1 J12' Q T.VlHbl neso-rr npenc r aane aue o Ha

60pe HeIlOKaIlbHWx npl-16Il~meHIIIM 

PHc.3 K nOKanb~olll KBaHToBolII 3IleKTpOAIII 

HaMVlKe, kamAoe Vl3' KOTOp~X MomeT 

6WT~ oxapaKTepM30BaHo paAVlYCOM pa3Ma3K~ 3neKTpOHa Ri VI 3neKTplll 

yeCK~M 3apflAOM e i raKoro pa3Ma3aHHoro 3neKTPpHa. npe06pa30Ba- ' 

HVle, 3KBVlBaIleHTHoe peHoPMr~ynnoBOMYl MOmHQ np~AcTaBVlTb ce6e KaK 

nepexon. OT OAHO~ HenoKaIlbHolII annpoKcIIlMaQIIll-1,,~ APyrol1. TaKIIIM 96

pa30M ~ B 'or.nIll4V1e 01 Bblwelll3IlomeH':!oro noc r ooeuaa , IlpeHOpt:1rpynpa 

reIlIl-~1aHHa 11 Jloy'i ec r s, rpynna npe06pa30BaHIII0 SHYifPIII"MHo.>+<eCTBa 

ljeIlQKé!.Il~,HbIX MOAenelll K3Jl... n03TOMY QHa BeCCbMa pOAGTBeHlià fofpeHopM

rpynne Bl-1IlbCOHa 1i B CTaTIIlCT-V14eC~01ll <tJVl3I1lKe, rne. coc r.aanaoun-e nony
rpynny npe06pa30saHVlfI COCTOflT B KahaHOBCKOM YK~~nHeHl-1V1 3IleMeH~ 

TapH~x MIIIKpOCKonlll4eCKVlX 6J;10KOS, HanplllMep, 6IlOKOB cnlll~OB~X pe

weTOK. 

4. nEPEHO~M~POBK~ B. OTCYTCTBHE PACXOA~MOCTEA. ,..... ... .' \ ~ ';;" . 

OAHIIlM Vl3 ae c s aa CIIlIlbHblX n06YAIIIT'~n'bHblx M0TVlBOB nonurox no

cTpoeHlllfI MOAeIle~ cynep06beAVlHeHIIlfl Bcex 4eT~pex <tJYHAaMeHTanb

H~X B3a~MoAe~cTBIIlIII flBnfleTCfI HaAemAa Ha nonY4eHVle eAIIl~oi:1. TeopVlK, 

cB060AHO~ OT ynbTpa<tJIIIOIl~TOBWX pacxoAVlMocTeA/18~OCYLUeC1BIleHVle 
nOAo6HoIII nporpaMMW ~p~BeAeT K BeCb~a n~60n'tHolII KapTVlHe c T04

KVI 3peHIIlfl nepeHOpMl-1pOBOK. B 06naCTVI AOCTaT04HO HIIl3Kl-1X GHeprlll1ll ~ 
~bJ 6YAeM I-1MeTb cIIlTyaQVlIO, nonuoc r eo 3KBl-1BaIleHTH'y1O 'coBpeM~HHo;:;:' 

c "peuerrrypuoã" T04KVI 3peHlllfI, r ve . C T04Kl-1 3peHlllfI npaxrauecknx 
BW4V1CIleHl-1I11. nonHafl me <tJ1Il3~4eCKafl KapTVlHa 6YAeT BeCbMa 6nl-13Ka 

'0606~eHI-1f1 Ha 60Ilee cnomHwe cny~al-1, Ileml-1T B QCHOBaHl-1H Ma~eMaTl-1 K cxeMe abl411lCneHVlIII npVl perY~f1pI-13aQMVI no naYIl~-BlllnIlapcy, HO 6es 

4,ec~~,ro annapa r a MeTOA~' peHOPMaDI-13a411l,OH~'OIll' r pynnu . r;:;o~e~ no··, npoaene-ura onepauua BbJ411l:raH-lIllll. POIlb KOMr1!eHClllpYIOLUVlX paCX9AJ..1MO

nynapuoe AI-1<tJílJep,eH~l-1.anbHoe ypaSl1eHllle n0J;1Y4aIOT ,11I3 -re co npQCTbIM', 

AIIl<tJ<tJebeHUIIIPOBaHIII~M, M~ H~ ~YAe~ 3AeCb 3TIIIM 3aHHMaTbCfI. 
jl 

'(. 
1" 

CTl-1 cnaraeaux 6 vAYT 'IIIrpaTb axnanu rlllnOTeTIIl4eCKVlX c ae.ox r axenux 
~ . . 15 1'9 

4õCTIIlU Tl-1na nenTOKB~pKOB c MaccaMIIl nopflAKa 10 - lP r3B. 

npOIll30~Aeir' ~KaK ebl IIMaT~I?Vlanlll§aLtIll~ tJYXOB" Ilaynw- BVlITI1ap~a'. 3$

6 7 



••• 

~ } :'- J\ l\l ~'~ 'I	 
I t}" 

,,~ ,~ 

~ .... 
~ ft	 r 'v 

~' 9. 
l\ 
\' 

10. 
" 
~ 11. 
y',2. 

,,-... _
o 

13. 
I'I(:S	 14.c:I., '2 •• 

"""'--... .• .~""'-	 1$. 

. ,••••• "~""'::=--"IIIII:::::-
H~.ol1 
17,. 
18. 

> 
0- 2 19. 

'tJk	 , 

s..... 

" 

\. 
,.,Jo. 

'I 

• i 
'!;! 

I • 

I 
mnEPATYPA	 " 

i 1.	 AlI1paK n. A. ~1. nplI1Hl..4-,lI1nbl Ke-aHTOBO~ MeXaHlI1KlI1. I'IHaYKal l 
, M.,
 

1979, c~403. \' '"
 
I"" 

2.' AlI1paK n.A.M. nYTlI1 ~1I13111KM. 3HeprOaTOM1I13AaT, M., 1983, c.4u. \I. 

,1 3. t -l H00 f t G; PhYs .Rep., 19,84, -, O" p , 129- 159 . • fi',I
4.	 Nambu Y. Phys , Rep., '1984', '10, p..237-258. ,,'I', •. 

5.	 ~Gustafson T. Ark.r.Math., Asta Fys., 1946, ~4A, No.2;
 
Spee r E.,R. Jou,rn~.Math.Phys., '1968, 9, p.140~. _
 ./~ 

,,- \
6. t-Hooft G., Veltman M. Nuil .~hys., 1972, 844, p.189.
 
'1. C060neB' C.Jl. MaTo'c6., 1936,1.1/43/,1:.39.
 
8., Schwartz L. Theo'ry de s- d i s t r l bu t l ons , Par I s , 1950.
 

a	 ", 
1Oi;l..Y,~ 

50ronro60B H.H., napaC~K O.C. Acta Math., 1957, vol.97, 

p.227.
 
f)oronn60B H.'H. " Ulll1pKOe A. B. BBeAeHide B TeOpI-110 KBaHToÉlaHHblx
 
noneü , r.13A.3-e 111 4-oe. IHaYKa", M., 1976 1-1 1'984, §§29,30.
 
6aPAI-1H-A.~. l'1 AP. .Rlt>, )98-2, T.35, c.1220. " ,
 
50p H. Phy~.Rev., 1935: vol.48, p.696-702; CM.nepeB0A~ 
HlI1nbC 60p. H36p.aHHble TPYAbl. - "HaYKa"" M., 1971, To2, 
c. 180-191'., ,
F.iop H. H36RaHHble TPYAbl. IIHaYKa", M., 1971, T.2, c.526-532 • 
Soron!060B H. H., W\IIPKOB A. B. AAH CCCP, 1955, To103, 
c.203-'206. 
Stueckel~erg E.C., Petermann A. Helv.Phys.Acta, 1953, 
vol.26, p.499-520. 
Gell-Mann M., Low F. phys.Rev., 1.954, vol.95, p . f300-13. 
Wilson K. Rev.Mod.Phys.• , 1983, 55, p.583-599. 
Hawking S. CE,RN Courier, 1981, vo1.21, p.73; Townsend P.K. 
iERN Preprint, lH-3066, Geneva, 1981. 
50roJ1!060B H. H., U1\11pKOB ,ll.. B. Kaauroaue nons . llHaYKa", 
M., 1980 /CM.CTp.ZbO/. 

\ 

,/ 

~ 

./ 

PY~Onll1Cb nocTynll1na B ~3AaTenbCKr.1~ OTAen 
13 ~eBpanH 1985 rOAa. 

9 



B 06"beAI1HeHHOM ~-tHCTI1TyTe RAe"PHbiX ~-tccneAOBaH~-tH Ha4an 
Bb1XOA11Tb c6opH11K "Kpam'Kue coo6U~eHUR · OHJ/11 11 • B HeM 
6YAYT noMe~aTbCR CTaTbl1, COAeP*a~l1e Opl1r11Ha11bHble Hay4Hble, 
Hay4HO-TeXHI-t4eCKHe, MeTOAH4eCKHe H np11KJ1aAHble pe3y11bTaTbl , 
Tpe6YIOII4He Cpo4HOH ny61111 KaL4HH , 6YAY4H 4aCTbiO 11C~eH11H 

OHRH", cTaTbH, aoweAwl1e a c6opH~-tK, 11MeiOT, KaK H APYr~-te 
H3AaHHR OHRH, c·TaTyc o4lH1.411a11bHbiX ny61111 Ka1.41-!H. 

C6opHHK "KpaTKHe coo6~eHHR OHRH" 6yAe T BbiXOAHTb 
perynRpHo, 

The Joint Institute for Nuclear Research begi ns publ i
shing a collection of papers entitled JINR Rapid Communi
aations which is a section of the JINR Communications 
and is intended for the accelerated publ ication of impor
t ant results on the following subjects: 

Physics of elementary particles and atomic nucl ei . 
Theoretical physics: 
Experimental techniques and methods: 
Accelerator s . · 
Cryogenics. 
Computing mathematics and metfiods. 
Solid state physics. Li quids. 
Theory of condenced matter. 
Applied researches. 

Being a part of the JINR Communications, the articles 
of new col lection like all ot her publi ca tions of 
the Jo i nt Institute for Nuclear Research have the status 
of official publications. 

JINR Rapid Communiaations will be issued regularly. 

IDHpKOB ,[{.B. P2-8S-6 
llepeHOpMHPOBKH B KBaHTOBOH TeOpHH nonn 

PaccMaTpHsaeTcH ~opManbHaH cTopoHa H aHanHSHpyeTcH ~H
SH~ecxoe COAep~aHHe npoqeAYPhl nepeHOPMHPOBOK B KTll, ee CBH9b 
C peHOpManHSaqHOHHOH rpynnOH H HanH~HeM ynbTpa~HOneTOBb~ 
paCXOAHMOCTeH. lloxasaHO, ~TO BOSHHKHOBeHHe pasMepHOrO "na
paMeTpa mKanhl11 CBH3aHO C KBaHTOBaHHeM, a He YCTpaHeHHeM 6ec
KOHe~HOCTeH, 

Pa6oTa BbmOnHeHa B lla6opaTOpHH TeopeTH~eCKOH ~HSHKH 

., 

Cootlm;eHHe Otl'be.I!;HHeHHOI'O HHC:THTyTa JIAepleoiX HCcneAo•a•A• l(ythl& 1915 

llepeBOA aBTOpa 

Shirkov D.V. P2-85-6 
Renormalizations in Quantum Field Theory 

We consider formal aspects and physical contents of 
· the renormalization procedure in quantum field theory, as 
well as its relation to ultraviolet divergences and the 
renormalization group. We show that the occurrence of the 
dimensional "parameter of scale" is due to quantization 
rather than to the subtraction of infinities. 

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

' 
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